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The present invention is difected to photosensitive
laminates or dry films such as those used in the printed circuit
board industry. The dry films may be either those providing
primary photoresist layers or those used for forming hard,
permanent layers, such as solder masks. In particular, the
invention is directed to dry £films which contain layers of
polymeric materials to protect negative-acting, alkaline aqueous-
developable photoimageable composition layers. .

Backaround of the Invention

A basic dry film for applying a photoimageable layer to a
substrate, e.g., in the case of a primary resist to a blank for
forming a printed circuit board or in the case of a solder mask-
forming composition to a printed circuit board, consists of a
support or cover sheet, a photoimageable composition layer and a
protective sheet. The support sheet is sufficiently flexible to
allow the dry film to be rolled, yet has sufficient rigidity to
maintain a generally flat configuration when unrolled; this is
usually a polyester sheet, e.g., polyethylene terephthalate. The
protective shect overlies the opposite side of the photoimageable
composition layer and allows the dry film to be rolled without
the photoimageable composition layer sticking to the underside of
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PHOTOSENSI TlI VE LAM NATE HAVI NG DUAL | NTERVEDI ATE LAYERS The present

I nvention is directed to photosensitive |lamnates or dry filns such as
those used in the printed circuit board industry. The dry filnms may be

gi ther those providing primary photoresist |ayers or those used for form ng
hard, permanent |ayers, such as solder masks. In particular, the invention
is- dlrected to dry filnms which contaig_|ayers of polynmeric materials to
protect negative-acting, alkaline agueous- devel opabl e phot oi mageabl e
conposition | ayers. Background of the Invention A basic dry film
for applying a photoinmageable |ayer to a substrate e.g., in.the case of a
primary resist to a blank for formng a printed circuit beard or in the
case of a solder mask- form ng conmposition to a printed circuit board,
consi sts of a support or cover sheet, a photoi mageabl e conposition |ayer

and a propget LYE SPECtnedlS SHARE' &n%@%‘%&ohs 13U Earidhary @Yictdd to
photoimageable compositions which are negative-acting and which
are developable in alkaline aqueous solution. Primary imaging
photoimageable compositions of this type are described, for
example, in U.S. Patent No. 4,239,849, the teachings of which are
incorporated herein by reference. Solder mask-forming
compositions of this type are described, for example, in U.S.
Patent No. 4,789,623, the teachings of which are incorporated y//
herein by reference. By solder mask is meant herein a hard,
permanent layer which meets the abrasion tests as defined in IPC-
SM-840A, Table 12, Summary of Criteria for
Quallf1cat10n/Conformance (Institute for Interconnecting and
Packaging Electronic Circuits). Photoimageable compositions
developable in alkaline aqueous solution comprise a polymeric
binder having sufficient carboxylic acid functionality to be
soluble in alkaline aqueous solution, a photopolymerizable
monomer (s) and a photoinitiator, plus additional components such
as thermal stabilizers, fillers, pigments, colorants, etc. When
exposed to actinic radiation, the photoinitiator generates free
radicals, resulting in polymerization of the monomer. This
polymerization renders exposed portions insoluble in alkaline
agqueous solution while the unexposed portions remain soluble and
are washed away during development in alkaline aqueous solution.
Solder-mask forming compositions may also contain an additional
chemical system, whereby they may be hardened and made permanent
during a post-development cure.
To be used, a dry film is unrolled, the protective sheet is
removed, and the tacky photoimageable composition layer is
- applied to the substrate. 1In a basic three-layer dry film
laminate, the general procedure is to lay artwork on the support
sheet and expose the photoimageable composition layer through the
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allowthe dry filmto be rolled, yet has sufficient rigidity to maintain a
generally flat configuration when unrolled; this is usually a polyester
sheet e.g., polyethylene terephthalate. The protectivo sheet overlies the
opposi te side of the photoi nageabl e conposition |layer and allows the dry
filmto be rolled wthout the photoinageable conposition |ayer sticking to
t he” under si de of T - 2-
REPLACEMENT SHEET '

support sheet. Then the support sheet is removed, and the
photoimageable composition layer is developed.

U.S. Patent No. 4,530,896 to Christensen et al. and
4,318,975 to Kuznetsov et al. describe primary imaging dry films
which include a layer intermediate the support sheet and the
photoimageable composition layer. This intermediate layer is
selectively adherent to the photoimageable composition layer,
relative to its adherence to the support sheet. The intermediate
layer allows the support sheet to be removed prior to exposure.
Unlike the phot01mageable layer which is generally quite tacky,
the intermediate layer may be formed of relatively non-tacky
substances. Therefore, artwork can be laid directly on the
intermediate layer. Because the intermediate layer can be quite
thin relative to the requisite thickness of a support sheet,
better resolution is obtainable. Also, the intermediate layer
protects the photoimageable layer from oxygen inhibition after
the support sheet is removed.

U.S. Patents Nos. 4,889,790 issued to Roos et al. and
4,992,354 issued to Axon et al., the teachings of which are
incorporated herein by reference, teach advantages of
solder mask-forming dry films containing such an intermediate
layer. Importantly, by allowing removal of the support sheet
prior to vacuum lamination, these patents teach.that much better
conformation of the photoimageable layer to the surface contours
of the printed circuit board is achieved.

A number of materials have been proposed for forming the
intermediate layer. One commonly used type of material for
forming intermediate layers is polyvinyl alcohol, including
modified polyvinyl alcohol and polyvinyl alcohol copolymers.
Above~-referenced U.S. Patent No. 4,992,354 describes intermediate
layers which are mixtures of polyvinyl alcohol or polyvinyl
alcohol copolymers with hydroxyethyl cellulose. The intermediate
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the support sheet. This invention is particularly directed to

phot oi mageabl e conpositions which are negative-acting and which are
devel'opabl e in al kal i ne agueous solution. Prinmary inmagi ng photoi nageabl e
eonpositions of this type are described, for exanple, in U S. Patent No.
4,239,849, the teachings of which are incorporated herein by reference.
Solder mask-form ng conpositions of this type are described, for exanple,
in US. Patent No. 4,789,629, the teachings of which are incorporated
herein by reference. By sol der mask is neant herein a hard, pernmanent

| ayer which neets the abrasion tests as defined in I PG SM B40A, Table 12,
Summary of Criteria for Qualification/Conformance (Institute for-

I nt erconnecti ng and Packagi ng Electronic Circuits). Photoi mageabl e

conposi tions devel opabl e in al kaline aqueous sol ution cOnprise a polyneric

Al kel | net AR ORE Wi ETY SLATEe B bre by B e R bnbekorBn s 1 1"
phot oi mQa%J;lI{ armlmomlletebmaremomweqt aligwhferx rhpmaldesreé.bpnew of
fiIIers | fﬁ% Sim g EabY eEoﬁé ?€§0h01§9kk”'c radi ation, the

phot0|n|t|ator ge ree r ting In polynerlzatlon of t he
nononer. Thi A RFYREeR z%k?%hhﬁﬁnﬁﬁ?g Eﬂﬁﬁgeﬂlﬁhr§P6H51PEGSP&§PétFn AVEXS ne

is hazing that results from absorption of water vapor in the air.
Hazing both reduces light. transmission and disperses light that
is transmitted, resulting in some loss of photospeed and loss of
resolution. In the case of solder mask-forming dry films, the
hazing results in reduced gloss in the final product. Lack of
gloss in the solder mask is a major cause of poor flux removal
property. The present invention addresses the hazing problem and
achieves other advantages as set forth hereinafter.

S of £ ventj

In a dry film comprising a support sheet, a photoimageable
layer, and a protective sheet, a dual intermediate layer is
interposed between the support sheet and the photoimageable
composition layer. The intermediate layer includes a '"top coat"
which is adjacent the support sheet and a "tie coat" between the
support sheet and the photoimageable composition layer. The top
coat is insoluble in water at neutral or acidic pH’s, but is
soluble in dilute alkaline aqueous solutions and is selected of
polymeric materials which do not haze by absorbing water. The
tie coat is formed of water-soluble (regardless of pH) material
and serves to prevent migration of acrylic monomers,
photoinitiators or other solvent-soluble components of the
photoimageable composition layer to the top coat.
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aqueous sol ution while the unexposed portions renmain soluble and are washed
away _during devel opnent in al kaline aqueous sol ution. Sol der-mask form ng
conpositions may al so contain an additional chem cal system whereby they
may be hardened and nade permanent during a post-devel opnent cure. To
be used, a dry filmis unrolled, the protective sheet is renoved, and the
t acky phot oi mageabl e conposition layer is applied to the substrate. In a
basic three-layer dry film lamnate, the general procedure is to |ay
artwork on the support sheet and expdse the photoi nageabl e conposition

| ayer through the :

Brief Description of the Drawing

The Figure is a cross-sectional view of a dry film in
accordance with the present invention.

