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TITLE: METHOD OF AND APPARATUS FOR COVER SHEET REMOVAL
FROM LAMINATED BOARDS

BACKGROUND OF THE INVENTION

1. Field of the Invention

5 This present invention relates to an improved
method of and apparatus for effecting cover sheet
removal from dry-film laminated boards. The invention
has particular utility in the application and
processing of dry films in an in-line system for

10 fabricating printed circuit boards.

2. Description of the Related Art

In the fabrication_of'printed circuits, a solder
mask, typically formed from a layer of photoimageable
composition, is applied to one or both surfaces of the

15 printed circuit board. The photoimageable layer,
comprised of a photoresist substance, is exposed to
actinic radiation which is patterned by means of a
template or artwork. Subsequent to such éxposure, the
photoimageable layer is developed in an organic solvent

20 or agueous solution which washes away either exposed or
unexposed portions of the layer (depending upon whether
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'f'FI‘TLE METHOD OF AND APPARATUS FOR COVER SHEET REMOVAL FROM

LAM NATED BOARDS BACKGROUND OF THE | NVENTI ON 1. Field of
t he I nvéntion 5 This present invention relates to an inproved

met hod bf and apparatus for effecting cover sheet renoval from
dry-filmlam nated boards. The invention has particular utility in the
application and . processing of dry filyas in an in-line systemfor 10
fabri-cating printed circuit boards. - 2. Description of the

Rel ated Art In the fabrication of printed circuits, a solder

the photoimageable material is positive acting or
negative acting). The portion of the layer which
remains on the surface is then cured, with heat and/or
uv light, for example, to form a hard, permanent solder
5 mask that is intended to protect the printed circuit for
" the life of the board.

‘One prior art method known in the art for applying
the layer of photoimageable composition to the printed
circuit board surface is to apply the material in liquid

10 form, and then, either allow it to dry of partially cure
the material to form a semi-~stable layer.

There are a number of advantages to applying a
ph&toimaggable layer to a printed circuit board as a dry
film rather than as a liquid. In particular, dry films

15 are free of organic solvent and therefore eliminate this
hazard from the workplace and eliminate the need for
apparatus to protect the immediate work environment and
the more general environment from organic solvent
emissions.

20 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. The cover sheet may be formed of

25 polyester material, such as polyethylene terephthalate
(PET), such as that sold as MELINEXS.

To protect the photoimageable layer and to enable
the dry film to be rolled, it is conventional for the
exposed surface of the photoimageable layer to be

30 covered with a removable protective sheet, e.g., a sheet
of polyethylene. An example of such a dry film is sold
as LAMINAR DM® by Morton International, Inc., the
assignee of the present invention.
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mask, typically formed froma |ayer of photoi mageabl e conposition, is
applled to one or both surfaces of the 15 printed circuit board. The
phot oi mageabl e | ayer, conprised of a photoresist substance, is
exposed to actinic radiation which is patterned by neans of a

tenpl ate or artwork. Subsequent to such exposure, the phot oi mageabl e
| ayer is developed in an organic solvent 20  or aqueous solution which
washes away either exposed or unexposed portions of the |ayer

(dependi ng upon whet her
REPCACEMENT SHEET  The method of use of such prior ar# dry film is
- generally as follows. The protective polyethylene sheet
is removed from the photoimageable composition layer
immediately prior to application of the dry film to the
5 surface of the printed circuit board. This may be
accomplished, for example, using 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
10 photoimageable layér in direct contact with the board
surface. Using heat, vacuum and mechanical pressure,
the photoimageable layer is immediately laminated to the
surface of the board. '

The PET cover sheet remains overlying the

15 photoimageable layer, protecting the photoimageable
layer from exposure to oxygen and from handling damage.
'The cover sheet also permits a pattern, or tenmplate, to
be laid directly on top of the dry film for contact
printing, if contact printing is to be used (as is

20 usually preferred from the standpoint of obtaining
optimal image resolution). The dry film is exposed to
patterned actinic radiation through the PET cover sheet.

