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TITLE 

MULTILAYER PRINTED·CIJtCQ1T BOARD FORMATION 

·BACKGROUND OF THElNytNTION 

5:'.J' The present invention· is d!pected to formation of 

multilayer printed circuit boar4s and articles formed 

thereby. 

Multilayer PCB's are typicci'J:ly constructed by 
. . 

interleafing imaged conductive i~yers such as one 

10 containing copper with diele.ct~i:C:::: layers such as a 

partially cured B-stage 'resin,. i~e.,. a l>repreg, into a 

multilayer sandwich which is th~ii bonded tpgether by 

applying heatand pressure. Since a conductive layer 

wit~ a s~ooth copper- surface does not bond well to the 

15 prep+eg, rough coppe.r surfaces have been employed to 

obtain a better bond '.f:o a diele(?tric. TherefoJie, a 

portion of the multilayer P-CB in(J.u.stry applies a 

mechanical roughening process st~p to assure better 

bondin_g. However, as circuit pa:(:t~rns get finer,. there 

·20 .is an increa_sing _risk -of physicaity damaging the 

conductor traces during this su:iface preparat~on. 

Another process employed by the industry to _improve 
' . . 

bond~ng between tbe conductive l(lyer and the di-electric 

are various copper surface oxidi!,~·ion procedures widely . 
. . . . . ~ 

25 practiced in the plating indust~r ~o as~ure good 

interphasial adhesion. 

A common drawback for all pi.9¢esses. relying mainly 
. ::".::": ;•:. . 

on the mechanical- interlocking p~ · '~ . rough copper surf ace 

with the dielectr.ic is the margi?i"ai b~nd strength with 

30 polyimide prepreg and the fact . 1:.hat there is no flexible 

bonding interphase to absorb ~heUst.resses originating 

from the different thermal exP.a~~:i.:~!m , t;:oeff icients of 

copper and dielectric which c~i;i'.]~a'~se.· thermai shock 

failures. 
: '· ·. ' : ~ .. :: -~ . 
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Other technologies to improve bonding of conducti~e 

layers to dielectric l.ayers in m~ltilayer boards are 

described ip U.S. Patent 3,536,5:~:6,· as well. as European 

Patent Application 216,531 and ~l.so to U.S. Patent . . 

4,657,632, and involve the depos,i,t;.i.on of tin on the 

conductive layer prior to bonding.. Whereas these 

.techniques give improved bond $1:~ength compared to a 

copper surf ace, yield a surface .less susceptible to 

mechanical damage than copper Ol,(~de, and require only 

10 ambient temperature .Processing ii,i . .a less corrosive 

·environment than copper oxide tr~atments, the resulting 

bond strengths are considered to .. :be comp~rable to copper 
. . 

oxide on epoxy prepreg1 arid infei::ior to brown oxide on 

polyimide prepreg. Also the bond strength can 

15 deteriorate with time at elevated· temperatures,. as does 
... . 

the oxide bond. In addition, delamination after solder 

. shock is occasion~lly obsei::ved. 

An example of disclosure of.a black oxide layer on 

a copper·clad laminate as a step in.the process of - . ' ~-. . 

20 pr_eparing multilayer circuit boa.~d.s is disclosed in U.S .. 

Patent 4,512,818. The major dra~backs of these 

procedures are co~sidered to be: ~al:"ginal bond strength .· 

on polyimide prepregs; corrosivi;~y and high temperature 

processing, ~- surface coating pri6ne to mechanical 

25 damage, partial delamination aroµnd through-holes called 

"pink ring" due to the re~oval ~f:'the bonding oxide 

layer by aggressive (acidi,.c, rec:iti:Ctive) hole cleaning 

chemicals, and a deca~ of .the bd~d strength ~ith time at 

elevated temperatures. 

30 The formation of conductive-.:;layer topographies 

particularly suitable to improv~d/'·~onding with prepreg 

·without the drawbacks of the ox'.lde '·treatments have been 

recently described at the :Print~~{'¢ircuit ·world 

Conference IV, T.okyo, Jap~n, Jti~~·i2-s, 1987. 

35 H. Akahoshi et al. (WCIV-9) descpibe the formation of· a 
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surface oxide which gets removed prior to oonding, 
leaving a copp.er surf ace with roughness and bonding 
characteristics comparable "to th~ oxide surface. Nakaso 
et al. (WCIV-10) descri])e _the formation of a roug~ 

5 conductive layer surface by. forming an electroless 
copper deposit on the c~nductive layer for better 
bonding. Silanes, deposited on this clean metallic 
copper surf a<:e are report.ed to yield a marginal i~crease 
in bond.strength. 

10 Likewise., U.S. Patent· 3,so·S,983 discloses the use 
of gamma-amino propyl triethoxysilane to bond copper to 
a polye.ster base adhesive in the -manufacture of a 
printed circuit board. ·This refe,rence emphasizes the 
point that copper oxide should be removed prior to the 

15 silane treatment to affect good bonding. 
U.S •. P~tent 4,499,152 discloses formation~of a 

metal laminate with utility_ of high resolution printed 
circuit patterns. The laminate preferably contains a 
resin-bonded, glass re~n~orced s'ubstrate,_ a layer of 

20 coupling agent covering and bonded to a major surface _of 
.the substrate·and a layer of ultra-thin copper adjacent 
the layer of coupling agent, and a composite ·bonding 

· layer dispersed between the copper layer and the layer 
of coupling. agent. A disclosure. class of coupling 

25 agents includes organosilanes. · 

European Patent Application 88115951.1, published 
as 0310010 on April 5, 1989, disc,loses a process for 
fo.rming multilay~r printed circui:~ boards wherein a 
ureido'silane i~ used to i~rove adhesion between tin-

30 plated copper cii::cuitry apd the cu.red insula~ing layer 
. ·' . . : 

during $ubsequent. soldering operatlons. While this 
process is generally effective w~ep the resulting 

' . ,. 

laminates are prebaked before ~oldering, in some . 
instances.when prebaking i~ no~.~loyed delamination 

35 . can occur during soldering. 
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SUMMABY OF THE INV$NTION 

The-present invention is directed to a process and 
articie formed thereby in formatiop of a multilayer 
printed ci,rcuit board containi-ng conductive through-

5 holes which make electrical connections to a series·'of 
electrically conducting layers through several 
insulating and dielectric layers comprising the steps 

of:· 
(a) forming electrically conductive copper 

10 circuitry on a surface of a dielectric layer support 
with the circuitry having a thickness of at. least 4 

microns; 
(b) forming on the copper circuitry a layer of an 

oxide, hydroxide or combination thereof of tin by 
15 application of tin to the ·copper circuitry whereby . . . 

during application or subsequent thereto the applied tin 
is converted on it_s surfa<;:e to the cor.re·sponding oxide, 
hydroxide or combination thereof witp the proviso that . 
the layer of oxide,. hydroxide ·or combin_at~on is not 

20 greater than 1.5 microns in thickness; 
(c} applying a silane bonding mixture to the 

surf ace of the oxide, hydroxide or combination thereof 
formed in step (b) or on an insulating layer to. be 
bonded to the copper circuitry, the insulating layer 

25 comprising a partially cured thermosetting polymer 
composition and the silane bonding mixture cons·isting 
essentially of: 

30 

35 

(I) a ureido silane having the structure 
0 
n 

[NH2-C-NH-A-Jn Si-B ( 4-n) 

wherein A is an alkylene having 1 to 8 carbon 
atoms, .B is a ~ydroxy,or an alkoxy having 1 

to 8 carbon atoms and.n is an integer of l, . 
2, or 3 with the,proviso that if n is. 1 or 2 
each B need not be identical; and 
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(II) a disylyl crosslinkiIJ.9 agent having the 
structure. 

