
USE OF SILANE COMPOSITIONS FOR THE PRODUCTION OF
MULTILAYER LAMINATES This invention relates to the use
of silane compositions, and more particularly to
silane compositions comprising crosslinking agents
which are not toxic, for the production of multilayer
laminates. Thus, the silane compositions are useful as
adhesives, and more particularly, as adhesives in the
preparation of multi-layer laminates such as printed
circuit boards (PCBs). More particularly, the
invention relates to a method for treating an
electrically conductive material with a silane
composition for the subsequent formation of an
adhesive bonding between the conductive surface of the
material and a layer of a dielectric material. The
treated surfaces show very good bonding properties and
exhibit improved moisture resistance. BACKGROUND OF
THE INVENTION 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 (II) a disilyl cross-linker
compound represented by the general formula
(RO)3SiR1Si(OR) 3 wherein RO denotes an alkoxy group
containing from 1 to 8 carbon atoms, R1is a divalent
organic group, and the weight ratio of (I) to (II) 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 consistingessentially of (I)
a ureido silane, and (II) a disilyl cross-linking
agent generally represented by the formula
(RO)3SiR1Si(OR)3 wherein each R is an alkyl group
containing 1 to 8 carbon atoms and R1is an alkylene
group having from 1 to 8 carbon atoms. Unfortunately,
the disilyl cross-linking agents described in the '085
and '456 patents recently have been found to possess
highly toxic properties as disclosed in several TSCA
8(e) submissions to the U.S. Environmental Protection
Agency (for example, 8EHQ-0388-0347, 8EHQ-0392-1047,
etc.). Therefore, the continued use of disilyl
cross-linking agents must be closely examined and
materials which can be substituted for the toxic
disilyl cross-linking agents would be desirable. U.S.
Patent No. 5,639,555 describes silane compositions
which comprise (A) a silane coupling agent; and (B) a
tris(silylorgano)amine or alkane represented by the
formulae 



[(RO)3SiR1 3N or [(RO)3SiR1 3CR2 wherein each R is
independently an alkyl, alkoxyalkyl, aryl, aralkyl or
cycloalkyl group of less than 20 carbon atoms; R1 is a
divalent hydrocarbon or polyether group of less than
20 carbon atoms; and R2 is a functional group
represented by 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.DESCRIPTION OF THE INVENTION
Therefore, it is an objective of the present invention
to provide a method for the production of multilayer
laminates using silane compositions showing excellent
adhesion properties while at the same time avoiding
the use of toxic components. This objective is
achieved by a method for the production of multilayer
laminates, comprising a step of treating an
electrically conductive material for the subsequent
formation of an adhesive bonding between the
conductive material and a layer of a dielectric
material by bringing the surface of the electrically
conductive material into contact with a solution 



containing a silane composition as defined below. The
silane compositions used according to the present
invention comprise (i) at least one coupling agent
selected from the group consisting of compounds (A-1),
(A-2), (A-3) and (A-4) as defined below; and (ii)
colloidal silica (B) as defined below; 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(4_x)SiBx (A-1)
whereineach A is independently a hydrolyzable group,
e.g. a hydroxy or alkoxy group, x is 1 to 3, and each
B is independently a C1-C2 alkyl or aryl group or a
functional group represented by the 



formula Cn X, wherein n is from 0 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) a silane
coupling agent characterized by the formula
X-{B-[R-Si(A) 3]z}x (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 CnH2n, wherein n is from 0
to 20, preferably 1 to 8, z is 1 if B is divalent, and
z is 2 if B is trivalent, and x is 1 to 3; (A-3) a
tetraorgano silane coupling agent characterized by the
formula 



Si(OR)4 (A-3) whereinR is hydrogen, alkyl, aryl,
aralkyl, allyl or alkenyl; and (A-4) a water soluble
silicate coupling agent characterized by the formula
SiO2  x M2O (A-4) wherein x is 1 to 4, preferably 1 to
3, and M is an alkali metal or ammonium ion.
Furthermore, the composition comprises (B) a colloidal
silica characterized by the formula 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.The colloidal silica (B)
preferably has a particle size in the range of 0.1 to
100 nm, more preferably in the range of 1 to 40 nm,
even more preferably in the range of 4 to 22 nm. In
the context of the present invention, preferred alkyl
groups contain 1 to 12, preferably 1 to 8, more
preferably 1 to 6 carbon atoms. Preferred alkyl groups
are methyl, ethyl, propyl, isopropyl and butyl. In the
context of the present invention, preferred alkoxy
groups contain 1 to 12, preferably 1 to 8, more
preferably 1 to 6 carbon atoms. Preferred alkoxy
groups are methoxy, ethoxy, propoxy, isopropoxy and
butoxy. In the context of the present invention,
preferred aryl groups contain 6 to 10 carbon atoms.
Preferred aryl groups are phenyl and naphthyl. In the
context of the 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 Y 