The PET cover sheet is then removed, permitting
access to the exposed photoimageable layer by developer.
25 Depending upon the composition of the photoxmageable
layer, the photoimageable layer is developed with
organic solvent, agueous developer, or semi-aqueous
developer. By semi-aqueous developer is meant herein a
developer which is about 90% or more by volume aqueous
30 solution with the balance being an organic solvent such
as 2-butoxy ethanol and other glycol ethers. The
photoimageable layer may either be poéitive acting, in
which case the exposed portions are removed by
developer, or negative acting, 1n which case the
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t he phbtoinageable material is positive acting or negative acting).

The portion of the |ayer which remains on the surface is then cured,
=~ h heat and/or W light, for exanple, to forma hard, pernanent

sol der 8 mask that is intended to protect the printed circuit for

the life of the board. One prior art nethod known in the art for
appl yi ng the layer of phot0|nageable_gonp05|t|on to the printed
circuit board surface is to apply the matertal in liquid 10 form and

t hen, either allom1|t to dry of partially cure - the material to forma

sem -'stabl e | aygp, gﬁ eP yortloEQeaﬁea%888vQ&”P d éefgﬂas a EO appl yi ng

a phot0|nage to a prin circu film
rat her than as @Wﬁt@umageawlpaﬂpweusaﬁordpyepa:nng1soldear@asksxatﬁ organi c

sol vent and therg E&v@ aeiage  Most photoﬁﬁ&éégbié086&ﬁ6%¥€&$ﬁ”f&i?éﬁm

elimnate the need fo apparatus to protect the i mmedi ate
envi r onment andreq“1rﬁ:ﬁ@mﬁDFérﬁeﬁBPéFqHﬁV r 5AnERYe$ PRRERE gERi BRI N ent
em ssions. 5 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.

Printed circuit_boards almost invariably have

10 uneven surfaceé in which circuitry traces are raised or
elevated over the surface of a board of electrically
non-conducting material. Circuitry traces may be the
‘residual portions of an etched metal layer or may be
built up from the board surface. It is desirable for a

15 solder mask, particularly one formed from a
photoimageable composition, to conform to the contours
of a circuit board surface. A conforming solder mask
which adequately covers both the board surface and the
upstanding traces minimizes the use of expensive

20 photoimageable composition.

Processes for applying conforming solder mask on a
surface having raised areas such as circuit traces on a
printed circuit board'are disclosed in U. S. Patent Nos.
4,889,790 Leo Roos et al. and 4,992,354 F. J. Axon et al.,
25 which patents are assigned to the.assignee of the
present invention. The disclosures thereof, by
reference, are incorporated herein.

The processes disclosed in these patents and
application involve applying a solder mask-forming
30 photoimageable composition layer to a printed circuit
board using a dry film in which an intermediate layer is
interposed between a support film or cover sheet and the
photoimageable layer. The intermediate layer of the dry
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20 :_ . Typically, a dry filmconprises a cover sheet of support

mat eri al - which is sonewhat flexible but which has sufficient rigi-dity
tQ provide structure.to a |ayer of phot oi mageabl e composition which
overlies one surface of the cover sheet. The cover sheet nmay be
formed of 25 pol yester .materi.al, such as polyethyl ene terephthal ate
'(PET) such as that sold as NELINEX[err] ~5- To protect the

photof mageabl e | ayer and to enabl e the dry filmto be rolled, it is
conventional for the exposed surface of the photoi mageable | ayer to

be 30 cover ecejigf R A sreqrae:\eableqypEn@tr@ﬁaauars_heeto €h@. phot6hesyeable  of
pol yet hyl ene. An exanpl e of such.

DM err] by Mort GPRRASEYIAN JRyer Fﬁ@n tPhégg °°Vera§§F§ﬁeeagioyh%gN%%sent

i nventi on. facilitating the removal of the cover sheet after the

photoimageable layer is applied to a printed circuit

5 board with the intermediate layer remaining on the
photoimageable cbmposition layer as a "top coat." The
top coat is of non-tacky material and can be placed in
contact with other surfaces, such as artwork for contact
printing. The top'céat also serves as an oxygen

10 barrier, allowing the photoimageable composition layer
to remain unexposed on the printed circuit board, after
cover sheet removal, for some length of time.

