S i FORM NG A MULTI LAYER PRI NTE CZAOS % %W
Thewpresent invention is directed to a nmethod for fofmng~a |Iayer
primited circuit board, and nore part|cularly t o a net hodf
mul ti‘'l ayer printed citcuit board in which a photoi mageab)eld8 i Bﬁg%d
to pri'nt the individual innerlayers forns substantially all of f?kﬁcrp s {
dielectriic material separating the inneglayers fron1each“UFﬁéF“‘BﬁCRGRCUND
'OF THE | NVENTION Mul tilayer printed circuit boards conprise a stack of

i ndi vidual printed circuit boards or innerlayers separated by dielectrical

material. The C|rCU|tm9ﬂ@Kﬂlﬁﬁ'§@RUEHG AnMEETELASER iIFRIVTEDt rical | y
connected by bored and—ptat BOARD) HAND) |IPRODUCT THEREOF

The present invention is directed to a method for forming a
multilayer printed circuit board, and more particularly to a
. method of forming a multilayer printed circuit board in which a
photoimageable composition used to print the individual
innerlayers forms substantially all of the dlelectrlc material
separating the innerlayers from each other. .

BACKGROUND OF THE INVENTION & i ;.

Multilayer printed cifcuit:boérds comprise a stack of '13
individual printed circuit boards or innerlayers separated by ‘
dielectrical material. The circuitry of the several innerlayers
is electri@ally connected by bored and plated- through heoles.
Multilayer printed circuit boards provide circuitry in a three-
dimensional array and are therefor advantageously space-saving,
relative to individual printed circuit boafds, which provide at
most two layers of circuitry on. a two-sided board. '

' These printed circuit boards are commonly prov1ded w1th
internal ground and power planes. These internal planes are
frequehtly solid sheets of copper interrupted only by clearance
holes (the perforations required for electrically isolating the
through hole pattern of the printed circuit board). Ground and
power planes provide power voltage and current and ground
connections for the components of the multilayer printed circuit.
A second function of the ground and power planes is to provide
electromagnetic shielding for the nultilayer printed circuit
board and reduce the eleétromagnetic and radio frequenc?
interference. Multiple ground and power planés and additional
ground planes on the surface layers with the conductive pattern
are common. - ' .

When components are mounted on a multilayer printed circuit
board -and mass soldered in place ét'temperatures on the order of
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Nhltikﬁyew printed circuit boards provide circuitry in a'three- dinmensiona

array and are therefor advantageously space-saving, relative to individual

pri‘fnted circuit boards, which provide at nost two | ayers e
WxQ\@rﬁie:d M BE ng

t wo- si ded board. These printed circuit boards are conmonl
internal ground and power planes. These internal planes afje freﬁﬁet%¢§& o
solid sheets of copper interrupted only2y clearance hol e& =
perforations required for electrically isolating the through hote pattern

of thHe printed.circuit board). Gound and power planes provide power

vol t age aibutlir7ehic QBQ?@PW”Q SOVERS Lis¥md10shidek Genpppenta eb the
mul tilayer printed circuit

pl anes i s 13dPey aXFEEtP&ﬁﬁﬁ%e??sm%#P§%%$Eﬁg%ﬁ%hgﬁgkﬁ§Pd R eggmﬁ?ﬁted
ci rcuit bosudatrichgr ddyer betweencan oimtpwsnidlc gnemndagilater eqdegcyund
shield on the surface surrounding the conductor pattern.
Frequently, delamination will occur and blisters will form
between the ground shield on the surface and the internal ground
or power plane. Delamination and blistering have been a problem
with multilayers made by a fully additive, semi-additive, or
subtractive sequential processes. _ |
In a conventional subtractive procedure for forming
multilayer printed circuit boards, the innerlayers are formed in
the manner of individual two-sided printed circuit boards. A
blank board formed of epoxy that is covered on each side with a
metal layer, siuch as copper, is coated on each side w1th a layer
of primary éhotoresist. The prlmary photoresist may be coated as’
a 11qu1d resist or applled as a dry film. The layers of
photoresist are exposed to patterned actinic radiation by placing
artwork over the photoresist layers and directing light through
the artwork to the photo- resist layers. Subsequently, the
exposed photoresist layers are developed in an appropriate
aqueous medium to remove exposad-or unexposed portions.of the
photoresist layers, dependiné upon whether the photoresist is
positive~acting or negative-acting. The metal layer is then
etched away in the areas from which the overlying photoresist has
been.removed. After etching, the remaining portions of the
photoresist layers are stripped from the surfaces of the board.
In the conventional procedure, the copper surfaces which have
been uncovered by the strippiﬁg process are then treated to
enhance adhesion ofgthe copper to the pre-preg in subsequent
i steps. ' ' -
' The 1nd1v1dual 1nnerlayers are stacked with alternating

his Sheet Has Been Repiacet

R




L2 '
I nterferénce. Multiple ground and power planes and additio
on the surface layers with the conductive pattern are co nt b
components- are mounted on, a mul tilayer printed circuit boar andﬁ*ﬁ&égﬁn '
sol dered in place at tenperatures on the order of -2- about Z75[err]C
(527[érr]F), a severe thermal shock is applied to the insulating |ayers
pl aced between two copper planes, such_gs the insulating | ayer between an
internal ground plate and ground shield on the surface surrounding the
conduct or pattern. Frequently, delam nation will occur and blisters wll
form. '

layers of “prepreg" material, which typically comprises an
epoxy/fiberglass composition. The assembly of innerlayers and
- prepregs is then pressed together and heated. The pre-preg
material initially flows under the heat and pressure, £illing the
voids between the lnnerlayers, and eventually cures under these
conditions to form a hard permanent dielectric material
separating the individual circuitry layers.

It has been the practice to aﬁply an initial, strongly
adherent oxide layer to the copper to enhance the bond between
the copper conductive patterns and the insulating layers. The
oxide layers are usually applled by immersing the copper surface
in hot (40°-110°C), strongly &dlkaline, hypochlorite solutions.
This'imhersion produces a black, dendritic oxide layer with.a
high surface area for adhering to organic films, coatings, and
laminated layers. In the printed circuit industry, this oxide is
commonly called "black oxide".

To electrically connect the circuitry of the several
innerlayers, holes are drilled through the cured assembly. The
heat so generated causes an epoxy resin "drill smear" on the
inner layer copper surface around the drilled hole pr@or to the
electroless plating of the hole wall. The hole walls are plated
to create electrical connections to the inner copper planes.
The-desmearihg and plating solutions dissolve the black oxide
surrounding the holes and leave non-adherent rings around the
holes. This is known as "pink ring" because of the ring of

. copper visible in the pattern of black oxide. At the pink ring,
there is no adhesion between the copper plane and the laminated
insulating layer over it. Ionic contamination and the failure of
insulation between holes occur where pink ring is found.

As can be seen, the above process requlres a number of
steps, and it is a primary object of the present invention to
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bet ween the ground shield on the surface and the internal ground or power _
pl ang. Del am nation and blistering have been a problemw th _multilayer i
made by a fully additive, sem-additive, or subtractive ‘thtafhﬂam =
processes. In a conventional subtractive procedure for fipr gpfmuﬁﬂ&wgwn
printed circuit boards, the innerlayers are fornmed in thg. '
I ndi vi dual two-sided prlnted circuit boagds. A blank board forned of epoxy
that is covered on each side with a netal |ayer, such as copper, is coated
on each side with a | ayer of pri mary photoresist. The primary photoresist’
may be coated as a liquid resist or applied as a dr L m Th | ayers of
phot or esi sPTRABCEXPBABHL 2R RE IR B qqﬁ?: éapﬁt¥8ﬁi §1ﬁ? ﬁyartmork

over the pheoauesioh segpss and directing light through the artmork to the
phot o- reSISt '%%eﬁé S?QfQﬂE&”&ﬁ?écé*B% the invention to eliminate the

‘need for an oxide treatment of the copper layers to improve their

adhesion to the epoxy/fiberglass substrate.
It is a further related object of this invention to
~ eliminate pink ring on the innerlayers of a multilayer printed
| circuit board.
It is yet another related object of this invention to
. eliminate wedge voids caused by the action of desmearing
chemicals at the black oxide/epoxy interface on the innerlayers.'

It is another object of.this invention to provide a
mﬁltilayered printed circuit board in which the prepreg
dielectric material is substantially replaced by a permanent
innerlayer of photoresist material.

It is another object of this invention to provide permanent
innerlayer resists which are very thin and can be imaged on
contact. '

It is a related object to provide permanent innerlayer
resists having enhanced printing resolution capabilitiés.

It is a further related object to provide multilayer printed
circuit boards having improved resolution of the circuitry images
‘thereon. . _ o

other objects of the invention include reducing the
materials used in the process of producing multilayer circuit
boards and minimizing toxic wastes that normally result from the.
process. ' |

SUMMARY OF THE ENT ON

In accordance w1th the present invention, the boards to be
used as innerlayers of a multilayer printed circuit board are
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exposed photoresist |layers are devel oped in an appropriate aqueous nedlun1
to renove exposed or unexposed portions of the photoreS|sr'Iayers 5 el

dependi ng upon whet her the photoresist is ‘positive- actlngon"“‘”tpLAcED
negative-acting. The netal l'ayer is then etched away in thke

whi ch the overlying photoresist has been renoved. After etc¢hing, the.
remai ni'ng portions of the photoresist |aygrs are stripped fromthe surfaces
of the. board. In the conventional procedure, the copper surfaces which have
been uncovered by the stripping process are then treated to enhance-

adhest on OfeotBgaCARRRY 4 LS il 8 LLeS UATGINRBLo BhEgEanTD Ble e dual
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|nnerlayers are stac
hardenable to form a permanent dielectric material. The

individual innerlayers are printed in a usual manner. A board of
dielectic base material, such as a glass fiber reinforced epoxy
resin, having a layer of copper on each side thereof is covered
on both sides with a hardenable photoimageable resist. The'
resist may be applied by a variety of methods such as screen
printing, electrostatic spray coating, spin coating, curtain
coating, or as a layer or laminate of dry film. ~ The resist is .
then exposed to patterned‘actinic radiation and developed in an
appropriate developer to remove either the exposed or_nonéexposed-
portions of the photoresist. Next, the processed board is
subjected to an etch that removes the metal layers from those
regions where the resist has been removed. The resist, rather
than being stripped after exposure, development and etching, is '
left on the innerlayers as a supplement for or replacement of the
prepregs normally used to forﬁ dielectric layers between the
innerlayers. In the manner of prepregs, the photoimageable
‘composition layer, under heat and pressure, initially conforms to
the contours of the innerlayers, filling in the voids between the
innerlayers, and-subseqnently cures to form at least a portion of
permanent dielectric layers seperating_the circuitry of the
individual innerlayers. The multilayer board is completed in a -
normal manner by borlng holes through the cured assembly and
lining the bored ‘holes with metal. i ’

The present invention prov1des an improved process for
fabricating a rigid multllayer prxnted circuit board which
comprises:

() providing a plurality of innerlayer boards, each

comprising a dielectric base and a metal layer thereon;

(B) coating each of the metal layers with a layer of a
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-3- layers of "prepreg”™ material, which typically c epoxy/flberglass PREEE= oS
conpgsition. The assenbly of |nnerlayers and prepregs is t : rg S?dqoBEtN v
together and heated. The pre-preg material initially flows| SendEmt :
and pressure, filling the voids between the innerlayers, a@id _event

cures under these conditions to forma hard pernmanent diel ric material
separating the individual circuitry layers. It has been the practice to
apply an initial, strongly adherent oxidebtayer to the copper to -enhance-
t he bond between the copper conductive patterns and the insulating l-ayers.

The oxi de Iayer§?§§gl ab eag§%é§§&é§6q:gga§%lggn be copper surface in hot
1'N€é, hypo

(40[err]-110[er ‘of'te sol utions.
from about 10 to about 40% by welght of a

polymerlzable acrylate monomer,
(b) from about 5% to about 35% by welght of an
' oligomer formed by the reaction of an epoxy

resin and an acrylic or methacrylic acid;;
(c) a photosensitive, free radical generating
' initiator for polymerization of the acrylate
monomer and the oligomer; ' '
(d) a curable epoxy resin;
(e} a curing agent for the epoxy re51n, and
(£) from 0% to about 15% by weight of a cross-
' - linking agent reactive with hydroxyl groups,
all based on the total weight of components (a)
. ‘through (f); .
(C) exposing each of said layeérs of photoimageable
composition to a pattern of actinic radiation to
polymerize the acrylic monomer and oligomer;
(D) creating photoimaged layers of the composition oh
the boards by dissolving the unexposed portions of each
layer in an aqueous alkaline medium to uncover metal
according to the pattern;
(E} etching the uncovered metal to remove 1t,
(F) stacking the boards having the phot01maged layers
and applying heat and pressure to the stack to cure the
composition in each layer and form hard, permanent
innerlayers between the boards; and
(G) connecting the circuitry of the stacked boards.

BRIEF DESCRIPTIOE OF THE DRAWINGS

Figure 1 is an elevation of an assembly of exposed,
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Thi s |nner5|on produces a bl ack, dendritic oxide layer with a hlgh surface ==
area for adhering to organic fI|nB coatings, and Ian1nated— yeEﬁr:Tlmktﬂuk\ ;
printed circuit industry, this oxide is- conmonl y cal l.ed "blj (Dﬁ{h{AbEn) :
electrically connect.-the circuitry of the several innerlay
drilled through the cured assenbly. The heat so generated causes an epoxy
resin "drill smear"” on the inner |ayer cgpper surface around the drilled

hole prior to the electroless plating of “the hole wall. The hole walls are
plated to create electrical connections to the inner copper planes. The

desmear | “Q?éknﬁ diledt ghé%meaorﬂﬁndti&?éfg 6fletrbis?lci|hv@ﬂt(1%n5 wetaeed 8dot he

hol d t t h ol Thi k
Tng" boCAMSETRNTE AnGUEY CERIEPOUFSFRIRe B ATRED AR SRR AL BYPRe.

At ‘the pinfrirte@® circuit board in accordance with the present invention.

Figure 2 is an elevation of a multilayer board made from
the assembly of Figure 1.

DETAILED DESCRIPTION OF CERTAIN PRE ED ODY TS

As described above, the photoimageable cbmposition is
applied as a'layer to the copper clad substrate (or to a support
sheet to form a dry film which is then laid on the copper).
After applicatibn, the wet layer is dried to remove organic
solvent. During this drying, some reaction of components may

' occur,.particularly between an anhydride and a melamine-
formaldehyde resin. After‘drying,-the photoimageable layer is
exposed to patterned actinic raﬁiation at an energy level
sufficient to cause enough crosslinking to prevent attack by the
aqueous alkaline developer that follows in the conventional
process. It is preferréd to effect a UV cure at an enerqgy level
of from about 1 to about 4 joules/cm? to.tie up any unreacted
acrylate prior to lamination and preferably after etching of the
'copper exposed by the developer. Prior to the heat cure of the
photoresist composition that occurs during the pressing of the
innerlayers which is described below, i.e., prior to activation
of the epoxy chemical system, the layer of photoimageable
compositions remains strippable by common strippers in the event
that a need to remove the layer for reworkin§ arises.

The ability to be developed with aqueous or alkaline
aqueous solutions is an important advantage of the photo-
imageable composition of the present invention.. Eliminating the
need for solvent-based developers eliminates the cost of the
solvents as well as health, environmental and recycling problems.
Aithough,éhe films formed in accordance with the invention are
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there iss no adhesi on between the copper plane and the | aninated: izpstd? Lm'g'g;‘
| ayer over it. lonic contani.nation and the failure of i g;ggmtbbﬁ =
hol’és occur where pink ring is found. As can be seen, tF [o}V-
requires a nunber of steps, and it is a primry object o <
i nvention to produce mul tilayer printed circuit boards utilizing fewer
production steps. It is a related objegt of the invention to elimnate the
need for an oxide treatnent of the copper | ayers to inprove their adhesion
to the epoxy/ fi berglass substrate. It is a further related object of this.
i nvent i ondevelopable in_aqueous'solutiqns without any organic solvents,
developers may include some organic solvents, providing that the
added organic solvent does not solubilize the exposed portions of
the film. .
In Figure 1 of the drawings, each innerlayer 10 comprises a
base layer 12 of dielectric material, circuitry traces 14 on the
opposite faces thereof, and ‘the photoimageable composition 16
overlying the circuitry traces 14. Although not.shown here for
the sake of clarity, the outerlayers 18 may have circuitry traces
on their inner faces, only, befare pressing of the assembly; the
outer faces thereof would still retain a bare layer of copper
foil which may be coated with resist, exposed, developed, and
etched after the'multilayered board comes out of the press.
In the prior art method of forming a multilayer circuit
. board, the photoimageable composition used instead of composition
16 would have been stripped from the circuitry traces 14 and the
exposed circuitry traces would have been treated in a chemical
bath. In the process of the present invention, the
photoimageable composition .16 is not stripped. The need for a
stripper is eliminated, as are any problems associated with
disposal of the stripper.

