g, NULTILAYER PRI NTED Cl RCU T BOARD FORMVATION - - puiL-7 aves
BACK'~ ND THE | NVENTI ON The present -invention is directed to a
procégs of f# rn1ng mul tilayer printed circuit boards, multilayer printed
circuit boaiﬁs obt ai nabl.e thereby and a sil ane bondlng m xt.ure used |
t herein. ‘i Mul til ayer PCB s are typlcaily constructed by |nterleaf|ng
I maged condwqtlve | ayers such as one contalning copper with dielectric
| ayers such gs a partially cured B-stage resin, i.e., a prepreg, into a
mul tilayer sandw ch which is then bondeqlﬁﬂﬁfther by appl yi ng heat and

pressure. - Slnce a conductive |ayer
. ' MULTILAYER PRINTED CIRCUIT BOARD FORMATION

5. The present invention is di_ected to formation of
' ultllayer printed c;rcult boards and articles formed
thereby.

Multllayer PCB's are typlcally constructed by
1nterleaf1ng 1maged conductive - layers such as one

10 containing copper with dlelectrz _layers such as a
partially cured B-stage ‘resin, 1 e., a prepreg, into a
multilayer sandwich which is then bonded together by

~applying heat and pressure. Siﬁée'a conductive layer
w1th a smooth copper surface does not bond well to the

15 prepreg, ‘rough copper surfaces have been employed to '
obtain a better bond to a dielectric. Therefore, a
portion of the multilayer PCB iﬁdustry applies a -
mechanical roughening process step to assure better
bonding. However, as circuit patterns get finer, there

'20 is an increasing risk of physically damaging the
conductor traces during this suﬁfaee preparation.

Another process employed by the industry to improve
bonding between the couductive iayer and the dielectric
are various copper surface oxldatlon procedures widely .
25 practiced in the plating 1ndustry to assure good
interphasial adhesion.

A common drawback for ali processes relying mainly
.rough copper surface
al bond strength with
30 polyimide prepreg and the fact ﬁﬁar there is no flexible
bonding interphase to absorb'u X

from the different thermal ex§Ah

on the mechanical interlocking ©
with the dielectric is the mar

resses originating
:n3§oefficients of
copper and dielectric which ca 1se thermal shock

failures.
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W th.. a~§nDoth copper surface does not bond well to the prepreg, rough.
copper ‘surfaces have been enployed to obtain a better bond to a dielectric.
Therefore, a portion of the nultilayer PCB industry-applies a nechanical
rougheni ng process step to assure better bondi ng. However, as circuit
patterns get finer, there is an increasing risk of phy5|cally damagi ng the
conductor traces during this surface prep&ation. » Anot her process

enpl oyed by the indigthetr Ft@chﬁanegseboeél {pPeFe\asshd ity @i deiduct ilvayer
and t he dlelectrlcrar% gpga surface Ciél(ﬂl rocedures wdely
practiced in t H@¥§TE Ry |1ﬁ EFF? RS d@%il RATHS AdResi on.
A commpri dr anbaigsdrdbeal ippUosesBasent! 3, $36 /HAG >as3met]ﬂe ase Ewaxopeah
bone. st + snoon Bk A B8EEoR 18- €t 4l g € 31 Bdsalle TGN
bondi ng i nt Br plaES T, & 32psand theotveelslsesdepogiwem ref tdemarh&hei f f er ent
- therml eﬁpags;éaﬁaa%fiwusm BL16PPPE HAL AH S YHididasiitidiecan cause
- thermal shoc techniques give improved bond strength compared to a
copper surface, yield a surface less susceptible to
mechanical damage than copper oxide, and require only
10 ambient temperature processing in a less corrosive
"environment than copper oxide treatments, the resulting
bond strengths are considered to’ ‘be comparable to copper
oxide on epoxy prepreg, and 1nferior to brown oxide on
polyimide prepreg. Also the bond strength can
15 deteriorate with time at elevateg temperatures,;as does
_the oxide bond. 1In addition, delamination after solder
' shock is occasionally observed.
' An example of disolosure'ofla black oxide layer on
a copper clad laminate as a steg}in,the process of
20 preparing multilayer circuit boards is disclosed in U.S.
Patent 4,512,818. The-major draﬁbacks of these .
procedures are considered to be: marg1na1 bond strength
on polyimide prepregs; corrosivity and high temperature
- processing, a surface coating prone to mechanical
25 damage, partial delamination around through-holes called
' “pink ring" due to the removal of the bonding oxide
tive) hole cleaning
strength with time at

layer by aggressive (acidic, re
chemicals, and a decay of the b
elevated temperatures. | '

30 The formation of conductiv layer topographies
particularly suitable to improven bonding with prepreg
" ‘without the drawbacks of the oxz'e_ reatments have been
recently described at the Printed Circuit World
Conference IV, Tokyo, Japan, Jhne 2-5, 1987.
35 H. Akahoshi et al. (WCIV-9) descrlbe the formation of -a




2 QG her technol ogies to inprove bonding of conductive | ayers
to.didectric layers in multilayer boards are described ip U S.. Patent
3,536,546, as well as European Pat ent Application 216,531 and also to
U S Patent 5 4,657,632, and involve the deposition of tin on the
conductive layer prior to bonding. Weregs these techni ques give

| mproved bond strength conpared to a copper surface, yield a surface

‘| ess suscepti bPETface oxide e IQQiﬁnﬁ$FQﬂ%§1PE&BEeF°o§PB€ln%nd require
only 10 anbi eméavenﬁeaaéwﬁeprmeﬂgum a—dugmee@r BAdi Béndingenvi r onment

Lhan coPPEr OX_AEeLLPRLIENI Sy (IEASINd Wi ne SN SLLEAELDS Bifac
inferior to bram/nanm eCIVi-10) dnsqnmhajd:tmr dorsgtiansoft herbughl strength
gi?déSbogg?rl 88%8?%&@ iz m nalfél on tgsder SO?’&:?’W Siecgﬁag&ﬁ the
occasional | y oggppegddep051t on the conductive layer for better
bonding., Silanes, deposited on this clean metallic
copper surface are reported to yield a marginal increase
in bond. strength.
10 Likew1se, U.S. Patent 3, 508 983 discloses the use
of gamma-amino propyl triethoxysrlane to bond copper to
a polyester base adhe51ve in the manufacture of a
printed circuit board. ' This reference empha51zes the
~point that copper oxide should be removed prior to the
15 silane treatment to affect good bonding.
U.S. Patent 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 reintorced substrate, 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, discloses a process for
forming. multilayer printed circuit boards wherein a
ureido silane is used to improve adhesion between tin-
30 plated copper circuitry and the cured insulating layer
during_subsequept soldering operations. While this
process is generally effective . wheh the resulting
laminates are prebaked before soldering, in some ,
instances when prebaking is not employed delamination
35 . can occur during soldering.
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- Printed G rcu

An exangl e. of di scl osure of a ‘black oxide |layer on a copper clad
laninate as a step in the process of 20 preparing mul tilayer circuit

boards, i s disclosed in U S. Patent 4,512,818. The mmj or drawbacks of

t hese procedures are considered to be narglnal bond strength on
. polyimide prepregs, corrosivity and high- enperature processing, a
surface coating prone to nechanlcal_25 danaoe A al -del am nati on around
- through-hol es call ed " pi nk=2MEHEE . -of the bonding

oxi de | ayer” by a@&rp&&séﬁt(aﬁvéhﬁaoﬁExhualﬂeﬁtehbhe @lpaﬂbESs ahd

Tenperat e, 35t1618" £8ened LRarch P ¥ WichaleoR, peR, B apafeton oo
: partiqularly’sprﬁahbé cmrcuptobeardmnnhtanmng1cpmdpc§gve thypugbat t he
~drawbacks of {HB1QX! AR1ER°RRRENLTe Mg{«;e%mecugﬁ%nw descaphedeal Lhe

: nf erence 5, 1987. 35
~ H. Akahoshi eteABCtFmEFWQH)CG@@%¢¢iRQtlﬂyqnﬂ nqyshoseaera

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
oxidé, hydroxide or combination thereof of tin by

15 application of tin to the'copper circuitry whereby
duriné application or subsequent thereto the applied tin
is converted on its surface to the corresponding oxide,
hydroxide or combination_thereof with the proviso that
the layer of oxide, hydroxide or combination is not

20 greater than 1.5 microns in thickness;

(c) applying a silane bonding mixture to the
surface of the oxide, hydroxide or combination thereof
formed in step (bf or on an insulating layer to be -
bonded to the copper circultry, the insulating layer

25 comprlsing a partlally cured thermosetting polymer
composition and the silane bonding mixture consisting
essentially of: |

(I) a ureido silane having the structure
. 0 '
30 ' _ " _ 5
[NH-C-NH-A~]pn Si-B(4-n)

wherein A is an alkylene having 1 to 8 carbon
atoms, B is a hydrOxy,br an alkoxy having 1
_ to 8 carbon atoms and”n is an integer of 1,
35 . 2, or 3 with the. provisc that if n is 1 or 2
each B need not be identical. and
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3 » surface oxide which gets renoved prior to bonding, | eavi ng a
copper surface with roughness and bondi ng - characteristics conparable to
the oxide surface. Nakaso . et al. (WO V-10) describe the formation of a
rough 5 conductive |ayer surface by form'ng an el ectrol ess copper
deposit on the conductive | ayer for betters bondi ng. Sil anes, deposited

on this clean netallic per surface_are reported to yield a marginal
i'ncr ease in bond s(tIFEnGt ls¥éY1 crosglinking agqent hayiag: thesog, 0983

di scl oses the use of gaurmctdirBo propyl triethoxysilane to bond copper
to a pol yester base adhesive RIpthe manubrdture of a printed -
circuit board. This reference enphasyzes thg - point that copper oxide
shoul d be redoved prior to the 1R2cidiape-si~erPnent to affect good bondi ng.
U S. Patent 4,499,152 discloses formation of\ a- metal lamnate with
utility of high resolution pri nt exBO ci rcubRGpatterns' The | am nate

preferably contains a |n bo S, 4e| torcedq gubstrate, a layer
of 20 - coupli ng agent coverl ng aﬂd bbg% F?(Si F %‘Eﬁ}ace of .

independently of the other is an alkyl with 1
10 . to 8 carbon atoms an"?where R denotes an
~ alkylene group hav;ng 1 to 8 carbon atoms;
(d) repeating steps (a), (b) and (c);
(e) Dbonding materials formed by steps (a), (b).,-
(c) and (d) into a single article whereby an
15 organosilane coating is between a layer of the oxide,
hydroxide or combination and an insulating layer whereby
‘during bondlng the- partlally cured insulating layer is
cured; : :
“{f) forming a number of holes through the bonded
20 artlcle formed in step (e);
(g) metallizing walls of the through-hole to form
electrically conductive paths from opp051te openings of .
_the through-hole to form a multilayer circuit board with
the proviso that the multilayer: prlnted circu;t board
25 will not delaminate 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
humldlty for twenty-four (24) ho rs.
The present invention 1s al o directed to a silane
30 Dbonding mixture for forming a moisture re51stant
multilayer circuit board consist ng essentially of:

(I) a ureido silane havi:

. the structure
O : . ‘

35 {NH—-C—-NH:
wherein A is an athlé e having 1 to 8 carbon

atoms, B.is a hydroxy or an alkoxy having 1

~ to 8 carbon atoms ana~n is an integer of 1,

n Si-B (4-—[;)
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the substrate and a |layer of ultra-thin copper adjacent t he |'ayer of
couplfﬁg agent, and a conposite bonding | ayer di spersed between the
copper |ayer and the |ayer of coupling agent. A disclosure class of
coupling 25 agents includes organosil anes. - Eur opean Pat ent
Application 88115951.1, published . as Ep-A-0,310,010 on April 5, 1989,

di scl oses a process for form ng nultilayer printed circuit boards
wherein a urei do sil andei OTudeHith the PRavismétedn ifePudsnlt PR-230

pl ated copper circuitry anéacheBcHeed hotUbatiduhtdi®ed; and during
subsequent sol dering q ations t roce erally
ef fective when the rezgfflﬁgdlsylyiﬂFﬁ f%ihék%?ﬁn%%ﬁﬁ% §aBéP8 gﬂgolderlng

in some I nst ances when sirelealireg i s not enpl oyed delanlnatlon 35 can
occur duringssoldering. " Rlo OR‘ .
. \ /
R20-Si~R-Si-ORS
/ \
R30 ORS
10 : wherein R, R2, R3, RrR%, RS and R®

:independently of thé;other is an alkyl with 1
to 8 carbon atoms ahdfwhere R denotes an
alkylene group having;l to 8 carbon atoms.
DETAILED DESCRIPTION OF THE INVENTION
- 15 . The presént invention is directed to a process for
forming a multilayer printed circuit board. The circuit
board has alternating layers of dielectric material
which support copper. circuitry (which may have
- interspaced’ other layers such as a copper sheet which

20 serves as a conductive ground piane) which are adhered
to an insulating layer through intermediate layers. The
circuit board’has conductive through—holes which form
electrical paths across the entire thickness ‘of the

- board. )

25 - ‘In formation of multilayer circuit boards several
dozen conductive and nonconductive layers can be
.employed. Also,zfor formation of_mnltilayer circuit
boards, it is necessary to drill holes and defects can
occur due to. delamination of lay rs in the areas

If a defect is present

30 immediately surrounding a hole. " :
~ in one of the layers or if delamination occurs,

generally the entire board must *é scrapped. Therefore

high quality in each of the steps:of formation of the

printed Circuit board is essenti
35 production.

for commercial

With the techniques of the pnesent invention,
various articles_can ‘be formed. _;llustratively one

- This Sheet Has Been Repl:
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4 = % SUMWWARY OF THE | NVENTI ON The present

I nvention is directed to a process for formng a multilayer printed
circuit board containing conductive through-hol es which nmake: el ectri cal
5 connections to a series of electrically conducting | ayers through

several insulating-layers conprising the,7 steps of: (a)
formng electrically conductive copper . circuitry on a surface of a .
di el ectric | ayprisiep@an tontetibhihheraess U tdielentinig dayerckoeppenf at

I t 4 . . . f th I

of "an ox! de, | IFOBERY A tRodVAK: PErCHRcpaB b oy hyBroR il et (YTl
tin to the coppmbigiatdon thexeofebf thedumderﬁyﬁngwtcmul@wg@nosubgequent
thereto the anpligdiat hy 1a9ec0NUCELEIE Ml dfeciiidqg e, { RBppKEI,

hydr oxi.de or: nat 1"on e proviso_t 't he ayer of
oxi de, hydBoxiaferawd taanmiitlx aoﬁawgrn@f- tiratah Hge,3dyd IO"PE‘P-r PR (1,5

mls) in thi ckfgi¥nation thereof o€CEhaPRhdé Ay ihdb itligne d&@@ﬁb%ﬁlﬁhéture to
the 20 surface of the oxjde ydrOX|de or co i gkﬂlé%ove ere f or med

in step (b) _ora’%‘% 3565004 &HSH&aFéi?Sr f¥ehe arflcle tnt

(first) insulating layer can be contacted to the second

dielectric layer directly or through an adhesive layer.
10 (Such adhesives are well known in the art, e.g., a high

temperature €epoxy.) .

