WO 2008/122427PCT/EP2008/002719 USE OF SILANE
gvg%g%?mpNs FOR THE PRODUCTION OF MULTILAYER 1/up2008/002719
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
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circuit boards (PCBs). More partitdsiNAFESinvention relates to a method
for treating an electrically conductive material with a silane composition for
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b Oép&nagjggg ling agents can increase the adhesive characteristics of many
nds, particularly the bond of thermosetting resins to glass, metal and
M metal oxiFIe surfaces. It is vvlel known th}?t e bond formed by silane ,
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oisture has on silane-coypled bonds, cross-linkin ents have been
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regis@YO85 describes silane compositions which comprise (1) a silane

coupling agent; and (Il) a disilyl cross-linker compound represented by

the general formula (RO)3SIiR'Si(OR)3 wherein RO denotes an alkoxy
BAFM RN TEMNVENT €bon atoms, R' is a divalent organic group,

and the weight ratio of (1) to (Il) is between 1:99 and 99:1 inclusive. The
Sisem>opoyiisitians siienepanpdogedents seéulvals ourersha ke @rodustionpiing
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describes multi-layer printed circuit boards ancazll rocesses for preparln?
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oR26BhERN B8 bk FBRIRSSNRShBIA0BIRT B (R ALZRRHERENS W RISINo the
each R Ifs .?n alk¥legéou containing 1 to 8 carbon atoms and R' is an
PrERaIEI e YheE P HAY &"ﬁom 1 to 8 carbon atoms. Unfortunately, the disilyl
cross-linking agents described in the '085 and '456 patents recently have
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continued use of disilyi cross-linking agents must be closely examined an
oS rAPRE SO AU TR e S AR G F SRR IR Y Rly1 cross-linking agents
would be desirable. U.S. Patent No. 5,639,555 describes silane
compositions which comprise (AF&sRRSEBRMIng agent; and (B) a
tris(silylorgano)amine or alkane represented by the formulae
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atoms; R1 is a divalent hydrocarbon or polyether group. of less than 20
CQRETI D S, PRI ROT RGPS TP LS EI PR CaRBates and other
covirmgia mageffam 0 to 20 and X is selected from the group consisting of

amino, amido, hydroxy, alkoxy, halo, mercapto, carboxy, acyl, vinyl, allyl,
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circuit boards. These sitane compositions do not contain crosslinking

agents. Therefore, their adhesion propetties are not always sufficient.

DESCRIPTION OF THE INVENTION



Therefore, it is an objective of the present invention to provide a method

{00 thesamarrction of multilayer laminates using silane compagitigis008/002719

showing excellent adhesion properties while at the same time avoiding the

use of toxic components. This objective is achieved by a method for the
espeotiRibtiofibe MgidRsianRaNibS disivperosrgliakéie asintreaniergityrrepresented by
thetestigally conductive material for the subsequent formation of an

adhesive bonding between the conductive material and a layer of a

dielectric material by bringing thg RSV gﬂle Fg')le electrically conductive

material into contact with a solution contalnlng a silane composition as
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IRvention comprisa &t 1oL EHEalEiRing 8GaMCLeRs 5D ‘ﬁw%nga}'e(ﬁﬁne group
hayigsising t5F & 6ARRILAAEEA-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
Urdoltortdelsilibe @iB)ys copteoliradinpatdeststdmaeribbd dntipo 086 211485 p4fem3 iscently
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% ) or éA -4 esent; and %e silane composition comprises at least
)
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ted c rcuit &f comprising said silane compositions. More
c\?’%‘é SR ENT compositions used according to the present

|nvent|on comprise at least one coupling agent selected from the group
U Sor i §'r3838) 222 fanerbe sl s08ImCeiars it By thr (formsilane
colipling) SiBr(Axid (Bhe tebisi@R00RMRMG HRGTEEp2EEMMe0 DY 1R arpfulde

is independently a hydrolyzable group, e.g. a hydroxy or alkoxy group, X is

1to 3, and each B is independenflr@)(sif?ZQ alkyl or aryl group or a

functional group represented by the formula wherein n is from 0 to 20,
oPreferably O to 12, more preferably 1 to 12, even more preferably Ito 8,

most preferably 1, 2, 3, 4, 5, 6 or 7, and X is selected from the group

consisting of amino, amido, hy alo, mercapto, carboxy,

carboxy ester carboxamide, thlé%){%%eﬂxarﬁ}‘lgé? acyl, vinyl, ally!, styryl,

oXxy, CIdO Isocyanato, thiocyanato, thioisocyanato, ureido

WA, B ARG AT Y FEiASNY ATV o BUpLO R8sk agge ese
theﬁéi%aalm«ym R tmsxtivelanidey droaathiotaripolvathidgrofip of less than 20 carbon
ateAOUNIRALE a(ArdisnallgRRis A prlingnaaeRy) characterized by the formula