The use of dry film having the "intermediate layer"
or "top coat” make possible the processes described in
15 the aforementioned patents. In each case there is
~ provided a ccnformiﬁg step, e.g., conforming vacuum
lamination, after removal of the cover sheet. Because
the cover sheet is removed prior to the conforming step,
better conformance, particularly when applying thin
20 photoimageable composition layers onto boards with
closely spaced traces, is achieved. .Better resolution
is also achievable because the top coat may be directly
contacted with artwork for contact printing and because
the top coat is much thinner than a cover sheet or
25 support £ilm and is, therefore, much less a deterrent to
good resolution than a cover sheet.

To form a solder mask, the protective polyethylene
sheet is first peeled away from the dry film and the
exposed surface of the photoimageable composition layer

30 is applied to the surface of the printed circuit board.
Using heat, vacuum and mechanical pressure, the dry film
is laminated to the surface of the printed circuit
board, partially conforming the photoimageable. layer
thereto. Within about 60 seconds and before substantial
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- 3- , The nethod of use of such prior art dry filmis

generally as follows. The protective pol yethyl ene sheet

is renoved

fo om tthe phot oi nageabl e conposition |ayer i medi ately prior to
application of the dry filmto the 5 surface of the printed circuit
board. This may be acconpl i shed, for exanple, using autonated
appar at us whi ch peel s away and rolh§'up the protective sheet as

theMry filmis unrolled froma reel. The dry filmis

applied to the

surf.ace of the circuit board with the 10 photmmaggaa1r ayer_in direct
¥nft Xﬂch

contact with t¥RObRG PE the Hrimted ‘Bé’-‘ch’dthc?é’Prdv&

8fi cal

pressure, odd\er D} CiHERgRRE e dhiedy dfs thmd'lyatfellm ianrembeddi o t he

surface of the board.

whereupon the photoiﬁgaéggﬁéx@gﬁbos1 1onr?g9egs Xerlylng the
overlying top coat fuily conform to the contours of the

5 printed circuit board and substantially encapsulate the
traces. The photoimageable composition layer is then

exposed to patterned actinic radiation through the top

coat. A developer is used to remove either exposed or

non-exposed portions'of the photoimageable composition

10 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.

15 In U. S. Patent Nos. 4,946,524 granted August 7,
1990 to Robert C. Stumpf et al., the disclosure of which
patent, by reference, is incorporated herein, there is

disclosed an applicator and process for applying dry

film solder mask material to the surface of a printed
20 circuit board allowing, at the same time, handling of
the board with the applied film, the draw-off of the air

enclosed between the film and the board,

and the removal

of the cover sheet. The draw-off of air enclosed

between the dry film and the surface of the printed

25 circuit board is facilitated when, before vacuun

lamination, the surface of the board is covered with a
loose sheet of film. To that end the applicator of
patent 4,946,524 is operative to tack the dry film to a
board at the leading and trailing edges with the

30 intermediate portion of the film loosely applied
thereto. The film is tacked to the board as a discrete
cut sheet within the confines of the perimeter of the

surface of the board. For convenience, a printed

circuit board having such loose application of a dry
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15 phot oi mageabl e |'ayer, protecting the photoi mageabl e | ayer from
exposure to oxygen and from handl i ng damage. The cover sheet al so
permts a pattern, or tenplate, to be laid directly on top of the dry
filmfor contact printing, if contact printing is to be used (as is
20 usually preferred fromthe standpoint of obtaining opti mal i mage
resolution). The dry filmis exposed to 7. patterned actinic radiation

t hreugh the PET cover sheet. The PET cover sheet is then
renmpved, pern1tt|ng access to the exposed phot oi mageabl e | ayer by
deveél oper . %‘Eb Ui RRreaeROSirt bQBfQEeEhShEP@bQI gageabl e