In an alternate article the eecond 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
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 coﬁbination thereof of the underlying tin,

20 organosilane and insulating layer. . |

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

25 measurement of the bond strength.j The force necessary
to separate the layers'can be meaéured by an Instron
test apparatus. However, in some;instances it is found
that' the bond streugth alone is ndt a sufficiently
rigorous test procedure since failure can occur due to

‘ 30 the conditions in which a multilajer board- is subjected
during processing in commercial use. A useful test in
accordance with the present procedure is whether
delamlnation will occur at elevated temperature due to
thermal stress is described in MILﬁPfSSllO—D In actual

35 use the outer surface of a_multilayer bond is



bomded t0 the copper circuitry to form an adherent -organosi |l ane coating

thereon, the insulating layer = conprising a partlally cured

t hernosetting polynmer 25 conposition; (d) repeating steps
~(a), (b) and (c); (e) bonding materials formed by steps (a),

(b), (c) and (d) into a single article whereby an organosi | ane coating

Is between-a | ayer .of the oxide, 30 hydrgxide or conbination and an :

i nsul ating | ayer whereby during bonding the partially cured insulating

layer is . cooesentionally exposéd)td awglittep #olderer 3ithdugh the ough the

bonded arti cl eﬁg%gega&grgtﬁﬁ]y(@t B e osegoﬁgutﬁlg) sogg&gl Iif %\ Gay@l I's of

t he through ho l ectri call ctive path opposite
openlngs ‘of thsubieetgs- ﬁ@l%%eY%F¢Qw§ﬁWPQﬁEQHHQayeF herefore a

practical test for broad commercial use to correlate
S whether the multilayer board can be used for general
widespread commercial appllcatlon is oneé or more tests
set forth in MIL-P-55110-D.
One of the tests in MIL—P—55110~D requires thermal
stress at $50°F for 10 seconds after a pre-conditioning

10 bake at 275-300°F for two (2) hours. The specimen,
i.e., the article, is visually inspected for cracking or

' platlng, separation or platlng and conductors,
bllsterlng or delamination. 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 meets all applicable test
procedures of MIL-P-51110D.

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

25 employed in the multilayer cpnstrnction._'Althoqgh

' copper is the metal of choice in_formation of conductive
.circuitry, dielectric and insulatidg layers (which can
be of the same material with dielectric employed in the
present context to refer'ro the initial support for a

30 copper sheet which is formed inté_circuirry while _
insulating layer refers to another layer to which the
circuitry is bonded through intermedlate layers)
material can drastically: differ._ Examples of preferred
materials are epoxy and polylmlde.
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5 * - %'éirCuit board, the process being characterized in that t he

silane bonding m xture is consisting essentially of: 5 (1) a
urei do sil.ane. having the structure - [err] ~ Wwherein Ais an
al kyl ene having 1 to 8 carbon atons, Bis a hydroxy or an
al koxy having 1 10 - to 8 carbon atons and n'is an integer of 1
2, or 3 with the proviso that if n. is 1 2, each B need
not be |dent|cal arsilthough the abové'teSﬁsda§d|g@né¥éI¥¥ldﬁ@ﬁﬂ@ ggent

havi ng t he ct wherein
Rerr], Rerr] Pﬁﬁdlcﬁlnqqlgfgf gﬂfé??? éﬂdps%nged c1rcuit manufactur
|ndependently'(ﬂ ndye gtigdd ites&inisl hgededtin ithe instance when

_multzlayer circuit boards are soldered without a prlor
5 baklng step to remove m01sture.' In such instances,
delamlnatlon at the interface between the circuit and
3cured 1nsu1ator layer may occur during soldering,
presumably -due to residual water or other materials
whrchrare volatilized during soldering at the interface.

10 A useful test in accordance with this alternate

- procedure is a "solder immer51on stress test*® wherein
test multilayer prlnted circult test boards are first
baked at 250°F (121°C) for 6 hours and then conditioned
in an environmental test chamber maintained at 85°C and

15 85% relative humidity (RH) for 0, 4, 24, 48, and 72

' " hours, after which they are immersed in solder:
ma:.ntalned at 550°F (288°C) for 10 seconds. Each

.multilayer test board contains ezght 100% ground planes
of - copper and except for the spec1flc variation under

20 test, is made under the same conditions. If no subtle
or gross delamination effects are'observéd the board is
considered acceptable and the evaluation of one group of
test boards Vs. others is made based on the minimum

_ _condltioning time needed before failure is observed.

25 The criteria of acceptabillty which corresponds to
_prlnted circuit manufacturlng standards requlres that
there be no delamination after at least 24 hours
'condltlonlng time and preferably after 72 hours

, condztlonlng. _

30 A.startlng material 1n the present invention is a
dielectrlc 1ayer which contains on one or opposite
surfaces a claddlng of copper. This copper layer is of
a thlckness of at least 4 microni;and more preferably 32
mlcrons and it is used to. form conductlve circuitry.

35 Well-known ‘techniques in the prior art can be employed
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te 8 carbon atons and where R denotes an. al kyl ene group
having 1 to 8 carbon atons; so that the fornmed nmultilayer printed
circuit board wll 25 not del am nate upon exposure to thermal stress at
288 [err]C (550 [err]F) for 10 seconds after-baking at 121 [err]C
(250 [err]F) - for 6 hours and then pre-conditioning at 85 [err] C and
85% relative hun1d|ty for twenty-fdlr (24) hours. The
present inventi di to_a,.silane for
o £oinf B LR EELSErY Gl 20y phoro i, gpconsfﬁit 3

formng a moi st & Yasiatant A Lt
essential ly of:of a PhOtOSGnSlthGI yeais.nr eﬁ:don sﬂqlalmﬁih\hmgwﬂﬂ fct ar e

[err]. rotected a¥BgEeHE thé Scc?}ibéil kylgnehapie ok 0 8 carbon
at ons, B I's a h Ikox havi n to 8 carbon
“atons and n is aﬁﬁ ecgpi dlsclosed in U.S. Patent

5 3,469, 982 The composition of the dielectric layer is
“mot critical provided it functions as an electrical
insulator: Useful support materials are disclosed in
U.S. Patent 4,493,152 such as epoxy reinforced with
glass fiber. Preferably a partially cured thermosetting
© 10 - .polymer composition is enployed_which is known in the
art as a prepreg or "B" stage resin. Use of squ
polymer composition adds in subsequent bonding
operations.
After formation of the conductive circuitry, it

15 typically is necessary to form a thin outer layer of an
oxide, hydroxide or combination thereof. This ilayer
which is of a thickness not greater than 1.5 microns and
more preferably not greater than 1.0 microns can be
_directly formed by oxidacion 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. Significant research efforts have

" been undertaken to solve this pink ring effect. Also in
formation of oxide coatings corrosive chemicals have
been employed which causes proble@s due to the use of
harsh chemicals with special proceSSing necessary. In

30 instances when multilayer circuit boards are soldered
without a prior baking step to remove moisture,
delamination at the interface between the circuit and
cured insulator layer has been observed during .
soldering. It is theorized that residual water absorbed

35 by the laminate from the ambient environment is
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6 2, or 3 with the proviso that if nis 1 or 2 . each B

need Mot be identical; and ~ (I'l") a disylyl crosslinking agent having
t he ~© structure - [err] 10 - wherein Rerr], Rerr], Rerr],
Rlerr], Rerr] and Rerr] - i ndependent|y .of the other is an al kyl
with 1 to 8 carbon atons and wher iR denotes an al kyl ene

0o hove b 6aCeReEBeu" ke Bnd fok Sr race ang iR H o Bt RN o
soldering to cause this localized delamination.
In an embodiment of this-invention a conductive

layer-is formed from tin. Asgfill be more fully

5 described: below, a preferred: technique of application of
_the coating is by immersion metal plating. The
thickness of the metal layer is not critical and can be,
e.g., 0. lS_to 0.25 microns. .During, and subsequent to,
the application.of tin, a thin coating of an oxide,

10 hydroxide or combination thereof is formed. Since this
coating can'be'extremely thingpreferably'not greater
than 1.5 microns or in some instances only monolayers in
thickness, air oxidation can be employed. In such case,
the oxide/hydroxide can be- formed upon standing' at room

15 temperature wherein the. copper surface reacts with
ambient oxygen and water vapor. Other techniques for
formatioén of the oxide/hydroxide-include immersion in or .
exposure to an oxidative'aqueous'bath.

An organosilane mixture of this invention is

20 - applied as a- coating either to the oxide, hydroxide or
combination or to a partially cured thermosetting
polymer composition, also known in the art as a prepreg
or "B" stage re51n. The same materials of construction
as the dlelectric layer can be employed for this layer

25 which is termed an insulating layer to more readily
distinguish’ the layers from one““]other. Turning to the
silane which. can be employed in ’ﬁe;present invention,
it is a requirement that the silane forms an adherent
intermedlate layer which bonds-this oxide, hydroxide or

t} 'ly cured and converted
to the fully_cured insulating l fr. It is a
requirement that the silane functions to prevent- ;
delamination in accordance with the thermal stress test
as defined herein.' In a- preferr ::mode the multilayer

30
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The prgsent invention is directed to a process for formng a nultilayer
printed circuit board as defined in claim11. The circuit board has.
alternating | ayers of dielectric material which support copper
.circuitry 20 (which nay have i-nterspaced other |ayers such as a copper
sheet which serves as a conductive ground;pl ane) whi ch are adhered to an

I nsul ating | ayer throuaﬁ? internmediate layers. The circuit board has
conducti ve teF Rt Radd Hitdh frdim evxed rinsnlatdngs layess ieens 25

gntlée thlCknFSélIﬁsﬁéEiﬁE&Hﬁiors of MILLijSE{PﬁJ on or mul til ayer circuit
boards severa en conductive ang_noncopductive ers

enpl oyed. Al so, for g"rP g#%@%f g {ﬁj jgonsi 3% G %lbse
‘necessary to ckutézduﬂs&ianujﬂi&hech§d£642n brﬁﬂgﬂ'hwmastwldhlstﬂambﬂen of
layers N 18e oAt MR UeebheS TG Rt cblalelt! koS

pr esent I'n ohe o rs or am nat1on occu rally the
entire board mr-Sle hguxhpéédartwedeneatnon wﬁqgthyma||ﬂ9e|ﬁiéa@nsOarEhe

steps of formatdgisieddif to iRtieTaed “‘E‘?“‘L a‘?:e'n% Qﬁg@%' EhrB%h :
commer ¢i al production. . tecC guesvarious articles can
be forned. a functlonally substituted organic group to provide
' van der Walls force lnteractlon,_strong polar
- 10 force/hydrogen bridge interaction, or covalent bond
' formation with the dielectric resin. It is considered
that the disylyl crosslinkihg agént forms a_net&érk with
the ureido silane to reduce the moisture sensitivity of
the resulting adherent organosilane layer. ' '
15 The moisture resistant, adherent, organosilane
layers of thlS invention are prepared from a silane
bonding mixture which has as its essential components

(I) at least one ureido silane having the structure:
20 . y . '
[NH;-C-NH-A~-1n Si-B(4-n)
" where A is an alkylene having 1 to 8 carbon
atoms, B is a hydroxyfor an aikoxy having 1
to 8 carbon atoms and n is an integer of 1,
25 2, or 3 with the proviso that if n is 2 or
‘ 3, B need not be identical; and
{11} a disylyl c:oeslinkiﬁg_agent having the"

structure E
. Rlo .. OR?
30 : \ /
R20-Si~R-Si-ORS -
/ N

R30 . ORS _

wherein Rl, RZ, R3, RY, RS and R6

35, ~ independently of the other is an alkyl with

1l to 8 carbon atoms and where R denotes an
alkylene group having 1 to 8 carbon atoms.



|4 ustratively one article can contain in order, a

dielectric | ayer, copper ~circuitry with layer of tin and an oxide,

hydr oxi de or - conmbi nation thereof of the underlying tin, organosilane,
an insulating |ayer, a second dielectric |layer, copper ~'5 circuitry with a
| ayer of tin, an oxide, hydroxide or conbi nation thereof of the
underlying tin, organosilane and a sdcbnd I nsulating layer. In the
above article-the preféidSly IdFd:ah130 1 Q4R 82Q Rt Al %Qfe‘?:’%ﬂc‘&lt he
second dlelectrlc | ayer directly or through an adhesive er.. _
(Such adhesi ved aﬂerﬁeF? R B grone é@tpresgnt'a P PrefFﬁy ature
epoxy. ) R?, IRZ ArR%| Ry NRE eared tRC lardd hmanﬁmm Jdi dreattie mz}eiyib*

silane (I), the alkylene group, A,_preferably is a
5 divalent ethylene or propylene a d'the alkoxy group, B,

: preferably 1s a methoxy or ethoxy_group. A particularly
preferred ureido silane is gammaf;reidopropyl-triethoxy—
.§llane. In the disylyl crosslll':ng agent (II), the
alk&l groupfpreferably_is methy; 'r ethyl and the

10 alkylene gronp, R, preferably i%fardivalent ethylene or
pPropylene group. A particularlytpreferred dlsylyl
crosslinking agent is hexamethoxydisylylethane

The component concentratlons -of the silane bondlng
~ mixture may:vary widely to meet tpe needs of a
15 particular application. Thus the weight ratio of the
' ureido silane (I) to the-disylyl=orosslinking agent (II)
may be between 99:1 and 1: 99.. Preferably the weight
ratio of (I) (II) is between 90: 10 .and 10:90 and more
preferably is between 90:10 and_?Q,SO. Typically a

20 single'ureido silane is used with:a single disylyl
crossl1nk1ng agent, however, it is within the scope .of
this invention to use in the silane bonding mixture, two
or more ureido silanes as deflnediandlor two or more

disylyl croéblinking agents as defined.

25  -1In the practice of this inven"ion the silane
bonding mixtnres may be appiied:i a liquid solution to
the tin hydroxide/oxide surface insulating layer

| ilane bonding mixture

reido silane and the

30 dlsylyl crosslinklng agent. Thef 1ution is applied by
' any conventional means, €.g.,. by ipplng, spraying,

surface. - In this instance the

contains a mutual solvent for the

' brushzng, immersion, ‘etc.
' The immersion metal coating .disclosed in European -
Patent Applicatlon 88115951 1 su a, European Patent
35 216 531 as well as U.S. Patent 4 657 632 are directly

| ﬂn
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need nQt be present with all other |ayers having the sane order. In a
further alternate enbodi nent of the 15 invention a dielectric |ayer can be
present which has copper circuitry on opposite surfaces. Thereafter on
t he opposite surface the various |ayers are applied I ncl udi ng
optionally a layer of tin with an oxide, 14 hydroxide or conbinatijon

thereof of the unde t|n organ05|lane and |nsul t ] ayer.
For ‘the nul til ay'é?eg‘r‘i/c{f?t eﬁ’EFﬁnfa isgyeptdan. fory ?1@?‘%6? ﬁdﬁr@/%o | ayers
bonded together the coppan eitcuitaty .t e Thelse ﬂab&luauéonbeaher an effective

oo bond ooy eReUE bR M) Yled MRLTRALALR, | HBUSVER, %L %s TEASUT OTEN!