H H wherein Y = O, S or NR1, wherein R and R1 are
independently hydrogen, alkyl, aryl, aralkyl, allyl or
alkenyl; and wherein Y = O, S or NR2, wherein R2 is
hydrogen or an alkyl group having 1 to 20, preferably
1 to 8 carbon atoms.Alternatively, X according to
formula A-1 is preferably a carbohydrate residue
selected from the group represented by the formulas
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,
ureidopropyltriethoxysilane, 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 Na6Si2O7. 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,wherein "X" indicates that the
compound is present and "(x)" indicates that the
compound may or may not be present. 



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 0C to 300 C. Another
procedure for preparing the tris(silylorgano)amine
compounds utilizes the reaction of the
bis(trialkoxysilylalkyl) 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.The silane compositions used according to the
present invention may comprise other materials such as
solvents, fillers, etc. Solvents should be capable of
solubilizing both the silane coupling agent (A) and
the crosslinking agent (B). Typically, such solvents
include lower alcohols such as methanol, ethanol,
butanol or isopropanol. Suitable solvents also 



include Glycols like ethylene glycol, propylene
glycol, butyl glycol and glycol ethers like ethylene
glycol monoethyl ether, ethylene glycol monobutyl
ether, propylene glycol monomethyl ether, propylene
glycol monoethyl ether, propylene glycol monobutyl
ether, diethylene glycol monomethyl ether, diethylene
glycol monoethyl ether, diethylene glycol monopropyl
ether, diethylene glycol monobutyl ether, dipropylene
glycol monomethyl ether, dipropylene glycol monoethyl
ether, dipropylene glycol monopropyl ether,
dipropylene glycol monobutyl ether, triethylene glycol
monomethyl ether, triethylene glycol monoethyl ether,
triethylene glycol monopropyl ether, triethylene
glycol monobutyl ether, tripropylene glycol monomethyl
ether, tripropylene glycol monoethyl ether,
tripropylene glycol monopropyl ether, tripropylene
glycol monobutyl ether, diethylene glycol
monoisopropyl ether, propylene glycol monomethyl ether
acetate and diethylene glycol monobutyl ether. Water,
or mixtures of water and alcohols can also be used as
a solvent. It is reported in the state of the art
(U.S. Patent No. 5,639,555) that the stability of
water-based solutions is generally more limited than
the solutions made with alcohols. Compositions used
according to the present invention are much more
stable also in water-based solutions, which can be
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
Ndimethylformamide, 



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.The content of compounds (A) and (B)
in the silane compositions may vary from 100% by
weight in pure mixtures to as little as 0.1 weight
percent or less in very dilute solutions or emulsions.
Preferred compositions contain 0.001 to 2 mol/l of the
silane coupling agent (A) and the crosslinking agent
(B), even more preferred 0.03 to 0.1 mol/l. The
expression "compounds (A)" refers to the totality of
all compounds of formulae (A-1), (A- 2), (A-3) and
(A-4) that are contained in the silane compositions
used according to the present invention. Generally,
the molar ratio of compounds (A) : compound (B) is in
the range of 99 : 1 to 1 : 99, preferably in the range
of 10 : 1 to 1 : 4. A wide range of fillers can be
included in the silane compositions used according to
the present invention. The fillers may be particulate
or fibrous fillers, and these include siliceous
materials such as glass, quartz, ceramic, asbestos,
silicone resin, glass fibers, and nano fillers, metals
such as aluminum, steel, copper, nickel, magnesium and
titanium, metal oxides such as magnesium oxide, iron
oxide, and aluminum oxide, and metal fibers and
metalcoated 



glass fibers. The amount of the filler included in the
silane compositions may range from 0 to about 10% by
weight. When the filler is present, it is more often
present in amounts of from about 0 .1 to about 3% or
4% by weight. According to the present invention, the
silane compositions are utilized as adhesives in a
wide variety of composite materials. In practice, the
silane compositions 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(a) at least one insulating layer, (b) at
least one additional layer which may be insulating or
electrically conductive, and (c) an adhesion-promoting
layer of the silane composition as defined above
positioned between and adhered to the aforementioned
two layers. 



