METHOD OF: FORMNG A MULTI LAYER PRI NTED Cl RCUI T BOARD AND PRODUCT THEREOF
The present invention is directed to a method for forming a nmultilayer
pﬁlnted circuit board, and nore particularly to a method of formng a
mul{il ayer printed circuit board in which a photoi nageabl e conposition used
to print the individual innerlayers forns substantially all of the
dielectric material separating the innerlayers fromeach other. BACKGRCUND
OF THE INVENTION Mul tilayer printed circyiL boards conprise a stack of

i ndividual printed circuit boards or innerlayers separated by di el ect+i cal
material. The circuitry of the several innerlayers is electrically
connected by bored andMETHQBdOFtﬁPas‘NGhAI!yLTWGAKERa?’INEEPnted circuit
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Multilayer printed circuit boards comprise a stack
 of individual printed circuit boards or innerlayers _
separated by dielectrical material. The circuitry of the
several innerlayers is electrically connected by bored
and plated- through holes. Multilayer'printed circuit
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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 circuitry on a two-sided board.

These printed circuit boards are commonly provided
with internal ground and power planes. These internal
planes are frequently 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 voitage and current and ground connections for the
e . 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.
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2. \Mhen conmponents are nounted on a nultilayer printed circuit board and
mass s@l dered in place at tenperatures on the order of about [err] a
‘segvere thermal shock is applied to the insulating | ayers placed between two
copper planes, such as the insulating | ayer between an internal ground
pl ate and ground shield on the surface surroundi ng the conductor pattern.
Frequently, delamnation will occur and blisters will form between the
ground shield on the surface and the intgrnal ground or power plane.
Del am nation and blistering have been a problemwith nultilayers nmade by a
fully additive, sem - additive, or subtractive sequential processes. In a
conventional.subtW%%ﬂingb?bebﬁﬁrér?dFOFBFﬁﬂngnnﬂlFﬂ}§y§§¥ﬁ¥iE?éﬁteﬂrcuit
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resi st |ayer§grf8@ﬁ&ﬂﬁ§”€h¥1céﬁ&u?ﬁéﬁsﬁﬂtEEQEQre?gé&uéﬂﬁﬁy§ arg dev?!oped .
in an approptiate, aqueous fumto renpove, exposed, nexpos ortions o
e phor or cctel R 1FREEon el LR pHtE R HEARER2E nii phoFOFRLPEEEER | O
posi tive-actthg groundashieldconntheTsarfatal ahdythei intéenadt gkedndway in
the areas fr ' ver vk ng. esl.gt r e frer
. et chi ng, the&$2§§$%?n%9§8§fiohéigﬁlﬁﬂgigho?géegggétgg§§?sﬁ§§é g??ﬁp%ed from
the surfacespodblem 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, such as copper,

is coated on each side with a layer of primary

photoresist. The primary photoresist 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 agueous medium to remove
exposed or unexposed portions of the photoresist layers,
depending 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 stripping
process are then treated to enhance adhesion of the



the board. In the conventional procedure, the copper surfaces which have
been upncovered by the stripping process are then treated to enhance
adhesi on of the -3- copper to the pre-preg in subsequent steps. The

i ndi vidual innerlayers are stacked with alternating |ayers of "prepreg"
material, which typically conprises an epoxy/fiberglass conposition. The
assenbly of innerlayers and prepregs is then pressed together and heated.
The pre-preg material initially flows ungder the heat and pressure, filling
the voids between the innerlayers, and eVéntually cures under these
conditions to forma hard permanent_ dielectric material separating the
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It has been the practice to apply 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 usuélly applied
by immersing the copper surface in hot (40°-110°C),
strongly alkaline, hypochlorite solutions. This
immersion 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

7 - 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
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, the adhesion between the copper plane and
the laminated insulating layer over it is reduced. Ionic
contamination and the failure of insulation between holes



desnearing and plating solutions dissolve the black oxide surrounding the
hol es and | eave non-adherent rings around the holes. This is known as "pink
ri ng" because of the ring of copper visible in the pattern of black oxide.

- At*the pink ring, the adhesion between the copper plane and the |am nated
insulating |layer over it is reduced. lonic contam nation and the failure
of insulation between hol es -4- occur where pink ring is found. As can
be seen, the above process requires a ngbgr of steps, and it is a primary
obj ect of the present invention to produCe multilayer printed circuit=
boards utilizing fewer production steps. It is a related object of the
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a rel ated object It psoai farpheranebated 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 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
capabilities.

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

Other objects of the invention include reduéing the
materials used in the process of producing multilayer
circuit boards and limiting the negative impact on the
environment associated with prior compositions and
methods for making such boards.
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I nnerl ayer resists having enhanced printing resolution capabilities. It is
~a further related object to provide nmultilayer printed circuit boards
dhaving inproved resolution of the circuitry inages thereon. Ot her objects
of the invention include reducing the materials used in-the process of
producing rmultilayer circuit boards and |limting the negative inpact on the
envi ronnent associated with prior conpositions and net hods for nmaking such
boar ds. -5- SUWARY OF THE | NVENTI I n accordance with the present
invention, the boards to be used as inrmerlayers of a multilayer pri-nted
circuit board ar e forned u5|no a_resist that is not only photoi mageabl e but
I S har denabPe% c LA dielectric material. The individual
i nnerl ayers are pﬁlﬂéedrdaneeueﬂah thaenpresénboindentidhgl thei boards

Copper on charpE wied B8 iphBElabeLy GFCRpIREHLabER! Brifitkh difchiye]
phot0|nageabbardecretfoﬂhedrﬂgisg anyesistpphatdigyngtvenl¥ty of met hods

such as Scrﬁﬁﬁtaiw&éaﬁleebﬁet iQSﬁai-aénﬁaiaytsoebtﬁga permafienti ng, curtain
coati ng, sSin oatl ng, ext rusi on
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exposed to ppihtéedaciinaatusualr mdhnéron Anﬂodedebﬁpddelectmcappsepr|ate

devel oper to ve eith h e n |,0 t he
photoreS|st ﬁ5§?3f1h8“8508§ gegiggé giﬁérsg ?9%8@ ggbﬁglgaﬁgﬁé etch or
an etch mnthauﬁngcadlayenlqfugnppercgpregﬁhupndestbhrspfdés 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, single- or double-sided roler
coating, dip coating, extrusion 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
non-exposed portions of the photoresist. Next, the
processed board is subjected to an alkaline etch or an
etch with an acidic solution of cupric/cuprous chloride
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 permanenf 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, removing the "drill smear"



that renoves the netal layers fromthose regions where the resist has been
renoved. The resist, rather than being stripped after exposure, devel opnent:
and etching, is left on the innerlayers as a supplenent for or replacenent
of the prepregs normally used to formdielectric | ayers between the

I nnerl ayers. In the manner of prepregs, the photoi mageabl e conposition

| ayer, under heat and pressure, initially conforns to the contours of-the

i nnerlayers, filling in the voids between the innerlayers, and subsequently
cures to format least a portion of perfranent dielectric |ayers separating
the circuitry of the individual innerlayers. The multilayer board is
conpl et ed i framnthencopperclayprser and Adndngt kheudporede hodesd witbenbl v,
emving ! hgetdhl by §Feé'iectr01@ss g&&m@, pBReGurayers, and lining the

bored holes w't an el ectr0l ess ting procedure.. The present
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plurality o nprising a dielectric base and a :
nmet al |ayergfhg?§%%%¥%3)g§§ag*E°S§%gﬁ%% the netal layers with a |ayer of a
phot oi mageabl e cdhposprpundaogpaa9ﬂngalé&y ofodnberd ayey, bpandsght of a

pol ymerizabpgegcryl ate nmononer; - (b) a photosen3|t|ve free radi cal

generating initiator for polynﬁrlzatlgn of th
comprising a dielectric base and a metal layer

thereon; _
(B) coating each of the metal layers with a layer
of a
photoimageable composition comprising:
(a) from 5 to 40% by weight of a
polymerizable acrylate monomer;'
(b) a photosensitive, free radical generating
initiator for polymerization of the
acrylic |

monomer and oligomer;
(c) from 5% to 35% by weight of an
oligomer consisting of a diester of a
bisphenol A epoxy resin and acrylic or
methacrylic acid; ' :
(d) a curable epoxy resin;
(e) a curing agent for the epoxy resin;
(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) _ '
through (f); and
(g) up to 4 % by weight of a filler;
(C) exposing each of said layers of photoimageable
composition to a pattern of actinic radiation to
polymerize the acrylic monomer and oligomer;



acrylic nononmer and oligoner; (c) from5%to 35% by weight of an oligoner

consigting of a diester of a bisphenol A epoxy resin and
aqryllc or nethacrylic acid; (d) a curable epoxy resin; (e) a curing agent
féor the epoxy resin; (f) from0%to 15% by wei ght of a cross- |inking agent

reactive with hydroxyl groups, all based on the total weight of conponents
(a) through (f); and (g) up to 4 % by weight of a filler;.- (C) .exposing each
of said | ayers of photoi mageabl e conposition to a pattern of “actinic.

radi ation to polynerize the acrylic nondnmer and ol i goner; -7- (D) -
creating photoi naged | ayers of the conposition on the boards by dissolving
the unexposed porD) onsreatingh phatedimagedn layersuofalthe icompesdition o
uncover ?b)accordlng to the pattern; (E) etching the uncovered netal to

remove it; st acki ng t he boards having the photoi ed | gyers, with or
wi t hout st andar d theepoagasa by ddissodivd ngp Hih H@qa@aseaﬂ tdans ©f o the
stack to cup@chhe conposition in each |ayer and fornlhard per manent

i nnerl a ers bet
y wggn the boaradué%ﬂ% 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, with or without standard prepreg material, and
applying heat and pressure to the stack to cure the
composition in each layer and form hard, permanenf_
innerlayers between the boards; and

(G) connecting the circuitry of the stacked boards.

BRIEF DESC G
Figure 1 is an elevation of an assembly of exposed,

developed and etched innerlayers of this invention
between two outerlayers as they are about to be pressed
to form a multilayer printed circuit board in accordance
with the present invention.