Rio oR:4 
\ I 

R2o-si-R-Si-OR:5 
I \ ... 

R30 OR6 

wherein Rl, R2, R3, R4, Rs and R6 

independently of th~ .~ther is an alky~ with 1 
10 to 8 carbon atoms ancL where R denotes an . .. . . 

alkylene group having'i to 8 carbon atoms; 
(d) repeating steps (a), . (b) and (c).; 
Ce) bonding materials fo~ed by steps (a), (b), · 

(c) and (d). into a single article-whereby an 
15 organosilane coating is between ~- layer of the oxide, 

hydroxide or combinati·on and an. insulating layer whereby 
"during bonding the·partially cured insulating layer is 
cured; 

(f) forming a number of ho'1es through the bonded 
20 article formed in step (e); 

(g) met·all,izing walls o~ the through-hole to form 
electrically conductive paths from opposite openings of · 

_the through-hole to form·a multilayer circuit board with 
the proviso that the· multilayer p.rinteQ circuit !>Oard 

25. will not delaminate upon exposur_f to thermal stress at 
SSO~F ·for 10 seconds. after bakiit9 at 250°F f.or 6 hours 
and the?) pre.-conditioning at 85°¢. and 85% relative .. ·.: ·. 

humidity.for twenty-four {24) ho#rs .. . . . . •.;::,.:··:· 

The present invention is a;t.S'o directe.d to a silane 
~ : : . ' . 

30 bonding mixture· for forming a mO'i.$ture resistant 

35 

multilayer circuit board consisfii,~g essentially of: 
(I) a. ureido silane having the structure 

0 . •·.. . 
n 

[NB2-C-~:'f?\7l n Si-B ( 4-n) 

wherein A is an alky~~~e having 1 to 8 carbon 
atoms, B . is a hydrox~;:~r an alkoxy having 1 
to . 8 carbon atoms an<f"~ is an integer of 1, 
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2-: or 3 with t.he prP.'riso· that if n .. is 1 or 2 

each B ne.ed not be identical; and 
(II) a disylyl crosslinkil)g agent having the 

structure 
Rio oR.• 

\ I . 
R2o-si..-R-Si-oR.S 

I \ 
R30 OR~ 

wherein Rl, R2, .R3, it•, Rs and R6 
independently of the other is an alkyl with 1 
to 8 carbon atoms anc:i· · where R ~enotes an 
alkylene group havin~ 1 to 8 carbon atoms. 

DETAiLEt> DESCRIPTION OF THE INVENTION 

is . The present invention is directed to a process for 
forming a multilayer printed c.i,rcuit board. The circuit 
board has alternating layers of d;ielectric mate.rial 

. ~ :. . 
which suppor1: copper.circuitry (which may have 
interspaced ·:other layers such as a copper sheet which 

20 serves a.s a .~onductive ~round pl.a,ne) which are adhered 
to an insulating layer thro:ugh ~ntermediat.e layers. The 
circuit board has conductive through-holes which form 
electrical paths across the enti~e thickness ·of the 
board. 

25 ·In formation of· mult.ilayer ·circuit boards several 
dozen ·conductive and nonconductive layers can be . .. . . . 

employed. Al$o,_for formation o.f~multilayer circuit 
boards, it is·.·liecessary to drili~:~oles aJ?d defects can 
occur due to·. delamination of laybrs in the ar.eas 

30 immedi~tely ~urrounding a hole. /'' .. ±f a defect is present 
.in one of th~ ;layers or if 4elan.tJ.nation occurs, 
generally th~ entire board must ~e scrapped. Therefore 
high quality in each of the step-~'.-·of formation of the 

.•,";;_ 

printed ciJ:'cuit board is essentia:'l for commercial .. . : ·-:~ ·: . . ; ·' " ; .. 

35 production. .;X:. 
With the techniques of the :p'l;esent inve_ntion, 

various art~cle.s can.be formed. Illu~trativel~ one 
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article can contain in order, a dielectric layer, copper 
circuitry with layer- of tin and ari oxide, hydroxide or 
combination thereof of the underlying tin, organosilane, 
an insulating layer, ·a second diel:ectric layer, copper 

5 circuitry with a layer of tin, a~ oxide, hydroxide or 
conibination thereof of the underlying tin, o~ganosilane 
and a second insulating layer. In the above article the 
(first) insulating layer can be contacted to the second 
dielectric" layer directly or through an adhesive laye:i;-. 

10 (Such adhesives are well known in the art, e.g., a high 
temperature epoxy.) 

In an alternate article the second dielectric layer 
need not be present with all other layers having the 
same order. In a further alternate embodiment of the 

15 invention a dielectric layer can be present which has . . 

20 

25 

copper circuitry on opposite surfaces. Thereafter on 
the opposite surface the ·various layers are applied 
including optionally a· layer of tin.with an -oxide, 
hydroxide or combination thereof. of the underlying tin, 
organosilane' and insulating layer. 

For the multilayer circuit board.or a portion 
thereof containing layers bonded together, a 
conventional test tq dete.rmine whether an effective bond 
is formed with.or without intermediate layers is· a 

measurement of the bond s.trength. The force nece~sary· 
to separate the layers.can be meas,ured by an Instron 
test apparatus. However; in some ,instances it is found 
that' the.bond strength alone is not a sufficiently 
rj.gorous test procedur~ since failure can occur due to 

30 the conditions in which a multilayer board· is subjected 

during processing in commercial u~e. A useful test in 
accordance with_ the present proced~re is whether 
delamination will occur ~t· elevated temperature due to 

. . . : .:: .; 

thermal stress is described in MI~~P-55110-D. In actual 
35 use ~he outer surf ace of a multilayer bond is 
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conventionally exposed to molten solder. Although the 
inner layers may not be exposed to the solder, they are 
subjected to elevated temper~ture. Therefore a 
practical test for broad commercial use to correlate 

5 whether the multilayer board can :be used for general 
widespread commercial application is one or more tests 
set forth in MIL-P-55110-D. 

On~ of the tests .in.MIL-P-55110~D ·requires thermal 
stress at 550°F for 10 seconds after·a pre-~onditioning 

10 bake at 275-300°F for two (2) hours. The specimen, 
i.e., the article, is visually inspected for cracking or 
plating., separati·on or plating and conductors, 
blistering or delatnination. Laminate voids'with the 
largest dimension of 0.003 inch (0.08 mm) or less are 

15 permitted provided the conductor spacing is not reduced 
below the minimum dielectric spacing, laterally, or 

. . 
vertically. In a more preferred·· mode for .a more 
stringent test, a time period of 60 seconds is employed 
·rather than 10 ·seconds. 