Detailed Description of Certai e e iments

Seen in the Figure is a dry film laminate in accordance with
the invention. The intermediate layer 1 comprises a tie coat 2
and a top coat 3 between the photoimageable layer 4 and the
support sheet 5. A protective sheet 6 covers the other side of
the photoimageble composition layer 4. The top coat 3 is so
named because it becomes the topmost layer when the protective
sheet 6 is removed, the photoimagéable composition layer 4 is
adhered to a substrate surface, and the support sheet 5 is
removed.

The support sheet 5 is formed of conventional material,
'usually a polyester, such as polyethylene terephthalate and is

" typically between about 20 and about 100 microns thick. 1It’s

surface which contacts the top coat 3 may be modified to adjust
its adherence to the top coat. The protective sheet 6 is
likewise formed of a conventional material, such as polyethylene,
having minimal adherence to the photoimageable composition layer
4,

The protective sheet 6 is the first layer removed so that
the photoimageable composition layer 4 may be adhered to a
substrate. The protective sheet 6 must have sufficiently low
adherence to the photoimageable composition layer 4 that it can
be removed without separating the remaining layers or disturbing
any of the remaining layers. After the protective sheet 6 is
removed and the photoimageable composition layer 4 is firmly
adhered to a substrate (such as a copper clad epoxy board or a

i
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support sheet. Then the support sheet is renoved, and the photoi nageabl e
conposition layer is devel oped. U S. Patent No. 4,530,896 to

Chr-i stensen et al. and 4,318,975 to Kuznetsov et al. describe prinmary

i magi-ng dry films which include a |ayer intermedi ate the support sheet and
t he phot oi mageabl e conposition layer. This internediate |ayer is

sel ectively adherent to the photoi nageabl e conposition |ayer, relative to
its adherence to the support sheet. The internediate |ayer allows the
support sheet to be renoved prior to exg@osure. Unlike the photoi nageabl e

| ayer which is generally quite tacky, the internediate | ayer nmay be forned
of relatively non-tacky substances. Therefore, artwork can be laiddirectly
on the internmedi ate | ayer. Because the internediate |ayer can be quite thin
relative to the requisite thickness of a support sheet, better resolution

is obtainable. Also, the internediate |ayer grotects t he ghotoi %gable
| ayer f“ﬂﬁkﬁgﬁﬁﬁp;qgﬁkﬁtb%mngjt%ﬁ the case may be) the protective sheet

is the next layer removed. Accordingly, while its adherence to
the top coat 3 is greater than the adherence of the protective
sheet 6 to the photoimageable layer 4, its adherence to the top
coat 3 must be substantially less than the adherences between the
photoimageable composition layer 4 and the substrate; the
photoimageable layer and the tie coat 2; and the tie coat and the
top coat 3. Likewise, the support sheet 6 should be removable
from the top coat 3 without distu;bing any of the remaining
layers. Also, the adherence of the photoimageable composition
layer 4 to a prospective substrate must be greater than the
adherence of the support sheet 6 to the top coat 3.

The photoimageable composition layer 4 may be either a
primary imaging resist for forming a printed circuit board or may
be a composition that may be rendered hard and permanent to serve
as a solder mask or the like. Typically the photoimageable layer
is between about 40 and about 200 microns thick. The invention
is specifically directed to photoimagable composition layers
which are negative-acting, alkaline aqueous-developable e.g., as
described in patents referenced above. Such compositions are

" well known in the art and will not be described in detail herein,
the basic components of such compositions being set forth above.

To overcome the hazing problem exhibited by prior art water-
soluble intermediate layers, the top coat 3 is formed of
polymeric material which does not absorb water. Therefore, a
material is selected which is not soluble in water at neutral
pHs. On the other hand, it is necessary that the top coat 3 be
removed during development to allow the developer to wash'away
the unexposed portions of the photoimageable 6omposition layer.
Accordingly, it is necessary that the top coat be scluble in
dilute alkaline agueous solution, such as a 1% sodium carbonate
solution. To this end, the'top coat is formed of polymeric
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t he support sheet is renopved. U S. Patents Nos. 4,889, 790 issued to
Roos et al. and 4,992,354 issued to Axon et al., the teachings of which
are “incorporated herein by reference, teach advantages of sol der
rask=formng dry filins containing such an internediate |ayer.

| portantly, by allow ng renmoval of the support sheet prior to vacuum

| arli nati on, these patents teach that nuch*better conformation of the
phot0|nageable | ayer to the surface contours of the printed circuit board
i s achi eved. A nunber of materials have been proposed for formng

t he internediate |ayer. One comonly,used type of material for form ng
I nternmedi ate | ayers is polyvinyl alcohol, including modi fi ed pol yvi nyl

al cohol and pol yvi nyl al cohol . copol yners. Above-referenced U.S. Patent
No. 4,992, 354 describes i nternedi ate | ayers which are m xtures of

pol yvi nyl ol cohol ot peluvinvl,o, 2l conol, conol VTGS o ) BSkasLetly!
alkaline aqueous-developable photoimageable compositions.
Particularly, polymers formed from alpha, beta-ethylinically
unsaturated monomers, such as acrylate esters, acrylic acids,
styrenes and substituted styrenes are suitable. Suitable
specific monomers useful in forming such polymers are described
in above-referenced U.S. Patent No. 4,239,849. Currently
preferred monomers for forming the top coat polymer include C,~C,
alkyl acrylate, methacrylate and ethacrylate; acrylic,
methacrylic and ethacrylic acid; and styrene and methyl styrene.
To provide solubility in alkaline aqueous solutions, the polymer
should have sufficient carboxylic acid functionality to give an
acid number of at least about 50. Typically, the acid number
ranges from about 50 to about 200; however, the top coat material
may have even higher acid numbers. The molecular weights (weight
average) of top coat polymers are usually in the range of from
about 20,000 to about 200,000.

Although the top coat 3 is similar in composition to the
binder polymer of the photoimageable composition layer 4, the top
coat is substantially different in nature from the photoimageable
composition layer. While the photoimageble composition layer,
which contains monomer, photoinitiator, heat stabilizers, etc.,
is a semi-solid with substantially no structural integrity, the
much thinner top coat 3 is a solid with some structural
integrity.

on the other hand, because the polymer of the top coat 3 is
similar to the binder polymer of the photoimageable composition
layer, it is necessary to separate the layers by the tie coat 2,
lest monomers, photoinitiator, etc. migrate from the
photoimageable composition layer to the top coat, either during
application or during storage. The tie coat 2 is preferably
formed of polyvinyl alcohol, modified polyvinyl alcohol
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lFayer is usually selected to be soluble in water so that it is easily and
conpletely renoved to allow for rapid devel opnent of the underlying

phot oi mageabl e conposition | ayer. A problemthat has been noted with
such'internediate |l ayers is hazing that results from absorption of water
vapor in the air. Hazing both reduces light transm ssion and di sperses
light that is transmtted, resulting in sone | oss of photospeed and | oss of
resolution. In the case of solder mask-forming dry filnms, the hazing
results in reduced gloss in the final groduct. Lack of gloss in.the sol der
mask is a major cause of poor flux renoval property. The present invention
addr esses the hazing problem and -

(including polyvinyl alcohol copolymers) or a mixture of
polyvinyl alcohol (at least about 10 wt. percent) and additional
water-soluble polymer, such as hydroxyethyl cellulose, polyvinyl
acetate and water-soluble polysaccharides, such as starch. The
currently preferred material for use in the present invention is
homogeneous polyvinyl alcohol. By polyvinyl alcohol is meant
herein a polymerized ester of polyvinyl alcohol (such as
polyvinyl acetate) which is suponified to at least about 80%. A
polyvinyl alcohol copolymer/hydroxyethylcellulose layer is
described in above-referenced patent No. 4,992,354.