| ayer,. the phot0|nagea e layer is devel oped w organi c sol vent,
aqueous devel oafexgeddifl Ak ReGHI PrElaEéVéFGﬁer By seni-aqueous

devel oper is neant herein a devel oper which is about 90% or nore by
vol une aqueous 30 Imsawdapending eppligpiion beprrdnanSeriahi ¥osol vent

such %dﬁﬂéﬁ?@’ eéﬂ%@'lna'l@aqtyh% auyask ©,hepe1,ThHRere is
phot0|nageable ayer e|t er fp05|t|ve acting,

exposed po?ti orfst anﬂe@@P&ﬁéF“sthﬁégéfl$8n£hFFﬂb

whi ch case theantomatlcally operative in an in-line system for

Cfse t he

applying under heat, vacuum and mechanical pressure a
photoresist-forming layer to prihted circuit boards that
already have been prelaminated by the loose application
10 thereto of dry film as discrete cut sheets within the
confines of the surface of the boards whereby a laminate
without entrapped air bubbles and closely conforming to
the surface contours such as circuit traces of the
printed circuit board is cobtained. Featured is a
15 two-part conveyorized vacuum applicator comprising as
one part two input conveyors in end-to-end relation and
as the other part a belt conveyor and vacuum laminator.
The belt conveyor is characterized in its use of an
endless belt having an aperture therein through which,
20 in the vacuum laminating condition of the applicator,
the movable lower platen of the vacuum. laminator 'is
movable upwards into sealing contact with the upper
platen of the laminator, with the printed circuit board
to be laminated and a portion of the upper run of the
25 endless belt contained within the vacuum chamber of the
laminator.

The results of the processes and apparatus
descrlbed above have been most encouraging. Difficulty
has been encountered, however, in adapting these

30 processes and apparatus for continuous automatic
operation in an in-line system. This is particularly
true with respect to the utilization of an apparatus or
machine in such an in-line process for automatic cover
sheet removal from the laminated boards.
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unexposed portions are renoved by devel oper. Most phot oi mageabl e
| ayers for
pbat oi mageabl e conposition |ayers require some cure subsequent to

“devel offtrent to render 5 the |l ayer hard and permanent so as to serve as a

sol ‘der

preparing sol der masks are negative acting. Most

mask. Dependi ng upon the conposition of the phot oi mageabl e

Iaygri curing may be effected with heat -8= and/or UV |light.

-

10

15

20

25

30

In addition to a need for improvement in the cover
sheet removal procesé and apparatus, there is a need for
improved separation between polyester and the
photoresist, improved removal action to minimize the
possibility of damage to the laminated board, and
improved waste polyester treatment.

SUMMARY OF THE INVENTION

An object of the invention is to provide an
improved method of and apparatus for the removal of the
polyester cover sheets from dry-film laminated boards. .

Another object of the invention is to provide an
improved automatic apparatus having utility in the
removal of the cover sheet of a dry-film from one or
both sides of a laminated board simultaneously.

A further object of the invention is to provide
such an automatic apparatus which is operative to effect
facile and efficient removal of the cover sheet of a
dry-film from one side, or both sides of a laminated
board simultaneously, without causing damage to the
board.

Another object of the invention is to provide a
method of removing the cover sheet from a dry film
laminated on a board comprising the steps of:

(a) moving a knurling device relatively to the
board along and in contact with an edge of the dry film
while pressing on the knurling device,

(b) at the same time blowing a first stream of air,
in following relation to the knurling device, against
the edge of the dry film to separate in this area a
portion of the cover sheet from the dry film, and
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Printed circuit boards al nost invariably have 10 uneven surfaces in which

circuitry traces are raised or el evated over the surface of a board of
~e|ectrically non-conducting material. Circuitry traces nay be the

resi duat portions of an etched netal |ayer or nmay be built up fromthe

board surface. It is desirable for a 15 solder mask, particularly one

forqed froma phot oi mrageabl e conpos+®+on, to conformto the contours

of a~tircuit board surface. A conform ng sol der mask whi ch adequately

covers both the board surface and the - upstandi ng traces mnimzes the

use df expensive 20 (cphovovengaabthecbapddi t on.sucking roll whishesses for
appl yi ng conforqbgg %BEGEEnHHEﬁeOQuﬁface ofSUﬁéaG@aH@”éEEkEé“éﬁ“&d%&&%ﬁ such