- of the bond streng? e necessa par at e ayers can
be neasured by agongidexed thateﬁheaﬂmmeranos tEDmQOétingﬁ &%fre i nstances it

is found st hainébers boae sid %&1 224228 ckSHBAY Beé#ééx'\ ity

rigorous test procedure since fajlure can occur due to t he condltrons

in which a mul tithSeFriRARLY %0 Qﬂﬂﬁtéﬂﬁe&aYer #OPPRY §?B€%E%|§EF .
commer ci al use. dfeliseitic tmfferial sindecdedafitnationh cae @cﬁ@s:ent procedure

el "o ess (b SELARAEY M Blostia BEARRSL. FR LM
surface of a nulha$znha dhoinidi tiys to increase the bond strength
10 preferred coating composition contains a thiourea
compound, a tin salt, a reducing agent, an acid and a
urea compound. In accordance with the teachings of
these'prior art publications arprea compound is.
necessary. However a urea comppond is not necessary
15 with an organosilane layer. Thérefore it is directly
within the scope of the presehtﬁinvention that ‘wherever
the term urea compound is presegt in reference to the
above publications it can.be- deieted. Therefore similar
-formulations can be deleted directly employed as .
20 disclosed in these pdblications except the urea compound
can be omitted.. In a preferrednembodiment the urea will
. be present.
Since in a preferred embodiment compositions which
employ a thiourea compound, a tin salt, a reducing
25 agent, an acid and a urea compeund pertinent disclosure
for these publications is repr "uced herein.
The tin salt preferably oomprises a stannous salt.
Although stannous salts of an . ferganic (mineral) acid
or organic acid may be used (e.g., stannous formate,
-30 stannous acetate and the~likeift e tin salt may comprise
‘such as the sulfur,
phosphorous, and halogen acids -especially the sulfur
acids such as sulfuric acid o hlfamlc acid. Alkali
metal stannates may also be umé Spch as sodium or
'35 potassium stannate and the erfygaown.equivalents

a stannous salt of a mineral éc,
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8 . gonventional |y exposed to nolten sol der. Al though the I nner

| ayers may not be exposed to the solder, they are subjected to el evated
tenperature. Therefore a - practical test for broad comrercial use to
correlate 5 whether the multilayer board can be used for general

wi despread commercial application is one of_nore tests set forth in

M L- P-55110-D. One of the tests i 5I\/IL P-55110-D requi res thermal
stress at 288[ eehe€ebdS0[ Enrbhe émbodinsmc @rdsinaliseisvdfpte; dfannous

_condi tioning bakel%{négg 35?9%?5“\&%7{’?@%0%9{5 ]u@edf Qs %ﬂg #or hours

The speci nen, € ar I'nspec cracklng or
pl ati ng, separaﬂheneotin leptacoatings znmduumon§edb|agadraogtaﬁe may
del am nati on.. hgghnggetuglgéaanggléhe | ar gest di mension of 0.08 nm 15

(0.003 |nch) or fess are pernmitied provided the
The acids that are employed may be organic acids or

"inorganic acids (mineral acids)_based on sulfur,
phosphorous, or the halogens, the sulfur based mineral
acids being preferred such as sglfuric acid or sulfamic
acid. Some of the organic acids that may be employed

10 ' comprise monocarboxylic or dicarboxylic acids having up
to about six carbon atoms such ‘as formic acid, acetic
acid, malic acid, maleic acid, and the like.

It is preferred, if possible not to use halogen
acids or halogen salts since halide residues will be

‘15 produced in the tin coating deposited, these salts
interfering with the electricaliproperties of the tin
‘and may also act as corrosive materials in the coating.

The chelating agents that ﬁay be empioyed generally
comprise the various classes of chelating agents and

20 specific compounds disclosed in Kirk—Othmer,

2 g', . Third Edition,
Volume 5, pages 339-368 incorporated herein by
reference. Chelating agents that are especially
preferred comprise the aminocarboxylic acids and the

25 -hydroxycarboxylic acids. Some specific aminocarboxylic
acids that may be employed in this respect comprise
_ethylenediaminetetraacetic acid, hydroxyethyl—
_ethylenediaminetriacetic acid, nitrilotriacetic acid,
N-dihydroxyethylglycine, and ethylenebis(hydroxy-

30 - phenylglycine) Hydroxy carboxylic acids that may be
:emploYed comprise tartaric acid, citric acid, gluconic
acid and 5-sulfosa11cy1ic acid. .. '

' The various reducing agents :hat may he employed
are well known in the art and generally comprise organic

35 aldehyde whether saturated or unsaturated, aliphatic or

* This Sheet Has Been Rep laced :

LU lll




conductor spacing is not reduced bel ow the m ni num di el ectric spacing,

| aterally or vertically. In a nore preferred node for a nore stringent
test, a tine period of 60 seconds is enployed rather than 10 seconds.
20 In anot her node for the test proceduré the final mul til ayer
circuit board neets all applicable t est 16procedures of ML-P-51110D.
- One reason why thlﬁ tesé ii apﬁ icable to rci,al use_is due to the
- diversity of nmaf&Firafs 38VIBHHPRVER ?IFP“E%é:efﬂchﬁrl R AO8Fst r HOFEDN.
Al t hough cop@kyl|sldhhydeSahavﬁngﬁupcnn|abdunwamx<manbbncandmstmag

cirouitry, di el g6l Enp1ggda BAULRLL odRNE Sl fharaenlBe” he sare

material with dielec present context toO refer to

the initial supEGFFaﬁéﬁthSO E%RﬁkﬁnéﬂﬂﬁhYdﬁm<§¥ﬁ!¥&h§ﬁhﬁ§ﬂ:naadcthGU|try

whi | e i sul ﬂkég |B¥§éci81§§5p£é’fé’ﬂ‘€d1%rld Y est% r‘i'&e hP@roxy
circuitry is bongi rougg |nt redi at e IayerSf“ erial CTan
drastically dif# phE§ dehy ?ﬁeﬁqgheﬁf Yqﬁﬂﬂ%w@%nfdﬁree€§5§§°§ﬁd
pol yi m de. threose; arabinose -and the various position isomers

thereof and glucose and the various position isomers
thereof. Glucose has been found’ to act to prevent ‘

10 oxldation of the metal salts to a higher oxldation
state, e.g., SnII to. SniV, but also as a chelating agent
and is especially useful for these reasons.

The surfactants that may be employed comprise any

non-ionic, anionic, cationic or amphoteric surfactant
15 such as those listed in Kirk-Othmer, Encyclopedia of
Chemical Technology,: Third Edltion, Volume 22, 'pp
332-387 which is incorporated hereln by reference. The
non-ionic surfactants are especially preferred.

The surface area of the tin oxide/hydroxide layer

20 to which the hydrolyzed silane is -applied is a factor in
the resulting bond strength. ?hus high surface areas
such as. produced by oxidizing a:gqpper surface to copper

- oxide, then hydrolyzing the oxide and conversion to tin
oxide by an immersion‘process-glue a high surface area -

25 - which gave the highest bond streﬁgth when bonded to
polyimide after the silane treatment.

In accordance with the pres:ﬂt invention is a
requirement that the bonding of-the metal layer which is
generally supported by an insulaﬁing layer to a

30 dielectric layer can wzthstand : ;older immers;on stress
test as defined herelnafter relative humidlty (RH)
preconditioning for at least 14

After having bonded the:va _
multilayer construction by appl ing pressure and heat in

35 a lamination press holes {for electrical interconnect)
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9 . N Al though the above tests are generally useful in predicting.
‘| ayer bonding in printed circuit nanufacture, a norerigidtest 1is
needed in the instance when multilayer circuit beards are sol dered
without a prior 5 baking step to renove noisture. |In such instances,
~delam nation at the interface between the ghrcuit and cured insul ator

. layer may occur during, soldering presunably due to residual water or

other materials are %}H\e‘&r@wgﬂ thezeultilayRr s F¥RIGHL vtusing a

interface. 10 A HsmérlcAEB) ¢dhﬁeqqeaaa§§1mﬁ@ hddlsing eitRtsult ipps ocedure
s a "sol der r5|on st{ress nultllager printed

whe
circuit test bo gRds g |34k bear153§ed §P°§2§f%i}ﬂQ9(9§ﬁﬁiﬁ M5 3% 6
hours and then cdesiciiledd e.q.,i ﬂnaﬂaﬁdhoobn@fmﬁnﬁestcﬂmﬁlememigmﬁl ned"

2t B(err] C and o B5el ACopik g La(Rledly Ocupide 45 27

hours, after “whic n-sol arned at™ 2 err]C
(550][ err] F) for- aﬁ)ﬂsembrﬁi-s Leqir,icla Elemroth@yiatral Rublicatiensy al 981 ei ght

100% ground pl anggg pmﬁie&%&%ﬁednsesaﬁa%kf @Ehéﬁrexsr?ce-fs clzf)arwiwa
under 20 test, Is nmade under the sanme conditi-ons.
_ by Clyde F. Coombs, Jr., McGraw-Hill Book Co., 2nd
Edition. _
10 Well known techniques for'hole formation and making
the hole conductxve can be employed herein, e.g., see .
Printed Clrcuit Technology, edited by N. S. Einarson,
1977, Chapter 7.
To further define the present invention the
15 'follow1ng example is provided. 'In this example all
parts and percentages are by weight and degrees: are in
Centigrade unless otherwise described. 1In 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
reproductlvity in test measurements. Also, in the
example, hole drilllng was not employed which likewise
was considered to -allow greater reproduct1v1ty to test
' results.
25 ) EXAMRLEll
The copper surface of the: test samples were
chemlcally cleaned, treated withian immersion tin
compositlon and a silane bond}ng-mixture in an inline
spray system, and evaluated ve; S an organosilane
30 coupling agent, gamma-ureidopropyl triethoxysilane, and
conventional brown and black oxide.
The test samples were Norplex/OAK FR-4 epoxy
laminate panels (18 inches wi 24 inches long and
_ 0.014 inches thick) containin:_ ©0z. copper on both
35 sides. Test samples of 0.00l4_wnch thick copper foil
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or gross delamnation effects are observed, the board is consi dered
accept abl e and the eval uati.on of one group of test boards vs. others is
~made based on the nini num conditioning time needed before failure is

. observed. 25 The criteria of acceptability which corresponds to

cprinted circuit manufacturing standards reqgy gres t hat t here be no-

: del am nation after at |east.24 hours . conditioning tinme and preferably

- after 72 hours (1 comdigappeinigwa30also précessedifnyr rhansl istirengthhe

- process of the Pr& mina dggentlon is a dielectric |ayer which contains
‘on one or opp05| e sur aces a cl addi ng of copper. This copper | ayer
is of a thickness of afhe ¢ipkine [semaymsystemopsed to PRER3E®|Shessqmale m

cand it is used togfPFdBEO HUEL WBndByot EPEEAT Y 4 feeltlPerk MUt G ques

“in the prior art can be e
i P 5 contalneén%hé/followlng process steps and conditions.

- Rinse (Solution) Spray

Conveyor.W3£er, Temp Pressure
.10 1. Panel Feed 23" — . -
(Input)
2. Alkaline .
Cleaner 20" -— 120 25
3. wWater Rinse 20" 5 GPM* 60 20
15 4. Microetch 27" —— 110 25
5. Water Rinse 20" 5GPM 60 v 20
6. .Imme:sion Tin | '.
Application 48" - 75 25
7. Water Rinée .
20 - (Recycle) 20" -—— 110 25
8. Water Rinse ‘ ' '
followed by
air knife _
drying - 20" 5 GPM 60 20
25 9. Silane Treat- . .
ment 20" = . 15 25
10. Hot Air S 5
Dryer 30" --- 130 -—-
11. Output- _ '
30 Conveyor 41" - — Ju—

*GPM is gallons per minute

The alkaline,cleaﬁér used in the system was
35 Versaclean® 415 (Du Pont) and ‘the microetch was
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10 1o forn1sUch circuitry such as by photoi magi ng teChniqde' of a

phot osensitive resist filmfollowed by etching of u
t he copper. An exanple of a suitable technique is d
Patent 5 3,469,982. The conposition of the dielectric
critical provided it functions as an el ectri cal I ns

support materials are disclosed in U 39 Patent 4, 49

~reinforced wthsureesbﬁ@s%bb%u Fosi £ .ﬁ@wsamrﬁéz%ﬂyy
-+10 pol ymer composition is enployed '

nprot ect.ed areas of
isclosed in U S

| ayer is not
ulator. Useful

9, 152 such as epoxy
cured thernDsettlng

s known in the art as a

“.prepreg or "B" moageul§¢¢¢/sukﬁpnﬁt:agﬂd pol ymer conposition adds in
Subsequent bonding 1 §9§%a$'€ﬂ§ 1mmers;on ﬂ%ﬁ‘ﬂbmb%%ﬁﬁﬁbﬁnwgg EBfmed

- conductive circuitry, it 15 typically is necessar

forma thin outer

| ayer of an bﬁx?ﬂein%y§9¥ﬁﬁkﬂﬁ & arhiSodation Ph@feBPe fﬂi§°"¥%9er

whi ch i s of gitabﬁ§e§§§1@@£ greater than 1.5 [err] m and
not greater than 1.0:[err]mcan be directly forned
copper circuitry. 20 Wl l-known techni ques used to for
or "bl ack" .Belutiomadings -can be enpl oyed. However
have been encountereg guewégb@.phenonenon known
' Cone. H2S04
10 Hypophosphorus acid (50%)
) Stannous Sulfate
D.I. Water
. Thiourea
15 Urea
' D.I. Water

nore preferably
by oxidation of the
m so-cal | ed " brown"
maj or problens

200 ml
100 ml1
40 ml
20 gms
To 0.5 liter

60 gms
40 gms
To 0.5 liter

Sufficient solution is prepared to adequately f111 the

system reservair

Sevéral test solutions were prepared for use in the

20 s;lane treatment Step 8.
Solution 1 is prepared by adding 57

ml of glac;al

 acetic ac;d to 57 liters of deionized water. 570 grams

- of gamma-ureidoproPyltriethoxysilane (A-1160 Union
Carblde)_coupl;ng agent is then added and mixed by

25 - aCtivatiﬁ§ the recirculating system 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 solutiep is hereinafter

1dentif1ed as 1% A-1160.

30 - Santlnn;Z is prepared as in Solutlon 1 but
iconta1ns 0 15% of 1, 2—bls(trimethoxysilyl)ethane in
,addltion to the 1% of A-1160 and wlll hereinafter be
_ 1dentif1ed as 1% A-1160/0.15% BIS (and as Sample A in

‘ Table 1).



as.«pink~ring formati on whereby the oxide is dissolved or is at |east
partially destroyed due to later required 25 processing steps. Significant

research efforts have been undertaken to solve this pink ring effect.
Al'so in formation of oxide coatings corrosive chemcals have been
~enpl oyed which causes problenms due to the use of harsh chem cals with

speci al -processing necessary. In 30 .instancggs when multilayer circuit
el aim nat 1 on at the i ARMEEMER b5 EFRATE ARG SERHCLON TRl | nsul ai or
| ayer has been obegtaisls MI20% of 1,26bdel(cRimethok§siDeDyémathd haf residual
water absorbed 35d<9¥t1<?1$ t!_oarghr}aatﬁs f rf°513 t.lli%oaggéiegllfrl\{err'glnapter %ae '
identified as 1% A-1160/0.20% BIS (and as Sample B in
5 Table 1). | .

To compare the effect of silane treatment to a
commercially accepted standard, samples of FR-4 epoxy
lamlnate and_coppe: foil were prepared which were
treated with comﬁercial black oxide (MacDermid

10 MAC-u-BLACK* Black Oxide) and brown oxide
(Electrochemicals 499 Brown 0x1de) herelnafter
identified as Black Oxide and Brown Oxide respectively.