' At this point, there are several options available in
forming the multilayer circuit board. In the option shown in
Figures 1 and 2, the innerlayers 10 and outerlayers 18 are merely
stacked in a standard multilayer press and tﬁe assembly is
subjected to heat and pressure which initially squeezes the still
flowable photoimageable composition 16 into the voids between the
innerlayers 10 to form the board 20 of Figure 2. The board 20 is
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board It is yet another rel ated object of this inventj
wedge voi ds caused by the action of desnearing chemc -ﬁ*g teHEfd
oxi de/ epoxy interface on the innerlayers. It is anothgr objﬁﬁ?L
invention to provide a multilayered printed circuit b '
prepreg dielectric material is substantig-ly replaced: by a per manent

i nnerl ayer of photoresist nmaterial. It is another object of this invention
to provide permanent innerlayer resists which are very thin and can be

i maged on codadGitaihédi Snder aleditednabpisdsure PoOVESkn POONRNENEC | AW Y, Gr

resists f“”“dﬁ%r%?“&ﬂ%?ﬂgprﬂiﬁh'Elm%eéﬁétﬁhé¥31&§8§££ié‘éd%§051tlon 16 cures

' to form hardened, permanent dielectric layers 22 which
électrically separate the Circuitry tracés 14 of the inﬁerlayers
10. ' '

The conditions of heat and pressure are somewhat dependent
upon the particular photoimageable composition selected for the
process. In a suitable procedure known as the hot start/dual
pressure procedure or the "kiss" procedure, the assembly is held
at about 350°F (177°C) at about S0 psi for a short while and then
the pressure is increased to from about 450 to about 760 psi. In
the hot start/full pressure procedure, the temperature is 350°F
but a pressure of from about 600 to about 800 psi (56 kg/cm2) is
held for the full 3 td 3.6 hours. The cured assembly is suitably
cooled down at a rate of about 10°F/min. An.optional posthake of
the dielectric layers 22_may be used to further cure or anneal
it. | | | |

The option of ﬁtilizing only the photoimageable composition
to form .the dielectric layer 22 has the advantage of eliminating
any need for prepregs or additional material, the lnclu51on of
which would constitute additional effort. On the other hand if
only the photoimageable composition 16 is to be used to form the
dielectric layers 22, it must be applied relatively thickly in
order that the portions of the photoimageable composition 16
remaining after development provide sufficient material to not -
only £ill in the voids between the traces 14 buﬁ also to provide
a sufficiently thick dielectric barrier between the traces of ‘

~ adjacent innerlayers 10. Because the photoimageable composi-
tion is relatively expensive, thick layers of it are expensive to
produce. Also, a thick photoimageable layer'produces poorer
resolution than a thin one. If the initially applied photo-

e
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It is a further related obj ect to provide mul tilayer prLDLQQ_QLIQHitzimEE%E
having i nproved resolution of the circuitry inmages ther ? \Clxggrpp$étt§
of t’he invention include reducing the, materials used i ﬂe @P@Qﬁsﬁﬂof
producing nmultilayer circuit boards and m nim zing toxi

normal I'y result fromthe process. SUMWARY OF THE | NVENTI ON I n accordance
with the present invention, the boards to Be used as innerlayers of a

mul tilayer printed circuit board are é

imageable layers are to serve as the sole source of material for
the dielectric layer 22, the thickness of the photoimageablg
layer will vary from about 0.5 mil to about 3.2 mils. -

Another option (not illustrated) is to apply additional _
dielectric prepreg material to the board after etching. Again,
‘the photoimageable composition layer is not removed from the
traces, avoiding the need for. strlpper and treatment to av01d

- .oxidation. The addltlonal material could be more of the
photoimageable composition 16, a.qompatlble curable system
(without the photosensitive components to minimize cost), or-even
conventional prepregs. In any c¢ase, the phbtoimaqeable
composition layer that is left on the traces forms a portion of
the diéiectric layers 22 in the multilayer-board. |

- The board 20 is then taken out .of the press, the outerlayers
are processed as desired and the resulting multilayer board is
then processed in a conventional manner. Holes are bored through
the layers, and the hole walls are plated to electrically connect
the circuitry of the several layers.

The composition 16 according to the present invention
includes an acrylic chemical system by which the composition is
photo-polymerized and an epoxy chemical system which is curable
to harden the composition after exposure and development. The
two chemical systems, however, are not exclusive of each other
and components of the two chemical systems are believed to
interact chemically with each other. This is especially true
when the composition includes a cross—linkiné.agent (£).

The acrylic system includes the acrylate monomers'(a), the .
epoxy-acrylate oligomer (c) and the photoinitiator (b). The
epoxy system includes the epoxy resin (d) and the acidic curative
(e} therefor.. If a cross#iinking agent (f) is used, it is
selective to be reactive with free hydroxyl groups of components
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formed using a resist that is not only photoi nageabl e
forma permanent dielectric material. The individual
priented in a usual manner. A board of dielectic base ' -
gl ass fiber reinforced epoxy resin, having a | ayer of ¢opper on each side
thereef is covered on both sides mnth a hardenabl e phot oi mageabl e resi st.
The resist may be applied by a variety o¥l-met hods such as screen printing,
el ectrostatic spray coating, spin coating, curtain coating, or as a |ayer
or lamnate of dry film The resist is then exposed to patterned actinic
radi ation and devel oped in an approgwlate devel oper to renove either the

exposed oPE nRRLRR AFTAS GTE 6P sYR5PBFesi st. Next, the processed
board i s subj eni ashd enfodimintt et themiweenthen rethe pzagﬁam:erd Eimotbese

regions ""tfnexééeéé‘fe rceoﬁn s RSB P LhpriTRELCYa) TBEcheShSle 1R ¥ about 40%
of - the acrylate monomers, (b) from about 3 to about 15% photo
initiator; (c) from about 5 to about 35% of an epoxy-acrylate
oligomer; (d) from about 20 to about 80% of an epoxy resin; (e)
from about 0.1 to about 10% of an acidic curative for the epoxy
resin and, (f) from about 2 to about 15 % of the cross-linking
agent. The preferred composition has a photo-sensxtlve chemical
system which renders exposed portions of the resist insoluble in
alkaline aqueous developer and an epoxy-based chemical system
which is curable to provide permanence and hardness to the
material subsequent to exposure, development, etching and curing.

A level of the acrylate monomer (a) lower than 10 % may ‘be
insufficient to insolubilize the portions of the photoresxst
layer that have been exposed to actinic radiation. Levels of

' acrylate monomer higher than 40 % may result in an innerlayer
which is too soft. The acrylate monomer preferably comprises
from about 15 to about 35 percent of the total weight of
components (a)-(f). Unless otherwise stated, all percentages of
components (a)-(f) are calculated relative to the total weight of
components (a)-(f). The amounts of any additional ingredients,
such as fillers, solvents, etc. are also calculated relative to
the sum of the weights of (a)-(f). The dried composition of (a)-
(£) is soluble in alkaline aqueous solution, whereby the
photoimegeahle composition layer 16 on a circuit laminate is
developable with alkaline aqueous solution.

The acyl moiety of the acfylate monomers is represented by
the formula: [RCH=CHC=0], wherein R is hydrogen or alkyl, and x
is an integer from 1 to 4. The monomers are selected from a
'variety-of esters of acrylic and methacrylic acids, such as
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thanfbéhng'stripped after exposure, developnent and etching, is left _on the

i nnerl ayers as a supplenent for or replacenent of the prep&g&g&&g&mﬁgbg qj ¥

used'to formdielectric | ayers between the innerlayers. engan&@gdo
prepregs, the photoi nageabl e conposition |ayer, under -hedt PEOSSHEQ.—- - -
initially confornms to the contours of the innerlayers, f||||ng in the v0|ds

between the innerlayers, and subsequently cures to format |east a portion
of permanent dielectric |layers separating the circuitry of the individual
i nnerl"ayers. The multilayer board is conpleted in a nornmal manner by boring

hol es througa¢hpe 9%@5ﬁ@hyl afswkda&wgté h%MoﬁgeE%fsaHH1Q@t al . The

present invention provid an | rove yﬁrocess for Lhc ti a rlgld
multilayer pHt¥ted ??ﬁﬁ%?tSOaP ¥&n?ﬁ¥ ethy acrylate,
t-butyl acrylate; 1,5 pentanedlol dlacrylate, N,N~-

diethylaminoethyl acrylate, ethylene glycol diacrylate; 1,4-
butanediol diacrylate, diethylene glycol diacrylate,
hexamethylene glycol diacrylate; 1,3-propanediol diacrylate,
-decamethylene glycol diacrylate, decamethylene glycol
dimethacrylate; 1,4 -.cycloh_exanediol_diacrylate; 2,2-dimethylol
propane'diacrylate, glyceroldiacrylate, tripropylene glycol
diacrylate, glycerol triaérylate, trimethylolprbpane triacrylate,
pentaerythritol triacrylate; 2,2-di(p-hydroxy-phenyl)-propane
diacrylate, pentaerythritol tetracryléte; 2,2-di(p-
hydroxyphenyl) -propane dimethaérylate,'triethYlene glycol .
diacrylate, pqiyoxyethyl-z-z-di(p-hydroxyphenyl)—propane
dimethacrylafe,-triethylene glycol dimethacrylate,
polyoxypropyltrimethylolpropane triacrylate, ethylene glycol
dimethacryléte, butylene glycol dimethacrylate; 1,3-p:opanediol
dimethacrylate; 1,2,4-butanetriol trimethacrylate; 2,2,4-
triﬁethyl-l,3-pentanediol dimethacrylate, pentaerythritol
trimethacrylate; l-phenyl-ethylene-1,2-dimethacrylate,
pentaerythritol tetramethacrylate, trimethylol propane
trimethacrylate; 1,5-pentanediol dimethacfylate; 1,4-benzenediol
dimetﬁacrylate, and the triacrylate of tris-(2-hydroxyethyl)
isocyanurate. Polyfunctional acrylates and methacrylates, i.e.,
those having three or more acrylic or methacrylic moieties, are
preferred because of the increased photospeed gained by their
presence. : . ’

By epoxy-acrylate oligomer (c) is meant, herein, an oligomer
formed from an epoxy backbone which is reacted with acrylic or
methacfylic acid, a low molecular weight polyacrylic or

- polymethacrylic acid, or a mixture of them, so that at least

Sheet Has Been Replacec

W




(A) providing a plurality of i.nnerlayer boards, each cog
dielectric base and a netal |ayer thereon; (B) coating e
Iayers with a layer of a - 6- phot0|nageable conpositi
from about 10 to about 40% by wei ght of a polynerizable acrylate nnnoner
(b).from about 5% to about 35% by wei ght of an oligoner formed by the
reaction of an epoxy resin and an acryllc or nethacrylic acid;; (c) a
phot osensitive, free radi cal generatlng : - '

about 90% of the epoxy groups are esterified with the acid. 1In
" the reaction of the acid with the epoxy'groups of the epoxy
resin, the acid molecules each form an ester bond with the resin
and a hydroxyl group -is formed on'the vicinal carbon atom.
Because substantially all of the epoxy groups are re;cted with
the acrylic or methacrylic acid moiety, the 'oligomer functions
primarily as an acrylate or methacrylate, said moieties of the
oligomer polymerizing along with the acrylic monomers durlng the
photoinitiated reaction which renders exposed portions of the
photoimagéable composition layer insbluble_to aqueous alkaline
solution. The substantial hydroxyl functionality provides the
basis for cross-linking with the cross-linking agent (f), if such
-a cross—linklng agent (f) is used.

Preferred epoxy-acrylate ollgomers ‘are diacrylate (or
methacrylate) esters of blsphenol A type resins, noveolac resins,
and mixtures thereof having a maximum epoxide content of about

0.5 % by weight. These oligomers are developed to combine good
'UV/EB cure response along with the chenical resistance and
durability of the epoxy resins. Said oligomers are derived from
bisphenol A resins having a functionality of two so they also
_have a functionality of two.

The synthesis of. polyfunctlonal acrylate resins and
other unsaturated esters from the corresponding epoxy derivatives
is described in the following U.S. patents: 3,256,226; 3,317,465;
3,345,401; 3,373,221; 3,377,406; 3,432,478; 3,548,030; 3,564,074;
3,634,542 and 3,637,618; all of which are incorporated herein by
reference. _ ' '

The epoxy-acrylate oligomer. preferably comprises from
about 5 to about 25 % of the total weight of components (a)-(£),
and more preferably from about 12 to 18 %. Epoxy-acrylate
oligomers used in the photoimageable composition preferably have
molecular weights of from about 500 to about 2000.°
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initiator for polynerization of the acrylate nononer- and the oligoner (d)
a curable epoxy resin; (e) a curing agent for the epoxy(festm —and —
from0%to about 15% by weight of a cross- |inking agent] FRSc3HEE 2&%1@‘:&“
hydr oxyl groups, all based on the total weight of conpofents RECLAHE L
(f); (€ exposing each of said |ayers of photoi mageabl e - Conposition to a
pattern of actinic radiation to polynerize the acrylic nononmer and
oligoner; (D) creating photoi naged | ayefld-of the compositi-on on the boards

by di ssol ving the unexposed portions of each |layer in an aqueous al kal i ne

nmedi um to uncover netal
S Also required in conjunctlon with the polymerizable’

acrYlate substance is a chemical initiator system which generates
free radicals in the pfesence of actinic radiation and thereby
causes the polymerization of the acrylic substances. '
Polymerization of acrylic monomers and acrylic moieties of the
epoxy-acrylate oligomers into a three dimensional structure
insolubilizes the photoimageable composition. The choice of the
photosensitive, free radical generating initiator system is not

- considered to be critical to the practice of the present
invention, and a wide variety of sueh_compounds may be.
successfully utilized in the practice of this invention.

. Examples of chemical photoinitiator systems include benzophencone,
benzoin ether, benzil ketals and acetophenone and its '
derivatives. Other suitable initiator systems are described, for
example, in U.S. Patent Nos. 3,469,982, 4,451,523 and 4,358,477,
the teadhings of which are incorporated herein by reference. The
amount of photoinitiator employed may vary over a wide range,
depending upon the polymerlzahle acryllc substances, the
particular photoinitiator system and the desired time of"
development. Generally, the photoinitiator chemical system
comprises from about 3 to about 15-% of the total weight of
components (a)-{(f). : _

The material which imparts the excellent hardness and

durability to the film or layer after development and fina;
curing is the epoxy resin or mixture of epoxy resins. The epoxy
re51n or resins comprlse from about 20 to about 80 % (preferably
from about 30 to about 60 %) of the total weight of components
(a)~-(£). At high temperatures and/or in the presence of a
catalyst, the epoxy groups of the :esin molecules open and react
with other materials present. Primarily, the epoxy resin
molecules react with the acidic curative (e); however, to a
certain extent, the epoxf molecules react during final curing '

R
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accordLng to the pattern; (E) et chi ng the uncovered ne eV eE—t -*fF)
stacki ng the boards having the photoi maged | ayers and. ppﬂ&§$@£mkbﬁoﬁﬁéh=
pressure to the stack to cure the conposition in each ljayer aﬁﬂLﬂﬁﬁﬁlhard“
per manent innerlayers between the boards; and (G conn e crreurtry
of the- stacked boards. BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is an
el-evati on of an assenbly of exposed, _is(- devel oped and etched

i nnerl ayers of this invention between two '

with the cross-linking agent (f), and perhaps also with the
photo-polymerized acrylic material and any remaining

| unpolymerized acrylate monomers or moieties. Preferably, the

. epoxy resin or mixture of resins is solid at about room
temperature. The photoimageable composition can be applied as a -
liquid film to the substrate after dissolving the solid epoxy
resin in the solvent-based mixture first.

A wide variety of epoxy resins is suitable for use in

. accordance with the present invention. Typically, epoxies
of the Bisphenol A and novalac type are used. Other suitable
epoxy resins are described, for example, in U.S. Patent No.
4,092,443, the teachings of which are incorporated herein by
reference. Cycloaliphatic epoxides, such as those sold under the
trade names Cyanacure UVR-6100 and UVR-6110 by Union Carbide,

" Danbury, CT are also useful. Epoxy resins used in agcordance
with the invention preferably have epoxide equivalents of from
about 200 to about 700. : '

The photdimageable conmposition according to this invention
is intended to be hardened to form a permanent innerlayer.
Hardening is primarily attributed to the curing of the epoxy
resin. To promocte sufficiently rapid curing of the epoxy resin,
the photoimageable compésition of the present invention employs
"an acidic curative. Acidic cure catalfsts include not only
substances which have free carboxyl groups, but also chemicals
such as ahhydrides, which may produce free carboxyl groups. For
many applications of the invention, an anhydride, e.g., an
anhydride of a multifunctional carboxylic acid is the preferred
curative. Other useful catalysts are those having a blocked
carboxylic group, which becomes deblocked at a threshold
temperature. Epoxy cure catalysts are generally used at levels .of
from about 0.1 to about 10 % of the total weight of components ‘
(a)=(£).
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outerlayers as they are about to be pressed to forma nultllayer prlnted
circuit board in accordance with the present invention. e 2. rs an -
el evation of a nultilayer board made fromthe assenbly ¢ 'T|§ﬁﬁ%ﬁﬁh‘°LL“’;
DETAI LED DESCRI PTI ON OF CERTAI N PREFERRED EMBODI MENTS desgﬁ#ﬁé&cgﬁgye.;f
t he phot oi mageabl e conposition is applied as a | ayer.to the copper clad
substrate (or to a support sheet to forma dry filmwhich is then laid on
the copper). After application, the wet +¥8yer is dried to renove organic
solvent. During this drying, sonme reaction of conponents may occur,
particularly between an anhydride and a nel am ne- fornal dehyde resin. After
drying, the phohkﬁhﬂkghﬂﬂhQQQ$WQgeﬁ§1GxSQEEGS%§19%§t%#rRRFQEééPﬁFCWF§E|atlon

at an ener ge | gl erftt fifrividritfilon @cC #e%e neBEYEAr £1PSEéqulisien Gl @QdAGSYBAAL

attack by égggs-llnklng agent, a cross-linking agent (f) is highly

desirable. A cross-linking agent is particularly useful in
connecting the acrylate chemical system and the epoxy chemical
system in a single interconnected network in the innerlayer.