20 In another mode for the·test procedure the final 
multilayer circuit board ~eets ail.applicable test 
proce~ures of MIL-P-5111.0D. 

One reason why this test is applicable.to 
commercial use is due to the'diversity of 'materials 

25 employed in the multilayer c~nstruction •. Altho~gh 
copper is the metal of choice in formation of conductive 
.circuitry, diel~c.tric and insulat.ing layers (which can 
be of the same material with dielectric employed in the 

pres~nt conte~t ~o refer to the initial support for a 
30 copper sheet which is formed into _circui~ry while 

insulating layer ~efers to anoth~r layer.to which the 
circuitry is bonded through intermediate layers) 
material ca~ drastically• differ)' ~xample~ of preferred 
materials are epoxy and po~yimidJ • 

• 
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Although.the above tests are generally useful in 
pJ::ecl,ictin~ layer bonding in. printed.circuit manufacture, 
a mOJ;'f;! rigid test is needed in the instance when 
multilayer circuit boards are so+dered without a prior 

5 baking step to remove moisture. In such instances, 
del~mination at the.interface.between the circuit and 
~ured~insulator layer may occur during soldering, 
pre~~niably due to residual water or other materials 
wh.±clf:are volatilized during solctering at the interface. 

10 A useful test in accordance with .this alternate 
procedure is a "solder immersion stress test" w~erein 
tes't· :multilayer. printed circuit test boards are first 
baked at 250°F (121°C) for 6 hours and thei-1 conditioned 
in an environmental test chamber maintained at 85°C and 

15 85%:· relative humidity (RH) ·for 0, 4, 24, 48, and 72 
ho~rs,: after· which they are i~ersed in solder: 
maintained a.t SSO°F (288°C) for 1.0 seconds. Each 

. multilayer test boarct contains eight 100% ground planes 
of ···co}'.>per ~nd except for the specific variation :under · 

20 test~ is made under the same conqitions. If no subtle 
or gross de~amination effects ar.e· observed, the board is 

. . 
coll:sit:i~i;'ed acceptable.and.the evaluation of one group of 
test boards vs. others is made based on the ~inimum 

. . ' ; 

conditioning time needed before failure is observed. 
25 The ci:iteria of a~ceptabi,lity whieh corresponds to · 

print~d circuit manufacturing· st~dards require·s that 
therE! •.be no delamination after at' least. 24 ho~rs 
condi.tioning time and preierably:'after .72 ~ours 
conditioning. 

. . 

30 .J.L starting material ~n the present invention is a 
diele~tric layer which contains dn one or opposite 
sur~a¢es a cladding of copper. ·This copper layer is of 
a·. thiciCness of at least 4 :microns;' and more preferably 32 
mictorl~ and it is used to \£orm. cd~ductive circuitry.· 

;_, .. 

3.5 Well_.known techniques in the prior art can be employ~d 

----·-···-···--· ---··--- --- ···-----·-···---··-------
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to form such ci~cuitry such as by photoimaging technique 
of a photosensitive resist film followed by etching of -
unprotected areas of the copper. An example of .a 
suitable tecpnique is disclosed in U.S. Patent . . 

5 3,469,982. The composition of the dielectric layer is 
··aot critical provided it functions as an_ electrical 
insulator~ Useful support materials are disclosed in 
U.S. Patent 4,499,152 such as epoxy reinforced with 
glass fiber •. Preferably a partially cured thermosetting 

· 10 - .polymer composition is employed which is known in th~ 
art as a prepreg or "B" stage resin. Use of su~~ 
polymer composition adds in subsequent bonding 
operations. 

After formation of the cond~ctive circuitry, it 
15 typically is necessary to form a thin outer layer of an · 

oxide, hydroxide or combination thereof. This ~layer 
which is of a thickness not greater than 1.5 microns and 
more preferably not gre~ter than 1.0 microns can be 
directly formed by oxidation of .the copper circuitry. . . . 

20 Well-known techniques used to form so-called "brown" or 
"black"_ oxide coatings can be employed. However major 
problems have been encountered due to a phenomenon known 
as pink ring formation whereby the oxide is dissolved or 
is at least partially destroyed due to later required 

25 processing· steps. Signi.ficant research efforts have 
been undertaken to solve this pinlc ring effect. Also in· 

formation of· oxide coatings corx:osive chemicals have 
been employed which causes probleJilS due to the use of 
harsh chemicals with special proc~ssing necessary. In 

30 instances when multilayer circuit _poards are soldered 
without a prior baking step to remove moisture, 
delamination at the interface be~~~en the circuit and 
cured insulator layer has.been ob$~rved during 
soldering. It is 'theorized'-that:;¢sidual water absorbed 

35 by the lami~ate from the ambient environment is 

: ·'.;: 
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COI?Centrated at the ix;iterface . and vapo.rizes during 
soldering ·to·cause this localized delamination. 

In an' embodiment of this .invention a conductive 
layer· is. f~~tned fr~m 'tin. As·:'':wi11 be more fully 

5 described ::)?elow, a preferr~d t,e'phnique of application of 

.. +.he coating.· i~ by inunersion m~t·al plating. The 
thicknes$ iof· the metal layer ;s not critical. and can be, 
e.g~, 0.1,S -to o·.25 microns.·· D.uring, and subsequent to, 
the applicat,ion .of tin, ·a thin, coating of an oxide, ,.. . •. . 

10 hydroxide o):· combination. there.of: is formed. Since this 
coating ca~';be .extremely thin .;pJ:'eferably ·not greater 
than l • 5 mi~r~ns or in some in$t.'ances only monolayers in 

thickness, ,a'ir oxidation·f?an be.employed. In such case, 
the oxide/hydroxide can be-forined upon standing· at room 

' . 

15 temperature :wherein the copper sµrface reacts with 
ambient oxygen and. wate·r vapo;;:~.· Other techni(}iies for 
formation of·the oxide/hydroxide include inunersion in or 
exposure to an oxidative.aqueous bath. 

An OJ::'g~posilane mixture of: 1:his invention is 
20 . appl'ied as a-coating either to the oxide, hydroxide or 

combination: or to~ partially ~u~ed t~ermosetting 
polymer composit~on, also known . .i.n the ·art as a prepreg 
or "B'' st~qe resiri. The same m,aterials of construction 
as the dielectric layer can b~ ~loyed for this layer 

25 which is t.epned an insulating layer to more readily 
distinguish t:he ·.layers from one. another. Turning to the 
silane which ~an :_be employed ii;:;'.~tie :Present invention, 
it is a req\iirerilent that the silane forms an adherent 

'· . . . . . . . :·. ' { ~ : . :·- . 

intermediat~- 'lay~r which bonds .tp.is oxide, hydroxide or 
30 combination :thereof to the part;l'a].iy cured arid converted 

to the ful.iy.pµre'd insulating l~y~r. It is a 
requirement that· the sil~e funstic:>ns to ·prevent· 
delaminatio1{ in accordance with~Yth~ thermal stress test 
as defined'.·herein·. In ·a 'pref~~f~cimode the. muitilayer 

--~-- ---­:··-.. ··-----······-··· •••y·-········--··-·· 

.,. ·:·· 
: ~ .-: : .. : 
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circuit bo~rd with fully cured insulating layer meets . . 
all specifications of MIL-P-SSilOD. 