as circuit traces ted circult board are disclosed in U S.
Pat ent Nos. WheEeBXQt?QOSEéé FﬁBSrthﬁft BRFt om0 2 kready SEPatafdet

al., 25 \AQihchépah?nh&ear Qhﬁ&ébﬁneﬂghothbedﬁﬁsfﬂms% Dd édeked by tp'feasegt
I nvent | on. e | scl,osures.t hereo . ererence | hcorporate
her ei n. 3 Sucgl?ﬁe:Biécéggeglﬁps¥?8§éﬁu?% fﬂé%éh?ﬁu%#nEP%UﬁPék

roll the cover sheet is removed in its entirety from the
dry £ilm.

Still another object of the invention is to provide
an improved apparatﬁs for removing the cover sheet from
10 a dry film laminated on a board, such apparatus
comprising, in combination:

a knurling wheel,
a first air blowing injector,

means for moving the knurling wheel, while pressing
15 thereon, along the edge of said dry film, and at the
same time actuating the first air blowing injector to
blow a first stream of air in following relation to the
knurling wheel against the edge of said dry film to
: separate in this area a portion of the cover sheet from
20  the dry film, |

a suckin§ toll. and

means for conveying the board to the sucking roll
which upon touching the surface of the board starts to
rotate whereby the cover sheet portion already
25 separated in an area thereof froﬁ the dry £ilm is sucked
by the sucking roll and with continued rotation of the
sucking roll the cover sheet is removed in its entirety
from the dry film.

In accomplishing these and other objectives of the
30 invention, there is provided an automatic polyester
cover sheet removal apparatus that is characterized by
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application involve applying a sol der mask-form ng 30 phot oi mageabl e
conposition layer to a printed circuit board using a dry filmin

whi ch an internediate |ayer is i nt erposed between a support filmor
cover sheet and the phot oi mageabl e | ayer. The internedi ate | ayer of
the dry filmis selectively nore adherent to the
phot0|nageable conposition |ayer tharlbe the cover sheet, allow ng or
facititating the removal of the cover sheet after the

-

the provision of a unique combination of a knurling
wheel action and an air blowing injector means which
cooperate in a'single stroke to separate an edge of the
cover sheet from the laminated board. Air blowing

5 injectors located close to the knurling unit, one on
either side thereof, are actuated by a programmable
logic controller (PLC) one at a time. The air blowing
injector which works during the stroke or travel of the
knurling unit is the ohe "following" the knurling unit

10 in the direction of travel.

The edge of the cover sheet separated, in the
manner described, from the laminated board is now sucked
by a sucking roll and conveyed by a system of driving
belts to an expulsion system. A second air blowing

15 injector (weaker than the air blowing injectors
associated with the knurling unit) is arranged to help,
that is, reinforce, the'sucking action by pressing the
separated portion of the cover sheet against the sucking
roll,

20 When the cover sheet is completely out from the
driving belts, it is in rolled up form in a tunnel of
the expulsion system. Air circulating under pressure in
this tunnel is supplied by the blower that is used for
the air exhaust in the sucking rolls. The strength of

25 this circulating air or "wind” is sufficient to force
the rolled up cover sheet into a waste box, out of the
sheet cover removal apparatus.

A check system located in the driving belts system
recognizes if one or both cover sheets have not been
30 removed from each of the successive boards. In such
event the PLC operates to reject the board by a
pneumatic system that is provided on an output driven
roller. ™
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phot oi mageabl e layer is applied to a-printed circuit 5 board with the

I pternmedi ate | ayer renmai ning on the phot oi mageabl e conposition | ayer
as¥a "top coat." The top coat is of non-tacky material and can be

pl aced in contact with other surfaces, such as artwork for contact
printing. The top coat al so serves as an oxygen 10 barrier, allow ng the
photglnageable conposition |ayer t o T¥dmai n unexposed on the printed
circui't board, after cover sheet renoval, for sone length of tine.
The use of dry filmhaving the "internediate Ia er" or "tog coat”
make possible the pré@@% g fsadynes of n°WﬁétXfUPéﬁBnFPBHEG BEL &Rt s.

