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DRY FILM PHOTORESIST FOR FORMING A CONFORMABLE :
MASK AND METHOD OF APPLICATION TO
: . A PRINTED CIRCUIT BOARD OR THE LIKE -

This application is'a'continuationfin-part of U.S. Patent
Applioation Serial No. 07/160,895 filed February 26, 1988.
The present invention is directed_to dry films which form
masks that conform to irregular surfaces and a method of
forming such conformable masks. One aspect of the present
invention is direoted to a:dry film which includes a |
photolmageable layer which is developable and curable to form
a permanent solder mask over a printed circuit beard or the
like and to a method of forming a solder mask on a pr1nted
circuit board or the like using the dry film.

- BACKGROUND OF THE INVENTION
A solder mask is a hard;'permanent layer of
non-conductive material which covers the surface of a printed-
circuit board or the like, encapsulating the traces of the
printed circuit itself. By solder mask is meant herein a
. hard, permanent layer which meets the abrasion resistance
tests as defined in IPC-SM-840A, Table 12, Summary of Criteria
| for Qualification/Conformance (Institute for Interconnecting
_and Packaging Electronic Circuits). The solder mask is
patterned to fully oover'the circuitry, except for those
portions intended to be exposed, e.g., for soldering to
another component. Solder masks are typically formed from a
layer of photoimageable composition which is applied to a
surface of the printed circuit board. The photoimageable
layer is exposed to actinic radiation which is patterned by
-means of a template or artwork Subsequent to exposure, the
photoxmageable layer is developed in an organlc solvent or an
-~ aqueous solution which washes ‘away either exposed or unexposed
- portions of the layer (depending upon whether the _
y photoimageable material is po§itive acting or negative
" acting). The portion of the layer which remainé'on the
surface is then cured, e.g. with heat and/or UV light to form
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"a hard, permanent solder mask 1ntended to protect the printed.
'_circuitry for the life of the board. '

One prior art method of applying the layer of
photoimageable composition to the circuit board surface is to
'.apply the material in 11quid form and then either allow 1t to -

dry or partially cure the material to form'a semi- stable
layer. ' o
There are a number of advantages to ‘applying a
photoimageable layer to a circuit board as a dry film rather
than as a liquid. In particular, dry films are free of
-'organic solvent and therefore eliminate this hazard from the
workplace and eliminate the need for apparatus to protect the
immediate work environment and the more general_env1ronment
from organic solvent emissions. Typically, a dry film
comprises a cover sheet of support material which is somewhat
" flexible but which has sufficient rigidity to provide
structure to a layer of photoimageable composition which
overlies one surface of the cover sheet. nypically, the cover
‘sheet is formed of polyester material, such as polyethylene
terephthalate (PET), such as that sold as MELINEXR.

To protect the photoimageable layer and to enable the dry_
‘film to be rolled it is conventional that the exposed surface
‘of the photoimageable layer be covered with a removable
protective sheet e.g., a sheet of polyethylene. An example of
such a dry film is sold as LAMINAR DMF by the Dynachem

" Division of Morton Thiokol, Inc. -

‘'The method of usé of such a prior art dry f11m is
generally as follows. The protective sheet is removed from
the phot01mageab1e compos1tion layer 1mmed1ate1y prior to _
application of the dry f11m to the surface of the printed
circuit board. This may be accomplished for example, us1ng
automated apparatus which peels away and rolls up the
protective sheet as the dry film is unrolled from a reel The
dry film is applied to the surface of the circuit board with
the phot01mageab1e layer in direct contact with the board
surface. Using heat, vacuum and mechanical pressure, ‘the
'photoimageable'layer is immediately laminated to the surface
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" of the board, The Cover'sheet reuains overlying the

photoimageable layer, protecting the photoimageable layer from

‘exposure to oxygen and from handllng damage. The cover sheet

also permits an artwork (or template) to be la1d directly on
top of the dry film for contact print1ng, if contact printing
is to be used (as is usually preferred from the standpoint of
obtaining optimal image resolution). = The dry film is'exposed

‘to patterned actinic radiation through the PET cover sheet.

At this time, the PET support sheet is removed, permitting

‘access to the exposed phqtoimageable layer by developer.

Depending upon the composition of the photoimageable layer,
the photoimageable layer is developeéd with organic solvent,

. aqueous developer, or semi-aqueous developer By semi-aqueous

developer is meant herein a developer which 1s about 90% or
more by volume aqueous solution, balance an organlc solvent,

- such as, 2-butoxy ethanol and other glycol ethers. The

photoimageable layer may either be positive acting, in which
case the exposed portions are removed by developer, or
negatlve acting, in which case the unexposed portions are

‘removed by developer. Most photoimageable layers for
‘preparing solder masks are negative acting. Most

photoimageable composition layers require some cure subsequent'
to development to render the layer hard and permanent so as to
serve as a solder mask. Depending upon the composition of the
photoimageahle-layer,-curing may be effected with heat and/or

UV light. N

' Although a number of advantages accrue through the use of
dry films as opposed to coatlng the c1rcuit board with a

'11quid_compos;tion, there are some problems with solder
‘mask-forming dry films which,the'present invention addreSses.

Because the cover sheet of a conventional dry film is _
relatlvely rigid, the photoimageable layer cannot fully
conform to the irregular contours of the printed circuit
board, from which c1rcu1try traces ‘rise from the flat surface
of the board itself. Because of this, the thickness of the
photoimageable layer must be slightly greater than the

_elevation of the traces above the surface of the board. For
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example, 1f the traces rise 75p above the surface of the
board, ‘the photoimageable layer will typically be about 100u

'thick' when laminated to the board, approximately 25u of

photoimageable composition overlies the upper surfaces of the
traces '
One unfortunate result of the solder mask being thicker

than the elevation of the traces is that elevated regions of

Solder mask exist between those portions of the circuitry from
which photoimageable composition is removed during the

' development of the solder mask; e.g. those portions of the

traces to which a component is to be soldered. . Elevated
regions are particularly_problenatic with respect to
conponents which are surface—mounted to the printed circuit
board, Components typically contain a plurality of pins which
are each to be soldered to an exposed portion of a trace of

the circuit board. If ‘the component does not fit closely to

the board it may rest on the surface of photoimageable
composition without adequate bonding being established between
the pins and the traces. It would be desirable if low
regions, or "valleys"”, rather than elevated regions existed

_'between exposed trace portions.

Some common traces are narrower at the foot than at the
top, in which case small overhangs extend outward along each
side of each trace (an effect known as "mushrooming"). Wlth

"both liquid compositions and conventional dry films, there

inherently remains air-filled voids below such overhangs. The
air trapped in such voids may produce some oxidation of the
traces and may lead to eventual defects in the solder mask.
The present invention is directed to an improved dry film
for forming a solder mask which eliminates some of the
problems of both liquid application and conventional dry
films. The present invention is a1so directed to a method of
using a dry film to apply a phot01mageab1e layer, which may be

_one which forms a solder mask or may be a primary imaging

photoreS1st to a surface, particularly an uneven surface.