The total thickness of the intermediate layer 1 is between
about 4 and about 12 microns, preferably between about 6 and
about 8 microns. The tie coat 2 is between about 1 and about 8
microns, preferably between about 3 and about 6 microns thick.
The top coat 3 is between about 1 and about 8 microns, preferably
between about 3 and about 6 microns thick. In manufacturing the
dry film of the present invention, the tie coat is applied as an
aqueous solution over the photoimageable layer. Subsequently,
the top coat is applied over the'top coat, either as an aqueous
dispersion or as an organic solvent solution. The other layers
of the dry film laminate are formed in the conventional manner.

As discussed above, the dual intermediate layer 1 overcomes
the hazing problem by providing a water-insoluble top coat 3,
which is the layer exposed to air after the photoimageble
composition layer 4 has been applied to a substrate and the
support sheet 5 removed. The dual intermediate layer 1 is found
to have additional advantages. The dual intermediate layer has
been found to be more impervious to oxygen than prior art
intermediate layers. As oxygen inhibits polymerization, a
greatef photospeed can be achieved by the dry. film of the present
invention. If the photoimageable composition layer 4 is a
solder mask-forming composition; the dual intermediate layer 1
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achi eves ot her advantages as set forth hereinafter. Sunmary of the

I nvention In a dry frlmconprising a support sheet, a

photoi mageabl e |ayer, and a protective sheet, a dual internediate |ayer is
i nterposed between the support sheet and the photoi mageabl e conposition

| ayer. The internediate |ayer includes a "top coat” which is adjacent the
support sheet and a "tie coat" between the support sheet and the

phot oi mageabl e conposition |ayer. The top coat is insoluble in water at
neutral or acidic pHs, but is solqgfain di | ute al kal i ne aqueous
solutions and is selected of polyneric materials which do not haze by
absorbing water. The tie coat is fornmed of water-soluble (regardl ess of
pH). material and serves to prevent mgration of acrylic nononers,

photoi nitiators or other solvent-sol uble conponents of the photoi mageabl e

conposi tL Qe f¥EEes OrbNEnbORLEP8ty of the material to tent thru-holes.
While the semi~solid photoimageable composition layer 4 has
little structural integrity, both the top coat 3 and tie coat 2
have structural integrity which contributes to tenting ability.
The strength of the intermediate layer structure is increased by
the fact that two dissimilar types of compositions are bonded
together.

The invention will now be described in greater detail by way

of specific examples,

an 1

A dry film is formed of a support sheet which is
polyethylene terephthelate (40 microns thick), a top coat which
is a copolymer of 36.5 wt. % methyl methacrylate, 20.4 wt. %
butyl acrylate, 14.5 wt. % styrene and 28.6 wt. % methacrylic
acid (1.25 microns thick), a polyvinyl alcohol tie coat (1.25
microns thick), an alkaline agueous-developable photoimageable
composition layer (92 microns, thick) sold under the trade
designation HG by Dynachem, Tustin, CA, and a polyethylene cover
sheet (40 microns thick).

ample

A solder mask-forming dry film (control) sold by Dynachem
under the trademark CONFORMASK has an alkaline aqueous-~
developable photoimageable composition that is post-curable to
form a solder mask. The intermediate layer in this film is 2.5
microns thick and is a mixture of hydroxyethyl cellulose (95
wt.%) and polyvinyl alcohol (5 wt.%). An identical dry film
(dual layer) was prepared but with the intermediate layer
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-5- REPLACEMENT SHEET Brief Description of the Draw ng : The
Figure is a cross-sectional view of a dry filmin accordance with the
present invention. Det ai | ed Description of Certain Preferred Enbodi nents

~10-

replaced by a polyvinyl alcohol tie coat (1.25 microns thick) and
a top coat as described in Example 1 (1.25 microns thick). After
application of the photoimageable composition layers to printed
circuit boards and removal of the support sheets, the panels were
held at (condition A) for 2 hours at 63 F°, 52% RH and (condition
B) for 2 hours at 71°F,#45%§H. Processing conditions are as

follows:

PROCEDURE

PANEL NO FILM . POST CFU-III HOLDING ROOM
1 Control Condition A
2 Control Condition A
3 Control Condition B
4 Control Condition B
5 Dual Layer Condition A
6 Dual Layer Condition A
7 Dual Layer Condition B
8 Dual Layer Condition B

PANEL DESCRIPTION

Size - 18"X24"X0.062"
Design 10 mil line and space double 51ded
Metalization Sn/Pb

Base Material
Circuit Height
Tented Via Holes

FR-4
< 4.0 mils
30 and 40 mils

PROCESSING ENVIRONMENT

Condition A Condition B
1. Lighting - Yellow Light Yellow Light
2. Temperature - 63 °F 71 °F
3. Relative Humidity - 52% ' 45%
4. Gns H,0/# Dry Air - 45 51
This Sheet Has Been R

|

A

I



Seen in the Figure is a dry filmlamnate in accordance with the invention.
The internediate |layer 1 conprises atie coat 2 and a top coat 3 between

t he phot oi nageabl e | ayer 4 and the support sheet 5. A protective sheet 6
covers the other side of the photoi magebl e conposition |ayer 4. The top
coat .3 is so naned because it becones the topnost |ayer when the protective
sheet 6 is renoved, the photoi mageabl e conposition layer 4 is adhered to a
substrate surface, and the support sheet 5 is renoved. The support
sheet 5 is formed of conventional materisgl, usually a polyester, such as
pol yet hyl ene terephthalate and is typically between about 20 and about 100
mcrons thick. It's surface which contacts the top coat. -3 may be nodified
to adjust its adherence to the top coat, The protective sheet 6 is

| i kew se formed of a conventional material, such as polyethylene, having

.m ni mal angkgaﬂfﬁégi$$E£ t ol mageabl e conposition |ayer 4. The
protective SHEE rst layer renpbved so that the photoi mageabl e

conposition | ay g} y]im ﬁ\ggﬁ{,e_d {R 9a4Substrate. The protective sheet 6
must have suff|C|eAif‘gE ow adherence to the photoi nageabl e conposition

layer 4 that it can cycie Time - 60 sec
Slap Time - 5 sec
BST Top - 128 °F (64 °C)
Bottom - 125 °F (64 °C)
Vacuum - 0.6 mbars

Free Space 0.04 inches

POLYESTER REMOVAL

Less than 30 seconds and parallel to the board surface
and in the direction of the circuit lines.

FINISHING
CFU III
1. Cooling Time 80 sec
2. Panel Temperature 45 °C Approx
3. Conveyor Speed 500
4. Chamber Temperature 43 °F

Not Utilized
Not Utilized
120 minutes

S. H.R. Temperature
6. H.R. Pressure
7. Hold Time

EXPOSURE

1. Unit Power - Colight 1230 5KW
Exposure Time - 35 seconds (Integrator Value
- of 50/50)
Vacuum - 75 mm Hg _
- Transpoque G2 Clear Diazo (No

Phototool
. Image Blank Exposed)
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be renoved w thout separating the remaining |ayers or disturbing any of
the remaining |ayers. After the protective sheet 6 is rempved and the

ph@t0|nageable conposition layer 4 is firmy adhered to a substrate (such
as a copper clad epoxy board or a

RERLACENEW SHEET - 6-
-12-
DEVELCPMENT
1. Develop - Chemcut 547 Horizontal chamber

length of 36 inches.

Solution - 1.0 % Nazco Approx not
measured

Temperature - 85 °F

Breakpoint - 50 % Approx not measured

Speed Set Pt. - 2.4

Developing Time- 130 seconds

Spray Pressure - 25 psi

2. Spray Rinse _
Chamber Length - 50% Developing chamber
length minimum
Spray Pressure - 25 psi

4. Turbine Dry

RESULTS
PNL NO SST A/W TACK 60° GLOSS TENTING FOGGING
(% BROKEN)
1 13 NONE 89% < 2% NONE
2 13 NONE < 2% NONE
3 13 NONE < 2% NONE
4 13  NONE < 2% NONE
5 10  SLIGHT 74% 15-20% SLIGHT
6 10  SLIGHT " 15-20% SLIGHT
7 10 SLIGHT 15-20% SLIGHT
8 10  SLIGHT 15-20% SLIGHT
SST = Stoufer Step A/W = Art Work

OBSERV. USSIO:

1. The dual layer exhibited a 15% higher gloss compared to
the control. This is helpful in eliminating flux
residues as well as preventing solder balling with low
solids fluxes.

