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%1 - DRY FI LM PHOTORESI ST FOR.FORM NG A CONFORVABLE  1763- 35- 24NASK-'
AND METHOD OF APPLI CATION TO . o - A PRINTED CIRCU T BOAEERR T
_EHKE ' This application is a continuation-in-part of U S. Patent

Appllcatlon Serial No. 07/160,895 filed February 26, 1988. The present
invention is directed to dry films. which form nasks that conformto-
irregul ar surfacespRYCFELMEPHOTORESIST nFOR EORMINGNA OCONBORMABEES. One '
~.aspect of the preéesent inveMASKHNANB METHQDeGFtbPELﬂG#TIONnTth ch includes a
phot oi mageabl e | ayer whi AhNPRENTED cCTRGUIT BE ) pIEBrm a pernanent
solder nask over a printed circuit board or the .

This applxcatxon is a continuatronfin-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 directed to a dry film which includes a |
photoiwegeable layer which is developable and curable to form
a permanent solder mask over_e printed circuit board or the
like and to a method of forming a solder mask on a printed
circuit board or the like using the dry film. |

- BACKGROUND OF THE INVENTION

A solder mask is a hard;'permanent layer of
non-conductive materiai 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 organrc solvent or an
-~ aqueous solution which washes ‘away either exposed or unexposed
- portions of the layer (depending upon whether the _
y photoimageable material is'poéitive acting or negative'
"'actlng) The portion of the layer which remains on the
surface is then cured, e.g. with heat and/or UV light to form
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the Itke using the dry film BACKGROUND OF THE | NVENTI ON P q@
gask is.a hard, pernmanent |ayer of non-conductive material. Whl@ﬁ ers the
surface of a prlnted circuit board or the like, encapsulating the traces of
the printed circuit itself. By solder nask i's meant- herein a hard,

per manent |
| VG- SM 840Aa&l${abﬁ“e]’ ?}{%S{ﬁirla% ;éebol?fgg%t erl a or %ﬁl |°; ﬁ:?ér:tleg;f]t/ g{df rné{r%éi '
(I nstitute fmqwm&mdthmdleﬁﬂj ahadtheyibepm.ectronic Crcuits). The
sol der maskis p%ﬂér&%zﬁ QufﬂJHétl-ﬁﬁ/fo t%l@ir@'tt}{é’,ld%*@zemf f or those '
portions intended to exposed, for ;solderin an ther onent
Sol der rraské’%"a?r e@iﬁ Wﬂﬁf-tfmn%? I%r"’tﬁc‘ﬁﬁb%&% to
conposi tion app]qh the araﬁe:ﬁd;]t arme Kigdiat efoxfm tared whent @niuher:w]tldmamj tolhe

phot of PROCaNy | Fadey B0 SGikd S WG (A | (ALY CA}..{ RS ned by

means of a te sequen 0 exposur e,
layer.

I'i ke and to a-nmethod of forming a solder mask on a printed C|r g% rd or

There are a number of advantages to ‘applying a
photoimageable layer to a circuit board as a dry film rather
than as a liquld In particular, dry films are free of

-'organlc 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 prlor art dry f11m is
generally as follows. The protective sheet is removed from
the photolmageable compos1t1on layer 1mmedlate1y prior to _
application of the dry f11m to the surface of the prlnted
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
'pﬁotoimageable'layer is immediately laminated to the surface
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sol ution which washes away either exposed.or unexposed portio 955%“
'Jayer (dependi ng upon whet her the phot oi mageable material is Fve
acting or negative acting). The portion of the |ayer whi ch remai ns on
the. surface is-then cured, eg with heat and/or W light to form

~2- a2 hargde @ﬁ&ﬂpag% SO‘rﬁsr gosk Rberdedmbenk' BVEELyiRg BRENt €d
circuitry for t e of ﬁ

- . photoimageable layer, protecting the photoimageable layer from
‘exposure to oxygen and from handling damage. The cover sheet
also permits an artwork (or template) to be laid directly on
top of the dry film for contact printing, if contact printing

is to be used (as is usually preferred from the standpoint of

Yphot oi mageabl e | ayer is devel oped in an organic sol vent or anég g

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 photoimageable layer by developer.
Depending upon the composition of the phot01mageab1e layer,
the photoimageable layer is developed 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 organic 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
negative 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 coating the circuit board with a
'11quid_composition, 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 _
relatively rigid, the photoimageable layer cannot fully
conform to the irregular contours of the printed circuit
board, from which circuitry 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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One prior art nmethod of applying. the |ayer of photoi mageabl e 9@30§5tzgn to
‘the circuit board surface is to-apply the material in |iquid ppigngnd then
gither allowit to dry or partially. cure the material ‘to forma sem -stable
| ayer. .+ There .are a nunber of advantages to applying a phot0|nageable
'ayer to-a circuit board as a dry filmrather than as a liquid. In
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conpositiontwhbeh overlies one surface of the cover sheet. Typically, the

- cover sheet is fGh@ednﬁbrﬂﬁhﬁtét%Esﬁ&%ebtakhesueﬁdé§ BQEKEBEXh&“%hicker
-terephthalate (PET), N pr.ot ect the

t EX| e
phot0|nageaﬁhé“l§9§re§ﬁHaFé°8n8% éiﬁher&FﬁsfFFnF tbé FBPFG& rFﬁlPES of
convent i onakolldelr thkEkRQStdb%qu&ﬁethbsbhpoﬁhdbﬁsﬁageahbech&t&ithg from

cover ed m”tahgcb?gB%%giﬁageable 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_probleﬁatic with respect to
coﬁponents 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 photolmageable
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"). | W1th
"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 conventlonal dry
films. The present invention is also directed to a method of
using a dry film to apply a photo1mageab1e layer, whlch may be
_one which forms a solder mask or may be a primary imaging
hotores1st to a surface, partxcularly an uneven surface.
~ Dry film carrying a primary imaging resist may be applied by
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protective sheet e.g., a sheet of polyethylene. An exanple of §g§h3%
filmis sold as LAMNAR DM err] by the Dynachem Division of ATER hIOkO|
| nc. The met hod of use of such a prior art dry filmis generally as
foll ows. The protective sheet is renmoved from-the photoi mageabl e .
conposi tion layer inmmediately prior .to application of ‘the dry filmto the
surfafe of the ﬂé::ﬁba?ogl thei iaraaaﬁd dbeﬁcmn,bpraomgﬁgl l&fl&dllé?ﬁ |
exanpl e, using_.autopat ed_app away and rolls up the
protective §ﬂg£?r3§ tRe 5?8 EF? i?ggﬂFoP586‘?FSHFa reel. The dry filmis
applied to the surface of the circuit board with the phot0|nageable | ayer
I n direct Cgﬁﬁﬁﬁkxmb?h Ee ﬁggﬁqIéﬁrface Usi ng heat, vacuum and

i [J

mechani cal p ageabl e Iayer S |nwed|ately Ian1nated to
the surface

~ 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.

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 comp031tion layer 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

~ 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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73- of the board. The cover sheet remains overlying the ph9§g3n§geg
| ayer, -protecting the photoi mageabl e | ayer from exposure to o F from
handl i ng damage. The cover sheet al so permits an artwork (or tenp ate) to
be laid directly on top of the dry filmfor contact printing, if contact
printing is to be used (as is usual ly preferred fromthe standpoint of

. obt-ai ni ng ophkMBbpi BBAEE. reAOHuiremaberTine dsgdf tbiremovspeieHeroepposeadnes

d h he PET
Spport sheBehr Eﬁpteﬁé&eﬂoriaaﬁwﬁﬁ he . pBoESipepneble,somHopibLoR T0ssHre
| ayer by detehofng. tRepeesiaigingoporbdonomfoshei dayetr lhmiphtedi tagthsl e
oy el oper® BieBLEHEaRUC | BuBERLACHEYS, ORRA PoLBiBREBECLRR Vont . 2dueOUS

devel oper, Of "Sem - aqueous em = agueous oper is nmeant
“herein a depbpspémaanabﬂel§°u99§@t®9W)éFYREr§em?1V698nena§beo85r§BFGt|on

ba]ance an pha#di areokuesl, e. .8., 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. B>
along the leading and trailing edge, the dry film is laminated
with heat, vacuum and mechanical pressure to the board. The
cover_ sheet is then removed. At this time, the rema1n1ng

| 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 lamlnatlon is carried out for a shorter'
'perlod of time. _ '

' In accordance with another variation of the present
'1nvent10n, after the phot01mageab1e 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
with 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
f11m used for form1ng a solder mask, shown being applled to a
_prlnted circuit board
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such as, 2-butoxy ethanol and other glycol ethers. The photoi I ayer
may elther be positive acting, in-which case the exposed portﬁﬁ%%a%5624
fenoved by devel oper, or negative acting, in which case the unexposed
portions are renoved by devel oper. Most photoi mageabl e | ayers for preparing
sol der nmasks. are.negative acting. Most phot oi mageabl e conposi-tion l.ayers

_require tSOWE Cur?mﬂwwrﬂs te c‘iiaﬁs%%%ltodﬂ RARYETo £ e dtxﬁyy%mﬁ&% ?nd
permanent SO as serve - as SOl der nmas upon e osliti,on -
of the phot 6 iy the dnparApmuand da FoAinen s Siin mask
:c' Ight _— Al t hmg:um-: rzm‘lsifor:m‘ ﬁhm]agﬂs ﬁte:rdwdmlrshe;dtdtMnusae d?d‘y dry
s as op coat t ireu a |1 qul corrp05|t|0n
“there are sﬁéﬁbroaocfl%er@ %1 19‘:1 ‘féi cq*ci?;%o\r%ztd&ry filnms which the -
present inventioF EREsHesis a crmm:ltdmlcoxﬁ@w dfeq toface convdent i onal
dry filmi Sgﬁﬁrﬁﬁéd’eé:}i-édﬂ! Gboé;lh‘i FRAEEdTRAR 30 | o 1 FAC A ¥ rafed 'ﬁrdiPrH orm

to the itrredgular contours of the printed ci'rcuit board, from which
circuitry tRIESF a4t rhiguidphqtainageaahle gompasifdan: tself. Because

of this, the thi GKIGURE @B tifwe Phaicgagaiiional ayiew mstaxbeaniezghtﬁme
greater tha%éace 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 s11ce
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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el evation of the traces above the surface of the board. For.3763-3
-4~ exanple, if the traces rise 75[err] above the surface O%A %o

" the phot oi mageabl e | ayer will typically be about 100[err] thick; mhen

| am nated to the board, approximately 25[err] of photoi mageabl e conposition
overl-ies the upper surfaces of the traces. , One unfortunate result of

t he 'sol der nask brcnmf.t hocksrat BOOXIhEgﬂiﬂlﬁhtﬂﬁnoéfthepi'tnaey is that

.eIevated reghggore81st applied by the method of the present invention

over a circuit board hav1ng traces. '

' FIGURE 11 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. o
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 terephthalate, 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
retains its flat configuration when the dry film 12 is applled
to the circuit board 10. The phot01mageab1e_comp051t10n_layer
20 during lamination conforms,at its contact surface to the
circuit board from which the traces 16 protrude; however, the
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phot oi mageabl e conposition is renoved during the devel opnent

nask, e.g. those portions of the traces to which a conponent 0 be
.sol dered. Elevated regions are particularly problematic with respect to
- conponent s which are surface-nounted to the printed circuit board.

Component s gypirgdle! % £° ‘E?Jea?ho%oﬂhwg@abtl)é %n@brs&c%&p 1a¥ee miaht (ist.n -

sol dered to an expose por

I on of trac U|t bqQa
conponent d&ORLISE Vitthcft@§el"3?"te&' tslli'éel?o;ad f: %nt I‘?é'd§6r 1’:&\’53 of
phot oi magealphe phdroimageabliel komposdedon elab@idlmgm rfmdgt aicapsadate

b he pi d t bl ei
val Teysr R Er ot e 1 Bst be, ¥tikedl £HSRL RS, $ 1ok dte BE Wha O
portions. tracésnmeboventhe: baasd #eorfammmorduqtﬁwef wategtial.at the top, -
in which cagg Hialdd Pe: FagRns! )m Q vearc@%ea't@mkg.m oden s«murace _

(an effect. knomn as ' room ng' bo | 1'gqui d cqnpositions and
convent i onama@k, °f"e|rm§11t W@H%P@ntth taidcess be at; leasy J8wys Becgyse

such over hapgie gHedtaiajlordRRedf traces u@eduwrmosmxeoiomwwwwn of
the traces %%% g%%fac%?o&?t%ye%%%¥d %feg% %thidiﬁé% &e cdﬁposition
’ layer must usually be 68p or thicker. Conventional dry films
.12 for forming solder masks typically have photoimageable
layers IOOp thick. : o _
~ 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 forn a hard, permanent solder mask and an

sol der mask exi st between those portions of the circuitry fro @
g? g% solder_
I'S

optional, but preferred, protective 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 1nh1b1tion
during free radical photopolymerization 1n 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. lt is .
possible, however, that the top coat not be soluble in the
developer, in which case the top coat must be removed in a
predevelcpment.step ' The top coat material is further :
selected for'transparency, strength and flexibility

e |
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The present invention is directed to an I npr oved dry film for7k rg5n94a
sol der mask which elininates sonme of the problens of both |i _
application and conventional -dry films. ‘The present invention is also’
directed to a nethod of wusing a dry filmto apply a photoi mageabl e. | ayer,
whi ch-may be one which fornms a solder nmask or may be a primary inmaging

photoresist, to g, urfjage f&%&iﬁ%ﬁ{d h%'i:o‘rfe@i%'% alalyfea@ehav@h\g fd lsimilar

' ?gfryl ng 4 %gnrpirgzlxilaﬁolnn are e%escr e Q nk %ds 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 film is described having, in order,.a coveri
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 Whlch 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
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~tab plating operations. SUMWVARY OF THE | NVENTI ON I n

t he hethod of the present invention, providihg excéllent confnégﬁé % _égr
a c
with one.aspect of the invention, there is provided a dry fil

orm ng

a sol der mask on.a printed circuit board or the like. The dry filmincludes .

a cover sheet forned of flexible, but generally non-confarning naterlal

BASASI AN o
014710t kSRS ) Lo d et o5t ABEBHIA e Gnpesthon
herein as a d8gezodl mani be nsed: thapabes bepubpéeﬁnlphBrGEVeFSSQrsPéﬁthe

phot oi mageabipgskOFBLMi higOdry T2 1MBOt Oi Mageabl e conp05|t|on forns a | ayer
over -the other surfage

é.optlonal but. hlgﬁFylﬂrggngéaf ﬁ?%ﬁegpg thggﬁgPSPﬁigg %W@BWBBS|FP8n

l"ayer . The prbeectlivehsheets22sdd tnitdaiﬂyhpebdpdcﬁabmlkheeiectlvely
adherent to Lje.giaboedRIE2RbipE8TRESh! 189eka¥8!, Rk th¥CekBobba BHPEaRACE

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 sufflclent to provide adequate
adherence to the board so as to allow removal of the cover - _
_sheet 18 without removal of the remaining layers 20, 24 of 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 subéequent
removal of air by application of vacuum. If the dry film is
applied by machine, edges, e.g. R the leadlng and trailing
-edge, may be tacked. If_manually applied, tacking at the

- corners is sufficient. Meéhanipal pressure, such as that
which may easily be provided by a human finger, is sufficient

. for tacking | ' .