X--(B-[R-Si(A)31ax(A-2) wherein Xis a linear or branched hydrocarbon

chain containing from 5 to 10 carborba,_pr;{s each B is independently a

d|valent or trivalent hetero atom, preferazﬁly N or 0, each Ais

MRS AN ESHouR Do Gt AT e
hWr@ﬂemlkm freta. (NEICR0! P eedRrylyagyiovay!, allyl, styryf 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.



zis1if Bis divalent, and z is 2 if B is trivalent, and x is 1 to 3; (A-3) a
VRlrankgang-silane coupling agent characterized by the formgler/rp2008/002719
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
DEBORIRAISN D FKMHEOWVENTINein X is 1 to 4 preferably 1 to 3, and M is an
alkali metal or ammonium ion. Furthermore, the composition comprises

ThEPrar€allRidalcHjicavehsrmetorizedthyw trtidana BlauSeQNdiouithr #e production of
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at thasamp g AMENT BerisR oHEXITABRINERL]) is present; and (c) the
silane composition comprises at least one of compounds (A-1) and (A-2).
ThiBhebjetige s farhibie ¢ yvasoéthtitefoc ta pouthd§ (A o8 yroiti{dyer) leaimaies batmprising
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themselves. Therefore, it at least one of these compounds is present, the
adpBRtjRIPerien RBlyREA ST SGORREHYSMAtsaL! ARy aeR of A eeiip 2iead by
briagisgthe dititatal dribeslavkicgiggendulititteensitene! cumpositd wittoa saldion
coRIRRIESE ALIRAIRRSRbR R REHHRELER) O (A-4), then it must comprise

the colloidal silica (8). Furthermore, the snarls composition must comprise
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reters to discrete particles of amorphous silica which are capable of

_forming stable dispersions or sols, The colloidal silica is preferabl

O R HP IR TN PSRCh R Lol SRR HE S e AERRgUce (A-D)
poly<itieds &eid) imnd/ bk eredgbnasbeiwvsléndles or particles are so small
that they do not form stable solutions or dispersions. WO

(iiR008{d 2542 s EaT(ERRMRBMAHIXEIONT he colloidal silica (B) preferably has a
particle size in the range of 0.1 to 100 nm, more preferably in the range of

with!é8rBisoaren more preferably in the range of 4 to 22 inn. In the context
of the present invention, preferred alkyl groups contain 1 to 12, preferably

to f lynl : re.
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inverRI&A®Breferred alkoxy groups contain 1 to 12, preferably 1 to 8, more
preferably 1 to 6 carbon atoms. Preferred alkoxy groups are methoxy,
(bathoX§piprOPIILS! sHisprh dxianeriiYdkgone 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 praduction of
multilayer printed circuit boards. The invention further provides mutti-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-xSiBx (A-1)

wherein




In the context of the present invention, preferred aryl groups contain 6 to
W0 eeuhonsatoms. Preferred aryl groups are phenyl and naphtoyleiods@o2719
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
eagiisisindRpeniroiy SreverriEalie BRUpH VAR 2talaxyeknably 2 to
6 carbon atoms. Preferred alkenyl groups are vinyl and ally!. X according
x igd forBnatal A-1 is preferably selected from the groups represented by the
formulas wherein Y =0, S or NIR1, wherein R and 1:11 are independently
eatly@rRysdepRiGEnaY . GrakyaioN sl aralteny branflinatherdigrous BprRfinted by the
torNj4: Wherein R2 is hydrogen or an alkyl group having 1 to 20, preferably
to 8 carbon atoms. WO 2008/122427PCT/EP2008/002719
Alternatively, X according to formula A-1 is preferably a carbohydrate
residue selected from the group re&@é ted by the formulas wherein Y =
0, S or NR, wherein R is hydrogen or an alkyl group haying 1 to 20,
whefeferably 1 to B carbon atoms. B in formulas A-1 and A-2 is preferably
selected from the group consisting of methoxy, ethoxy, propoxy,
n isHPTod X0 riedsrnG ydPoxyerR nreferabiylh ia-Rispesfeeblpretdedigd to 8,
mdE0BidiReaBKOH R CONBistingof hydrogen, methyl, ethyl, propyl, isopropyl and
butyl. Preferred compounds of formula (A-1) are
2 ami . : : o i |
K e Rrs iRy, olo, mercarto
ARSI IS AR EmMERANIdR e NoRsfaRPET by o PSRl (BROYY.
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thiligigRidax( st aER R IBMRIACEIK gl NaRRIZPT <1he.g/'ale CaMRBSILANSe or a