2. There was no artwork tack to the dual layér panel
either during registration or after exposure. This
allows for easy eyeball registration and results in a
smooth consistent surface finish.
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printed circuit board, as the case nmay be) the ‘protective sheet is the next
| ayer renmoved. Accordingly, while its adherence to the top coat 3 is
greater than the adherence of the protective sheet 6 to the photoi mageabl e
l-ayer 4, its adherence to the top coat 3 nmust be substantially |ess than

t he adherences between the phot oi mageabl e conposition |ayer 4 and the
substrate; the photoi mageabl e |ayer and the tie coat 2; and the tie coat
and the top coat 3. Likew se, the sup t sheet 6 shoul.d be renovable from
the top coat, 3 without disturbing any of the remaining |layers. Also, the
adherence of the - -photoi nageabl e conposition layer 4 to a prospective )
substrate nust be greater than the adherence of the support sheet 6 to the
top coat 3. The phot oi nageabl e conposition |layer 4 nay be either a
primary inmaging.r egtslrriqlg Widl SigRi PitahedyCreaicbab®d ¢ne dil Dyer
conposition that mpatheigteddemtichdtéd. and permanent to serve as a solder
mask or the |ike. Typically the photoi mageabl e | ayer is between about 40
and about 2004ni cr The photiospEes i of ctheodual laperf wasl Ifputid e ask to
phot oi magabl e conp&tioniffier Steps \thighenr overgtheyv2- hournpola Kalnene
aqueous-devel opabl e e.g., as described in patents referenced above. Such
conposi ti ons 8re wShe Fesistancsofrthandual| Layer surdacer itisedanride aids
herein, the basic S&P¢Idhenhamasd CceBRPESHt FBnEhBerAgtEOL forth above.

To overcone the hazin% prqblen1exhibLt3d bytgri r art water- .

- 6. No Togging was noted on the dual layer. An undesirable
level of fogging was noted on the control which should
not have been apparent under the recorded envirommental
conditions.

7. A major advantage of the dual layer was seen in its
enhanced tenting performance.
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soluble internediate | ayers, the top coat 3 is forned of polyneric
materi al which does not absorb water. Therefore, a material is selected
which is not soluble in water at neutral pls. On the other hand, it is
nécessary that the top coat 3 be renoved during developrment to allow the
devel oper to wash away the unexposed portions of the photoi mageabl e
conposition layer. Accordingly, it is necessar4 t+hat the top” coat- be-.

soluble in dilute al kaline aqueous solution, such as a n1carbonate
solution. To this end, the top coat is forned of ponneJ ,W? 17
-7-

1. A dry film laminate comprising

‘(a) a protective sheet (6),

(b) a negative-acting, photoimageable
composition layer (4} that is developable in
dilute alkaline aqueous solution,

{c) a dual intermediate layer (1) comprising

{(c-1) a water-soluble tie coat layer (2) and
(c-2) a top coat layer (3) which is insoluble
in neutral or acidic aqueous solution but
which is soluble in dilute alkaline aqueous
solution, and

(d) a support sheet (5);

said protective sheet (a) having such minimal
adherence to said photoimagable composition
layer

(b) that said protective sheet may be removed
from said photoimageable composition layer
without disruption of any of the other layers
or the bonds therebetween; and the adherence
of said support

(d) to said top coat (c-2) being such that
said support sheet (d) may be removed from
said top coat (c-2) without disruption of any
remaining layers, the bonds between such
remaining layers and a bond formed between
said photoimageable composition layer (b) and
a substrate.

This Sheet Has Been Re'ilac

I




material simlar to polyneric materials used as binders in al kaline

aqueous-devel opabl e phot oi mageabl e conpositions. Particul ner s
formed from al pha, beta-ethylinically unsaturated E‘ E“F‘ n

acryl-ate esters, acrylic acids, styrenes and SUbStI Nes *ar e

sui t abl e. SU|tabIe speci fic nmononmers useful in forn1ng such polyners are
destcri bed i n"above-referenced U S. Patent No. 4,239,849. Currently
preferred nmononers for formng the top coat polymer include CJerr]-Clerr]
al kyl acrylate, nethacrylate and ethacrylate; acrylic, methacrylic and
ethacrylic acid; and styrene and nethyl styr Ae~ To provide solubility in
al kal i ne aqueous solutions, the polyner should have sufficient carboxylic

acid functionality to | r_.of at Ieast about 50, Typjcally,
t he aci d nunber ranges m%ﬁ%ly %5\9,1:["216 %0 cgle ligp‘J"coat
mat eri al nmay hadeexeim m.gdhetopccdauu(rbem J.sThepmlmymenl ﬁormedglotfs A,Wdi ght

aver age) of tog% 1eRfC4 Ry Suff & i2dEel mbllohdes| 308°nAL HOHCIAO Wy 00

to about 200,0 e top coat I's SI'm I n conpositlon
to the of at least 50.

3. A dry film laminate according to Claim 1 orxr
Claim 2 wherein said tie coat (c-l1) is formed of from 10 to
100 wt percent of a material selected from polyvinyl
alcohol, modified polyvinyl alcohol and polyvinyl alcohol
copolymers and from 0 to 90 wt percent of compatible,
water-soluble polymeric material.

4.. A dry film laminate according to any preceding
Claim wherein said intermediate layer (c) is between 4 and
12mm thick.

5. A dry film laminate according to Claim 4
wherein said tie coat (c-1) is between 1 and 8mm thick and
said top coat (c-2) is between 1 and 8mm thick.

6. A dry film laminate according to any preceding
Claim wherein said photoimageable composition layer is a
primary imaging photoresist.

7. A dry film laminate according to any preceding
Claim wherein said photoimageable composition layer is
hardenable after exposure and development to form a
permanent layer.

This Sheet Has Been Reﬁl ced
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Bi nder pol yner of the photoi nageabl e conposition |ayer 4, the top coat is
substantially different in nature fromthe photoi nageabl e conposition
l.ayer®. Wile the photoi magebl e conposition layer, which contains mononer,

photqginitiator, heat stabilizers, etc. is a sem-solid with substantially
no steructural integrity, the nuch thlnner top coat 3 is a solid with sone
structural integrity. On the ot her hand, because the polyner of the

top coat 3 is simlar to the binder polyner of the phot oi mageabl e
conposition layer, it is necessary to separaﬁg the |l ayers by the tie coat
2, lest nononers, photoinitiator, etc. mgiat@ fromthe photoi mageabl e
conposition layer to the top coat, either during application or during
storage. The tie coat 2 is preferably forned of polyvinyl alcohol,
nodi fi ed pol yvi nyl al cohol

PHOTOSENSITIVE LAMINATE HAVING DUAL INTERMEDIATE LAYERS

ABSTRACT

In dry film laminate useful in the printed circuit
industry comprising a support sheet (5), a photoimageable
composition layer (4) and a protective sheet (6), a dual
intermediate layer (1) is interposed between the '
photoimageable composition layer and the support sheet.

The intermediate layer consists of a water-soluble tie coat
(2) in contact with the photoimageable composition layer
and a top coat (3) in contact with the support sheet, the
top coat being insoluble in neutral or acidic aqueous
solution but soluble in dilute alkaline aqueous solution.

heet Has Been Replaced

T,
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wat er -'sol ubl e pol ysaccharides, such as starch
material for use in the present invention is h
By pol yvinyl alcohol is meant herein a pol ymer
al cohol (such as pol yvinyl acetate) which is s
80% A pol yvinyl al cohol copol ymer/hydroxyet hy
I n above-referenced patent No. 4,992, 354.