Other multilayer laminates may comprise (a) at least
one layer of an electrically conductive material; (b)
at least one layer of a dielectric material; and (c)
an adhesion-promoting layer of the silane composition
as defined above positioned between and adhered to
said conductive material and said dielectric material.
Yet further multilayer laminates may comprise (a) at
least one dielectric layer having a conductive metal
coating or metal circuitry on at least one surface;
(b) at least one insulating layer; and (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
layers 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 AjinomotoGX-3 and GX-13, which contains glass ball
fillers and can also be treated with the silane
composition. This kind of substrate is particularly
suited for SBU technique. The insulating layer and the
dielectric layer can be prepared by impregnating woven
glass reinforcement materials with partially cured
resins as described above. Thus, the insulating layer
or layers also may be prepregs. In the formation of
multi-layer laminates and circuit boards, several
dielectric layers having a conductive metal coating or
metal circuitry on at least one surface and several
insulating layers may be employed. In one example of a
multi-layer laminate, the laminate can contain in
order, a dielectric layer (prepreg), copper foil or
copper circuitry on at least one surface of the
dielectric layer, a layer of a silane composition as
defined above and an insulating layer of a
thermosetting resin. Conductive metal coating or metal
circuitry may be a copper sheet or foil or a copper
circuitry coated with a layer of tin or an oxide or
hydroxide of tin. The conductive metal sheets or foils
and metal circuitry can be applied to the dielectric
layer by techniques well known to those skilled in the
art. The silane compositions defined above are
particularly suitable for circuitries with fine line
resist structures possessing high-density interconnect
(HDI) feature sizes of 50 mm and even 25 mm or lower.
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 mm and preferably in the range of
0.05 to 0.2 mm 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.The multi-layer
laminates prepared as described above may be subjected
to conventional laminating temperatures and pressures
between plates of laminating presses. In this manner,
the laminating operation generally will involve
pressures in the range of from about 1.72 MPa (250
psi) to about 5.17 MPa (750 psi), temperatures in the
range of from about 130 0C to about 350 0C and
laminating cycles of from about 30 minutes to about 2
hours. The finish laminates can then be utilized in a
variety of applications including printed circuit
boards. The advantages of the silane compositions used
according to the present invention include 



enhanced adhesion, enhanced oxidation resistance and
enhanced moisture resistance. EXAMPLES PREPARATION
EXAMPLE 1: Preparation of a novel coupling agent of
formula A-1: 1-Methyl-3-(3-trimethoxysilyl-propyl)-
thiourea A 250 mL reaction flask is charged with 10 g
(54.1 mmol) (3-amino-propyl)-trimethoxysilane, 4.04 g
(54.1 mmol) methylisotniocyanate 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-propyl)-trimethoxysilane, 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), copperthickness 35 mm is
cleaned, etched and coated with an immersion tin
solution for 30 seconds and at a temperature of 35 0C
in a dip mode. The immersion tin solution is
commercially available (Secure Enhancer process,
Atotech Deutschland GmbH). Alternatively to the dip
mode, a spray mode can also be applied. The copper
foil is then immersed at room temperature in a 0.03
mol/l solution in methanol of the silane composition
as specified in Tables 1 to 4. Adjustment to a pH of
3.8 with acetic acid is performed in some cases. The
immersion time is between 1 and 2 minutes. Thereafter,
a sponge roller is applied to the thus treated surface
to obtain a silane layer of uniform thickness. Post
baking at elevated temperatures in an oven as
specified in the tables is optional, but not required
for good adhesion. The post baking is performed at a
temperature of 50 to 200 0C, preferably 80 to 120 0C
and for a period of time of 30 to 120 minutes. The
thus silane coated foil is laminated to FR4 Prepreg
(Isola 104ML) using a vacuum assisted press (HML
multilayer press) heated to 175 0C and adjusted to
press at 2.07 MPa (300 psi) for 80 minutes. Following
the pressing cycle, the laminated foils are air-cooled
to room temperature for 75 minutes. The pull test is
performed in accordance with IPC-TM-650 No 2.4.8. 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, s/ery good adhesion values
can be obtained. Silicon dioxide isparticularly
preferred as a crosslinking agent because it is least
toxic and cheapest compared to the other crosslinking
agents known from the state of the art. Table 3 shows
adhesion values for silane compositions comprising
colloidal silica, however with a smaller particle size
of 3 to 5 nm compared to the silicon dioxide referred
to in Table 2. Again, very good adhesion values are
obtained. Table 4 shows adhesion values for silane
compositions comprising sodium silicate as
crosslinking agent. The compositions are alkaline in
pH. The pH value is determined by the pH of the sodium
silicate applied and usually ranges from 9 to 12. As
described above, sodium silicate can be both the
silane coupling agent as well as the crosslinking
component. However for sodium silicate alone adhesion
values are lower than for the two-component
compositions and are therefore less preferred for most
applications. Table 5 shows adhesion values for silane
compositions comprising a coupling agent according to
formula (A-1). Composition No. 6 is included for
comparison. 