~ After treatment, all laminate and copper foil
samples were baked at 250 to 270°F for 1 hour. This

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

. could result in delamination during manufactufing of the

20 ° multilayer boards. | o

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 moltilayer
composites were prepared as follows. Each composite was
assembled from 3 laminates (one inner 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;édjacent copper foil
sheet. Ten multilayer assembllee are stacked to form a’
package with each assembly being 'separated from the

35 other by a 0.025 inch thick aldminum sheet. The package
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concentrated at the interface and vapori zes during' sol dering to cause

this localized del am nati on. . In an enbodi nent of this invention a
conductive layer is formed fromtin. As will be nore fully 5 described
bel ow, a preferred technique of application of the coating is by
_inmmersion netal plating. The t hi ckness2qf the netal |ayer is not
- critical and can be, e.g., 0.15to 0.25 [err]m Durin and

~ subsequent to, is encleged iimia geconm bag WhERRnis oHheM LACUGRItR, 10
- hydroxi de or confifi@bd ol e Pedred.or rhd. Ea&kaﬁé i8ithen leadéd nghdan be

- extrenely thin preferably not greater 1"1.5 nmicrons
i nstances only nefRtexrd s rFaPldltYf'na(,skR8§§ g?r‘ﬂé?dﬁ&%&%ﬁ?%}éﬁ%eoyed

I n such case, vﬁ réfigated ded yatoexi dgheaplieefisrare chosed tamiliprestureom

15 tenperature th

and water vgﬁor PCf#}Q? %g%%or#)%ﬁ@se#gflpaciz ggiﬁg?lyotnhlo e?h%%ﬁ?%gcﬁ;om de
i ncl ude i nmer si ohs i increased ebp @00 esiio aad thedhemperatpreusaised. t°

An or ganosi | ane g?rsOXI (fg':cpfhella %o'ﬁ“é%”h?ﬁ{]téﬁrZ%Pfé'ﬂzﬁéaﬁaﬁ%tﬂw ei ther

to the oxide, to.a partially cured
thernmosetting prw\]n%rcmot ithe, PackggrRn&GnCPAlefcusing a%hjancﬁ%preg
or "B’ stage resghir Wik SRRy Malseightesl CQHétpHé.ISSﬁ)f’e is then relaxed

10 = and the package removed which is ‘then post baked for 8
hours at 324°F.

‘A 1/4 inch wide str:n.p of each multilayer composite
formed dur_lng the lamination is removed for bond
strength determination and the remainder of the

15 composite panel is processed through an etcher to remove
the outer foil layers. The panel is then routed on an
Excellion Router/Driller, Model EX-200, into 1-3/8 inch
by 2-7/8 inches samples. The s"ainples are then baked in
a c1rculatmg hot air oven at 250°F for 6 hours. After

20 cooling to room temperature the" samples are placed in an
environmental chamber ma:.nta:.ned at 85°C and B85%
relative humidity. Samples are: removed at 4, 24, 48 and
72 hours and immersed in.a 550°E‘ molten solder bath for
20 seconds_. The samples are then rated for

25 "delamination; if there is no apparent delamination the
sample is'zdesignate_d “OK"; if t_ih'_ere is subtle
delam-ination or measles, the sample is designated "SLT";
and if there is gross delaminaﬁ'ioh, the sample is
designated “FAIL". |

30 Bond or peel strength et
I'nstron Tens:.le Tester, (Instro ”Eng. Corp.:, Quinsey,
Mass., U. S. A.) Model TT-B with'-a crosshead speed of 2
inches/minute. The Instron Uni is in an

t 70°F, 5°% and 50%,

inations are made on an

environmentally controlled ar
35 10% relat:.ve hum1d1ty. :
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as,the dielectric layer can be enployed for this layer 25 which is terned
an insulating layer to nore readily di stinguish the layers from one
another. Turning to the sil ane which can be enployed in the present

i nvention, it is a requirenent that the silane fornms an adherent
|nterned|ate | ayer which bonds this oxide, hydroxide or 30 conbination
thereof to the partially cured and convertea to the fully cured

insulating layer. It is a - reqU|renen£ﬂﬁE%i the silane functions to
.prevent del ami nation in accordance mnt t e thernal sfress test - as
defined herein. In a preferreddnE RES S AND;-BOQ -

12 circuit board with fully cured |nsulat|ng | ayer neadond al
speci fications of ML-P-55110D. Turnl []ﬂ E&‘S ggr&g_m I&ne it is
consi dered that the . _ - ;
5 0 4 24 48 72 1bs./in.
Sample A 1080 Prepreg . OK OK OK OK OK " 8.8
‘ (High Resin)
Sample A 7628 Prepreg ©OK OK OK FAIL FAIL 8.2
. {Low Resin) . o
10 Sample B . 1080 Prepreg OK ‘OK OK OK OK 8.0
Sample B 7628 Prepreg OK OK OK SLT FAIL 8.2

1% A-1160 1080 Prepreg OK FAIL FAIL FAIL FAIL 8.4
1% A-1160 7628 Prepreg OK FAIL FAIL FAIL FAIL 7.6
Black Oxide 1080 Prepreg ©OK OK OK FAIL OK 3.5
15 Black Oxide 7628 Prepreg OK OK 'OK SLT SLT 5.0
Brown Oxide 1080 Prepreg ©OK OK OK FAIL FAIL 5.9

Brown Oxide 7628 Prepreg OK OK OK FAIL FAIL 7.1

Sample A is 1% A-1160/0.15% BIS
20 Sample B is 1% A-1160/0.20% BIS

Tesf data in Table 1 clearly show the dramatic
improvement’in'moisture insensitivity when the bonding
mixture of A-1160 (i.e., gammaéuriedopropyltriethoxy—

25 silane) and BIS (i.e., 1,2-bis(trimethoxysilyl)ethane).
Results are comparable to comﬁercially acceptable black
oxide treatment and better than. brown oxide while
maintaining the high bond strength of the simple silane

treatment.
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reaction. The silanes are considered to interact with'tht ddjdcefit & *
| ayers through a functionally substituted organic group to provide

van der Walls .force interaction, strong polar 10 force/hydrogen bridge

I nteraction, or coval ent bond fornatQBn with the dielectric resin. It

i s consi dered t_ hat_the dIS |yl crosslinking agent forns a network with
the ureido si MY 5 AGHE nnlsture sensitivity of the resul.ting

adherent organosil are Iaygkock&s for f$hﬁ1n§|stmmrtilﬁyeﬁwpﬁhntadherent
organcsi| ane cixgfiChpath LBhEatRYED'LOALE N SRALEdLRTLE Shipne

bondi ng m Xt ure“'i/ﬁ’ﬁc aS aS I1S ess corrpon east one
urei do sil ane neke ejectsicaiuconnections to a serles of electricalldyr]

where A isg E”‘éﬂd?ﬂ %ghﬁﬁ&ggs1tﬁPo§gﬁa§éWEkal 1n%§1at1ng lay8t@ns, Bis a

hydr oxy or an al carbon atons and n is an
i nteger of 1, COFPr sing the stepso®f8 with the proviso that if nis 2 or

3, B need not Dbe identic@l) a¥ming electrlfzhﬁy Eonliit e Cpped nki ng

agent haV|ng t he
circuitry on a surface of a dlelectrlc layer support

with the circuitry having a thlckness of at least 4
10 microns; ) )
(b) forming on the copper c1rcu1try a layer
of an oxide, hydroxide or combinatlon thereof of tin by
. application of tin to the copper c1rcu1t:y whereby
during application or subsequent thereto the applied tin
15 is converted on its surface to the oxlde, hydroxlde or
combination thereof with the proviso that the léyer of
oxide, hydroxide or combination is not greater than 1.5
mzls in thlckness,
(c) applying a silane bondlng mlxture to the
20 surface of the oxide, hydroxide or combinatlon thereof
formed in step (b) or an 1nsu1at1ng 1ayer to be bonded
to the copper c1rcu1try to form an adherent organosilane
coating thereon, the insulating layer comprlslng a
partially cured thermosettlng polymer comp051tlon and
25 the silane bonding mixture con51sting essent1a11y of:

{I) a ureido silaneﬂhaving the structure
o _

[an—c-NH-AfJﬁ $i-B(4-n)
30 wherein A is enl_

.kflene having 1 to

8 carbon atoms, B 1s a hydroxy or an

- alkoxy having.. “tjoarbon atoms
£1, 2, or 3
with the provis it if n is 1 or

35 | 2, each B need not: be‘identical; and

and n is an i
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er) hnd Rerr) 5 acpendent 1y bi E[h:”Ltﬁlﬂlﬂllul{mmmnllll'

with : ' 1 to 8 carbon atoens and where R denotes an
al kyl ene group having 1 to 8 carbon atons. .
13 Preferably in Formula | each B group is-identical I f nore
. than one B group is present. Also prefer 4y Rlerr], Rerr], Rerr],
- "R[err], Rerr] and Rerr] are identical. n the ureido silane (I), the
alkylene group, A, prefer@ihy d 21izsylyl crosslinking agent having the
structure
R}o OR4
. \ /
5 _ 320—51—3—51-—0115
' / A W
R30 ORS -

wherein R1, R2, R3, R4, RS and R®
. independently of the other is an alkyl
10 ' with 1 to 8 carbon atoms and where R
denotes an alkylene group hav1ng 1 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
organosilane coating is between a layer of the oxide,
'hydroxide or combination and an insulating layer vhereby
‘during bonding the partially cured insulating layer is
cured; ' .

20 - . (£) formlng 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 multilayer

) printed circuit board will not delaminate 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 twenty—foﬁr {24) hours.

30 2. The process of claim 1 whereinﬁsteps (a) to
(d) include two insulating layers wherein a dielectric
layer contacts directly or through an adhe51ve or
insulating layer. _ '

3. The process of claim 1 wherein steps (a) to

35 (d}) comprise one insulating layer supporting a layer of

copper Circuitry.
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's"a mothoxy or ethoxy ofoup. A particulary . bref erred ur HIBIIT@IHIEIMIILII I

gama- ur ei_dopr opyl -tri et hoxy- silane. In the disylyl crqssrlnkldg dgenrit *
(rr),  the al kyl group preferably is nethyl or ethyl and the 10

. alkylene group, R preferably is a divalent ethylene or * propylene

. group. A particularly preferred disylyl 25cr osslinking agent is

: hexanethoxydlsylyleth €e The roceJ-QHg qgngatwﬁggﬁggtéﬁt|8§$1§£&%9g

© silane bondi ng ure m 0 free
- particul ar appl|ééY$§nC°nq¢RBSt¢ﬂpnﬂm ghucuatrv oh tWe opposiitedo silane (1)

~to the disylyl cegsghééking agent (11) may be between 99:1 and 1:99.
Preferably the wei ght ratio of (1) i s between 90:10 and 10: 90
and nore preferabl3- i sTRR{RERGPID: %‘%@ém?é 4p. whyehchheytinzbs single

urei do silang i sapisEiedibh a&x&n&ﬂér%i@rﬁ)ﬂrbhess. crosslinking agent,

- however, it is mﬁthln he ope. of I,S .in entlo to use -l ane
' bondi ng ni xture, 3 ofh?‘rtﬁ’éc’% (ﬁ;t Sladfe ngheﬁh‘én‘a}%ie?W%r
nmor e d|syIyllayess¢onﬁain;egyam&se@@xgebrnpdlyﬂﬁlde. In the practice

L quia sl ution to - Tt hetfs Pracilidld eleted cEpT Rl Lo, BRR LFERTTE ) ayer
surface. In th|sb¢m§@dﬂkkltnﬂisﬂqlﬂn;ﬂamﬁdmpgnnﬁxposere at 550°F for €0
10 seconds. _
8. The process of claim 1 wherein the silane
bonding mixture further contains a mutual solvent for
the ureido silane and the disylyl crosslinking agent.
9. The process of claim 1 wherein the weight
15 -ratio of (I):(II) in the silane bonding mixture is
between 99:1 and 1:99. |
. 10. The process of claim 9 wherein the weight
ratio of (I):(II) is between 90:10 and 10:90.
11. The process of claim 9 wherein the weight
20. ratio of (I):(II) is between 90:10 and 70:30.
12. The process of claim 1 wherein A is a divalent
ethylene or propylene group.
13.. The process of claim 1 wherein B is a methoxy
or ethoxy group.

.
k 3

25 14. The process of claim 1 whereln the urledo
silane is gamma-ureldopropyl—trlethoxy-51lane.
15. The process of claim 1 whereln R denotes a
methoxy or ethoxy group. .
_ 16. The process of claim 1 whereln R' denotes. a
30 divalent ethylene or propylene group.
17. The process of claim 1 whereln the disylyl
crosslinking agent is hexamethoxydisilylethane.
18. A silane bonding mlxture"for forming a
moisture resistant multilayer circuit board consisting
35 essentially of:
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Sonaf e, o mitual solvert for the ureldo i lane and Lhe ignvihfﬂllllﬂlllllrlllllﬂlll Il

~e.g., by dipping, spraying, brushi ng and i mrersion. a
i mrer sion nmetal coatings di'sclosed in European - Patent Appllcatlon
88115951. 1 supra, European Patent 35 216, 531 as mell as U S. Patent
4,657,632 are directly _ : b o 14
useful in the present inventi for i pi.tial on i n e copper
circuitry. These publlcatlonéfgr ureigo c%ﬁ FBFeFEﬁBEtHE?eln

However, it is considered that the inme |on tin coatings are 5 .
I nsufficient to-forma direct bond bet“?ﬁﬁzﬁy%u{§;%0t§i%§|'y conductiv
| ayer copper surface and a

‘ . wherein A is an alkylene hav1ng 1 to 8

'carbon atoms, B 1s 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
10° ' . identical; and '
(II) a disylyl crosslinklng agent having the

structure .
R10 - OR4
\ /-
15 : R20-Si-R-Si-ORS
/ \
R30 ORS6

wherein R!, R2, R3, R4, RS and RS
1ndependent1y of the other is an alkyl
20 : with 1 to 8 carbon atéms and where R
- denotes an'alkylene group having 1 to 8
carbon atoms. | :
19. A multilayer printed circuit board containing
conductive through-holes which make electrical
25 connections to a series of elecfricaliy.conducting
1ayers through several insulating 1ayers comprising:
(a) a dielectric layer, ' .
(b) copper circultry hav1ng a thickness of at
least 4 microns; _
30 . *(c). a layer of an 6kide,"hydroxide or
'combinatlon thereof of tin metal of a thlckness not
" greater than 1-5 mils which overlles the tin;
(d) - an organos1lane;layer formed from a
s;lane bonding mixture con51st¥ng e

35 (I) a ureido
. o

S nplally of:

'Yihg the structure

[NHp-C~NH-A-]y Si-B(4-n)

lThlS Sheet Has Been Rer
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di el ect ric material since delam nation can occur part i cul m"“mmﬂ“ﬂmll " |II|
thernal” stress. The or ganosi | ane has the ability to incre

strength. A 10 - preferred coatlng conmposition contains a thiodrea t

conpound, a tin salt, a reducing agent, an acid and a urea.corpound.