(i ncl udi ng pol yyinyl al cohol copolyners) or a m xture oﬁ”ﬁ@%&#ﬁﬁyl
al cohol (at |east about 10 wt. percent) and additional

pol yyrer, such as hydroxyethyl cellul ose, polyv

wat er - sol ubl e

al cohol .
Vi nyl
ast about

eH-8 oy ﬂs descri bed
The total thickness of the

$

I nternmedi ate layer 1 is between about-14 and ab
bet ween about 6 and about 8 m crons.

ouUt—IZ mrTrons,pref erably

The tie.coat 2 is between about 1 and

about 8 microns, preferably hetwsen about 3 anREMACEMENT GERTS T L5
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PHOTOSENSITIVE LAMINATE HAVING DUAL INTERMEDIATE LAYERS

The present invention is directed to photosensitive
laminates or dry films such as those used in the printed circuit

board industry.
primary photoresist layers or those used
permanent layers, such as solder masks.

invention is directed to dry films which

The dry films may be either those providing

for forming hard,
In particular, the
contain layers of

polymeric materials to protect negative-acting, alkaline aqueous-
developable photoimageable composition layers.

Background of the Invention

A basic dry film for applying a photoimageable layer to a

substrate, e.g., in the case of a primary resist to a blank for
forming a printed circuit board or in the case of a solder mask-

forming composition to a printed circuit
support or cover sheet, a photoimageable
protective sheet.

allow the dry film to be rolled, yet has

board, consists of a
composition layer and a

The support sheet is sufficiently flexible to

sufficient rigidity to

maintain a generally flat configuration when unrolled;- this is

usually a polyester sheet, e.g., polyethylene terephthalate.

The

protective shect overlies the opposite side of the photoimageable
conposition layer and allows the'dty film to be rolled without
the photoimageable composition layer sticking to the underside of



The top coat 3 is between about 1 and about 8 mcrons, preferably between
about 3 and about 6 mcrons thick. In manufacturing the dry film of the

present invention, the tie coat is applied as an aqueous sol ution over the
phot oi mageabl e | ayer. Subsequently, the top coat is applied over the top

coat, either as an aqueous di spersion or as an organi c sol vent sol ution.
Thef other layers of the dry filmlamnate are fornmed in-the conventi onal
manner . As di scussed above, the dual ijnt&EE : 1 overcomes
t he hazing problem by providing a wat eF¢7 ns Ikﬁpgﬁﬁ%ﬁaﬁﬁggaﬁ? which is the
| ayer exposed to air after the photoi magebl onposition | dygr 4 has been
applied to a substrate and the support she QOnSERAN96 THe jdua
intermediate layer 1 is found to have addit al advant agedq. jThe dual

internedi ate | ayer has been found to be norje THPervious to ojygen than
prior art internediate |ayers. As oxygen inpibits polvnerizatlion; a

greater photsifgpred ehtebe athieviaibditione idr paf:i:ieixmrmen&re@ltgat to

e} o ol IR O TBAEEEL g B! Mo RUpLr ety S Bt
are developable in alkal ne aqueous solution. Primary imaging
photoimageable compositions of this type are described, for
example, in U.S. Patent No. 4,239,849, the teachings of which are
incorporated herein by reference. Solder mask-forming
compositions of thii type are described, for example, in U.S.
Patent No. 4,789,629, the teachings of which are incorporated .
herein by reference. By solder mask is meant herein a hard,
permanent layer which meets the abrasion tests as defined in IPC—
SM-840A, Table 12, Summary of Criteria for
Qualification/Conformance (Institute for Interconnecting and
Packaging Electronic circuitsf; Photoimageable compositions
developable in alkaline aqueous solution comprise a polymeric
binder having sufficient carboxylic acid functionality to be
soluble in alkaline aqueous solution, a photopolymerizable
monomer (s) and a photoinitiator, plus additional components such
as thermal stabilizers, fillers, pigments, colorants, etc. When
exposed to actinic radiation, the photoinitiator generates free-
radicals, resulting in polymerization of the monomer. This
polymerization renders exposed portions insoluble in alkaline
aqueous solution while the unexposed portions remain soluble and
are washed away during development in alkaline aqueous solution.
Solder-mask forming compositions may also contain an additional

chemical system, whereby they may be hardened and made permanent
during a post-development cure.

To be used, a dry film is unrolled, the protective sheet is
removed, and the tacky photoimageable composition layer is
- applied to the substrate. In a basic three-layer dry film
laminate, the general procedure is to lay artwork on the support
sheet and expose the photoimageable composition layer through the



REPLACEMENT SHEET contributes to the ability of the material to tent
thru-holes. Wiile the sem -solid photoi mageabl e conposition |ayer 4 has
littJe structural integrity, both the top coat 3 and tie coat 2 have
structural

integrity which contributes to tenting ability. The strength of
the internediate | ayer structure is increas

t two
dissimlar types of conpositions are bonded’ tREPEACEMENT SHEETTHe i nvention
wi |l now be described in greater detakB-by of~SPECTTT C lexanpl es,
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support sheet. Then the support sheet is removed, and the

photoimageable composition layer is developed.

U.S. Patent No. 4,530,896 to Christensen et al. and
4,318,975 to Kuznetsov et al. describe primary imaging dry films
which include a layer intermediate the support sheet and the
photoimageable composition layer. This intermediate layer is

selectively adherent to the photoimageable composition layer,

relative to its adherence to the support sheet. The intermediate
layer allows the support sheet to be removed prior to exposure.

Unlike the photoimageable layer which is generally quite tacky,
the intermediate layer may be formed of relatively non-tacky
substances. Therefore, artwork can be laid directly on the
intermediate layer. Because the intermediate layer can be quite

thin relative to the requisite thickness of a support sheet,

better resolution is obtainable. Also, the intermediate layer

protects the photoimageable layer from oxygen inhibition after
the support sheet is removed.

U.S. Patents Nos. 4,889,790 issued to Roos et al. and
4,992,354 issued to Axon et al., the teachings of which are
incorporated herein by reference, teach advantages of
solder mask-forming dry films containing such an intermediate
layer. Importantly, by allowing removal of the support sheet
prior to vacuum lamination, these patents teach that much better
conformation of the photoimageable layer to the surface contours
of the printed circuit board is achieved.

A number of materials have been proposed for forming the
rmediate layer. -One coqmonly used type of material for
forming intermediate layers is polyvinyl alcohol, including
modified polyvinyl alcchol and polyvinyl alcohol copolymers.
Above~referenced U.S. Patent No. 4,992,354 describes intermediate

layers which are mixtures of polyvinyl alcochol or polyvinyl
alcohol copolymers with hydroxyethyl cellulose.

in

The intermediate



Example 1 Adry filmis forned of a support sheet which is

pol yet hyl ene terephthelate (40 mcrons thick), a topcoat which is a

copol ymer of 36.5 wt. % nmethyl nethacrylate, 20.4 wt. % butyl acrylate,
14.5 w. %styrene and 28.6 w. % nethacrylic acid (1.25 mcrons thick), a

pol yvi nyl al cohol tie coat (1.25 mcrons thick), an alkal
aqueous-devel opabl e phot oi mageabl e conposi tj ﬁqamgﬁggﬂggprons t hi ck)
sol d under the trade designation HG by Dynaphg ISiin- , fand a

pol yet hyl ene cover sheet (40 m crons fﬁrck)

Exanpl e 2 A sol der mask-forming dry {i|mO@&ER 89 sbild by Dynachem
under the trademark CONFORMASK has an al kal i pejaqueous- delel opabl e

phot oi mageabl e conposition that is post-curalpl eTO . forma so|lder mask
The internmediate layer in this filmis 2.5 m crons._thi.ck—aredis a m xture
of hydroxyet hyl cellul ose (95

layer is usually selected to be soluble in water so that it is
easily and completely removed to allow for rapid development of
the underlying photoimageable composition layer.

A problem that has been noted with such intermediate layers
is hazing that results from absorption of water vapor in the air.
Hazing both reduces light transmission and disperses light that
is transmitted, resulting in some loss of photospeed and loss of
resolution. In the case of solder mask-forming dry £ilms, the
hazing results in reduced gloss in the final product. Lack of
gloss in the solder mask is a major cause of poor flux removal
property. The present invention addresses the hazing problem and
achieves other advantages as set forth hereinafter.