. Dry film carrying a primary_inaging resist may be applied by
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the_method of the present invention, providing excellent

‘conformation for tab'plating_operations;

SUMMARY OF THE INVENTION

In accordance with one aspect of the 1nvention, there is
provided a dry film for forming a solder mask on a printed
circuit board or the like. The dry film includes a cover
sheet formed of flexible, but generally non-conforming
material, giving the dry film shape while allowing it to be
rolled into a reel. On one surface of the cover sheet is a

" thin layer of material, referred to herein as a top coat,
" which is preferably soluble in the developer for the '

photoimageable composition; The photoimageable composition

- forms a layer over the other surface of the top coat. A

removable sheet (which is optional, but highly preferred)
protects the photoimageable composition layer. The material
which is used to form the top coat is selectively adherent to
the photoimageable composition layer relative to its adherence
to the cover sheet, whereby the cover sheet may be removed
from the top coat and thereby leave the top coat as a
protective covering for the layer of ‘photoimageable
composition. R |

To form a solder mask in accordance with one aspect of
the present invention, the protective, removable sheet of the
dry film is peeled away, and the exposed surface of the
photoimageable com9031tion_1ayer is tacked to a minor portion
of the surface of the printed circuit board. The cover sheet
is removed, leaving the top coat as a'protective covering on
the layer of photoimageable composition. At this time, the
layer of photoimageable composition is firmly laminated to the
surface of the board with the use of heat, vacuum, and
mechanical pressure, conforming the photoimageable comp031tion

h layer to the contours of the board surface and substantially :

encapsulating the traces., The photoimageable composition
layer is then exposed to patterned actinic radiation through
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non-exposed portions of the photoimageable composition layer,
.leav1ng the remaining portion of the layer laminated to the
circuit board. Subsequently, the'portions of the
photoimageable composition layer remaining on the circuit -
board are cured, e.g., with heat and/or UV light. A similar
process is useful for'applying and developing a conformable
pPrimary imaging-photoresist;layef, although heat and UV curing
are not used.

In accordance w1th a modified aspect of the present
invention, after the photoimageable composition layer is
tacked to a minor portion of_the:surface of the board, e.g.,
along the leading and trailing edge, the dry film is laminated
with heat, vacuum and mechanical pressore to the board. _The
cover_ sheet is then removed. At this time, the remaining

| lsyers of the dry film are'again vacuum laminated with heat,

vacuum and mechanical Pressure ‘to conform the remaining layers'
of the dry film to the contours of the board surface.
Usually, the second lamination is carried out for a shorter'
'period of time. '

' In accordance’ with another variation of the present
'1nvention, after the photoimageable composition layer is

- tacked to a minor portion of the surface of the board e.8.,

along the leading and trailing edge, the dry film is laminated
w1th heat, vacuum and mechanical pressure to the board. The
cover sheet is then removed. At this time, the remaining"
layers of the dry film are conformed to the contours of the
board by mechanical pressure supplied by heated rollers ‘which
pass across the surface of the board.

'BRIEF DESCRIPTION OF THE'DRAWINGS_

" FIGURE 1 is a cross-sectional view of a conventional dry
film used for forming a solder mask, shown being applied to a
printed circuit board
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'_'FlGURE 2A is a cross-sectional view of a dry film in

‘accordance with the invention used for forming a solder mask.

FIGURE 2B shows removal of the cover sheet from a dry
_f11m tacked to a printed circuit board. _
FIGURE 3A is a cross-sectional view of a trace on a
pr1nted circuit board covered by a solder mask formed from a
prior art, liquid photoimageable composltion.
~ FIGURE 3B is a cross-sectional view of an alternative
trace on a printed circuit board covered by a solder mask

- formed from a prior art, 11qu1d photoimageable composltlon.

FIGURE 4A is a cross-sectional view of a trace on a

-pr1nted circuit board covered by a solder mask formed from a

. prior art, conventional dry film.

FIGURE 4B is a cross-sectional view of an a1ternat1ve
trace on a printed circult board over which a solder mask

- formed from a prior art, conventlonal dry film is applled

FIGURE 5A is a cross-sectional view of a trace on a
pr1nted circuit board encapsulated by a solder mask formed
from a dry film in accordance with the.present invention.

FIGURE 5B is a cross-sectional_view_of'an alternative

trdce on a printed circuit board encapsulated by a solder mask

formed from a dry film 1n accordance with the present '

inwentlon.

FIGURES 6-9 are each photographs of a perpendlcular sl1ce
of a printed circuit board having a solder mask prepared using

a dry film in accordance with_the present inventlon, the

photographs being taken at an angle of 60° relative to the

' plane of the board so as to show both the cross-section of the

board and the outer surface of the photomask. Figure 6 is a
300x magnificatioh of a 50p trace covered with a 50n solder
mask. Figure 7 is a 750x magnification of a 75u trace covered
with a 50p solder mask. Figure 8,ls a 300x magnification of a

50u trace having lateral overhangs and being covered with a
' 50p solder mask. Figure 9 is a 100x magnificat1on of 50p

traces covered w1th a SOu solder mask.
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FIGURE 10 is a 300x_magnificetion_of a primary
photoresist applied by the method of the present invention
over a circuit board hav1ng traces. '

" FIGURE 1l is a diagrammatlc 1llustrat10n of the use of
roller apparatus to tack down a dry film to a board.

FIGURE 12 is a diagrammatic illustration of the use of a

roller to conform layers of dry filh, from which the cover

sheet has been removed, to the surface of a board.
FIGURE 13A, 13B and 13C illustrate d1agramatically a
vacuum appllcator and a platen operation sequence thereof

DETAILED DESCRIPTION OF CERTAIN'PREFERRED EMBODIMENTS

Illustrated in FIGURE 1 is an 111ustrat1on of a circuit
board 10 being covered with a prior art dry film 12. The
circuit board comprises a board 14 of non—conductive mater1a1
e.g., formed of epoxy, and the conductive traces 16 wh1ch
comprise the printed circuit. The dry film comprises a cover
sheet 18 of flexible,fbut generally non-conforming meterial,

“typically a polyester, such as polyethylene'terephthglate; a
-layer 20 of photoimageable material which eventually is ' |
‘processed to become the solder mask and a protectlve sheet 22

formed, for example, of polyethylene.

' Typically the dry film is supp11ed from a reel 2 (Flgure
11) to the circuit board 10. Just prior to application to the
surface of the circuit board, the protective sheet 22 is

~ peeled away, as shown, e;g.,'by-rolling onto a take-up reel 4
_(Figure 11). As the photoimageable layer is applied to the

surface of the circuit board 10, it is laminated thereto with
heat, mechanical pressure and vacuum.. Althoogh the cover

sheet 18 is flexible, it is non-conforming and therefore N
retains its flat configuration when the dry film 12 is applied
to the circuit board 10. The photbimageable_composition_layer

120 during lamination conforms at its contact surface to the

circuit board from which the traces 16 protrude; however, the

i
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surface of the.photoimageable composition layer which is in
contact with the cover sheet 18 remains flat. In order that
‘the photoimageable composition layer 20 may fulTy'encapsulate
'the traces 16, it must be thicker than the elevation of the
traces above the board 14 of non-conductive material.
Standard requirements are that the thickness of the ‘solder
" mask over'all portions of the'traces be at least 18p. -Because
the great majority of traces are elevated 50p or more above
the surface of the board 14, the phot01mageab1e composition
layer must usually be 68p or thicker. Conventional dry films
.12 for forming solder masks typically have photoimageable
layers 100u thick. :
Illustrated in FIGURE 2A is a dry film 21 in accordance
with the present invention. This dry film 21 also includes a
" cover sheet .18, a layer 20 of photoimageable composition which
is processable to form a hard, permanent soider'nask and an
optional, but preferred proteotive sheet 22. 1In addition,
"the dry film 21 includes a top coat 24 intermediate the cover
sheet 18 and the photoimageable composition layer 20. The
.material for the top coat 24 is selected to have selective
adherence to the photoimageable composition layer 20 relative
to its adherence to the cover sheet 18, whereby the cover
sheet may be peeled away from the remaining layers 20, 24 of
the circuit board- sdhered dry film, leaving the top coat 24
protecting the photoimageable composition layer 20. The top
coat 24 is formed of material which also is selected for
oxygen-impermeability, whereby it protects the underlying
layer of photoimageable composition 20 from.oxygen inhibition
during free radical photopolymerigation in the exposure step.
Preferably, the top coat is also selected to be soluble in the
developer for the photoimageable composition, whereby the top
coat is removed during the development process. ft is .
possible, however, that the top coat not be soluble in the
developer, in which case the top coat must be removed in a
predevelopment.step. ' The top coat material is further :
selected for'transparency, strength and flexibility.