As an example of how tacklng may be performed
-mechanlcally, reference is again made to Figure 11. A cifcuit'
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 théreof. Non-driven rollers 25 are

- reciprocal upward and downward in thgidirection_df double
arrows 6 between vertical positions in contact with'the dry
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fo the cover sheet, wher eby the cover sheet nay be renoved fr 9k ?
coat and thereby Ieave the top coat as a protective covering E § ayer.
of phot oi mageabl e conposi ti on. To forma sol der. nask in accordance .

with one aspect of the present invention, the protective, renopvable sheet
~of the dry filmis peeled anway, and the exposed surface of ‘the. '

”phOtO'”nga@hﬁmcﬁﬂao$brh9@aha 85itiohaC kefote Qrﬁhnﬁhepﬁﬁifaaeof when the
surface of t The _gover, sh
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traces. Th%&'i&}%h&%ﬁ%hﬁyc TFRS thie0Bola#ue kol 511661 tAEPATAd1e0 raglibagned
actinic radlatlon L roug
of the oard 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
 cireuit board 10, Figure'ZB'showa 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 perpendicular direction which would tend to remoue
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 least
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'hthe two
remaining layer (photoimageable layer 20 and top coat 24)
conform easily to the contours of the 1rregu1ar surface of the
circuit board 10. : _
i In convent10na1 vacuum laminating, in add1t10n 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'
with respect to Flgures 13A;, 13B and 13C. The apparatus
includes an upper stationary platen 102 and a lower movable '
.platen 104. Asaoclated with the upper platen 102 is an upper
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6- . the top coat. A developer is used to renove either expog §3085_24
non- exposed portions of the photoimageabl e conposition |ayer, Pr~ $Nng the
remai ning portion of the layer lamnated to the circuit board. _
Subsequently, the portions of the phot oi mageabl e ‘conposi ti on | ayer
remaining on the circuit board are cured, e.g., with heat and/or UV |ight.

CA'simlar ppeggsfent Hwﬁleétf!eosepakabaﬂaead WeYR! EReNYoReOplatenblos is
primary i nmagi ng photore

d
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after the pReLdi mgeﬁbkecsﬁﬁpﬁﬁgtaodryagﬂm-eovarkddctncaim boardol0ion of

the surface OLIERS gggﬁg ifi' he form of an O0-ring 112 are provided on the
.lower platen 104 for hermetically sealing the well 109 when
'thellewer.platen is brphght.into contact with the upper platen
102 and its associated blanket 106. Also shown in Figures
' 13A-13C is a shim(108) The shim is also formed of resilient
material and is used to acebmmodate 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 cendition 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 (Figu:e'l3B)Q' Not
shown are means te'apply a vacuum in the'fegion 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
R
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-along the leading and trailing edge, the dry filmis Ian1nateq. |3§“§ﬂ
vacuum and mechani cal pressure to the board. The cover: sheet i

-rienoved. At this tinme, the remaining | ayers of the dry f|In1are agaln

vacuum | am nated -wi th heat, vacuum and. mechani cal pressure to conformthe

remai ni ng tayers of the dry filmto the contours of the board surface.

Usual ly, theregermdmsaraﬂwtum 1ower gl A UL04 Oi's arShdrdd 'vera i il atndre
I n accordanc fgg} at| of t he pr sentdi gqtléik after t
bhot o negearett ARt 16 t5on Fhe uaret B LRnm 0% of Agoval
surface of tdﬁyﬁhﬁﬂlﬁmrnq;edehazqdihe I'eadi ng and trailing: edge, the dry
filmis | am nat ecyW4 - u r,

The cover sheet M]h‘&]w dl ﬁ%ﬂ?{@%fﬁeﬁéiﬁjn&# ]ngr"ls)&o he

dry film ar duorfickmdy tthe @m%r@med ef eegidl isntmate: prsur e
suppl i ed by aai pithyf '&ﬂérm ¥ RS Prddissed Nes Sdise o¥ Mﬁ:&oa 'dig.,
BRI EF DESOQJZQf%gé};J%ﬁir or dzher type of resilient polymeric material.
]
The surface of each blanket which contacts the dry film is
conventionally 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 invention 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 disadvsntageous if that
‘they leave 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 remaining 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 reinforced with
fabric, such as fiberglass. :

' Durlng vacuum lamination, the remaining 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
-conforming process, a result which would not necessarily have

‘been predictable in advance '
. T
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- FIGURE 1. Is a cross-sectional view of a conventional dry fl|ni dbsfiK
forming a sol der- mask , shown being applied to a printed -Ci I Cplg Eﬁpard

-7- - " FIGURE 2A is a cross-sectional view of a dry filmin accordancé
mnth the invention used for formng a sol der mask. - FI GURE 2B shows
removal of the cover sheet froma dry filmtacked to a printed circuit

~board. FIGURE 3A illustrates a solder mask which was 1nitia11y.
' applied as a liquid photoimageable compos1tion Being a
liquid, 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, typically 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 covering a
' mushroomed" trace 16' having overhangs 28 on each side. Not
only is the solder mask thin in the regions_26_of the knees,
but a void, air-filled space 30 is left below each overhang
’8. X N ___i 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 theslaminated surface conforms
generally to the irregnlar contours of the circuit board 10.
‘The solder mask which is shown in FIGURE 4A is satisfactory

- 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 reiatively 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. : :

FIGURE 4B i11ustrates a. solder mask resulting from a
-phot01mageable layer 20 of a conventional dry film and
covering mushroomed" traces 16’ having lateral overhangs 28.
Although thickness of the solder mask above the trace 16' is_
adequate, air-filled voids 30 exist below the overhangs 28.
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FIGURE 3A i's a cross-sectional view of a trace on a printed ciygyL§5bQ@rd
covered by a solder mask formed froma prior art, liquid phot pafggeabl
~conposi tion. ' FIGURE 3B is a cross-sectional view of an alternatlve
trace on a printed circuit board covered by a solder nask formed froma
prior art, |iquid photoi nageabl e conposition. . FIGURE 4A is a '
cross-sectional FPIGUREE 5Atande5Bnidlusteacd ebldertmhsksdfoﬁmedeﬂrbn a

ol d k f 4B -
o er ose- BOEPEMAReaPLE BmBRsaFLop IYEEs, A neoRty Eiihp.aL pFRdRFEd
board over nhlabcardahderwtuhktherprdsénbniavpntmonartDutmnsehheonal dry

filmis app&mgngoa? Fatioh ?é%mgwg eboas. gﬁ&EtOQEh?VhQW §1 arEﬁﬁ%ﬁ:.ﬁFI

printed circul & encapsu ¥ ormdd from a
in accordanééYﬁFPhZPhezﬁregeﬁbelﬁVQn iéﬁ 21 very| suhstaptigldy conform t°

Cross- SFCt'gﬁg|1¥ré&hQEraBu§EhéenébhtSursaSQ fhedcREcdiedbeakdVi t THOgREh
encapoulaied By sk e sBarehS IRckbRl ot Ky bRokR28S8hT0° St oble
slice of a whucheﬁaslusudttbo&bdmhahenphotomhdkrwassbqpaépaoedruiesg than
the elevation of the trace 16 or 16'; however, the surface of
the circuit board is fully covered by the solder-mask 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 port1ons over the upper
flat surfaces of the traces. When uslng a dry film in
accordance with the present 1nwent1on, ‘the resu1t1ng 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. o
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 protectlve top coat
24. Although resolution is generally not as critical when
develop1ng solder masks.as it is in develop1ng photore31st _
layers,_the thinness of the top coat 24, typically in the
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‘a dry filmin accordance with the present invention, the phot f. I ng
taken at an angle of 60 relative to the plane of the board sgp

;both the cross-section of the board and the outer surface of t oﬁotonask
~Figure 6 i's a 300x magnification of a 50[err] trace covered mnth a 50[err]
.sol der mask. Figure 7 is a 750x nagnification of a 75[err] trace covered

wi th a 50[ ;;+%€0$§egbg@§kz g,s ﬁw&eﬁ@&&wi«m&wn efpicdDlerin

trace havi ng eral over han el ng covered sol der -
mask. Fi gurthe renssleﬁxahegﬁu3$Eat$hﬁPtﬁhsﬁkk?h ?5%%%‘ %ééiéd with a
50[err] sol dghps@Ekion layers 20 of conventional solder mask-forming dry

films 12 must be exposed) contribntes to improved resolution.
‘Further contributing to enhanced resolution is the relative
thinness of the photoimageable compos1tion 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 75u 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
- 20. § '
' 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, causing 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. S _
After exposure to act1n1c radiation, the layers 20 and 24
are developed, the developer removing the top coat 24 and
appropriate portions of the phot01maged layer 20.
_ . L —_—
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FIGURE 10 is a 300x magnification of -a primary photoresist appl7gl 3x-dghe
nmet hod of the present invention over a circuit board havi ng t reaENT
FIGURE 11 is-a diagramatic. illustration of the use of roller apparatus to
tack down a dry filmto a board. 'FIGURE 12 is a diagrammatic -
illustration of ‘the use of a roller to conformlayers of dry film from
whi ch the cover sheeiddiasidieertherdmedilm sdideanmissie of thimadmniention

FI GURE '13A,

a platen op
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~board conprises board

epoxy, and

non-conducti ve naterlal e.dg., formed of
tHER M iYL RECRRASES: Whi ch

‘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 and 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 photo1mageab1e compos1t10n suitable for form1ng
solder masks is suitable for practice of the invention.

The protective sheet 22 is selected to be removable from
the photolmageable 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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conprlse the printed circuit. The dry f|In1conpr|ses a cover %f
flexible, but generally non-conforming material, typically a §3é2®§% ?

such as polyethylene terephthal ate, a | ayer 20 of phot oi magea terial
-whi ch eventual |y is processed to becone the solder mask and a protective

‘sheet 22 forned, for exanple, of polyethylene. - Typicallythe dry film.

1 s suppl i ed A elg k thﬁy d |§§g@ﬂyqahq Ssteapri or
to appllcatlon to trg surfgggmg th é%%éu%? dﬁ? protectlve(gﬁeet 22
i s peel ed ahgfween ghf penceny é(‘l@é&!x‘& pegcen (Hfgure

11). As the egiteiedi rﬁa@aﬁlr@vﬂ &)ZI.Q!oHoi mﬁoae}ztea tee atlfeast @boute 767 ot fa

b d 10, it | t th

vacuum Al ¢ RSFRIRRS drmedl Byc e dopaliamiFat ol BF MERVERN SRRl 03,
t heref ore rami rabqtn:s 99 atolma:mfpegmeam of \phelryvd.lwldra,cdnalm Bnd ib%:mslemed to
‘th 1 %Q#Y
et at% tdn]"sqmtd 'Qi,%@gt m&meﬁ’gace ;at m ard m 8\3(“ ch '

| am nati on con or Its contact su Cl I’CU
the traces Beigk end, beingohydnolyzed 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 plastlcizer, 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 photoimageable 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'propylene 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 1nclude, 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 polyamides, water_soluble salts of polyacrylic _
_ _ _ . -
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with the cover sheet 18 remains flat. In order that the photo

. gonposition layer 20 may fully encapsul ate the traces 16, it

t hicker than the elevation of the traces above the board 14 of

.non- conducti ve naterial St andar d requirements are that the thickness of

t he sol der sl p 0 t C e
the great n%%%?’t ﬂn %E 2&%& %&g?§6$§8?§% %EﬁgﬁggagﬁégtPﬁg ?ﬁ?face
of the boar ¢hes 1i; phot0|nageable conposi tion Iayer nmust usual ly be

68[err] or thi Chtle medRbANoEOFIrming fthlerra HQm GQ" Wk rddnge okl

typically h%&%c% J%EJTBQ%%E!%oEﬁ%%&i %pO[e Jﬁﬁi&eable composition

layers are successively layered on the cover sheet by methods,

i9-, surface of the photoi mageabl e conposition |ayer which |s;§§ ﬁgg git
é r

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 thickness 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

' elevatzonl) without penetration of the traces (or elevations)
through the phot01mageab1e layer. The tacking of the dry film
over a greater area of the board facilitates its adhesion to
the board durlng cover sheet removal. A second vacuum |
lamination with heat, vacuum, and mechanical slap ~down after .
cover sheet removal acts to conform the photoimageable
compos1t10n 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 parthularly 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'lamination 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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Tllustrated in FIGURE 2A is a dry film21 in accordance wth g grgggz;
i nvention. This dry film 21 also includes a cover sheet 18, a 2 f
phot oi mageabl e conposi tion which is processable to forma hard; "per manent
sol der mask and an optional, but preferred, protective sheet 22. In
addition, the dry film 21 includes a top coat 24 internediate the cover

Cop coat 24 MecHBIIAE PRI ey TRES oW £ Wteclp1 B (R Hand  oabl o
“conposi ti on puspesex Adlastrated diserammatically dme Figure dfeds fhe use
wher eby the qI0yffe FiAdler s tREUEcHIRY PHUBdikRgdediblieNilay a2 ankD, 24
of the circuit board-gdhered dry fil Iﬁgving tQﬁﬁgop o§é124 rogscting
t he phot oi NEPPai9B ATHhdQ tHish qeRauTs, © TiRhe B9 t }chl is, TS

mat eri al whithe doard 105 aml tiaydre 204y @dn-d fnzerdeyalfiln \arevmervesd) firtom .

protects tne 4ifeid Wi He¥ow's HIH-YARAGR A LA i) cift HATUEE"

inhibition during tree-radi cal photopolynerization -in the exposure step.

Preferabl y, Ruessuse hearing gontaet] sgithy the fonsfloah 24 ARk igedeper

for the photidRaadl UURIYBEd idbbve N FHD WA 110 IS0 First AR déwn.ng

the devel opiente prqGess. i 4.S RASE U e echiun Pntait e Fe Wiad

: ' - 10 In the case where the dry film has a thin photoimageable
layer 20 relative to the'hgight 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
comﬁgsition 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_léyers 20, 24 are pressed down across the full
sﬁrfaée_of the board 10 as the board passes below_the'rolier,'

. Alternatively, a roller could be drawn across the surface of a
stationary board. o | '

The roller 45 used for this purpose should applj.hgtween
‘about 1 bar and about 6 bar pressures. The roller 45 is |
heated depending oh*the'particular appiication to between 40
and 110°C, generally in the rage of 60 to 80°C. The surface
of the conforming roiler 45_ﬁas soﬁe resiliency, preferably
being a polymeric material héving 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 méters per second being
typical. o - _ o _

The invention will now be described in greater detail by

'way of specific examﬁ}es. ' '

i
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step. The top coat material is further'selected for transpa
strength and flexibility.