Summary of the Invention

In a dry film comprising a support sheet, a photoimageable
layer, and a protective sheet, a dual intermediate layer is
interposed between the support sheet and the photoimageable
composition layer. The intermediate layer includes a "top coat"®
which is adjacent the support sheet and a “tie coat" between the
support sheet and the photoimageable composition layer. The top
coat is insoluble in water at neutral or acidic pH’s, but is
soluble in dilute alkaline aqueous solutions and is selected of
polymeric materials which do not haze by absorbing water. The
tie coat is formed of water-soluble (regardless of pH) material
and serves to prevent migration of acrylic monomers,
photoiﬁitiators or other solvent-soluble components of the
photoimageable composition layer to the top coat.



w.% and pol yvinyl alcohol (5 wt.%. An identical dry film (dual |ayer)
was prepared but with the internedi ate | ayer

-10-, repl aced by a polyvinyl alcohol tie coat (1.25 mcrons thick)
and a top coat as described in Exanple 1 (1.25 microns thick). After

-5- REPLACEMENT SHEET
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e Desc. tion of the W

The Figure is a cross-sectional view of a dry f£ilm in
accordance with the present invention.

Detailed Description of Certajn Preferred Embodiments

Seen in the Figure is a dry film'laminate in accordance with
the invention. The intermediate layer 1 comprises a tie coat 2
and a top coat 3 between the photoimageable layer 4 and the

support sheet 5. A protective sheet 6 covers the other side of

the photoimageble composition layer 4. The top coat 3 is so

named because it becomes the topmost layer when the protective
sheet 6 is removed, the photoimageable composition layer 4 is
adhered to a substrate surféce, and the support sheet 5 is
renmoved. '

The support sheet 5 is formed of conventional material,
usually a polyester, such as polyethylene terephthalate and is
typically between about 20 and about 100 microns thick. 7It’s
surface which contacts the top coat 3 may be modified to adjust
its adherence to the top coat. The protective sheet 6 is
likewise formed of a conventional material, such as polyethylene,
having minimal adherence to the photoimageable composition layer
4. :

The protective sheet 6 is the first layer removed so that
the photoimageable composition layer 4 may be adhered to a
substrate. The protective sheet 6 must have sufficiently low
adherence to the photoimageable composition layer 4 that it can

be removed without separating the remaining layers or disturbing

any of the remaining layers. After the protective sheet 6 is

removed and the photoimageable composition layer 4 is firmly
adhered to a substrate (such as a copper clad epoxy board or a



application of the photoi nageabl e conposition layers to printed circuit
boards and renoval of the support sheets, the panels were held at

(condition A) for 2 hours at 63 F[err], 52% RH and (condition B) for 2
hours at 71[err]F, #45%RH. Processing conditions are as foll ows:

PROCEDURE PANEL NO FI LM POST CFU-111 HOLDI NG ROOM
ContT ol Condition A 2 ConfT - [T} on A
Contr ol Condition B 4 _g- Cont r@HPLACEMEm i tTi on B
Dual Layer Condition A 6 Duaj fayer Condi tji on A
Dual Layer Condition B 8 Dua} |Lap& SEP M9¢ndi tii on B
PANEL DESCRI PTI ON '

printed circuit board, as the case may be) the protective sheet
is the next layer removed. Accordingly, while its adherence to
the top coat 3 is greater than the adherence of the protective
sheet 6 to the photoimageable layer 4, its adherence to the top
coat 3 must be substantially less than the adherences between the
photoimageable composition layer 4 and the substrate; the :
photoimageable layer and the tie coat 2; and the tie coat and the
top coat 3. Likewise, the support sheet § should be removable
from the top coat 3 without distn;bing any of the remaining
layers. Also, the adherence of the photoimageable composition
layer 4 to a prospective substrate must be greater than the
adherence of the support sheet 6 to the top coat 3.

The photoimageable composition layer 4 may be either a
primary imaging resist for forming a printed circuit board or may
be a composition that may be rendered hard and permanent to serve
as a solder mask or the like. Typically the photoimageable layer
is between about 40 and about 200 microns thick. The invention
is specifically directed to photoimaqable composition layers
which are negative-acting, alkaline aqueocus-developable e.g., as
described in patents referenced above. Such compositions are
well known in the art and will not be described in detail herein,
the basic components of such compositions being set forth above.

To overcome the hazing problem exhibited by prior art water-
soluble intermediate layers, the top coat 3 is formed of

polymeric material which does not absorb water. Therefore, a
material is selected which is not soluble in water at neutral
pHs. On the other hand, it is necessary that the top coat 3 be
removed during dgvelobment to allow the developer to wasﬁ awvay
the unexposed portions of the photoimageable éamposition layer.
Accordingly, it is necessary that the top coat be scluble in
dilute alkaline aqueous solution, such as a 1% sodium carbonate
solution. To this end, the top coat is formed of polymeric



Si ze

- 18" X24" XO. 062" Desi gn - 10
ml |ine and space doubl e sided Met al i zati on - Sn/ Pb

Base Materi al - FR-4 Circuit Height - <4.0mls
Tented Via Hol es - 30 and 40 mls PROCESSI NG ENVI RONVENT
Condition A Condition B 1. Lighti pge =.Yel | ow Li ght

Yel l-ow Li ght 2. Tenperature - 63 | eRERLACEMENT SHEET7[L [err]F
3. Relative Humdity - 52% -7- 4pY% G p # Dry Air -
45 51

09 SEP 996

material similar to polymeric materials used as binders in
alkaline aqueous-developable photoimageable compositions.
Particularly, polymers formed from alpha, beta-ethylinically

unsaturated monomers, such as acrylate esters, acrylic acids,

styrenes and substituted styrenes are suitable. Suitable

specific monomers useful in forming such polymers are described
in above-referenced U.S. Patent No. 4,239,849. Currently
preferred monomers for forming the top coat polymer include C,-C,
alkyl acrylate, methacrylate and ethacrylate; acrylic,
methacrylic and ethacrylic acid; and styrene and methyl styrene.
To provide solubility in alkaline agqueous solutions, the polymer
should have_sufficient carboxylic acid functionality to give an
acid number of at least about $0. Typically, the acid number

ranges from about S50 to about 200; however, the top coat material

may have even higher acid numbers. The molecular weights (weight

average) of top coat polymers are usually in the range of from
about 20,000 to about 200,000.

Although the top coat 3 is similar in composition to the
binder polymer of the photoimageable composition layer 4, the top
coat is substantially different in nature from the photoimageable
composition layer. While the photoimageble composition layer,
which contains monomer, photoinitiator, heat stabilizers, etc.,
is a semi-solid with substantially no structural integrity, the
much thinner top coat 3 is a solid with some structural
integrity.

on the other hand, because the polymer of the top coat 3 is
similar to the binder polymer of the photoimageable composition
layer, it is necessary to separate the layers by the tie coat 2,
lest monomers, photoinitiator, etc. migrate from the

photoimageable composition layer to the top coat, either during

application or during storage. The tie coat 2 is preferably

formed of polyvinyl alcohol, modified polyvinyl alcochol



Vacuum Lam nator - VA 724 Cycle Tinme - 60 sec

Slap Tine - 5 sec BST Top - 128 [err]F (64
[err] © Bott om - 125 [err]F (64 [err] O
Vacuum - 0.6 nbars
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(including polyvinyl alcohol copolymers) or a mixture of
polyvinyl alcochol (at least about 10 wt. percent) and additional
water-soluble polymer, such as hydroxyethyl cellulose, polyvinyl
acetate and water-soluble polysicchatides, such as starch. The
currently preferred material for use in the present invention is
homogeneous polyvinyl alcohol. By polyvinyl alcohol is meant
herein a polymerized ester of polyvinyl alcohol (such as
polyvinyl acetate) which is suponified to at least about 80%.
polyvinyl alcochol cqpolymer/hydroxyethylcel;ulose layer is
described in above-referenced patent No. 4,992,354.

The total thickness of the intermediate layer 1 is between

about 4 and about 12 microns, preferably between about 6 and
about 8 microns.

A

The tie coat 2 is between about 1 and about 8
microns, preferably between about 3 and about 6 microns thick.