_—
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Dry film for applying photoresist layers having a similar
configuration are described in the U.S. Patent No. 4,530,896
issued July 23, 1985 to Christensen et al. and in U.S. Patent
Application S.N. 06/931,396 filed November 14, 1986, the
teachings of each being incorporated herein by reference.
Patent No. 4,530,896 is limited to application of very thin
resist coatings. Primary photoresists are typically appiied
to a metal- covered substrate in order to define the pattern of
circuitry traces on a printed circuit board. 1In each of these
references, a dry £ilm is described_hav1ng, in order,.a coverd
sheet, an intermediate layer which acts as a top coat after
removal of the cover sheet, a photoresist composition layer

'_ and an. (optional) protective sheet.

Although the order of layers are similar to those of the
dry film of the present invention, there are several reasons

'why it would not be obvious to one with ordinary skill in the

art that there would be advantages to a solder mask-forming
dry film of similar laminate arrangement. |

It is a major advantage in a dry film for'applying a
primary imaging'photoresist_1ayer to a substrate'that the _
relatively thick cover'sheet_be removed prior to imaging,

thereby substantially improving the resolution of the image

which may be achieved. Although, similar advantages of
resolution are obtained, in fact, with a solder mask- forming
dry film, resolution of image is of substantially less concern
with solder masks than with primary photoresists.

The main advantages of a solder mask dry film having this -
laminate arrangement are achieved through the application of
the solder mask by the novel process of the present invention.
The novel process of the present invention closely conforms
the photoimageable composition layer 20, which eventually
'forms.the'solder mask} to the contours of a circuit board
surface which are irregular due to the elevated traces;, In
contrast, a primary imaging photoresist layer is usually
applied to a substantially flat surface. By. conforming the

. photoimageable composition layer 20 closely to the circuit
board surface, excellent encapsulation of_the traces 16 is

ThsSheet Has:Been RTIaced - -10 -
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achieved. Also, a muchhthinher photdimageable composition
layer 20 may be used than has been used in prior art, solder.
mask-forming dry films. .

' As in the case with the conventional dry film 12, the

.protectlve sheet 22 is initially peeled from the -

photoimageable composition layer 20, and the exposed surface
of the photoimageable composition layer is applied over a
surface of the printed circuit board as seen in Figure 2A.
Unlike the case with the. conventional dry film 12, the dry
film 21 in accordance with one aspect of the present 1nvent1on_

may not be fully laminated to the board at the time of

appllcatlon “Rather, slight pressure is used to tack the dry
film 21 to the board. Either cold-tacking or hot-tacking may
be used. By cold_tacking is generally meant at room _
temperature, e.g., 20-25°C. Hot-tacking may be at

-temperatures up to about 70°C.' In accordance with one aspect

of the inventlon, the dry f11m 21 is not tacked to the entire
surface, but only_to a portion suff1c1ent to provide adequate

'adherehce to the'board so as to allow removal of the cover _
- sheet 18 without removal of the remaining layers 20, 24 bf the

dry film 21 from the circuit board 10. By tacking only a
small portion, typically 5% or less of the entire surface area
of the dry film which 11es over the board, passageways are
left between the dry film 21 and the board 10 for subaequent
removal of air by application of vacuum. If the dry film is
applied by machine, edges, e. B the leadlng and trailing

-edge, may be tacked. If_manually applied, tacking at the
 corners is sufficient. Mechanical pressure, such as that

which may easily be provided by a human finger, is sufficient

-for tacking.

As an exaﬁple of how tacking may be performed

-mechanlcally, reference is again made to Figure 11. A circuit'

board 10 is carr1ed from left to right by drive rollers 23,

. and the dry films 21 are caused to travel in synchronous

motion'along'the surface thereof Non-drlven rollers 25 are

- reciprocal upward and downward in the direction of double

arrows 6 between vert1ca1 pos1tions in contact with the dry

{This Sheet Has Been Replac S - 11 -
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£ilm and vertical positions remote from the surface. When the
leading edge of the board is aligned with the rollers 25, the
rollers 25 are brought into contact with theddry'film,
pres31n3 the dry film onto and tacklng the dry f11m to the .
leading edge of the board. The rollers .25 are 1mmed1ate1y

_reciprocated away from the board to allow the middle ‘regions

of the board to pass thereby untouched by the rollers. The

rollers 25 are again reciprocated into contact w1th the board

to tack the dry films 21 to the trailing edge of the board 10.
At this time, the cover sheets 18 are removed. Because.'

only a minor portion of each dry film 21 area is tacked to the

circuit board 10, Figure 2B shows a preferred mode of removal
in which the cover sheet 18 is peeled back in a plane parallel

‘to the plane of the circuit board 10 (as opposed to lifting in

a generally perpendlcular direct1on which would tend to remove
the photoimageable layer 20 from the circuit board 10).

With the cover sheet 18 removed, the photoimageable layer
20 with the top coat 24 thereon is now]vacuumFlaminated at
elevated temperature to the board. A vacuum of at least
about 0.3 mlllibar is used and preferably a vacuum of at 1east
about 1 mi111bar. Laminating temperatures range from about
40°C to about 100°C, a range of about 55°C to about 80°C being
preferred Because the cover sheet 18 is removed, the two
remaining layer (photoimageable layer 20 and top coat 24)
conform easily to the contours of the 1rregu1ar surface of the
circuit board 10. o _

In conventlonal vacuum laminating, in add1tlon to heat _
and vacuum, mechanical pressure is brought to bear agalnst the
dry film. In what is known as a "slap- -down" (Figure 13)

process, a blanket_and/or platen is used to press the dry £ilm

against the board. Commercial examples of laminators using
mechanical pressure in addition to heat and vacuum are models

- 724 and 730 sold by Dynachem Division of Morton Thiokol, Inc.

Such vacuum laminating apparatus 100 is briefly descrlbed'

'w1th respect to Flgures 13A; 13B and 13C. The apparatus

includes an upper statiouary platen 102 and_a.iower movable"

platen 104, Asaociated with the upper plateu 102 is an upper
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resilient blanket 106; assoc1ated w1th the lower platen 104 is

‘a lower resilient blanket The lower platen 104 has a
‘well 109 for carrylng a dry fxlm-covered circuit board 10

Sealing means in the form of an O-ring 112 are provided on the

.lower_platen 104 for hermetically sealing the well 109 when

the lower platen is brphght.into contact with the upper platen

102 and its associated blanket 106. Also shown in Figures
"~ 13A-13C is a'shim(1087 The shim is also formed of resilient

mater1a1 and is used to accommodate boards of different
thickness Several shims may be used, including shims -

interposed between the upper platen 102 and upper blanket 106.