Turning to organosilane, it is considered that the 
ureido silane forms hydrogen bridge bonds with silanole 

5 (Si-OH)-groups of the silane andfor form covalent metal 
--~o-si l;)onds in a condensation re~ction. The silanes are 
consider~d to interact with the adjacent layers thr.ough 
a functionally substituted organic group to provide 
van der Walls force in~~raction, strong polar 

. . , 
10 force/hydrogen bridge inter"ction, or covalent bond 

15 

20 

25 

30 

35. 

formati.on with the dielectric resin. It is considered 
that the disylyl crossltnking ag~nt forms a network with 
the ureido silan~ to reduce the moisture sensitivity of 
the resulting adherent organosilane layer. 

The moisture resistant, adherent, organosilane 
layers of this· invention are prepared from a sUane 
bonding mix~ure which has as its· essential componen~s 
(I) at least one ureido silane having the structur~: 

0 
.. ti 

[NH2-C-NH-A-ln Si-B(4-n) 

where A is an alkylene having 1 to 8 carbon 
.atoms, B is a hydroxy or an alkoxy having 1 
to 8 carbon atoms and.n is an integer of 1, 
2, or 3 with the pro,,!so that if .n is 2 or 
3, B need not be identical; and 

(II) a disylyl Crosslinkin:gagent having the 
strl:lcture 

. Rlo OR4 
\ I 

R20-Si-R-Si-OR5 · 
I \ 

R3o .·oR' · 

wherein Rl, R2, R3, R4; RS arid R6 

independently of the,~ther is an alkyl with 
l to 8 carbon atoms 'it~;d where R denotes an 
alkylene group having,. 1 to 8 carbon atoms. 
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Preferably in Formula I each B group is identical 

if more than one B g"roup is pre_se.nt. Also preferably 
·R1, R2, R3, .· R4, Rs and R6 are iciept.ical. In the· .ureido 

silane (I)_, the alkylene group, ·J.\.,. preferably is a 

5 .divalent ethylene or propylene·~~~: the alkoxy gr~up, B, . .. .. ·. . . . :~ ;"· 

preferabiy ·is a methoxy or ethoxy ·group. A particularly 

preferred u_reido silane is gamma-~u:reidopropyl-triethoxy­
.siiane. ·In. the disylyl crossli:~ki'ng agent ·(II), the 

al)cyl grou~' preferably is methyi.:·~.r ethyl and t·he 

10 qlkylene gr9up, R, preferably i'.s_::,.a, divalent ethylene or 

propylene group. A particular1y;>.j?referred disylyl 
' ; ' . ,. .. 

crosslinkin9 agent is hexame~):loxy~isylylethane. 

The co1nponent concentrations.of the silane bonding 

mixture may vary widely to meet t.~e needs of a 

15 particular application. Thus t}le .weight ratio of the 

ureido silane (!) to tlle disylyl ·_<;:rosslinking CJ.gent (II) 

may pe between 99:·1 and 1:99. i>re+erably the weight 

ratio of (I): (II) is between 90:.iQ.and 10:90 and more 
' . 

~referably is between 90:10 and 7_~:30. Typically a 

20 single ureiqo s~lane is used wit:~.: Ci single disylyl 

crosslinking agent, h~wev_er, it !!(within the scope .of 

this invention to use in the sil,aJ:te, bonding mixture, two 

or more ureido silanes as definec:Land/or ·two or more· 

disylyl cros.slinking agents as de~ined. 
25 ·In the practice of thi$ invenf,;ion the silane 

bondiiig mixtures may be app·lied ~~%;a .liquid solution to 
.. ;• ,.:·.,. 

the tin hydi:;oxide/oxide surface.<>!.:' ;insulating layer 

surface. · In:. this instance the sll~*1e bonding mixture 

contains a mutual ·solvent' for th~;·ii'keid~ silane and the· 

30 disylyl cros'slinking agent. Th~ '..~~lution is applied by 

any conventic;>nal means, e ~ g., . by ·-d.~Pping, . spraying, 
~ . ·: 

· brushing, iJDJllersion, '.etc. : .. i 
The i~ersion metal ¢e>ati'n~~:disclosed in European 

Patent Application 881159Sl.l stie:r~;-European Patent 

35 216, 531 as w~ll as U.S. Patent 4'>"657, 632 are directly 
,_ .. :'.. 

- -~-·----~------· -·· -·-·-·· -------··- ------ ---·-·····--·..:..· --
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useful in the present invention.for initial bonding to 
the copper circuitry. These pu::t>iications are 
incorporated by refe~ence herein. However1 it is 

. . ·:· 

considered that the immersion tin coa~ings are 
5 insufficient t:.o form a direct bond between the . . . . .,,., 

.. ·ele~trically conductive ~ayer ¢'.opper surface· and a 
dielectric material since delamination can occur 
particularly due to thermal itr~~s. The organosilane 
has the ability to increase the bond strength. A 

. -
10 preferred coating composition contains a thiourea 

compound1 a tin salt, a reduqlpg agent, ari jlcid and a 
urea compound. In_ accordance·tiith the teaching-s ~f 
these prior art publications a :Urea compound is. 
necessary. However a urea compc;>und is not necessary 

15 with an organosilane layer. Therefore it is di.rectly 
. ' 

within the scope of the present invention tha~ wherever 
the term urea compound is prese~t in reference to the 
above publications it.can.be deleted. Therefore similar 

. ·:·~: 

-formulations can be deleted d~rectly employed as 
20 disclosed in these publications) except the urea compound 

can be omitted •. ~n a preferred''embodiment the urea wi11 
be present~ 

Since in a preferred embod,lment compositions which 
. . .:··'' 

employ a thiourea compound,_ a ~~l1· .salt, a red~cing 
25 agent, an acid and_ a urea compot.;ln~, pertinent disclosure 

for these publications is reptoduced herein • 
.. :·. ··'" ·: 

The tin salt preferably o.()mprises a stannous sal.t. 
Although stannous salts of an j.~o.tganic (mineral) acid 
or organic acid may be used · (~ .. rc;h, stannous f ormate1 

30 stannou·s acetate and the· like{ :ti~e tin salt may comprise 
a stannous salt of a minerai acidisuch as the sulfur, 
phosphorous1 and ha·~ogen acid-~ 1{'-~.specially the sulfur 
acids such as sulfuric acid or<'stilfamic acid. Alkali 

.. . . . .,!j .·.· : < .. 

metal stannates may also be -q~$cf:;:Sµch as sodium or 
35 potassium stannate and the ~rt.'' khC:>wn .equivalents 

· ii1liliif 111llilr · .•• 
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thereof. In one embodiment stannous sulfate,. stannous 
. ·sulfamate or stannous ~cetate.· £~ used as the tin salt. 