Dry filmfor applying photoreS|st | ayers haV|ng a simlar conflguratlon 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
Novermber 14, 1986, the teachings of eaggnMgigiq i ncorporated herein by
reference. Patent No. 4,530,896 is limted to application . of very thin

devel oper, 'in which case the top coat nust be renoved in a prgvelﬁonﬁnt

A dry film is prepared in accordance'with the 1nvention

. 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 pefcent hydroxyethyl ce11ulose; a photoimageable
composition forming a layer 50u thick and a polyethylene
protective sheet 25u thick. The phot01mageab1e composition is .
formulated as follows:

Ingredients: . o
: o Chemical Name
Weight % or Trade Name
. 36.5 Scripset 540 (styrene/Maleic
Anhydride Co-Polymer
25.8 MEK o
1.2 Plgment CI 7426 o
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 o h
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Tesist coatings. Prinary photore5|sts are typlcally appl i ed tq7g3 35-24
metal -covered substrate in order to define the pattern of cir pYirgNy traces
on a printed circuit board. In each of these references, a dry filmis
described-having, in order, a cover sheet, ‘an. |nterned|ate layer which acts
‘as .a top coat .after reanaI of the cover sheet a photoresi st conposition -

" layer and an (optional) protective sheet:- - Although the order of layers
are simlar to those of the dry fllmoMmesent invention, there are
several reasons why it woul d not be obvious to one with ordinary'skill in

the art that there would be advantages to a sol der mask-formng dry film of
simlar Ian1naternedmgbnwﬁng coppelrt tracesmandr plarest hoving &ia/\ledd m

for appl yi NG dls! YR el %ge%%h%%s' oS eodefitibal aaRERA! @ Thadliryhe

relatively thi cove e renoved prior t |na er eby
substantlalﬁélﬂhﬁﬁbﬁﬁﬁg 1He @@GI@PP@ﬁeéftPhéhﬁhﬁg gHtHhF‘HQaééﬁ'éﬁéd
Al though, . Shﬂkhﬁhnﬁ@h&%h&&%ﬂ.@Est@&ﬂ'uuuhnaaﬂ? Obh@ p@dyethymmwe wth a -

Coneet "o SRR Sy (R Sorbl S
advant ages oere talcked nhmln shighf iondyhfingent pressure. Using tape to
. obtain a grip, the cover sheet was removed by drawing off the
PET cover sheet in a plane para11e1 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 the polyethylene 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 m1111bars
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 modei 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 iamp'(zoo wett/inch).
_2. 3.5 Joules/cm (IL-390) side A.

a3 ,r
S ‘This Sheet Has Been Replace
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‘| ami nate arrangenent are achieved through the application of tff oggei
mask by the novel -process of the present invention. The novel

the present invention closely conforns the photoi mageabl e conp05|t|on Iayer
20, which eventually forns the solder nask, to the contours of a circuit
board surface which are irregular due to the el evated traces. In contrast,

a primry imagi ngzphogesesist roeu emﬁeygg@*éy applied. to a substantlally
flat surface.. Byggon§osnyoalédeemho{ TLAB9GRbEEd6eoBPpsition layer 20
closely to the ci$cuitobbaté suoﬁatemperaeurent encapsulatlon of the traces .
16 'S . o

IHEBMAL_QHBE

1. Oven bake at 150°C for 60 m1nutes.

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. '

- 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.

- 24 - _ Sheet Has Been Relplaced
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“achi eved. Also, a much thinner phot oi mageabl e conposition |ayer 20 nax
used than has been used in prior art, solder mask-form ng dryl?ﬁﬁ 4
As-in the case with the conventional dry film 12, the protect?égEgﬁeet 22
is initially peeled fromthe photoi mageabl e conposition | ayer 20, and the
exposed surface. of the photoi mageabl e conposition |ayer is applied over a
surface of the printed circuit board as .seen in Figure 2A. Unlike the case
with the conventional dry film212, the dry film 21 in accordance w th one
aspect of the present invention may noEXAMPLE 5y | aminated to the board at
the time of application. Rather, slight pressure is used ta tack the dry

~film21 to the board. Elther coId tacking or hot-tackin naéem
cold-tacking is éeﬁ€Walﬁ nd#n PTEPATEgihe AGCPEdgNCe ngh gﬁe P]C

Hot - t acki ng uddYigh L.amtinlaf ﬁuxau:ur €D rmp at 9haltauina§%brlb] Gombasdcdandaaqerw th -
one aspect the i.n entlo t.he dry not tacked,t entire

our f ace, ieeiats Wes deminas e aver radspR, ooumeateR. seRsins; Boze 1 o
the board sExampﬂe d,| endr expealedotot hn dmage to a solid copper 7-9 on a .

‘Stouffer R.21_Step Sensitivity guide. A covered trace is seen
in Figure 10. The exposed panel was then developed in a .
'Chemcut 547 spray devglopef contéining 91 liters water, 3% by
weight 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. Thg_resist was then
str1pped in a 3-5% NaOH at 54-60°C. The gold plated tabs were
‘then inspected fo: 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- conformlng_vacuum-fllm., 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_confdrmance;
handling probiéms of the more flexible sheet might be
encountered. _ '_ _ '.,_
In a variation offthe method of the present invehtibn,_
after the cover sheet is removed and prior to vacuum/heat
' lamination, a flexible sheet, e.g., Tedlar or Teflon, is laid

- This Sheet Has Been

e G




fromthe circuit board 10. By tacking only a small portion, Y6 Or
less of the entire surface area of .the dry filmwhich'lies ov board,
passageways are |eft between the dry film 21 and the board 10 for
subsequent renoval of air by application of vacuum If the dry f|In1|s

lied b hi
oPed 17 e e S art.d meliel, S, Al BB D100
Mechani cal mheeturconforns 4o tthet tep coatay badsidan be @nd, iigeaempvedhuman
finger, néﬂ{]fdf oo %rftteqCIeﬂ:@Q:sure to"21AR £’@W1%ﬂeﬂ%ow ARG Bo e

perforned ani cally, refer gain ma t.o circuylt

board 10 i s apRlying rsush 1%rfl ec"iibrxegl?th%’: ds ke r](ﬂqalﬁ’senzé’ %rﬂ?%we

‘sheet 18 wi t hout. renoval of the renalnlng Iayers 20, 24 of thgg f|| 21

flhl s f21 ar é‘zﬁ.‘b‘iﬁd)ﬂ QJ.}nll'ea\Bﬂthdlrﬁﬂmrﬁtﬁl&n ERid @xpd ds@n@ iofe the f ace )

t hereo ri,ven ers ar e, eGi,Ar oc war |n t he
direction of giﬂﬁ s 1R e dd %’@1 %eﬁg:gl“ﬁt(ﬁé'% %;g:ect with-the
dry o polymeric material or a thin sheet of paper.

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 pract1ced 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_

Thls Sheet H
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- 12 - filmand vertical positions renote fromthe surface. \Wen the

| eadi ng edge of the board is aligned with the rollers 25; the qgkéﬁé

are brought into contact with the dry film pressing the dry EA to and
tacking the dry filmto the | eading edge of the board. The rollers 25 are

i mredi ately reciprocated away fromthe board to allow the m ddle regions of- '

o R e afﬂe‘{ Vel 3 Maipdbed o ﬁﬁ%‘%‘ﬂ f PR,
the trailing eigpe b q%mamcprintin@.t sush; as hy means s ofa Jemanacis

- are renoved. Ezﬁ%‘ﬁiﬁ? SBUdecé. NM1Pra mféim&fslﬁé&h HHe/ tfeet{na%ﬂpﬁréiﬁ 1% is
tacked to the .
removed, e1ther before or after exposure. The photolmageable
composition 1ayer is then developed. If the photoimageable

laYer'is a solder mask-forming composition, it is cured.

Exmrt.n 6

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. i

- 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.

This Shee
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circuit board- 10, Figure 2B shows a preferred node of renoval in which the
cover sheet 18 is peeled back in a plane parallel to the plane 176 3-35-24
ci,rcuit board 10 (as opposed to-lifting in a generally perpenle I
direction which vvoul d tend to renove the photoi mageabl e |ayer 20 fromthe

circuit board 10).. Wth the cover sheet 18 renoved, 'the photoi nageabl e
layer 20.with the top coat 24 them n am nat ed at ‘el evat ed
tenperature to the board. A vacOun X K0 sIt 0.3 millibar is used

and. preferably a vacuum of at |east about 1 nmillibar. Lami nating

t enper at ures range frh@iRrale}tind Of£1, bbsm)t 0 about 100[err]C, ajpgnge of about
55[err] C to about. 80[err]C being preferred. Because the cover sheet 18 is .

removed, the two rewabérglgss atgLe ( phot oi mageabl e | ayer 20 angsépp coat 24)
conformeasily to the contours of the irregular surface of the-circuit

board 10. - I n cFhberdlaes Jhiviemseminam nating, in additionot® heat and -
vacuum nechanical pressure is brought to bear against the dry film In _
what is known as a Rybkar Bungwetési Gheee T8T process, a bl anket &hd/or platen
is used to press the dry filmagainst the board. Comvercial exanples of

| am nators using rrec‘,’ﬁa?ﬁ SArenstbs APie in-addition to heat and- vacuum are
nodel s (Warp Direction) . 450

Hydrostatic nurst'Str'ength, psi 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. '

. - s Sheet Has Been Replaced
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724 and 730 sol'd by Dynachem Division of Mrton Thiokol,; Inc. Such
-vacuum l am nating apparatus 100 is briefly described with respect to
Figures 13A, 13B and 13C. The apparatus includes an upper stationary

B: gt gzlﬂ“ﬁ"ﬂ"mmjtmﬂ novabl e pl aten 104. ASSOCI ated wit h t h«iSu_pper

resilient Bl ahket 12%06:* aSSOC|ated Mﬁth the lower platen 104 is a | ower
resilient blanket 108. The | ower platen 104 has a well 109 for carrylng
a dry filmcovered circuit board 10 Seallng means. in the f orm of an 0-ring
112 are prOV|ded on the '
. 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
composition 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

ThIS Sheet Has Been R
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| over platen 104 for hernetically sealing the well 109 when the | ower

pl aten i ct with the upper platen 102 and its .associated
bl anket 1 Flgures 13A-13C i's a shim108.. The shimis™also
faor med of iﬂﬂiﬂ@im&m and i s used to accormodate boards of di fferent
t hi ckness. y be used, including shins interposed between

t he upper platen 102 and upper blanket 106. Typically the |l ower platen 104
is reciprocal both horizontally and vertically. Wth the 1 ower platen 104

out of horizontal alignnent with the upper platen 102, the dry filmcovered
circuit board 10 is placed in the well 109 on top of the | ower -bl anket 108.

Then the | ower platen 104,jex dkeret:d#&ﬂed’ potitiols Feiinivg o Baid
upper - pl.aten 102, ‘the con |t|on sh,ovvn |n e 13 Next, the |l ower platen
i's . noved upward until comminteds qimaui &4 he o-ri ng 112 and 't he

upper platen 102 andq@) s dﬁﬁﬁfgaﬁﬁdilﬁmmi@@dfﬁi@usecﬂa)aid\lot shown are

f?gal Eobggmjylg vij:ggm | 31 Wg&g‘ °t"§,%[ OVI %ﬂg vacme%]meen t he

upper -pl aten 102 and t he pexmandsitarsokden mask moumm Isadehirpinted has
been seal ed, vacuumis a%faﬁp%ﬁp’ the well region 109 and between 't he

2.- A printed circuit board (10) compmsing 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 everage
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 treces over . 90% of the lineef extent of said |
traces. ' ' '

3. A method of forming a photoimaged layer on a
substrate surface, the method comprising
(A) prcviding a dry film ccmprising
(1) a cover sheet,
- (2) a top coat on said cover sheet, and
(3) a layer of phcto;mageable composition on
| said top coat; said_top'ccat being
selectively adherent to said photoimageable
composition relative to its edherence}to _
said cover sheet; | " -
_ (ﬁ) tacking said photoimageable ccmpositicn'layer to
said substrate surface; :

Has Been Re|alaced
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ﬂpper_p!aten 102 and upper bl anket 106. During this tinme, the g | -
10 nerety rests on the Tower blanket 108. Thegvacu.um in the m%{%soﬁ(r)g
serve m:“'] Il lu om bet.ween the dry filmlayers 20, 24 and the -
surfa cjl Hﬂ M board and to draw the layers of the dry filmto the
surfaces tthewci fcutt board. For a short period at the end of the cycle,
the vacuumis rel eased from between the upper platen 102 and the upper

bl anket -106.  The vacuumin the wel | region 109 causes t he upper resilient

bl anket 106 to "slap down" against the board 10, pressing the .board and

dry filmlayers between the upper and | ower bl ankets 106, 108 as s
een
Figure 13C. Fi na(d:)/ temovmlwnid cever stheéd ofﬂ'thesﬂélltOP coat, "

~ leaving said photoimageable compos1t10n layer
tacked to said substrate surface w1th said top
coat covering and protecting said photo1mageab1e

composztion layer; : .

(D)’ 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;

(E) exposing said photoimageable composition layer

' to patterned acticinic radiation; and '

(F) 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) 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 c1rcu1t board;
(B) tacking said photoimageable comp031tion layer to
) the surface of said printed circuit board;
(C) removing said cover sheet from said
- photoimageable composition layer, leaving said
photoimageable composition layer tacked to the
: surface of said circuit board; ' '
(D) laminating said photoimageable composition layer
. to the surface of said printed circuit board

_~____;____;;~;—;_;
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- 14 - reg| on 109 and the | ower -platen 104 is renoved verticall %gzen
hori zontal ly from-the—upper platen 102 to allow removal of the | 4

bear.d. Durin , mechani cal pressure i s conveyed to
fi'lm by tummﬁ %i ‘% d of ‘resilient material. The resilient rraterlal
of the hl rubber, e.g., silicon rubber, or other type of

resilient polynerlc naterlal The surface of each bl anket which contacts
the dry filmis conventionally texturized to prevent .a vacuum bond from
form ng between the bl anket and the 'cover sheet. In prior ‘art processes,
such a bond woul d cause the cover .sheet and possi bly - underlying layers to
tear away from the boar disiigh Hdwt pmd eracamin b&car&aifzme gditdhdr awn.

Texturization of the bl r sur f gce ,oughn
the polneric materi al %ﬁo%m?&ge%/ p?go%%} %V%F 6‘:0 %.}btgéﬂ"fezed
fabric at the dry fllm(ﬁhﬂnﬁnfxurface In t he process of the present

e o VA oYy RN et kb1t 16
to patterned acticinic radiation;

(F) developing said photoimageable composltion 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
photoimegeable'cdmposition layer to form a hard,
permanent solder mask protectlng sa1d prlnted |

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'seid 
substrate surface, . n
. (D) " laminating said phot01mageab1e composltlon layer
to said sgbstrate surface, using heat and vacuum
to conform said photoimageable composition layer
. to said substrate surface; | - o
. (E) exposing sa1d photoimageable’ composxtion layer
to,petterned_act1c1n1c rad;ation, and
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renoval of the cover sheet, conventional blankets with rough co[ga%;’
o"a

surfac to be disadvantageous if that they |lea ':;5'24
negat i aammmtlmmﬂfﬂmﬁ on the remaining layers of dry film T 1°d
this, new sem ankets have been devi sed which have a very fine
texture. Again, the texture prevents a vacuum bond from being formed

bet ween t he bl anket surface and the remaining l'ayers of the dry film
however, the fine surface texture creates no significant inprint on the
remai ning, soft layers 20, 24 of the dry film Preferred bl anket nateri al
is silicon rubber; preferably reinforced with fabric, such as fiberglass.

Duri ng -vacuum | am @) odevedinppinmmpisdid ghtoimageable confpositdory td osel y

appr ool at ed wi th T especit VA SRS nRE S Yl (AR dhon
phot ographs which are FisadREprintedieincuit hoand,, Jtmilﬂs reithest which
conprises the top coat %erﬁpgé@ Jtulé %fyokﬁv{dﬁen pﬁﬂ_q{g)r‘{ﬂ hid -

process, a result whi ch V\% not - nec eln
advance. strate lur ace.

6. A method of formirig a solder mask on the surface of a
printed circuit board of the like; the method compriéing:
- (A) providing a dry film comprising
‘ (1) a cover sheet,
(2) a top coat on said sheet, and
(3) a layer of.photqimegeable compositidn on
said top coat, which photoimageable'
composition is curable after exposﬁre_and
development to ‘provide a hard, permanent
' solder mask o#erlyihg'the.printed circuit
board; sa1d top coat being selectively
adherent to said photoimageable compos1t10n
relative to its adherence to said cover
: sheet; '
| (B) tacking said photoimageable composition layer to
the surface of said printed circuit board;
- (C) 1laminating said photoimageable layer to the
~ surface of'said_printed'circuit'board usihg
heat, vacuum and mechanical pressure; _
(D) removing said cover sheet from said top coat,
leaving said phqteimageable composition layer
 tacked to the surface of said circuit board with
5 said top coat covering and protecting the same;
(E) laminetins'said photoimageable compOSitibn'layer |
" to the surface of said printed c¢ircuit board, |
'using heat, vacuum and mechanical pressure to

-33-
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- 15 - FIGURE 3Aillustrates a solder nask which was initially

appl i ed_as_a ligui-d—phoetoimageabl e conposition. Being a liquid, lggé Pay%ﬁ
general |y confor uneven contours of the circuit boar d. PORENRe top
of each: ﬂ:m iili‘mmm is of. generally uniform thickness; however, in
the regi s of the traces, i.e., the Iateral edges t he

| ayer greatly thlns out, typically-being onIy about 50% as. thick as the
portion of the |ayer whi ch covers the flat upper surface of the trace.