 Free hydroxyl groups on the epoxy resins and the epoxy- acrylate
oligomers, generally provide the basis for such cross-linking.
The cross-linking agent (f) is typically used at a level of at
least about 2 %, 3-5 % being preferred.

In accordance with one aspect of the invention, the cross-
linking agent is a melamine-formaldehyde resin. During initial
application of the photoimageable composition as a layer, it is
believed that the melamine-formaldehyde resin reacts to some
extent with the anhydride. This opens the anhydride, providing
carboxyl functionality for subsequent epoxy curing. This initial
reaction also has a surface drying effect. Melamine/formal-
dehyde resin acts to cross-link through free hydroxyl groups.
The methylol groups of melamine/formaldehydé resins may be
alkoxylated to give a suitable cross-linking agent. In
accordance with another aspeét of the invention, a blocked,
'multifunctional isocyanate may be used as the cross-linking
agent. The blpcked_isocyanate is selected to deblock generally
at the cure temperature of'the epoxy resin. An example of a
suitable blocked isocyanate is E-caprolactam-blocked isophorone.
If a blocked isocyanate is the cross-linking agent and an
anhydride is the'curative, some preheating of the photoimageable
composition at a time prior to cure is desirable. Such
preheating opens anhydride species, providing the acid
functionality'needed to promote curing of the epoxy resin and
needed also for alkaline development. . .

The components of the photoimageable composition are
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aqueoﬁs al kal'i ne devel oper that follows in the conventional process. It is
preferred to effect a UV cure at an energy |level of fromabout :1-te- about 4

joukes/cnferr] to tie up any unreacted acryl ate prlorYfﬁiEéﬂﬁﬁaﬂfﬁhuahd
preferably after etching of the copper exposed by theidevelggpLACEﬁlor to
the heat cure of the photoresist conposition that occd

pressing of the innerlayers which is described below, i.e., prior to
activation of the epoxy chenicatsystem the |ayer of photoi mageabl e
conpositions remains strippable by common strippers in the event that a-
need to renove the layer for reworking arises. The ability to be developed
wi th aqueégdesied| kal fesaiveiesin A Aommen SOLYRNENESr PR A Fidalamrhese he

phot o- i nuqq&tiheceﬁﬁaestimn ofhé hEiduries @hiotioinageabbe cdmhpos itaidn Gayh ®e
need for %&i ed gasgdsggggégegrﬁbeﬂiJQﬂE%&SSthgpSQ§EaQ{OArﬁ%ﬁhods,

‘ including screen printing, curtain coating, roller coating and
extrusion coating. Each application method has its own
particularities, and photoimageable compositions in accordance
with this invention may be formulated in accordance with the
particular requirements of the particular method of application. -

Components (a)-(f) are selected such that a dried
composition.of these is soluble in alkaline aqueous solution,
whereby a layef of the photoimageable composition may be
developéd in alkaline aqueous solution, e.g., 1% sodium
carbonate. o . '

A mixture of components (a)~-(f) is typically too vis-
cous to be easily applied as a layer; accordingly, it is

- generally the practice to dilute the components (a)-(f) with an
organic-solvent. Typically, solvent is_used at a level of 10-60
%, but this will vary depending upon the means of application.
For screen printing, solvent is generally used at 10-20%; for
electrostatic spray coating, at 20-60%; for curtain coating
generally at 40450%; and for application as a dry film typically
about 50%. Suitable solvents include, but are not limited to
ethylene-glycol monoethyl ether, ethylené lecol nonopropyl
ether, ethylene glycol monobutyl ether, ethylene glycol-2-
ethylhexyl ether, ethylene glycol monohexyl_eﬁher, diethylene
glycol moncmethyl ether, diethylehe glycol monoethyl ether,
diethylene glycol monopropyl ether, diethylene glycol monobutyl
ether, dipropylene glycol methyl ether, propylene glycol
monobutyl ether, propylene glycol monopropyl ether, propylene
glycol methyl ether, ethylene glycol monoethyl ether acetate,
_ethylene glycol monobutyl ether acetate, diethylene glycol
monoethyl ether acetate, diethylene glycol moncbutyl ether

_
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solvéhfs as well as health, environnmental and recyclin ]
THEE S "‘edeweY Q,parb“l e in
nRERLIC] -

the filnms fornmed in accordance with the invention are
aqueous sol utions w thout any organic solvents, devel of
organi ¢ sol vents, providing that the added organic solvVv
sol ubitize the exposed portions of the film In Figure 1 of the draw ngs,
each innerlayer 10 conprises a base Iaye 12 of dielectric material,

circuitry traces 14 on the opposite fac&S thereof, and'the photoi rrageabl e
conposition 16 overlying the circuitry traces 14. Al though not shown here

For acetate, propylene glycol monomethyl ether acetate, ethylene
glycol diacetate, 2-ethylhexyl acetate, n-butyl acetate,
isobutyl acetate, n-propyl acetate, ethyl acetate, diacetone
alcohol, dimethyl formamide, isophorone, diisobutyi ketone, )
cyclohexanone, isobutyl isobutyrate, methyl n-amyl Kketone, amyl
acetate, methyl amyl acetone, methyl isoamyl ketone, 2-
nitropropane, methyl isobutyl ketone, methyl n-propyl ketone,
isopropyl acetate, methyl ethyl ketone, tetrahydrofuran, acetone,
methyi acetate, N-methyl pyrolidone and butyrolactone.

- In addition to the components described above which are
essential to a photoimageablé composition of this embodiment the
invention, the photoimageable composition may optionally contain
additional components which are standard in the art.  The -
photoimageable composition optionally may contain organic or

‘inorganic fillers at levels up to about 35 %. Some examples of
fillers are micro talc,. qround polyethylene, clay, fumed silica“
and polyv1ny11dene fluoride. Also, relatively small amounts of
flow-control agents, dyes, antioxidants, etc. may be added.
Fillers may effect the final appearance of innerlayers, e.q.
provide a matte finish. ' .

The photoimageable compositions will now be described in
greater detail by way of specific examples. .
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t he sake of clarity, the outerlayers 18 may have circuitry. traces. on- thelr
i nner faces, only, before pressing of the assenbly ; t %er,faces ST
thereof would still retain a bare | ayer of copper foil B xﬁfcoated
wi th resist, exposed, devel oped, and etched after the oar d
-comes out of the press. In the prior art nethod of for a multilayer
circuit board, the photoi mageabl e conposi®ion used instead of conposition
16 woul d have been stripped fromtBEAMPLEULtry traces 14 and the exposed
circuittry tracgsg gﬁkg cal bath. In the process
of the presentE t?léﬁfgfh"g;%rrﬁbrté geaabsrgaégrgrgggltlon 16 i s, not
stripped. ComRoReRE*for a stripper is elinminated, as are any pré%#@#ﬁ

associ ated il £300sole0fs | "Bl fARRYce AbsblirgaReunt. there gy several

options a

Methylolated melamlne : 3.4 .
- Hetron 912 (epoxy methacrylaté resin)? 6.2
Ebecryl 3701 (diacrylate ester of . 6.2
~a bisphenol A epoxy resin)* _ :
Epoxy cresol novolac resin, epoxy egq. 235° 23.8
Bisphenol A epoxy resin, epoxy eq. 575-685° 23.3
5-(2, S—dloxotetrahydrofuryl)-3-methyl-3-
cyclohexene~-1,2~dicarboxylic anhydride’ 8.6
2,2-dimethoxy~-2~phenyl a_cetophenone’s ' 1.4
2-methyl-1-{4-(methylthio)phenyl]j-2-
(4-morpholinyl) -i-propanone! ) : 6.2
isopropylthioxanthone’ ' © 2.3
' 100.0

PLUS Leveling Agents,etc:

Modaflow !° 0.9
Byk 361, 306 (equal portions)! 0.8
‘Malachite green dye!®? . 0.08
Filler (fumed silica)® 1.5
Inhibitor (MEHQ)™“ 0.1

Solvent (Amount and type appropriate
to the method of application)

Solvent used: _Ethyl—3—ethgxy-propionate (EEP)

*Source: 1l1l.Hitachi Corp.; 2.American Cyanamide; 3. Ashlan@
Chemical; 4.Radcure;'5,ciba-Geigy; 6.Dow; 7.DIC
Americas; 8.Ciba-Geigy; 9.Ward Blankensop; 10.
Monsanto;11. Byk Mallinckrodt; 12. Penn; 13.Cabosil
EHS; 14.Aldrich; 15.Kodak |
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form:ng the nultilayer circuit board. |In the option shown.in-. Flgures,l and _
2, the innerlayers 10 and outerlayers 18 are merely sta”keﬁvhn~a ‘stan
mul til ayer press and the assenbly is subjected to heat gy
initially squeezes the still flowable photoi nageable co Into
t he voi.ds between the innerlayers 10 to formthe board 2.0 of Figure 2. The
board 20 is 9 ‘mai nt ai ned under heat and pressure for fromabout 3 to
about 3.6 hours, during which time the pgiostoi nageabl e conposition 16 cures
to forn1hardened permanent dielectric layers 22 which electrically

separate Fhe Cl&ﬁglphgfé{ﬁgégﬁﬁkg(gbmkgglhggﬁrbggeéﬁplled as a wet film via
a curtain coating process. The following coating conditions

were used: 11.1 gm wet coating material per square foot laminate
was applied ip order to achieve an approximate dry film thickness .
~of 2.0 to 2.2 mils on laminate and 0.8 to 0.9 mil dry film
thickness on the copper circuitry. Coating speed was 80 to 90
meters per minute. The working viscosity of. the photoimageable
composition during coating ‘was a Zahn Cup No. 5 reading of 22
seconds, 25°C. This was equivalent to approximately 60 wt.
percent solids. The photoimageable compositioﬁ was dried at 90°C
for 15 minutes, and cooled to room temperature. The second side
.was then coated in a manner identical to the first side. The
second side was dried to a tack-free surface at S0°C for 30
minutes. Diazo artwork was placed directly on the film, and the
film was exposed to actinic radiation having a UV energy exposure
level of at least 350 mjoules/cm2 at the working surface.
Exposure time should be such that the exposed portion of the
coating remains intact during the aqueous developing process.

The film was developed in a basic aqueous solution, i;e}, 1% by
weight sodium carbonate mono-hydrate. The £ilm was UV-cured by
exposure to actinic radiation having a UV energy exposure level
of at least 2 joules/cm?. The exposed copper was then etched in
'a cupric chloride solution (an ammoniacal étchant_is an
alternative) to generate the circuitry traces. The etched
circuit laminates with the innerlayer reéist intact are then
pressed into a multi-layer board by the "kiss" procedure
described above.
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" 10. The condltlons of heat and pressure are somewhat dependent.. upon- the
partlcular phot oi mageabl e conposition sel ected for the PFOCESS.. .l nw 8
SU|tabIe procedure known as the hot start/dual pressure. ABte gy
"ki ss" procedure, the assenbly is held at about 350[err]
about 50 psi for a short while and then the pressure is I'ncreased to from
about 450 to about 700 psi. In the hot sjart/full pressure procedure, the
tenperature is 350[err]F but a pressure“of from about 600 to about 800 psi
(56 kg/cnferr]) is held for the full 3 to 3.6 hours. The cured assenbly is
suitably cooled down at a rate o Ut 10[err]F/ m n. An optional postbake
of the dielectric layers 22 nay- bt ed=to further cure or anneal it. The

option of utiljzing, Q¥ &6t Yl FoaTRRS: i on

Component o ¥ ut.
Tris(2-hydroxyethyl) isocyanurate triacrylate 18.5
Methylolated melamine. ' - 3.4
Hetron 912 _ 6.1
Novacure 3701 ' 6.1
Epoxy cresol novolac resin, epoxy eqg. 235 B 46.7
5-(2,5-dioxotetrahydrofuryl) -3-methyl-3- _
cyclohexene-1,2-dicarboxylic anhydride . 8.5 .
2,2-dimethoxy-2~phenyl acetophencne. 3.7
2~-methyl-1-{4-(methylthioc)phenyl]-2- S
(4-morpholinyl)-i-propanone - 4.7
isopropylthioxanthone 2.2
. _ - 99.9

PLUS Leveling Agents, etc:

Byk 361, 306 (equal portions) 0.8
Pigment (Penn Chips) 1.0
Filler (precipitated silica, Syloid 72) 1.5 .
Inhibitor (MEHQ) : 0.1

501vent (Amount and type approprlate
to the method of appllcat;on)

Solvent used: Ethyl-3-ethoxy propionate

is She,
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to forn1the dlelectrlc Iayer 22 has the advantage of elimnating any-need
for. prepregs or additional material, -the inclusion of he-would
condtitute additional effort. O the ot her hand, if onl the ﬂhﬁhﬁ?ﬁﬁ
conposition 16 is to be used to formthe dielectric | ay
applied relatively thickly in order that the portions of the photoi mageabl e
conposition 16 renmining after devel opnent provide sufficient material to
not only fill in the voids between the t#2aces 14 but also to provide a
sufficiently thick dielectric barrier between the traces of adjacent

i nnerl ayers 10. Because the phgetagippggeabl e conmposi- tion is relatively
expensive, thick layers of it are expensive to produce. Also, a thick
phot oi mageabl e | ayer produces poorer resolution than a thin one. If the
initially appl Faghpebttehe. comp051t10ns of" Examples 1 and 2 were applied as

a wet film via an electrostatic spray process as follows:

The photoimageable composition was diluted to a Zahn Cup No.

2 viscosity of 60 seconds using an appropriate solvent. Both
sides of the base laminates were coated as tﬁey were conveyed at S
feet per minute through an aerosol spray of the solution éharged
via the application of 70,000 volts. Drying of the laminates took
place at 80°C for 30 minutes. Diazo artwork was placed directly

on the tack-free fiim and the film was exposed to actinic radia-
tion having a UV energy exposure level of about 150 to about 400

" mills joules/cm? at the wofking surface. Exposure time was such
that the exposed portion of the coating remained intact during the

- development of fhe‘film in a basic aqueous solution of 1% by
wéith of sodium carbonate monchydrate. The film was UV-cured by
exposure to actinic radiation having a UV'energy exposure level of
from about 1 to abbut 4 joules per cm?. The exposed copper was
then etched in a cupric chloride solution to generate the
circuitry traces. The etched circuit laminates with the innerlayer
resist intact are then pressed into a mulﬁifiayer board by the

" wkiss" procedure described above.
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-10- i mageabl e | ayers are to serve as the sole source of material for the
dielectric layer 22, the thickness of the photoi mageabl WL b =vary =,
fromabout 0.5 mi| to about 3.2 mls. Another option. (n'.TijyﬁEIBPed)kL _
to apply additional dielectric prepreg material to the ard @tertebchi ng..
Agai n, - t he phot oi mageabl e conposition layer is not rend ACES;
avoi ding the need for stripper and treatayent to avoid oxidation. The
additional material could be nore of the photoi nageabl e conposition 16, a
conpat« bl e cur able system (wi thout the photosensitive components to

m nim ze cost), or even convent LEPLEPregs. In any case, the

phot oi mageabl e — . '

Each of the compositions of Examples 1 and 2 were applied as
- a wet film to base sheets so as to form dry films as follows. A |
wet £ilm of 6 mil thickness was applied by draw down to a base
sheet. The solvent evaporated from the film which was then
covered with a polyester sheet. The film was applied to a circuit
board laminate by hot roll lamination. The diazo artwork was
placed on the cover sheet and the film was exposed to actinic
radiation having a UV energy exposure level of at least 350
mjoules/cm? at the working surface. 'Exposure time was such that
the exposed portion of the coating remained intact during the
aqueous ‘developing process. The cover sheet was removed from the
film before developing. The film was developed in a basic aqueous
solution, i.e., 1% by weight sodium carbonate monohydrate. The
film was UV-cured by exposure to actinic radiation having a UV
energy exposure level of 2 joules/cm2. The exposed copper was
then etched in a cuprlc chloride solution to generate the
circuitry traces. The etched circuit laminates with the lnneriayer
_resist intact are then pressed into a multi-layer board by the
"kiss" procedure described above. '
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conpésition layer that is left on the traces forms a'portion of the. _ . ...
dielectric layers 22 in the multilayer board. The board 2 ~{hen“fagen .
out of the press, the outerlayers are processed as desire &H@“%hg 3 v
resulting nultilayer board is then processed in a conventl_QQL_EEnﬁe«————ﬂr*
Hol es .are bored through the layers, and the haole walls ar “pTﬁTEH—FEMk‘#“~

el ectrically connect the circuitry of the several |ayers. The conposi tion
16 according to the present invention iR&T udes an acrylic chem cal system
by which the conmposition is photo-polynerized and an epoxy chem cal system
which is curable to harden thevggggggéh%on af ter exposure and devel opnent.
The two chem cal systens, howe ot exclusive of each other and

conponent s of ghgn& oL QNS GRls §&§&gg§da@g Qghlgygd t.o interact chen1ca||y
wi th each ot her IS 1S espeC|aIIy rue

LE

Component ' - 3 wWt.
Tris(2-hydroxyethyl) isocyanurate triacrylate : 7.8
Pentaerythritol Tetraacrylate (Sartomer) 5.7
Epoxy cresol novolac resin, epoxy eq. 235 ' - 37.6
Radcure 3701 p - 19.9
' E-Caprolactam-blocked iéophorone |
. (Diisocyanate based adduct) _ 9.7
5-(2,5~-dioxotetrahydrofuryl)-3-methyl-3-
cyclohexene-1,2-dicarboxylic anhydride _ 10.3
2,2-dimethoxy-2-phenyl acetophehone | 5.0
2-methyl-1-{4~(methylthic)phenol}-2-
(4-morpholinyl) -1-propanone - . 2.8

isopropylthioxanthone L ' ' 3%&%

‘PLUS Leveling Agents, etc:

Bubble Breaker (Witco) 1.9

Byk 077 2.0

Byk 306 1.1

. Pigment (Penn Green) 1.2
- Filler (fumed silica, Cabosil EHS5) 3.5
: Inhibitor (MERQ) ' 0.05

Solvent (Amount and type appropriate
to the method of application)

Solvent used: Ethyl-3-ethoxy propionate,
carbitol acetate (1:1).
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V\,hen the corrp05|t|on i ncl udes a cross-l I nki ng agent (f).
i ncl udes the acryl ate nononers (a), the epoxy-acrylate ol
photoi*ni ti ator (b). The epoxy: system includes the epoxy r
acidic curative (e) therefor. |If a cross-linking agent (5 , It is
sel ective to be reactive with free hydroxyl groups of conponents -11- of
both the acrylic and epoxy systems. In ongsenbodi ment of the invention, the
preferred photo- i'mageabl e conposition conprises (a) fromabout 10 to about
40% of -the acrylate nonomers; (b) from about 3 to about 15% photo

This photOLmageable composition was applied as a wet film wvia

screen prlntlng on a printed circuit board. The screen mesh was
varied from 61 to 120 mesh. The screened photoimageable "
compesition was dried at 80°C for 30 minutes, providing a non-
tacky film. A diazo artwork was_placed directly on the film,'and
the film was exposed to actinic radiation having a UV energy

. exposure level of 350 mjoules/cm?. The film was developed in a
basic aqueocus solution, i.e.), 1% by weight sodium carbonate '
monohydrate. The film was UV-cured by exposure to actinic
radiation having a UV exposure level of. 2 joules/cm3.
The exposed copper was then etched in a cupric chloride solutign

' to generate the circuitry traces. The etched circuit laminates
with the innerlayer resist intact are then pressed into a multi-
layer board by the wkiss" procedure described above.