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

DETA C PREF ED ODIMENTS

The particular monomer combinations,
monomer/oligomer combinations, and their interaction with
other components in the formulation will affect the
degree of tackiness and other properties that are
"desired. Preferably, the photoimageable composition is
prepared in two parts, the first part containing the
oligomer and the second containing the epoxy resin, and
then mixed shortly before application to the substrate.
The temperature during preparation is chosen to
facilitate high shear mixing of the components of the two



(G connecting the circuitry of the stacked boards. BRI EF DESCRI PTI ON OF
THE DRAW NGS Figure 1 is an elevation of an assenbly of exposed, devel oped
and etched innerlayers of this invention between two outerl ayers as they
are about to be pressed to forma nultilayer printed circuit board in
accordance with the present invention. Figure 2 is an el evation of a

mul tilayer board nade fromthe assenbly of Figure 1. DETAILED DESCRIPTICN
OF CERTAI N PREFERRED ENBCDINENTS The paPtTcul ar mononer comnbi nations,
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‘the board does not occur. The conveyor speed may from

about 5 to about 7 feet per minute. Suitably, the groove
density of the rollers is 40 threads per inch, the groove
depth is 0.010 inch, and the groove angle is 76°. After
application, the wet layer is dried to remove organic
solvent. During this drying, some reaction of components
may occur. The thermally driven reaction serves to
increase crosslink density and advance the overall

- molecular weight of the film. Condensation reactibns may
occur between an anhydride and a melamine-formaldehyde
resin, or between an epoxy cresol novolac and a hydroxyl-
and/or carboxylic acid functional oligomer.

If there is a significant hold time after drying
before the desired exposure of the photoimageable layer,
it may be covered by a sheet of black polyethylene or the
like. It is then exposed to patterned actinic radiation
at an energy level sufficient to cause ehough
crosslinking to prevent attack by the aqueous alkaline
developer tﬁat follows in the conventional process. The
intensity and time of the light exposure must also be
correlated with the drying temperatures and the oven
conveyor speed to achieve the optimal performance. It is
preferred to effect a UV cure at an energy level of from
about 150 to about 350 millijoules/cm? to tie up any
unreacted acrylate prior to lamination and preferably



and the drying oven speed so that scoring at the edges of the board does
not oecur. The conveyor speed may from about 5 to about 7 feet per mnute.
Suitably, the groove density of the rollers is 40 threads per inch, the

gt oove depth is 0.010 inch, and the groove angle is [err]. After
application, the wet layer is dried to renove organic solvent- During this
drying, .sone reaction of conponents maygoccur. The thernally driven _.
reaction serves to increase crosslink dénsity and advance the overalTl-=
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in aqueous solutions 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, before 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 foéming a multilayer
circuit board, the photoimageable compositioh 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. 1In
the pfocess 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. Elimination of the stripping
stages of the conventional process permits increased



aqueous solutions and with or without organically based antifoam agents, is
an i nportant advantage of the photoi mrageabl e conposition of the present
tnvention. Elimnating the need for sol vent-based devel opers elimnates the
cost of the solvents as well as health, environnental and recycling

probl ems. Al though the filnms formed in accordance with the invention are
devel opabl e i n aqueous sol utions w thaujg any organic sol vents, deVeIOpers
may i nclude sone organlc sol vent s, prOV|d|ng that the added or gani-c 'sol vent
does not soluybil.i pos orti op of, th igure 1 of the
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traces 14 an 0S C|rCU|try es woul ave eentreated in a
cheni cal baphotpameseagﬂeceegpes itden)a6sdmto thenvodds hetween Shengeabl e

conposi ti onjhfieriafeirsStho kReEork&hecpdakrd 20 DI FikRird 2.6l iTHaNat ed, as
are any proﬁlggﬁ géSQCIated wi th di sposal of the stripper. Ellntnatlon of
a

the stri ppi t he conventional process permts increased
- malntalned under heat and pressure for from about 3 to

about 3.6 hours, during which time the photoimageable

composition 16 cures to form hardened, permanent

dielectric layers 22 which 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 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 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 layers
22 may be used to further cure or anneal it.

L The option of utilizing 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 form

—



- 10 - throughput of a nultilayer board and reduces the resources required
for its production. At this point, there are several options available in
formng the multilayer circuit board. In the option shown in Figures 1 and
27 the innerlayers 10 and outerlayers 18 are nerely stacked in a standard
mul tilayer press and the assenbly is subjected to heat and pressuréwhich
initially squeezes the still flomable_p t oi mageabl e conposition 16-into

t he voi ds between the innerlayers 10 to ?orn1the board 20 of Figure 2. The

board 20 |s |g&@wﬁs quqg tp%ndigr §§bﬁé ?ﬁbogﬁ¥igigklae&9 about

3.6 hours, ur|n t1me dt0|na e ion 16 cufes to
f orm har den&bic Nnaneﬂtdeteﬁbéﬁrﬁbq §9€¢§°@§ ﬂﬁl&ﬁee phetoiaggeabd®ar at e

DT esSur 6 ar G e O U g, phot ol Taogabl e
u art,i hot Qi
conp05|t|onsygﬁggﬁéﬁtfHPQFF agrﬁeggg Pﬁlg lﬁaﬂpb o & %fﬁ3ﬁﬁ”bs t he
Eo}dstartéthb traces d4pbutcdlse do previldesa' swffdedentlyt vhixksenbly is
e at abo dden the
pressure |saﬁnégéasegp%aﬂ?q%h1gﬁgﬁékﬁggifgtgggﬁ% ggbaﬁg In t.he hot
start/ful |l pnaserdayersodddur Becanse %M@mﬁeﬁ?&ﬂ qomposis dqn e of
from about §Q0rledativell f@@:ﬂ@ﬂsi@@i fttviidk laykeldd doriY Mrd Wipehdive. 6

hours. The cured assenb

suit cool.ed down rate of about [err
An opti onal R0 PFLIEot %l@&gﬁw‘g‘c?ﬁﬂfé’r‘? ﬂﬁf%@ dia h[er ]

cure o_r.'_@nnpaloriet- rﬂsblmﬁ:.lown thianuta Hhdmenenl vy :nfnd:lxmanmmmjelabl e
ST nat | no2ERy L EE R S 13fEre’ ard td et/ Ul Afe Tole
source of material for the dielectric layer 22, the
thickness of the photoimageable layer will vary from
_ about 2.2 mils when 1 oz. copper foil (1.4 mils thick) is
used to about 3.2 mils when 2 oz. copper foil (2.8 mils
thick) is used. _

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
stripper and treatment to avoid oxidation. The
additional material could be more of the photoimageable
composition 16, a compatihle curable system (without the
photosensitive components to minimize cost), or even
conventional prepregs. 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 through the layers, and the hole
walls are plated to electrically connect the circuitry of
the several layers.



additional material, the inclusion of which would constitute additional
efforts. On the other hand, if only the photoi nrageabl e conposition 16 is to
be used to form the dielectric | ayers 22, it nmust be applied relatively
tﬁlckly in order that the portions of the phot0|nageable conposition 16
remai ni ng after devel opnent provide sufficient material to not only fill in
t he voids between the traces 14 but alsi to provide a sufficiently thick
dielectric barrier between the traces'o éﬁjacent i nnerl ayers 10. Because

t he phot oi mageab N i n ick |ayers of

it are expensi veL‘:?l %%g’&s&tt]ﬂ%s&ssg \ﬁg‘u)et % aﬁ%qu;yer produces
poor er resolinventionaingludes @meaclrwhﬁcveqhmmu ysyamglm &y pidch | mageabl e
| ayers are feSebh ogtg_tté_ 3 g,h%w.g,% %ayer vv| df An E?,%xx electric |ayer

22, the thickness ot i mageabl vary about 2.2 mls
when 1 oz. EBERAF ﬁWSFfm4WhHQQ1ﬂ§ Surable, o #e3 2 nils when 2

0z. copper tcembo(sat&dm laF tielt %ds@n:'és@ihd H&@Ul@pn@lﬁﬁ.on Theottwd | ust rat ed) |

is to apply d|t| naI elec ric _prepre erial,.ta.the board after
etching,  AgShAmiERL B SRS aTh R, e ive R SAsbved | rom
t he traces, o&halrdnang mmtfsoloﬁsthhqo;tmo Mntucaéi systems ans d

i dat i t t
il on SIS S ier sl e Vi s il ol

conp05|t|on 16, a conpat t he photosensitive
conponent s £SPRCHRALYe tiye When thee campegdtiomdncludes. @& cnaesmy case,
t he phot-oi mgaxking agamsi(if)qn Iayer that is left on the traces forns a

portion of the dlr?_xlee%tcrrjy :i.lca %rs en i'nré]:[u%eesm{:llfe' Ia\a $1a Oearngonomers
' (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-linking agent (f) is
used, it is selected to be reactive with free hydroxyl
groups of components of both the acrylic and epoxy
systems.
In one embodiment of the invention, the preferred
-:°  photo- imageable composition comprises (a) from 5 to 40%
of the acrylate monomers; (b) from 3 to 15% photo
initiator; (c) from 5 to 35% of an oligomer consisting of
a diester of a bisphenol A epoxy resin and acrylic or
methacrylic acid; ; (d) from 20 to 80% of an epoxy resin;
(e) from 0.1 to 10% of an acidic curative for the epoxy'
resin; (f) from 1 to 15 % of the cross-linking agent; and
(g) up to 4 % by weight of a filler. 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 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 5 %
may be insufficient to insolubilize the portions of the



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

- 12 - The conposition 16 according to the present .invention includes an
acrylic chem cal system by which the con05|t|on i s phot o- pol yneri zed and
an epoxy chenical systen1mhich is curabl e to harden the conposition after

exposure an t IQ._Qy\Pa e not
excl usive og’ eac 'Q:”la Eiggtrrr%%ng{r%ts of trﬁe {‘wo hem c\girinlg ens are
bel i eved torlaﬁtlél’bé@-chéﬁv@d-lﬁ Pliacrydate mmerrrliugne? éwéb Q1% true
when the compgs h:usmﬁ 1§ WIS nhed1d¥er Whikhd 2398 ddpk. Theacrylic

systen1|ncludes acr Iate nD 0 a atg oligoner (c)
“and the phoFSF% Q"(ft M#@E&q%%&gk é%’oxy resin (d)
and t he. aci @lemcematdfvett(ea)tddﬁr mfe:hghﬂ fofa compomentsi (&) -s(@nt Urfless used,
it is selec Ve C onant s of
both the acr%ﬁi%%g% é%%?gd %ﬂ%ﬁ? tgéﬂgnbodl n&#ﬂ§¥ﬂ%%é%§ﬁv tion, the
preferred pﬁé’@ocalh%'g}@élﬁ%r@irﬁ?ééﬂ |t'@n thenhatads wedghty off amporents t he
acrylate morzarrar(%) . D)rrfed Qlourits Je%a@i@otasadirﬁitdr@uormg&@diféﬁg 5 5% of

o0 O 1goTer oMY Yl Sl 80 S A e e
; to the sum of the weights of (a)-(f). The dried
composition of (a)-(f) is soluble in alkaline aqueous
solution, whereby the photoimageable composition layer 16
on a circuit laminate is developable with alkaline
aqueous solution. ' |
The acyl moiety of the acrylate 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 methyl acrylate, methyl
methacrylate, hydroxyethyl acrylate, butyl methacrylate,
octyl acrylate, 2-ethoxy ethyl methacrylate, t-butyl
acrylate; 1,5-pentanediol diacrylate, 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-
cyclohexanedioldiacrylate; 2,2~-dimethylol propane
diacrylate, glyceroldiacrylate, 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,
polyoxyethyl-z-z-di(p-hydroxyphenyl)-propane