Frequently, the layer 20 in the reglons 26 of the knees is ‘even thlnner
relative to the portions of the

_conform said photoimageable composition layer
. 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'layerfoo,a
‘substrate surface, the method comprisingi
(A) providing a dry film comptising
(1) a cover sheet,
(2) a top coat on said cover sheet, and
(3) a layer of ohotoimageable'composition on
' said top coat; said top coat being -
selectively adherent to said photoimageable
composition layer relative to 1ts 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 surface'with said top
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I's a sol der sk 20 covering a "mushrooned” trace 16" having ov

on each sid ﬂmm,ﬂ/ 'lﬂ”'ge sol der mask thin in the regions 2

-knees but &} d space 30 i-s | eft bel ow each overhang 28.
FI.GURE . 4A |Ilustrate§ a®sotder mask forned from a photoi mageabl e .
¢conposition layer- 20 of a conventional dry film12. The outer surface of
the sol'der mask has the flat configuration of the cover sheet 18 which was

renoved subsequent to lam nation, while the | am nated surface conforns
generally to the irregular contours. of the circuit board 10. The sol der

mask which is shown in. EBGHREo4érh§g§&hHSb&%&%bﬁ1h§0§hﬁhepﬁb%6dﬂag@thE
adequat el y encapsulatlngpthe traces,16. It is to be noted, however, that

the thickness of the ph&PBPREJEABP: 18388dsition | ayer 20 and sol der mask
for med therefron1iiE)oflamdaa&ihg,sgidaphbtbﬂmagehbleleunposdtdbntﬂaybrace_

o orm the 1 ayer " Thi st S8R BBlsardl 8L dRICo R RO HUAE, E s RO
of phot0|nag|ng whi ch candpmeghmnig¢ed pressure to conform said
photoimageable composition layer and said top
. coat to said substrate surface, _
(F) exposing said photoimageable composition layer'
to patterned actinic radiation; and

Iéyer on t+mr++a%—uppEL_suLLg§e of the trace. : IIIustrated REQBB
fap,

(6) 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. '

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

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

~ said cover sheet; : :

(B) tacking said photoimageable composition layer to

. said substrate surface,

' (€C) removing said cover sheet from said _
'photoimageable composition layer,- 1eav1ng said
photoimageable composition layer tacked to said
substrate surface'

(D) causing a heated roller to pass across said
'photoimageable composit:.on layer applying
pressure thereto, thereby causing said
photoimageable layer to conform to said
substrate surface; |

-35-
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FIGURE 4B il lustrates a -sol der mask resuiting froma photoinage

20 of a conventionat—dry—fitm and covering "nushrooned" traces

Iateral ough thickness of the sol der mask abovegr trace
S admmﬂHM"ﬂIMd voi ds 30 exi st bel ow t he overhangs 28. _

- 16 - d 5B illustrate sol der masks forned from : '

phot oi mageabl e conposi tion layers 20 of dry filnms 21 produced |n accbrdénce
with the present i nventi on. EUrlng t he : '

(E) exposing said photoimageable composition layer
to patterned actinic radiation; and
(F) 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 surfece'of a
" printed circuit board or the like, the method compris:ng.

(A) providing a dry film comprising - |

(1) a cover sheet, and
(2) a layer of phot01mageab1e 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 -

. (B) tacking said photoimageable composition layer to
~ the surface of said printed circuit board;

(C) removing said'cover sheet from said

photoimageable composition layer, leaving said’

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

(D) causing a ‘heated roller to pass across said

photoimageable composition'leyer applying '

' pressure thereto, thereby causing said
photoimageable composition layer to conform to
the surface.of said printed circuit board;

(E) exposing'said photoimageable composition layer
ko patterned actinic radiation; o |
'(F)_-developing said phot01mageab1e composition to

remove either exposed or unexposed portions from

p\aced

B



| ami nation, which follows cover sheet renoval, the remaining |la A28
of the dry film21 very substantially conforn1to the irregul.ar é&i
ness of

- cpntours ard. In each case (5A and 5B), the thi
_t he phot C”“!“Hm(l"" mm 0 which was used to formthe phot omask was equal -
to or less*tifantthe etevation of the trace 16 or 16'; however, the surface
of the circuit board is fully .covered by the sol der nask with the traces 16
or 16' fully encapsul ated and encapsul at ed to an adequat e thickness. It is
.to be noted that the photonask portions in . the reglons 26 of the knees.of .

the traces-are. substantlally as thick as photomask portions over the upper
flat surfaces of the tramdsl piietedsicigonids bodddy ilesvdey edntei th the

present invention, the [ t thlck ess i.n the re
26 of the knees of the t Lﬂ é\/\%’lcﬂ%&é’t@ é’u’f gﬂ'flqsné’rﬂ? ess
of the sol der mask over nnmhqﬂomzfqtmt sh,qdmi;eamlthe traces (over nore

than about 90% of t(ge Ildy¥i YAl rmdikf %ﬁﬁ§% i3 to be not ed
in FI GURE 5B where a trg’iﬁ has .quer aﬁanéisd’ cor‘#s})dﬁﬂ

rmance of the |ayer
20 during vacuum heat otaimageable qompasition dayer, ko farm ﬂelhﬁfé*\
air-filled voi ds from belermanento\wdldeig madk ﬁmdﬁi@@fsﬁ@$ﬂﬁiﬂeﬂ

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 top 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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defornailon of the phot oi rageabl e conp05|t|on | ayer 20 is reqU|55% 5 24
achi eve this conformance, the.top coat 24 maintains its integri T%#?

lan1na quent to lamnation, the solder mask is

proces IIIM“"I"; "Mﬁr g phot oi mageabl e conposition in a conventi onal
manner . *Artmow Msslaxd over the remaining |ayers 20," 24 of the dry f|In1
the top coat 24 prevents the artwork from sticking. The

- phot oi mageabl e conposition |ayer 20 i's exposed to patterned actinic
radi'ati on through the protective top coat 24. Although resolutLon_-Ys
generally not "as critical when developing solder masks as it is in '

devel opi'ng- phot ore(F)t expoming tsadd lphutedmageabie tcomposdition ]Ia;mun:al |y
inthe . to patterned actinic radiation; and
- (6) developing said photoimageable composition layer
to remove either exposed or.unexpoeed ‘portions _
" from said substrate surface, leaving either
unexposed or exposed'portiens remaining on said
- substrate surface. |

11. A method of forming a solder mask on the surface of a
printed circuit board or ‘the like, the method compr131ng.
(A) prov1dins a dry film comprising
(1) a cover sheet,
| (2) a top coat on said cover sheet, and
~ (3) a layer of photoimageable composition on
' . said top coat, which photoimageable
' coﬁpositien is_cufable after'equsure-and'
development to.provide.a hard, permanent
solder mask overlying the pfinted circuit o
‘board; said top coet being selectively |
adherent to said photoimageable composition
- relative to its adherence to said cover
. sheet; '
(B) tacking said photoimageable composition layer to
the ‘surface of said printed circuit board;
(C) laminating said photoimageable layer to the
| surface of said printed circuit board uS1ng
heat, vacuum and mechanical pressure,
(D) removing said cover sheet from said top coat,
- leaving said photoimageable composition layer
tacked to the surface of said circuit board with
- 'said to§ coat covering and protecting the:same;'
(E) causing a heated roller to pass across sa1d
_photo1mageable composition layer applylng

' This Sheet Has Been Replaced
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- 1[;;,/J:ugx%fﬁ*1ﬁﬁﬁﬁ”2 3[err] (as opposed to a cover sheet, |caI
" the Tange of !‘iﬁm err] t hr ough whi ch phot oi nageabl e corrpos é

20 . of mm\ mask- f or m ng -dry filnms 12 nust be exp
contr& oved resolutlon Further contributing to enhanced

resol utd orf |s the relative thinness of the photoinageabl e conposition |ayer
20 itself. As noted above, with-a conventiconal solder nask-formng dry film -
12, which is intended to be exposed through the cover sheet 18, the T
.phot0|nageable conposition layer typically nust cover traces 16 with

-el evation of 50[err] or nore, and the photoi nageabl e conposition |ayers are

.typically about 100[errbr89bﬁ¥e BRe2EES hha EHG&QhEHQS§H|BhSEHQﬂigkhﬁme'
| ayer 20 of.the dry filmof the ent |nvent|2n I's_conf ornmab

surface contours of theCEWPEGFFlgBa fyes t9 cApEREBsto ot SofﬁFffcﬁr %ess s
sufficient to cover trasaidepginted tikeuil bedrdyen up to about 75[err]

above thelf[et'suriﬁse'gkpgggngog gd hogéimageable'compositionllayer-
' to patterned actinic: radiat1on, o
(G) developing said phot01mageab1e comp031tion to
- remove eithgr 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.

S ' : -39~
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éourse “a further advantage S substantlally reduced | evel s of expen5|ve
phot oi mageabl e conposition used to“formthe |ayer 20. An addi ti onal
advantage of a thin, conforning photoi nageabl e layer-is that' the sol der
mask-which forms in t he regi ons between the traces 16 is generally at or
bel ow the | evel of the traces. Wth convenyional sol der masks, slight _
el evated regi ons exi st between the traces” Such el evated regions may result
in the conponent, which is bebRY EDLMePHATOBESISAFOR gFORMINGeAsol der mask -
and preventing pins of the coomnn@nMABLEanSKngNﬁdMﬁﬁH@QIQFsbPHbIQdTI@N
exposed trace portions. AlterDatAvBRYNTEDeCERGURT cBOARD) QRsTHRVLIKE! i ng
reflow, result in sone of the pins of a sol dered conponent breaking
contact, causing the conponent to stABITRACEt one end, an effect known as

- "tonbstoni ng". |nadequate sol dered contact and "tonbstonlng" are avoi ded
~when "valleys" instead of el evated regions exist between exposed gortlons
of the traces. Apdrer£2kmobat & foraforningradeeiden, mask ing V@eéoaand

24 are devel opegypeshgye! eesy, r&@ﬂbﬁgiﬁageégpec@@ﬁp@éiﬁﬂdn papesp(paje
portlons of the pﬁot0|na ed. Y
_ hich is curab e to form a solder mask and a top coat (24)
.interposed between the cover sheet and the photoimageable
5 composition layer which is selectively adherent to the
photoimageable composition layer. The dry film is applied
to a surface of a printed circuit board (10) with_a ‘minor
portion of the area of the photoimageable composition layer
‘tacked to the printed circuit board. The cover sheet is
' iO peeled away. With heat and vacuum, the photoimageable
| ' composition layer (20) is laminated to the irregular |
surface of the printed circuit board, conforming the
' phot01mageable composition layer to the contours thereof
_ and leaving the top coat as a protective covering over the_ _
'-15 photoimageable compos1tion layer. The photoimageable compo-
51tion layer is exposed to patterned actinic radiation,'
'~ developed and cured to_form a hard, permanent solder mask.

20
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218 - s In additidn, the dry filmsol der mask of this invention

has the same ability to "tent" via holes as conventional . prinary. i maging
or solder masks filns. This is a very inportant part of the process and
~cannot be duplicated with sinpl e I|qU|d processes. General ly, an-
addi tional cure follows devel opment in order to harden the sol der mask.
Typically, heat and/or W light are ffect this cure. : The
present inventi-on is not primrily dif@@ﬁédkﬁge : S _

12
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materi al's from which the various sheets and | ayers are forned; 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
pol yester, such as PET and is general ly at .l east about 25p, or thicker,
and up to.about 75[err] t hi ck. - 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 | east about 60 and i e ably 75[err] or les suitable PET .
cover sheet is sold uno@?‘aéhéﬁ?rade desi gnati on EQ'?'H?Q@&?, by ICl. This
'is a PET that is surface-treated on one side to enhance its - o
hydrophilicity, i.e., increage its wetting angle. 28 28X her suitable
cover sheet materi .\\\\\*{s{.jmva.\m e not P«“\‘-‘\\};-m'n' NVes,
1 1 w \-// AW : SN \/w\\\
poiyol efins. i nvi NYNRYZ7ANNG# ose =SRNV //AX¥20

phot oi mageabl e cond e 0r f or m nd e s suitable

- e A -
for practice of the i .The pr ot ec %%g hs sel ected
30 © 0

"
Fig. 4A o Fig. 48

4

o

I
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t he phot oi mageabl e conposition layer 20, and is typically a pol yet hyl ene
sheet, between about 15[err] and about 35[err] thick. The top coat
24 is fornedof a material which provides the requisite sel ective
adherence. The top coat is typicallyfr1o§5 QSE I[err] to about 12[err]
thick, typically between about 2[err | out 5[err]. Wen using a PET
cover sheet and a photoi rageabl e material which is devel opabl e i n aqueous
or. al kal i ne aquea
devel oper, a suita
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bet ween about 10 wei ght percent and 100 wei ght percent of ei t her
pol yvi nyl al cohol hydrolyzed to at |east about 75%or a copol yner formed
by the copol yneri zati on of between about 95 and about 99 nol ar percent of
pol yvi nyl acetate and between about 1 and about 5 nolar percent of al kyl
ester of acrylic acid and being hydrolyzed to at | east about 75 percent;
(b) up to about 90 wei ght percent ?!3@;}8& hyl cel lul ose; and (c) up
to about 10 wei ght percent of plasti ferably, hydr oxyet hyl
cellulose is used at a | evel of at |east 25 wt . percent and nore

preferably at a | The above
descri bed copoly DL-118 M by
Air Products, and prs and
have vi scosities r

20[err] C. PVC ho wel | .
Comrercially S A

pl asticizer, if us he top
coat conposition, have been
achi eved usi ng sud g a |l ower

tack tenperature |
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easier to adhere - to the photoi nageable | ayer. Preferred pl asticizers are
| ow nol ecul ar wei ght conpounds, e.g., bel ow about 200, having two or
nore hydroxyl groups, such as gl ycerine, ethylene glycol and propyl ene
glycol. Waile =~ plasticizers desirably |ower the tack tenperature, they

al so I ncrease oxygen perneability of the top coat; accordingly

anounts of plasticizers in excess of about 10% by wei ght are desirably
avoi ded. QO her suitable materials for top coat use include, but

are not limted to, the group consisting of polyvinyl ether-mal eic
anhydri de copol yners, water-sol uble cellul ose et hers, water-sol uble
salts of carboxyal kyl cel | ul ose, wat er-sol ubl e salts of carboxyal kyl
starch, polyvinyl alcohol, polyvinyl pyrrolidone., various

pol yacryl am des., various wat er - sol ubl e pol yam des, water-soluble salts
of polyacrylic

FIG.10

-
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- 20 - acid, gelatin, ethylene oxide polyners, various starches and the
like. The nethod of forming the dry filmis according to known
procedures. - The top coat and phot oi nageabl e conposition | ayers are
successively | ayered on the cover sheet by nethods, such as roller coating
or by spraying solutions or dispersions of the materials. In a
variation of the nethod of practice of the invention described above, a dry
f|In1nay be | am nated both before and after renoval of the cover sheet. In
t he case where the photoi mageabl e | ayer is about equal in thickness or of

| esser thi.ckness than the traces (or ot her unevenness of the board), one

m ght ‘expect the traces (or other unevenness of the board) to penetrate t he
phot oi mageabl e | ayer. However, it is found_.in such cases, that a.
conventional |amination of such a dry