In accordance with the t eachi ngs of EP—A—O 216 531 and U.S. Patent

- 4,657,632, supra, a urea 15 conmpound is ﬁecessary However, as taught

f in EP-A-0O .310 010, supra, a uug@fgqugpgg ha QQ&Yﬂ§ﬁ€S§§&yh§tF
an organosilane | ayer. Therefore it is directl ossl b elete the

. termurea conpound from referé%é%ﬂ**%ﬁﬁﬁPHFroﬁsiﬁh%nhﬁgﬁﬁﬁYrPr an

: conjunction with the sil ane belkioxy m&ugeldtsctaoasgb&erﬁdsms dry a
preferred enbodi nent the urea will be prese I nce.

preferred embodi ment conpositions khi*&h 2" 1n%ﬁﬁF5y°§ }hl%Ur%ﬁ‘%dﬁﬂghnd, a
. tin salt, a Beducing 25 agent, antdhe provdse that cﬁnpoumdl @er2, rextdh

i disclosure for these publicati ¢Ngeley BSPngugggﬁgfég ' The

? tin salt preferably conprises a stannous sa ?annous salts
- of an inorganic (mneral) acid{II) érdhﬁkaﬂcF%RﬁQiiﬂkﬁnmeamﬂa& bevgng

st annous” f or mat e, the structure
_ RrR1o OR4
10 \ /
R20-Si~R-Si~OR5
/ \
R30 L OR6
wherein R, R2, R3, R4, RS and R
15 _ independerntly of the other is an

alkyl with 1 to 8 carbon atoms and
where R denotes an alkylene group
. having 1 to 8 carbon atoms, _
(e) an insulating layer comprising a cured
20 thermosetting polymer composition;
| | (f) a dielectric layer;
(g) copper circuitry hav;ng a thickness of at
least 4 microns;
_ {h) - a layer of an oxide, hydroxlde or
25 combination thereof of tin of a thickness not greater
than 1-5 mils which overlies the tin; .
(i) an organosilane layer formed from the
silane bondlng mixture; -
(3) an insulating layer comprlslng a cured
30 thermosettlng polymer composition;
with the prov1so that the multilayer printed circuit
board will not delaminate upon exposure to thermal
stress of solder zmmersion at 550°F for 10 seconds after
baking at 250°F for 6 hours and . then pre—-conditioning at
35 850°C and 85% relat;ve hum;dlty for twenty-four hours.
20. 2 mnltllayer prlnted'g;rcuit board containing
conductive through-holes which make electrical

Thls Sheet Has Been Replac
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20, SLanous scelale) he tin salt my corprise s ﬁQ?SSZﬁﬁmhmllﬁlllﬁllll || l|||

especially the sul fur - aci ds such as sulfuric acid or sul'fahic® aci d™
Al kal i metal stannates may al so be used such as sodiumor 35 potassium
- stannate and the art known equival ents
: 15 thereof. I n one enbodi nent stannous gélfate st annous sul f amat e
: or stannous acet aécﬁd‘mi éfcﬁ&%% tah%e'ﬁrhassaftelectrﬂﬂmt¢6ndmrﬁ;patI ngs
. are deposited, acetate- | ead sal t The

" acids that are erﬂpﬁ!ﬁf‘é‘ﬂ W"&é‘ &Fg&ﬁ?& EEF‘d%a’Eﬁ'ng layexs g%?F‘%r’asc}l%
(m neral acids) based on sukdwur,a dlexdutﬁﬂhoaauax;or t he hal ogens, the

Ul fur pased mneral - acif DEbioe P iRty HEbiRY S thibkhedt! droke

sul fam c _
' 5 least 4 microns; .

{c) a layer of an oxide, hydroxide or
combination thereof of tin of a thickness not greater
than 1-5 mils which overlies ﬁin; . '

. "'(d) an organosilane layer formed from a

10 31lane bondlng mixture consisting esseéntially of:

' (I) a ureido silane having the.structure
.
[NHo-C-NH-A-]pn Si~B(4-n)

15 - wherein A is an aikylehe 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

20 . 2, each B need not be identical;'and

(I1) a'disYlyl crosslinking agernt having
the structure |

Rl0 OR4
, ' \ /

25 : : R20-Si-R~-Si-ORS
/ \

R30 - ORS

wherein RY, R2, R3, R4, RS and RS
independently of the other is an
30 _ alkyl withfi to 8 carbon atoms and
where R dehotes an alkylene group
.having lhto 8 carbon atoms;
(e) an insulating layer comprising a cured
thermosettlng polymer composition,
35 (f) an organosilane layer formed from the
silane bonding mixture;

This Sheet. Hés Been RTlaced :
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aC|d , Some of the organic acids that may be enployed 10 co

m)nocar boxyl I ¢ or dicarboxylic aci.ds having up t o about n’glmmu‘ll“l"" "III " I“I
atons such-as formc acid, acetic acid, malic acid and Iei ¢ adid

It is preferred, if possible not to use halogen aci ds or hal ogen salts

. since halide residues will be 15 producedrgn the tin coating deposited,

. these salts interfering with the electrical properties of the tin
- and may .al so act as corrodigve mafleyeal ofi antdridedydipxide or The

- chel ating agent %ohﬁ%aﬁxnbﬂmé@wyaﬂ ﬂﬁﬂ@‘f@'& ¥hickne8EDPhbE g &ar i ous

. classes of chel ating gents and specj fic_conpounds disclosed in
" Kirk-Ct hmer, thEﬁc}E oEéHFaFP#CQJR¥ﬁ¥$ﬂeST§@ﬁhGFBQy Third Edition,

: Vol ume -5, pages 339-368 . (h) copper cir€flitteyilavige titicknesseof at

. especially: eferred co |se t he am nocarboxylic acids and the 25

: hydroxycarbo§yll asgt; § *speci fic am nocarboxylic acids that may-
. be enployed in this respequ)compdheéectrletthenedianinetetraacetic aci d,

N d hydr oxyer hy i the BEAUPERChS SR dfurtiityed prinfll pEFbuELEN O
. Hydroxy car boxyhbiocardasidd nnntdat@mtnate uRﬂqﬂQ§P9§u§6 Pi § e?@?%arlc aci d,
ccitric acid, 9l ygRiss of s%ihgraﬂﬂméi§f$ﬂCEE“ﬁ@W%ﬂQo%cld seconds after
i 10 bakihg at 250°F for 6 hours and then pre-conditioning at
| '85°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 series of electrically conducting
layers through several 1nsu1ating 1ayers comprislng-
(a) a dielectric layer,
(b) copper circuitry having a thickness of at
least 4 microns;. ' T .
20 (c) a layer of an oxide, hydroxide or .
combinatibn thereof of tin of a thickness not greater
. than 1-5 mils which overlies the in; '
(d) an organ0511ane layer formed from a
silane bondlng mixture consisting essentially of:

25 . (I) a ureido silane having the structure

[NH2-C~NH-A-1ln Si-B(4-n)

wherein A is an alkylene having 1 to -

30 ' 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 ﬁroviso that if n is 1 or

2, each B need not be identical; and
35 - . (II) a disylyl crosslinking agent having

' o the structure
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The various reducing agents that may be enpl oyed Care I“u g l““"l'"““l
art ‘afd general ly conprise organic 35 aldehyde whet her sat
unsaturated, aliphatic or -

cyclic, haV|ng up to about ten carbon atons Lower aIkyI aldehydes
having .up to six carbon atons may oned in this respect such as
. formal dehyde, _acet al dehyde, proplonal buty dehyde, and the 5
i ke. EspeC|aIIy preferred al dehydes co ie hydro y ali phatic
al dehydes such as gl yceral - dehyde; erythrggg 5RSE ar abi nose and
‘the various position isoners t her eof ﬁucose and t he various
position ispners thereof. d ucose has n. f ound éggact to prevent 10

oxidation of the netal salts to a higher datlon
: wherein R1 R2 R3, R4, R5 and R®

zndependent}y of the other is an

Ay

alkyl with 1 to 8 carbon atoms and
where R denotes an alkylene group
10 _ having 1 to’8 carbon atoms;
" (e) an insulating layér comprising a cured
thermosetting polymer compositibﬁ}
(f) " copper circuitry ‘having a thickness of at
least 4 mlcrons, |
15 ' (g) a layer of an oxlde, hydroxide or
combination thereof of tin of a thickness not greater
than 1-5 mils which overlies the tin;
(h) an organ051lane 1ayer formed frem the
silane bonding m;xture, _ o
20 (i) an insulating layer comprising a cured
thermosetting polymer comp051tion, ' '
‘with the proviso that the multllayer prlnted circuit
board will not delaminate upon e*gosure to thermal
_ stress of solder immersion at Sﬁlf‘fqr 10 seconds after
25 baking at 250°F for 6 hours and £5én pre-condiﬁioning'at
85°C and 85% relatlve humidity for twenty-four (24)
hours.
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stat€; «£.9., Snll to SnlV, but also as a chelating agent and is

especial |y useful for these reasons. The surfactants that may be
enpl oyed conpri se any non-ionic, anionic, cationic or anphoteric
surfactant 15 such as those Iistedin Ki rk- G hner, Encycl opedia of

Chem cal Technol ogy, Third Edition, Volun®l 22, pp. 332-387. The
non-ioni ¢ surfactants are especially - preferred. The surface
area of the tin oxide/hydroxide |ayer 20 to which the hydrolyzed silane is
applied is a factor in the resul ti n@I@dkd strength. Thus high surface

areas = such as pr aadaRnoXk kN U eGP IGAR IFGH IR OPPET

OXIde ‘then hydrol yzing the oxide and conversi.on to oxl de by an
i nmer si'on process give a high surface'éﬁﬁﬁﬁﬁﬁmmhlch gave the hi ghest bond

strength when bOﬂdeﬁuttellayeEObyiﬂté’& St&iid fb%a&ldsan%vtihgahm%ber

In accordance wi_th the pres ‘invention.is a. U|renent that the
bondi ng of th@fnﬁpﬁpugﬁyﬁ? %ﬁl%??l%?rme SERIeNing g bpEPEEHakS an
i nsul ati ng- IayeayensalﬁObodd£¢@0¢¢ppeﬁéﬁ&ﬁtuﬂuiywtbhahamﬂsaiatﬁﬁg i mrer si on
stress tes §§ defined héreinafter relative humdity (RH)
preconditioning Frat least 14 hours. - After having bonded the
various | ayers of a mul til ayer constructlon by appl yi ng.pressure and
heat in :
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- . Worhy-7 sres
35 d-<Fam nation press holes (for electrical interconnect)
17 ‘.~ are drilled through the nultilayér, typically using a B
nunerlcally controlled drilling machine with multiple heads and air
bearings.. Such drilling operations are 1 described, e.g., in Handbook of
Prlnted Circuit Design, 5 Mnufacture, Cbnponents;and‘Asseany (Chapt er
4 3.2 pg. 254) by G Leonida, Electrochem cal Publications, 1981
~.and Printed Crcuits Handbook (ChapterzfriE 5. 12) Edited by Clyde F.

‘Coonbs; Jr., MG aw d | Vel | known
“techniques for hol e% nIaIf%r% gﬂ?“ﬁ@ JRCU%} hégﬁ% %8%%%{8% ve can be
_enployed ‘herein, e.qg. ' ' . , edited by N. S
:,Elnrarson 1977, Chapter 7.

The present 1nvent10n is directed to a process of
forming multilayer printed circuit boards, multllayer
printed circuit boards obtainable thereby and a silane
bonding mixture used therein.

Multilayer PCB's are typicallf constructed by
intérieafing imaged conductive layers such as one
containing copper with dielectric layers such as a
partially cured B-stage resin, i.e., a prepreqg, into a
multilayer sandwich which is then bonded together by
applying heat and pressure. Since.a conductive layer
with a smooth copper surface does not bond well to the
prepreg, rough copper surfaces have been employed to
obtain a better bond to a dielectric. Therefore, a
portion of the multilayer PCB industry applies a
mechanical roughening process step to assure better

bonding. However, as circuit patterns get finer, there
is an increasing risk of physically damaging the
conductor traces during this surface preparation.

Another process employed by the industry to improve
bonding between the conductive layer and the dielectric
are various copper_éurface oxidation procedures widely
practiced in the plating industry to assure good
interphasial adhesion.

A common drawback for all processes relying mainly
on the mechan1cal interlocking of a rough copper surface
with the dielectrlc is the marginal bond strength with
polyimide prepreg and .the fact that there is no flexible
bonding interphase to absorb the stresses originating

' from the different thermal expansion coefficients of

copper and dielectric which can cause thermal shock
failures. '
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To further -explain the present inVention the 15 followi ng exanple is
provided. In this exanple all _ parts. and percentages are by wei ght- and
degrees; are in Centi grade unl ess otherwi-se described. In the exanple,
copper clad | am nate or copper foil was enployed as a sheet rather than
processed to formcircuitry. The use 20 & 61copper sheet was .considered to

oxample, nol cSBFEFEng ae ahfeh e e con

' d consi der ed
to al |l ow greateaviBgr édQ@PPﬂ’t?urf)aQ@swlth reughness gl bonding

EXAVPLE 1 charactTEEi§@P€§rcéﬂﬁéf‘&?lé’fté hend sk 1 GG LB 8T © Nakaso
chemcal |y cleaneg treat |nner5|on tin conposition and a
tu -

si | ane bondi n§tnf r‘@ciﬁ’%ﬂ) |ﬂ?$ﬁ’é’~be Yol Fhiat ed versus

an organosy | aaanaﬁccmual nageaggﬂffas@rw mﬁhﬁ@rmyélééﬁﬁsr@WSI | ane, and
conventi onal brown _a | es were

Nor pl ex/ OAK FRP gp850§§p05?8| Qi ﬁ%?ec‘b%‘?l'é?g"'fe gaye,r c#ﬁ’( %g) ttfhes) wi de,
6lcm (24 bondésy.| ofjlandsp. @6pos{ied ldnitithescledmimdaXlit ai ni ng 35

o ECcbpoar BoPpRE"kud8at Bl epolfeh 8L, maroidPRABEERE 1N

in bond,strength.

10 Likewise, U.S. Patent 3,508 983 discloses the use
of gamma-amino propyl triethoxysilane to bond copper to
a polyester base adhesive in the manufacture of a
printed circuit board. This reference emphasizes the
point that copper oxide should be removed prior to the

15 silane treatment to affect good bonding.

U.S. Patent 4,499,152 discloses formation;of a
metal laminate with utility of high resolution printed
circuit patterns. The laminate preferably contains a
resip-bonded, glass reinforced substrate, 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 EP-A-0, 310,010 on April 5, 1989 .discloses a process for
forming multilayer printed c1rcuitzboards wherein a
ureido silane is used to improve é@hesion between tin-

30 plated copper circuitry and the cﬁfed insulating layer
during subsequent soldering operations.. While this
process is generally effective when the resulting
laminates are prebaked before sol ;ring, in some
instances when prebak1ng.is not_e,;ioyed delamination

35 can occur during soldering. 5
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18 [28.4 g (1 oz.) copper] was al so processed for bond strength

det erm nati ons. The inline spray-systemused to prepare the sanple
surfaces -had a conveyor speed of 1.22 m (4 feet). per 5 minute and

contai ned the follow ng process steps and condi tions.

Conveyor : Rinse (Sol ution) Spray 4 : Lengt h Wat er
Tenp - Pressure ' cm(inch) Flow [err]C ([err]F)

F?Lpﬁf)sw_ 0, kZ?lnﬁle Fee—ebﬁ#@E——MY INVENZZION 50y .. 49
(120) 1.72 (25) The present invention is directed to a process for

? forming a multilayer printed circuit board containing

: conductive through-holes which make electrical

°5 connections to a series of electrically conducting

' layers through several insulating layers comprising the
steps of:

(a) forming electrically conductive copper
circuitry on a surface of a dielectric layer support

10 with the circuitry having a thickness of at least 4 um;

' (b) forming on the copper circuitry 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 1is 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 38
pm (1,5 mils) in thickness;

(¢) applying a silane bonding mixture to the

20 surface of the oxide, hydroxide or combination thereof
formed in step (b) or to an insulating layer to be
bonded to the copper circuitry to form an adherent
organosilane coating thereon, the insulating layer
comprising a partially cured thermosetting polymer

25 composition; -

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

(e) bonding materials formed by steps (a),
(b), (c) and (d) into a single article whereby an
organosilane coating is between a layer of the oxide,

30 hydroxide or combination and an insulating layer whereby
during bonding the partially cured insulating layer is
cured; '_

(£) forming a number of holes through the
bonded article formed in step (e);

35 (g) metallizing walls of the through-holes to
form electrically conductive paths from opposite -
openings of the through-holes to form a multilayer REPLACEMENT SHEE
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3. Vat er

- 20

Rinse 50 (20) 5 GPMF 16 (60) 1.38 (20) 15 4.