(e) fromO0.1 to 10% of an acidic curative for the epoxy resin; (f) froml
to 15:% of the cross-linking agent; and (g) up to 4 % by melght of a
filler. The preferred conposition has a photo-sensitive chem cal system
whi ch renders exposed portions of the resist insoluble in al kaline aqueous
devel oper and an epoxy-based chenical systemwhich is curable to prOV|de
per manence and hardness to the nmaterial subsequent to exposure, .

devel opnment, etching and curing. A |leveldof the acryl ate nonomer “(a) * Iomer
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h fil h
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al kal i ne aqpbenylsetDViene-WhardﬁyetheCpﬁéasenageabaerwshﬁé§9ﬂ|on | ayer 16
on a C'rCU'tekfahaehsc 1ﬂe&eleﬁiahenwub& ﬁkhﬁhh@et%quaeusc$y1akbgn The

acyl noiety o e acr ggﬂnoners LS represe formula: [err]

wherein R |§:ﬁy89§§éﬁeéﬁ°&| ethagrylatein 1, ArP§ to 4. The
mononer s aralﬁetaabeﬁlhtem andathet ¥ribceylate off m;sl-u(c-and met hacrylic

aci ds, SUCh g%%@%hyi? Xs%%%hnﬂ%%%&l 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.
Epoxy-acrylate oligomer (c) means herein an oligomer
formed from an epoxy backbone which is reacted with
acrylic or methacrylic acid, a low molecular weight
polyacrylic or polymethacrylic acid, or a mixture of
them, so that at least 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 reacted
with the acrylic or methacrylic acid moiety, the oligomer
functions primarily as an acrylate or methadrylate, said
moieties of the o1igomer polymerizing along with the
acrylic monomers during the photoinitiated reaction which
renders exposed portions of the photoimageable
composition layer insoluble to agqueous alkaline solution.
The substantial hydroxyl functionality provides the basis
for cross-linking with the cross-linking agent (f), if
such a cross-linking agent (f) is used.
- Preferred epoxy-acrylate oligomers are diacrylate
(or methacrylate) esters of bisphenol A type resins,



met hacryl ate, hydroxyethyl acrylate, butyl nmethacrylate, octyl acrylate,
2-ethexy ethyl nethacrylate, t-butyl acrylate; 1,5-pentanediol diacrylate,
N, N- di et hyl am noet hyl acrylate, ethylene glycol diacrylate; 1,4-butanedi ol
dfacryl ate, diethylene glycol diacrylate, hexanethyl ene glycol diacrylate;
1, 3- propanedi ol diacryl ate, decanet hyl ene gl ycol dlacrylate decanet hyl ene
gl ycol dinethacrylate; 1,4- cyclohexaneg ol diacrylate; 2, 2- di met hyl ol
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,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 _ _ '

5 to 35 ¥ of the total weight of cdmponents (a)-(£f), and
more preferably from 12 to 35 %. Epoxy—-acrylate
oligomers used in the photoimageable composition
preferably have molecular weights of from about 500 to
about 2000.

Also required in conjunction with the polymerizable
acrylate substance is a chemical initiator system which
generates free radicals in the presence of actinic
radiation and thereby causes the polymerization of the

T;? 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 practicé of this
invention. Examples of chemical photoinitiator systems
include benzophenone, benzoin ether, benzil ketals,
ispropylthioxanthone and acetophenone and its
derivatives. Other suitable initiator systems'are



formed from an epoxy backbone which is reacted with acrylic or nmethacrylic
aci d, a | ow nol ecul ar wei ght polyacrylic or polynethacrylic acid, or a

m xture of them so that at |east about 90% of the epoxy groups are
eSterified with the acid. In the reaction of the acid with the epoxy groups
of the epoxy resin, the acid nol ecul es each forman ester bond with the
resin and a hydroxyl group is forned on the vicinal carbon atom Because
substantially all of the epoxy groups al® reacted with the acrylic or -
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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 resin molecules open and react with other materials
present. Primarily, the epoxy resin molecules react with
the acidic curative (e); howéver, to a certain extent,
the epoxy molecules react during final curing 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 novolac type are used. Other
suitable epoxy resins are described, for example, in U.S.
Patent No. 4,092,443, the teachings of which are



3,256, 226; 3,317,465; 3,345,6401; 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
| ncorporated herein by reference. The epoxy-acryl ate ollgOﬁmggﬁagmggég&_lmmd-

conprises from5 to 35 % of the total weight of conponents
nore preferably from12 to 35 % Epoxy-acrylate oligoners uiﬂm ﬂwj:uﬂ
phot oi mageabl e conposition preferably haye nol ecul ar wei ght
500 to about 2000. Al so required in canﬁﬁbtion with the pol ynerizabl e
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i ncl ude benzophe&‘hﬁephb&nz-naqeabﬂsr copposiition: alccordipdopa thiigxant hone

and acet Ophﬁaeagtagﬁ S ﬁl%h\i%h' 05 beChApdenied! ¥ ol ahetitens are
- 16 - descrl be exanpl_e S. 4 451,523 and

Pat Nos. 3.469,9
4, 358, 477, Fﬁ@ngéyﬁansHBFdﬁﬂﬁeﬁ gﬁePFH@GFgéﬂ rH@P@Fﬁ G? rence. The
anount of pbardng bifathe epoxyytesiny Vaoy promote WuiEiciestly rapid

curing of the epoxy resin, the photoimageable composition
of the present 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.q.,
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)=-(f).

Although photoimageable compositions in accordance

with .

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
- particularly useful in connecting the acrylate chemical
system and the epoky chenical system in a single
interconnected network in the innerlayer. Free hydroxyl
groups on the epoxy resins and the epoxy- acrylate
oligomers, generaily provide the basis for such cross-
linking. The cross-linking agent (f) is typically used
at a level of at least 1 %, preferably 1.5 -5 %.



dependi ng upon the pol ynerizabl e acrylic substances, the particul ar
photoinitiator systemand the desired tinme of devel opnent. Cenerally, the
photoi nitiator chem cal system cdnprises from3 to 15 % of the total weight
of* conponents (a)-(f). The material which inparts the excellent hardness
and durability to the filmor layer after devel opnent and final currng IS
the epoxy resin or mxture of epoxy resins. The epoxy resin or resinsx
conprise fromabout 20 to about 80 % (pd&f-erably from about 30 to abbut 60
% of the total weight of conponents (a) .. At hig eratures and/ or
in the presence Jff AIARAINGE Wi P%F%EFp§%ftl!%é o R®es open
and react WdrosE-+EAnKiigr @é&mgsamelﬁimfdmaldamwsmi n

| | e t, with f.h di t t tent,
(he epoxy niiEnthitial ARELacetfin ‘o2 isle, RSP Baocable T ki ng agent
(f), and perdeppositiomias a haysmwt oit pis wlm dchat i themelaminend any
remaini ng urR@lpdFddifde ARt ifedBX HEdAESei ] eipg @bl y, the

epoxy resin or mxture of resins i s so at about room t enperature, The
phot 0i mageaAM¥HAARS t ?ﬂﬁﬁmﬂpﬁﬂﬁeﬁﬂﬁ|QRP¥QF%§¢4CRFQV¥¢4¢HtQﬁ¥PR¥$hbstrate

after di ssolfuﬁtg:i&fapﬂyct&pcaﬁméaﬂéht rbﬁdsbeysahy s bamerls Minivig1first.
A w de Va”%ﬁ/ thg'{])- e]?lnsms éab accordance with the
present inv s y%l?/%% 3)9 %p%%' Df %%ﬁ‘fﬁﬂ A and novol ac type
are used. (nékamme/tmrmabpﬂe&yydeasresimrmcmsm|dmss+binlexdmptbughi n US.
Patent No. 4.Q02 iAoty dfSiepl NS NI S Sgroups of
melamine/formaldehyde resins may be alkoxylated to give a
suitable cross-linking agent. In accordance with another
aspect of the invention, a blocked, multifunctional
isocyanate may be used as the cross-linking agent. The
blocked 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.
Z. The cross~-linking agent may also be cyanoguanidine
(also known as dicyandiamide or dicyanamide) or a
substituted amino triazine such as 2-[8-(2'~
methylimidazolyl-l’]-ethyl-4,S-diamino-s-triazine, which
is so0ld under the trademark CUREZOL 2-Mz-Azine. A mixture
of the dicyandiamide and substituted triazine may also be
used.
' The components of the photoimageable composition are

selected to be soluble in a common solvent to form a
.7 single-phase liquid composition. As mentioned above, the.