& -
O@}OOOOOOA,

o
“ l|l| \||‘
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fil musing heat, vacuum and nechani cal slap-down in a conventional manner
results.in tacking of the photoimageable |ayer to the upper surfaces of the
traces (or other elevations) w thout penetration of the traces (or '
el evations) through the photoi nmageabl el ayer. The tacking of the. dry film
over .a greater area of the board facilitates its adhesion to the board
during cover sheet renoval. A second vacuum | anmination with heat, =~ vacuum
‘and mechani cal sl ap-down after cover sheet renoval acts to conforn1the
“phot oi mageabl e conposition |layer (and top coat)~ Qe contours of the
uneven-board surface. In a typical procedure } ation subsequent to
cover sheet- renmoval is for about half the ti §$1nation prior to
cover sheet renoval e.g., 30 seconds for th ‘nation conpared to
60 seconds for the first é¢un nati ons. The addi acki ng af forded. by

the initial |am nati QR i -PIeNerEe R ;m,.";gv,nt-oeous when usi ng
aut omat ed equi pnent W_))\“\m‘\\\\\,}}«\\\\\‘ NN ,u\gn\‘ variation to

the. met hod of the i nvielA B /40 4 Zf//'f'ﬂﬁ ///f/ $7/4ni nat i on

~process, subsequent tG removal B and the cover
sheet 18, to conformthe phot0| geabl e Iayer_ 0 (and-top coat 24) to

- Fig.
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the contours of the board surface, a rol

_ - "21 - .rechanical- pressure may be used td
IIIustrated diagrammatically in Figure 12 ii:¢
canform'a phot oi mageabl e layer 20 and top :coat-"2%! : hezesofft bupseef 7 he

board. In this diagram the board 10 and lja r@ﬂZ@t 2 4refedaf®dioy phiddmTar

noved fromleft to right below a non-gr'vgn roller 45 with the roller i

pressure bearing contact with the top coat Zﬂh‘#&r&t@ﬂdmang(gggﬁﬁggn_

A

described above, Jde iy iddRoREd1 1 r I FORING A CONFORMABLE

MASK AND METHOD OF APPLICATION TO
A PRINTED CIRCUIT BOARD OR THE LIKE

shmi Furpode. !
Rl Bl [eger uﬁedito

W™

-

This application is a continuation-in-part of U.S. Patent
Application Serial No. 07/160,895 filed February 26, 1988.
The present invent}on 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 directed to a dry film whlch includes a
photoimageable layer which is developable and curable to form
a permanent solder mask over a printed circuit board or the
like and to a method of forming a solder mask on a printed
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/Conforménce (Instituté for Interconnecting
and Packaging Electronic Circuits). The solder mask is
patterned to fully cover the circuitry, except for those
portions intended to be exposed, e.g., for soldering to
another component. Solder masks are tybically 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
_photoimageable layer isfdevéloped in an organic solvent or an
aqueous solution which washes away either exposed or unexposed
portions of the layer (depending upon whether the '
photo1mageab1e mater1a1 ig positive acting or negative.
actlng) The porticn of the layer whlch remains on the .

' surface is then cured, e.g. "with heat and/or UV light to .form

| Thi; ,istt'he ééplacem"ent sheet
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Preferably, the dry filmis then vacuum | am nated to the board 10. In the
case where the dry filmhas a thin photoi mageable |ayer 20 relative to the
hei ght of-the traces, the layers 20, 24 of the dry filmfor the nmost 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 photoi mageabl e
conposition 20 and top coat 24 confocmpta 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 bel awhalbpd, I’péi‘ﬂineﬁd:tﬁdihdiér\/m’dtyk intended toop b trectditden pinged t he

surface of n r Si+&r 45 used for this purpose
shoul d appFﬁrgagkkg ﬁgﬁo ﬁé g%fe %dgm% %t 6 bar pressures.. The roller 45

i s heated depethﬁgPGhOFhérbaFGFb%¢a?faﬁﬁ?1¥k&$cﬁh%c}%%ﬁﬁwﬂ§1 40 and

110[err]C, p&%@%&ahgxabmet Bemﬁagfw&nwotm&oéﬁfédﬁ Hmcswdmaeoflst e
conforn1ng roll er

S re I enc ref I |
material h&PPlY §hSh8F§eﬂlﬁgeaﬂei§qB}dbg?ﬁﬁeﬁng %%qggﬁ?yg%rt%h
surface ofdubeomobhmt1ailynuurh thiheateraGIVEOSpeem %fs@¢krﬁﬁﬂhkﬁ 45 and
board 10 w4l yégqry according to the application,. generally between about 1

There are a number of advantages to applying a
photoimageable layer to a circuit board as a dry film rather
than as a liquid. 1In particular; dry films are free of
organic solvent and therefore eliminate this hazard from the
workpiace”and eliminate the need for apparatus to protect the
immediate work environment and the more general environment
from organic solvent emissions. Typically, a dry film
comprises a c;ver 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. Typically, 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 photoimageéble layer be covered with a removable.
prétective sheet e.g., a sheet of polyethylene. An example of
such a dry film is sold as LAMINAR Y by the Dynachem '
Division of Morton Thiokol, Inc.

The method of use of such a prior art dry film is
generally as follows. The protective sheet is removed from
the photoimageable composition layer immediately prior to
application of the dry film to the surface of the printed
circuit board. This may be accomplished, for example, using
automated apparatus which peels away and rolls up the
protectlve sheet as the dry film is unrolled from a reel. The
dry film is applied to the surface of the circuit board with
"the photoimageable layér in direct contact’ with the board S
surface:. ' Us1ng heat, vacuum and. mechanical pressure, the .J
“photoimageable Iayer ig immediately laminated to the,sptfagé:

This is the re{)'}aé:c-ament-sh'eetj :
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and about 10 neters per second, 3 neters per second being typical. The

i fvention will now be described in greater detail by way of specific
exanpl es.. ' - 22 -
EXAMPLE 1

- 3 -

of the board. The cover sheet remains overlying the
photoimageable layer, protecting the photoimageable layer from
exposure to oxygen and from handling damage. The cover sheet
also permits an artwork (or template) to be laid directly on
top of the dry film for contact printing, 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 photoimageable layer by develdper.
Depending upon the composition of the photoimageable layer,
the photoimageable layer is developed with organic solvent,
aqueous developer, or semi-aqueous developer. By semi-aqueous
developer is mearit herein a developer which is about 90% or
more by volume aqueous solution, balance an organic 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
negative 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
photoimageable -layer, curing may be effected with heat and/or
UV light. '
Although a number of advantages accrue through the use of
dry films as opposed to coating the circuit board with a
liquid composition, 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
relatively rigid, the photoimageable layer cannot fully
conform to the irregular contours of the printed circuit
board, from which circuitry traces rise from the flat surface '
" of the board jtself. " Because’ of this, the thickness of the '
“phiotoimageable’ layer must ‘be slxghtly greater than the
'elevation of- the traces above the sﬂtface of the board For”

Thxs is the replacement sheet
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A dry filmis prepared in accordance with the invention having a cover
sheet which is a 50[err] thick sheet of PET, a 2.5[err] top coat which is
10 wei ght percent” of the hydrol yzed pol yvinyl acetate/acrylic acid

copol ymer described above, and 90 wei ght percent hydroxyethyl cellulose, a
phot0|negeable conposition formng a layer 50[err] thick and a pol yet hyl ene
protective sheet 25[err] thick. The phof oi nageabl e conposition is

formul ated as follows: Ingredients: Chem cal Nane

Weight % - or Trade Nane 36.5 Scri pset 540
(StYFEHE/NEkfmﬁle, if the traces rise 75p Abloydr ithe syrpecenef theps g

VEK 5 S
hi nder ed sz‘ﬂ anlfl d%fﬁéﬁea%}e\_)j%@er wi1Q ty_Flcally be TaBBhEah.bUp

| |
dlacrylatethch.T%hen 1am1nate¢7q?NﬁﬂﬁﬂhﬂﬂiqmwﬁﬁﬂHQﬁﬁ“%&f enzéﬂ go0 33

Adhesi on P%HHP&fﬁageaﬁh@ dhpEHl €idy rerlidsBlthe upper surfaces of the
N-thhylolacrxlan1 e

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 po:tions of the
traces to which a component is to be soldered. Elevated
regions are particularly problematic with respect to
components which are surface-mounted to the printed circuit
board. Components typically contain a plﬁrality 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 qutions.

Some common traces are narrower at the foot than at the
top, in which case smell overhangs extend outward along each
side of each trace (an effect known as "mushrooming"). With
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 also directed to a method of
using a dry film to apply-a photoimageable layer, which may be
one which forms a solder mask or may be a pr1mary imaging
photoresist, to a surfaCe, particularly an uneven surface.
Dry film carrying a primary imaging resist may be applied by o

. “This is the replacement sheet "~
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2.26 D net hoxyphenyl Acet ophenone 0.56 . Coating Ad
1°18 Met hyl Et hyl Ketone 18. 01 Fillers 100%
EXAMPLE 2 Adry filmis prepared in accordance with Exanple 1, using
LAMNAR [err] DMto formthe photoi mageabl e conposition |ayer.

-5 -

the method of the present invention, providing excellent

conformation for tab plating operations.

SUMMARY OF THE INVENTION

In accordance with one aspect of the invention, 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. '

~ To form a solder mask in accordance with one aspect of
the present invention, the protective, removable sheet of the
dry £ilm is peeled away, and the exposed surface of the
photoimageable'composition-layer 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 lajer 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
mechaniqal pressure, conforming the photoimageable composition
layer to the contours of the board surface and. substantially
-‘encapsulating -the traces. -Thegpbdtoimagéablé éompositiﬁn '
‘layet is thén exposed to patterned actini¢ radiation through

.- .. This is the replacement sheet L
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- 23 - EXAMPLE 3 Panel s havi ng copper
traces and plates having tin/lead traces were each cleaned in a
conventional manner. The dry filmof Exanple 2 was applied to the boards
‘both manual ly and with an automated system Manually, the polyethyl ene
protective sheet was renoved and the four corners of the filmwere tacked
down with only finger pressure. Using tapg to obtain a grip, the cover
sheet was renoved by drawi ng off the PET cover sheet in a plane parallel to
the board surface. In the automated variation, a Dynachem-DFSM Model 360

l'am nator wWas lt%?ldcoyﬂ@ Dxnaehempppai gt YSedS€6 Aémowd fe DIEHY B GixpotRidI @

whi ch automati ca renoves the pol yet hyl en rotecti
non-exposed portions OQ tXe pMotogmg f

geable g§ﬁ5g§¥¥ion layer,
leaving 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
primary imaging photoresist layer, although heat and UV curing
are not used.

In accordance with 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 pressure to the board. The
cover sheet is then removed. At this time, the remaining
layers of the dry film are agaih 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
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 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 heatéd 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
. £ilm.used -for forming a solder mask, -shown being.applied. to a
. prinééd-circuit-béard;~' B ' ' '

.3 0J0L 19
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tacks down the | eading edge of the dry filmand then tacks down the
trailing edge of the dry film Application was to both sides of the boards.
Then the cover sheet was renoved. Lam nation was effected at a platen
tenperature of 70[err]Cwith a cycle tinme of 60 seconds and a vacuum of 2
m | libars. Mechanical slapdown was for 6 seconds at a vacuum of 0.3
mllibar. The boards were held 20-30 m nutes. Artwork was | aid over

t he boards. Using Colight DWL-824, exposure was for 25 seconds at 100

ml/ cnferr] neasured by Dynachemni s integratlng radi onet er nodel 500,

achieving a St O%é@%oar plg)faBC}&s‘) J}% é%‘ro% Qelcg.yfq 1A 1@ddi ti onal

20- 30 m nut es. s wer e devel op ght percent

Na[ er r] CO[ a¢¢PFfianes WWCW%)a%V%P%P'br‘E%ﬁ@ p%%tformiél&)@amdmr Bagki-e(
using a Chencut FPEUREI 2B Ushowoaréme¥y/Erof GiHd NEbwérs s ioig ad ddynachem

UVEX curi ng, uni n,l 390 unit ;and a_ hi h te perature oven. Curing steps
are as fol xg Ea %F%'% Wted circui

FIGURE 3A 1s a cross-sectional view of a trace on a
prlnted circuit board covered by a solder mask formed from a
prior art, liquid photoimageable composition.

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, liquid photoimageable composition.

'FIGURE 4A is a cross-sectional view of a trace on a
printed circuit board covered by a solder mask formed from a
prior art, conventional dry film.

FIGURE 4B is a cross-sectional view of an alternative
trace on a printed circuit board over which a solder mask
formed from a prior art, conventional dry film is applied.

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

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

'a dry film in accordance with the present invention, the
photographs being taken at an angle of 60° relative to the
plane of the board so as to show both the crogs-section of the
board and the outer surface of the photomask. Figure 6 is a
300x magnification of a 50u trace covered with a 50p solder
mask. Figure 7 is a 750x magnification of a 75u trace covered
with a 50u solder mask. Figure 8 is a 300x magnification.of a
50p trace having lateral overhangs and being covered with a
50p solder mask. Figure 9 is a 100x magniflcation of 50p
traces cdvered with a 50u solder mask o

Thls is the replacement sheet
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1. ~UVEX-3 lanmp (200 matt/inbh) 2. 3.5 Joules/cnferr] (IL-390)

side A - 24 - 3. Cool to room
t enper at ur e. 4. 3.5 Joules/cn1(IL 390) S|de B. 5. Cool to room
tepperature. THERVAL CURE :

FIGURE 10 is a 300x magnification of a primary
photoresist applied by the method of the present invention
over a circuit board having traces. '

FIGURE 11 is a diagrammatic illustration 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 film, from which the cover
sheet has been removed, to the surfﬁce of a board.

FIGURE 13A, 13B and 13C illustrate diagramatically a
vacuum applicator and a platen operation sequence thereof.

DETAILED DESCRIPTION OF CERTAIN PREFERRED EMBODIMENTS

Illustrated in FIGURE 1 is an .illustration of a circuit
board 10 being covered with a prior art dry £film 12. The .
circuit board comprises a board 14 of non-conductive material,
e.g., formed of epoxy, and the conductive traces 16 which
comprise the printed circuit. The dry film comprises a cover
sheet 18 of flexible, but generally non-conforming material,
typically a polyester, such as polyethylene terephthalate, #
layer 20 of photoimageable material which eventually is
processed to become the solder mask and a protective sheet 22
formed, for example, of polyethylene. _

Typically. the dry £ilm is supplied from a reel 2 (Figure
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. Although the cover
sheet 18 is flexible, it is noﬁ—conforming and therefore
retaing its flat configuration when the dry film 12 is applied
to the circuit board 10. The photoimageable comﬁosiéion layer '
20 during lamination conforms at its contact surface to the
circuit board from which the tracés 16 protrude; however, the

Th&:stheremacementsheet
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1. Oven bake at 150[err]C for 60 m nutes. .