_use%acco,rdin to the present invention may contain each of the

thigga ‘?ﬁ%‘ﬂ?&ﬁ&g? CBIRPAAIAEA-1), (A-2), (A-3), (A-4) and (B) shown in the
following table, WO 2008/122427PCT/EP2008/002719 wherein "X"

(Arddir sil@aetReiRinRg @9RTP ShRtRRSHkesEM BAaderYeindicates that the

compound may or may not be present. Combination A-1 A-2
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 formuta C,H,,, wherein n is
from O to 20, preferably 1 to 8,

z is 1 if Bis divalent, and z is 2 if B is trivalent, and
xis 11t03;
(A-3) a tetracrgano silane coupling agent characterized by the formula

Si(OR), (A-3)

wherein



A-3A-4 X X X
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R is hydrogen, alkyl, aryl, aralkyl, allyl or alkenyl; and
(A-4) a water soluble silicate coupling agent characterized by the formula

Si0; « x M0 (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

(SiO2)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).

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 ieast 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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The colioidal 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, preferréd atkoxy 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

\J\/R

N N
H H

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.




XX X(X)10X XK (x1XKXX(x) Itisan advantage of the present
Wyenienihat the use of toxic crosslinking agents as for exag@ap2008/002719
according to U.S. Patent No. 5,639,555 can be avoided. Furthermore, the
silane compositions used according to the present invention show very
Aligoathedlukiiteandong anicrsoleehsiaprafethaly watepdrgsedeseksition seterded from
th§§m9$tr\§SF¥sgﬂ%qj adhesignpigperties. 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 hydrol
products can be

compositiogey according to the prese tion are known a3’ §itdh
and are commerch ailable. Agdes<ribed in U.S. PatdD .
5,101,055,}_] trig(silylorgano)amines may.beygrepared from thé....QH
corresponding bi -ar'r;éPne by contaﬁ' e bis-amine withy iCulate

palladium monoxjde g temperature witkin the range of from akout 50 C
to 300 C. Anothex, procedure for preparing the tris(silylorganm ine
compounds utilizé@lthe reaction of the"@sarialkoxysilylalkyl) ne with an
equimolar amount of a trialkylsitylpropyl halide such as the chloride and is
described in U.S. Patent No, 4,775,415. A procedure for preparing novel
coupling agents agcording to formula A-1 ¢s described in the egamples.
WO 2008/122427RCT/EP2008/002719 The slime composition
according to the eseht invention m ycC rise other materigfs such as
solvents, filfé%, ex;. Solvents should be cgpabteof soluﬂi'ﬁéing oth the
silane coupling agent@)land the cF2lidking agent (B). Typically. Qidn
solvents indit@fErtQwer alcohols such as metH&MHal, ethanH,g
isopropanol. Suitabte'spiyents alsohtie
propylene gl ~outyl glycol and glycol e
monoethyl ether, eghylene glycol monobgjy! ether, propylene glysol
monomethyl ether, propylene glycol monoethyl ether, propylene glycol
monobutyl ether, diethyiene glycol monomethyl ether, diethylene glycol
whesinatkybether Nitetihdesie R igcoldmgao prapyiirgheriedwignetg B qireferably 1
1Bk Ster, dipropylene glycol monomethyl ether, dipropylene glycol
monoethyl ether, dipropylene glycol monopropyl ether, dipropylene glycol

manobutyl ether, triethylene glycol mo, thyl ether. triethylene glycol
e Pl pe R T R
et o BIPRPALHEPPIRBPS I GREON A Bmethy| ether, tripropylene glycol

monoethyl ether, tripropylene glycol monopropyl ether, tripropylene glycol
Rrindiaohultyhethie prefietiyicsaegiyd dlamche isopropyissting op ogidger. gigtyl, ethyl,
pFBNALReibYethebagetate and diethylene glycol monobutyl ether.