17 I ncorporated herein by reference. Cycloaliphatic epoxides, such as those
sol d under the trade nanes Cyanacure UVR-6100 and UVR-6110 by Uni on
Car bi de, Danbury, CT are also useful. Epoxy resins used in accordance with

t he invention preferably have epoxi de equival ents of from about 90 to about °

700. The phot oi mageabl e conposition according to this invention is |ntended
to be hardened to form a pernmanent |nnerlayer Hardening is- prlnarlly

attributed to the curing of the epoxy™ 8. To pronote sufficiently rapid _

curing of the epoxy resin, the photoi bl e conp03|t| n of .the present
i nventi on edfiadiid Photaimageahls |°\P€'P°/§8’1"31‘E‘ oA hey ed it 1&ide not
only SUbSta@iﬂﬁﬁMﬁﬁé‘l Hya\ae ddﬁ@ﬂyard@wpmamn lmﬁtlﬁidm clBagkcal s such as

anhydri des, mhlch free b i applications
of the i nver?Plp&H'c 3#\‘&9 has g&%r °3‘;% SHASE it £ unct i onal
carboxylic m@qmmhileef@mmﬁ i Vi mam mlfdat%\'l%%ts are those
havi ng a bl g ;llé,g;, 'Hé @&ﬁhlm&ﬁ&%m Rfiaf tafe @ threshol d

t enperat ure.” Epoxy

cure catal ysts ar q\&enera ~used at |levels of from
“about 0.1 tPagtdsulayr geguingmenis;o agthad et 1) Al t hough

phot oi mageakipp1G@RTIT . Oll‘ﬁampbrﬁiﬁﬁ dal)Ge( ﬁm tah:et hee Ju s tsualy etidtora do not

ngent (1) | Sribeh i<priatEhan UR e e RS S 1uBLEE S User u
in connect i rmgpliuteiangr wmmgnmexsm &ha@Qﬁ@WMem cal systemin
the epoxy. mﬁ"ymﬁl&ﬂ g .kdéa‘é%fy 4 B e oVl o the
basi s for s@&AULIONS- @i ﬂd¥ ﬂé%QMg agent (f) is typically
used A-mlxture of components (a)=(f) is typically too
viscous to be easily applied as a layer; accordingly, it
is generally the practice to dilute the components (a)-
T (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 40-
m;; 50%; and for application as a dry film typically about
50%. Suitable solvents include, but are not limited to
ethylene glycol monoethyl ether,:ethylene glycol
monopropyl ether, ethylene glycol monobutyl ether,
ethylene glycol-2-ethylhexyl ether, ethylene glycol
monohexyl ether, diethylene glycol monomethyl ether,
diethylene glycol ﬁonoethyl ether, diethylene glycol
monopropyl ether, diethylene glycol monobutyl ether,
dipropylene glycol methyl ether, propylene glycol
monobutyl ether, propylene glycol monopropyl ether,
f;fﬂ propylene glycol methyl ether, ethylene glycol monoethyl
| ether acetate, ethylene glycol monobutyl ether acetate,
diethylene glycol monoethyl ether acetate, diethylene
glycol monobutyl ether acetate, propylene glycol.
monomethyl ether acetate, ethylene glycol diacetate, 2-
ethylhexyl acetate, n-butyl acetate, isobutyl acetate, n-



at ‘a level of at least | % fromabout 2 to about 15% preferably 1.5 - 5%
=~ 18 - In accordance with one aspect of the invention, the
cross l'i nking agent is a nel am ne-fornmal dehyde resin. During initial
application of the photoi mageabl e conposition as a layer, it is believed
that the nmel am ne- fornmal dehyde resin reacts to some extent with the
anhydri de. This opens the anhydride, providing carboxyl functionality for
subsequent epoxy curing. This initial —reac-tion al so has a surface drytng
effect. Melam ne/for I-dehy resm a ts ss-1ink through free
hydroxyl gr ®FPYITRe rT%ﬁ ‘%ﬂqu? Le"ﬁil]de resins may be
al koxyl at ed ditnegihyl zfmatmtde, drsnphdncme,nghagnhuty]n ketanelance with
anot her asp e t| ocyanat e may
be used as t ejgrh(?ss r{%ﬂ nrggééai‘;g}letrfl q% Jso@{/a%g?&emlg selected to
debl ock genmqrge.atanme agstatemrethyk eamfl tqrﬁefémﬁw ¥ igea%hpl e of
a suitabl e NAGHR] 1AM EPropan m@pcimmmdwpmm nf a

bl ocked |soc nate |s t he cyoss-1inking . agent a is the
curative, tkekangy o‘fsqlﬁ'ep‘f% #??a%e%’o r*@vﬁgo%afﬂt\y’g q'[°‘?;1e‘t| ne prior
to cure is dﬁrﬂ@da:oﬁ;ﬁn,praadﬁaﬁnm,g mgthyl adethtele Npeethesl provi di ng
the acid fungti | 9&9;% curing of the epoxy resin and
needed alsoqéé}¥EQ§4ghe dgﬁgpbP e cross-linking agent nmay, al so be
cyanoguani di ne (alm@mmst%%mmw‘%ﬁ %Wﬂo&mﬁ which
substituted %ééﬁ%f%&%%ﬁt@iﬂéé‘ééﬂlé 2ccuupos:.t:].on of this

met hyl i m dazol yl et hyl -4, 5-di am no-s-tr.i azi pe,
y emb yodlme]nt tﬁ/e invention, the photofmagél\/%le 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 4 3. Some examples of fillers are micro
talc, 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.g. provide a matte finish.
The photoimageable compositions will now be
described in greater detail by way of specific examples.



is sold under the trademark CUREZOL 2- Mz-Azine. A mxture of the _

di cyarndi am de and substituted triazine may al so be used. The conponents of
the phot oi mageabl e conposition are selected to be soluble in a common
solvent to forma single-phase liquid conposition. As nentioned above, the
-19- liquid photoi nageabl e conposition may be applied to a substrate by a
variety of application nethods. Each appication nethod has its own T
peculiarities, and photoi mageabl e conpositions in accordance with this ~
invention may be fornulated in an@@g@ﬂﬁféﬂjth the particular requirenents
of the particular nmethod of appli » nponents (a)-(f) are selected
such that a dri ed composiitiion was: preparedsalsulfiod liowsal kal i ne aqueous

sol ution, wegnebheatwayer of the photoi mageabl e conposition nmay be

devel oped ig_ﬁgKﬁrgﬁﬁ aqueous solution, e.g., 1% sodi um carbonate. A

m xt ure’-of conponents (a)-(f) is typically too viscous to be easily applied
as a | ayer; Tedsqrehparpxyethyd)Jdsocyanyrate prdacrydate'dilute the
conmponents @87 (f) with an organic solvent. Typically, solvent is used at
a level of 10-60 % but this will vary depending upon the neans of

appl i cat i onMeEbylodated melamime solvent is generally used at 10-20% for
el ectrost at Be4spray coating, at 20-60% for curtain coating generally at
40- 50% and for application as a dry filmtypicglly about 50% Suitable
sol vent s i nBP&¥eON Bg? depory: methacxylagecm@@idle gl ycol nonoet hyl. et her,

et hyl ene gI?cal nonopropyl ether, ethylene glycol nonobutyl ether, ethylene

gl yool -2- et LR 366107 asSLh3RE Lated o
6.2
' a bisphenol A epoxy resin)‘

- Epoxy cresol novolac resin, epoxy eq. 235°
23.8 '

Bisphenol A epoxy resin, epoxy eq. 575-685°
23.3 '

- 5-(2,s-dioxotetrahydrofuryl)-3-methyl-;-

cyclohexene-1,2-dicarboxylic anhydride
8.6

2,2-dimethoxy-2-phenyl acetophenonea
s 1.4

2-methy1-1-[4—(methylthio)pheny}]-2-
(4-morpholinyl)-1-propanone
- 6. 2 . . .

isopropylthioxanthone?
—2a3

100.0

PLUS Leveling pgents, etc:

Modaflow 21
0.9 Byk 361, 306 (equal portions)
s 0.8
Malachite green dye12
0.08 13
Filler (fumed silica)
1.5 ' '1‘
Inhibitor (MEHQ)
0.1

Solvent (Amount and type appropriate



monohexyl ether, diethylene glycol nononethyl ether, diethylene glycol
nonoet hyl ether, diethylene glycol nonopropyl ether, diethylene glycol
nonobut yl et her, dipropylene glycol nethyl ether, propylene glycol
monobut yl et her, propyl ene gl ycol nonopropyl ether, propylene glycol nethyl
et her, ethylene glycol nonoethyl ether acetate, ethylene glycol nonobutyl
et her acetate, diethylene glycol nonoethyl ether acetate, diethylene. glycol
nonobutyl ether acetate, propylene gly ~ nononet hyl ether acetafe, -

et hyl ene gl ycol diacetate acet tyl acetate, isobutyl
acetate, n- 20 - propy# aEQFaPéLﬁgé 9F arR ?gggtgaggcetone al cohol ,

di met hyl formam

i;Obutyrate, g9ivﬁ gaaétoﬁghbgoguggggggtggsﬁ%8ﬁ8F8h3§F§acetoL:ObUtyl

met hyl isoanyl ket one, 2-nitropropane, nethyl isobutyl ketone, nethyl n-

propyl ket Onﬁo},gégpr oeyhleasi,at rget- hyl, Aﬂbbxbahetgaaamtiabr-abydr of uran,

acet one, r ol |dong and bg ﬁlglaéto I n addltlon
to the conponents destPBéHdaGBQEiﬁﬁ}ch‘aF@ GULEMt Pal-108~ 93P0|nageable

conposi tion of this eghpdwient.pige i nvent Ameriths ;pBeCiban§eiglys

conposition may optlopﬁglﬁgbﬁgggkg |t53nahb&%gmﬁgga;s g@mph are standard

in the art. The phot of t'i on “opt 1 onal 'y “may contai n organic
or inorganic fillers ualnémsksodp tdZ4 Renggrd3efapesdd &S5 || ers are
m-cro talc, ground polueﬁhﬁkqgg qls2'kodated S|I|ca and pol yvinyl i dene
fluoride. Also relatively small' anounts of flow control agents, dyes,
antioxidants, etc. nmay be added. Fillers may effect the final appearance of



‘innerlayers, e.g. provide a matte finish. The photoi mageabl e conpositions
w Il Bsow be described in greater detail by way of specific exanples. -
21 - EXAMPLE 1 A conposition was prepared as foll ows: Conponent* %N
TFi s(2- hydroxyethyl) isocyanurate triacrylate 18.7 Methylolated [err] 3.4
Hetron 912 (epoxy nethacrylate resin)3 6.2 Ebecryl 3701 (diacrylate ester
of 6.2 a bi sphenol A epoxy resin) 4 Epoxy cresol novolac resin, epoxy’ eq.
[err] 23.8 Bisphenol A epoxy resin, epgﬁy_eq. 575-685 23.3 - o
5- (2, 5-di oxot et rahydrof uryl)-3-met hyl - 3= cycl ohexene- 1, 2-di car boxylic
anhydride 8.6 2, 2-di net hoxy-2-phenyl [err] 1.4
2- et hyl - 1- [ 4- ( n®heyphbtoiphgeabde] cpmpositionr whel applied- psopawete 6.2
[err] 2.3 ¢i1m 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 f£ilm 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
composition 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/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 f£ilm was UV-cured by
exposure to actinic radiation having a UV eheréy 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.
The performance of rigid multilayer printed circuit
boards fabricated with a permanent inner layer photo
resist (PILPR) according to the general procedure of