1.7 NOV 1998

to 8 carbon atoms and n is an integer of 1,

. Mcroetch: 69 (27) - - - 43 (11.0) 1.72 (25) 5. Water Rinse
- 50 (20) 5 GPM 16 (60) 1.38 (20) 6. Inmmersion Tin
. Application 122 (48) -- 24 (75) 1.72 (25) 7. Water Rinse
(Recycl e) 50 (20)-- 43 (110) 1.72. (25) 8.
- Water Rinse fol | oned by air knife drying
50 (20) 5 GPVr 1§ 60 20) 2 . .Silane Tre
ment 5§ LXCHGf boazd, tkezn’r ceeﬁsgeln}wshezeftenze 167 Hbata ¢
Dryer 7ﬁhe(3ﬁlane-bond1ng5ﬁ1xt@t30hs consisting essehtia®uipoiE. 30
Conveyor 104 (41) *GPMis gallons per mnute; 5
GPM [err] [err]/ h a ureido silane having the structure
. o
. . _
| [NH2—-C-NH-A-]; Si-B(4-n)
wherein A is an alkylene having 1 to 8 carbon
atoms, B is a hydroxy or an alkoxy having 1
10 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 crossiinking agent having the
15 structure
R10 OR*
\ /
R20~-Si-R-Si-OR3
/ \
R30 OR®
20 wherein R1l, R2, R3, R4, RS and RS
independently of the other is an alkyl with 1
to 8 carbon atoms and where R denotes an
alkylene group having 1 to 8 carbon atoms;
so that the formed multilayer printed circuit board will
25 not delaminate upon exposure to thermal stress at 288 °C
(550 °F) for 10 seconds after baking at 121 °C (250 °F)
for 6 hours and then pre-conditioning at 85 °C and 85%
relative humidity for twenty-four (24) hours.
30 The present invention is also directed to a silane
bonding mixture for forming a moisture resistant
multilayer circuit board cqnsist#ng essentially of:
(I) a ureido silane having the structure
o
35 "
{NH2-C-NH-A-]n 51i-B(4-n)
: wherein A is an alkylene having 1 to 8 carbon
R&PLACEMENT SHEET atoms, B is a hydroxy or an alkoxy having 1



The' alkallne cl eaner used in the systen1mas
Pont) and. t he
Sureetchlerr]
In Step 6 the inmrersion tin conposition
and Solution B of the following 5

200 mi

10

15

20

25

m croetch was -

550 (Du Pont) potaSS|un1peroxy

s formed
conposi tion:

35 Versacl ean[err] 415 (Du
1

nDnosquate/squurlc aci d.

by m xing Solution A
DI, Water

Cong, bkeBr #&Chethe proviso that if n is 1 or180 mi

‘each B need not be identical; and

(IT) a disylyl crosslinking agent having the

structure
Rlo OR?
\ / .
R20-Si-R-Si-OR>
v \
RrR30 ORS

wherein R, RZ,

. R4, RS and R®

"independently of the other is an alkyl with 1
to 8 carbon atoms and where R denotes an

alkylene group having 1 to 8 carbon atoms and to
circuit boards obtainable by the above process.

DETAILED DESCRIPTION OF THE INVENTION
The present invention is directed to a process for

forming a multilayer printed circuit board as defined in

claim 1.

The circuit board has alternating layers of

dielectric material which support copper circuitry

(which may have interspaced other layers such as a

copper sheet which serves as a conductive ground plane)

which are adhered to an insulating layer through

intermediate layers.

The circuit board has conductive

through-holes which form electrical paths across the

entire thickness of the board.

In formation of multilayer circuit boards several

dozen conductive and nonconductive layers can be -

employed.

Also, for formation of multilayer circuit

boards, it is necessary to drill holes and defects can

occur due to delamination of layers in the areas

immediately surrounding a hole.

If a defect is present

in one of the layers or if delamination occurs,

generally the entire board must be scrapped.

Therefore

high quality in each of the steps of formation of the
printed circuit board is essential for commercial

producﬁion.

With the techniques, various articles can be formed.

Illustratively one

REPLACEMENT SHEET
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10 ‘Hypophosphorus acid (50% = a0t St annous

Sulfate . :: 20 gms . e - D.l. Water :
: To 0.5 Ilter Thi our ea 60 gnms 157
i Urea g 40 gns D.1. Water
I To 0.5 liter Sufficient solution is péepared to adequately fill the
g systen1reservoir Several test solutionstiwere prepared for use in

the 20 silane dorRAintE¥nadlig ekposed to moSbelt s6Dddris mawm the addi ng
57 m of gl acial acetic acid.t i ter,s, of 570

gr ans of HIRRE FAYFSH My MOE E’FhSWSFF&n? ﬁg_eLl% V?hey ¥ bi de)
coupling agentsﬂbﬁdduadzm@d@demmmedAtempbyazﬁreactThareﬁgreh& recircul ating

system of:- tkm3§¥g etorh{%%ﬁ Eghkg?cbalahggmgg é?anef?égr 15 to 20

m nutes to nsure conp € organosi 0 an

or ganosi |- ae- twhenher'nhesmnﬂnymam¢n bOHQﬁecnafberused f@§n§¢m¢edlas 1%
A-1160. 30 exrdi=8p S@kubhenod ﬁH% nt ai ns
0. 15% of 1, 2- br IS oqi?%gl vet h?ﬁ’g’%%nan addition to th oEITED! A 1160
and Wil | here|$ﬁﬁt $-55110-D

One of the tests in MIL-P- 55110 D requires thermal
stress at 288°C (550°F) for 10 seconds after a pre-

10 conditioning bake at 135-149°C (275-300°F) for two (2)
hours. The specimen, i.e., the article, is visually
inspected for cracking or plating, separation or
plating and conductors, blistering or delamination.
Laminate voids with the largest dimension of 0.08 mm

15 (0.003 inch) or less are permitted provided the
conductor spaciﬁg 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 meets all applicable test
procedures of MIL-P-51110D.

One reason why this test is applicable to
commercial use is due to the diversity offhaterials

25 employed in the multilayer construction. Althoﬁgh
copper is the metal of choice in formation of conductive
circuitry, dielectric and insulating layers (which can
be of the same material with dielectric employed in the

| present context to refer to the initial support for a

30 copper sheet which is formed into circuitry while
insulating layef refers to another layer to which. the
circuitry is bonded through intermediate layers)
material can drastically differ. Examples of preferred
materials are epoxy and polyimide.

REPLAGEMENT sgﬁgy
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ideﬁtifiéd as 1% A-1160/0.15% BI'S (and as Sanple Ain Table 1).

20 # Solution 3 is prepared as i+ Solution 1 but contains 0Q.20%
of 1,2-bis(trimethoxysilyl)ethane in addition to the 1% of A-1160 and
wi Il hereinafter be i dentified as 1% A-1160/0. 20% Bl S (and as Sanple B
in 5 Table 1). To conpare the effect of silane treatment to a
comrercially accep{AhaigNUHE AP kesed! oE8 deRBRXX1y usksdlnghe and
copper foil were prepared which were treat

M _ > d th, commercial bl ack
oxi de (MacDemfefigsinghdayes Rovdipgadr %#B&?daﬁmﬁl‘bﬁn‘“wwt“reo

(El ect r ochemi£ ahdref 33 RrdWESXijde heaed Al tBe insthfestuhesd as Bl ack

Oxi de and Bro i de respecti.v
ﬂgié%&ayer cf%gq;;

Pllo%rds are soldered without a prior

5 baking step to rémove moisture. In such instances,
delamination at the interface between the circuit and
cured insulatoriiayer may occur during soldering,
presumably due to residual water or other materials
which are volatiiized during soldering at the interface.

10 A useful test in accordance with this alternate
procedure is a "solder immersion stress test" wherein
test multilayef,printed circuit test boards are first
baked at 121°C (250°F) for 6 hours and then conditioned
in an environmental test chamber maintained at 85°C and

15 B85% relative humidity (RH) for 0, 4, 24, 48, and 72
hours, after which they are immersed in solder:
maintained at 288°C (550°F) for 10 seconds. Each
multilayer test board contains eight 100% ground planes’
of copper and excépt for the specific variation under

20 test, is made uhdér the same conditions. If no subtle
or gross delamination effects are observed, the board is
considered aC¢eptable and the evaluation of one group of
test boards vs. dthers is made based on the minimum
conditioning tiﬁeineeded before failure is observed.

25 Thé criteria of acceptability which corresponds to
printed circuit manufacturing standards requires that
there be no delamination after at least 24 hours
conditioning time and preferably after 72 hours
conditioning.

30 A starting_matefial in the process of the present
invention is a dielectric layer which contains on one
or opposite surfaces .a cladding of copper. This copper
layer is of a thidkness of at least 4 pm and more
preferably 32 pum and it is used to form conductive

35 circuitry.

Well-known techgiques in the prior art can be employed
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Aftér treatnment, all |amnate and copper foil sanpl es were baked at 121
to 132[err]C (250 to 270[err]F) for 15 .1 hour. This exposure was

considered to simnulate condi tions act ual lam nates typically woul d be
subjected to prior to preparation of a multilayer board. The hi gher
tenperature and tinme assured renoval noi sture which could result in

del am nation during 20 nmanufacturing of 1( e nultilayer boards.
Fol | owi ng the bek€okmeshen tartuptss sitth a3 sy Qﬁmtoimal_ﬁeﬁb wddhrirefy eg

sheets to prepaie_8- il ayer t rds ypes of
Nor pl ex/ OAK prékr egpﬁ%ééez%’k%is\é ﬁ%éﬂ?oﬁ&} "F rﬁﬁct-g%a“{/ cpPboar ds;
Type 1080 25 eonramgta@pamamﬁlt;hes&wemm mmmamlamqﬂw &ine

weave glass cl ghtaBng CYeAn1G48 LOUMNDLAY L& rd I At cont ent

wi th heavy weave Iass cloth ayer ?OSI tes were prepared
aqh

as foll ows.> Eaéh? rteT%smeo%\’stsiéWoIO@d Q‘%rﬁ 5ig d2Nemnels§ nner
and two outer)noBOcﬂ@l@uleﬁrwidse&fmtﬁn@tci&wrae@raqﬂ @haats gl that two

P nate and + hBEGARERER: Usppel Sapmort malimRials FAF AASTICHRA TRoenb i es
are stacked toUfsScnPatent pHa¢lgES dutteash esmgnteinforged apiatat ed from
the 35 other BXa@sof%eW.(Pngéré.lng])a tpryr%aallﬂmai% %eeeztmosetting
10 polymer composition is employed which is known in the
art as a prepreé or “B" stage resin. Use of sugb
polymer composition adds in subsequent bondiné
operations.
After formation of the conductive circuitry, it
15 typically is necessary to form a thin outer layer of an
oxide, hydroxide or combination thereof. This ilayer
which is of a thickness not greater than 1.5 pm and
more preferably not greater than 1.0 pm 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. Significant research efforts have
been undertaken to solve this pink ring effect. Also in
formation of oxide coatings corrosive chemicals have .
been employed which causes problems due to the use of
harsh chemicals with special processing necessary. In
30 instances when multilayer circuit boards are soldered
without a prior baking step to remove moisture,
delamination at the interface between the circuit and
cured insulator layer has been observed during
soldering. It is theorized that residual water absorbed
35 by the laminate from the ambient environment is
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21 The package is enclosed in a vacuum bag which is then evacuat ed
to renove air and seal ed. The package kS t hen | oaded and centered as
rapidly as possible into a hydraul ic press preheated to 88[err]C
(190[err]F). The platens 5 are closed and pressure of 1.72 bar (25 psi) is
appl i ed for 12 mnutes. Then the pressure is increased to 13.8 bar
(200 psi) and the tenperature raised to 385[err]C (365[err]F) and held
for 90 m nutes. While maintaining the pressure constant, the package is
cool ed usi ng @¢R¢eRErabedcptrthe iB0eefate) andt vAPPELzES durin®s. The

pressure is ti@Iﬁerin?etaxéQué‘Edtﬁi‘F 3 5;9%&6&913&11»@&9&1 s then post
baked for 8 hours at 62L§§r%gh 334 errgF 4o on A 6.4 nn%{1/4 inch)
wi de strip of each RufPi FEyE cBApbeiee ipgeREdoBuR AGNIREEI Y nation s
renoved for IFayendistfenged fedmroinati A8 wAdltbe morai HgEly of 'the
conposi tespar@gséfigggcggigg,tgrggggeggegtgggﬁn&gue of application of

the coating is by immersion metai'plating. The

thickness of the metal layer is not critical and can be,

e.g., 0.15 to 0.25 pm. . . During, and subsequent to,

the application of tin, a thin coating of an oxide,

10 hydroxide or combination thereof is formed. Since this
coating can be extremely thin preferably not greater
than 1.5 microns or in some instances only monolayers in
thickness, air oxidation can be employed. In such case,
the oxide/hydroxide can be formed upon standing at room

15 temperature wherein the copper surface reacts with
ambient oxygen and water vapor. Other techniques for
formation of the oxide/hydroxide include immersion in or
exposure to an oxidative aqueous bath.

An organosilane mixture of this invention is

20 applied as a coatipg either to the oxide, hydroxide or
combination or to a partially cured tpermosetting
polymer composition, also known in the art as a prepreg
or "B" stage resini. The same materials of construction
as the dielectric layer can be employed for this layer

25 which is te;med an insulating layer to more readily
distinguish the layers from one another. Turning to the
silane which can be employed in?tﬁgfpresent invention,
it is a requirement that the silaﬁé forms an adherent
intermediate layer which bonds this, oxide, hydroxide or

30 combination thereof to the pértiéll& cured and converted
to the fully cured insulating laye#. It is a
requirement that the silane funcﬁiﬁﬁs to prevent
delamination in accordance with the:thermal stress test
as defined herein. 1In a preferré&imbde the multilayer

REPLAGEMENT SHEET
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remove the outer foil layers. The ‘panel is’ then routed on an Excellion
Router/Driller, Mdel EX-200, into 3. 5¢cmi(1-3/8 inch) by 7.3cm (2-7/8

i nches) sanples. 20 The sanples are then baked in a circulating hot air:
oven at 121[err]C (250[err]F) for 6 hours. After cooling to room
tenperature the sanples are placed in ang3 envi ronnment al chanber
mai nt ai ned at 85[err] C and _85% relative hum dity. Sanples are renoved
at 4, 24, 48 25 an@refemsbiy andmmmlaeu each Bggfeonp] £s( 38ensickE) nol ten

sol der bath fqr gfd,2€¢q8HSone TBEGS gé QLESEHE“ fﬁ&ﬁ@ refEQ%pe Y

del anmi nation, if ‘there,is no gpparen m_nat-i_on he sanp

desi gnat ed " OR*» RfrtRir eR irs BSuBPPeR arGeFﬁﬁfPﬁ&PF&n orInrr&i’sﬂ dreidee sanple

is de5|gnatedsiSHBe,41), taadamkyléﬁéegtéuﬁﬁoks peegeranliyois ahe sanple is
desi gnat e stren gBdet &HIHatIOHS a%g made

on an C%ngt 5 lﬁﬁ% FBY%EEFe?r ?F§§¥ SREERES BBFp2 - SN $&P 'Mass.
U S A) Nbdelpféi&rwbﬂh ascaomehhaﬂyspeedthbxy_grBup.cnﬂnpmrﬁacularly
TR Ao BRI PR bbb O e SBYLORTERAL kGO o
humi dity. lane. In the disylyl crossllnking agent (II), the

alkyl group preferably is methyl or ethyl and the

10 alkylene group, R, preferably is a divalent ethylene or
propylene group. A particularly preferred disylyl
crosslinking agent is hexamethoxydisylylethane. _

The component concentrations of the silane bonding
' mixture may vary widely to meet the needs of a

15 particular application. Thus the ﬁeight ratio of the
ureido silane (I) to the disylyl crosslinking agent (II)
may be between 99:1 and 1:99. Preferably the weight
ratio og (i):(II) is between 90:10 and 10:90 and more
preferably is between 90:10 and 70:30. Typically a

20 single ureido silane is used with a single disylyl
crosslinking agent, however, it is within the scope .of
this invention to use in the silane bonding mixture, two
or more ureido silanes as defined and/or two or more
disylyl crosslinking agents as defined.