Where tin lead coatings are deposited, lead acetate may 
be used as the lead salt. 

5 The acids that ar_e employed ma:t be organic acids or 
·inorganic acids (mineral acids) ·_based on sulfur, 
pho·sphorous, or the halogens, tlie sulfur based mineral 
aci~s being pref erred such as sµlfuric acid or sulfamic 
acid. Some of the organic aci(is that may be employed 

10 ·comprise monocarboxylic or dica~boxyllc acids having up 
to 8.bqut sfx carbon atoms such -~5 formic acid~ acetic 
acid, malic acid, maleic acid, and the like. 

11; is preferred, if possiti~e n·ot to. use halogen 
acids or halogen salts since ha:tlde residues will be 

. ;, 

15 produced in t·he tin coating deposited, these salts 
interfering with the electrical properties of the tin 
and ma~ also act as corrosive ma~erials in the coating. 

. . 

The c_::helating agents that ~Y be employed generally 
comprise the various classes· of chelating agents and 

20 . specific compounds disclosed in· '.td.rk-Othmer, 
Encyclwedi(l of Chemical Technology, Third Edition, 

. ~-· 

Volume 5, .pages 339-368 incorporated herein by 
reference. Chelating agents th~t are especially 
preferred comprise the aminocar~xylic acids and the 

25 · hydroxycarbo~ylic acids. Some sl>ecific aminocarboxylic 
acids· that may be employed in t~i,~ respect comprise 
ethyl enediaminetetraacetic acid;~ J:1ydroxyethyl-
ethy lened.iarttinetr iacetic acid, n:¥trilotriacetic acid, 
N-dihydroxye.thylglycine, and ethy:Lenebis(hydroxy--

30 phenyiglyci!le). Hydroxy carboxyl;ic ·B:cids that may be 
employed co~prise tartaric acidi·;~itric acid, gluconic 
acid and 5:-~ulf osalicylic acid. /' . 

The . various reducing agents .·1:pat may be employed 
are well known in the art and 9~ii~~ally comJ,rise organic 

35 aldehy~e whether saturated or urt~aturated, aliphatic i0r 
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cyclic, having up to about ten carbon ~toms •. Lower 
alkyl aldehydes having up to about six c;::arbon.atoms may 
be employed in this respect suc:h .. as formaldehyde, 
acetaldehyde·, propionaldehyde, :butyraldehyde, and the 

5 like. Especially preferred aldeli)'des comprise hydroxy 
.a·liphatic aldehydes such as gly~eral-dehyde; erythrose; . . 

threose; arabinose ·and the various position isomers 
thereof and gluc~se and the vari~~s position isomers 
thereof. Glucose has been found to act to prevent 

10 · oxidation of the metal salts to, a higher oxidation 
state, e.g., SnII to. SnIV, but also as a chelating agent 
p.nd is e·specially useful for t}le-!Se reasons. 

. . 
The surfactants that may l:).e · employed comprise any 

non-ionic, anionic, cationic or aD,.photeric surfactant 
15 such as those listed in Kirk..;Ot~er, Encyclopedia of 

Chemical Technology,· Thi~d Edition, Volume 22, 'J>p. 
332--387 w~ich is incorporated.herein by reference. The 
non-ionic surfactants are especially preferred. 

. . 

The surf ac·e area of the tin · c:>xide/hydroxide layer 
20 to which the hydrolyzed silane is ··applied is a fact~r in 

the resulting b.ond stren9th. ~hti.s high surface areas 
such ~s.produced by oxidizing a ~qpper surface to copper 

. oxide, then hydroiyzing· the oxide·· ana conversion to tin 
oxide by an inunersion·process gi~~ a high surface area. 

25 which gave the highest bond stre~gth when ~onded. to 
polyimide after the silane treatirj¢.ht. .. '::.:.: 

In accordance with the pres~~t invention ·is a 
requirement that the bonding of: t·~e metal layer which· is 
generally supported by an insul~ting layer to a 

30 dielectric layer can withstand .a(~older immersion stress 
test as defined hereinafter rel~i,ive humidity (RH.) 
preconditioning for at l·east 14: h,6urs. 

After having bondec1 ; t::he )ra~~o~s layers of a 
multilayer construction·. :by ap~i~·i.'.~~ pressure· and heat in 

35 a lamination press holes (for electrical interconnect) 
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are drilled through the multilayer, typically using a 
numerically controlled drilling.macqine with multiple 

... . 

heads· and air bearings. Such drilling.operations are 
described, e.g. I in Handbook of:J?rinted Circuit Design, 

5 Man~facture, Components and Ass~pibly (Chapter 4. 3. 2. pg. 
··254) by G. Leonida, Electrochemical Publications, 1981 

. and Printed Circuits Handbook·· (chapter 5.8-5.12) .Edited 
by ~lyde F. Coombs, Jr., McGraw~Hill Book Co., 2nd 
Edition. 

10 Well known techniques for.hole formation and making 
the.hole conductive.can be empl~yed herein, e.g., see 
Printed Circuit Technology_, edit:ed by N. s. Ein:arson, 
1977, Chapter 7. 

To further define the pres~rit invention the 
15 following example is provided. ·tn this example all 

parts and percentages·are by weight and degrees are in . . 

Centigrade unless otherwise described. In the example, 
copper clad laminate or copper.foil was employed as a 
sheet ·rather than processed to form circuitry. The use 

20 of a copper sheet was considered to denote more 
reproductivity in test measurements. ·Also, in the 
example, hole drilling was not employed which likewise 
was considered to ··allow greater- reproductivity to test 
results. 

25 EXAMPLE 1 

The copper surface of ·the·t~st samples were 
chemically cleaned, treated wit.~'. an inunersion tin · 
composition and a silane bond!n~,:mixture in an inline 
spray system, and evaluated ve¥~#s an organosilane 

30. coupling agent, gamm~-ureidoprbpyl triethoxysilane, and 
conventional brown and black oxfde. . ' ... 

The test samples were Norplex/OAK FR-4 epoxy 
: : ~- \. . ' ,·. 

laminate panels (18 inches wi~~i-·24 inches ronq and 
0. 014 inches thick) containin9 i.' ·:oz. copper on both 

35 sides. Test samples of 0. ooi.t: · l;.nch thick copper foil 

·,":·: 
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(1 oz. copper) was also processed for bond strength 
determinations. 

·The ·inline spray syst-em us~d to prepare the sample 
surf aces had a conveyor speed pf 4 feet per minute and 

5 contained the following -process: steps and conditions. 

10 

15 

20 

1. Panel Feed 
(Input) 

2. Al~aline 

Cleaner 
3. Water Rinse 
4. Microetch 
5. Water Rinse 
6. Inunersion Tin 

Application 
7. Water Rinse 

(Recycle) 
8. Water Rinse 

followed by 
air knife 
drying 

25 9. Si.la!_le Treat-

30 

ment 
10. Hot Air 

Dryer 
11. OUtput­

Conveyor 

Rinse (Solution) 
Conveyor .Wii,ter. Temp 
Length El.ox ..CT.L 

23" 

40" 
20" 

27" 
20" 

48" 

20" 

20" 

20" 

30" 

41" 

---

120 

5 GPM* 60 

110 

5 GPM 60 

75 

110 

5 GPM 60 

-.,-- 75 

----- . 130 

*GPM is gallons per minute 
;: ~ : . 