EXAMPLES 6-—-8

The photoimageable composition described in Example 5 may
also be used in the making of e multi-layered printed circuit
board according to the general procedures described in Examples 1
and 3-5. . : _ . ‘ '

The performance of rigid multilayer printed'circuit boards

. fabricated with a permanent inner layer photo resist (PILPR)
according to the general procedure of Example 1 was measured by -
test procedures required by the IPC-ML-950-C Performance
Specification and MIL-P-$5110 General Specification for Printed
Wiring Boards. Tegt_coupqns of these boards were made te have
nominal thicknesses of 0.092, 0.125, and 0.225 inch. The IPC-A-43
comb pattern was imparted to some of the coupons and  four-wire
plated through ho;e {PTH) coupons were also tested. In general,
it was determined that such beards will meet or exceed the
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initiater; (c) fromabout 5 to about 35% of an epoxy-acryl at.e..al i.gomer ;. (-d)*
from about 20 to about 80% of an epoxy resin; (e) from abgu %Q‘ o aboutby i
10% of an acidic curative for the epoxy resin and; (f) fr m-.a o“@pzACED
-about 15 % of . the cross-|inking agent. The pref erred ‘conp
phot o-sensitive chem cal system which renders exposed portions of the

resi st insoluble in alkaline aqueous devejoper and an'epoxy-based chem cal
systemwhich is curable to provide pernmanence and hardness to the materi al

subsequent to exposure, devel opnment, etching and curing. A level of the
acryl ate mﬁeméﬁ\&s I&N%rachhaaeéﬂf%mrbe | Bapidd GlagRlr iAsalseioilize

the portio t he phot oresi at _have be osed to actinic

radi ati on. ﬁ_sé\%?gc‘(’)f'g "feg’tgg ﬁoﬁ% qth d’l?é‘ltagﬁaﬁ %‘%wﬁa?e?%%ﬁq 1Y an

i nner | ayeranghicondiisted ers dhe, IPReA ot} ytcpensenofiee Ipiadf ¥edbage conpri ses
measurements provide a means for detecting delamination of the

innerlayers. The PTH test coupon allows measurement of the PTH
barrel and interface resistance so that crack initiation and
propagation can be detected.

In particular, the boards of this_invention meet the
standards of the thermal shock test of MIL-P-55110, para. 4.8.6.3,
type GF and the thermal stress (solder float) test of IPC-ML-950-
C, Class 3, para.4.6.5.1. Said boards exceed the Ionic
Contamination requirements of Northern Telecom Corporate Standard
5040.02, Table 5.01 when tested by the method described in Diceon
Std. Doc. #108384-026 (Diceon Electronics, Inc.) which is ' :
equivalent to methods 2.3.38 and 2.3.39 of IPC-TM-650. A maximum
extraction of 6.4 ug/in? is allowed by-those standards and. the
average value for six boards of this invention was 2.7 pug/inz.

While the invention has been described in terms of certain
preferred embodiments, modifications obvious to one with ordlnary
skill in the art may be made without departing from the scope of
the present invention.
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from-about 15 to about 35 percent of the total weight of onent.s. (a) s ;.
(f). UnIesirg;E$L!L§g~§LaLedT—alI per cent ages of conponent ‘.gtﬁggn t
cal eul at ed ative to the.total weight of components (a)- : =
of any addi e mg\““mﬁs \'such as fillers, solvents, —are al so
cal cul.ated mmﬁ:m‘“l ssum' of the weightgyot (a)-(f). The dried
conposi tionof ¢ aj- Pf)%is soluble in alkaline aqueous sol ution, whereby

t he phot oi mageabl e conposition layer 16 on a circuit lamnate is

devel opabl e wi t hcalagnisi ne aqueous sol ution. The acyl noiety of the acrylate
nononers is represented by the fornmula: (RCH=CHC=Q], wherein R is hydrogen

or alkyl, and x is an integer from1l to 4. The nononers are selected froma
variety of esters of acridiclafplddp¥eryPrinted qircuitn fgbricated with a

permanent innerlayer photoresist, said photoresist
comprising a light- and heat-cured combination of:

(a) from 10 to 40% by weight of a polymerizable
acrylate monomer;

(b) from 5% to 35% by weight of an oligomer formed
- by the reaction of an epoxy resin and an
acrylic or methacrylic acid;

(c) a photosensitive, free radical generating
“initiator for polymerization of the acrylate
monomexr and the oligomer;

(d) a curable epoxy resin;
(e) a curing agent for the epoxy resin; and

(f) £from 0% to 15% by weight of a cross-linking .
agent reactive with hydroxyl groups, all based on the total
weight of components (a) to (f). '

2. A board according to claim 1 wherein the
acrylate monomer is a tricarylate or trimethacrylate.

3. A board according to claim 2 wherein the
'acrylate monomer is the triacrylate of tris-(2hydroxyethyl)
isocyanurate.

4. A board according to any preceding wherein the
epoxy resin (d) has an epoxide equivalent of from 200 to
700.

—\
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-12- rrethyl acrylate met hyl nethacryl ate, hydroxyet hyl :
nethacrylare* octyt—acryrate, 2-ethoxy ethyl nethacryl tfHEH

acryl at e; i acy ylate, N, N- diethylamn ethyIR§8
et hyl ene gl E“mm]m ﬂllﬂ“m 1, 4- but anedi ol gl acryl ate, yTene gl ycol
di acry) at e, *hexane ene egcoI di acryl at &; 3 propanedi ol diacryl at e,
decanet hyl ene gl ycol dlacrylate decanethylene gl ycol dinmethacrylate;

1, 4- cycl ohexanedi ol di acryl at 5 |
gl ycerol di acrylate, tri gopy ene g?ycg§$§¥ ;9# tP:l(;lt e, g ?%?o bﬁ'ﬁ%’c:?l a‘f%‘?
trimethyl ol pr Opaﬂ@OWI‘T- ¥ ythe chgiasensifine t Fe?ﬂ? *%Jatg‘;eneratlng '
2,2- dl(p hydr oxyifbefytor HOPERsn 3 to 15% of the total welght of

components (a) - (£).

6. A board according to any preceding claim
wherein the acyl moiety of the acrylate monomer has the
formula: [RCH=CHC=0], wherein R ‘is hydrogen or alkyl, and x
is an integer of from 1 to 4.

7. A board acoording to any preceding claim
'wherein the photoresist comprises: (a) from 15 to 35% of
. the. acrylate monomer; (b) from 3 and 15% photoinitiator;
(c) from 5 to 35% of the epoxy-acrylate oligomer; (d) from
20 to 80% of the epoxy resin; (e) from 0.1. to 10% of an
acidic curative for the epoxy resin; and (f) from 2 to 15%
of the cross-linking agent. ' '

8. A procéés for fabricating a multilayer printed
circuit board according to any preceding claim comprising
the steps of: :

(A) providing a plurality of innerlayer boards
(10), each comprising a dielectric base (12) and having at
least one metal layer(1l4) thereon;

(B) coating each of said metal layers with a layer
of photoimageable composition (16), which photoimageable
composition'is curable to form a hard, permanent,
dielectric material, ‘and which comprises:

(a) from 10 to 40% by weight of said polymerizable
acrylate monomexr; :

(b) from 5% to 35% by weight of an oligomer formed
by the reaction of an epoxy resin and acrylic

en Replacet .
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y L) ~pr-opare- .

diagT&Iate, pent aerythritol tetracrylaté 2,2-di (p- hydr
' THIS SHEET HAS BEEN |

di.net hacryl at e, trlethylene gl ycol dlacrylate ;
pokyoxyet hyl -2-2-di (p phenyl ) - propane di et hacryl gt e, _tREELNQEBne |
gl ycol Lne%hacryréfé'~%67§§zyprOpyltr|nethylolpropane t yrate,
et hyl ene “ Ia e, but yl ene glécol di met hacryl at e;
1 3- prop&W“‘\ “B“ Iat 1,2, 4- butadet Fi ol tri met hacryl ate; 2,2, 4-

i met hyl t #nedi of dlnethacrylate pentaerythritol.trinethac{ylate;
I- henyl - et hyl ene- 1, 2- di-net ha ythritol tetranethacrylate,
trPnethonI propane trlnetﬁ%br%¥hsagyi9§ %éﬁ%anediol di met hacryl at e;
1, 4-benzenedi ol dinethacrylate, and the triacryl ate of

tris-(2-hydroxyethyl) (Ic%oc}ﬁaﬁuaabgen&tywnCﬁﬂéwadadaeaxl 8bR8rapffng

i r h lic
rethacrylates, i e..” those gyt g, LNhe 96 Tor§ A8hUl 6 oL, oL hact vl

monomer and ollgomer,
(d) a curable epoxy resin; -
(e) a curing agent for the epoxy resin; and

(f) £from 0% to 15% weight of a cross-linking agent
reactive with hydroxyl groups, all based on
the total weight of components (a) through (f).

(C) exposing each of said layers of photoimageable
material with patterned actinic radiation; :

(D) develqping-said exposed layers to remove
either exposed or non-exposed portions, leaving non-expoSed
or exposed portions of said phot01mageable composition
layers on said metal layers;

(E) etching said metal layers of said innerlayer
boards to remove porfions of said metal layers from which
.said_photoimageable composition layer portions were
removed; and '

(F) without reﬁoving remaining portions of said
photoimageable composition from said etched metal layers,
stacking said innerlayer boards and subjecting said boards
to heat and pressure so that said photoimégéable
compoSifion initially fills voids between the innerlayer
boards at least partially and then cures to form hard,
permanent, dielectric layers separating- c;rcultry of
adjacent lnnerlayers.

_—
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preferfed because of t he |ncreased phot ospeed gai ned by their presence. By~

epoxy-acryl ate ollgoner (c) is meant, herein, an oligoner waqqkaBLLN

epoxy backbone which 1S reacted with acrylic or nethacryli 'gpaatam

nmol ecul ar me \g§t Ory pol ynethacrylic acid, or jla_m

them o) tha!'l"”l ‘mmm”"b bout 90% of the epoxy groups are esterified
th the ntthe reaoction:of the acid w0t h t he epoxy groups of the

epoxy resin; the acid nDIecuIes’each forman ester bond with the resin and

a hydroxyl group-is forqu O% pr céh§ Qg£o£§{$§”£o é¥2ﬁm 8 wherein the
' photoimageable composition comprises .

I
\,%,

e

(a) from 15 to 35% of the polymerizable acrylate
monomexr;

(b) £from 5 to 25%_of ﬁhe epoxyaacrylate oligomer;

(c) f:om'3 t6 15% of a phosensitive, free radical-
generating initiator which in the presence of .
actinic radiation initiates polymerization of
acrylic moieties;

(d) from 30 to wt. percent of an epoxy resin
composition which.is curable to harden said
photoimageable composition subsequent to
exposure to actinic radiation;

(e) from 0.1 to 10% of an acidic curative for said
epoxy resin; and '

(f) from 3 to 5% of the hydroxyl group-reactive.
éross-linking agent;

Said components (a) - (f) being selected so that the
composition is soluble in an organic solvent,’ the solution
thus formed being capable of drying to a composition which
is soluble in alkaline aqueous solution, whereby said
photoimageable comp081t10n is developable in aqueous

" - alkaline aqueous solution.

10. A process according to claim 8 or claim 9
which includes the additional step of

(g). connecting the circuitry of the stéqked boards.
_—
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Because substantially all - of the epoxy groups are reacte l~h.the ach kp
on met hacrylic acid noiety, theé oligomer.functions prine %&até
o methacrylate, said noieties of the oligomer polynerizjing al
acrylic nmononers during the phot0|n|t|ated reaction whic exposed
portions of the photoi mageabl e conpositian3iayer insoluble to aqueous

~al kaline solution. The substantial hydroxyl functionality proyides the
basis for cross-linking with the cross-linking agent (f),if such a ’
cross-linking agent (f) is used. PreferBBE¥RMIXy-acryl ate ol igoners are
diacrylate (or methacrylate) esters-of bisphenol A type resins, novol ac
resi.ns, and m xtures thereof having a nmaxi num epoxi de content of about 0.5
% by weight. These oligoners are devel oped.to conbi ne good WV EB cure
response along w th t he YERERODOF rEQRMING &c MULIILAYER PRINTED

CIRCUIT BOARD AND PRODUCT THEREOF

In a process for fabricating a multilayer printed
circuit board (20) with permanent_innerléyers (22) of
photoresist, the photoimageable-composition used to form
the hard permanent layer comprises a polymerizable acrylate
‘monomer; an oligomer form by the reaction of an epoxy resin
and an acrylic or methacrylic scid} a photosensitive, free
radical generating initiator for polymerization of the
acrylic monomer and oligomer; a cﬁrable-epoxy resin; a

- curing agent for the epoxy resin; and, optionally, a |
cross-linking agent reactive with hyroxyl groups. After
exposure and development of a layer of the photoimageable
composition and etching of the underlying metal layer on a
board, the resultant photoresist is'leﬁt on the circuitry
traces (14). The innerlayers of photoresist are stacked in
a press where it initially conforms under heat andjpressuré
to fill voids between the innerlayers and then cures to

. permanence.

\\
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durabiclity of the epoxy resins. Said oligomers are derived from bi sphenol.. A-. .
resi*'ns having a functionality of two so they also have a fhc hality of: i ¢
two. The synthesis of polyfunctional acrylate resins and o‘k@'s%é”é;t'fggia},"éa
esters fromthe correspondi ng epoxy derivatives is describgd in ”r"l_n"” -
followng U S: patents: 3,256, 226; 3,317, 465; '3, 345,401; 3,373, 221, :
3,377,406; 3,432,478; 3,548,030; 3,564,074; 3,634,542 and 3, 637,618; all of
which are incorporated herein by reference. The epoxy-acryl ate ol i gomner
preferably conprises fromabout 5 to about 25 % of the total weight of
conponents (a)-(f), and more preferably ¥2om about 12 to 18 %

Epoxy-acryl ate ol i goners used in the photoi mageabl e conposition preferably
have nol ecul ar wei ghts of from about 500 to about 2000.
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- 1¢-". A =required in conjunction with the pol ymerizable acrylate substance

p¢esence of actinic radiation and thereby causes the poly Teatian of the :

iZ& a chemical initiator systemwhich genérates free radicals in the - - =

acrylic substances. Polynerization of acrylic nononers an acrjhk@LnnEBties g
of the epoxy-acrylate oligoners into a three dinensional e
i nsol ubi i zes the phot oi nageabl e conposition. The choice of the

photosensitive, free radical generating initiator systemis not considered

to be critical to the practice of the present invention, and a w de variety
of such conpounds may be : : ,
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succesdTMY utilized in the practice of this invention. Exarrpl es of
chem,cal photoinitiator systens include benzophenone, benzolin pther,/ben2|
ket aks and acet ophenone and its derivatives. O her suitab b
systens are ‘described, for exanple, in US. Patent Nos. 3 ) i
4,451,523 and 4, 358, 477, the teachings of which are inco --a-—,--f);-:‘..,_: .

reference. The anmpunt of photoinitiator_jgenployed may vary guet-—at wee-

range, dependirig upon the pol ynerizable acrylic substances)l RERLAGEMENTIBHEET
photoinitiator system and the desired tine of devel opnent. Genel?(ﬁu %
photoi ni ti ator cheni caMETHOR cPF COPRMING A mmmwas BRIMEHEODéte ng

total weight of conponentCIRCHLT BOARD)ANBRPRODUCT \FHEREOF 1y fet-c—tohy :
excel | ent hardness and durablllty to the filmor |ayer after developnent

-and final
a d a " The present 1nvention is directed to a method for formlng a

multilayer printed clrcult board, and more. particularly to a
method of forming a multilayer printed circuit board in which a
photoimageable comp031tlon used to print the individual
lnnerlayers forms substantlally all of the dielectric materlal
separating the innerlayers from each other.