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 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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Water, or mixtures of water and alcohols can also be used as a solvent. It
veoreprriesiin the state of the art (U.S. Patent No. 5,639,555p¢hatthes/002719
stability of water-based solutions is generally more limited than the
solutions made with alcohols. Compositions used according to the present
WhiGEhbrndie FRERHS e EeRBID AIS iRsRU RAh ALe (NdriaS et Win cRreRpHnd
madyecongidered gaether advantage of the present invention. Small portions
of water can be added to the silane compositions in order to hydrolyze the
C%iljnb © Gouping aget (Arand Q\r%ssiinking aget BT /-\ilenA:ﬂiiVEiy,

nersionsior emulsionsiof the silane "nmpncltian an bhe prepated.in B

suitdble organic s¥lvent gr mixtures of vater and organic solvent. TypicaK
solvents inglude, in addition to tie alcohols describedl above, ethefs, x

"ketoglesrahphdtib nmd-argmatic hiydrocarbons,amides-stuctras

NN impjhylfnrma%ida atc. Aglieous emulsions of the silane-coupling X
agerts can jbe preYared in the conventlonal nanner using conventional (x}
dispgrsantsiand syrfactants, including nponionic surfactantsy The sifane (4,

compositionsused-accorting-tothe-present il)'VCIItiU rare-preferabyty

_muéhuiqlninne ar dispersions: preferably “the aqueous solutions or x)
dispérsions|are free of organic Solvents. The pH valye of thé silan¢ (%)
compositior)s is prgferably in thecrange|of 3 tog11, more preferablyfin the(x)
rangg of 4to-ang evenmore eferatjty i therangeof 5tp-6-—Wo6
2008/122427PCT/EP20081002719 The content.of r‘nmpnlx’dq (AYand {\(éi
in thsiland compW¥sitions may vary from 100% by weight iX pure mixturés
to ag{ittle as 0.1 weight pJercent)or less|in very dilute|solutigps or (x)
emutsions—Preferredcompositions tomtaim 0-:001to2-mo1/tof the-sitane
coupling agent (A) and the crosslinking agent (B), even more preferred

It 16.83 dovaritageodf heThresexpirassition battpe usel sf(@)icrefessithithertriattysbr

erH‘nE@B@&H‘QﬂE o (P8RS )5 638)5 56 3k BRG (il that are contained

in the silane compositions used according to the present invention.

erally,.the molar ratio of compounds (A) compound is in. the range
R et oo e e TR PR e ahdyten
gompeleiithie fTERMIEPIMEHE 34t RO IPIBEHRSTS selbticasandimgity weey good
adpkasenbiopenssnn Baeifiletsasmnbepapislitie wyelibiaisdile s e bresent
indd ﬁ&'@ﬁb&#&?‘ﬁgﬁ{g??o%‘féaéﬂﬂtﬁféﬁiﬁt%% ?r?e%l%%%’ é%%&%ﬁ%%&aér
S er as a

: . IR 2PRETRe ant,
icone resin, glass fibers, and nano fillers, metals suc uminum,

begrrse SpRRE MRIEH RIS SYRIAY SR d T EhitRAepTetpEkiBiERi e ehdggompositions
protagesiumeaxicidedton oxide, and aluminum oxide, and metal fibers and

metal-coated glass fibers. The amount of the filler included in the silane
MESBPOSIHG REIHRIHARIRH AMHS taarRdrIidibY WeldhtcYYhey thedilasdsnt
ISRkl SR AllEn Bieseobin-ameuns ol iipm about 0.4 to about 3%

or %by welém. RECET Ing fothe presentyinven%lori, the silane

compasitions are utilized as adhesives in a wide variety of composite
AS SIS P e NS sl Cam SO A S BB 2 2 fgdres from
ths glertiesponding isia@mtoedryecsnidaiirg dhehustaise Mib e ticbetd paltketyomonoxide
at@@e‘ﬁ%’ﬁé‘fﬁt&@ﬁl&ﬁﬂﬁ@é‘%ﬁé@ &ffrém'l?&i@d)(&h@ﬁéb@émﬁﬁﬁé E?J%%dure for

bonded toqether. The sijlane compositions .Partl%ula solutjons an

e SR L T 5

rl nd i
PTERATORE e e A B P 1B FR RS B 2 AT R Sh Al is K@ toxysilyl-
allsyligmarebyitdippayirop e unhes ki tip innsidpsoot kaltdesameas the chioride and
is @edineny thesilapaisompesitiens are useful for bonding a
thermosetting resin surface to another resin surface which may be