·, ·- ': :::. 

Spray 

Pressure 
CPSil 

25 

20 

25 

20 

25 

25 

20 

25 

The alkaline .cleaner use(j 1in the system was 
35 Versaclean@ 415 (Du Pont) ancf the microetch was 

TIJis Sheet Has Been Replaced 

: . ·11111111 111111 11111111111 
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· SUreet:cll® 550 (Du Pont) potassium peroxy 

mono~.uifate/sulfuric acid. 
In Step 6 the immersion t;1n composition was formed 

by mixiJ'.lg Solution A and Solution B of the following 
5 ·. cqmposition: 

10 

15 

.Solutiqn A 

IL I,. Water 
Cone. H2S04 

flyp~phosphorus acid (50%) 

Sta~_nous Sulfate 
D.l. Water 

Solutign _-B 

Thiourea 
Urea 

D.I. Water 

200 ml 
100 ml 

40 ml 
20 gms 

To 0.5 liter 

60 gms 

40 gms 
To 0.5 liter 

Suf f icie~t solution is prepared to ~dequately fill the 
system reser~oir. 

Several test solutions were prepared for use in the 
20 silane treatment Step 8. 

SQlution l is prepared by adding 57 ml of _glacial 
. . 

acetic aqid to 57 liters of deionized water. 570 grams 
.. ' ' 

of 9amrna..;;.ureidopropyltriethoxysilane (A-1160 Union 
. . 

CarbideJ"coupling agent is then ·added and mixed by 

25 activat:ing the recirculating s~s~.em of the spray module. 
The solution is allowed to mix for 15 to 20 minutes to . . ·, . . . 

insure complete hydrolysis of the,' organosilane to an 

organosilane-triol. This solution is_ hereinafter 
identifie_d as 1\ A-1160. 

30 Spl:ution 2 is prepared as -in Solution l but 

· contains 0 .15% of 1, 2-bis (trimethoxysilyl) ethane in 
. •' . ' . . . · .. , 

. addition ·to the 1% of A-1160 and ;will hereinafter be 
identified as 1% A-1160/0.lStt_BIS (and as Sample A in 
Table 1). 
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Solution 3 is prepared as in Solution 1 but 
contains 0.20% of 1,2-bis(trimethoxysilyl)ethane ·in 
addition to th~ 1% of A-1160 and will hereinafter be 
identified as 1% A-1160/0 .. 20% BIS (and as Sample B in 

5 Taple 1). 
To compare the effect of silane treatment to a 

commercially accepted standard, samples of FR-4 epoxy 
laminate and copper ~oil were prepared which were 
treated. with commercial black oxide (MacDermid 

10 MAC-u-BLACK~ Black Oxide) and brown oxide 
(Electrochemicals 499 Brown Oxide) hereinafter 
identified as Black Oxide and 13.rown Oxide respectively. 

After treatment, all laminate and copper foil 
samples were baked at 250 to 270°F for l·hour. This 

15 exposure was considered to simulate conditions actual 
laminates typically would be subjected to prio~ to 
preparation of a multilayer board. The higher 
temperature and time assured removal of moisture which 

. could result in delamination during manufacturing of the 
20 · multilayer boards. 

Following the bake treated laminates and foils are 
used with prepreg sheets to prepare 8-layer multilayer 
composite boards. · Two types of Norplex/OAK prepreg were 
used to prepare two sets of_ multilayer boards; Type 1080 

25 contains approximately 65.5% resin content with fine 
weave glass cloth, and Type 7628 contains 45 ± 5% resin 
content with heavy weave glass cloth. ·The multilayer 
composites were .prepared as follows. Each compos.ite was 
assembled fro~ 3 laminates (one inne~ and two outer), 

30 two outer foil sheets and 8 prepreg sheets so that two 
prepreg sheets are between the·treated copper surfaces 
of each outer.laminate and the :adjacent copper foil 
sheet. Ten m~ltilayer assemblies are stacked to form a· 
p~ckage wlth each asseiitbly bei.rlg; :separated from the 

35 other by a. 0. 025 inch . thick aluminum sheet. The package 

·-·---·--·----····--·----------------- ---··-- -·· ----·-------



21 

i.s enclosed in a vacuum bag which is then evacuated to 

remove air .~md sealed. The paeJ,c~ge is then loaded and 

centered a~ rapidly as possibl¢.into a hydraulic press 

. preheated to l 90°F. The platen·s are closed and pressure 

5 of 25 psi is applied f.or 12 m~~~tes. Then. the pressure 

is increased to 20~ psi and the· temperature raised t~ 

365°F ·and held for 90 minutes.· While maintaining the 

pre~sure constant, the package I~· cooled using chille~ 

60°F water for 45 minutes·. The. pressure is then relaxed 

10 and the package removed .which is then post baked for 8 

hours at 32-4°F. 

A 1/4 inch wide strip of ea·ch multilayer composite 

formed during the lamination ·is removed' for bond 

strength ·determination and the remainder o~ the 

15 composi~e pane.l is p;-ocessed tb~ough an etcher to remove 

the outer foil layers. The panel is then routed on an 

Excell:-ion Router/Driller., Model ~X-200, into 1-~/8 inch 

by 2.-7 /8 inches samples. The s'~fi.lples are then baked in 

a circulating hot air oven at 2SO°F for 6 hours. After 

20 cooling to room temperature the ·samples are placed in an 

environmental chamber maintaineq at 85°C and 85% 

relative humidity. Samples are··removed at 4, 24, 48 and 

72 hours and immersed in.a 550~ 'molten solder bath for 

20 seconds. The $amples are then rated for 

25 ·delaminat~on; if there is no apparent delamination the 

sample is designated "OK"; if ~Jiere is subtle 

delamination or measles, the ·sa#>le is designated "SLT"; 

and if. there is gross delaminatiion, the sample is 
. :· -:·.· 

designated "FAIL". 

30 Bond or peel strength· det;~pninations are made on an 

Instron Tensile Tester, (Instrpn. ·~ng. Corp~, Quinsey, 

iiass., u.~ .. A.) Model TT~l3 with'<~·. crosshead speed of 2 

inches/~inute. The Instron .Un~~'j.s in an 

environmentally controlled ar.~~·:at 70°F, S°F and 50%, 

35 ·10% relati,ve humidity. «,:. 

- -~-- -- -

1b1mni1iilf ~-
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Sample A 

Sample A 

Sample B 

Sample B 

1% A-1"160 

1% A-1160 

Black Oxide 

Black Oxide 

Brown Oxide 
0 

Brown .Oxide 

Sample A is 

Sa~le B is 
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. TABLE 1 

THEBMAL STRESS AND BQND STRtNGTHS 

Bond 

Hours e.t 85°C/8Si BH· Strength 

Jl · J. li J.B. 1.2 lbs . /in . 