EXAMPLE 4 FI GURE 6 shows a sol der mask formed froma 50[err] |ayer
encapsul ating a 50[err] trace. FI GURE 7 shows a sol der nmask fornmed
from50[err] l|ayer encapsulating a 75[err] high trace. Excellent coverage
at the regions of the knees is seen. . FIGURE 8 shows-a sol der nmask
formed froma 50[err] |ayer encapsulatlngﬁ9_§0[err] hi gh trace havi ng

over hangs. Sol der mask material filling the regions bel ow thée overhangs is
seen. FI GURE 9 shows a sol der nask fornmed froma 50[err] |ayer

encapsul at isug faleciof] thiegphbtadimageabler eemposatibhelapbdenhidtskid oid he
contours OfediS < Lt BAAA e SR80 18 remathbMPYIE. ' NEn’ OYELE Gl S

nost pertlne as o
the photoimageable composition layer 20 may fully 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 6ver all portions of the traces be at least 18u. Because
the great majority of traces are elevated S50p or more above
the surface of the board 14, the photoimageable composition
layer must usually be 68p or thicker. Conventional dry films
12 for forming solder masks typically have photoimageable
layers 100p 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, pérmanent sdlder mask and an
optional, but preferred, protective sheet'22. In 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-adhered dry film, leaving the toﬁ 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 protécts the underlying
layer of photoimageable;composition 20 from oxygen inhibition
during free radical photopolymerization 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. It is
possible, however, that the top coat not be soluﬁle in the
developer, in which case the top cbat must be removed in a
i predevelopment step. The top coat- material is’ further o
mselected for transparency, strength and f1exib111ty

-: This, is the réplacement shc_ae_t-
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described primarily in respect to a dry filmcarrying a photoi nageabl e
conposition layer which is curable to forma solder nask, the invention is
generally applicable to a dry filmhaving any primary inmagi ng product,
including primary photoresists, to be applied to an irregular surface,
particularly a surface fromwhich traces rise froman otherw se flat
surface. It may also be desirable to usgqghe nmethod of the present

i nvention to apply a Iayer of prinary photoresi st to a copper surface with
unevenness caused by "fatglass". There are instances, for exanple, where it
i s desirabl e toDrayEalphboorepbbyingyrhoturesishatayanihaviinguid SHLdRT s

al r eady forgﬁg g{lgawsﬁ githgesadthod SybiRaal. eximdtdit arRPer, 538t,896NS OF
tab plate go I ngers
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 applied
to a metal-covered substrate in order to define the pattern of
ciféuitry traces on a printed circuit board. 1In each of these
references, a dry film is described having, in order, a cover
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 layer 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 substaﬁtially 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 whlch are irregular due to the elevated traces. In
contrast, a prlmary imaging photores1st layer is usually.

_ Vapplied to. a substantially flat-- surface. By conforming the
: 'photoimageable composition layer 20 closely to the circu1t'
' board surface, excellent encapsulation of the traces 16 is

i This i8 thé replacement sheet'
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- 25- - EXAVPLE 5 Adry filmis prepared
i accordance with Exanple 1, using Laminar R AX to form a phot oi mageabl e
conposition layer. The resist was | am nated over rai sed connector tabs, as
per Exanple 3, and exposed to an image to a solid copper 7-9 on a
Stouffer[err] 21 Step Sensitivity guide. A covered trace is.seen in Figure
10. The exposed panel was then develq_pqt in a Chencut 547 spray devel oper
containing 91 liters water, 3% by wei ght™ pot assi um carbonate and 1 to 5%
Butyl Cellosolve[err] which bared about 3/4 of each connector pad.

the boar d SLEvEL LT pYES @'“q‘kaf "’é‘ﬁe’.ﬂk&j e e %Q“ghplré? "o’
cycle i'n alaeennt@ W@Pﬁb&? e%ﬁhélsceff’er%“ 1’1‘10r art solde

mask-forming dry f11ms. _

As in the case with the conventional dry film 12, the
protective 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 invention
may not be fully laminated to the board at the time of
application. Rather, slight pressure is used to tack the dry
film 21 to the board. Either cold-tacking or hct;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 invention, the dry £film 21 is not tacked to the entire
surface, but only to a portion sufficient to provide adequate
adherence to the board so as to allow removal of the cover
sheet 18 without removal of the remaining layers 20, 24 of the
dry f£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 lies over the board, passageways are
left between the dry film 21 and the board 10 for subsequent
removal of air by application of vacuum. If the dry film is
applied by machine, edges, e.g., the leading 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 example of how tacking may be performed
mechanically, reference is again made to Figure 11l. A circuit
board 10 is carried from left to. r1ght by drlve rollers 23,
and the dry films 21 are caused to travel in synchronous

"motion along the surface thereof . Non- driven rollers 25 are
.reczprocal upward and downward in the. direction of double
' arrows 6 between vertical positions in contact with the dry

Thﬁlsther a entsheet"
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stripped.in a 3-5% NaCH at 54-600C. The gold plated tabs were then

I nspected for wicking in the areas around which the resist had conforned.

No traces of Au or N were.found anywhere above the gold plated areas. A
control, not vacuumlamnated in this fashion, showed w cking, on about 25%
of the tabs. The excellent conformability achieved by the | am nated
dry filmin accordance with the preseng I nvention mght al so be achi eved

with a dry filmconprising a |ayer of p%otoinageable mat eri al backed by a
cover sheet of deformable, material, e.g., heat-conformng vacuumfilm

ﬁuch/a dry Eiﬂm ﬂﬁ&'de?@1éﬂp|ﬂ>€?1i{bt}j§1€rwrfﬁm e anirfaeel. f When the
eat / vacuum, | ani nat i ng, eff ected, eit I Nty ct 0

appllcatlogaFﬁg%ﬂE 83%8 # &reandl o Q fgh(%qﬁ:#§¥¥££§ 25 urge
provi de t herdd3ered25oater bmoeght himob i m@n@blw drhet [drymfidm,| eX| bl e

sheet m ght stﬁﬂﬁgughsrag film oAt Hﬁ&'@éél@{hé’ftﬁ@%ﬂ?tﬁqql @o the

D e, ok CuS b hray < b oro LS 2 e oy o

| ai d 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 with the board
to tack the dry films 21 to the trailing edge of the board 10.

At this tiﬁe, 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 perpendicular direction which would tend to remove
the photoimagéable 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 vacuum-laminated at
elevated temperature to the board. A vacuum of at least
about 0.3 millibar is used and preferably a vacuum of at least
about 1 millibar. 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 irregular surface of the
circuit board 10. _

. In conventional vacuum laminating, in addition to heat
and vacuum, mechanical pressure is brought to bear against phe
dry film. In what is known as a "slap-down" (Figure 13)
process, a blanket and/or platen is used to press the dry film
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 described
" with respect t&fFigq;és“13A; 138 and 13C. The“appététUSf
'incluQesfén upper”sta€iohaiy platen. 102 and a lower movable
.platen 104. Asssciated with the.uppér_plaéén 102 is’ an upper -
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- 26 - over the top coat. During vacuum | am nation, the flexible sheet
conforns to the top coat, but can be and is renoved prior to or after
exposure to all ow devel opnent. "A reason for applying such a flexible sheet
is to lengthen the perm ssible period of time between | am nation and
exposure of the photoi mageabl e | ayer. Flexible sheet material may be a

polynmeric material or a thin sheet of papey.- Wil e the nmethod of the
i nvention has been described primarily in terns of a dry filmconprising a

cover sheet, a top coat on the cover sheet, and a Iay(fr of phot oi rrﬁsgea,bl e
resilient blanket 106; associated with the” lower platen 4 is

a lower resilient blanket The lower platen 104 has a
well 109 for carrying a dry film-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 brought into contact with the upper platen
102 and its associated blanket 106. Also shown in Figures
13A-13C is a shim(iEEl The shim is also formed of resilient
material 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 £ilm-covered
circuit board 10 is placed in the well 109 on top of the lower
blanket 108.  Then the lower platen 104 is moved vertically
into alignmeht with the upper-platen 102, the condition shown
in Figure 13A. Next, the lower platen is moved upward until
contact is effected between the O-ring 112 and the upper
platen 102 and its associated blanket 106 (Figure 13B)u. Not
shown are means to 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 layers 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 between 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 .film
ldyers between. the upper and lower blankets 106, 108 as seen
‘in Figure 13C. Finally, the vacuum is released from the well

" This is the ré"pl__acemé_nt._she'e't
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conposition on the top coat, the nmethod of the invention nmay be practiced
using a conventional dry filmconprising a cover sheet and a phot oi nageabl e
conposition layer, e.g., either a primary inmagi ng photoresist or a sol der
mask-f orm ng phot oi mageabl e conposition which is in direct contact with the
cover sheet. Such a conventional dry filmmay optionally contain a
protective sheet covering the photoi rageall e conpari son | ayer. The nethod
may be practiced with a conventional dry film provided that the |ayer of
phot oi mageabl e, conposition tacks to a surface with sufficient adhesion
relative toreHkrR i i ath @ Latsmoil gé&brrsmeaﬁﬁogremﬁaéﬁu e
cover ;hgettﬁéﬁﬂh&f&kdﬁﬁ&ﬁlfﬂ?ﬁﬂmIﬁﬂg h@p@&ﬂ?ﬂ@dehraogthe EPQbQiﬂa@eﬁbge
conposi tion er,.leaving, the photoi mageabl e conposition | ayer tacked to

t he surface?kl\?%wl Wﬁ??ﬁ) rb%ﬁéﬁg: is renmoved, the photoi nageabl e

conposi tion | ayeuring bel appvdovat, me chagtieatl pirefsisaveblis ranveyatl, tgutheas
Tedlar or Tgf{ op; {Rohy1@ld & 1 HAY PH A 0S4 ih® B8 ria1er | fhe

facilitates coniact,prlntln and prevents the photoi nageabl e gonp05|t|on
| ayer from SePtkisRt teptarial A tthe Pldankatsadiond syPearterHhPrTel §. 8->
bl anket s i nsibhEcoCiiulibé Py dtathd ity O 5 tredfi Ifiledt podyhRiiei AhterTAT.

The surface of each blanket which contacts the dry film is
conventionally texturized to prevent a vacuum bond from
forming between the blanket and the cover sheet. 1In prior art
processes, such a bond would cause the cover sheet and
possibly underlying layers 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 f£film contact surface. 1In the
process of the present invention 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 disadvantagéous if that
they leave 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 remaining 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 reinforced with
fabric, such as fiberglass.

During vacuum iamination, the remaining layers 20, 24
cohform very closely to the circuit board and provide several
advantages wﬁich can best be appreciated with respect to.
FIGURES 3A, 3B, 4A, 4B, 5A, and 5B and the photographs which
are FIGURES 6-9. As it turné-out, the thin layeér which
lcqmpriSessthé'tépfpdat-2¢ remiaing fully intact dutring the '
'égnfotmiﬁg'prdcess,_a result which would not hecesgarily-have

- been predictable in advance. . ' - B
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phot oi mageabl e conposition | ayer

vacuum conform ng the photoi mageabl e conposition layer to the surface.

The phot oi mageabl e

- 27 - conposi t

| ayer is exposed to patterned actinic radiation, e.g., by off-contact

printing,

such as by nmeans of a Tamarack Exposure source. |If a flexible

sheet- has been applied, it is renoved, eiider before or after exposure.
phot oi mageabl e conposition | ayer is then devel oped. |If the photoi mageab

FIGURE 3A illustrates a solder mask which was initially
applied as a liquid photoimageable composition. Being a
liquid, 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, typically being only about 50% as thick as
the portion of the layer which covers the flat upper surface
of the trace. Frequently, the layer 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 covering a
"mushroomed" trace 16' having overhangs 28 on each side. Not
only is the solder mask thin in the regions 26 of the knees,
but a void, air-filled space 30 is left below each overhang

- 28.

FIGURE 4A illustrates a solder mask formed from a
photoimaggable 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 laminated surface conforms

generally to the irregular contours of the circuit board 10.
The solder mask which is shown in FIGURE 4A is satisfactory
from the standpoint of adequately eﬁcapsulating 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 relatively 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.

FIGURE 4B illustrates a solder mask resulting from a

~ photoimageable layer 20 of a conventional dry film and .

covering "mushroomed” traces 16' having lateral overhangs .28.

'Although thlckness of the solder mask "dbove theé trace 16' is
adequate, air f111ed voids 30 exist below ‘the overhangs 28

is lam nated to the surface with heat and

IOI']

The
e
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| ayer is a solder mask-form ng conposition, it is cured.

EXAMPLE 6 The following is a specification of a finely textured
resilient blanket in accordance with the present invention. Product
Constructi on: Silicone rubber (methylvinyl)

bal anced coated onto fibergl ass _ fabric, matte
finish one side. Product Col or: _ 16 - Red: Product Feat ur es:

a. Fine matte finish on one side, snmoot h
t he ot her. b. Dimensional stability.

c. High break StpigU®ER. SA and 5B illustrate solder masks formed from
photoimageable composition layers 20 of dry films 21 produced
in accordance with the present invention. During the
lamination, 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 photoimageabie layer 20
which was used to form the photomask was equal to or less than
the elevation of the trace 16 or 16'; however, the surface of
the circuit board is fully covered by the solder mask 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 invention, 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 compoéitibn layef 20 is egpqsed to
pattefned actinic radiation.through the protective-tép coat’

f24u: Although: resolution is generally not as- critxcal when -~
"develop1ng solder masks as it is in develop1ng photore31st
_ 1qyers, the thinness:of the top coat 24, typically in the

This is tha reptacement sheet

Date: 3 0 JUL 1%



d. High tenperature resistance and . rel ease
properties of silicone. - 28 -
PHYSI CAL PROPERTI ES

_17 -

range of about 2-3p (as opposed to a cover sheet, typically in
"the range of about 25y, through-which photoimageable
composition layers 20 of conventional 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 more, and the
photoimageable composition layers are typically about 100u
thick. Because the photoimageable composition layer 20 of the
dry film of the present invention is conformable to the
surface 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 composition‘used to form the layer
20. .

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 exist between the traces. Such elevated
regioné 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, causing 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. _ _ ' ,

) :_Aftét exposure to actihic ;gdiatiqn;-thé'layErs 20 and 24
-afe:de&@lopéd; tﬁq'dg?elbéér removing the top coat 24 and
appropriate portions 6f the photoimaged layer 20. =

: Tthsdhefemacémentshéet'"'."
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Thi ckness, in. (+ .005") 1/ 16 - Fi ber gl ass

Style 1564 Fi bergl ass Thi ckness, in
. 015 Rubber Duroneter, Shore "A" . 60

Break Strength, ppi (Warp Direction)

450 Hydrostatic Burst Strength, psi 750

Hei ght Loss, % (Heat Aged. 4, gours @400[err]F) 1.5

Wil e the invention has been described in terns of certain preferred
enbodi nents, nodifications which woul d be obvious to one '
' In addition, the dry film solder mask of this invention

has the same ability to "tent" via holes as conventional
pfimary'imaging or solder masks films. This is a very
important part of the process and cannot be duplicated with
simple liquid processes.

Generally, an édditional cure follows development in
order to harden the solder mask. Typically, heat and/or uv
light are used to effect this cure.

The present invention is not primarily directed to
materials from which the various sheets and layers arée 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 and is
generally at least about 25y, or thicker, and up to about: 75p
thick. '

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 less.
One suitable PET cover sheet is sold under the trade )
designation Melinex-393 by ICI. This is a PET that is
surface-treated on one side to enhance its hydrophilicity,
i.e., increase its wetting angle. -

) Other suitable cover sheet materials include, but are not
- Jimited to polyamides, polyolefins, vinyl polymers, and
cellulose esters. ,

Any photoimageable composition suitable for forming
solder masks is suitable for praétice of the invention.

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

The top coat 24 is formedof a material which provides the

- requisite selective édherence. The top coat is_typicélly from
about 1lu- to about- 12y thick,*typidally"bgtwéen about-Zu;qnd-
‘about 5p. When usihg a PET cover shéet and a photoimageable
.materiélrwhich is developable in .aqueous or alkaline gqueous .