BACKGROUND OF THE INVENTION _

" Multilayer printed circuit.boards comprise a stack of
individual printed circuit boards or innerlayers separated by
dielectrical material. The circuitry of the several inneflayers
is electrieally connected by bored and piated- through holes.
Multilayer printed circuit boards provide circuitry in a three-
dimensional array and are therefor advantageously space-saving,
relative to individual printed circuit boards, which provide at
most two layers of c1rcu1try on. a two-sided board. |

These printed circuit boards are commonly provided with
internal ground an@ power planes. These internal planes are
frequehtly solid sheets of copper interrupted only by clearance
holes (ﬁhe perforations required for electrically isolating the
through hole pattern of the printed circuit board). Ground and
power planes provide power voltage and current and ground _
connections for the components of the multilayer printed circuit.

A second function of the ground and power planes is to provide
electromagnetic shielding for the multilayer printed circuit
board and reduce the electromagnetic and radio frequency
interference. Multiple ground and power planes and additional
ground planes on the surface layers with the conductive pattern
are common. ' '

When coﬁponents are mounted on a multilayer printed circuit
board and mass soldered .in place at temperatures on the order of



curiﬁg"%ﬁ*fhe epoxy resin or mixture of epoxy resins. The epoxy re5|n3or
resins conprise fromabout 20 to about 80 % (preferably 0! 8
abQ&t 60 %9 of the total weight of components (a)-(f).
tenperatures and/or in the presence of '‘a catalyst, the e
resin nol ecul es open and react with other materials presé
epoxy resin nolecules react wwth the acr&tc curative (e);
certain extent, the .epoxy nolecules react during final curiing l(-e AU@ ]ggs |
the cross-linking agent (f), and perhaps also with t he photjobgek.yrer-+ ied"“"Aiﬁ
acrylic. mpLehiaby4d Ay J9RINigedere thermal shock is applTed to the B

insulating layers placed between two copper planes, such as the

insulating layer between an internal ground plate and ground
shield on the surface surrounding the conductor pattern.
Frequently, delamination will occur and blisters will form
between the ground shield.on the surface and the internal ground
' or power plane. Delamination and blistering have been a problem
with multilayers ﬁade by a fully additive, semi-additive, or
subtractive sequent1a1 processes. ' '

In a conventional subtractlve procedure for formlnq
multilayer printed circuit boards, the innerlayers are formed in
the manner of individual two-sided printed circuit boards. A
blank board formed of epoxy that is covered on each side with a
metal layer, such as copper, is coated on each side with a layer
of primary photore51st. The prlmary photore51st may be coated as
a liquid resist or applied as a dry film. The layers of
photoresist are exposed to patterned actinic radiation by placing
artwork over the photoresist layers and directing light through
the artwork to the photo- resist layers. Subsequently, the
exposed photoresist layers are developed in an appropriate
aqueous medium to remove exposed or unexposed portions of the
phbtoresist layers, dependiné upon whether the photoresist is
positive-acting or negative-acting. The metal layer is then

} etched away in the areas from which the overlying photoresist has
been removed. After etching, the remaining portions of ;he :
photoresist laiers are stripped from the surfaces of tne board.
In the conventional procedure, the copper suffaces which have |
been uncovered by the strippihg process are then treated to
enhence.adhesion of the copper to the pre-preg in sqbsequent'-

F steps.

The individual 1nnerlayers are stacked with alternating

~a



unpdl yneri zed acryl ate nononers or noieties. Preferably., the epoxy. re5|n_“

or-mxture of resins is solid at about roomtenperature. | Cof g%gﬁ
conpd®sition can be applied as a liquid filmto the subst r|pt'e! ?? ‘Gi
di ssolving the solid epoxy resin in the solvent-based m Xfure Qey

variety of epoxy resins is suitable for use in. ‘accordance_w
i nvention. Typically, epoxies of the Bigphenol A and nov ggpgxéﬁmﬁﬂe

O her suitable epoxy resins are described, for exanple, i ) iﬁé@@ﬁ‘@ﬁﬁ E
4,092, 443, the teachings of which are incorporated herein wé ....................
>88efll . Epoxy

Cycloallphatlc epoxides, such as those sold under the tra
UVR- 6100 atR¥YSIFRE1 ISTEPrer! oRREaF bRrle, VIBFB FXPicel Ly OB
resi NS usedhory/Fitetrddase vohpokhitionyenhéngsailyafy ihaeelaparsdend
equ[valentﬁkégrg °Ts then pressed together and heated. The pre-preg
material initially flows under the heat and pressure, filling the
-v01ds between the innerlayers, and eventually cures under these
conditions to form a hard permanent dielectric material
separating the individual circuitry layers.

It has been the practice to apply an 1n1t1al, strongly
adherent oxide layer to the copper to enhance the bond between
the copper conductive patterns and the insulating layers. The
oxide layers are usually applied by immersing the copper surface
in hot (40°-110°C), strongly alkaline, hypochlorite solutions.
This imhersion produces a black, dendritic oxide layer with a
high surface area for adhering to organic films, coatings, and
laminated layers. In the printed circuit industry, this oxide is
commonly called "black oxide". '

’ To electrically connect the circuitry of the several
innerlayers, holes are drilled through the cured assembly. The
heat so generated causes an epoxy resin "drill smear" on the
inner layer copper surface around the drilled hole prior to the
electroless plating of the hole wall. The hole walls Are plated
to treate electrical connections to the inner copper planes.
The desmearing and plating solutions dissolve the black oxide
surrounding the holes and leave non-adherent rings around the
holes. This is known as "pink ring" because of the ring of
copper visible in the pattern of black oxide. At the pink ring,
there is no adhesion® between the copper plane and the laminated
insulating layer over it. Ionic contamination and the failure of.
insulation between holes occur where pink ring is found.

As can be seen, the above procéss requires a number of
steps, and it is a primary object of the present invention to
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about 200 to about 700. The photoinageable . Ft ”ngtufmrng to this
I nvention is intended to be hardened to fo nnehlayer
Hardefing is primarily attributed to the c A % A
pronote sufficiently rapid curing of the epy b= 0110 STHRGe ghteBEt -
conposition of the present invention enploy;," RCy N

cure catal ysts include not only substancgs which have free
but al so chem cal s such as anhydri des, ich may produce free carboxyl
groups. For many applications of the invention, an anhydride, e.g., an
anhydri de of nmul ti tuncti onal X Ci ferr d curative.
O her usef &F° 3F§I?§§g ;Pgefh8§én%%§ %&f??é% 8?5% carﬁgi e HF8%D, which

beconmes delproduetion stepseshol d tenperature. Epoxy cure catalysts are
general |y used %E'hﬁvﬁl§e9£ted object of the invention to eliminate the

need for an oxide treatment of the copper layers to improve their

adhesion to the epoxy/fiberglass substrate.

It is a further related object of this invention to
eliminate pink ring on the innerlayers of a multilayer printed
circuit board. : *

It is yet another related object of this invention to
eliminate wedge voids caused by the action of desmearing
chemicals at the black oxide/epoxy interface on the innerlayers.

It is another object of this invention to provide a
multilayered printed circuit board in which the prepreg
dielectric material is substantially feplaced by a permanent
innerlayer of,photoresist material. : . _

It is another object of this invention to provide permaneﬁt
innerlayer resists which are very thin and can be imaged on
contact. ' ' '

It is a related object to provide permanent lnnerlayer
resxsts having enhanced printing resolution capabllltles.

It is a further related object to provide multilayer printed
circuit boards having improved_reso;ution of the circuitry images
thereon. '

' Other objects of the invention include reducing the
materials used in the process of producing multilayer circuit
“boards and mlnllean tOXlC wastes that normally result from the

' process.

UMMARY OF INVENTION

In accordance with the present invention, the boards to be
used as innerlayers of a multilayer printed circuit board are

', =or Ou.p___sf;;_::



fromabout 0.1 to about 10 % of the total weight.- Qf'%ﬁﬁ@p EE§ -a)-(f).
-16- Al though phot oi nageabl e conpositions in ag pgﬂa {h§ present
invention do not necessarily require an additj ona

cross-linking agent (f) is highly desirable.
particularly useful in connecting the acrylat i sys
epoxy chem cal systemin a single intercofinected network in the

Free hydroxyl groups on the epoxy resins and. the epoxy- acrylate ollgoners
general ly provide the basis for such cross-I|inking.

formed using a resist that is not only photoimageable but is
hardenable to form a permanent dielectric material. The
individual innerlayers are printed in a usual manner. A board of
dielectic base material, such as a glass fiber reinforced epoxy
résin, having a layer of copper on'each side thereof is covered
on both sides with a hardenable photoimageable resist. The’
resist may be applied by a variety'of_methods'such as screen
printing, electrostatic spray coating, spin coating, curtain
coating, or as a layer or laminate of dry film. The resist is
then exposed to patterned act1n1c radiation and developed 1n an
approprlate developer to remove either the exposed or non-exposed-
portions of the photoresist. Next, the processed board is
subjected to an etch that removes the metal layers from those
regions where the resist has been removed. The resist, rather
than being stripped after exposure, development and etching, is: -
‘left on the innerlayers as a supplement for or replacement of the
prepregs normally used to form dielectric layers between the
innerlayers. In the manner of'prepregs, the photoimageable
composition layer, under heat and pressure, initially conforms to
the contours of the innerlayers, filling in the voids between the
innerlayers; and subsequently cures to form at least a portion of
permanent dielectric layers separating the circuitry of the
individual innerlayers. The multilayer board is completed in a -
normal manner by boring holes through the cured assembly and
lining the bored holes with metal. ) ‘

The present invention provides an improved prooess for
fabricating a rlgid multllayer prlnted czrcult board which
comprises: '

(A) providing a_Plurality of innerlayer boards, each

comprising a dielectric base and a metal layer thereon;

(B) coating each of the metal layers with a layer of a



The‘éfoss-linking agent (f)
2 % 3-5 %being preferred.

the:&ross- linking agent is a nelan ne-formal dehyde resl| fy,;dui

application of the photoi nageabl e conposition as a | ayef,
that the nelam ne-fornmal dehyde resin reacts to sone extknkﬁﬂd
anhydride. This opens the anhydride, providing carboxyl fH
subsequent epoxy curing. This initial re#ction also has a

effect.

hydr oxyl
al koxyl ated .to give a aRee—wth=
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be used as the cross-|inkjdlgmerizable acrylate monomer;

(b) from abgut 5% to about 35% by weight of an
oligomer formed by the reaction of an epoxy
resin and an acrylic or methacrylic acid;;

(c) a photosensitive, free radical generating
initiator for polymerization of the acrylate
monomer and the oligomer;

(d): a curable epoxy resin;

(e) a curing agent for the epoxy resin; and

(f) from 0% to about 15% by weight of a cross-
linking agent reactive with hydroxyl groups,
all based on the total weight of components (a)

. through (f£);

(C) . exposing each of said layers of. photoimageable
composition to a pattern of actinic radiation to
polymerize the acrylic monomer and oligomer;

(b) creating photoimaged layers of the composition on
the boards by dissolving tﬁe unexposed portions of each
layer in an agqueous alkaline medium to uncover metal
according to the pattern; '

(E) etching the uncovered metal to remove it;

(F) stacking the boards having the photoimaged layers
and applying heat and pressure to the stack to cure the
composition in each layer and form hard, permanent
innerlayers between the boards; and '

(G) connecting the circuitry of the stacked boards.

BRIEF DESCﬁLPTION OF THE DRAWINGS

Figure 1 is an elevation of an assembly of exposed,

i s =



agenf‘t The bl ocked |socyanate S selected to debl ock generally at the cure

tenperature of the epoxy resin. An exanpl e of a suitabl —fcenyaﬁa{e_
i s E<caprol actam bl ocked i sophorone. If a bl ocked isocydnalg SHeHTH BEEN |
cross-1inking agent and an anhydride is the curative, sgne prBEE ( @ of

t he phot oi mageabl e conposition at a time prior to cure i

pr eheat'i ng opens anhydride speci es, prov&dlng the acid f
to pronote curing of the epoxy resin and needed al so for
devel opnment. The conponents of the phot oi mageabl-e .conpos tﬁqn

developed and etched innerlayers of this . 1nvent1

outerlayers as they are about to be pressed tq-form a multilayer

printed circuit board in accordance with the present invention.
Figﬁre 2 ie an elevation of a multilayer board made from

. the assembly of Figure 1.

DETAILED DESCRIPTION OF CERT; PRE ED _F DIMENTS
As described above, the photoimageable composition. is

applied as a layer to the copper clad substrate (or to a support
sheet to form a dry film which is then laid on the copper).
After applicatién, the wet layer is dried to remove organic
éolvent. During this drying, some reaction of components'may
occur, particularly between an anhydride and a melamine-
formaldehyde resin. After drying, the photoimageable layer is
_exposed to patterned actinic radiation at an energy level
sufficient to cause enough crosslinking to prevent attack by the
aqueous alkaline developer that follows in the conventional
process.. It is preferred td.effect a UV cure at an energy level
of from about 1 to about 4 joules/cm? to.tie up any unreacted
acrylate prior to lamination and preferably after etching of the
copper exposed by the developer. Prior to the heat cure of the
photoresist composition that occurs during the pressing of the
innerlayers which is described below, i.e., prior to activation
of the epoxy chemicafLsystem, the layer of photoimageable

~ compositions remains strippable by common strippers in the event
that a need to remove the layer for reworkiné arises.

The ability to be developed with aqueous or alkaline

. aqueous solutions is an important advantage of the photo-
imageable composition of the present invention. Eliminating the
need for solvent-based develdpers eliminates the cost of the
solvents as well as health, environmental and recycling problems. .
Although the films formed in accordance with the invention are '



selected to be soluble in a common solvent to forma slngle phase I|qU|d
conposition. The |iquid photoi mageabl e conposition ng o Qe -
substrate by a variety of application nethods, includ
curtain coating, roller coating and extrusion coating
met hod has its own particularities, and phot0|nageab|:‘
accordance with this invention nay be f rnulated I-n ageetdart
particular requirements of the particular method of appllcatlon Conponent s
(a)-(f) are selected such that a dried-conpOS|tLon of these is soluble in
al kal i ne adereelmspadbdieuinoaquerver solusibay evitdiouthenphatgrmizgsabvents, -
‘conposi ti anmﬂ&sdEXfl oRethded seh&abfafn URAYenEL! Ut idifigTthad %nzodi um

car bonate Xture ol c one. s .t i cal toQ VI S-
addéﬁ organic sofwg) dges blllz%pthe exposed portions of
the film.

In Figure 1 of the drawings, each'inﬁerlayer 10 comprises a

base layer 12 of dielectric material, circuitry traces 14 on the
opposite faces thereof, and ‘the photoimageable composition 16
overlying the circuitry traces 14. Although not shown here for
the sake of clarity, the ocuterlayers 18 may have circuitry traces
on their inner faces, only, befare pressing of the.assembly; the
outer faces thereof would still retain a bare layer of copper
foil which may be coated with resist, exposed, developed, and -
etched after the multilayered board comes out of the press.
] In the prior art method of forming a multilayer circuit
. board, the photoimageable composition used instead of composition
. 16 would have been stripped from the circuitry traces 14 and ‘the
exposed circuitry traces would have been treated in a chemical
bath. In the process of the present invention, the
photoimageable composition .16 is not stripped. The need for a
stripper is eliminated, as are any problems associated with
disposal of the stripper. ,
' At this point, there are several options available in
forming the'multilayer circuit board. In the option shown in
Figures 1 and 2, the innerlayers 10 and outerlayers 18 are merelf
stacked in a standard multilayer press and the assembly is
subjected to heat and pressure which initially squeezes the still
flowable photoimageable composition 16 into the voids between the
innerlayers 10 to form the board 20 of Figure 2. The board 20 is



cous.to.be easily applied as a layer; accordingly, it is generally. the
practice to dilute the conponents (a)-(f) wth an organic sol
Typiccal |y, solvent is used at a level of 10-60 % but L5y AREhENASHEET

- dependi ng upon the nmeans of application. For screen pglinting, solvent is
general ly used at 10-20% for electrostatic spray coatj Se 129.. .ﬁmﬁ,...f..o
curtain coating generally at 40-50% and9for applicatifon-as ' '
typi cally about 50% Suitable solvents include, but are not limted to .
et hyl ene gl ycol nonoethyl ether, ethylene glycol nonopropyl ether, ethylene
gl ycol nonobuayhteifed ukidiy heae ghd qalesduret byt hivopl abbhierl tei hpoakes. e
gl ycol nono e q] y I . s diethyl epe
gl ycol m)noteﬂl%as ﬁ%%' e‘%‘%g#n,g gllhgtkﬁy :tgﬁg %%%&Otggﬂgﬁ%% cg%ﬁgélt%n:t% g‘%gs
gl ycol nonolsgt §Pratrasdenndyr syRanentydicdeckEifyaverfet? YRRV ene gl ycol

electrically separate the circuitry traces 14 of the innerlayers

10. ' ¢

The conditions of heat and pressure are somewhat dependent

upon the particular photoimageable composition selected for the
process. In a suitable procedure known as the hot start/dual
pressure procedure or the "kiss" procedure, the assembly is held
at about 350°F (177°C) at about 50 psi for a short while and then
the pressure is increased to from about 450 to about 700 psi. In
the hot start/full pressure p:ocedure,_the temperature is 3S0°F
but a pressure of from about 600 to about 800 psi (56 kg/cm2) is
held for the full 3 to 3.6 hours. The cured assembly is suitably
cooled down at a rate of about 10°F/min. An,optional_postbake of
the dielectric layets 22 may'be used to further cure or anneaL-
it.