Typically the lower platen 104 is reciprocal both horizontally
and vertically. With the lower platen 104 out of horizontal
alignment with the upper platen 102, the dry film-covered
circuit board 10 is'placed in the well 109 on top of the lower
blanket 108. Iheh the lower platen 104 is moved vertically
into alignment with the upper platen'102, the cdndition shown
in Figure 13A. Next, the lower platen is moved upward until

- contact is effected betweenp;he O-ring 112 and the upper
platen 102 and its associated blanket 106 (Figure 13B)Q' Not

shown are means tp'apply a vacuum in the'region of the well
109 which contains the circuit board 10. Also, not shown are
means to provide a vacuum between the upper platen 102 and the
upper_blanket 106. After the well region 109 has been sealed,
vacuum is applied both to the well region 109 and between the
upper platen 102 and upper blanket 106. During this time, the

‘circuit board 10 merely rests on the lower blanket 108. The

vacuum in the well region 109 serves to remove air from
between the dry film 1ayers 20, 24 and the surfaces of the
circuit board and to draw the layers of the dry film to the
surfaces of the circuit board. For a short period at the end
of the cycle, the vacuum is released from betweeh the upper
platen 102 and the upper blanket 106. The vacuum in the well
region 109 causes the upper resilient blanket 106 to slap

.down" -against the board 10, pressing the board and dry f11m.

layers between the upper and lower blankets 106, 108,as seen

" in Figure 13C. Finally, the vacuum is released from the well

Sheet Has Been Replaced : o - 13 -
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'region'109 and'the'lower platen:104 is removed vertically and
‘then horizontally from the upper platen 102 to allow removal )
-of the laminated board ;

Dur1ng slap-down, mechanical pressure is conveyed to the
dry film by the blankets formed of resilient material. The
resilient material of the blankets is a type of rubber, e.g.,

. silicon rubber, or other type of resilient polymeric_material.
The surface of each blanket which contacts the dry film is
convent1ona11y texturized to prevent a vacuum bond from
forming between the blanket and the cover sheet. In prior art
processes, such a bond would cause the cover sheet and
possibly underlying 1ayers to tear away from the board when
‘the platen and blanket are withdrawn. Texturization of the
blankets may be in the form of surface roughness of the
polmeric material itself or.it may be provided by a rough,
rubberized fabric at the dry film contact surface. In the
process of the present inventlon wherein soft remaining layers
20, 24 of the dry film 21 are laminated to the board after
removal of the cover sheet, conventional blankets with rough
contact surfaces have been found to be disadventageous if that
‘they lesve a negative image imprinted on the remaining_layers
of dry film. To avoid this, new semi-matte blankets have been
" devised which have a very fine texture. - Again, the texture

- prevents a vacuum bond from being formed between the blanket
surface and the rema1n1ng layers of the dry film, however, the
fine surface texture creates no significant imprint on the
remaining, soft layers 20, 24 of the dry film. Preferred
blanket material is silicon rubber; preferably relnforced with
fabric, such as fiberglass. .

Durlng vacuum lamination, the remalning layers 20, 24
conform very closely to the circuit board and prov1de several
'advantages which can best be appreciated with respect to
. FIGURES 34, 33, 4A, 4B, S5A, and 5B and the photographs which

are FIGURES 6-9. As it turns out, the thin layer which
comprises the top coat 24 remains fuliy intact during the
-conformlng process, a result which would not necessarily have

‘been predlctable in advance '
. T
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FIGURE 3A 111ustrates a solder mask Whlch was 1nitia11y
app11ed as a liquid photolmageable composltlon Being a
11qu1d, the layer generally conforms to the uneven contours of
the circuit board. On the top of each trace 16, the layer is
of generally uniform thickness; however, in the regions 26 of
the knees of the traces,;i e., the lateral edges, the layer
_greatly thins out, typ1ca11y being only about 507 as thick as
‘the portion of the layer which covers the flat upper surface
of the trace. Frequently, the 1ayer_20 in the regions 26 of
the knees is even thinner relative to the portions of the
layer on the flat upper surface of the trace.

_ Illustrated in FIGURE 3B is a solder mask 20 cover1ng a
' mushroomed" trace 16' having overhangs 28 on each side. Not
only is the solder mask thin in the reglons_26_of the knees,
but a void, air-filled space 30 is left below each overhang
’8. X - ___l , o S ;_

. FIGURE 4A illustrates a solder mask formed from a
photoimageable composition layer 20 of a conventional dry film
12. ‘The outer surface of the solder mask has the flat
configuration of the cover sheet 18 which was'removed
subsequent to lamination, while the 1am1nated surface conforms
generally to the 1rregu1ar contours of the circuit board 10.
‘The solder mask which is shown in FIGURE 4A is satlsfactory
- from the standpoint-of adequately encapsulating the traces 16.
It is to be noted, however, that the thickness of the
photoimageable composition layer 20 and solder mask formed
therefrom is, of necessity, greater than the elevation of the
trace, requiring a relatlvely large amount of photoimageable
composition be used to form the layer. This thickness
represents a limitation to the resolution of photoimaging
which can be achieved. _ _ S

FIGURE 4B illustrates a'solder:mask resulting from a
-phot01mageable layer 20 of a conventional dry film and
covering mushroomed" traces 16’ having lateral overhangs 28.
Although thlckness of the solder mask above the trace 16' is_
adequate, air-filled vo;ds 30 exist below the overhangs 28.

" - 15 - | ' This Sheet Has Been RT
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FIGURES 5A and 5B 111ustrate solder masks formed from
phot01mageab1e composition layers 20 of dry films 21 produced
in accordance with the present invention. During the
ﬁlamination, which follows cover sheet removal, the ‘remaining
layers 20, 24 of the dry film 21 very substantially conform to
~ the irregular surface contours of the circuit board. In each
case (5A and 5B), the thickness of the photoimageable layer 20
which was used to form the photomask was equal to or less than'
the elevation of the tracello or 16'; however, the surface of
the circuit board is'fully covered by the soiderenask with the
traces 16 or 16’ fully encapsulated and encapsulated to an
. adequate thickness. It is to be noted that the photomask
_ portions in the regions 26 of the knees of the traces.are
substantially as thick as photomask portions over the upper
flat surfaces of the traces. When using a dry film in
accordance with the present 1nwention, ‘the resulting solder
.mask has thickness in the regions 26 of the.knees of the
traces which is at least about 70% of the thickness of the
" solder mask over the upper flat surface of the traces (over
‘more than about 90% of the linear length of the traces) It
'is also to be noted in FIGURE 5B where a trace 16' has
overhangs 28, conformance of the layer 20 during vacuum/heat
lamination is sufficient to substantially remove air-filled
_voids'from below the overhangs 28. Even though substantial
deformation of the photoimageable composition layer 20 is
required to achieve this_conformance, the top coat 24
maintains its integrity during lamination. '

Subsequent to lamination, the solder mask is'formed by
processing the layer of photoimageable composition in a
~ conventional manner. Artwork is laid. over the remaining
layers 20, 24 of the dry film, the top coat 24 prevents the
- artwork from sticking. _
| The photoimageable composition layer 20 is exposed to
patterned actinic radiation through the protective top coat
24. Although resolution is generally not as critical when
developing solder masks.as it is in developing photores1st _
layers,_the thinness of the top coat 24, typically in the
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range of about 2'39 (as opposed to a cover sheet, typically in
the range of about 25y, through Whlch photoimageable '
composition layers 20 of convent10na1 solder mask-forming dry
films 12 must be exposed) contributes to improved resolution.
‘Further contributing to enhanced resolution is the relative
thinness of the photoimageable composition layer 20 itself.
As noted above, with a conventional solder mask-forming dry
film 12, which is intended to be exposed through the cover
sheet 18, the photoimageable composition layer typically must
cover traces 16 with'elevation of 50p or nore, and the
photoimageable composition layers are typically about 100p
thick. Because the photoimaseable composition layer 20 of the
dry film of the present invention is conformable to the
" gurface contours of the circuit board 10, a thickness of 50u
or less is sufficient to cover traces .elevated 50p and even up
~ to about 75p above the flat surface of the board 14. Of
course, a further advantage is substantially reduced levels of
‘expensive photoimageable compos1tion used to form the layer

An additional advantage of a thin, conforming
photoimageable layer is that the solder mask which'forms in
the regions between the traces 16 is generally at or below the
level of the traces. With conventional solder masks, slight
elevated regions'enist between the traces. Such elevated
regions may result in the component, which is being soldered,
sitting high on the solder'mask and preventing pins of the
‘component from being adequately'Soldered to exposed trace
portions. _Alternatively, the elevated regions may, during

- reflow, result in some of the pins of a soldered component
_breaking contact, cau31ng the component to stand up at one
end, an effect known as "tombstoning . Inadequate soldered
contact and "tombstoning" are avoided when "valleys" instead
of elevated regions exist between exposed portions of the
traces. '

After exposure to actinic radiation, the layers 20 and 24
are developed, the developer removing the top coat 24 and
appropriate portions of the phot01maged layer 20.