25 In the practice of this invention the silane
bonding mixtures may be applied as a liquid solution to
the tin hydroxide/oxide surface dixinsulating layer
surface. In this instance the siiéne bonding mixture
contains a mutual solvent for theiﬁreido silane and the

30 disylyl crosslinking agent. The solution is applied by
any conventional means, e.g., by dipping, spraying,
brushing and  immersion.. _

The immersion metal coatings:disclosed in European
Patent Application 88115951.1 Supgﬁ; European Patent
35 216,531 as well as U.S. Patent 4{637,632 are directly
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22 ° ' TABLE 1 THERVAL
STRESS AND BOND STRENGTHS '

Bond Hours at 85[err] C/ 85% RH Strength 5
0O 4 24 48 72 kg/cm (1 bs/in) Sample A 1080 Prepreg OK K
K XK K 1.57 (8.8) (High Resin)

Sanmpl e A 7628 Prepreg OK OK OK FAIL FARLY 1.46

(158, e L0 gl St 30 g P 5 pengin
(8.2) 1% A rT][’)C!L‘fesG°P_536:!¥o<=r!>|ré=p‘|i¢'§gihOKTFNBE Pablicagioms are . 50 (8. 4)

1% A- 1160 76Z&nﬁmmteG(b&AkbeAbthAhérE&|— Howbver, it (¥s6b) Bl ack
Oxi de 1080 Prepiad; &Xe@KeBt ALl 1Kersion e s coatin&s age
5 insufficient to form a direct bond between the .
- -electrically conductive layer copper surface and a
dielectric material since delamination can occur
particularly due to thermal stress. The organosilane
has the ability to increase the bond strength. A
10 preferred coating composition contains a thiourea
compound, a tin salt, a reducing agent, an acid and a
urea compound. In accordance with the teachings 6f

EP-A-0 216 531 and U.S. Patent 4,657,632, supra, a urea

compound is necessary. However, as taught in EP-A-0

15 310 010, supra, a urea compound is not necessary with
an organosilane layer. Therefore it is directly
possible to delete the term urea compound from
referenced formulations when used in conjunction with

20 the silane bonding mixture disclosed herein. 1In a

preferred embodiment the urea will be present.

Since in a preferred embodiment compositions which
employ a thiourea compound, a tin salt, a reducing
25 agent, an acid and a urea compound, pertinent disclosure
for these publications is reproduced herein.
The tin salt preferably comprises a stannous salt.
Although stannous salts of an inorganic (mineral) acid
or organic acid may be used (e.g., stannous formate,
30 stannous acetate ) the fin salt may comprise
a stannous salt of a mineral acid such as the sulfur,
phosphorous, and halogen acids, especially the sulfur
acids such as sulfuric acid or sulfamic acid. Alkali
metal stannates may also be used such as sodium or
35 potassium stannate and the art known equivalents

REPLACEMENT SHEET

17 NOV 1998




15 ‘Black Oxide 7628 Prepreg OK OK OK SLT SLT 0. 89 (5.0

Brown Oxide 1080 Prepreg OK OK OK FAIL FAIL 1.05 (5.9) Br own
Oxi de 7628 Prepreg OK OK K FAIL FAIL 1.27 (7.0 Sanple A
is 1% A-1160/0.15% BIS 20 Sanple B is 1% A-1160/0.20% BI S Test
data in Table 1 clearly show the dranatic;g i nprovenent in noisture

I nsensitivity when the bondi ng m xture of A-1160 (i.e.,

ganmma- ur|edopf%&@#??feth%&an?Sﬁm%9¢imﬁ9tzﬁﬁ?ﬂ&nglsqifatec stannous
1, 2-bi s(trimetdwxgamaye ) e Neb@inous acdiaiid iis YR @FPRhabtent 8alt.

comer il 1Y A6gSLo0Ls, Phagcone 1pxl S5 LRI, 1 Aot ef Fhan br ove
treat ment. be used as the lead salt
5 The acids that are employed may be organic acids or
inorganic acids (mineral acids) based on sulfur,
phosphorous, or the halogens, the sulfur based mineral
acids being preferred such as sulfuric acid or sulfamic
acid. Some of the organic acids that may be employed

10 comprise monocarboxylic or dicarboxylic acids having up
to about six carbon atoms such as formic acid, acetic
acid, malic acid and maleic acid.’ .

It is preferred, if possible not to use halogen
acids or halogen salts since halide residues will be

15 produced in the tin coating deposited, these salts
interfering with the electrical properties of the tin
and may also act as corrosive materials in the coating.

The chelating agents that may be employed generally
comprise the various classes of chelating agents and

20 specific compounds disclosed in Kirk-Othmer,
Encxslmdia_nf_Chemnal_m_chnglggg Third Edition,
Volume 5, pages 339-368, -

Chelating agents that are especially
preferred comprise the aminocarboxylic acids and the

25 -hydroxycarboxylic acids. Some specific aminocarboxylic
acids that may be employed in this respect comprise
ethylenediaminetetraacetic acid, hydroxyethyl-
ethylenediaminetriacetic acid, nitrilotriacetic acid,
N-dihydroxyethylglycine, and ethylenebis (hydroxy-

30 phenylglycine). Hydroxy carboxylic -acids that may be
employed comprise tartaric acid, citric acid, gluconic
acid and S5-sulfosalicylic acid.

The various reducing agents that may be employed
are well known in the art and generally comprise organic

35 aldehyde whether saturated or unsaturated, aliphatic or
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23 " WHAT 1S CLAI MED I S: ' 1. A process for formng a multilayer
printed ~circuit board containing conducti-ve through-hol es which

make el ectrical connections to a series of electrically 5 conducting |ayers
t hrough several insulating |ayers conprising the steps of:

(a) formng electrically conductive copper circuitry on a surface of a
dielectric |ayer support with the cirﬁ$ltry havi ng a thickness of at

|l east 4 [err]m 10 (b) formng on the copper circuitry a

| ayer of aeyaliisy, lhydnqwh@etorabo&blﬂehloarbbarabbmst t Lowby

application of i &lt %1?%@1%%0 ggbécukt £¥ ¥‘{5‘?r8§ o aéj&ﬁ% q\gaﬁppl I cation

or subsequent t 57Ts conver rface'to the
oxi de, hydroxi && @MPIOYQﬁmﬂm m@uﬁowespecbosuqhtﬁStﬁ@rpﬁédﬁbmdehat the | ayer

of _oxi de,  ydreaidinmwie,C PHIpIdhheBeh daotbaﬁgﬁhgaehpae 38nfiCEhEM

ying a Silane_bondin

(1,5 mls) ckness ) g
m xture to heagﬁgmuﬂ§§R§QﬂalﬁﬁéPE?f&Ereﬁya4€§ﬁ§§e§rCEBﬁﬁﬁﬁsthﬁﬁrPﬁHreof
aliphatic aldehydes such as glyeeral-dehyde. erythrose;

threose; arabinose and the various position isomers
thereof and glucose and the various position isomers
thereof. Glucose has been found;to act to prevent

10 oxidation of the metal salts tofe higher oxidation
state, e.g., SnII to SnIlV, but also as a chelating agent
and is especially useful for these reasons.

The surfactants that may be employed comprise any

non-ionic, anionic, cationic or:amphoteric surfactant

15 such as those listed in Kirk—Othmer, Ensxslnpedia_gi
Chemical Technology, Third Edition, Volume 22, ‘pp.

332-387.  The non-iocnic surfactants are especially
preferred

The surface area of the tin oxide/hydroxide layer

20 to which the hydrolyzed silane is applied is a factor in
the reSulting bond strength. Thus high surface areas
such as produced by oxidizing a copper surface to copper
oxide, then hydrolyzing the oxide and conversion to tin
oxide by an immersion process giye a high surface area

25 which gave the highest bond stgength when bonded to
polyimide after the silane treaﬁﬁent.

In accordance with the presént invention is a
requirement that the bonding of?Ehe metal layer which is
generally supported by an insulating layer to a

30 dielectric layer can withstand. a .solder immersion stress
test as defined hereinafter reigpive humidity (RH)
preconditioning for at least lé;ﬁours.

After having bonded the various layers of a
multilayer construction by applying pressure and heat in

35 a lamination press holes (for electrical interconnect)
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forhed i'n step (b) or to an insulating |ayer to be bonded to the copper
circuitry to forman adherent organosil.ane coating thereon, the

i nsulating | ayer conprising a partially cured thernosetting pol yner
conposition; 25 (d) repeating steps (a), (b) and (c);

(e) bonding materials fornmed by steps (a7 (b), (c) and (d) into a
singl e article e osi | 316 159 ti | ayer

t he oxi de, 30 ydéggly %@Ot%hro@ ’?3& ﬁ&a % ggpgf?ﬁia §§é§' reby
duri ng bond|ngHDMerpaallﬁl¢9ntxnkibd|dnﬂLmﬁnggmaayéne|yith mmmuiple

() formng a Rughe’afh MLk Wed il idhen fdriﬁ.‘i@.‘ﬂﬁdogﬁka‘i'i% e 0 step

(e); 35 metal Il zi hal es form

electrically cﬁﬁﬁﬁﬁigﬁgv pBit fise f#fbr{'?%mkt ot cudty IP@S gn,
t hrough- hol®s ganhieastars}| Comporfdnts and Assembly (Chapter 4.3.2. pg.

.254) by G. Leonida, Electrochemical Publications, 1981
and Printed Circuits Handbook (Chapter 5.8-5.12) Edited
by Clyde F. Coombs, Jr., McGraw-Hill Book Co., 2nd
Edition.
10 Well known techniques for hole formation and making
"~ the hole conductive can be employed herein, e.g., see .
Printed Circuit Technology, edited by N. S. Einarson,
1977, Chapter 7.
To further explain the present invention the
15 following example is provided. 1In this example all
parts and percentages are by wéight and degrees: are in
Centigrade unlesé otherwise described. 1In 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. 2Also, 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 fest samples were
chemically cleaned, treated with an immersion tin
composition and a silane bonding mixture in an inline
spray system, and evaluated versus an organosilane
30 coupling agent, gamma-ureidopropyl triethoxysilane, and
conventional brown and black oxide.
The test samples were Norplex/OAK FR-4 epoxy
laminate panels [ 45. 7 cm (18 1nches) wide, 6lcm:(24

inches) long and 0. 36mm (0 014 inches) ‘thick] containing
35 -28.4 g (1 oz.) copper on both side. Test samples of
0:.036 (0.0014 inch) thick copper foil
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24 ‘circuit board, the process being characterized in that the silane
bonding m xture is consisting essentialky of:. (I') a ureido

silane having the structure [err]- : wherein Ais an
al kyl ene having 1 to 8 carbon atons, B is a hydroxy or
an al koxy having 1 3@ 8 carbon atons.

and nis an integer of 1, 2, or 3 with the proviso that
if nis 1 of28.4 g (1 oz.) copper] waetlalBoqerbaesdi flatemiondal ; and

(rr) a dlsyl I et assd kin ent having the structure
[err] éh ée@ nﬂﬁ%ag} err] Rlerr], Rerr], Rerr], Rerr] and
R err] The inline spray system used to prepare the sample

surfaces had a conveyor speed of 1.22 m (4 feet). per
5 minute and contained the follow1ng process steps and .
conditions.
Conveyor Rinse (Solution) Spray
Length Water: Temp . Pressure
cm (inch) Flow . °C (°F) Dbar (PSI)
10 1. 'Panel Feed 58 (23) -- - - - ==

{Input)
2. Alkaline
Cleaner 50 (20) - 49 (120). 1.72 (25)
3. Water Rinse 50 (20) 5 GPM* 16 (60) 1.38 (20)
15 4. Microetch 69 (27) - 43 (110) 1.72 (25)

5. Water Rinse 50 (20) 5 GPM* 16  (60) 1.38 (20)

6. Immersion Tin

]

Application 122 (48) - 24 (75) 1.72 (25)
7. Watexr Rinse
20 (Recycle) 50 (20) -- 43 (110) 1.72 (25)

8. Water Rinse
followed by
air knife

drying 50 (20) S5 GPM* 16 (60) 1.38 (20)
. 25 9. Silane Treat- ' : )
ment 50 (20) -- @ 24 (75) 1.72 (25)
10. Hot Air _ S
Dryer 76 (30) -- ' 54 (130) -- -
11. Output = _
30 Conveyor 104 (41) -- _? - - — . -

| A
*GPM is gallons per minute; 5 GPM'= 19 ¢/min

The alkaline cleaner used in the system was
35 Versaclean® 415 (Du Pont) and the microetch was
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indepehdently of the other is an al kyl o with 1to 8
carbon atons and where R denotes an al kyl ene group

having 1 to 8 " carbon atons; so that the formed
multilayer printed circuit board will not del ami nat e upon exposure to
thermal stress at 288 [err]C (550 [err]F)_for 10.seconds after baking at
121 [err]C (250 [err]F) for 6 hours and t Rln preiconditioning at 85 [err]C

and 85 % rel ative hGmleitiynf Gr iswppepakedraé2in $Solutsion 1 but2. The process
Ch oL M e 3hEPD, 6k B Ak-hTE DBl LI IUR i o | ever
second i nsul at |am!ghta.per to the 18. ofha-p160eand oi¥ikl diewdi ndfires rbsteps (a)
to (4 f;fm“ 5§ bRt TFi@a038 185HL21E0%0! 2¥€ BPEPPARAT LY ShrWE's Afn COPPET

S Table 1).

" To compare the effect of silane treatment to a
commercially accepted standard, samples of FR-4 epoxy
laminate and copper foil 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 Brown Oxide reséectively.

After treatment, all laminate and copper foil
samples were baked at 121 to 132°C (250 to 270°F) for

15 1 hour. This exposure was considered to simulate
conditions actual laminates typically ﬁould be
subjected to prior to preparation of a multilayer
board. The higher temperature and time assured removal
of moisture which could result in delamination during
20 manufacturing of the 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 i 5% resin
content with heavy weave glass cloth. -The multilayer
composites were prepared as follows. Each composite was
assembled from 3 laminates (one inner 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 multilayer assemﬁlies are stacked to form a
péckage with each assembly being separated from the

35 other by a 0.64 mm (0.025 inch) thick aluminium sheet.

~ REPLACEMENT SHEET

17 NOV 1998
-




-

25 ¢ 4. The process of claim1l wherein the dielectric | ayer
contains copper circuitry on two opposii.e . surfaces. 5. The
process of claim1 in which the tinis 5 applied by an i mrersion process.
6. The process of claiml1 in which the digjectric | ayer contains glass
epoxy or polyimde. 7. The process of claim1.in which the
circuit bofhe mackaget idekanlosed dpoa U&puumrbagtwhseh[eerHEQSSO

[err]F) 10 fOévQ@uéE%ﬁ“@é remove air ﬁndTBEaEéﬁceS?h Pgéﬁé%olgherel ”et he

si |l ane m xture further contalins a
urei do silane §h§nt&9adadyayd eepseredkpagragidiy as possiblegintpeaprocess

of claim1 \Ahehgas}ahmcwgraab ias%ehéa&éa 8b ebYo( I(hbobp theTﬁé' ﬁmataﬁadl ng
mxture 1s et ween 1.and 1:9 I gcess éeglalrnQ

mherenqtfm?me?ﬁﬁt°1°seaaﬁpg BFeFF?rFIPf Fs7BePﬁEeﬁ2§0P§6 aﬁﬁ 2pP

11. The procesgogf 12l aifuBerher #hant BheWprgbbu?@ isainerehsél) tol iLB.8s
bet ween 90: 10

peLyeen 9010 848 (BoiOuet) pun, il EpppblicbE-Ritagh b blcerein A 1
(365°F) and held for 90 minutes. While maintaining the
pressure constant, the package is cooled using chilled

10 16°C (60°F) water for 45 minutes. The pressure is then
relaxed and the package removed which is then post
baked for 8 hours at 162°C (324°F).