A BR0R85RA Sl A5G R BIRR BAOSRHD L IBRRAAAGE 8RR in the

a thermosetting resin surface to metal, etc. The silane compositions

Fte 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 (e) an adhesion-promoting

layer of the silane composition as defined above positioned between and
adhered tn the aforementioned two |Iavvere Other miiltilavver laminatacec mavy

e



The adhesion-promoting layer of the silane composition enhances the
Wed(e/1pael strength between the layer of conductive mategal{epdo0s/002719
copper) and the layer of dielectric material. Useful dielectric substrates or
layers may be prepared by impregnating woven glass reinforcement
Thensitentatomidsipanrtalbe ¢ ansdreinre, the wgisepiioxgntiesimsagecgmprise other
mdidsnsiiopahdeiatunctinaal and %WQW%‘&H@%@%@G‘% cﬁ@@%ﬁﬁnﬁ%ﬂ&%&hﬁhe
|cularl suited, |t is a advanta e of the 03|t|ons used
R L N e R VT e
lovimthigihels audh assinethars, @kmhe%msweommemlamh|5hlisbdﬁtemlvants also

.ndaﬁeblemwgme@mp@ﬁ@gméinﬁww@a@g@soprbmyaay@@m&wféﬂﬁefyhke
resins | ﬂ ﬁge re é{)&g&ce rr\o% q% acU%n col
Rl S O A
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(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 subsirates 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 Ajinomoto
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GX-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 um and even 25 um 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 fitm 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 um 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.

-12 =



Ninri0)6co60N21-NnitOc.ia) NCN-.trtniCO66N-er6r
WO 2008/122427 PCT/EP2008/002719

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 °C to about 350 °C 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) 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-ethy!)-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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thickness 35 um is cleaned, etched and coated with an immersion tin solution for 30 seconds
and at a temperature of 35 °C in a dip mode. The immersion tin solution is commerciaily
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 soiution 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 °C,
preferably 80 to 120 °C 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 °C 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-850 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/em. 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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particularly 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 controlled
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Baking Conditions (Time (Temperature) 30 min 60 min 30 mm 60

min 100 C 100 C 150C 150C 12.012.212.012.5 _ Expositiop
Conditions (Time / Rinsing) 1 min 2 min 1 min 2 min  with with without
without rinsing rinsing rinsing rinsing MCSLLP

CLAIMS

1. A method for the production of multilayer laminates which are printed circuit

boards, 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

A(4-x)s i BX (A" 1 )

wherein

each A is independently a hydrolyzable group, e.g. a hydroxy or alkoxy

group,

X is 1to 3, and

each B is independently a C1-Cy alky! 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,

21-



Composition (molar ratio) Ureidopropyltriethoxysilane / Sodium Silicate

(1:1) 3-Glycidoxypropyltrimethoxysilane / Sodium Silicate (1:1) N
3-Aminopropyltrimethoxysilane / Sodium Silicate (1:1) MCSLLF
N-(3-Triethoxysilylpropyl)gluconamide | Sodium Silicate , (1:1)
Aminopropylsilantriol / Sodium Silicate (1:1) 'Sodium Silicate (1:1) _
Tetrae®DRysiving,/ SMlunsBMdatereny r dvsidoxy toisesyamatposiivecyanato,

ConditigsisbEpar(tentingds, tHibdrib, guanidino, thioglycidoxy, and acryloxy
groups; or X is a residue of a carboxy ester, a carboxamide or a
thiocarboxamide of a carbohydrate;

(A-4) a water soluble silicate coupling agent characterized by the formula

SiO, o 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

(SiO2)n; (B)

with the proviso that
(a) said colloidal silica (B) is optional if compound (A-4) is present,
(b) said colloidal silica (B) is mandatory if compound (A-4) is not present, and
(c) the silane composition comprises at least compound (A-1).

wherein the electrically conductive material consists of copper or copper
coated with a layer of tin, and the dielectric material consists of woven glass or

glass ball fillers impregnated with partially cured resin.