I n each case. t hetlee i tnvent ioprarsd Qﬁirﬁe@of&ﬁr Rk G @h@ﬁacewru?omﬁoemng
vacuum Ian&ﬁa{% aft troem)\é[a of .the cover geg’l Because

the cover sheet T& FEhOVYE I 5i° 5% HOTRGEL AnPRE ts P bet t er
conf or mance, par3pecdfidatigren Hud i e tithein uﬁﬂersplanﬂdmgagéabhe
conpositiongl aye 0 -

achi eved. tterfévéﬁgiﬁﬁ)Eyég;dﬁéﬂltl %6 ag%%§9%§ Bﬁg %ég%?ﬁeo#gect at
may be directly attainebmaditad use,h raferencel ds madeato phenting and
because NG dGRaiRANd SrARSE AR EebR1p? 168" BatEBEC nknich

preferred embodlments of the invention are illustrated.

BRIEF DESCRIPTION OF THE DRAWINGS

- 10 ' Wzth thls description of the invention, a detailed
' deecr1ption follows with reference being made to the
_accompan&ing figures of drawing which form part of the
specification in which like parts are designated by the
same reference numbers and.of'which:

15 Fig. 1 is a'perspective view of the apparatus,
according to the invention, for cover sheet removal
from laminated boards: '

Fig. 2. is a fragmented perspective view on a
larger scale illustrating an input conveyor system for
15 feeding laminated boards one at a time into the
apparatus and aligning each of them, in turn, against a
horizontal barrier;

Fig. 2A illustrates an adjustable nut for effecting
vertical adjustment of the barrier in Fig. 2;

20 Fig. 3 is a perspective view illustrating a
gripping system for the laminated boards and a knurling
unit that is driven by a pneumatic cylinder from one
side of the apparatus to the other on the horizontal
axis of the apparatus;

25 Fig. 4 is a view illustrating the knurling unit and
air blowing injectors which cooperate therewith to
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25 support filmand is, therefore, nuch less a deterrent to good

resolutlon than a cover sheef.'- ' To form a sol der mask, the
protectlve pol yet hyl ene sheet is first peeled away fromthe dry film
and the ~ exposed surface of the photoi mnageabl e conposition |ayer 30
is\applied to the surface of the printed circuit board. Usi ng heat,
vactiumr and nechani cal pressure, the dry filmp- is lamnated to the
surface of the printed circuit board, partially conform ng the
phot ai mageabl e | ayer thereto. Wthin about 60 seconds and before
subst anti al separate an inner or leading edge of the polyester cover
REPLACEMENT SHEETheet of a laminated board from the Shot01mageable layer
thereon:;

Fig. 5 and 6 show that the air blowing injector
5 which works during the knurling travel is that which
follows the wheels Of th¢'knurling unit in the travel

direction;

Fig. 7 and 8 $h6w“hbw the cover sheet of the
' laminated board, already separated in the leading edge
10 . thereof frdm the board, is sucked by sucking rolls and
cbnveyed to a driving belts system;

Fig. 9 is a.perspective view of the apparatus,
similar to Fig. 1 but on a smaller scale, illustrating
the air blowing and exhaust system;

15 . Pig. 10 is a fragmented cross sectional view taken
on the lines 10-10 of Fig. 9 illustrating the driving
belts system and the expulsion system for the waste
polyester cover sheets; and

Fig. 11 is a perspective view of the cover sheet
20 removal apparatus as seen from the rear or back side
thereof.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to the drawings, the apparatus or more

precisely, machine, for effecting the automatic removal

25 of cover sheets from laminated boards, according to the
invention, is designated by the reference numeral 2.
The apparatus 2, as shown in Figs. 1-3, includes a
‘conveyor means 4 for moving each of a succession of
laminated boards 6, from the top and bottom surfaces