T This is the replacement sheet”
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with ordinary skill in the art may be made wi t hout departing fromthe scope

of” the invention. Various features of the present invention are set
forth in the follow ng clains. - 29 -
CLAI M5 ' '

- 19 -

developer, a suitable top coat consists essentially of (a)
between about 10 weight percent and 100 weight percent of
either polyvinyl alcohol hydrolyzed to at least about 75% or a
copolymer formed by the copolymerization of between about 95
and about 99 molar peréent of polyvinyl acetate and between
about 1 and about 5 molar percent of alkyl ester of acrylic
acid 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 cb?olymers and have viscosities ranging
from about 5 to about 65 centipoise at 20°C. PVC homopolymers
of similar viscosity are useful as well. Commercially
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 photoimageable 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 propylene glycol. While
plasticizers desirably lower the tack temperature, they also
increase oxygen permeability of the top .coat; accordingly
amounts of plasticizers in excess of about 10% by weight are
desirably avoided.

Other suitable materials for top coat use includé, but
are not limited to, the group consisting of polyvinyl
ether-maleic anhydride copolymers,' ater-soluble cellulose
ethers, water-soluble salts of carboxyalkylcellulose,
water- soluble salts of’ carboxyalkyl starch, polyV1ny1 alcohol

" polyvinyl pyrrolldone, various polyacrylamldes, various’ .
'watgr soluble- golyamides, water- soluble salts of_polyacrylic'

ThlS is. the rnplacement sheet
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1. A nmethod of form ng a solder mask on the surface of a printed circuit

board (10) or the like, the nethod conpri sing (A) providing a dry
film (21) conprising (1) a cover sheet(18), (2) ato
coat (24) on said cover sheet, and (3) a layer (12) of

phot oi mageabl e conposition on said top- coat, which

phot oi mageabl e conpositiong s curable after exposure and
devel opnent to provide a hard, pernmanent sol der mask
overlying the printed circuit . board; said top coat being

sel ectivel yacid, gelatin, etdgiienentoxtidespodymessoi Nagéabsestanpvss tdanh
relative tc%ﬁésLﬁgpprence to said cover sheet ; (B)

t acki ng sai d phot ol mrageabl e conposition |ayer (12) to t he surface

of said printed B¢ ®ethashbafiEroming the dryr £idm 4§ 8srarddnertSHERws rom
said top copfecedures. THEROPGont GrdhPhoitdagagkbleoapmpbiipionhayer
tacked to tfgyé%gf£¥§aéﬂcéggé%ééf;nfgﬁé¥¥ﬂw%ﬂméﬂg cover sheet by methods,
such as roller coating or by spraying solutions or dispersions
of the materials. .
In a variation of the method of practice of the invention
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 thickness 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 heap, 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
elevations) without penetration of the traces (or elevations)
through the photoimageable layer. The tacking of the dry film
over a greater area of the board facilitates its adhesion t;
the board during cover sheet removal. A second vacuum
lamination with heat, vacuum, and mechanical slap-down after
cover sheet removal acts to conform the phdtoimageable
composition 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,
instegd of uéiﬁg a heat/vacuum lamination process, subseduent_
-to: removal of- the protective sheet 22 and the cover sheet 18,
 to cbpforﬁ thé ghdtoimdggabiéilajér'zb (and,tob codt "2&4) to
i_the_éqntéuts-oﬁ‘the.board surface, a roller applying - '

'.Thig;is'thé 'replaéeheﬁi' S.he.et B
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said top coat covering and protecting the sane; (D) lamnating said

phot oi mageabl e conposition | ayer. to the surface of said printed
circuit board, usi ng heat and vacuumto conform said _

phot oi mageabl e conposition |layer and said top ~coat to the surface
t her eof ; (E) exposing said photoi mageabl e conposition | ayer

to patterned acticinic radiation; (F) devel opi ng sai d phot oi nageabl e
conposition to reane'eitheF exposed or unexposed portions from
said printed circuit board, |eaving either

mechanical pressure may be used to accomplish the same
purpbée. 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. 1In 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. 1In 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
composition 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 acéording to the application, generally between about 1
and about 10 meters per second, 3 meters per second being
typical. N

The invention will now be described in greater detail by
ﬁay of specific.examples.

o T-h-is"is' the repfacémeni shéet B '
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.- 30 - unexposed or exposed portions remaining on said

printed circuit board; and (G curing said remaining portions of said.
phot oi mageabl e conposition |ayer to forma hard, per manent sol der
mask protecting said printed circuit board. 2. A printed

circuit board (10) conprising a flat, non-conducting or sem -conducting
board (14), conducting traces (16, 16') .8l evated above the surface of said
board, said traces having flat upper surfaces and | ateral knees (26) and a
sol der mask (20) covering a major portion of said circuit board, including
such traces, said solder mask havi ng an average

EXAMPLE 1

A dry film is prepared in accordance with the invention
having a cover sheet wﬁich is a 50p thick sheet of PET, a 2.5u
top coat which is 10 weight percent of the hydrolyzed
polyvinyl acetate/acrylic acid copolymer described above, and
90 weight percent hydroxyethyl cellulose, a photoimageable ~
composition forming a iayer 50 thick and a polyethylene
protective sheet 25p thick. The photoimageable composition is
formulated as follows:

Ingredients:
Chemical Name

Weight Z . or Trade Name
36.5 Scripset 540 (styrene/Maleic
' Anhydride Co-Polymer
25.8 MEK
1.2 Pigment CI 7426
0.05 Sterically hindered phenol anti-oxidant
7.54 Tripropylene glycol diacrylate
3.76 Tripropylene propane triacrylate
0.33 Adhesion Promoter of the Thiazole 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 accordance with Example 1,
using LAMINAR R DM to form the photoimageable composition
layer.

'ThEiSWherepmgémgntsheép K
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t hi ckness of about equal to or less than the elevation of said traces, the
t hi ckness of said solder mask in the region of said |ateral knees (26)
bei ng at | east 70% of the thickness of said solder mask over the top

surfaces of said traces over 90% of the linear extent of said traces.
3. A nmethod of form ng a photoi naged | ayer on a substrate surface, the
met hod conpri si ng (A) providing a dgy-filmconprising - (1) a
cover sheet, (2) a top coat on said cover sheet, and

(3) a layer of photoi mageabl e conposition on said top coat;
said top coat being sel ectively adherent to said

phot oi mageabl e conposEXAMPLEEBati ve to its adherence to
sai d cover sheet; (B) tacking said photoi mageabl e conposition |ayer
to sai d substrate surface;

Panels having copper traces and plates having tin/lead
traces were each cléaned in a conventional manner. The dry
film 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 film
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. In
the automated variation, a Dynachem DFSM Model 360 laminator
was used. The Dynachem apparatus uses an "off contact" method
which automatically removes the polyethylene 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 millibars.
-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/cm2 measured
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

. weight percent ﬁa2003'H20 which gave a 2x break point. The
boards were dried using a Chemcut 547 circuit 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:

U.V. CURING

1. UVEX-3 lamp (300 watt/inch). .
©2.. 3.5 Joules/cm (IL-390) side ‘A.

© This is the replacem-en't"sh.eet
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- 31 - (O) renoving said cover sheet fromsaid top coat,

| eavi ng sai d phot oi mageabl e conposition |ayer . tacked to said .
substrate surface with said top coat covering and protecting said
phot oi mageabl e conposition | ayer; (D) lamnating said

phot oi mageabl e conposition | ayer
- 24 -

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 &

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

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

FIGURE 8 shows a solder mask formed from a 50p layer
encapsulating a 50u 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 50p high trace. Conformance of the solder mask
to the contours of the circuit board is seen.

Although the invention is most pertinent 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 primary
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 léyér of primary
photoresist to a copper surface with unevenness caused by
"fatglass". There are instances, for example, where it 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 pla;g_gg;d fingers. '
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to said substrate surface, using heat and vacuum to conformsaid
phot oi mageabl e conposition | ayer and said top coat to said
substrate surface; ‘(E) exposing said photoi nageabl e conposition |ayer
to patterned acticinic radiation; and (F) developing said

phot oi mageabl e conposition to renove either exposed or unexposed
portions from said printed C|5 uit board, |eaving either
unexposed or exposed portions remaining “on said substrate
surface. 4. A nmethod of form ng a solder mask on the surface of a
printed. circuit board or the |ike, the nmethod conprising (A

providing a dry filmconprising a cov and a layer of
phot oi mageabl e conposition on %égiﬂﬁéié%ver sheet, which
phot oi mageabl e . conposition is curable after exposure and

devel opnent to pﬁodfﬁefﬁlﬂaig pf@ﬁé?ﬂﬁ”ﬁ Sl dffdance with EXBH %1qurly|ng
the printed circujt boar B) tacking, sal d_photol nagea
conp03|t|on“?b?§rL?%1nar AX to form a photoimageable comp051tlon layer.

The resist was 1am1nated over raised connector tabs, as per
Example 3, and exposed to an image to a solid copper 7-9 on a
Stouffer R 21 Step Sensitivity guide. A covered trace is seen
in Figure 10. The exposed panel was then developed in a
Chemcut 547 spray developer containing 91 liters water, 3% by
weight potassium carbonate and 1 to 5% Butyl CellosolveR 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
plating cycle in a Technic RC-80 bath. The resist was then
stripped in a 3-57 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 wicking on about 25% of the
tabs. '

- The excellent conformability achieved by the laminated
dry film in accordance with the present invention 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;
handling problems of the more flexible sheet might be
encountered. _

In a variation of the method of the présent-invention,
after the cover sheet is removed and prior to vacuum/heat
::lémindtion,vq'fléﬁiﬁle-shéét; e.g., Tedlar or Teflon, ig laid -
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the surface of said printed circuit board; (© renoving said cover

sheet from said phot oi mageabl e conposition | ayer, |eaving said
phot oi mageabl e conposition | ayer tacked to the surface of said
circuit board, ' (D) lamnating said photoi mageabl e conposition | ayer
to the surface of said printed circuit board,

-32- - 26 -

over the top coat. During vacuum 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 lamination and exposure of the
photoimageable layer. Flexible sheet material may be a
polymeric material or a thin sheet of paper. .

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 coat, the method of the invention may
be practiced using a conventional dry film comprising a cover
sheet and a photoimageable composition layer, e.g., e1ther a
primary imaging photoresist or a solder mask- forming

. photoimageable composition which is in direct contact with the
cover sheet. Such a conventional dry film may optionally
contain a protective sheet covering the photoimageable
comparison layer. The method may be practiced with a
conventional dry film, provided that the layer of
photoimageable composition tacks to a surface with sufficient
adhesion relative to the adhesion between the photoxmageable
composition and the cover sheet that the cover sheet may be
removed from the photoimageable composition layer, leaving the:
photoimageable composition layer tacked to the surface. After
the cover sheet is removed, the photoimageable composition
layer may be covered by a sheet of flexible material, such as
Tedlar or Teflon (polytetrafluoroethylene) Such a flexible
material facilitates contact printing and prevents the

“"photoimageable compositidn layer from sticking to parts of the
vacuum laminator. Alternatively, blankets in the vacuum
laminator may consist of flexible materials. The
photoimageable composition layer is laminated to the surface
with heat and vacuum, conforming the phoﬁoimageable
composition layer to the surface. The photoimégeable
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usi ng heat and vacuumto conform said phot oi rageabl e conposition

| ayer to the surface t hereof; (E) exposing said

phot oi mageabl e conposition | ayer to patterned acticinic radiation;
(F) devel opi ng sai d phot oi nageabl e conposition to * remove either
exposed or unexposed portionsfrom said printed circuit board,

| eavi ng either ‘unexposed or_exposed portions remaining on said
printed circuit board; and (G curing said renaining portions of said
phot oi mageabl e conposition |ayer to forma hard, per manent sol der

mask prOte%%h?ﬂsi@iggpphgkgdls ex o%edCtGCHhEtQPﬂé@ act Pnic ArdEit b Pf

formng a ol mage on a Substrate surface, the nEtPod c%gp ng

(A) - provi @-Bg»abdr ¢Efi-canEdabr PELAE1R8 oFUER sABePY means o %@% of

phot oi mage&pd staeP8suiricenN OOf a flexible sheet has been applled, it is
removed, either before or after exposure. The photoimageable
composition layer is then developed. If the photoimageable

layer is a solder mask-forming composition, it is cured.

EXAMPLE 6

The following is a specification of a finely textured
resilient blanket in accordance with the present invention.
Product Construction: Silicone rubber (methylvinyl)

balanced coated onto fiberglass
fabric, matte finish one side.

Product Color: Red:

Product Features: a. Fine matte finish on one side,
smooth the other.
b. Dimensional stability.
c. High break strength.
d. High temperature resistance and
release properties of silicone.

© This is'the replacement sheet-
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sai d cover sheet; (B) tacking said photoi mageabl e conposition |ayer to

sal d substrate surface; (© renoving said cover sheet from said

phot oi mageabl e conposition | ayer, |eaving said phot oi mageabl e
conposition | ayer tacked to said substrate surface; (D)

| ami nating said photoi negeabl e conposition l'ayer to said
substrate surface, using heat and vacuumg _ to conformsaid

phot oi mageabl e conposition |ayer to said substrate surface;

(E) exposing said photoi nageabl e conp05|t|on | ayer to patterned

acticinic radi ati on; .and

PHYSICAL PROPERTIES

Thickness, in. (+ .005") ' 1716
Fiberglass Style ' 1564
Fiberglass Thicknessf in. .015
Rubber Durometer, Shore WAT™ | 60

Break Strength, ppi )
(Harp Direction) 450

Hydrostatic Burst Strength, psi 750

Height Loss, %
(Heat Aged G hours 3 G00°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 invention are set forth im
the following claims.
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- 33 - (F) devel opi ng sai d phot oi nageabl e conpositibn to
renove either exposed or unexposed portions from said printed

circuit [ it her unexposed or exposed portions

r emai ni nﬁmmmn“nmﬁ”m substrate surface. 6. A nethod of forming a
sol der mask ®n 4 het s§rface of a printed circuit board or the like, the :
met hod conpri si ng: (A providing agyy_filmconprising (1) a
~cover sheet, (2) a top coat on said sheet, and (3) a

| ayer of photoi mnageabl e conposition on

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) providing a dry film (21) comprising
(1) a cover sheet(18),
(2) a top coat (24) on said cover sheet, and
(3) a layer (12) of photoimageable composition on
said top coat, which photoimageable
composition is curable after ekposure and .
development to provide a hard, perinanent
solder mask ovérlying the printed circuit
board; said top coat being Selectively
adherent to said photoimageable composition
relative to its adherence 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) 1laminating said photoimageable composition layer.
to the surface of said printed circuit board,
using heat and vacuum to conform said
photoimageable composition layer and said top
coat to the surface thereof; ‘
(E) exposing said photoimageable composition layer
to patterned acticinic radiation;. '
(F) developing said phot_:oimageable composition to
remove either exposed pf unexposed portions from
“ said printed circuit -board, leaving either

This_-' is the replé_cém_ént shée.tj |
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sai,d t t., which phot oi nageabl e conposition is curable

af ter exposure and devel opnent to provide a hard, pernanent

sol der. ' e printed circuit board; said top
coat beilmr'fuwm"”ummﬁ adherent to sai d photoi nageabl e
L L s *

conpositio relative to its adherence to said cover

sheet ; (B) tacking said photoinagef@lg conposition |layer to -

the surface of said printed circuit board; (© lamnating said
phot oi mageabl e | ayer to the surface of said printed circuit board
usi ng heat, vacuum and nechani cal pressure; (D) renoving
said cover sheet fromsaid top coat, | eavi ng sai d phot oi mageabl e
conposition | ayer tacked to the surface of said circuit board

W th - said top coat covering and protecting the sang; (E)

| am nating sai d phot cinegemsdde cxorEpssedoporajetis remaining o 8hédsurface

of said printed CirCLB$i$¥¥H(¥ircuit boakdt Ngnfeat, vacuum and
nechanical.press?re to ’

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

2. A printed circuit 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 circuit board,

including such traces, said soldeg mask having an average
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 = 707 of

the thickness of said solder mask over the top surfaces of
said traces over 90%Z 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
(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
said cover sheet;
-(B) tacking said photoimageable composition layer to
said substrate au:facé; :

B '_This is the_ re'p'l'a_ceme'nt sheet -
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- 34 - conf orm sai d phot oi mageabl e conp05|t|on | ayer

and s he surface thereof; (F) exposing said
phot o mﬂﬂagiﬂﬁmt ion | ayer to patterned actinic radiation;
(G developl ot oi mageabl e conposition to [

[ renmove either
exposed or unexposed portions from said printed circuit board,
| eavi ng either - 31 -

(C) removing said cover sheet from said top coat,
leaving said photoimageable composition layer
tacked to said substrate surface with said top
coat covering and protecting said photoimageable
composition layer; L

(D) 1laminating said photoimageable composition layer
to said substrate surface, uéing heat and vacuum
to conform said photoimageable composition layer
and said top coat to said substrate surface;

(E) exposing said photoimageable composition layer
to patterned acticinic radiation; and

(F) 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) providing a dry f£film comprising a cover sheet

- and a layer of photoimageable 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;

(B) tacking said photoimageable composition layer to

' the surface df said printed circuit board;

(C) removing said cover sheet from said
photoimageable composition layef, leaving said
photoimageable composition layer tacked to the

Nsurface of said c1rcu1t board;

(D). lamxnating.gaid photoimageable composition layer . .
- to the surface of said printed circuit board,

'ﬁmmWemNmmmMsmm
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unexposed or exposed portions remaining on said, printed circuit
boar%_*‘_a_““‘fFﬁ*CUf+ng sai d remai ning portions of said
phot o tion layer 'to forma hard, per manent sol der
mask Hmmnoﬂm% rinted circuit board. 7. A net hod of

ol

formng ap Iayer on a substrate surface, the nethod conprising:

(A) providing a dry filmconprising - 32 - (1) a cover sheet,

(2) a top coat on said cover sheet, and (3) a layer of

phot oi mageabl e conposition on said top coat; said top coat
bei ng sel ectively adherent to sai d photoi nageable
conposition layer relative to its adherence to said cover
sheet ; (B) tacking said photoi mageabl e conposition |ayer to
fg;grsubstrate surface sing éé@tlgﬁg Q%%hﬂ %Id RQQ}%'Q&?&able conposition

photoimageable composition layer to the surface
thereof; .