- 17 - : : TmssmeetHasBee
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In addition, the dry film solder mask of this invention
has the same'ability'to "tent" via holes as conventional
primary imaging or solder masks films. This is a very
1mportant part of the process and cannot be duplicated with

s1mple liquid processes.:
' ‘Generally, an additional cure follows development in
'order to harden the solder mask. Typlcally, heat and/or uv
light are used to effect this cure.

' The present invention is not primarlly directed to.

materials from which the various sheets and layers are formed;
~and reference is again made to U.S. Patent No. 4,530,896 and
U.S. Patent Application S.N. 06/931,396. The cover sheet 18
is generally formed of a polyester, such as PET end.is
generally at least about 25p, or thicker, and up to about 75p
thick. | | o . |
~ PET, if used for the support sheet, is preferably.
surface-treated to provide adequate hydrophilicity or wetting
angle so that it does not adhere strongly to the top coat.
Preferably,.the wetting or contact angle of the cover sheet
material is at least about 60° ‘and is preferably 75° or 1ess.
One su1table PET cover sheet is sold under the trade
_deslgnation Melinex-393 by ICI. This is a PET that 1s\
surface-treated on one side to enhance 1ts hydrophilicity,
i.e., increase 1ts wetting angle.

Other suitable cover sheet materials include, but are not
limited to polyamides, polyolefins, v1ny1 polymers, and
cellulose esters. _

Any photo1mageable compos1t10n suitable for form1ng
solder masks is suitable for practice of the invention.

The protective sheet 22 is selected to be removable from
the photo1mageable composition layer 20, and is typically a |
polyethylene sheet, between about 15p and about 35p thick.

The top coat 24 is formedof a material which-provides the
requisite selective adherence. The top coat is typically from
about 1lp to about 12p thick, typically between about 2p and
_about 5u. When uS1ng a PET cover sheet and a photoimageable
material which is developable_ln_aqueous or alkaline aqueous
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developer, a suitable top coat consists essentially of (a)
between about 10 weight percent and 100 weight percent of
elther polyvinyl alcohol hydrolyzed to at least about 75% or a

1copolymer formed by the copolymerization of between about 95
~and about 99 molar percent of polyvinyl acetate and between
.about 1 and about 5 molar percent of alkyl ester of acrylic | _
_ac1d and being hydrolyzed to at least about 75 percent; (b) up
‘to about 90. weight percent of hydroxyethyl cellulose; and (c)

up to about 10 weight percent of plasticizer. Preferably,
hydroxyethyl cellulose is used at a level of at least 25 wt.
percent and more preferably at a. level of at least about 50

wt. percent.

The above described copolymers are sold under the trade
designation VINOL- 118 M by Air Products, and 4 weight percent
solutions of these copolymers_and have viscosities ranging
from about 5 to about 65 centipoise at 20°C. PVC homopolymers
of similar viscosity are useful as well. Commerc1a11y
suitable PVA's are also sold by Air Products. |

A plasticizer, if used, tends to lower the tack
temperature'of the top coat composition, and tack temperatures
below about 100°C have been achieved using such plasticizers.
A top coat composition having a lower tack temperature is
easier to adhere to the photo1mageab1e layer. Preferred
plasticizers are low molecular weight compounds, e.g., below
about 200, having two or more hydroxyl groups, such as
glycerine, ethylene glycol and'prcpylene glycol. While
plastic1zers desirably lower the tack ‘temperature, they also
increase oxygen permeability of the top coat; accordlngly

amounts of plasticizers in excess of about 10% by weight are

desirably avoided.
Other suitable materlals for top coat use 1nc1ude, but
are not llmited to, the group cons1sting of polyv1ny1

‘ether-maleic anhydride copolymers, water-soluble cellulose
ethers, water-soluble salts of carboxyalkylcellulose, _
- water- soluble salts of carboxyalkyl starch, polyvinyl alcohol

polyvinyl pyrrolidone, various polyacrylamides, various

water-soluble polyam1des, water_soluble salts of polyacrylic _

o . -_—
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acid, gelatin, ethjlene oxide polymers,'various starches_and '
the like. - . : . _
The method of forming the dry film is accordlng to known

.procedures. The top coat and photoimageable composition

layers are successively layered on the cover sheet by methods,
such as roller coating or by spraying solutions or dispersions
of the mater1a1s.

~ In a variation of the method of practlce of the 1nvention
described above, a dry film may be laminated both before and
after removal of the cover sheet. In the case where the
photoimageable layer is about equal in thlckness or of lesser
thickness than the traces (or other unevenness of the board),
one might expect the traces (or-other-unevenness of the board)
to penetrate the photoimageable layer. However, it is found

~in such cases, that a conventional lamination of such a dry

film'using'heat, vacuum and mechanical slap-down_in a
conventional manner results in tacking of the photoimageable

.layer to the upper surfaces of the traces (or other
' elevatzons) without penetration of the traces (or elevatlons)

through the phot01mageab1e layer. The tacking of the dry film
over a greater area of the board facilitates its adhesion to
the board during cover sheet removal. A second vacuum |
lamination with heat, vacuum, and:mechanicalsslap down after
cover sheet removal acts to conform the photoimageable
ccmpos1t10n layer (and top coat) to the contours of the uneven

. board surface. In a typical procedure the lamination -
‘'subsequent to cover sheet removal is for about half the time
~ as the lamination prior to cover sheet removal, e.g., 30

seconds for the second lamination compared to 60 seconds for
the first laminations. The additional tacking afforded by the
initial lamination may prove to be partiCularly advantageous_
when uSing automated equipment for cover sheet removal.' _

As a further variation to the method of the invention,
instead of'using a heat/iacuum'laminaticn oroCeSS, subsequeﬁt
to removal of the protective sheet 22 and the cover sheet 18,
to conform the photoimageable layer 20 (and top coat 24) to
the contours of the board surface, a roller applying' |
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mechanical pressure may be used to accomplish the same '_
purpose. Illustrated diagrammatically in Figure 12 is the use
of the roller used to conform a photoimageable layer 20 and
top coat 24 to the contours of the board. In this diagram,
the board 10 and layers 20, 24 of a dry film are moved from
left to right below a non-driven roller 45 with the roller in
~ pressure bearing contact with the top coat 24. As'in the

. processes described above, the dry film is first ‘tacked down.
Preferably, the dry film is then vacuum laminated to the board
10. In the case where the dry film has a thin photoimageable
layer 20 relative to the'height of the traces, the layers 20,
24 of the dry film for the most part sit on the top surfaces
of the traces 16 as seen at the left-hand side of Figure 12.
 After passing below the roller 45, the photoimageable
comp081tion 20 and top coat 24 conform to the contours of the
board 10 with traces 16 as seen on the right-hand side of
Figure 12. The layers 20, 24 are pressed down across the full
surface of the board 10 as the board passes below the roller
'.Alternatively, a roller could be drawn across the surface of a
stationary board.