The option of ntilizinq only the photoimageable composition .
to form the dielectric layer 22 has the advantage of eliminating
any need for prepregs .or additional material, the inclusion of
which would constitute additional effort. On the other hand, if
only the photoimageable composition 16 is to be used to for@ the
dielectric layers 22, it must be applied relatively thickly in
ordet that the portions of the photocimageable composition 16
remaining after development provide sufficient material to not -
only £ill in the voids between the traces 14 but also to provide

'a sufficiently thick dielectric barrier between the traces of ‘
adjacent innerlayers 10. Because the photoimageable composi-
tion is relatively expensive, thick layers of it are expensive to
produce. Also, a thick photoimageable layer produces poorer
resolution than a thin one. If the initially applied photo-



monobut yl ether, propylene glycol nmonopropyl ether, propylene glycol nethyl

ether, ethylene glycol nonoethyl ether acetate, ethylene glycol ~—ﬂgbuL¥L_-

et her acetate, diethylene glycol nonoethyl ether acet afy i '§f%ﬁ@b¥c

nonobut yl et her. -18- acetate, propylene glycol non nﬁ?ﬂ&*s

acetate, ethylene glycol diacetate, 2-ethyl hexyl acetat at el
oo TS ke

| sobutyl acetate, n-propyl acetate, et hyl gacetate, di a
di met hyl fornmam de, iSophorone, diisobut ﬁ ket one, cyclwohexanone, i sobutyl
i sobutyrate, nethyl n-anyl ketone, anyl acetate,-nmethyl anyl acetone,

met hy| ISCE%QGeJ%T%PQ%Ye%% are to serve as the sole source of material for _
the dielectric layer 22, the thickness of the photoimageablg
layer will vary from about 0.5 mil to about 3.2 mils.

Another option (not illustrated) is to apply additional
dielectrid-prepreg material to'the board after etching. Again,
the photoimageable composition layer is not removed from the
traces, avoiding the need for stripper and treatment to avoid
oxidation. The additional material could be more of the
photoimageable composition 16, a compatible curable system

- (without the phofosensitive components to minimize cost), or -even
conventional ﬁrepregs.' In any case, the photoimageable
composition layer that is .left on the traces forms a portion of
the dielectric layers 22 in the multilayer board.

The board 20 is then taken out of the press, the outerlayers
are processed as desired and the resulting multilayer board is
then processed in a conventional manner. Holes are bored throagh
the layers, and the hole walls are plated to electrlcally connect
the circuitry of the several layers.

The composition 16 according to the present invention
includes an acrylic chemical system by which the composition is
photo-polYmerized and an epoxy chemical_syétem which is curable
to harden the composition after exposure and development. The
two chemical'systemst however, are not exclusive of each other
and components of the two chemical systems are believed to
interact chemically with each other. This is especially true
when the composition includes a cross-linking .agent (f).

The acrylic systenm includes the acrylate monomers (a),. the
epoxy-acrylate oligomer (c) and the photoinitiator (b). The
epoxy system includes the epoxy resin (d) and the acidic curative
(e) therefor. 1If a cross-linking agent (f) is used, it is
selective to be reactive with free hydroxyl groups of components



ni t r Gpr opane, et hyl i sobutyl ketone, nethyl n-prop
-acetate, nethyl ethyl ketone, tetrahydrofuran, acetd
N-met hyl pyrolidone and butyrolactone. In addition t|p the
descri bed above which are essential to a photoinage.f
enbodi nent the invention; the photoi mageabl e conp05|——- i P
contai n additional conponents which are ddandard in the art The

phot oi mageabl e conposition optionally may contain organi ¢ or inorganic
fillers at levels up to about 35 % Sone exanples of fillers are mcro
talc, ground polyethyl ene clax fumed silica and . pol yvinylidene fluoride.
Al so, rel &5 poth Shel RCRNDHR 2061 SPPXY,. BYFTSTS - agents, dyes, antioxidants,

etc.-may be addadonElb@bpé;ﬂaytebfethethwvéntmdn;anmeapanternédfpnetéayers,
€. g prc“”f%%d%agﬁgtSokbggigion'comprises (a) from about 10 to about 40%
of the acrylate ﬁonomers; {b) from about 3lto about 15% photo

initiator; (c) from about 5 to abput_ss% of an epoxy-acrylate
Bligomer;.(d) from about 20 to about 80% of an epoxy resin; (e)
from about 0.1 to about 10% of an acidic curative for the epoxy
resin and; (£) from about 2 to about 15 % of the cross-linking
agent. The preferred composition has a photo-sensitive chemical
system which renders exposed portions of the resist insoluble in
alkaline aqueous developer and an epoxy-based chemlcal system
which is curable to provide permanence and hardness to the
material subsequent to exposure, development, etching and curing.

A level of the acrylate monomer {(a) lower than 10 % may be
insufficient to insolubilize the portions of the photoresist
léyer that have been exposed to actinic radiation. Levels of
acrylate monomer higher than 40 % may result in ad'innerlayer
which is too soft. The acrylate monomer preferably comprlses
from about 15 to about 35 percent of the total weight of
~components (a)-(f). Unless otherwise stated, all percentages of
components (a)-(f) are calculated relativg to the total weight of
componenés (a)-(f). The émounés_of any additional ingredients,
such as fillers, solvents, etc. are also calculated relative to
‘the sum of the weights of (a)-(f). The dried composition of (a)-
(f) is soluble in alkaline aqueous soclution, whereby the _
photoimageable composition layer 16 on a circuit laminate is
developable with alkaline aqueous solution.

The acyl moiety of the acfylate monomers is represented by
the formula: {RCH=CHC=0], wherein R is hydrogen or alkyl, and x
‘is an integer from 1 to 4. The monomers are selected from a
variety of esters of acrylic and methacrylic acids, such as



The phot oi mageabl e conpositions will ‘now be descri. bed in great er
way of specific exanpl es. . -19- EXAMPLE 1 A conpositionry

f ol Kows: Conponent *

Tris(2-hydroxyethyl) isocyanurate triacrylate :
mel am ne2 " 3.4 Hetr-@a&iz
nmet hacryl ate reS|n)3 ' 6§52 Ebecryl :
of 6.2 a bi sphenol” A epoxy re5|n)4

methyl acrylate, methyl methacrylate, hydroxyethyl acrylate,
butyl methacrylate, octyl acrylate, 2-ethoxy ethyl methacrylate,
‘t-butyl acrylate; 1,S5-pentanediol diacrylate, N,N-
diethylaminoethyl acrylate, ethylene glycol diacrylate; 1,4~
butanediol diacrylate, diethylene glycol diabry;ate,
hexamethylene glycol .diacrylate; 1,3-propanediol diacrylate,
decamethylene glycol diaérylate,'decamethylene glycol
dimethacrylate; 1,4—cyclohexanédidldiacrylate; 2,2-dimethylol
propane diacrylate,_glyceroidiacrylate, tripropylene glycol
diacrylate, glycerol triacrylate, trimethylolpropane triacrylate,
pentaerythritol triacrylate; 2,2-di(p-hydroxy-phenyl)-propane
diacrylate, pentaerythritol tetracrylate; 2,2-di(p-
hydroxyphenyl)-propane dimethacrylate, triethylene glycol
diacrylate, pqiyoxyethyl-z-z-di(p-hydroxyphenyl)-propane
dimethacrylate, triethylene glycol dimethacrylate,
polyoxypropyltrimethylolpropane triacrylate, ethylene glycol
dimethacrylate, butylene glycol dimethacrylate; 1,3-propanediol
d1methacry1ate- 1,2,4-butanetriol trimethacrylate; 2,2,4-
trlmethyl-l 3-pentaned101 dzmethacrylate, pentaerythrxtol
trimethacrylate; l-phenyl-ethylene-1,2-dimethacrylate,
pentaerythritol tetramethacrylate, trimethylol propane
trimethacrylate; 1,5-pentanediol dimethacrylate; 1,4-benzenediol
dimethacrylate, and the triacrylate of tris-(z-hydroxyethyl) .
isocyanurate. Polyfunctional acrylates and methacrylates, i.e.,
those having three or more acrylic or methacrylic moieties, are
preferred because of the increased photespeed gained by their
.presence.

By epoxy-acrylate. ollgomer (c) is meant, herein, an oligomer
formed from an epoxy backbone which is reacted with acrylic or
methacrylic acid, a low molecular welght polyacryllc or
polymethacryllc acid, or a mixture of them, so that at least



Epoxi’oresol novol ac resin, epoxy eq. 235s ' 23. 8 Bi spheno
epoxy resin, epoxy eq. 575-6856 23.3 =X ;
5-(215-dioxotetrahydrofuryl)-3-nethy|-3-.cyc|ohexenej“;é;akcﬁﬂﬁﬂi

anhydri de7 8.6 2, 2-di net hoxy- 2- phen aceyo hK®

1.4 2-methyl-1-[4- (nethylthlo)phenyl] - (4- nDrpholln |Datel=-propanomes |

6. 2 i sopropyl thi oxant hone9 '%sfﬂﬂab PLUS
Level i ng Agents, etc: Mddafl ow 10 -13~

0.9 Byk 361, 306 (equal portions)" ' 0.8 Nhlachite'green
gyEIZ about 90% of the epoxy groupg grngéterlélégnalég khca;czd. -In

the reaction of the acid with the epoxy groups of the epoxy
resin; the acid molecules each form an ester bond with the resin
and a hydroxyl group .is formed on the vicinal carbon atom.
Because substantially all of the epoxy groups are reacted with

. the acrylic or methacrylic acid moiety, the oligomer functions

. primarily as an acrylate or methacrylate, said moieties of the
oligomer polymerizing along with the acrylic monomers during the
photoinitiated reaction which renders exposed portions of the |
photoimégeable composition layer insoluble to aqueous alkaline
solution. The_substantiai hydroxyl functionality.prqyides the
basis for cross-linking with the cross-linking agent (f), if such
-a crossllinking agent (f) 'is used.

Preferred epoxy-acrylate oligomers are diacrylate (or
methacrylate) esters of bisphenol A type resins, novolac fesins,
and mixtures thereof having a maximum epoxide content of about
0.5 % by weight. These oligomers are developed to combine good
UV/EB cure fesponse along with the chemical resistance and
durability of the epoxy resins. Said oligomers are deri#ed from
bisphenol A resins having a funétionality of two so they also
have a functionality of two.

The synthesis of. polyfunctional adrylate resins and .
other unsaturated esters from the corresponding epoxy derivatives
is described in the following U.S. patents: 3,256,226; 3,317,465;

©3,345,401; 3,373,221; 3,377,406; 3,432,478; 3,548,030; 3,564,074;
3,634,542'and 3,637,618; all of which are incorporated herein by
reference. | ' E '

The epoxy-acrylaté oligomer preferably coﬁprises from

“about 5 to about '25 % of the total weight of cbmponents (a)-(£),
and more preferably_from about 12 to 18 %. Epoxy-acrylate
oligomers used in the photoimageable composition preferably have
molecular weights of from about 500 to about 2000.



| nhi-bf tor (MEHQ) 14 0.1 Solvent (AnDunt
and type ‘appropriate to the nethod of application) Sol S

Et hyd.- 3- et hoxy propi onate (EEP)15 *Source: 1. Hitachi BPLACEMENET $I9EET
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Mal |'i nckrodt; 12. Penn; 13. Cabosil EH5; 14. Al drich; 15t =G Fh e
phot oi mageabl e conpositi on was applied a#-a wet filmyvia

Also required in conjunction with the polymérizableu
acrylate substance is a chemical initiator system which generates
free radicals in the presence of actinic radiation and thereby
causes the polymerization of the acrylic substances. '
Polymerization of acrylic monomers and acrylic moieties of the
epoxy-acrylate oligomers into a three dimensional structure

. insolubilizes the photoimageable composition. The choice of the
photosensitive, free radical generating initiator system is not
considered to be critical to the practice of the present
invention, and a wide variety of such compounds may be
successfully utilized in the practice of this invention.

Examples of chemical photoinitiator systems include benzophenone,
benzoin ether, benzil ketals and acetophenone and its
derivatives. Other suitable initiator systems are described, for
" example, in U.S. Patent Nos. 3,469,982, 4,451,523 and 4,358,477,
the teachings of which are_incorporated herein by reference. The
amount of photoinitiator emplbyed may vary over a wide range,
depending upon the polymérizahle,acrylic substances, the
particular photoinitiator system and the desired time of
dewelopment. Generally, the photoinitiator chemical system
comprlses from about 3 to about 15 % of the total welght of
components (a)—-(£f). ) _

The material which imparts the excellent hardness and
durability to the film or layer after development and final

curing is the epoxy resin or mixture of epoxy resins. The epoxy
resin or resins comprise from about 20 to about 80 % (preferably
from about 30 to. about 60 %) of the total weight of components
(a)-(£f). At high temperatures and/or in the presence of a
catalyst, the epoxy groups of the :ésin molecules open and react
with other materials present. Primarily, the epoxy resin
molecules react with the. acidic curative (e); however, to a
certain extent, the epoxy ﬁolecules react during fina; curing



a curtain coating process. The follow ng coating conditions were used:
11.1 gmwet coating material per square foot |am nate was.. e U
to achieve an approximate dry filmthickness of 2.0

and 0.8 t

speed was 80 to 90 neters per minute. The working viscqsi! crenes
phot oi mageabl e conposition during coat[_%_was a Zahi '

0 0.9 ml| dry filmthickness on the copper
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22 seconds, 25[err]C. This was equivalegt to apprOX|natéT; 60 wt. percent

sol i ds.
m nut es,
a manner

The phot oi mageabl e conposition was dried at 90[err]c for 15

and .cool ed to room tenperature. The second side was, the coated in
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epoxy resin or mixture of resins is solid at about room
temperature. The'photoimageable composition can be applied as a
liquid film to the substrate after dissolving the solid epoxy
resin .in the solvent-based mixture first.

A wide variety of epoxy resins is suitable for use in.

accordance with the present invention. Typically, epoxies

of the Bisphenol A and novalac type are used. Other suitable

epoxy resins are described, for example, in U.S. Patent No.
4,092,443, the teachings of which are incorporated herein by
reference. .Cycloaliphatic epoxides, such as those sold under the
trade names Cyanacure UVR-6100 and UVR-6110 by Union Carbide,
Danbury, CT are also useful. Epoxy resins used in accordance
with the invention preferably have epoxide equivalents of from
about 200 to about 700. ‘ '

~The photoimageable composition acqording to this invention
is intended to be hardened to form a permaneht innerlayer.
Hardening is primarily attributed to the curing of the epoxy
resin. To pfomote'sufficiently rapid'curing of the epoxy resin,
the photoimageable.composition of the presént invention employs
an acidic curative. Acidic cure catalysts include not only
substances which have free carboxyl groups, but also chemicals
such as anhydrides, which may produce free carboxyl groups. For

. many applications of the invention, an anhydride, e.g., an

anhydride of a multifunctional carboxylic acid is the preferred
curative. Other useful catalysts are those having é blocked
carboxylic group, which becomes deblocked at a threshold
temperature.‘Epoxy cure catalysts are generally used at levels .of
from about 0.1 to about 10 ¥ of the total weight of components
(a)-(£) . | | '



| evel- of at |east 350 njoules/cnierr] at the working surface. Exposure tine
shoul d be such that the exposed portion of the coatinz Lenmai ns |ntact

duri:ng the aqueous devel opi ng process. The filmwas df

aqueous solution, i.e., 1% by wei ght sodi um carbonate oHG
filmwas UV-cured by exposure to actinic radiation ha ﬁ ener
exposure |evel of at least 2 Joules/cn{err] The exposeﬁ Lhe

etched in a cupric chloride solution (an'ﬁnnnnlacal etchant Fs-ah~ .
alternative) to generate the circuitry traces. The etched circuit Ianlnates

with the innerlayer resist intact are then pressed into a nultl-lqésr boar d
by the "kiss" pidbeugherheteiragaahpgygompositions in accordance wi

the present invention do not necessarily require an additional
cross-linking agent, a cross-linking agent (£f) is highly
desirable. A cross-linking agent is pafticularly useful in
connecting the acrylate chemical system and the epoxy chemical
system in a single interconnected nétwork in the innerlayer.

Free hydroxyl groups on the epoxy resins and the epoxy- acrylate
oligomers, generally provide the basis for such cross-linking.
The cross-linking agent (f) is typically used at a level of at
least about 2 %, 3-5 % being preferred. .