(E) exposing said photoimageable composition layer
‘to patterned acticinic radiation;

(F) developing said photoimageable composition to
remove either exposed or unexposed portions from
said printed circuit boérd, leaving either
unexposed or exposed portions remaining on said
printed circuit.board; and

(G) curing said remaining portions of said
photoimageable composition 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 comprising

(A) providing a dry film comprising a cover sheet -~
and a layer of photoimageable composition on
said cover sheet;

(B) tacking said photoimageable cbmposition layer to
said substrate surface; '

(C) removing-said cover sheet from said
photoimageable compoéition layer, leaving said
photoimageable composition layer tacked to said
substrate surface;

(D) laminating said photoimageable composition layer
to said substrate surface, using heat and vacuum
to conform said photoimageable composition layer
to said substrate surface;

(E) exposing said photoimégeablef¢omposition'layer

. .EJ-pattefned“actiqinic;radiatibn;_ahd_.
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to.said substrate surface using heat, vacuum and mechani cal
press ; renovi ng said cover sheet fromsaid top coat,

!55?¥;22‘MI“““E D)m‘IWﬂ bl e conposition |ayer tacked to sai_ gS_Substrate
* c L [} H] * .

- 33 -

(F) 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.

6. A method of forming a solder mask on the surface of a
printed circuit board or the like, the method comprising:

(A) providing a dry £film comprising
(1) a cover sheet,

(2) a top coat on said sheet, and

(3) a layer of photoimageable composition on
said top coat, which photoimageable
composition 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 compositioh
relative to its adherence to said cover
sheet;

(B) tacking said photoimageable composition layer to
the surface of said printed circuit board;

(C) 1laminating said photoimageable layer to the
surface of said printed circuit board using
heat, vacuum and mechanical pressure;

(D) 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) laminating said photoimageable composition layer
to the surface of said printed circuit board,

.using heat, vacuum and mechanical pressure to -

~ This is the replacement sheet
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coat-QQMELL‘g_gggﬁgigigg%ing sai d phot oi mageabl e ' conposition,
| ayer (E) lamnating said phot oi mageabl e conposition | ayer

t?eiiﬂﬂmﬂﬂmﬂﬂﬁw & ot of mageabl e composi 11 on | ayer and sai d
p p g nmp y

lcolt $o0 sald substrate surface; (F) exposing said
phot0|nageable conposition |ayer - 34ta patterned actinic radiation;
and (G devel opi ng sai d phot oi nageabl e conposition |ayer
to renove either exposed or unexposed portions fromsaid substrate
surface, |eaving either unexposed or exposed portions remaining on
sai d substrate surface. 8. A nethod of form ng a photoi maged"
| ayer on a substrate surface, the nmethod conpri sing: (A) providing a

dry f{lnlconprISIhg a 88V§£r%h§§£d photoimageable composition layer

and said top coat to the surface thereof;
(F) exposing said photoimageable composition layer
' to patterned actinic radiation;

(G) developing said photoimageable composition to
remove either exposed or unexposed poftions 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. '

7. 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

(3) a layer of photoimageable composition 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 composition layer to
said substrate surface;

(C) 1amiﬁatihg 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 gurfhéé with said top

This is the replacement sheet
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and a | ayer of photoi mageabl e conposition on sai d cover sheet;

(B)___t acking-sai-d—photoi nageabl e conposi tion layer to sai d
substrate surf (© renoving said cover sheet fromsaid

photﬁ“m nﬂgmﬁﬂl tion layer, leaving said phot oi mageabl e
conp ked to said substrate surface; (D)

causi fig 4 heated roller to pass acrosssgai_d phot oi mageabl e
conposi tion layer applying pressure thereto, thereby causing said
phot oi mageabl e | ayer to conformto said substrate surface;

coat covering and protecting said photoimageable
composition layér; |

(E) laminating said photoimageable composition 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;

(F) exposing said photoimageable composition layer
to patterned actinic radiation; and

(G) developing said photoimageable composition layer
_to remove either exposed or unexposed portions
from said substrate surface, leaving either
unexposed or exposed portions remaining on said
substrate surface.

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

(A) providing a dry film comprising a cover sheet
and a layer of photoimageable composition on
said cover sheet;

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

(C) removing said cover sheet from said
photoimageable composition layer, leaving said
photoimageable composition layer tacked to said
substrate surface;

(D) causing a heated roller to pass across said
photoimageable composition layer applying
pressure thereto, thereby causing said |
photo1mageab1e layer to conform to said
;substrate surface'

This is the replacement sheet
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- 36- (E) exposing said photoi mageabl e conposition | ayer

to patternmed—actinic radiation; and (F) devel opi ng sai d photoi mageabl e
conposi t i reane ei t her exposed or unexposed portions from
sai-d su *B'ﬂﬂ“ﬂﬂ}f“ﬂﬂ eavi ng either unexposed or exposed
portlon |d substrate surface. 9. A nethod of
formng a solder nask on the surface of & P6inrted circuit board or the

| i ke, the method conpri sing: (A) . providing a dry filmconprising

(1) a cover sheet, and (2) a layer of photoi mageabl e conposition
on u

(E) exposing said photoimageable composition layer
to patterned actinic radiation; and

(F) developing said photoimageable composition to
remove either exposed or unexposed portions from
said substrate surface, leaving either unexposed
or exposed portions remaining on said substrate
surface.

9. A method of f&rming a solder mask on the surface of a
printed circuit board or the like, the method comprising:

(A) 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
development to provide a hard, permanent |
solder mask overlying the printed circuit

_ board; -

(B) tacking said photoimageable composition layer to
the surface of said printed circuit board;

(C) removing said cover sheet from said
photoimageable composition layer, leaving said
photoimageable composition layer tacked to the
surface of said circuit board;

(D) causing a heated roller to paSs across said
photoimageable composition layer applying
pressure thereto, thereby causing said
phot01mageab1e composition layer to conform to
the surface of said printed circuit board;

(E) exposing said photoimageable composition 1ayer
to patterned actinic radiation;

- (F) develqp1ng_sa;d photoimageable composition to -
| remove either exposed or unexposed portions from .
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sai.d Tover sheet;—whi-ch—phot oi nageabl e. - conposition is

cur abl _ and devel opnent to provide a hard,
per mang,m nmmamﬁmﬂmﬂ sol der mask overlying the printed circuit
4 M

board; "+ ¢ sai d phot oi mrageabl e conposition |ayer to

the surface of said printed circuit board; (C© renoving said cover
sheet fromsaid phot oi mageabl € gpnposition | ayer, |eaving said.
phot oi- mageabl e conposition | ayer tacked to the surface of said
circuit board; (D) causing a heated roller to pass across said

phot oi mrageabl e conposition | ayer applying pressure thereto,

t her eby causi ng said phot oi mageabl e conposition [ayer to conform
to the surface of said printed circuit board; (E) exposing
sai d phot oi mageabl e conppsition | ayer .. J[to tterned actinic radiation;
(F) devel opi ng. sai d phggbédgﬁﬁﬁﬁﬁi'%%ﬁﬁﬁ%'t??ﬁ#ql) eaving elth&fove either

exposed or unexposed ponéxposedramexposed portions remaining on said
printed circuit board; and
(G)' curing said remaining portions of said
photoimageable composition layer to form a hard,
permanent sSolder mask protecting said printed
circuit board.

10. 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

(3) a layer of photoimageable composition on
sgid top coat; said top coat being
selectively adherent to said photoimageable
composSition relative to its adherence to
said cover sheet; _

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

(C) 1laminating 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 surface with said top
coat covering and protecting said photoimageable
composition layer;

(E) causing a heated roller to pass across said
photoimageable composition layer applying

 pressure fhereto and causing said photoimageable
comppSition layer to conform to said substrate
- surface; ' ' '
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-37- T ——sardprinted circuit board, |eaving either

unexposed | ONS remai ning on said printed circuit
boar d; anmnmmm)mﬂ, ng said renai ning portions of said
- phot oi nageabl € conosis | ayer to forma hard, per manent

sol der mask protecting said printed

- 38 -

(F) exposing said photoimageable composition layer
to patterned actinic radiation; and

(G) developing said photoimageable composition layer
to remove either exposed or unexposed portions
from said substrate surface, leaving either
unexposed or exposed portions remaining on said
substrate surface.

11. A method of forming a solder mask on the surface of a
printed circuit board or the like, the method comprising:
(A) providing a dry film comprising
| (1) a cover sheet, .
(2) a top coat on said cover sheet, and
(3) a layer of photoimageable composition on
said top coat, which photoimageable
composition is curable after exposure and
development to provide a hard, permanent
solder mask overlying the printed circuit
board; said tob coat being selectively
adherent to said photoimageable composition
relative to its adherence to said cover
sheet; .
(B) tacking said photoimageable composition layer to
the surface of said printed circuit board;
(C) laminating said photoimageable layer to the
surface of said printed circuit board using
heat, vacuum and mechanical pressure; .
(D) removing said cover sheet from said top coat,
leaving said photoimageable composition layer
tacked to the surface of said circuit board with
said top coét'covering'and protecting the same;
(E) causing a heated roller-to*passhacroés'said o
photoimageable qqmpqsitidn 1ayer-app1ying
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circuit board. 10. A nethod of form ng a photoi maged | ayer on a

substrate surface, the nethod conpri sing: (A) providing a dry film
conprisin a cover sheet, (2). a top coat on said
cover sheil"lmrml"l"“III"H“I (3) a layer of photoi mageabl e conposition on
said top cdatf shid"top coat being sel ectively adherent to
sai d phot oi mageabl e conpogg tion relative to its adherence
to sai d cover sheet; (B) tacking said photoi mageabl e
conposi tion layer to said substrate surface; (O

| am nating said phot oi mageabl e conposition | ayer to said
substrate surface using heat, vacuum and nmechani cal pressure;
(D) renoving said cover sheet from said top coat, | eavi ng said
phot oi mageabl e conposition |ayer tacked to said substrate

surface with said top pressure thereto and causing said photoimageable
- | composition layer to conform to the surface of
said printed circuit board; '
(F) exposing said photoimageable composition layer
to patterned actinic radlatlon,
(G) developlng said photo1mageab1e composition to
. remove either exposed or unexposed portions from
said printed circuit board, leaving either
unexposed or éxposed 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.
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coat covering and protecting said photoi mageabl e conposition

| ayer; (E) causing a heated roll'er ‘to pass across said
phot oi mageabl e conposition | ayer applying pressure thereto and
causi ng sai d phot oi nageabl e conposition layer to conformto
sai d substrate surface; - 38 -

- 40 -

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

ABSTRACT

A'dry film (21) for forming a solder mask includes 'a

cover sheet (18), a photoimageable comﬁosition layer (20)
which is curable to form a solder mask and a top coat (24)
interposed between the cover sheet and the photoimageable

5 composition layer which is selectively adherent to the
photoimageable coﬁposition layer. The dry film is applied
to a surface of a printed circuit board (10) with a minor
portion of the area of the photoimageable composition layer
tacked to the printed circuit board. The cover sheet is

10 peeled away. With heat and vacuum, the photoimageable

' composition layer (20) is laminated to the irregular
surface of the printed circuit board, conforming the o
photoimageable composition layer to the contours thereof
and leaving the top coat as a protective covering over the

15 photoimageable composition layer. The photoimageable compo-
sition layer is exposed to patterned actinic radiation,
developed and cured to form a hard, permanent solder mask.

20
Figure 2A and 2B

This is the replacement sheef
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(F) exposing said photoi mageabl e conposition |ayer to patterned

actinic radiation; and (G devel opi ng said photoi mageabl e conposition
| ayer to renove either exposed or unexposed portions
fromsaid substrate surface, |eaving either . unexposed or exposed
portions remai ning on said substrate surface. 11. A method of
formng a solder nask on the surface of a printed circuit board or the
| i ke, the method conmprising: . . (A providing a dry filmconprising
(1) a cover sheet, (2) a topl¢g®Bat on said cover sheet, and
(3) a layer of phatoi mageabl e conposition on said t-op coat,
whi ch phot oi nageabl e PRIORC ition is curable after exposure
and devel opnment to provide a hard, pernanent

18
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sol der mask overlying the printed circuit board; said top
co_:at bei ng sel ectively adherent to said photoi mageabl e
composi tion relative to its adherence to said cover
sheet ; (B) tacking said photoi mageabl e conposition |ayer to
the surface of said printed circuit board; (© lamnating said
phot oi mageabl e | ayer to the surface of said printed circuit board
usi ng heat, vacuum and nmechani cal pressure; (D) renoving
said cover sheet fromsaid top coat, 2/7 | eavi ng sai d phot oi mageabl e
conposition | ayer ' tacked to the surface of said circuit board
wth said top coat covering and. protecting the sane; (B
causing a heated roller to pass across said phot oi mageabl e
conposition |ayer applying . '

' - PRIOR ART - PRIOR ART
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- 39 - pressure thereto and causi ng sai d phot oi nageabl e

conposition layer to conformto the surface of said printed circuit

bgard; (F) exposing said phot.oi mageabl e conposition | ayer to patterned

actinic radiation; (G devel opi ng said phot oi.nageabl €® conposition to

renove either exposed or unexposed portions from said printed circuit

board, |eaving either unexposed or exposed portions remaining on said
377

FI1G.6
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printed circuit board; and (H) curing said remaining portions of said

phot.oi mageabl e conposition layer to forma hard,

protecting said printed

circuit board.

4/7

FIG.8
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