30 respectively associated cover sheets 8 and 10 are to be
removed, one by one toward and away from the apparatus
2. The conveyor means 4 comprises input driven rollers
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cooling of the printed circuit board and dry film has occurred, the
“cover sheet of the dry filmis renoved, wher eupon t he phot oi mageabl e
conposition |ayer and overlying top coat fully conformto the contours
of the 5 printed circuit board and substantially encapsul ate the

traces. The phot oi mageabl e conposition |ayer is then exposed to

paty erned actinic radiation through the tOps_ coat. A devel oper is used
to re&nove either exposed or non- exposed portions of the photoi mageabl e
conposition 10 | ayer, |eaving the remaining portion of the |ayer

| am nated t0 theaCkhgyl hrBOREEatePSRAKE dN rdde or idiiY iAe &t the

phot oi mageabl e conposition Ia%er remai ning on the circuit board are
cured, e.g., wi RRParatugeld;and PRiPyly dyhpen rablers 14 that gres paient

Nos. 4,946,524 goaated SHUURé &xit or ouPv: toidwbeHdrdof Stunpf et al., the
di scl osure of which patent, by reference, is incorporated herein,

there is di scl g38deaBh@PPALERE O&d A6k FAHCE SPrd Hommll gy Ng dry
filmsolder mask material to the surface of a prjnted 20 C|rc%1gdg%§rd

al l owing, & thé2BiRtednElthafgyi fylnfon both sides with each o
dry films having a cover thereon requiring removal, the

apparatus 2 is constructed symmetrically with respect to
the axis of conveyance of the conveyor means 4. For the
sake of brevity of illustration, the description herein

10 is largely confined to the upper half portion of the
structure of the apparatus 2, as shown in the drawings,
although specific reference’is also'made sometimes to
the lower half portion. '

The apparatus 2 further includes an elongated

15 settable front edge register 16 (referred to hereinafter
as a "barrier”), and a board gripping system 18.
Additionally, the apparatus 2 includes a knurling device
or unit 20, a pair of elongated sﬁcking or suction ,
rollers 22 and 24, a pair of driving belt systems 26 and

20 28, a pair of expulsion systems 30 and 32, and a base
frame 34 containing an electrical cabinet and actuators
including an air exhaust unit or blower described
hereinafter.

As illustrated in Fig. 11, the apparatus 2 further

25 includes a laminated board rejection system 36. The
rejection system 36 is situated in cooperative relation
with the ocutput driven rollers 14, operating
transversely of the latter to reject boards from which
the cover sheets have not been removed. 1In Fig. 1l the

30 belt systems 26 and 28 and the expulsion systems 30 and
32 are shown in further detail with a laminated board 6,
from which the cover sheets, that is, a top sheet 8 and
a bottom sheet 10, had been removed, exiting the
apparatus 2 on the output driven rollers 14.
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the board,with the applied film the drawoff of the air encl osed

between the filmand the board, and the renoval ~of the cover sheet.
The drawof f of air encl osed between the dry filmand the surface of
the printed 25 circuit board is facilitated when, before vacuum

| am nation, the surface of the board is caovered wth a | oose sheet of
fi km To that end the applicator of patent 4,946,524 is operative to
t ack™ he dry filmto a board at the leading and trailing edges with

t he 30 i ntermedi ate portion of the filmloosely applied t hereto.

The filmis tacked tors hthd opetaadon dfsahet apparatueun sasetshzwhhm the
confines of the eri ter'Pf th%ﬁﬁ ggrfa g oard. g
conveni ence, a priftetr 2 12BIR3RAG P35 ﬁcﬁ°?oﬁ§@ BhFPRat i on of

adry - surfaces of which cover sheets 8 and 10, respectively,

REPLACENENT SHERre to be removed, is conveyed into the apparatus 2 by

5 the input driven rollers 12 at an adjustable speed of,
for example, 1-3 meters per minute (mt/min). 1In one
embodiment of the invention, the dimensions of the
laminated board 6 should be within a range of 0.1-5 mm

thick and 200 x 200 mm - 650 x 650 mm length and width.