In accordance with one aspect of the invention, the cross-
linking agent is a melamine-formaldehyde resin. During initial
application of the phdtoimageable composition as a layer, it is
believed that the melamine-formaldehyde resin reacts to some
extent with the anhydride. This opens the'anhydride, providing
carboxyl functionality for subsequent epoxy curing. This initial
reaction also has a surface drying effect. Melamine/formal-
dehyde resin acts to cross-link through free hydroxyl groups.
The methylol groups of melamine/formaldehyde resins may be
alkoxylated to give a suitable cross-~linking agent. 1In
accordance with another aspect of the invention, a blocked,
multifunctional isocyanate may be used as the cross-linking
_aéent. The blocked isocyanate is selected to deblock generally
at the cure temperature of the epoxy resin. aAn example of a |
suitable blocked isocyanate is E-caprolactam—blockéd isophorone.
If a blocked isocyanate is the cross-1linking agent and an
anhydride is the curative, some preheatlng of the photoimageable .
composition at a time prior to cure is desirable. Such
preheating opens anhydride species, providing the acid
functionality needed to promote curing of the epoxy re51n and
needed also for alkaline development.

The components of the photoimageable composition are



-21- EXAMPLE 2 A conposition was prepared as foll ows: Cbnponent
W . Tris(2-hydroxyethyl) isocyanurate triacrylate
REPLACEMENTFHEET

Met hyl ol at ed nel ami ne
..... ..1.2.M6 98

6.1 Novacure 3701
ar boxylic

cresol novol ac resin, epoxy eq. 235
5-(2, 5- dloxotetrahydrofuryl) 3-net hyl - 3T7cyclohexen

anhydri de 8.5 2, 2-di net hoxy- 2- phenyl acet ophenone
3.7 2-nethyl -1-[ 4- (nethylthlo)phenyII-Z- '

selected to be soluble in a common solvent to form a single-phase
liquid composition. The liquid photoimageable composition may be
applied to a substrate by a variety of application methods,
including screen printing, curtain coating, roller coating and
extrusion coating. Each application method has its own
particularities, and photoimageable compositions in accordance
with this invention may be formulated in accordance with the
particular requirements of the particular method of application.
Components (a)~(f) are selected such that a dried
coﬁposition of these is soluble in alkaline agqueous solution,
‘whereby a layef of the photoimageable composition may be
- developed in alkaline agqueous solution, e.g., 1% sodium
carbonate.
A nixture of components (a)-(f) is typically too vis-

cous to be easily applied as a layer; accordingly, it is
generally the practice to diiute the components (a)—(f) with an
organic solvent. Typically, solvent is used at a level of 10-60
%, but this will vary depending upon. the means of appllcatlon.
For screen printing, solvent is generally used at 10-20%; for
electrostatic spray coating, at 20-60%, for curtain coating
generally at 40-50%; and for application as a dry film typically
about 50%. Suitable solvents include, but are not limitéd to
ethylene glycol moncethyl ether, ethylene glycol monopropyl
ether, ethylene glycol monobutyl ether, ethylene glycol-2-
ethylhexyl ether, ethylene glycol monohexyl ether, diethylene-
glycol moncmethyl ether, diethylehe glycol monocethyl ether,
diethyléne glycol monopropyl ether, diethylene glycol monobutyl
ether, dipropylene glycol methyl ether, propylene glycol
monobutyl ether, propylene glycol monopropyl ether, propylene

. glycol methyl eﬁher, ethylene glycol monoethyl ether acetate,
ethylene glycol monobutyl ethgr acetate, diethylene glycol
monocethyl ether acetate, diethylene glycol honobutyl ether .



(4- morphol i nyl ) - 1- propanone

I sopropyl t hi oxant hone

Leveling Agents, etc: Byk 361, 306 (equal portions)
0.8 Pigment (Penn Chips) :
(precipitated silica, Syloid 72) . 1.5 1nhi B -
0.1 Solvent (Anmpbunt and type apprOpriapgsgo the nmet hod of application)
Sol vent used: Ethyl-3-ethoxy propionate -

acetate, propylene glycol monomethyl ether acetate, ethylene
glycoi diacetate, 2-ethylhexyl acetate, n-butyl acetate,
isobutyl acetate, n-propyl acetate, ethyl acetate, diacetone
alcohol, dimethyl formamide, isophorone, diisobutyl ketone,
cycldhexanone, isobutyl isobutyrate, methyl n-amyl ketone, amyl
acetate, methyl amyl acetone, methyl iscamyl ketone, 2-
nitropropane, methyl isobutyl ketone, methyl n-propyl ketone,
isopropyl acetate, methyl ethyl ketone, tetrahYdrofuran, acetone,
methyi acetate, N-methyl pyrolidone and butyrolactone. '

In addition to the components described above which are
essential to a photoimageable composition of this embodiment the
invention, the photoimageable composition may optionally contain
additional components which are standard in the art. The
photoimageable composition optionally may contain organic or
inorganic fillers at levels up to about 35 %. Some examples of
fillers are micro tald, ground polyethylene,'clay, fumed silica
and polyvinylidene fluoride. Also, relatively small amounts of
flow-control agents, dyes, antioxidants; etc. may be added.
Fillers may effect the final appearance of innerlayers, e.q.
provide a matte finish. ) |

'The photoimageable compositions will now be described.in
gréater detail by way of specific examples.



-22-"EXAMPLE 3 Each of the conpositions of Exanples 1 and 2 were a | as
awet filmvia an electrostatic spray process as foll ¢#s. N&-paenT SHEET ||
phot-oi mageabl e conposition was diluted to a Zahn Cup oREBLAYRCOSI { f- B0
seconds using an appropriate solvent. Both sides of t\ < '
were coated as they were conveyed at 5 feet per mnute fn-an— sot
spray of the solution charged via the app¥ication of 76, -Dryi ng
of the |l am nates took place at 80[ EXAMPLEOL 30 minutes. Diazo artwork was

placed directly ggmégwgﬁér%‘ég&%%ésﬁﬁ]ddé %]_fg)_yﬂggwas exposed to actinic

radi a- tion havi ure.level about 150 to about 400
mlls jou ] at the working surface. Exposure tine was 08k t hat
the exposqd 005 L]00, Oyl sy £ L 0% LRI Ne L2300 1 N0 the 1q
Methylolated melamine? 3.4
Hetron 912 (epoxy methacrylate resin)? - . 6.2
Ebecryl 3701 (diadrylate ester of : . 6.2
~ a bisphenol A epoxy resin)*
Epoxy cresol novolac resin, epoxy egq. 235° : . 23.8
_Bisphenoi A epoxy resin, epoxy edq. 575-685° 23.3
5-(2,5-dioxotetrahydrofury1)—5—methyl-Bf '
cyclohexene-1,2-dicarboxylic anhydride’ 8.6
2,2-dimethoxy-2-phenyl acetophenone* 1.4
2-methyl-1i-({4-(methylthio)phenyl]-2-
(4-morpholinyl) -1-propanone? ) 6.2
isopropylthioxanthone’ o 2.3
. o 100.0

PLUS Leveling Agents,etc:
Modaflow

. 0.9
Byk 361, 306 (equal portions)!! 0.8
Malachite green dye'? . 0.08
Filler (fumed silica)® 1.5
Inhibitor (MEHQ) 0.1

‘Solvent (Amount and type appropriate
to the method of application)

~Solvent used: Ethyl-3-ethoxy propionate (EEP)”

*Soufce: 1.Hitachi Corp.; 2.American Cyanamiae; 3. Ashlénd
~ Chemical; 4,Radcure;'5.ciba-Geigy; 6.Dow; 7.DIC
.Americas; 8.Ciba-Geigy; 9.Ward Blankensop; 10.
Monsanto;11. Byk Mallirnckrodt; 12. Penn; 13.Cabosil
EHS5; 14.Aldrich; 15.Kodak



deveiopnent of the filmin a basic aqueous solution of 1% by melght of

sodi um carbonat e nonohydrate. The film was "UV-cured by_-

radi,ati on having a UV energy exposure |level of from#§

joules per cnferr]. The exposed copper was-then etchg

soluti-on to generate the circuitry traces. The etched giLcui & Tam..

with the innerlayer resist intact are then pressed i ffii.0_a —miti=—tgyer—board

by the "kiss" procedure described aboveo- -23- EXAMPLE 4 Each of the
conpositions of Exanples- 1 and 2 were applied as

. The photoimageable composition was applled as a. wet film via
a curtain coating process. The following coating conditions

were used: 11.1 gm wet coating material per square foot laminate
was applied in order to achieve an approximate dry film thickness
of 2.0 to 2.2 mils on laminate and 0.8 to 0.9 mil dry film
thickness on the copper.circuiﬁry. Coating speed was 80 to 90
meters per minute. The working viscosity of the photoimageable
composition during coating ‘was a Zahn Cup No. 5 reading of 22

- seconds, 25°C. This was equivalent to approximately 60 wt.
percent solids. The photoimageable compESition was dried at 90°C
for 15 minutes, and cooled to room temperature. The second side
was then coated in a manner identical to the first side. The
second side was dried to a tack-free surface at 90°C for 30
minutes. Diazo artwork was placed directly on the film, and the
film was exposed to actinic radiation having a UV energy exposure-'
level of at least 350 mjoules/cm? at the working surface. '
Exposure time should be such that the exposed portion of the
coating rehains intact during the aqueous developing process.
The film was developed in a basic aqueous solution, i;e., 1% by
weight sodium carbonate mono-hydrate. The film was UV-cured by

 exposure to actinic radiation having a UV energy exposure level
of at least 2 joules/cm2. The exposed copper was then etched in
a cupric chloride solution (an ammoniacal etchant is an
alternative) to generate the circuitry traces. The etched
circuit laminates with the innerlayer resist intact are then
pressed into a multi-layer board by the "kiss" procedure
described above.



a wet- filmto base sheets so as to formdry filns as folloms A wet film of
6 ml| thickness was applied by draw down to a base sheet .
evaporated fromthe filmwhich was then covered with i
filmwas applied to a circuit board | am nate by hot r
di azo artwork was placed on the cover sheet and the f
actinic radiation having a UV energy erEiure | evel
nmoules/cnferr] at the working surface posure tjne that t he
exposed portion of the coating remained intact during the aqueous

devel opi ng process. The cover shee s,renmoved fromthe filmbefore -
devel opi ng. The fil mwas devel off€ basi ¢ aqueous solution, i.e., 1%by
wei ght sodi um gag, 5$E?§fiigH"U9§j aréﬁh% qungg UV-cured by exposure to
actinic radlatlo ving a gy exposure l[evel of 2 joules/cnferr].
~The exposed cop Qﬁéoﬁgﬁt ' _ % Wt.
Trls(z—hydroxyethyl) isocyanurate triacrylate 18.5
Methylolated melamine : 3.4
Hetron 912 | | | - 61
Novacure 3701 ; ’ . 6.1
Epoxy cresol novolac resin, epoxy eq. 235 ' 46.7
5-(2,s-dioxotetrahydrofuryl)-3-methyl-3-
cyclohexene-1,2-dicarboxylic anhydride - 8.5
2,2-dimethoxy-2-phenyl acetophencne ' 3.7
2-methyl-1-{4-(methylthio)phenyl]-2- -
(4-morpholiny1)-l-propanone‘ _ : 4.7
isopropylthioxanthone - ' - ' 2:2
. ' 99.9

PLUS Leveling Agents, -etc:
Byk 361, 306 (equal portions)-
Pigment (Penn Chips)

0
1
Filler (precipitated silica, Sy101d 72) 1
Inhibitor (MEHQ) 0

Solvent (Amount and type appropriate
- to the method of application)

Solvent used: Ethyl-3-ethoxy propionate



then etehed in a cupric chloride solution to generate the circuitry traces.
The-"etched circui't lam nates wth the innerlayer reS|st |ntact are-then

pressed into a nulti-layer board by the "kiss" proc
-24° "EXAMPLE 5 A conposition was-prepared as follo H@Bhﬁ@ﬁMﬁNTSHEET

% . Tris(2-hydroxyethyl) isocyanurate triacrylate ;
Pentaerythritol Tetraacrylate (Sartoner) - Date L.bfe Ep@xy cr gsol
novol ac resin, epoxy eq. 235 22- 37.6

EXAMPLE 3

~ Each of the composiﬁions of Examples 1 and 2 were applied as

a wet. film via an electrostatic spray process as follows:
The photoimageable composition was diluted to a Zahn Cﬁp No.
2 viscasity of 60 seconds using an appropriate solvent. Both
sides of the base laminates were coated as they were conveyed at 5
feet per minute through an aerosol spray of the solution charged -
via the application of 70,000 volts. Drying of the laminates took
place at 80°C for 30 minutes. Diazo artwork was placed directly
on the tack-free film and the film was exposed to actinic radia-
tion having a UV enérgy exposure level of about 150 to about 400
mills joules/cm2 at the wofking surface. Exposure time was such
that the exposed portion of the coating remained intact during the
development of the film in a basic aqueous solution of 1% by
weight of sodium carbonate monohydrate. The film was UV-cured by
exposure to actinic radiation having a UV energy exposure level of
from about 1 to about 4 joules per cm?. The exposed copper was
then etched in a cupric chloride solution to generate the
circuitry traces. The etched circuit laminates with the innerlayer
- resist intact are then pressed into a multi-layer board by the

nkiss® procedure describied above. '



Radeure. 3701

E- Capr ol act am bl ocked |sophorone (D |socyanate based adduct)

9.7-5-(2,5- dloxotetrahydrofuryl) 3-met hyl -3- cycl ohex
anhydri de ' 10.3 2, 2- dlnethoxy 2- phen
5.0 2-nmethyl -1-(4-. (nethylthlo)phenol] - (4-norphol i
2.8 |sopropylth|oxanthone _ _23_ ' a
Level ing Agents, etc: Bubble Breaker (Wtco)

1.9 Byk 077

1.1 EXAMPLE 4

19.9

re—t—2=di
|R§Bb%

------ gngl

%ﬁé%’é%‘r' -

L US

2.0 Byk 306

Each of the compositions of Examples 1 and 2 were'aﬁplied as

a wet film to base sheets so as to form dry films as follows. A

wet film of 6 mil thickness was applied by draw down to a base
sheet. The solvent evaporated from the film which was then
covered with a polyester sheet. The film was applied to a circuit

board laminate by hot roll lamination. The diazo artwork was

placed on the cover sheet and the film was exposed to actinic

radiation having a UV energy eprsure'levél of at least 350

mjoules/cm? at the working surface. Exposure time was such that

the exposed portion of the coating remained intact during the

aqueous developing process. The cover sheet was removed from the

film before developing. The film was developed in a basic aqueous

solution, i.e., 1% by weight socdium carbonate monohydrate. The
film was UV-cured by exposure to actinic radiation having a UV
energy exposure level of 2 joules/cm2. The exposed copper was

then etched in a cupric'thoride solution to generate the

circuitry traces. The etched circuit laminates with the innerlayer

resist intact are then pressed into a multi-layer board by the

wkiss" procedure described above.



Pi giient (Penn G een) ' 1.2 Filler (funed
silica, Cabosil EH5) ' _ + 3.5 Inhibitor - ___———————]
0. 05 Sol vent (Anmount and type appropriate to the mf fQEEmgnTBﬂiﬁTol)
Sol vent used: Ethyl-3-ethoxy propionate, carbitol , )

Thi s phot oi mageabl e conposition was applied as a
printing-on a printed circuit board. The screen nes
120 nesh. The screened phot oi.mageabl e —24-

EXAMPLE 5

A composition was prepared as follows:.

Component - ' ' | % Wt.
.Tris(z-hydroxyethyl)ﬁisocyanurate triacrylate 7.8:
Pentaerythritol Tetraacrylate (Sartomer) _ 5.7
Epoxy cresol novolac resin, epoxy eq. 235 = = - 37.6
Radcure 3701 ' | | | 19.9

E-Caprolactam4blockea iéophorone '
{Diisocyanate based adduct) : _ 9.7
5-(2,5-dioxotetrahydrofury1)-3-methyl;3f _ o
cyclohexene-1,2-dicarboxylic anhydride 10.3
2,2-dimethoxy~-2-phenyl écetophénoné 5.0
2-methyl-i-{4-(methylthio)phenol]-2- :
(4-morpholinyl)~i-propancne ° _ o ' 2.8
'iSOﬁropylthioxanthone : ' ' 3%&%

‘PLUS Leveling Agenté, etc:

o= OW

Bubble Breaker (Witco) 1.
Byk 077 | | 2.
Byk 306 1.
Pigment (Penn Green) 1.
- . Filler (fumed silica, Cabosil EHS) 3.
" Inhibitor (MEHQ) 0.

Solvent'(AmOUnt'and type appropriate
to the method of application)

Solvent used: Ethyl-3-ethoxy propionate,
carbitol acetate (1:1).



conposi tion was dried at 80C for 30 mnutes, provi d| ng-a non- tacky film
A diazo artwork was placed directly on the fllm and the f :
to actinic radiation having a UV energy exposure | eJg -Q'AééaQENTSHEET
mjoules/cmerr]. The filmwas devel oped in a basic s sol u‘gE

1% by wei ght sodi um car bonat e nonohydrate. The fil . my
exposure to actinic radiation having a Wg-exposure | of : ,
joules/cnferr]. The exposed copper was then etched in a cuprl c chloride

solution to generate the circuitry traces. The etched circui't | am nates

Wi th the inner I-zm%r ph6ebShaddHAE comBod MEIbPRASSEFpl 1D ok BUlkt- £1 BN 6Fia
board by the ' rocedure des Gl bed ab EXAVR ESSQ:rS The

phot oi nageﬁﬁ’f%e’b(ﬂﬁ}ggﬂ‘?oﬂnaaespcrmb 8 chr%"%r) rg mat/h 2150 He USEA Y3 the
maki ng of wawied ifromy 6keto pk3thmeghei r By (screened photoimageable
composition was dried at 80°C for 30 minutes, prov1d1ng a non-

‘tacky film. A diazo artwork was placed directly on the film, and
the film was exposed to actinic radiation having a UV energy
exposure level of 350 mjoules/cm2. The film was developed in a
basié-aqueous solution, i.e., 1% by weight'sodium carbonate
monohydrate. The film was UV-cured by exposure to actinic
radiation hav1ng a UV exposure level of 2 joules/cm2.