100.0 PLUS Leveling Aents,etc: Mdaflow 0.9 Byk 361, 306 (equa
portigns) 0.8 Malachite green [err] 0.08 Filler (fumed [err]) 1.5 Inhibitor
[err] 0.1 Solvent (Anpunt and type appropriate -22 - to the method of
app!lcat!on) Sol vent used: Ethyl-3-ethoxy propionate [err] *Source:

1. Htachi Corp.; 2. American Cyanami de; 3. Ashland Chemical; 4.Radcure;

5.C ba-Geigy; 6.Dow, 7.DIC Anericas; 8. C ba-Cei gy; 9 War d

Bl ankensop; 10. Mbnsant o; 11 Byk Nhlllh%%rodt 12. Penn 13. Cabosi | -
14. Al drich; _15.

as a wet fIFﬁPWPg €a cUPFaFﬁaggﬁf ﬁsgg”ggg%%dﬁF%% tﬁ"'(f%'ca)'at t@gplled
condi tions mBCeMn&eso-c1Pbrgnrnanceospengfiﬁaénpalapér“@éuir§5ﬁ&ﬂ: | ami nat e

vas appl i €dghHe9hdbpkR121RaRYBn2oRP PrIHLER Riditg! Bodirid.cknest of 2.0 to

coupons of these boards were made to 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 hole (PTH) coupons were also
tested. In general, it was determined that such boards
will meet or exceed the requirements of each
specification. Buried layer insulation resistance
measurements énd high voltage breakdown measurements are
conducted on the IPC-A-43 coupons. The high voltage
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 _
- i  equivalent to methods 2.3.38 and 2.3.39 of IPC-TM-650. A
maximum extraction of 6.4 ug/in2 is allowed by those
standards and the average value for six boards of this
invention was 2.7 pg/in2.



| am nate and 0.8 to 0.9 m|l| dry filmthickness on the copper circuitry.
Coati mg speed was 80 to 90 neters per mnute. The .working viscosity of the
phot oi mageabl e conposition during coating was a Zahn Cup No. 5 reading of
22 seconds, [err]. This was equivalent to approximately 60 wt. percent
solids. The photoi nageabl e conposition was dried at [err] for 15 ninhutes,
and cool ed to roomtenperature. The secad side was then coated:-in a manner
identical to the first side. The second side was dried to a tack-free

surface at [err] for 30 minutes. qﬂgﬁﬂiﬁﬂﬁprk was placed directly on the
film and the fil mwas exposed to actinic radiation having a UV energy

exposure | evel ofa ompowrditidh) waseprepdirdd @s\aFdlilearszur f ace. Exposure tine
shoul d be such that the exposed portion of the coating remains intact
during the gopmpomentevel opi ng process. The fil mwas devel oped in a basic

- aqueous sol & M, i.e., 1% by weight sodium carbonate nono-hydrate. The
filmwas UV-cured by exposure to actinic radiation having a UV energy
exposur e | ef@isdR-hydroxyethyldr disocpanurates &x iaspydateas then etched in a
cupric chl oABd® sol ution (an anmoni acal etchant is an alternative) to
generate the 'rﬁyitg%ﬁira.es“ The etched circuit lamnates with the

i nnerl ayer F@%h? ol M pressed into a nulti-layer board by the
"Kki ss" procéd re described above. The performance of rigid nultilayer
printed cir&g’ cBP@EQF fabricated with a permanent inner |ayer photo resist
(PILPR) .accgrqing to the general procedure of =~ - 24 - Exanple 1 was
measur ed bY qpSRlculle038P4r €s required by the | PG M.-950-C Performance

Speci ficati gnqand M L-P-55110

Epoxy cresol novolac resin, epoxy eq. 235
46.7

5-(2,5-dioxotetrahydrofuryl)-3-methyl-3-
cyclohexene-1,2-dicarboxylic anhydride
8.5 .

2,2-dimethoxy-2-phenyl acetophenone
3.7

2-methyl-1-[4-(methylthio)phenyl]-2-

o {4-morpholinyl)-l1-propanone
4.7 '

isopropylthioxanthone
2.2 _

"99.9

PLUS Leveling Agents, etc:
Byk 361, 306 (equal portions)

Led 0.8
Pigment (Penn Chips) _
1.0 . )
Filler (precipitated silica, Syloid 72)
1.5
F Inhibitor (MEHQ)
O.l

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

Solvent used: Ethyl-3-ethoxy propionate



General Specification for Printed Wring Boards. Test coupons of these
boar ds: were made to have nom nal thicknesses of 0.092, 0.125, and 0.225
inch. The IPC-A- 43 conb pattern was inparted to sonme of the coupons and
four-wire plated through hole (PTH) coupons were also tested. In general,

it was determ ned that such boards will neet or exceed the requirenents of
each specification. Buried |ayer |nsulacion resi stance measurenents. and

hi gh vol t age breakdown neasurenents are conducted on the | PC A-43 coupons
The hi gh vol tage neasurenents prOVId%%§F%§§£%efor det ecti ng del am nation of
the innerlayers. The PTH test coupon asurenent of the PTH barre
and interface resEachnef thetgampesitionsi efaExampies prapdgat Wekecan be

detected. |napplibquhsra wbe baaﬁdeiafahhéiebafeataemcnsﬁf %Fgrabaaéards of
the thermal s ggaﬁest of ML-P-55110, para. 4.8.6.3, type and the

thermal stre%8 Q¥P | 0oat) test of | PC- M.-950- C Class 3, para.4.6.5. 1.
Sai d boards exceemhehphbbammacbahie1qamp051téqn|wasedtiutédhhothezahﬁelecom

Cor porate St aﬁg Sg4gégéﬁs£ggl§fnsgl &E Aa eﬁggggbxrhgﬁ g&h@gﬁtgescrlbed

in Diceon St ceon r oni c
equi val ent t%°¥¥?ﬁ5ds Both3gideg ofithe BPSPPE?WNPBSSS Kﬁﬁﬁxpﬁéﬁﬁéxﬁﬁactlon

of 6.4 [err]thé& ahéﬁaedoHVeyaasats5aﬂéatdpeﬁnﬂlhheeatafaaghvahue for six
boards of this |nv ntion maﬁpgh % éy%lon char ed v1aN€ke 2 Alggng05|t|on
was prepared 3§°?8 | BRE3Y 8 8,8° g PP
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 energy exposure level of about
150 to about 400 mills joules/cm? at the working 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 cm2. 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 “kiss"
procedure described above. | |

EXAMPLE 4

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 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



Tris(2-hydroxyethyl) isocyanurate triacrylate 18.5 Methyl ol ated nel am ne
3.4 Hetron 912 6.1 Novacure 3701 6.1 Epoxy cresol novol ac resin, epoxy eq.
235 46.7 5-(2,5-di oxotetrahydrofuryl)-3-nethyl - _
cycl ohexene- 1, 2-di carboxyl i ¢ anhydride 8.5 2, 2- dlnethoxy 2- phenyl

acet ophenone 3.7 2- met hyl - 1-[ 4- (nethylthlo)phenyl] 2-

(4- mor phol i nyl ) - 1- propanone 4.7 isopropylthi oxant hone 99.9 PLUS“Levellng
Agents, etc: Byk 361, 306 (equal portio Z) 0.8 Pignent (Penn Chips) 1.0

Filler (precipitated silica, loid 72)_ 1.5 Inhibitor ent
(Amount  and agbinigpraginatient aYﬁﬁgnEtHgdeBFrS¥pF*B%f&Bﬁ;E%%?Qeﬂ?
Et hyl - 3- et hoxgagtOp50Nah§oules/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
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 "kiss" procedure described above.



- 26-- EXAMPLE 3 Each of the conpositions of Exanples 1 and 2 were applied
as a wet filmvia an electrostatic spray process as follows: The

phot oi mageabl e conposition was diluted to a Zahn Cup No. 2 viscosity of 60
séconds using an appropriate solvent. Both sides of the base |anm nates were
coated as they were conveyed at 5 feet per mnute through an. aerosol. spray
of thesolution charged via the application of 70,000 volts. Drying of the

| ami nates took place at [err] for 30 m#Bites. Diazo artwork was pl-acéd
directly on the tack-free filmand_the filmwas exposed to actinic radi a-
tion having a UV energy exposure Imbout 150 to about 400 nills

joules/[err] at the worki surface. re td was such that the
exposed portion & %3%1 was, hren reﬁj f&ﬁﬁoﬁ'&t he devel opnment of
the filmin basi gAqueous soI ution of 1% by wei ghtof sodi um carbonat e
nonohydr ate@ﬁfgagﬁ-m was UV-cured by exposure to actinic radiation having
a W energyierp'd'sure | evel

of fromabout 1 to about 4 joules per cnR2. The
exposed cop é’ﬁslﬁm [ Y e iladvAAHE i on to generate
the circui tr&-;?%traces Th etche)dq(ﬁ cui tdlfagrﬁjnat es v}\’n&th the innerlayer
resist intact are then pressed into a nulti-Ilayer board by the "kiss"
procedure deeptideagirdtw]l Metvaderylzeh (Farttomexynposi tions of Exanples 1
and 2 were #pplied as a wet filmto base sheets so as to formdry filns as
follows. Awet filmof 6 ml| thickness was applied by draw down 'to a base
sheet. The Epoxyntcresgiomavalac aesin feRARYMeEdh then covered with a
pol yester si3det6 The filmwas applied to a circuit board

Radcure 3701
19.9

E-Caprolactam-blocked isophorone
(Diisocyanate based adduct)
9.7 '

-~ 5=(2,5-dioxotetrahydrofuryl)-3-methyl-3-
cyclohexene-1,2~dicarboxylic anhydride
10.3

2,2-dimethoxy-2-phenyl acetophenone
5.0
2-methyl=-1-~[4~(methylthio)phenol]-2-

(4-morpholinyl)-1-propanone
2.8

isopropylthioxanthone
1.1

99.9

PLUS Leveling Agents, etc:
Bubble Breaker (Witco)

1.9
: Byk 077
7 2.0
Byk 306
1.1
Pigment (Penn Green)
1.2
Filler (fumed silica, Cabosil EHS)
3.5

Inhibitor (MEHQ)
0.05



| am nate by hot roll |am nation. The diazo artwork was placed on the cover

sheet and the filmwas exposed to - 27 - actinic radiat
energy exposure |evel of at |east 350 [err] at the working

I on having a W
surface.