The top coat 3 is between about 1 and about 8 microns, preferably
between about 3 and about 6 microns thick. In manufacturing the
dry film of the present invention, the tie coat is applied as an
aqueous solution over the photoimageable layer. shbsequéntly,
the top coat is applied over the top coat, either as an aqueous
dispersion or as an organic solvent solution. The other layers
of the dry film laminate are formed in the conventional manner.
As discussed above, the dual intermediate layer 1 overcomes
the hazing problem by providing a water-insoluble top coat 3,
which is the layer exposed to air after the photoimageble
composition layer 4 has been applied to a. substrate and the
support ‘sheet 5 removed. The dual intermediate layer 1 is found
to have additional advantages. The dual intermediate layer has
been found to be more impervious to oxygen than prior art
intermediate layers. As oxygen inhibits polymerization, a
greater photospeed can be achieved by the dry f£film of the present
invention. If the photoimageable composition layer 4 is a
solder mask-forming composition, the dual intermediat® layer 1



Free Space - 0. 04 inches PCOLYESTER REMOVAL

Less than 30
seconds and parallel to the board surface

and in the direction of the
circuit lines. FI NI SHI NG CFU I'11 1. Cooling Time
- 80 sec 2. Panel Tenperature - 45 [err] C Approx
3. Conveyor Speed - 500 4. Chanber Tenperature
- +» 43 Jerr]F 5. H R Tenperature '

i zed 6.
H R Pressure

NG i
- Not Utilized REPEACEMENT SHEEThs
- 120 minutes  EXPOSURE -9-
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contributes to the ability of the material to tent thru-holes.
While the semi-solid photoimageable composition layer 4 has
little structural integrity, both the top coat 3 and tie coat 2
have structural integrity which contributes to tenting ability.
The strength of the intermediate layer structure is increased by

the fact that two dissimilar types of compositions are bonded
together.

The invention will now be described in greater detail by way
of specific examples,

Example 1

A dry film is formed of a support sheet which is
polyethylene terephthelate (40 microns thick), a top_coat which
is a copolymer of 36.5 wt. % methyl methacrylate, 20.4 wt. %
butyl acrylate, 14.5 wt. % styrene and 28.6 wt. % methacrylic
acid (1.25 microns thick), a polyvinyl alcohol tie coat (1.25
microns thick), an alkaline aqueous-developabie photoimageable
composition layer (92 microns thick) sold under the trade

designation HG by Dynachem, Tustin, CA, and a polyethylene cover
sheet (40 microns thick). '

ample

A solder mask-forming dry £ilm (control) sold by Dynachem
under the trademark CONFORMASK has an alkaline aqueous-
developable photoimageable composition that is post-curable to
form a solder mask. The intermediate layer in this £ilm is 2.5
microns thick and is a mixture of hydroxyethyl cellulose (95
wt.%) and polyvinyl alcohol (5 wt.%). An identical dry film
(dual layer) was prepared but with the intermediate layer -



1. Unit Power
seconds (I ntegrator Val ue
75 mm Hg

Vacuum
C ear

D azo (No

replaced by a polyvinyl alcohol tie coat (1.25 microns thick) and
a top coat as described in Example 1 {1.25 microns thick).

Col i ght 1230 5KW

Phot ot ool

-10-

Exposure Ti ne

of 50/50)

Transpoqué &
| mage Bl ank Exposed)
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application of the photoimageable composition layers to printed

circuit boards and removal of the support sheets, the panels were
held at (condition A) for 2 hours at 63 F°, 52% R and (condition

B) for 2 hours at 71°F,#45%RH. Processing conditions are as

follows:

PROCEDURE
PANEL NO

(RSN WS T o

FILM

control
control
Control
Control
Dual Layer
Dual Layer
Dual Layer
Dual Layer

PANEL DESCRIPTION

Size

Design
Metalization
Base Material
Circuit Height
Tented Via Holes

PROCESSING ENVIRONMENT

1. Lighting

2. Temperature
3. Relative Humidity
4. Gns H20/f Dry Air

| 18"X24%X0,062" _
10 mil line and space double sided

POST CFU-III HOLDING ROOM

Condition
Condition
Condition
Condition
Condition
Condition
Condition
Condition

sn/Pd
FR-4

< 4.0 mils
30 and 40 mils

Condition A
Yellow Light

63

°F

52%

45

P

Condition B

Yellow Light
71 °F

45%
51

After

35



DEVEL OPNVENT 1. Devel op - Chenctut 547 Horizontal chanber

| ength of 36 inches. Sol ution - 1.0 % Na[err]CJ err]
Appr ox not nmeasur ed Tenperat ure -
85 [err]F Br eakpoi nt - 50 % Approx not neasured

Speed Set Pt. - 2.4 Devel opi ng Ti ne- 130 seconds

Spray Pressure - 25 . psi 2. Spray R nse Chanber
Length - 50% Devel opi ng chamnber | engt h
M ni num Spray Pressure il- 25 psi 4. Turbine Dry

REPLACEMENT SHEET
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VACUUM LAMINATION

Vacuum Laminator - VA 724

Cycle Time. - 60 sec

Slap Time - 5 sec

BST Top - 128 °F (64 °C)
Bottom - 125 °F (64 °C)
Vacuun - 0.6 mbars

Free Space 0.04 inches

POLYESTER REMOVAL

Less than 30 seconds and parallel to the board surface
and in the direction of the circuit lines.

FINISHING
_CFU III
1. Cooling Time 80 sec
2. Panel Temperature 45 °C Approx
3. Conveyor Speed 500
4. Chamber Temperature 43 °F

5. H.R. Temperature
6. H.R. Pressure
7. Hold Time

Not Utilized
Not Utilized
120 minutes

EXPOSURE
1. Unit Power - Colight 1230 SKW
Exposure Time - 35 seconds (Integrator Value
of 50/50)
Vacuum - 75 mm Hg

Phototool

Transpoque G2 Clear Diazo (No
Image Blank Exposed)



RESULTS PNL NO SST A/WTACK 60[err] GLOSS  TENTI NG FOGGE NG

( % BROKEN) 1 13 NONE 89% < 2% NONE 2

13 . NONE < 2% NONE 3 13 NONE

< 2% - NONE 4 13 NONE < 2% NONE 5
10 SLI GHT 74% 15- 20% SLIGHT 6 10 SLI GHT
15-20% SLIGHT 7 10 SLI GHT - 15-20% SLI GHT
8 10 SLI GHT, 15- 20% -S&% = Stoufer
Step ANW= Art Wrk OBSERVATI B scUSSIRBRLAGEMENTLSHERTal] | ayer

exhi bited a 15% hi gher gl oss conpared to e control. Tnnslis hel pful
in elimnating flux resi dues as well as r%vqgglggpsgb e Balling with
| ow solids fluxes.

DEVELOPMENT
1. Develop - Chemcut 547 Horizontal chamber
length of 36 inches.
Solution - 1.0 % Nazco3 Approx not
measured
Temperature - 85 °F
Breakpoint - 50 % Approx not measured
Speed Set Pt. -~ 2.4 :
Developing Time- 130 seconds
Spray Pressure - 25 psi
2. Spray Rinse
Chamber Length -. 50% Developing chamber
length minimum
Spray Pressure - 25 psi
4. Turbine Dry
RESULTS _
PNL NO SST A/W TACK 60° GLOSS TENTING FOGGING
: (% BROKEN)
1 13  NONE 89% < 2% NONE
2 13 NONE < 2% NONE
3 13 NONE . < 2% NONE
4 13 NONE < 2% NONE
5 10 SLIGHT 74% 15-20% SLIGHT
6 10 SLIGHT 15-20% SLIGHT
7 10 SLIGHT 15-20% SLIGHT
8 10 SLIGHT 15-20% SLIGHT
SST = Stoufer Step A/W = Art Work

OBSERVATIONS /DISCUSSION

1. The dual layer exhibited a 15% higher gloss compared to
the control. This is helpful in eliminating flux

residues as well as preventing solder balling with low
solids fluxes. :

2. There was no artwork tack toc the dual layer panel
either during registration or after exposure. This

allows for easy eyeball registration and results in a
smooth consistent surface finish.