1080 Prepreg OK OK OK OK OK 8.8 

(High Resin) 

7628 Prepreg OK OK OK FAIL FAIL 8.2 

(Low Resin) 

1080 Prepreg OK ·OK OK OK OK 8.0 

7628 ·Prepreg OK OK OK SLT FAIL 8.2 

1080 Prep:r;eg OK FAIL FAIL FAIL FAIL 8.4 

7628 Prepreg OK FAIL FAIL FAIL FAIL "1. 6 

1080 Prepreg OK OK OK FAIL OK 3.5 

7628 Prepreg OK OK ·oK SLT SLT 5.0 

1080 Prepr~g OK OK OK FAIL FAIL 5. 9~ 

7628 Prep reg OK OK OK FAIL FAIL 7.1 

1% A-1160/0-.15\ BIS 

1% A-1160/0.20\ BIS 

Test d~ta in Table 1 clearly show the dramatic 

improvement in moisture insensitivity when the.bonding 

mixture of A-1160 (i.e., gamma..:..uriedopropyltriethoxy-

25 silane). and BIS (i.'e., 1,2.:.;bls(trimethoxysilyl)ethane). 

Results are comparable to commercially acceptable· black 

oxide treatment and better ·tn._n.brown oxide while 

maintaining the high bonq str~ngth of the simple silane 

treatment. 

j . 
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WHAT IS CLAIMED IS: 

1. A process for t:orming a mtiltilayer printed 
circuit board containing conductive through-holes which 
make electrical connections" to a: series of electrically 

5 · conducting layers through several in51:Jlating layers 
comprising the steps of: 

(a) forming electrically co~ciuctive copper 
circuitry on a surface of a dielectric layer support 
with the circuitry having a thickne$S of at least 4 

10 microns; 
(b) forming on the copper ~ircuitry a layer 

of an oxide, hydroxide or combination thereof of tin.by 
application of tin to. the copper circuitry whereby 
during application or subsequent thereto the applied tin 

15 is converted on its surface to the oxide, hydroxide or 
combination thereof with :the proviso. that.the layer of 
oxide, hydroxide.or combination is not greater than 1.5 

mils in thickness; 
·. 

(c) applying a silane bon~ing mixture to the 
20 surface of the oxide, hydroxide or combipation thereof . . . . . -~ 

formed in step (b) or an insulating. );ayer t·o be bonded 
to the copper circuitry to form.atj aclh¢;-~ilt orgaposilane 

coa~ing thereon, the insulating laye~. cc:n~prising a 
partially cured thermosetting polymer·c::oJ;tiposition and 

25 the . silane bonding mixture consisting es:sentially of: 

30 

35 

(I) a ureido silane;:lia,v~ng the structure 0 . . .. .. 
[NH2-C-NH-A~ln: .Si-~<4-n) 

~herein A is a,n}a1kylene having 1 to 

8 carbon atoms_, ~ Js a hydroxy or an 

alkoxy having. ,1: t:d •-~-- .. carbon. atoms 

:~=hn ~= ::~;~Z~~:f i~· n 2~s 0~ !r 
2, each .B need riot· be: identical; and 

:--··. -·-·-··---··--·---··-----·---- ----·. ---··------- -----·------1 

-.. ;'. · ....... : .... ~-

_,I\ 

_,// 
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(II) a disylyl crosslinking agent h~ving the 

structure 
Rlo OR4 

\ I 
5 R20-Si-R-Si-ORS 

I \ 
R30 OR6 

wherein Rl, R2, R3, R~, Rs and R6 

independently of the other is an alkyl 

10 with l to 8 carbon atoms and where R 

.denotes an alkylene group having l to 8 

carbon atoms; 

(d) repeating steps (a), (b) and (c); 

(e) bonding materials formed by steps (a), 

· 15 (b), (c) and (d) into a single article whereby an 

orga_nosilane coating is between a_ layer of the oxide, 
hydroxide or combination and an insulating layef whereby 

·during bonding the partially cured insulating-layer is 

cured; 

20 (f) .. forming a· number of holes through the 

bonded article formed in step (e); 

(g) metallizing walls of the through-hole to 

form electrically conductive paths from opposite 

openings of the through-hole to form a multilayer 

25 circuit board with the proviso that the .?ultil(iyer 
.I 

printed circuit board.w,ill not delamina:te:upon exposure 

to thermal stress at 550°F for 10 seconds after baking 

at 250°F for 6 hours and then pre-conditioning at 85°C 
and 85% relative humidity for tw~nty-four (24) hours. 

30 2. The pr<;>cess of claim 1 wheretn·steps (a) to 

(d) include two insulating layers wher,ein a c:tielectric 

layer contacts directly or through an acihe-sive or 

insulating layer. 

3. Th~ process of c+aim l where.in steps (a) to 
35 (d) comprise one insulating layer supp6+t::·ing a layer of 

copper circuitry. 
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4. The process of claim 1 where.in the dielectric 

layer contains copper ~i.rcuitry on· two opposite 
surfaces. 

5. The proces~ of claim l in which the tin is 
5 applied.by an immersion process. 

6. The process of claim l. in whi~h the dielectric 
layer contains glass epox.y or polyimide. 

7. The process of claim l in which the circuit· 
board ·will. not delaminate upon exposure at 550°F for 60 

10 seconds. 
8. The process of. claim l wherein the silane 

bonding mixture further contains a mutual solvent for 
the ureido silane and tl)e disylyl cro"sslinking agent. 

9. The process of ciaim l wherein the weight 
15 ·ratio of (I):(II) in the silane bonding mixture is 

between 99:1and1:99.· ; 
10. The process of claim 9 wh~rein. the weight 

ratio of (I): (II) is between 90:10and.10:90. 
11. The process of claim 9 wherein the weight 

20. r-atio of (I): (II) is between 90:10 and 70:30. 
12 .. The process of claim 1 wherein A is a divalent 

ethylene or propyle~e group. 
13.. The proces~ of claim l wherein B is a methoxy 

or ethoxy group. 
25 14. The process of claim· 1 wherein the uriedo 

silane is gamma-ureidopropyl-triethoxy-silane. 
15. The process of claim l wherein R denotes a 

methoxy or ethoxy group. 
16. The process of claim l where.in R' denotes.a 

30 divalent ethylene or propylene group. 
17. The process of claim 1 wherein the disylyl :· : .. 

cross linking agent is hexamethoxydi.silylethane •. 
18. A si1a11e bonding ini~tur~ _:;for: :forming a 

moisture resistant multilayer ci~cblt board consisting 
35 essentially of: 
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(I) a ureido silane ·having .the structure 
0 .. 