Exposure time was such that the exposed portion of the coating remained
intact during the aqueous devel opi ng process. The cover sheet was renoved

fromthe fil mbefore developing. The filmwas devel oped i

n a basi c agueous

solution, i.e., 1@6by wei ght sodi um car@8nat e nonohydrate. The film was
UV-cured by expos to actlnlc radla |on haV|n agy ener gy exposure |evel
of 2 [err]. The Qgﬂﬂaﬁ prlc chl ori de
solution to generate the ci éF@ﬁé& Frcuit | am nates

by the "kiss" procedure descri ace
was prepared as foll ows: Cbnponent rls éroxyethy
triacrylate 7.8 Pentaerythritol Tetraacryl ate (Sartoner) 5.

with the innerlaygr &%ﬂtshs s ac% %&E@Qh%&s Q%p %E

mul ti-Iayer board

5 A conposition

I) | socyanur at e
Epoxy cresol

novol ac resin, epdhisephorgimygeable composition was applled as a wet

film via screen printing on a printed c1rcu1t

board. The

screen mesh was varied from 61 to 120 mesh. The screened
photoimageable composition was dried at 80°C for 30

minutes, providing a non-tacky film. A diazo
‘placed directly on the film, and the film was
actinic radiation having a UV energy exposure
350'mjou1es/cm3. The film was developed in a

artwork was
exposed to
level of
basic

agueous 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/cmz2.

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

"kiss" procedure described above.
EXAMPLES 6-8

The photoimageable composition described

in Example

5 may also be used in the making of a multi-layered

printed circuit board according to the general procedures

described in Examples 1 and 3-5.



Radcure 3701 19.9 E-Caprol act am bl ocked i sophorone (Diisocyanate based -
adduct)) 9.7 5-(2,5-di oxotetrahydrofuryl)-3-nethyl - 3-
cycl ohexene- 1, 2-di car boxyl i ¢ anhydride 10.3 2, 2-di net hoxy- 2- phenyl
acet ophenone 5.0 2-net hyl -1-[4-(net hylthio)phenol] - 2-
(4-nor phol i nyl) - 1-propanone 2.8 isopropylthi oxanthone 99.9 PLUS Leveling
Agents, etc: Bubble Breaker (Wtco) 1.9 Byk 077 2.0 Byk 306 1.1 Pignent
(Penn Green) 1.2 Filler (funed silica,-@esil EH5) 3.5 Inhibitor (NEHQ
0. 05 - 29 - Solvent (Amount and type appropriate to the nmethod of
appl i cation) %%AMBEELQ

A composition of this invention was prepared in two

parts, the components of wRARN Are as follows:
Component _ wt.

Novacure 3701 (diacrylate ester of
48.01
a bisphenol A epoxy resin)

5-(2,5-dioxotetrahydrofuryl)-3-methyl-3-
cyclohexene-1,2-dicarboxylic anhydride
9.45

QITX isopropylthioxanthone
2.59 '

Irgacure 907
7.35

Cyanoguanidine (CG 1400)
2.69 -

BYK 306

1.34

BYK 361
0.60

Malachite green
G- 0.30

Ethyl-3-ethoxy propionate
27.65

100.00

PART B

Epoxy cresol novolac resin, ECN-1299

#%  Trimethylolpropane triacrylate
10.03 :

2-MZ-Azine (CUREZOL)
0.40 _ .

BYK-306



Sol vent used: Ethyl-3-ethoxy propionate, carbitol acetate (1:1). This

phot ok mageabl e conposition was applied as a wet filmvia screen printing on
a printed circuit board. The screen nesh was varied from6l to 120 nesh.
‘The screened phot oi nageabl e conposition was dried at [err] for 30 m nutes,
providing a non-tacky film A diazo artwork was placed directly on the
film and the fil mwas exposed to actinic radiation having a UV- energy
exposure |l evel of 350 [err] The film devel oped in a basic agueous
solution, i.e., 1% by wei ght sodi um carbonate nonohydrate. The fil m was
UV-cured by Jeoéﬁ)sure to actinic radiation having a UV exposure |evel of 2
[err]. The exposed,.co t hen etched in a cupric chloride solution to
gener at e th%< ZQ:%'?{]rgpﬁa%ﬁi.carhe etched circuit lamnates with the -

i nnerlayer resist intact are then pressed into a nulti-layer board by the
"ki ss" pr ocqﬁgaefﬂ%;cri bed above. EXAMPLES 6-8 The phot oi mageabl e

conposi tion glesgribed in Exanple 5 may al so be used in the nmaking of a

mul ti-layered printed circuit board according to the general procedures
descri bed i rEdn¢IHE -@fthoxy) pbropionate0 EXAMPLE 9 A conposition of this

i nventi oh wesJg®pared in tw parts, the conponents of [err] are as

foll ows: Conponent ' 9N . Novacure
3701 (di acryt+ete—ester of 48.01

100.00



a bi sphenol A epoxy resin) 5-(2,5-dioxotetrahydrofuryl)-3-nethyl -3-
cycl ohexene-1, 2-di carboxylic anhydride 9.45 Q TX i sopropylthioxanthone 2.59
I,rgacure 907 7.35 Cyanoguani dine (CG 1400) 2.69 BYK 306 1.34 BYK 361 0.60
Mal achite green 0.30 Ethyl-3-ethoxy propionate 27.65 100. 00 PART .B Epoxy
cresol novolac resin, ECN-1299 52.56 Trinethyl ol propane triacrylate 10.03
2- MZ- Azi ne (CUREZOL) 0.40 BYK-306 - g}_: 1.54 Cab-O Sil NﬁA_sinca 6. 96
For the preparation of Part A, the first two
components were mixed with Malachite green in a portion
of the proprionate solvent for four hours and controlling
the temperature by regulating the speed of the mixer and
the flow of cooling water to the reactor jacket. The
remainder of the solvent and the remaining components
were added while the mixture was stirred at high shear.
After a two hour mixing period, the product was filtered
through a 10y bag filter and the filtrate was a dark
- green viscous paste having a solids content of 76.4 %
(w/w), a Hegman grind of >7.5, and a Brookfield viscosity
of 14,000 cps using a No.7 spindle at 10rpm for 2 minutes
at 25° C. |
For the preparation of Part B, a portion of the
solvent and the epoxy novdlac'resin were mixed at high
shear for two hours. The flow agents, thé triacruylate,
and the Curezol were added and high shear mixing for 90
‘minutes followed while controlling the temperature in the
same manner. The silica was then added over a one hour
period, the remainder of the solvent was added, and the
mixture was stirred for another four hours. This part was
an opaque tan colored liquid having thixotropic
properties. The viscosity was 3600 cps, the solids
content was 69.81 %(w/w),.and the Hegman grind was >4.5.
Equal parts by weight of Part A and Part B were mixed to

obtain a photoresist of this invention containing about 5

%_of the acrylate monomef, about 24 % of the



Modaf | ow 0. 20 Et hyl - 3- et hoxy propi onate 28.32 100. 00 - 32 - For the
preparation of Part A the first two conponents were m xed with Ml achite
green in a portion of the proprionate solvent for four hours and
controlling the tenperature by regulating the speed of the m xer and the
flow of cooling water to the reactor jacket. The remmi nder of the sol vent
and the renmai ni ng conponents were added while the m xture was stirred at
hi gh shear. After a two hour nixing perBéd; the product was filtered

o o s SRR REERAER STabuar ry apOS 2ESRBe o ShFRE HBTSIHE B
o 535%;6'; {%%%?ﬁifp%vai AEoRPepafoorbRents PaprudidRbrC Onch 4PLERRE oo it
T ow ngents YaRR¥P, BfiebEEoe) “the Mifing of &3rpleel hdhohdf 181&Bouf s
mxing for 99 & gutefef 8LiguRer Wkl 8b6GEI 5951 80 ARG tREPEpakyre in the

same nmanner. The silica waS then added over a one hour period, the
remai nder ofnévelael vesinwes apdat, 360d thefntheutetadsweighted for anot her

four hours. This part was an opaque tan colored |iquid having thixotropic
properti es. TaminatessweyewaceatédOwith, thécphotoresisht vaingaa BarBle
%ww, and the Hegman grind was > 4.5. Equal parts by weight of Part A and
Part B were @dwbliet dided roller coater having a zero speed
differential between the application rollers and the oven
conveyor belt, which was traveling at about 7
feet/minute. The wet films were dried in two consecutive
temperature zohes, the first zone being at 105°C and the
second at 177°C. The dry films manifested little or no
tack. The average thickness of the four films was 0.6 ¢
0.1 mil. Diazo artwork was placed directly on the
surface of the films and each was exposed to actinic
radiation having a predominant wavelength of 365 nm and
an exposure energy level averaging 200 + 25 mJ/cm’. The
step density in each case was 5 or greater. There was no
transfer of the coating from the laminates to the
artwork. The 50 % breakpoint averaged 30 % io seconds so
the developing time -in a 1 £ 0.05 % aqueous solution of
sodium carbonate mono-hydrate at 85°F was about 60 % 20
seconds.

After drying, the exposed metal is dissolved by
drawing the boards through a 3 Normal agueous solutiop of

cupric chloride, hydrochloric acid, and chlorine at 120°F

at a rate of about 30 inches per minute and they are then



obtain a photoresist of this invention containing about 5 %of the acrylate
nononmef, about 24 % of the -34- epoxy/acrylate oligoner, about 26 % of

t he epoxy novol ac resin, and about 28% sol vent, by weight. On a solids
basis, therefore, the amount of acrylate nononmer is about 6.9 % the

ol igonmer is about 33.3 % and the epoxy novolac resin is about 36.1 % of
the total weight. Lam nates were coated with the photoresist (sing a Burkle
doubl e sided roller coater having a zerodxpeed differential between the

Shout °7 ' oot Fmmes and, diadr | he Rhcbad Ror o HRe AriAg. damipates

t t t he fi t beij Aat, .t d .
The dry 111 methober Bpaed AR pRasibaunedl o yR s ABREC B " ]

¢ 7] s Oonl i . .

saﬂ ac:a g?'\tl\%zl%‘i %&anﬁégﬁﬁmﬁo %otc}\%lstfc?ac ﬁ%@qﬁ?d%%hﬁa%\ﬁg a
predomi nant yRMelipIQ N aflerdd 3o Bnaitd thie DIRCULTE IWACUP aRif!1a968" 3y 200

25 [err]. The step density in each case was 5 or greater. Theré was no
transfer of iee contiddted NABdrdy PIaAtARS the hederWallisk. Thee @ i%l

br eakpoi nt averaged 30 10 seconds so the developing time ina 1l 0.05 %
aqueous sol usmear® oodhenicarero tapperolayerd atustatf irat bevadesdmad 60 20
seconds. After drying, the exposed netal is dissolved by drawi ng the boards
through a 3 Kéfryahowavesys isoladesnesring step: Myorimnersing ddie daardaci d,

and chlorine at [err] at a rate of about 30 inches per mnute and they are
t hen in a mixture of butyl cellosolve and monoethanolamine at

130°F for 5 minutes, rinsing it with water and then
immersing it for five minutes in a mixture of two
solutions at 160°F, oné solution being 1 molar in sodium
hydroxide and the other 1 molar in sodium permanganate.
The board is rinsed with water again before'heing
neutralized by immersion in a mixture of citric acid and
sulfuric acid solutions and then dried.