The roller 45 used for this purpose should apply between
‘about 1 bar and about 6 bar pressures. The roller 45 is
heated depending on ‘the particular application to between 40
and 110°C, generally in the rage of 60 to 80°c. The surface
of the conforming roller 45 has some resiliency, preferably
being a polymeric material having a Shore A hardness of
between about 60 and about 80. The surface of the roller is
smooth. The relative speed of the roller 45 and board 10 will
vary according to the apblication, generally between about 1
and about 10 meters per second, '3 meters per seoond being
typical. ' | -

The invention will now be described in greater detail by
'way of specific examples '
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‘EXAMPLE 1

_ A dry film is pfepared in accordance;with the invenfion

. having a cover sheet which 1s a 50p thick sheet of PET, a 2 S5
top coat which is 10 welght percent of the hydrolyzed _
polyvinyl acetate/acrylic acid. copolymer described above, and
90 weight percent hydroxyethyl cellulose, a photoimageable
composition forming a layer 50u thick and a polyethylene
protective sheet 25j thick. The photoimageable composition is .
formulated as follows: ' |

Ingredients: . o
: o Chemical Name
Weight % or Trade Name
. 36.5 Scripset 540 (styrene/Malelc
Anhydride Co-Polymer
25.8 MEK
1.2 Plgment CI 7426 R
0.05 Sterically hindered phenol anti-oxidant
7.54 Tripropylene glycol diacrylate
3.76 Tripropylene propane triacrylate
0.33 Adhesion Promoter of the Thlazole type
- 2.81 . N-Methylolacrylamide
2.26 Dimethoxyphenyl Acetophenone
0.56 _Coating Aid .
1.18 Methyl Ethyl Ketone
18.01 Fillers _
-100%
EXAMPLE 2

A dry film is prepared'in aceordance with Example 1,
using LAMINAR R DM to form the photoimageable composition
layer. . o L a
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Panels.having copper traces and plates'heving tin/lead
traces were each cleaned in a conventional manner. The dry

. £ilm of Example 2 was applied to the boards both manually and '
. with an automated system. Manually, the polyethylene

protective sheet was removed and the four corners of the fllm'
were tacked down with only finger pressure, Using tape to
obtain a grip, the cover sheet was removed by drawing off the
PET cover sheet in a plane parallel to the board surface. 1In
. the automated var;ation, a Dynachem DFSM Model 360 laminator
was used. The Dynachem apparatus uses an "off contact” method
‘which automatically removes thelpolyethylene protective sheet,
tacks down the leading edge of the dry film and then tacks
down the trailing edge of the dry film. Application was to
~ both sides of the boards. Then the cover sheet was removed.

Lamination was effected at a. platen temperature of 70°C
with a cycle time of 60 seconds and a vacuum of 2 mill1bars
Mechanical slapdown was for 6 seconds at 'a vacuum of 0.3’
millibar. The boards were. held 20-30 minutes. )

 Artwork was laid over the boards. Using Colight

DMVL-824, exposure was for 25 seconds at 100 mJ/dmz'meesured
by Dynachem's integrating radiometer model 500, achieving a
Stouffer step of 8 to 9. The boards were held for an
additional 20-30 ‘minutes. The boards were developed in 1.0
we1ght percent Na2003 20 which gave a 2x break point. The
boards were dried using a Chemcut 547 c1rcu1t board dryer.
Curing was done using a Dynachem UVEX curing unit, an IL-390
unit and a high temperature oven. Curing steps are as
follows: ' o EE

U.V. CURING

1. *UVEXQS lamp'(EOO wett/inch).
_2. 3.5 Joules/cm (IL-390) side A.

o o ‘This Sheet Has Been Rep
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- 3. Cool to room Eemperature.
4. 3.5 Joules/cm™ (IL-390) side B.
‘5. Cool to room temperature.

THERMAL CURE
1. Oven bake at 150°C for 60 minutes.

EXAMPLE 4 4

FIGURE 6 shows a solder mask formed from a 50p layer
encapsulating a 50p trace.

FIGURE 7 shows a solder mask formed from 50p layer
encapsulating a 75p high trace. Excellent coverage at the
regions of t:he knees is seen. C

- FIGURE 8 shows a solder mask formed from a 50p layer_
:encapsulatlng a 50p high trace having_overhangs. Solder mask
material filling the regions below the overhangs is seen.

FIGURE 9 shows a solder mask formed from a 50p layer
encapsulating 50u high trace. Conformance of the solder mask
‘to the contours of the circuit board is seen.

Although the invention is most pertinemt to and has been
described primarily in respect to a dry film carrying a
photoimageable composition layer which is curable to form a
solder mask, the invention is generally applicable to a dry
film having any primary imaging product, including prlmary
photoresists, to be applied to an irregular surface,
particularly a surface from which traces rise from an
otherwise flat surface. It ‘may also be desirable to use the
method of the present invention to apply a layer of primary
photoresist to_a copper surface with unevenness caused by
"fatglass"”. There are iﬂstances, for example, wheredit is
desirable to lay a’photoresist'layer'OVer a patterned circuit
which is already formed and then either add or subtract |
~ existing copper patterns or tab plate gold fingers.

heet Has Been Relplaced
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EXAMPLE 5

A dry film is prepared in accordance with Example 1,

 using LaminarR AX to form a photoimageable composition layer._” -

The resist was laminated over raised connector tabs, as per
Example 3, and exposed to an image to a solid copper 7-9 on a.
‘Stouffer R.Zl_Step Sensitivity guide. A covered trace is seen
in Figure 10. The exposed panel was then developed in a .
'Chemcut 547 spray developer conta1n1ng 91 liters water, 3% by
-welght potassium carbonate and 1 to 5% Butyl Cellosolve which
bared about 3/4 of each connector pad. ' Developer temperature
was held between 27-33°C. After thorough rinsing, the board
given a 0.30 mil nickel strike followed by 30 min. gold '
platlng cycle in a Technic RC-80 bath. The_resist was then
str1pped in a 3-5% NaOH at 54-60°C. The gold plated tabs were
‘then inspected for wicking in’ the areas around which the
resist had conformed. No traces of Au or Ni were found
anywhere above the gold plated areas. A control, not vacuum
. laminated in this fashion, showed w1cking on about 25Z of the
tabs. :

The excellent conformab111ty achieved by the laminated
. dry film in accordance with the present’ 1nvent1on might also
be achieved with a dry film comprising a layer of
photoimageable material backed by a cover sheet of deformable_
material, e.g., heat-conforming vacuum film. Such a dry film
would be applied in the manner of conventional film,
heat/vacuum laminating being effected either during or
subsequent to application to the circuit board. The cover
sheet, in this case, would provide the desired conformance;
handl1ng problems of the more flexible sheet might be
encountered. _ _ L