The exposed copper was then etched in a cupric chloride solutlon
to generate the circuitry traces. The etched circuit laminates
with the innerlayer resist intact are then pressed into a multi-
layer board by the "kiss" procedure described above.

EXAMPLES_6-—8

The photoimageable compos1t10n described in Example S-may
' also be used in the making of a multi-layered printed circuit
board accordlng to the general procedures described in Examples 1
and 3-5.

The performance of rigid multilayer printed circuit boards
fabricated with a permanent inner layer photo resist (PILPR)
according to the general procedure of Example 1 was measured by
test procedures required by the IPC-ML-950-C Performaﬁce
Specification and MIL-P-55110 General Specification for Printed
Wiring Boards. Test coupons of these boards were made t6 have
nominal thicknesses of 0.092, 0.125, and 0.225 inch. The IPC-A-43
comb pattern was imparted to some Bf the coupons and four-wire
plated through hole (PTH) coupons were also tested. In general,
it was determined that such boards will meet or exceed the



beard- according to the general procedures described in Exanples 1 and 3-
The performance of rigid nultilayer printed circuit

5.
ith

a permanent inner |ayer photo resist (PILPR) accordi g;gmﬁmw@r
procedure of Exanple 1 was neasured by test procedurgs required &(}61993

| PC- ML- 950- C Performance Specification and M L-P-551 QDQ@Q_@_(_&I ____________________
Specification for Printed Wring Boards

er e

Zest coupong—of—t-hese-beards—n
made to have nom nal thigknesses of O. 093 0.125, and 0.225 inch. The
| PC-A-43 conb pattern was inparted to some of the coupons and four-wre

plated thg difn@s( BEF&a&p%f\iea&&kso teRstied- 1&%19%%&1&&15& was

det er m ned at such boards or ceed_t he
s{gtance measuremeg¥s angeggqh vof%age breakdown measurements

are conducted on the IPC-A-43 coupons. The high voltage
measurements provide a means for detecﬁing delamination of the
innerlayers. The PTH test coupon allows measurement of the PTH
barrel and interface resistance so that crack initiation and
propagation can be detected. '

In particular, the boards of this invention meet.the
standards of the thermal shoék.test of MIL-P-55110, para. 4.8.6.3,
type GF and the thermal stress (solder float) test of IPC-ML-950-
C, Class 3, para.4.6.5.1. Sald boards exceed the Ionic
Contamination requirements" of Northern Telecom Corporate Standard
5040.02, Table 5.01 when tested by the method described in Diceon
Std. Doc. #108384-026 (Diceon Eiectronics, Inc.) which is
“equivalent to methods 2.3.38 and 2.3.39 of IPC-TM-650. A maximum
extraction of 6.4 pg/in? is allowed by those standards and the
average value for six boards of this invention was 2.7 ug/inz.

While the invention has been described in terms of certain
preferred embodiments, modifications obvious to one with ordinary
skill in the art may be made without departing from the scope of
the present invention.



-26- - reqU|renents of each speci fication. Buried | ayer | nEHIE&HERM HAS BEEN
resi stance neasurenents and high—vel tage breakdown neasufjementREREACED
conducted on the | PC-A-43 coupons. The high vol tage neas '
means for detect uﬂmﬂmmﬁjﬁ of ‘the innerlayers. The PTH test coupon

al | ows rreasure “m and interface resifstEHee ot k
ini tiation and propagati dh &an be det ected. In particul aREPtk@EMB&TﬁﬁEBT
this invention meet the standards of the thermal shockiftest o
para. 4.8.6.3, tomrarMd and the thermal stress (sol der f 1" 3 5) PRI
| PC-M.-950- C, Cass 3, para.4.6.5.1. Said boards exceet i

Cont am nation requirements of Northern Tel ecom Corporate_ Standard
_ 1. A multilayer prlnted circuit fabricated with a

permanent innerlayer photoresist, said photoresist °
comprising a light- and heat-cured combination of:

(a) from 10 to 40% by weight of a polymerizable
acrylate monomer; = : -

. (b). from 5% to 35% by weight of an oligomer formed
by the reaction of an epoxy resin and an
acrylic or methacrylic acid;

(c) a photosensitive, free radical generating
lnltlator for polymerlzatlon of the acrylate
monomer and the oligomer;

(d) a curable epoxy resin;
(e) a curing agent for the epoxy resin; and

(f) from 0% to 15% by weight of a cross-linking
agent reactive with hydroxyl groups, all based on.the total
weight of components (a) to (f).

_ 2. A boaid according to claim 1 wherein the
acrylate monomer is a tricarylate or trimethaprylate._

_ 3. A board according to claim 2 wherein the
acrylate monomer is the ;riacrylate of tris-(2hydroxyethyl)
isocyanurate. '

4. A board according to any preceding wherein the
epoxy resin (d) has an epoxide equivalent of from 200 to
700. '

—_—
dThis Sheet Has Been.
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5040..02, Tabl-e 5.01 when tested by'
:#108384 026 1 ectronics, I
'S

2.3, 38 and 2. 50. A

i's ‘all owe B and theaverage '

|nvent|on ers]gV|n[err] VWil e the anentlon h een described in
terns of certaln preferred enbodi nents, nodifications obvious to one with

ordinary skill in the t tese t f
the present invention. | #b%fgﬁ%c%&*ﬂﬁe 8RRy tpreEdd 1Y Whereiarena
amount of the photosen51t1ve, free-radical generating

initiator is from 3 to 15% of the total weight of

| -ceqn.St-g=

e

oey P\QGSBEE
égﬂkﬁbrﬂerA

components (a) - (£).

6. A board according to any preceding claim
' wherein the acyl moiety of the acrylate monomer has the
formula: [RCH=CHC=0], wherein R is hydrogen or alkyl, and x
is an integer of from 1 to 4. ' '

7. A board according to_any'preceding claim
wherein the photoresist comprises: (a) from 15 to 35% of
the acrylate monomer;  (b) from 3 and 15% photoinitiator;
(c) from 5 to 35% of the epoxy-acrylate oligomer; (d) from
20 to 80% of the epoxy resin; (e) from 0.1. to 10% of an
acidic curative for the epoxy resin; and (f) from 2 to 15%
of the cross-linking agent. ' |

8. A process for fabricating a ﬁhltilayer printed
circuit board according to any preceding claim comprising
the steps of: :

(A) providing a plurality of innerlayer boards
(10), each comprising a dielectric base (12) and having at
- least one metal layer(1l4) thereon; '

(B) coating each of said metal layers with a layer .
of photo;mageable composxtlon (16), which photoimageable
CompOSLtlon is curable to form a hard, permanent,
dielectric materlal!-and which comprises:

(a) from 10 to 40% by weight of said polymerlzable

acrylate monomer,

(b) from 5% to 35% by weight of an oligomer formed
- by the reaction of an epoxy resin and acrylic

dThis Sheet Has Been Rep Iace




1. -~ -, Aprocess for fabricating a nultilayer prlnted CIrCUIt board’-—
conpr|5|ng*%he\nggg‘gihaﬁéie€prOV|d|ng a plurality of Aomﬁﬁrb
(13), each r|5|ng a tric base (12) and havi ‘-, {
‘layer (14) m ting each of said netal |ayers Vir%
phot oi mag slm, @i( 16), which phoﬁzl%i mageabl e\lge ‘

curable to form & h#rds manent, diel ectri'c material

conprises: (a) from10 to 40% by wei ght of said pol yner

nononer; (b) from5 to 35%by. ‘E’ﬁhgg&l &)l i goner fo
thacry

of an epoxy resin and acrylic or Ic acid;, A

(c) a photosensitive, free radical generating
initiator for polymerization of the acrylate
monomer and oligomer;

(d) a curable epoxy resin;
'(e) a curing agent for the epoxy resin; and

- (£) from 0% to 15% weight of a cross-linking agent
reactive with hydroxYl groups, all based on
the total weight of components (a) through (f).

(C) exposing each of said layers of photoimageable
material with patterned actinic radiation; '

(D) develqping said exposed layers to remove
either exposed or non-exposed portions, ieaving non-exposed
or exposed portions of said photoimageable composition '
layers on said metal layers;

(E) etching said metal layers of said innerlayer
boards to remove portions of said metal layers from which
said photoimageable composition layer portions were
removed; and '

(F) without removing remaining portions of said
photoimageable composition from said etched metal layers, .
stacking said innerlayer boards and subjecting said boards
to heat and pressure so that said photoimageable
composition initially fills voids between the innerlayer
boards at least partially and then cures to form hard,
permanent, dielectric layers separating circuitry of
adjacent innerlayers.

////
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(cY =& photosensitive, free radical
of -the acrylate nononer and oligo

cu¥ing agent for

cross-1inking agentgreac\

el ant znmﬁmnum
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terlal Wth part%ﬂned actln

A process accordlng to claim 8 wherein the

photoimageable composition comprises

(a)

(b)

(c)

(d)

(e)

(£)

from 15 to 35% of the polymerizable acrylate
monomer; > '

from 5 to 25% of the epoxy-acrylate oligomer;

from 3 t6 15% of a phosensitive, free radical-
generating initiator_which in the presence of
actinic radiation initiates polymerization of
acrylic moieties;-

from 30 to wt. percent of an epoxy resin
composition which is curable to harden said
photoimageable composition subsequent to
exposure to actinic radiation;

from 0.1 to 10% of an acidic curative for said

epoxy. resin; and

from 3 to 5% of the hydroxyl group-reactive
cross-linking agent;

| Said components (a) - (f) being selected so that the

composition is soluble in an organic solvent, the solution
thus formed being capable of drying to a composition which
is soluble in alkaline aqueous solution, whereby said
photoimageable composition is developable in aqueous
alkaline aqueous solution.

10.

A process according to claim 8 or claim 9

which includes the additional step of

(9)

connecting the circuitry of the stacked boards.

ThlS Sheet Has Been Re'p
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portlons | eavi ng non-exposed or exposed portions of si
corpposition |ayers on said netal |ayers; .(E) etching s@i
sai'd i nnerlayer boards to renove portions of said netal ,. ______________
sai d photai mageabl e conposition |ayer portLigas-were renoied —ane—
wi t hout renoving remaining portions .of said photoi mrageabls..e :
said etched netal |ayers, stacking said innerlayer b@
said boards to heat and pressure so thatABSFRAGQIhot 0
initially fills voids between the innerlayer boards
~then_cures to form hard, '

METHOD OF FORMING A MULTILAYER PRINTED

CIRCUIT BOARD AND PRODUCT THEREOF

. In a process for fabricating a multilayer printed
circuit board (20) with permanent innerlayers (22) of
photoresist,. the photoimageable composition used to form
the hard permanent layer comprises a polymerizable acrylate
monomer; an oligomer form by the reaction of an epoxy resin
and an acrylic or methacrylic acid; a photosensitive, free
‘radical generating initiator for polymerization of the
acrylic monomer and oligomer; a curable epoxy resin; a
curing agent for the epoxy resin; and, optionally, a
cross-linking agent reactive with hyroxyl groups. After
exposure and development of a layer of the photoimageable
composition and etching of the underlying metal layer on a '
board, fhe resultant photoresist is'left on the circuitry
traces (14). The innerlayers of photoresist are stacked in
a press where it initially conforms under heat aﬁd_preSSure'
to fill voids between the innerlayers and then cures to '

' permanence. | ' ' '

Figure 2



pernarfe‘";r'\t dielectric | ayers separating circuitry of adjacent i nnerl ayers.
2. K process’ accordl ng to claiml wherein the photoi rrgeab 0
-from5 to 25% of the epoxy-acrylate oligoner; (C fripm3 to.1 ng
phosensitive, free radical- generating initiator whic Dafe ch ce
actinic radiation initiates polymerization of acryli ct=s
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-Zg?’(af'??on130 to 60 wt. percent of an epoxy resin conposition which is
curabl e to harden sai d phot oi mageabl e conposition su ~EX to
actinic radiation; (e) fromO0.1 to 10% of an acidi c ¢uREBPHAREMBNT SHEET ephoxy
resin, and (f) from3 to 5% of the hydroxyl group-re ctivgeir g{%ﬁhkin
agent; said conponents (a) - (f) being selected so t,aPa@' -c§§p03+t+ﬂn,is_
soluble in an organic solvent, the solution thus forned béing capable of
drying to a conposition which is soluble in al kaline aqueous sol ution,

wher eby sai d phot oi nageabl e conposition is devel opabl e in aqueous
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al kal i ne. aqueous solution. 3. A process according tg ar 1 clacm

whi ¢h_i-ncl.udes the additi onal step of (g) conn I n EEL%QﬁﬂthF f fihe
stacked boards. 4. A process accordl 6"5&%5 p cedmg?c{)@'.i Sher i n
the acrylate nmononmer is a triacrylat rlnethacr S R A A-progess

according to claim4 wherein the acr Iate nononer i s tne trlacrylate of

tris-(?-hydLQ;yg%ﬁzll*%fgﬁéfgggate. 6. A process according to any

P:gﬁsgbggtclaln1 erei Xy resin (d) has an epoxi de equival ent of
] I

CLAIMS:

1. A process for fabricating a multilayer printed
circuit board comprising the steps of:

(A) providing a plurality of innerlayer boards
(10), each comprising a dielectric base (12) and having at
least one metal layer (14) thereon;

-(B) coating each of said metal layérs with a layer
of photoimageable- compesition (16), which photoimageable-
ébﬁﬁoéitibn is curable to form a hard, permanent, '
dielectric material, and which comprises:

(a) from 10 to 40% by weight of said polymerizable
" acrylate monomer; '

N (b)  from 5 to 35% by weight of an oligomer formed
by the reaction of an epoxy resin and acrylic

or methacrylic acid;
(c) a photosensitive, free radical generating
- initiator for polymerization of the acrylate
monomer and oligomer;
(dy a curable epoxy resin;
ke) a curing agent for the époxy resin; and
(£) from 0% to 15% weight of a cross-linking agent

reactive with hydroxyl groups, all based on
the total weight of components (a) through (f);



- 30 - 7. A process according to any preceding clai mwherein the anount
of the photosensitive, free-radical generating initiator is from-3—tg 15%

of the total weight of conponents (a) - (f). 8. Aqgﬁé&ﬁgaHEdlmg to
any precedlng cngﬁTﬁﬁ“Erﬁ~Phe_agy noi ety of thelja e#a e BETOQEF hi s t he
n

o n R is hydrogen or aIk | and o Uslalin teger
of from 1 to 4 m"\’mﬁ/i/' Datd o2 LAt
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(C) exposing each of said layers of photoimageable
material with patterned actinic radiation;

(D) developing said exposed layers to remove
Kr/ either exposed or non-exposed portions, leaving non-exposed
or exposed portions of said photoimageable composition
léycrc on said metal layers; ' '

(E) etching said metal layers of said innerlayer
boards to remove portions of said metal layers from which
*sald photoimageable composition layer portions were
'rem0ved- and

(F) without removing remaining portions of said .
photoimageable composition from said etched metal layers,
stacking said innerlayer boards and subjecting said boaxrds

_ to heat and pressure so that said photoimageable
U composition initially £fills voids between the innerlayer
boards at least partially and then cures to form hard,
permanent, dielectric layers separating circuitry of
adjacent innerlayers. '

2. A process according to claim 1 wherein the
photormageable composition comprises

(a) £from 15 to 35%-of the polymerizable acrylate
monomer;

(b) from 5 to 25% of the epoxy-acrylate oligomer;

(c) from 3 to 15% of a phosensitive, free radical-
generating initiator which in the presence of
actinic radiation initiates polymerization of
acrylic moieties;
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(d) £from 30 to 60 wt. percent of an epoxy resin
composition which is curable to harden said
photoimageable composition subsequent to
exposure to actinic radiation;

(e) from 0.1 to 10% of an acidic curative for said
epoxy resin; and

(£) from 3 to 5% of the hydroxyl group-reactive
cross-linking agent;

said components (a) - (f) being selected so that the
composition is soluble in an organic solvent, the solution
thus formed being capable of drying to a composition which
is soluble in alkaline aqueous solution, whereby said
photoimageable composition is developable in aqueous
alkaline aqueous solution.

_ 3. A process according to claim 1 or claim2
which includes the additional step of

(g) connecting the circuitry of the stacked boards.

4. . A process according to any preceding claim wherein
the acrylate monomer is a triacrylate or trimethacrylate.

5. A process according to claim 4 wherein the acrylate
monomer is the triacrylate of tris-(z-hydroxyethyl)
isocyanurate. )

6. A process according to any preceding claim wherein
the epoxy resin (d) has an epoxide equivalent of from 200

to 700.
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7. A process according to any preceding claim wherein
the amount of the photosensitive, free-radical generating
initiator is from 3 to 15% of the total weight of
components (a) - (f).

8. A process according to any preceding claim wherein
the acyl moiety of the acrylate monomer has the formula:
[RCH=CHC=0], wherein R is hydrogen or alkyl, and x is an
integer of from 1 to 4. '