The holes are then plated through first by an
electroless plating procedure wherein it is immersed in
an aqueous solution of éodium persulfate for a short time
at room temperature, then rinsed and treated with an

- aqueous solution of sodium chloride and hydrochloric acid
before being immersed in a catalyst bath of palladium
chloride in water at 100°F for 3-5 minutes. The board is
rinsed again and treated with.an aqueous solution of
stgnnous fluoborate to fix the palladium catalyst to the
non-conductive surfaces of the board. Again, the board
is rinsed and then immersed in an agqueous solution of

copper sulfate, a metal chelator such as sodium tartrate,



-35- rinsed and dried. The etched circuit-bearing |am nates are then
~stacked and pressed into a nmulti-layer board by the "kiss" procedure. Holes
are then bored through the nultiple layers so that the circuitries of each
| ayer may be connected later by plating the hole walls. The "drill smear"
on the inner copper |ayers nust first be cleaned off, however, in &
desnearing step by imersing the board in a mxture of but yl ceI | osgl've and
nonoet hanol ami ne at [err] for 5 mnutes3s ki nsing it with water dnd- then

sol ut ; on’beitRE ZHAK A€ 1 T045E #Rﬁﬁvﬂ‘%iﬁ%%%%dtﬁeﬁ%' et ¥ Ben T Sodi um
per manganat eriﬂl@drbnﬂ%dtiéa gfﬂ:lWé rbééﬂ rhé@(f_ﬂ; d’pf% nghgeutralized

by imersion Th a ure o Frc acl urlc aci | uti ons and

then dried. gdedekfszdié é&%ﬁﬁi@%ﬁﬁ&&%fﬁétdﬂ@ﬂe&n B 9Ré 0l ess

pl ating procedure wherein it 1s imersed in an aqueous sol ution of sodium

persul fate fodcendPIdtingEsbép a0 ¢SHPEr Plated IWEILs | 66 eth@rblésat ed
wi th an aqueous sol ution of sodium chloride and hydrochloric acid before

bei ng i Mmer sk igiven ad atlyitként Tayér pof | copper cin can delectreplating|[err]
for 3-5 mnutes. The board is rinsed again and treated with an aqueous

sol ution of precessiwhexeinrthe thinicopper pkining of ctheljoles cache

non- conducti ve surfaces of the board. Again, the board is rinsed and then

i mersed in af thRiceathede utasthe cepper iong oin a bakh #f Ik such as

sodiumtartrate 36
sulfuric acid and copper sulfate are reduced and are

replenished by a copper anode. _
While the invention has been described in terms of

certain preferred embodiments, modifications obvious to

one with ofdinary skil_l in the art may be made without

departing from the 'scope of the present invention.



The subject .matter clained is: 1. A process for faﬁmF {] Bamﬁmmmuiayer
printed circuit board conprising: (A providing a pI rlayer
boards, each conprising a dielectric base and having at

| ayer thereon (B) coating each of said netal layers wth a ayer o
phot0|nageable conposi tion, which photoi mageabl e conposition is curable to
forma hard, dielectric material, and which consists m Hﬂ&ﬂ“""ﬂ[ﬂ "
fromabout 6.7 to about 7.1% by meight trlnethylodﬂ lﬁ “ ate;
(b) from about 32.4 to about i é’ by weight of dn époxy/*acrlyldte

ol i gomer con¥hetf HBJGFtamGFQEFyF pime té? *of a bisphenol A epoxy resin; (c)

h f d I 35.5
o about 576 9ok an BoBR9SEPBISPE uBF AceFibbrh huyetiaver BEAALA S0
t he epoxy reéigcuéﬁ)Roa}&ogkgé}ggiﬁaout 15% by wei ght of a cross-1inking

agent reactive w oups; all based on the total weight of
conponents (a) tQK?UQBrGQldiﬂada(Blura!Et&ooﬁbQﬂheﬂihﬁérmbbabasofe&chl||er

- 2. The process of claim 1l wherein the crosslinking agent is a m xture of
cyanoguani di sempisingulsaikleetriei baser andi havifig at Ikasproness of claim
2 wherein the substituted triazine is 2-[[err]-{2'- nethylim dazolyl-
"}]-ethyl -4, hettadnilayger- thezeong. 4. The process of claim2 wherein the
initiator is from3 to 15% and the crosslinking agent is from1l to .5% by

wei ght of the phdBdr ecpating eagzhsof SﬂiﬁumﬁtﬂgyéﬁYBanVé&hcPréaYFrboard

fabricated with a pernmanent _i nnerl ayer ,photoresist, said B resi st
consi sts essefit PRP 919P9&apﬂ§h99mﬁﬁ§1ﬁéap4CU ghc phetrimp ® (a) from
about 6.7 to about 1% h gg& OE trinethy h aro ane

comp051t10n 1 e to form a germanent

dielectric material, and which comprises:
B . (a) from 5 to 40% by weight of a
polymerizable acrylate monomer;
(b) a photosensitive, free radical generating

initiator for polymerization of the

acrylic
| mpnomér and dligomér;
(c) from 5% to 35% by weight of an
oligomer consisting of a diester of a
bisphenol A epoxy resin and acrylic or

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



triacrylate; (b) from about 32.4 to about 34.3 % - humwﬁkQMkBamRa mai
epoxy/ acryl ate oligomer consisting of a diacrylate este

epoxy resin; (c) a photosensitive, free radical gener r; (d)
from about 35.5 to about 37.6 % of an epoxy cresol novolac resin, (e

curing agent for the epoxy resin; (f) fromO0%to ab 0 of a
cross-1linking agent reactive with hydroxyl groups, mu Imtﬁ yl
wei ght of components (a) through (f) ands8 (g) up to ht- of

afitler. 6. The board of,__cl ai lerein the crossllnklng agent is a
m xt ure of cyanoguani di ne arfdhep it amno triazine. 7. The board

(r)r;at (k:llyfi: m dgzol slr eIln}i[ " ‘f?;lb %é ?%I r# r#f%}%fqﬂét;#eu ?irﬂlérishe board of
A :
claim5 wherein t gﬂa g 'r%\él%% B YA de) prCSiTldduduge 200Nt

Is from1lto 5%Db mel ot oresi st. A“phot or esl st

conmposi ti on eatedrsilal Q&%{ltpa?&ﬂéhf&d dcdbinid rﬁaﬂm&nﬁ 7 to about 7.1% by
wei ght of trinethylol propane triacrylate; (b) from about” 32.4 to about

34.3 % by. wei ght (@) a déweXopirie samlidrexpgosediyer|to’ mmove reekther ()

a photosensitive, free radical generating initiator for polynerization
of the acryl s#posadmar nont-expossed gmn;ri,or(sj,) ledving 3pr-exposeditor37. 6 %
of an epoxy cresol novol ac resin; a curing agent for the epoxy
resin; (f) mﬁe@sb/onqxtaimm off5« W@Qﬂﬁlmﬁg%?k@ﬁ)mpﬁiﬂg’lhgent

reactive with drox roups,. all. based on the total weight of conmponents
(a) through ( n é%ldr%etal layers; J i

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

(F) without removing remaining portions of said
photo- imageable 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 cﬁres

' to form hard, permanent, dielectric layers separating
circuitry of adjacent innerlayers. |

2. The process of claim 1 wherein the ac;ylate
monomer is a triacrylate or trimethacrylate.

3. The process of claim 1 wherein the acrylate
monomer is the triacrylate of tris-(2-hydroxyethyl)
isocyanurate. |

4. The process of claim 1 wherein the epoxy resin

(d) has an epoxide equivalent of from 200 to 700.



(h) up to about 4% by weight of a filler., 10. The c@lss}lee'tHaSBeen Y~ aim
9 wherein the corsslinking agent is a m xture of cyanogumﬂumgu l
substituted am no triazine. 11. The conposition of cla he-
substituted triazine is 2-[[err]-{2'- nethylimdazolyl-1'}]-eth

| -4 L
5-di ami no-s-triazine. 12.  The conposition of claim9 Mﬁm ﬁll - | R
initiator is from3 to 15% and the crosslinking agent i ’ :
wei ght of the photoresist. .Thi s Sheet3MHas Been Re | acéd 38 '5. 'The

process of claim 1 wherein the anount of the photosensitive, free-radical
generating initiathr e REACLSS, off alaim ) whenein e angmnt @ dthet s

Cotpt i ses: ( FPILARAIL Lo SReN-TadLCR Ao H AN L RERs o 25 15 06
hotoi niti at q; t 5 % of . [ - (d 0 to 80 %
b the epoxy & n1q & 5 S ot WPy of, SBmentd (VTP The
epoxy resin; and () frg@ %]J&ssl%i.%ﬂaiwei Qs id qgﬂdgg agent. 7. The

process of claim6 wherein e epoxy resi'n has an epoxi equi val ent of

from 200 t0 ibedinagdin ¥ Weifodft Rt Bmpriicdl \d)e:itip! olgmpatys

conposition conprises (a) from 5 to 35 %of a polynerizable acryl ate
mononer; (b) % forohel doryldtd/ munomed ot @s)etxdn ve3 dricce ¥5ack cal - generating
initiator which in the presence of actinic radiation initiates
pol yneri zat i @hatfoiavitdatompi @2)i ckxon c)5 ftamIB th & thefokigomer gofdy ; (d)
from30 to 60 wt. percent of an epoxy resin
_ from 20 to 80 % of the epoxy resin; (e) from 0.1 to
10 £ of an acidic curative for the epoxy reéin; and (f)
h from 2 to 15 % of the cross-linking agent.
7. The process of claim 6 wherein the epoxy resin
has an epoxide equivalent of from 200 to ?00.
8. The process of claim 1 wherein the
photoimageable composition comprises
v (a) from 5 to 35 % of 5 polymerizable acrylate
monomer; |
(b) from 3 to 15 % of a photosensitive, free
radical-generating initiator ﬁhich in the
presence of actinic radiation initiates
bolynerization of acrylic moieties;
(c) from 5 to 35 % of the oligomer;
(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;