In a variation offthe method of the present invehtion,_
after the cover sheet is removed and prior to vacuum/heat _
' 1am1nat1on, a flexible sheet, e.g., Tedlar or Teflon, is 1a1d
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over'fhe top coat. During vacuom_lamination, the flexible
sheet conforms to the top coat, but can be and is removed
prior to or after exposure to allow development. A reason for
applying such a flexible sheet is to lengthen the permissible
period of time between_lanination and exposure of the
. photoimageable layer. Flexibie_éheét material may be a

polymeric material or a thin sheet of papcr. o

While the method of the invention has been described

primarily in terms of a dry film comprising a cover sheet, a
top coat on the cover sheet, and a layer of photoimageable
'compositiOn on the top coct the method of the invention may
be practiced using a conventional dry film comprising a cover
sheet and a photoimageable composition layer, e.g., either a
primary imaging photoresist or a solder mask-forming
photpimageable composition which is in direct contact with the
cover sheet. Such a conventional dry f11m may optionally
_contain a protective sheet covering the photoimageable
comparison layer. The method may be practiced with a
conventional dry film, profided:thht the layer of
photoimageable composition tacks to a Surface with sufficient
adhe51on relative to the adhesion between the photolmageable
compos1t10n and the cover sheet that the cover sheet may be
removed from the photoimageable composition layer, leaving the
photoimageable composition layer tacked to the surfcce. After
the cover sheet is removed, the photoimageable composition
layer may be covered by a sheet of flexible material, such as
Tedlar or Teflon (polytétraflnoroethylcne) Such a flexible
material fac111tates contact printing and prevents the |
photoimageable composition layer from stlcking to parts of the
vacuum laminator. A1ternat1ve1y, blankets in the vacuum
lamlnator may consist of flexible materials. The
~ photoimageable comp031t10n layer is laminated to the: surface
with heat and vacuum, conforming the photoimageable ' '
com9081t1on layer to the surface. The_photo;mageable_
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COmﬁosition layer is exposed to_patterned actinic'radiaticn,
'e,g., by-cff-COntact printing, such as by means of a Tamarack
| Exposure source. if a flexible sheet has been applied, it is
removed,_either before or after exposure. The photcimageable .
composition 1ayef'is then developed._'If'the'photoimageable
layer is a solder mask-forming composition, it is cured.

EJLA;MP_;LE_Q

The follow1ng is a specification of a f1ne1y textured
're31lient blanket in accordance with the present inventlon.
'Product Constructlon: ‘Silicone rubber (methylvinyl)

‘balanced coated onto fiberglass
fabric, matte finish one 31de.

- Product Color: . Red:

Product Features: _ a. Fine matte finish on oﬁe'side;
- smooth the other.
b. Dimensional stability.
c. High break strength. k
'd. High temperature resistance and
release properties of silicone.
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PHYSICAL PROPERTIES
Thickness, in. (+-.005m - 1/16
-Fibérglasé_Stvle ' ' - : : . 1566 _
Fiberglass Thickness, in. o .';ois
 Rubber Durometer, Shore "A" | o _.l 60
Bre&k Strength, ppi L _
(Harp Direction) _ 450
ﬁydrostatic Bﬁrst-Sfrbngth, psi k 750
J HWeight Loss, % ' | -
' (Heat Ased % hours 3 400°F) ) . 1.5

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

' Various features of the present invent:ion are set forth in
the following cla:l.ms. '
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CLAIMS

1. A method of forming a solder mask on the surface of a
printed circuit board (10) or the like, the method comprising
(A) prov:.ding a dry £ilm (21) comprismg : '
(1) a cover sheet (18) _
(2) a top coat (24) on said cover sheet and
(3) a layer (12) of pmmlmageable.conpos_itxon on
: . said top coat, which photoimageable
compositioo is curable after exposure and
development to provide a hard, permanent
solder mask overlying the printed circuit
board; said top coat being selectively
_adherent to said photoimageable composition
relative to it_:s"adhei'ence_ to said cover
sheet; '
- (B) ‘tacking said photoimageable composition layer (12) to
the surface of said printed circuit board (10);
(C) removing said cover sheet from said top coat,
leaving said photoimageable composition layer
' tacked to the surface of said circuit board with
said top coat covering and protecting the same;
(D) laminating said photoimageable compositi'on layer.
to the surface of said prini:ed circuit board,
using heat and vacuum to conform said
photo:mageable composition layer and sa:.d top
coat to the surface thereof; '
| (E) exposing said photoimaseable composition layer
to pattemed acticinic radiation,
(.I")' developing. said photoimageable composition to
| remove either exposed or unexposed portions from
said printed circuit board, leaving either
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unexposed or exposed portions remaining on said
printed circuit board; and , '

(6) curing said remaining portions of said
'photoimaseable composition layer to form a hard
permanent solder mask protecting said printed
‘eircuit board. -

2.- A printed oircuit board (10) comprising a flat,

non-conducting or semi-conducting board (14), conducting traces=(16, 16‘) |

elevated above the surface of said board, said traces

having flat upper surfaces and lateral knees (26). and a solder

‘mask (20) covering a. major portion of said cireuit board,

incéluding such traces, said solder mask having an average
d thickness of about equal to-or less ‘than the elevation of
 said traces, the thickness of said solder mask in the

region of said lateral knees (26) being at least .= 70% of

- the thickness of said solder mask over the top surfaces of
said traces over : 902 of the linear extent of said
traces. .

3. A method of forming a photoimaged layer on a-
substrate surface, the method comprising
(A) providing a dry film comprising
(1) a cover sheet,
- - (2) a top coat on said cover sheet, and
b | ' | (3) a layer of photoimageable composition on
| | said top coat; said top coat being
L ' . - selectively adherent to said photoimageable
- " " composition relative to its adherence to
. | _ said cover sheet; - g
= T | _ (B) tacking said photoinageable composition'layer to :
' said substrate surface;

| Has Been Re|alaced

T



1763-35-24
PATENT

o+ € L M 5 %

(©)

(D)’

(E)

(F)

remov1ng said cover sheet from said top coat,

' leaving said photoimageable composition layer

tacked to said substrate surface w1th said top
coat covering and protecting said phot01mageab1e
composition layer; ' ' .
laminating said photoimageable composition layer

_ to said substrate surface, using heat and vacuum

to conform said photoimageable composition ‘layer
and said top coat to said substrate surface;
exposing said photoimageable composition layer
to patterned acticinic radiation; and '
developing said photoimageable composition to.

remove either exposed or unexposed portions from .

said printed circuit board, leaving either
unexposed or exposed portions remaining on said
substrate surface. '

4, A method of forming a solder mask on the surface of a
printed circuit board or the like, the ‘method comprising

(A)

()

(©)

(D)

prov1ding a dry film comprising a cover sheet
and a layer of phot01mageab1e composition on
said cover sheet, which"photoimageable
composition is curable after exposure and

- development to provide a hard, permanent solder

mask overlying the printed circuit board;
tacking said photoimageable comp031tion layer to
the surface of said printed circuit board;
removing said cover sheet from said

- photoimageable composition layer, leaving said

photoimageable composition layer tacked to the
surface of said circuit board; ' '
laminating said photoimageable composition layer

. to the surface of said printed circuit board
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using'heat and vacuum to conform said _
photoimageable composition layer to the surface
' thereof‘
| (E)' exposing said photoimageable composition layer
o to patterned acticinic radiation,
(F) developing said photoimageable comp031tion to
‘ remove either exposed or unexposed portions from
said printed circuit board,_leaving either .
unexposed or exposed portions remaining on said
printed circuit board; and
(6) curing said remaining portions of said
photoimsgeable'ccmpositicn layer to form a hard,
permanent solder mask protecting said printed
circuit board._' . ' ' '

5. A method of forming a photoimaged layer on a
substrate surface, the method compr1s1ng -
| (A) providing a dry film comprising a cover sheet
' and a layer of photoimageable composition on
said cover sheet; o
(B) tack1ng said photoimageable compos1t1on layer to
. said substrate surface, '
(C) removing said cover sheet from said
photoimageable composition layer, leaving said
'photoimageable composition layer tacked to'séidf
substrate surface, - :
. (D) " laminating said phot01mageab1e composltlon layer
to said scbstrate surface, using heat and vacuum
to conform said photoimageable composition layer
. to said substrate surface; | - '
. (E) exposing sa1d photoimageable’ composxtion layer
to,pstterned_act1c1n1c rad;ation, and
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developing Said'photoimageable compoeition to
remove either exposed or unexposed portions from

said printed circuit board, leaving either

unexposed or exposed portions remaining on said

-substrate surface.