A 6.4 mm (1/4 inch) wide strip of each multllayer
composite formed during the lamination is removed for

15 bond strength determination and the remainder of the
composite panel is processed through an etcher to
remove the outer foil layers. The panel is then routed
on an Excellion Router/Driller, Model EX-200, into
3.5cm (1-3/8 inch) by 7.3cm (2-7/8 inches) samples.

20 The samples are then baked in a circulating hot air
oven at 121°C (250°F) for 6 hours. After cooling to
room temperature the samples are placed in an
environmental chamber maintained at 85°C and 85%
relative humidity. Samples are removed at 4, 24, 48

25 and 72 hours and immersed in a 288°C (550°F) molten

- solder bath for 20 seconds. The samples are then rated
for delamination; if there is no apparent delamination
the sample is designated "OK"; if there is subtle
delamination or measles, the sample is designated "SLT";
and if there is gross delamination, the sample is
designated “FAIL".

30 Bond or peel strength determinations are made on an
Instron Tensile Tester, (Instron Eng. Corp., Quinsey,
Mass., U.S.A.) Model TT-B with a crosshead speed of
5.1 cm/min (2 inches/minute). The Instron Unit is in
an environmentally controlled area at 21°C (70°F),-15°C

35 (5°F) and 50%, 10% relative humidity.
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13. * The" process of claim 1l wherein B is a nethoxy or ethoxy group. 25

14. The process of claim1 wherein the_uriedo silane is

gama- ur ei dopropyl -tri et hoxy-si’'l ane. i 15. The process of claiml
wherein R denotes a met hoxy or et hoxy group. 16. The
process of claim1l wherein R denotes a di val ent et hyl ene or propyl ene
gr oup. 17. The process of cl 1 wherein the disylyl

crosslinking agent is hexanethoxyd|3|hmhnhhane 18. A silane
bondi ng m xture for form ng 51 stabogil tilayer circuit

board consisting 35 essentral y ;
26 (I') a ureido- S|Iane havi ng the structure Bond
. ° Streagth
5 0 4 24 48 12 kg/cm (1bs./in.)
Samplé A 1080 Prepreg ©OK OK OK OK OK 1.57 (8.8)
(8igh Resin) '
Sample A 7628 Prepreg OK OK OK FAIL FAIL 1.46 (8.2)
(Low Resin) ' )
10 sample B 1080 Prepreg OK OK OK OK OK 1.43 (8.0) -
Sample B 7628 Prepreg OK OK OK SLT FAIL 1.46 (8.2)
1% A-1160 :1080 Prepreg OK ra;L'FAIL FAIL FAIL 1.50 T (8.4)
1% A-1160 7628 Prepreg OK FATL FAIL FAIL FATL  1.36 (7.6)
Black Oxide 1080 Prepreg OK OK OK FAaiL ok  0.63 (3.5)
15 plack Oxide 7628 Prepreg OK OK OK SLT SLT 0.89 (5.0)
Brown Oxide 1080 Prepreg ©OK OK OK FAIL FAIL 1.05 (5.9
Brown Oxide 7628 Prepreg OK OK 'OK FAIL FAIL 1.27 (7.1)

Sample A is 1% A-1160/0.15% BIS
20 sample B is 1% A-1160/0.20% BIS

Test data 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-bis(trimethoxysilyl)ethane).
'~ Results are comparable to commercially acceptable'black
oxide treatment and better than brown oxide while
maintaining the high bond strength of the simple silane
treatment.

REPLACEMENT SHEET

17 NOV 1998




E::; ELn a't(5)ms, Bis a hydrox\),/mg;_eiag QI Ik?)lem aI'kIyI ene having 1““““ ll"l“"lmlil”!"

carbon atons and n is an integer of 1, 2, dr 8 whth"tHe
provi so ‘that if nis 1 or 2, each B need not be 10

i dentical; and (I'l') a disyly3 crosslinking,agent having the
structure err wherein R err], Rerr], Rerr],
Rlerr], R[erﬂ“mﬁﬁigﬁeﬁﬁﬁIMED IS: i ndependent |y of the other is
an al kyI 20 1. A préddss fior Faading aan@it idagesherdinBed

ot e an Ot d ek Sopeinct sxe throvgn-nBTELMnELR™

make electr;cal connections to a series of electrically
S conducting layers through several insulating layers
comprising the steps of: |
(a) forming electrically conductive copper
circuitry on a surface of a dielectric layer support
with the circuitry having a thickness of at least 4 um;
10 - '
(b) forming on the copper circuitry a layer
of an oxide, hydroxide or combination thereof 4f tin by
application of tin to the copper circuitry whereby
during application or subsequént 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 38 um
(1,5 mils) in thickness;
(c) applying a silane bonding mixture to the
20 surface of the oxide, hydroxide or combination thereof
formed in step (b) or to an insulating layer to be ‘bonded
to the copper circuitry to form an adherent organosilane
coating thereon, the insulating layer comprising a
partially cured thermosetting polymer composition;

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

(e) bonding materials formed by steps (a),
(b), (c) and (d) into a single article whereby an
organosilane coating is between a layer of the oxide,

30 hydroxide or combination and an insulating layer whereby
during bonding the partlally cured insulating layer is
cured;

(f) forming a number of holes through the
bonded article formed in step (e);

35 (g) metallizing walls of the through-holes to
form electrically conductive paths from opposite
openings of the through-holes to form a multilayer
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by a process according to any clains 1-17 and contai ni ng 25 c1mmnll“n"""””“|
t hr ough- hol es whi ch nake el ectri cal ~connections to a seri

el ectrically conducting | ayers through several insulating1ayer$
wherein the nul tilayer printed circuigf, board will not del ani nat e
upon exposure to thermal stress of sol der i mrersion at . 288 [err]C (550

[err]F) fog; éQuﬁECBBQ&iaf LRE. g%eag abhelrd ERALLELEPized {R5OnhErr]F) for 6

err atiyve humdity

hour s and t e-copdi tion
for twenty® th88?3g°“d1“9 m %RFe?ﬁecﬂﬁéf?Féﬁﬂreﬁ??ﬁ?éﬂ t rebit board

accordi ng to claim19 (Dnpra sireddohsilahéohawning ayles sstructure (a)
a dielectric |ayer; (b)O copper circuitry having a thickness
of at |l east 4 [err]m " (c) a layer of an oxide, hydroxide
or . conbi nati on thereof of tidN#et&rNBfAals HicBiess not greater than

0.025-0.127 mm (1-5 mils) whicRpayeihi 8Sis ant&fkidhe 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
R10 OR4
\ /
R20-Si-R-Si-OR>
/ \
R30 ORS6

wherein R1, 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 group having 1 to 8

carbon atoms; _ _
so that the formed multilayer printed circuit board will not
delaminate upon exposure to thermal stress at 288 °C (550 °F)
for 10 seconds after baking at 121 °C (250 °F) for 6 hours and
then pre-conditioning at 85 °C and 85 % relative humidity for
twenty-four (24) hours. ' i

2. The process of claim 1 wherein steps (a) to
(d) include forming two insulating 1ayérs wherein a dielectric
layer contacts directly,or through an adhesive,the second
insulating layer.

3. The process of claim 1 wherein steps (a) to
(d) comprise.forming one insulating layer supporting a layer of
copper circuitry.
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§|7I :'ine E)Oﬂdl ng m xt ure(g)s .dgpl g(ragalngsl::-:ln% Ilgyer rormed frqqﬂmmm‘"ul" "m l““l

i nsul ating |layer conprising a cured t her nosetti ng polyner
conposition; 5 (f) a direlectric |ayer;

(g) copper circuitry having a thickness g§ at |l east 4 [err]m

(h) a layer of an oxide, hydroxide or conbi nation thereof of tin a
thj ckness not great#®s t{Fhe Boocess b slaim &7 WheXELrs the sliedactirisver | i es
the tin; layer contains (¢édpgér XL AN |tawaropf#2islm fromthe

si | ane bondlng m xture as defined in claim18; and (j)
an |nsulat|ngSV§§%?e§0npr|S|ng a cured 15 t her nosetting pol ymer

conposi tion. 5. TheZﬂ;ro&“Qgs ngf teladmrl pin nterticithosligibaas d

according5 i m 1 rgq|3|n the follow ng |ayers

applledcﬂy on process.

6. The prbcess of claim 1 in which the dielectric
layer contains glass epoxy or polyimide.

7. The process of claim 1 in which the circuit
board will not delaminate upon exposure at 288 °C (550 °F)

10 for 60 seconds.

8. The process of claim 1 wherein the silane
bonding mixture further contains a mutual solvent for
the ureido silane and the disylyl crosslinking agent.

9. The process of claim 1 wherein the weight

15 ratio of (I):(II) in the silane bonding mixture is
between 99:1 and 1:99.
10. The prbcess of claim 9 wherein the weight
ratio of (I):(II) is between 90:10 and 10:90.
11. The process of claim 9 wherein the weight
20. ratio of (I):(II) is between 90:10 and 70:30.
12. The process of claim 1 wherein A is a divalent
ethylene or propylene group.
- 13. The process of claim 1 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 1 wherein R denotes a
methoxy or ethoxy grdup.
16. The process of claim 1 wherein R' denotes. a
30 divalent ethylene or propylene group.
17. The process of claim 1 wherein the disylyl
crosslinking agen£ is hexamethoxydisilylethane-
18. A silane bonding mixture for forming a
moisture resistant multilayer circuit board consisting
35 essentially of:
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() conere et e 20 ey (PSP C'r?ﬁ')tlllllllﬁﬂllﬂlllﬁllllllllll

oxi de, hydroxi de or conbi nati on thereof of tin a thickhess hot" s
greater than 0.025-0.127 mm (1-5 mls) which overlies the tin;

(d) an organosilane |ayer forned fron1the 216 sil ane bonding m xture as
defined in claiml1l8; an nsulatlng | ayer conprising
a cured thernDsettlnéIbo?yHE?léﬁn%bkqﬁqtﬂ?v ng the structure (f) an
organosi | ane |l ayer formed fromthe é?lane bondlng m xture as defined

in claim18; 30 (9) f o ¢ e, drOX|de or
conbi nation thereof of tin of a thlckn2§§2‘gl“gp§§§bg '“’ -t han
0.025-0.127 6m (1-5 mils) whi chwbeeebiher ifeanialkylene having 1 to @h)

copper circuitry having a thick f | eas err n1an 35
(i) a dielectric |ayer. 8§§BOR a@éms, B is a£%§dr04§ J an oxy

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
10 identical; and .
(I1) a disylyl crosslinking agent having the

structure
Rlo OR4
\ /
15 R20-Si-R-Si-ORS
. / \
R30 " OR®

wherein R, R2, R3, R4, RS and RS
independently of the other is an glkyl
20 ' with 1 té 8 carbon atéms and where R
denotes an alkylene group having 1 to 8
carbon atoms. |

19. A multilayer printed circuit board obtainable

by a process according to any claims 1-17 and containing
25 conductive through-holes which make electrical

connectiong to a series of electrically conducting
layers through several insulating layers, wherein the
multilayer printed circuit board will not delaminate -
upon exposure to thermal stress of solder immersion at
288 °C (550 °F) for 10 seconds after baking at 121 °C

30
(250 °F) for 6 hours and then pre-conditioning at 85 °C
and 85% relative humidity for twenty-four hours.
.20. The multilayer printed circuit board according
to claim 19 comprising the following layers
(a) a dielectric layer;
35

(b) copper circuitry having a thickness of at
least 4 um;

(¢) a layer of an oxide, hydroxide or
combination thereof of tin metal of a thickness not
'greater than 0.025-0.127 mm (1-5 mils) which overlies
the tin; REPLAGCEMENT SHEET
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28 ' T 22. The multilayer printed circuit board accor
claim19 conprising the foll ow ngpl ayers: (a) fmlllmluamﬂﬂmmm
| ayer; (b) copper circuitry having a thickness*of att
|l east 4 [err]m (c) a layer of an oxide, hydroxide or
conbi nation thereof of tin of a thicknesg7not greater . t han 0. 025-0. 127
rn1(1 5 mls) which overlies the.tin; (d) an organosilane
ayer formed fromthe 10 ,silane LXL UKk €:.d I ned |n118
(e) an insulating | ayer coﬁéils ﬁggg&gl’lggéﬂlﬁg igﬁg§ QSLF 8 fkg kﬁ
conmposi tion; silane bondifpg)miBppEe éﬁréﬁﬁ%ﬁ?dha0|ﬁ§aamth @kness of at

least 4 [err]m 15 (e sa)ina 1 2Y Bhg Ola Plr OkbHSr 1 ¥

conbi nation thereof of tin o hlckﬁess n%t gfgg erﬂﬁrl an 0. 025-0. 127
mm (1-5 nils) mh?%?F%@%ﬁF?%EStERJXW?F composition; (h) an or ganosi | ane

| ayer forngd fron1th¢ (sglaaedbemdtﬂgle1xayég as defined in claim18;
and 20 (1) an IPSU|3£529 c§¥cu1tr ﬂé@iﬂ& g Cu:r.ckness of at

least 4 pm;
(h) a layer of an oxide, hydroxide or
combination thereof of tin a thickness not greater than
10 0.025-0.127 mm (1-5 mils) which overlies the tin; "
(i) an organosilane layer formed from the
gilane bonding mixture as defined in claim 18; and

(j) an insulating layer comprising a cured
15 thermosetting polymer composition,
21. The multilayer printed circuit board according
to claim 19 comprising the following layers
(a) a dielectric layer;
20 (b) copper circuitry having a thickness of at
least 4 um;

(¢) a layer of an oxide, hydroxide or
combination thereof of tin a thickness not greater than
0.025-0.127 mm (1-5 mils) which overlies the tin;

(d) an organosilane layer formed from the

25 silane bonding mixture as defined in claim 18;

-(e) an insulating layer comprising a cured
thermosetting polymer coﬁposition;

(f) an organosilane layer formed from the
silane bonding mixture as defined in claim 18;

30 (g) a layer of an oxide, hydroxide or
combination thereof of tin of a thickness not greater
"than 0.025-0.127 mm (1-5 mils) which overlies the tin;

(h) copper circuitry having a thickness of aﬁ
least 4 um and;

35 (i) a dielectric layer.
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22. The multilayer printed circuit board according
to claim 19 comprising the following layers:

(a) a dielectric layer; _

(b) copper circuitry having a thickness of at
least 4 um;

(¢) a layer of an oxide, hydroxide or
combination=thereof'of tin of a thickness not greater
than 0.025-0.127 mm (1-5 mils) which overlies the tin;

(d) an organosilane layer formed from the
silane bonding mixture as defined in claim 18;

{e) an insulating layer comprising a cured
thermosetting polymer composition;

(f) copper circuitry having a thickness of at
least 4 pm;

(g) a layer of an oxide, hydroxide or
combination thereof of tin of a thickness not greater
than 0.025-0.127 mm (1-5 mils) which overlies the tin;

(h) an organosilane layer formed from the
silane bonding mixture as defined in claim 18; and

(i) an insulating layer comprising a cured
thermosetting polymer composition.
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TITLE "
MULTILAYER PRINTED CIRCUIT BOARD FORMATION
ABSTRACT
Multilaye: printed circuit boards having a number
of through-holes are formed employing intermediate
layers in bonding copper circuitry to an insulating
layer.
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