In Tables 1 and 2, the entry "without" under "pH"
means "without control", i.e. that the pH was not
controlledTable 1: Adhesion tests results for silane
compositions comprising tetraalkoxysilanes Exposition
Conditions Baking Conditions (Time / Rinsing)
Composition (Time / Temperature) No. (molar ratio) 1
min 2 min 1 min 2 min PH 30 min 60 min 30 min 60 min
with with without without 100 0C rinsing rinsing 100
0C 15O 0C 15O 0C rinsing rinsing 1
Ureidopropyltriethoxysilane / Tetraethoxysilane
(50:50) 8.0 7.5 13.6 13.1 12.9 13.5 13.9 13.2 3.8 2
Ureidopropyltriethoxysilane / Tetraethoxysilane
(90:10) 12.0 11.5 13.1 12.9 13.1 13.3 13.5 13.4
without 3 3-Aminopropyltrimethoxysilane /
Tetraethoxysilane (50:50) 10.3 11.3 12.9 12.6 12.3
13.3 13.2 12.3 3.8 4 3-Aminopropyltrimethoxysilane /
Tetraethoxysilane (90:10) 13.0 12.6 11.5 11.9 12.8
13.3 12.5 13.0 without 5 Ureidopropyltriethoxysilane /
Tetraethoxysilane (25:75) 9.5 9.8 13.1 12.8 12.8 12.9
13.5 12.9 3.8 6 3-Aminopropyltrimethoxysilane /
Tetraethoxysilane (25:75) 9.5 9.7 12.8 11.9 12.8 12.5
12.2 12.0 3.8 7 Tetraethoxysilane (100%) 9.6 9.3 10.5
11.7 10.5 10.8 12.4 11.7 3.8
N-(3-triethoxysilylpropyl)gluconamide /
Tetraethoxysilane 8 



(50:50) 10.7 10.5 13.6 13.4 13.0 13.8 13.8 13.4 3.8 9
Ureidopropyltriethoxysilane / Tetraisopropoxysilane
(50:50) 8.3 9.4 12.3 13.1 12.9 11.7 12.7 12.3 without
Except in column "pH", the values given are peel
strengths in N/cm.Table 2: Adhesion tests results for
silane compositions comprising colloidal silica (20 to
22 nm) Except in column "pH", the values given are
peel strengths in N/cm.Table 3: Adhesion tests results
for silane compositions comprising colloidal silica (4
to 5 nm) Except in column "pH", the values given are
peel strengths in N/cm.Table 4 : Adhesion tests
results for silarte compositions comprising sodium
silicate (Crystal 79) Exposition Conditions Baking
Conditions (Time / Rinsing) Composition (Time /
Temperature) No. (molar ratio) 1 min 2 min 1 min 2 min
PH 30 min 60 min 30 min 60 min with with without
without 100 0C 100 0C 15O 0C 15O 0C rinsing rinsing
rinsing rinsing 1 Ureidopropyltriethoxysilane / Sodium
Silicate (1:1) 8.2 8.2 13.0 12.4 11.8 12.4 13.1 13.6
11 2 3-Glycidoxypropyltrimethoxysilane / Sodium
Silicate (1:1) 8.1 7.3 11.0 1 1 .6 11.0 11.6 1 1 .2
12.8 1 1 3 3-Aminopropyltrimethoxysilane / Sodium
Silicate ( 1 :1) 12.3 11.6 11.8 11.2 12.3 12.7 12.8
12.8 11 N-(3-Triethoxysilylpropyl)gluconamide / Sodium
Silicate 4 ( 1:1) 6.7 6.9 12.4 12.6 12.0 12.2 12.0
12.5 11 5 Aminopropylsilantriol / Sodium Silicate
(1:1) 11.5 11.4 11.5 12.7 12.2 12.9 11.7 12.7 4.1
(stab.) 6 Sodium Silicate (1:1) 6.9 6.7 8.4 9.1 8.8
9.1 7.7 8.8 11 7 Tetraethoxysilane / Sodium Silicate (
1:1) 7.8 6.1 8.8 8.5 8.5 8.8 8.8 8.7 11 