his Sheet Has Been Replaced

conposition which is curable to harden said photoinageaﬁﬁ

subsequent to exposure to actinic radiation; (e) from Oﬂmﬂﬁmﬁmm I
acidic curative for said epoxy resin; 40 (f) from_1

hydr oxyl group-reactive cross-linking agent; and (g) up to 4 % by wei ght of
a filler; said conmponents (a)-(f) being selected so tha”m"rlm T S
sol ubl e in an organic solvent, the solution thus forned ﬂmﬂaﬂlﬂ“m
drying to a conposition which is sol uble4d r al kal i ne aquéous dol ati en, »
wher eby sai d phot oi mrageabl e conposition is devel opabl e i n agueous or

al kal i ne aqueous sdflutifrem 9.1 thhe Hrokhes hydnonyl groupTreantive

phot oi mageabl e conposition conprises: (a) from6.7 to 7.1 % by wei ght of

tri met hyl ol pr opane tHfﬁﬁ%ﬂ%ﬁiEh%#ﬂgf BWrand 34.3 % by weight of a

di acryl ate ester of_.a hisphenpl epoxy .resin;_ (£, hot osensitive, free
radi cal generati ng{q)ni YR 4 4 %%I t'Zaf’f#]cﬁ‘l tg%u[aﬂg' acryl ate nononer and
the ol i goner; tp 37, 8% cy esol c resin; (e)
a curing ager é#&)éé@'ﬁ%&% f Sim; (ﬁ%irﬁ]o%%%%%é 1%@%‘%%@% t of a
cross- |inki ngpfsdic {50 Cid \doitibTe " 8 Ydrganic 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 or alkaline aqueous soiution.
| 9. The process of claim 1 wherein the

photoimageable composition comprises:

(a) from 6.7 to 7.1 % by weight of

trimethylolpropane triacrylate;
(b) from 32.4 to 34.3 % by weight of a

diacrylate ester of a bisphenol A epoxy

resin;
| (c) a photosensitive, free radical generating
initiator for polymerization of the |
acrylate |
/ monomer and the oligomer;
(d) from 35.5 to 37.6% of an epoxy cresol
novolac resin;
(e) a curing agent for the epoxy resiﬁ;
(£) frbm 0% to 15% by weight of a cross-
linking agent reactive with hydroxyl
groups, '

all based on the total weiqhtlof



groups, all based on the total weight of - 41 - conpenents—{a)—through
(f); and (g) up to 4 %by weight of a filler. 10. The process_of claipag
wherein the crosslinking agent is a mxture of cyanoguant; Has Dgen Repla
substituted -amno triazine. 11. The process of claim 10 u I
substituted triazine is 2-[[err]-{2" -methylimdazolyl-1' ,

di am no-s-triazine. 12. The process of claim 10 wherein the initiator is
from 3 to 15 %and the crosslinking agéhtis from 6 DY rght of
the photoresist. 13. A nultilayer printed circuit boar ' ' a -
per manent i niRAMRARENYH D) esi st, said phot oresi st conﬁmlmmmeMNNand
heat - cured conbi nati on of: (gg frq?1 to 40% by wei ghy of a pelynersizabl e
acryl ate nmononer.; (b) a phot ive,? f radi cal nerating initiator

for polynerization of t agryviat e t | & ; (c) from5%to
35% by wei ght of an ol i@mﬁ{%oﬁi%{?%e% | es%)efr%' bi sphenol i
A epoxy resin and g, a%ﬂé'ﬁréﬁ%ﬁtﬁglﬂiﬁ_@%ﬁréﬂi £he ErdE£1 HB0g

resin; (e) a curing agent for the epoxy resin;
agent is a mixture of cyanoguanidine and a substituted

amino triazine..

11. The process of claim 10 wherein the substituted
-triazine is 2-[B-{2’-methylimidazolyl-1’}]-ethyl~4,65~
diamino-s-triazine.

12. The process of claim 10 wherein the initiator
is from 3 to 15 % and the crosslinking agent is from 1
to 5 % by weight of the photoresist. | |

13. IA multilayer printed circuit board fabricated
with a permanent innerlayer photoresist, said'photoresist
comprising a light- and heat-cured combination of:

(a) from 5 to 40% by weight of al
polymerizable acrylate monomer;
(b) a photosensitive, free radical generating

initiator for polYmeriiation of the

acrylate
monomer and the oligomer;
(c) from 5% to 35% by weight of an
oligomer consisting of the diester of a
bisphenol A epoxy resin and an acrylic or

H

methacrylic acid;
(d) a curable epoxy resin;

(e) a curing agent for tﬁe epoxy resin;



- 42 - (f) fromO0%to 15@6by wei ght of a cross- |inking agent reactive with
hydr oxyl groups, all based on the total weight of conponents (a) through
(f); and (g) up to 4 %by weight of a filler. 14, The—boafd—eﬁ—eLaLaLL&

wherein the acrylate nmononer is a triacrylate or trlne The
board of claim13 wherein the acrylate mononer - is the , H u"“ .
tris-(2-hydroxyethyl) isocyanurate. he board of ¢ alnn he

epoxy resin (d) has an epoxide eqU|vaIeﬁ of from 200 to 700. 17. The
board of claim 13 mhergln t he anDunt of the photosen3|t|ve free-radical
generating initiator i6Ekroffami@¥ 1800, 3% (¥ veight w%ﬁghtcﬁﬁsébnponents)
a f 18. The board of c 13 wherein the, photporesis rises a
grz)m( 23 7to 7.1 %by wei g*\?“%in?r?%’mﬁ%yb?b Qnetth (b) from
32.4 to 34 melght of a diacrylate ester of a blsphenol A epoxy
resin; (c) a % oSensitive, free radical generating initiator for

pol yiTer i zati on of the act yl&1F pasddion SHEE ebbs) BREgRERECC]

e i

(g) up to 4 % by weight of a filler.
14. The board of claim 13 wherein the acrylate
monomer is a triacrylate or trimethacrylate. |
15. The board of claim 13 whefein the acrylate
monomer is the triacrylate 6f tris-(2-hydroxyethyl)
isocyanurate. -
16. The board of claim 13 wherein the epoxy resin
(d) has an epoxide equivalent of from 200 to 700. .
e 17. The board of claim 13 wherein the amount of thé
photosensitive, freé—radical generating initiator is from
3 to 15 % of the total weight of components (a)=(£).
18. The board of claim 13 wherein the photoresist
comprises: |
(a) from 6.7 to 7.1 % by weight of
trimethylolpropane triacrylate;
(b) from 32.4 to 34.3 % by weight of a
| diacrylate ester of a bisphenol A epoxy
resin; |
(c) a photosensitive, free radical generating
initiator for polymerization of the

acrylate



- 43 - monomer and the oligoner; (d) from35.5 to 37.6% of Talks fHﬂ}B@dh% heed
novol ac resin; "(e) a curing agent for the epoxy resin; (f) f

hy weight of a cross- linking agent reactive with hydroxyl

based on the total weight of conponents (a) through (f); and g A
by weight of a filler. 19. The board of claim 18 wherein the cress#+nk#ng_~
agent is a mxture of cyanoguani dine and a substituted am

The board of claim 19 wherein the substaButed triazine is ”"m“"m ﬂﬂ"!’jﬂm
2-[[err]-{2" -nmethylimdazolyl-1"}]-ethyl-4,5- diamno-s-triazimne.

board of claim 18 wherein tnanonerlandrthe éligeserp 15 % and the
crosslinking agent is from1l to 5 % by weight of the photoresist. 22. A
phot or esi st conposi ti of@tonfreRi n35- ?a§°frg 63 70f AN ePO¥Y;\CKe$Qht of
trimet hyl ol propane trlacrylate ég) from32.4 to 34.3 % by weight of a

di acryl ate ester of a bi sphBP¥P fesin; (c) a photosensitive, free

radi cal geperatlpg intlglguriﬂﬁ 88£X€E£6§a£ﬁg ng§h§e§§£ylate nonomner

and the oligoner;
- (f) from 0% to 15% by weight of a cross-

linking agent reactive with hydroxyl
'groups, |
'511 based on the total weight of
components (a) ' |
through (f); and
(g) up to 4 % by weight of a filler.

19. . The board of claim 18 wherein the crosslinking
agent is a mixture of cyanoguanidine and a substituted
amino triazine. _

. 20. The board of claim 19 wherein the substituted
triazine is ié[ﬂ-{z'-methylinidazolyl—l'}]-ethy1-4,5-
diamino-s~-triazine. '

21. The board df claim 18 wherein the initiator is
from 3'to_ 15 § and the crosslinking agent is from 1 to
5 % by weight of the photoresist.

22. A photoresist composition comprisinq:'

(a) from 6.7 to. 7.1 § by weight of
trimethylolpropane triacrylate;
(b) from 32.4 to 34.3 % by weight of a
diacrylate ester of a bisphenol A epoxy
- resin;

(c) a photosensitive, free radical generating



(d) from35.5 to 37.6% of an epoxy cresol novolac resin; (e) a curing
agent ~for the epoxy resin; (f) fromO0%to 15% by weight of a cross- |inking
agent reactive with hydroxyl groups, all based on the total weight—of—

conponent s (a) through (f); and (g) up to 4 % by weight of

The conposition of claim 22 wherein the crosslinki ng age M\B\’m mi \““
cyanoguani di ne and a substituted am no triazine. I ®
claim23 wherein the substituted triazi #8 Ts

2-[[err]-(2'-nethyrinidazol | - 1! % ethyl -4, 5- di ami no-s “triazins. 25. The
conposition of claim22 mhe pitia ¥|H@%Nm9§1??5%99 ®f theo;, and t he
crosslinkingagggf;tés fromlto 5 @6by wei ght of the photoresist.

monomer and the oligomer;
(d) from 35.5 to 37.6% of an epoxy cresol

novolac resin;

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

(£) from 0% to 15% by weight of a cross-

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

through (f£); and

(g) up to 4 % by weight of a filler.

E 23. The composition of claim 22 wherein the crosslinking
agent is a mixture of cyanoguanidine and a substituted
amino triazine.

24. The composition of claim 23 wherein the substituted
triazine is 2-ff-{2/-methylimidazolyl-1’}]-ethyl-4,5~-
diamino-s-triazine.

25. The composition of claim 22 wherein the initiator is
from 3 to 15 % and the crosslinking agent is from 1 to
5 % by weight of the photoresist.
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