2. The method according to claim 1, wherein X according to formula A-1 is

selected from the groups represented by the formulas
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with rinsing with rinsing  Composition (molar ratio)
Ureidopropyltriethoxysilane / colloidal silica (20 to 22 nm) (1:1) rnlinicial
silica (4 to 5 nm) (1:1) r (V) U) MCSLIP CLAIMS 1. A method for the
production of multilayer laminates which are printed circuit boards, MCSLLPp
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 matgyial by bringing the surface of the
electrically conductive material into corftact with a solution containing a
silane composition comprising ar\least ne c,g;q)ling agent selected from
the group consisting of (A-1) a silaid coudNg agent characterized by the
formula A(4_x)SiBx(A-1) wherein ch A iHindependentIy a hydrolyzable
group, e.g. a hydroxy or alkoxy group, x is 1 to 3, and each B is
independently a C1-C20 alkyl or aryl group or a functional group

TARLRSRNEd By BSINRYIAREFIA'R WHEB ™ are independently hydrogen, alkyl,
aryl, aralkyl, allyl or alkenyl;

and

Y

\N -~

AN

wherein Y = O, S or NR?, wherein R? 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 formulas
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nis from O to 20, preferably O 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, MCSLLp
mercapto, carboxy, carboxy ester, carboxamide, thiocarboxamide, -21-
MCSLIP acyl, vinyl, allyl, styryl, epoxy, glycidoxy, isocyanato, thiocyanato,
thioisocyanato, gyreido, thioureido, guanidino, thioglycidoxy, and &xryloxy
groups; or X is a\\esidue of a carbo er, a carboxamide
thiocarboxamide/of a'carbohydrate; (A-4na v% r soluble silicate 998}?9

agent ch eriged by the formula SiO% M -4) whergjn x is/1 to 4,
and M is an alkali or ammonitrh'ioR; and (B) a collo sifica
charactert the formula (SiO2);(B) th' @ proviso that (a) 3id OH

the electrically conductive material consists of copper or copper coated
with a layer of tin, and the dielectric material consists of woven glass or
glass ball fillers impregnated with partially cured resin. 2. The method

nd R1 are independentlix h g{ﬂgen, alk¥j|
allyl or alkenyl; ard

wherein 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 A in formula
A-1 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 x in formula
A-4is 110 3.

6. 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.
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wherein Y = 0, 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 selectd@SLLP
from the group represented by the formulas wherein Y =0, S or NR,

wherein R is hydrogen or an alkyl group having 1 to 20, preferably 1 to 8
Calishagthed aceaidingtr Ay Qidheigeosinadt sl sereheneindammolar ratio

shesRipAudom)UIadinbsunalesiad fRomethsngio v $9NsISing ofaneeXably in
ethoxy, propoxy, isopropoxy, butoxy and hydroxy. 5. The method

e 57807 26 Hhy btehe éregoing claims, wherein x in formula A-4 is 1 to 3

6. The method according to any of the foregoing claims, wherein the
olloidal si%ﬁa according to formula B has a particle size in the range of

0 EFEFIHIG AR AN AINFTOFRIPHIRIRIBE AVesFaIRGhS afY value

of the sueegoinrgrpaisitiornigareifdhanyelar Biépof compounds (A) :
compound (B) is in the range of 99 : 1 to 1: 99, preferably in the range of
10: Ito 1 : 4. 8. The method according to any of the foregoing claims,

9/hereinmtiethod \edaerdiribetsilang eprmoFoiyising bRIMBINVAERIA e silane
9. The method according to any .of t(Fe fo(;fgoin claims, wherein the
SRS SHIAR R B PRIy SEBOR TG REPBIGREMRB Solvents. 10.
Use of a silane composition as defined in any of claims 1 to 9 for the
odyction of printed circuit boards. 11. A printed circuit poard comprisin
?a% attad AeStAng cﬁoéﬂp&%'flﬁfga% 9!%'53 Ve fixfeR I?%Bm 1LQ Snéer the
tageluofiarndef| patte dnatenit baaci{c) an adhesion-promoting layer of a
silane composition as defined in any of claims 1 to 9 positioned between

and adhered to said conductive material and said dielectric material. 12.
ThefppritedccntuitibbaeddEotaprisidgvherein the electrically conductive

(7R TRLEP AL RER A SPER Y SARHAR, L mRRe S ey gpated with tin.

(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 9 positioned between and adhered to said conductive material and

said dielectric material.

12. The printed circuit board of claim 11 wherein the electrically conductive

material comprises a copper coating or copper circuitry coated with tin.
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