Except in column "pH", the values given are peel
strengths in N/cm.Table 5: Comparison of crosslinking
agents K* O The values given are peel strengths in
N/cm. *For comparison.CLAIMS 1. A method for the
production of multilayer laminates, comprising a step
of treating an electrically conductive material for
the subsequent formation of an adhesive bonding
between the conductive material and a layer of a
dielectric material by bringing the surface of the
electrically conductive material into contact with a
solution containing a silane composition comprising at
least one coupling agent selected from the group
consisting of (A-1) a silane coupling agent
characterized by the formula wherein each A is
independently a hydrolyzable group, e.g. a hydroxy or
alkoxy group, x is 1 to 3, and each B is independently
a C1-C2 alkyl or aryl group or a functional group
represented by the formula wherein n is from 0 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) a silane coupling agent characterized by the
formula X-^R-Si(A) 3]J* (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 CnH2n, wherein n is from 0
to 20, preferably 1 to 8 , 2 is 1 if B is divalent,
and z is 2 if B is trivalent, and x is 1 to 3; (A-3) a
tetraorgano silane coupling agent characterized by the
formula Si(OR) 4 (A-3) wherein R is hydrogen, alkyl,
aryl, aralkyl, allyl or alkenyl; and (A-4) a water
soluble silicate coupling agent characterized by the
formula SiO2  XM2O (A-4) wherein 



x is 1 to 4, and M is an alkali metal or ammonium ion;
and (B) a colloidal silica characterized by the
formula (SiOz)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,(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). 2
. The method according to claim 1, wherein X according
to formula A-1 is selected from the groups represented
by the formulas Y H H wherein Y = O, S or NR1, wherein
R and R1 are independently hydrogen, alkyl, aryl,
aralkyl, allyl or alkenyl; and wherein Y = O, S or
NR2, wherein R2 is hydrogen or an alkyl group having 1
to 20, preferably 1 to 8 carbon atoms. 3. The method
according to claim 1, wherein X according to formula
A-1 is a carbohydrate residue selected from the group
represented by the formulaswherein Y = O, S or NR,
wherein R is hydrogen or an alkyl group having 1 to
20, preferably 1 to 8 carbon atoms. 



4. The method according to any of the foregoing
claims, wherein B in formulas A-1 and A-2 is selected
from the group consisting of methoxy, ethoxy, propoxy,
isopropoxy, butoxy and hydroxy. 5 . 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.
6. The method according to any of the foregoing
claims, wherein x in formula A-4 is 1 to 3. 7 . 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 1 to 40 nm.8. The method according to
any of the foregoing claims, wherein the molar ratio
of compounds (A) : compound (B) is in the range of 99
: 1 to 1 : 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 composition
is in the range of 3 to 11. 10. The method according
to any of the foregoing claims, wherein the silane
composition is an aqueous solution free of organic
solvents. 11. The method according to any of the
foregoing claims, wherein the mulitlayer laminate is a
printed circuit board. 12. Use of a silane
compositions as defined in any of claims 1 to 10 for
the production of multilayer circuit boards. 13. A
multilayer laminate comprising 



(a) at least one layer of an electrically conductive
material; (b) at least one layer of a dielectric
material; and (c) 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. 14. 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. 