A method of forming a solder mask on the surface of a
printed circuit board or the 1ike, the method comprising:

(A)

- (®)

ﬁ (C)

(D)

providing a dry film comprising
(1) a cover sheet,
(2) a top coat on said sheet, and
(3) a layer of photoimaseable composition on
said top coat, which photoimageable
composition is curable after exposnre_and
development to provide a hard, permanent
' solder mask o#erlying'the.printed circuit
board; said top coat being selectively
adherent to said photoimageable comp031tion
relative to its adherence to said cover
sheet; '
tacking said photoimageable composition layer to
the surface of said printed circuit board;
laminating said photoimageable layer to the
surface of'said_printed'circuit'board using
heat, vacuum and mechanical pressure; _
removing said cover sheet from said top coat,

leaving said photoimageable composition layer

(E)

tacked to the surface of said circuit board with
said top coat covering and protecting the same,
laminating said photoimageable composition layer

" to the surface of said printed c¢ircuit board,

'using heat, vacuum and mechanical pressure to

{

Il
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- conform said'photoimageable}coﬁposition lajer
. and said top coat to the surface thereof;

(F) exposing said phot01mageab1e composition layer
to patterned actinic radiation; _ -

(G) developing said photoimageable composition to

' remove either exposed or unexposed portions from
said printed circuit board, leaving either
unekposed'or exposed'portiohs remaining on said
printed circuit’ board, and -

(H) curing said remaining portions of said
photoimageable composition layer to form a hard
permanent solder mask protecting said printed
circuit board. | '

7. A method of forming a photoimaged'layerfoh,a
‘substrate surface, the method comprisingi
(A) providing a dry film comprising
(1) a cover sheet,
(2) a top coat on said cover sheet, and
(3) a layer of phot01mageab1e comp031tion on
' said top coat; said top coat being -
selectively adherent to said photoimageable
composition layer relative to its adherence
to said cover sheet; - | .
(B) tacking said photoimageable comp031tion layer to
- said substrate surface; ' : _ _
(c) laminating said photoimageable composition layer
to said substrate surface using heat, vacuum and
-mechanical pressure; : ‘
_(D) removing said cover sheet from said top coat,
leaving said photoimageable composition layer
tacked to said substrate surfaoe'with said top
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(E)

(F)

()

-coat covering and protecting said photoimageable

composition layer; :
laminating said photoimageable comp031tion layer
to said substrate surface, using heat, ‘vacuum

“and mechanical Pressure to conform said

photoimageable composition layer and said top
coat to said substrate surface, _

expos1ng said photoimageable composition layer'
to patterned actinic radiation; and

developing said photoimageable composition layer
to remove either exposed or unexposed portions

" from said substrate surface, 1eav1ng either

unexposed or exposed portions remaining on said

'substrate surface.

A method of forming a photoimaged layer on a

substrate surface, the method comprising'

(4)

(B)

(D)

- (©)

provzding a dry film comprising a cover sheet
and a layer of photoimageable composition on

- said cover sheet'

tacking said photoimageable composition layer to
said substrate surface,

removing said cover sheet from said _
'photoimageable composition layer,- 1eav1ng said
photoimageable composition layer tacked to said

'substrate surface'

causing a heated roller to pass across said

‘photoimageable composition layer applying -

pressure thereto, therebj causing said
photoimageable layer to conform to said
substrate surface;
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exposing said photoimageable composition layer
to patterned actinic radiation; and

developing said photoimageable composition to
remove either exposed or unexposed portions from
said substrate surface, leeving either unexposed

or exposed portions remaining on said substrate

surface.

9. A method of forming a solder mask on the surfsceuof a
" printed circuit board or the like, the method comprising._

(a)

(B)

()

(D)

®

)

p\aced

-
’“‘T\ii\i\\\\\\\\\\\\\\\\\\\

providing a dry film comprising -

(1) a cover sheet, and

(2) a layer of photoimageable composition on’
'said cover sheet, which photoimageable-
composition is curable after exposure and
deveiopment to provide a hard, permanent
‘solder mask overlyins the printed circuit
board o

tacking said photoimageable composition layer to

~ the surface of said printed circuit board;

removing said'cover sheet from said

| photoimageable composition layer, leaving said’

photoimageable composition layer tacked to the
surface of said circuit board;

causing a ‘heated roller to pass across said
photoimageable composition'lsyer applying '

' pressure thereto, thereby causing said

photoimageable composition layer to conform to
the surfsce.of said printed circuit board;
exposing'said photoimageable composition layer
to patterned actinic radiation;

.developing said phot01mageab1e composition to |

remove either exposed or unexposed portions from

-36-



1763-35-24
PATENT

--'I.I!IIIIJ LR

said printed circuit board, leaving either
unexposed or exposed portions remaining on said
printed circuit board; and

(6) curing said remaining portions of said
photoimageable composition layer to form a hard,
permanent solder mask protecting said printed
_c1rcu1t board. '

10. A method of forming a photoimaged layer on a -
substrate surface, the method comprising:

(A) providing a dry film compris1ng

(1) a cover sheet, .
(2) a top coat on said cover sheet, and
(3) a layer of photoimageable'composition on
said top coat; said top coat being
selectively adherent to said photoimageable -
composition relative to its adherence to
o said cover sheet;

(B) tacking said photoimageable composition layer to
said substrate surface;

(C) 1laminating said photoimageable composition layer
to said substrate surface usins heat vacuum and
mechanical pressure,

(D) removing said cover sheet frqm-seid tou eoat,
leaving said_photoimageable:compusition layer

" tacked to said substrate surface with said top
coat covering and protectlng said phot01mageab1e
composit1on layer; '

- (E) causing a heated roller to pass across said

- photoimageable composition layer applying :

- pressure thereto and causing said photoimageable
composition layer to conform to said substrate
surface; ' ' -
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exposing said photoimageable composition layer
to patterned actinic radiation; and '

developing said photoimageable composition layer

to remove either exposed or.unexpoaed ‘portions _

" from said substrate surface, leaving either

'unexpoaed or exposed portions remaining on said

" gubstrate surface.

11. A method of forming a solder mask on the surface of a
printed circuit board or ‘the like, the method compr131ng.

)

prov1ding a dry film comprising
(1) a cover sheet,
(2) a top coat on said cover sheet, and

t” (3) a layer of photoimageable composition on

(8)

(c)

Ne))

. said top coat, which photoimageable
' composition is curable after exposure. .and
development to provide a hard, permanent
solder mask overlying the printed circuit _ a
'board; said top coat be1ng selectlvely |
adherent to said photoimageable composition
- relative to its adherence to said cover
. sheet; -
tacking said photoimageable composition layer to
the surface of said printed circuit board; -
laminating sa1d photoimageable layer to the
surface of said printed circuit board uS1ng
heat, vacuum and mechanical pressure,
removing said cover sheet from said top coat, .
leaving said photoimageable composition layer
tacked to the surface of said circuit board with

- 'said top coat covering and protecting the same;

(E)

' This Sheet Has Been Replaced
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causing a heated roller to pass across sa1d

_photo1mageab1e composition layer applylng
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pressnre'therefo and causing said photoimageable'
compositlon layer to conform to the surface of
said printed circuit board;

(F) :exposing said photo1mageab1e comp031tion layer.
to patterned actinic- radiat1on, '
(G) developing said phot01mageab1e comp031tion to
- remove either exposed or unexposed portions from
said printed circuit board, leaving either
unexposed or exposed portions remaining on said
printed circuit board; and '

“(H) curing said remaining portions of said
'photoimageable composition layer to form a hard
 permanent solder mask protecting said printed

circuit board.
e | K ~39~
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