2. There was no artwork tack to the dual |ayer panel ei ther during

regi stration or after exposure. This all ows for easy eyebal
regi stration and results in a- snmoot h consi stent surface finish.
- 13- 3. Starring was significantly reduced to the dual |ayer but

not eli m nated.
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Starring was significantly reduced to the dual layer
but not eliminated.

The photospeed of the dual layer was found to be 3
Stouffer Steps higher over the 2 hour hold time.

The resistance of the dual layer surface to marring was
greatly enhanced compared to the control.

No fogging was noted on the dual layer. An undesirable
level of fogging was noted on the control which should

not have been apparent under the recorded environmental
conditions.

A major advantage of the dual layer was seen in its
enhanced tenting performance.



4. The photospeed of the dual |ayer was found to be 3 Stouffer Steps
hi gher over the 2 hour hold tine. 5. The resistance of.the dual |ayer

sur?ace_to marring was ] grea}lr enhanced conpared to the contrf)l.f 6.
:‘\Igggioggl \?\gsmﬁgt ggt gg ?Ret cgn?lrjgl V\:ﬁ?lga shéﬂl En%ﬂ&%ﬁ wﬁ;zt\r/\eapgar ent
under the recorded environnental condi tijofs. 7. A nmmj ¢r jadvant age of
the dual layer was seen in its enh_alr]lc_ed tentﬁﬁgﬁﬁéw mange.
[l llllll ] IIIII [
CLATMS

1. A dry film laminate comprising

(a) a protective sheet (6),

{(b) a negative-acting, photoimageable
composition layer . (4) that is developable in
dilute alkaline aqueous solution}

(c) a dual intermediate layer (1) comprising

(c-1) a water-soluble tie coat layer (2) and
(c~2) a top coat layer (3) which is insoluble
in neutral or acidic agueous solution but
vhich is soluble in dilute alkaline aqueous
solution, and

{(d) a support sheet (5);

said protective sheet (a) having such minimal
adherence to said photoimagable composition
layer : .

(b) that said protective sheet may be removed
from said photoimageable composition 1aye£
without disruption of any of the other layers
or the bonds therebetween; and the adherence
of said support :

{d) to said top coat (c-2) being such that
said support sheet (d) may be removed from
salid top coat (c-2) without disruption of any
remaining layers, the bonds between such
remaining layers and a bond formed between

said photoimageable composition layer (b) and
a substrate.

Has Been RTlaced
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1. Adry filmlam nate conprising: (a) a protective sheet
(6), (b) —amnegative—aeti-nhgs phot oi mageabl e conposition | ayer
(4).that is 5 devel opable in dilute al kali ne aqueous sol uti on,

(&) e 2otuat oot erock o UHREIENI e ) | wier
N

Is insoluble in neutral or acidic agueous s ' s sol ubl e
in dilute al kali ne aqueous sol ution, ?%d 10 ( sypport sheet
4 P(a?%na/i hg such

(5); in this order sai d protectitv
m ni mal adherence to said phot oi mageablje {conpasition-layer (b) that
said protective sheet nay be renoved from said photoinagFabIe

conposition | ayer w thout disruption of | ayers or the
bonds t herebetween; and the adherence of said 15 support (d) to said top
coat (c-2) being sugh thatds¥i §itmphaminateacqapding to Claiam rlenoved from
said top coaghdrein sdildadp EoatiRld-2) 4k anisoa?ﬁahngagmed of! gyegs. the

bonds between,such .remai ni ng |l.ayers .and _a bond r et we sai d
ohot of nagealSTAYASHsAT LY psarirated RoponeZs and figs an acid numbery 1|
| ami nat e ac®f dithdeast|S%.m 1 wherein said top coat (c-2) is 20 a pol yner

formed of a, [err]-ethylenically unsaturated nononers and has an acid
nunber of at | east

ool ai m 2 wher o n 34 d f 857 £118 St s dEE RPN YAl % 100 w
percent of &lwimerd swhexaimcisaid g coat (c-1) is formed of from 10 to
100 wt percent of a material selected from polyvinyl
alcohol, modified polyvinyl alcohol and polyvinyl alcohol
copolymers and from 0 to 90 wt percent of compatible,-
water-soluble polymeric material.

4.. A dry film laminate according to any preceding
Claim wherein said intermediate layer (c) is between 4 and

5. A dry film laminate according to Claim 4
wherein said tie coat (c-l1) is between 1 and 8mm thick and
said top coat (c-2). is between 1 and 8mm thick.

6. A dry film 1éminate according to any preceding
Claim wherein said photoimageable composition layer is a
primary imaging photoresist.

7. A dry film laminate according to any preceding
Claim wherein said photoimageable composition layer is
hardenable after exposure and development to form a
permanent layer.

This Sheet Has Been Replaced

AR




pol yvi nyl al cohol, nodified polyvinyl alcohol and pol yvinyl al cohol
copolynmers 25 and fromO to 90 wt percent of conpatible water-sol uble
polyneric material. 4, A dry filmlamnate according to any

precedi ng cl ai mwherein said intermedi ate |ayer (c) is between 4 and
12 pm t hi ck. 5. Adry filmlam nate adc i Em B wherein
saisd tie coat (c-1) is between 1 and 8pm R ﬂ ME TCSPEE‘F][ pp coat (c-2)
is between 1 and 8pmthick. 30 6. Aidry fitl ;mlam nate accprging to any
precedi ng cl ai m wherein said phot oi magedblfe GBr¥kRiW%0on} | hyer is a
primary imagi ng photoresist.

REPLACENMENT SHEET 7. A dry filmljam nate accordingito any
precedi ng cl ai mwherein sai d photoi mageabl e daQuposi.tion.layer—fs hardenabl e

after exposure and devel opment to form a permanent |ayer.

PHOTOSENSI@IVE LAMIRATE HAVING DUAL INTERMEDIATE LAYERS

ABSTRACT

In dry film laminate useful in the printed circuyit
industry comprising a support sheet (5), a photoimageable
composition layer (4) and a protective sheet (6), a dual
intermediate layer (1) is interposed between the
photoimageable composition layer and the support sheet.

The intermediate layer congists of a water-soluble tie coat
{(2) in contact with the photoimageable composition layer
and a top coat (3) in contact with the support sheet, the
top coat being insoluble in neutral or acidic aqueous
solution but soluble in dilute alkaline agqueous solution.

Figure 1
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1. A dry film laminate comprising: !

|_DAYE OF RECEIPT.. S,

(a) a protective sheet (6),

(b)  a negative-acting, photoimageable composition layer (4) that is
developable in dilute alkaline aqueous solution,

(¢c) adual intermediate layer (1) comprising

(c-1) a water-soluble tie coat layer (2) and (c-2) a top coat layer (3)
which is insoluble in neutral or acidic aqueous solution but which is soluble
in dilute alkaline aqueous solution, and

(d) a support sheet (5); in this order

said protective sheet (a) having such minimal adherence to said
photoimageable composition layer (b) that said protective sheet may be
removed from said photoimageable composition layer without disruption of
any of the other layers or the bonds therebetween; and the adherence of said
support (d) to said top coat (c-2) being such that said support sheet (d) may
be removed from said top coat (c-2) without disruption of any remaining
layers, the bonds between such remaining layers and a bond formed between
said photoimageable composition layer (b) and a substrate.
2. A dry film laminate according to claim 1 wherein said top coat (c-2) is
a polymer formed of a, B8-ethylenically unsaturated monomers and has an
acid number of at least 50.
3. A dry film laminate according to claim 1 or claim 2 wherein said tie
coat (c-1) is formed of from 10 to 100 wt percent of a material selected form
polyvinyt alcohol, modified polyvinyl alcohol and polyvinyl alcohol copolymers
and from 0 to 80 wt percent of compatible water-soluble polymeric material.
4, A dry film laminate according to any preceding claim wherein said
intermediate layer (c) is between 4 and 12 ym thick.
5. A dry film laminate according to claim 4 wherein said tie coat (c-1) is
between 1 and 8um thick and said top coat (c-2) is between 1 and 8um thick.
6. A dry film laminate according to any preceding claim wherein said
photoimageable composition layer is a primary imaging photoresist.
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7. A dry film laminate according to any preceding claim wherein said
photoimageable composition layer is hardenable after exposure and
development to form a permanent layer.
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