[NH2:...c-NH~:A_:. Jn S~ -a< 4·-n> 
wherein A is an alkyl~,ii,e having 1 to 8 
carbon atoms, B is a hydroxy or an alkoxy 
having 1 to 8 carbon at.oms and n is an 
integer of 1, 2, or 3 with the proviso 
that if n is 1 or 2, ':~ach B need not be 
identical; a~d· 

(II) a disylyl crosslinking agent having 'the 
structure· 

RlQ OR4 

\ I 
R20-Si-R-Si-QRS 

I \ 
R3Q OR6 

wherein Rl, R2, R3, R4, RS and R6 
. . . . : 

independently of the other is an alkyl 
with 1 to 8 carbon atoms and where R 
denotes an alkylene grouphaving·1 to 8 
carbon atoms. 

19. A multilayer printed circuit board con.taining 
conductive through-holes which make electrical 

25 connections to a series· of electricaliy conduct.ing . 
layers through several insulating laye+s comprising: 

(a) a dielectr~c layer; 
(b) copper circuitry having a thickness of at 

least 4 microns; 

30 '(c). a layer of an qJ:cj.de, hydroxide or 

35 

· combination thereof of tin met~·]. o~ a t"hickness not 
greater· than 1-5 mils which ov~i;lies the. tin; 

(d) an organosilane. ·.layer formed from a 
silane bonding mixture consist:fng .e.~$~.ntiall;y of: · 

(I) 

---····-·-- ·-·-· ------·-·· -- --· ----··-····-····----·--·-
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wherein A is an alkylene having 1 to 
8 carbon atoms, B is a hydroxy or an 
alkoxy havi~g 1 to 8 carbon atoms and 
n is an integer of _1, 2, or 3 with 
the proviso that if n is 1 or 2, each 
B need n.ot be identical; and 

(II) a disylyl crosslinking agent having 
the structure 

Rlo OR4 
\ I 

R2o-si-R-Si-OR5 
I \ 

R.30 OR6 

wherein Rl, R2, R3, R4, Rs and R6 

independently of the other is an 
alkyl with l to 8 carbon atoms and 
where R denotes an alkylene.group 

• having l to 8 carbon atoms; 
an insulating layer comprising a cured 

20 thermosetting polymer composition; 
(f.) a dielectric layer; 
(g) ~opper circuitry having a thickness of .at 

least 4 .microns; 

(h) a ~ayer of ~n oxide, hydroxide or 
25 combination thereof o_f tin of a thickness not greater 

than 1-5.mils which overlies the tin; 
(i) an organosilane .;layer formed f.rom the 

silane bonding mixture; 

(j) an insulating layer compris·in~ a cured 
30 thermosetting polymer compositi9n; 

with the proviso that the multi+ayer printed circuit 
board will not delaminate upon e~posure to thermal 
stress of solder immersion at SS·0°F for 10 · seconds after . . .· ~ 

b~king at 250°F for 6 hours and.-then pre-conditioninq at 
35 850°C and 85% relat·ive humidity '.-for twenty-four ·hours. 

20. A multilayer printed'~'.ircuit board_ containing 
conductive through-boles which ~ke electrical 

r~i1i11r11ur 
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a series of electrically c~nduct~ng 

several insulating layers comprising: 

a dielectric layer; 
copper circuit,ry having a thickness of at 

5 least 4 microns; 
(c) a layer of. an oxide, hydroxide or 

combinaticn;i ·thereof of tin of a thickness not g·reater 

than 1-5 mils which overlies tin; 
(d) an organosilane layer formed from a 

10 silane bond:ing mixture consisting essentially of: 

15 

20 

25 

30 

(I) a ureido silane having the.structure 
. 0' 

·" 
[NH2-C--NH-A-]n Si-B(4-n) 

. . 

wherein A is an alkylene having 1 to 

8 carbon atoms, B is a hydroxy or an 

alkoxy having 1 to 8 carbon; atoms 

and n is an integer of 1, 2, or 3 

. ·with the proviso that if n is 1 or. 

2, each B need not be identical; and 

'(II) a disylyl crosslinking agent having 

the structure 
RlO , OR4 

\ I 
R2o .... si..;R-Si-oRS 

I \ 
R30 · OR6 

wherein Rl, R2 R3 R4 Rs and R6 I I . I 

independent.ly of the other is an 

alkyl with. 1 to 8 carbon atoms and 

~~ere R denotes an alkylene group 

havi~g 1 to 8 carbon atoms; 

(e) an insulating layer comprising a cured 

thermosetting polymer composition; 

35 , '(f) an organosil~e: layer formed from the 

silane ~onding mixture; 
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(g) a layer of an oxide,hydroxide or 

combination thereof of tin of a thickness ·not greater 

than 1-5 mils which overlies the tin; 

(h) copper ci-rcuitry having a thickness of at 

5 least 4 microns; 

(i) a dielectric layer; 

with the proviso that the multilayer printed circuit 

board .will not delaminate upon exposure ~o thermal 

stress of solder immersion at 350°F for io seconds after 

10 baking at 250°F for 6 hours and then pre-conditioning at 

·as0 c and 85% relative humidity for twenty-four (24) 

hours. 

21. A multilayer printed circuit board containing 

conductive through-holes which-make electrical 

15 connections·to a serie~ of electrically conducting 

layers through several insulating layers compri~ing: 
' (a) a dielectric layer; 

(b) copper circuitry having a thickness of at 

least 4 microns; 

20 Cc) a layer of c;i.n oxide, hydroxide or 

combination thereo~ of tin of a thickness not greater 

than 1-5 mils which overlies the in; 

(d) an _organosilane layer formed from a 

silane bonding mixt~re consisting essentially of: 

25 (I) a ureido silarie having the structure 

30 

35 

0 .. 
[NH2-C-NH-A~ln Si-B(4-n) 

wherein A is an .alkylene having 1 to 

8 carbon atoms, B is a hydroxy or an 

alkoxy having 1 to·8 carbon atoms 

and n is an integer of 1, 2, or 3. 

with the proviso that if n is 1 or 

2, each B need not be identical; and 

(II) a disylyl crosslinking agent having 

the str\lcture 
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RlO OR4 

\ I 
R20..,.Si-R-Si-OR5 

l \ 
R30· OR6 
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wherein Rl, :'1~2, R3, R4, Rs and R6 

independent~y of the other is an 
alkyl with l to ~ carbon atoms and 
where R denotes an alkylene group 

10 having 1 to:J3 carbon atoms; 
(e) an insulating layer comprising a cured 

"'· ... :· 

thermosetting polymer composition; 
(f) · copper circuitry ~aving a thickness of at 

least 4 microns; 

15 (g) a layer of an oxide, hydroxide or 
combination thereof of tin of a thickness not greater 
than 1-5 mils which overlies the· tin; 

(h) an organosilane layer·formed from the 
silane bonding mixture; . 

20 (i) an insulating .lay'.e'r comprising a cured 
thermosetting polymer. composition; 

with the proviso -that the multil~yer printed circuit 
board will not delaminate upon exposure to thermal 
stress of solder inunersion at SSb~F ·for 10 se.conds after :.· ... . 

25 baking at 250°F for 6 hours and .th.en pre-conditioning at 
··· .. -····.·. 

85°C and 85% relative humidity f~~ twenty-four (24) 
hours. 

··-·. -·- -----··--- ·-- ----- --------· ---·--··· -. 