10 " The laminated board 6 is moved into engagement with
_and stopped at the barrier 16. Due, however, to
continued rotation of the input driven rollers 14, the
'leading edge of the board 6 is moved into alignment with
the horizontal axis, indicated at 38-38, of the.

15 apparatus 2. The vertical axis of the apparatus 2,
indicated at 40-40, is positioned shbstantially
perpendicularly to the horizontal axis 38-38.

The barrier 16 is manually adjustable vertically on

the vertical axis 40-40, as indicated by the arrow 41

20 in Fig. 2, by a nut 42 shown in Fig. 2A for a maximum
travel of 10 mm in one (1) mm steps. The purpose of
providing the vertical adjustment of the barrier 16 is
to allow the laminated board 6 to stop with the front or
leading edge of the dry film thereon in pdsition with or

'25 adjacent to the wheels 50 of the knurling unit 20. The
dry film can be ;aminated on the board starting from the
beginning of the leading edge of the board (front edge -
0 mm) or spaced from that edge to a maximum of 10 mm
(front edge - 10 mm).

30 After being aligned with the horizontal axis 38-38
of the apparatus 2, the laminated board 6 is gripped by
upper movement of member 19 of the board gripping system
18, as indicated by the arrow 43, and held in the
aligned positioﬁ—-umhazgupon gggwbgrrier 16 is actuated
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-f+1 m sheet to the surface or surfaces thereof is referred to as being

~"prel am nated. " I n ny copending application bearing Serial No.
A000610, filed in Italy on August 9, 1991, there is 5 di scl osed a net hod
of and apparatus that is continuously automatically operative in an -
in-line systemfor appl yi ng under heat, vacuum and nechani cal pressure

a'swe. photoresist-formng |ayer to prlnteﬂbserU|t boar ds t hat
al ready have been prelam nated by the | oose application 10 thereto of dry
filmas discrete cut sheets within the confines of the surface of the

boards whereby acwawa®alg as sesht DAUFignt3 agppddimd tcdnmbles thed aglrosel y
confor g, Lo ag,ai" VCARECRERNLENG o Elp ARy P Uhadd PR 11
vacuum appl i cat ¢hroogpr wbiigh &be knurlime wait 2Qucamphe Qﬂﬁﬂﬁnﬁﬂ§9ﬁﬁ1
end-to-end rel ath@N,@Q43q 6 transversely thereof and of the apparatus 2.

5 The knurling unit 20 is then driven by an actuator, for
example, a pneumatic cylinder means (not shown), and
caused to travel, as indicated by the arrow 47, from one
side of the apparatus 2 to the other, on the horizontal
axis 38-38. Movement of the knurling unit 20 in the

10 other direction is indicated by the arrow 49. During
the travel thereof in either direction the knurling unit
20 engages, that is, touches undér suitable pressure
both sides (upper and iower) of the leading edge of the
board 6 on the first 2-3 mm thereof, making on each side

15 thereof an elongated etching which separates the
respectively associated leading edge of the cover sheets
8 and 10 from the upper and lower surfaces,
respectively, of the board 6.

At the same time, as illustrated in Fig. 4, an air
20 blowing injector 46 that is located close to and in
following relation.to knurling wheels 50 of the knurling
wheel 20 is operative, definitively, by means of blowing
a first stream of air thereagainst to pull up the
leading edge 9 of the cover sheet 8 from the upper
25 surface of the board 6 in the first 20-30 mm thereof.
In the execution of this operation the action of the
knurling wheels 50 and of the air blowing injector 46
work together in a single stroke transversely of the
board 6.

30 The wheels 50 of the knurling unit 20 are pressed
against the laminated board 6 by a spring 52. Thus,
adjustment of the pressure of the wheels 50 is not
necessary to compensate for variations in the thickness
of the boards 6 from whlch the cover sheet 8 and 10 are

35 removed. e
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as the other part a belt conveyor and vacuum | am nat or. The bel t
conveyor is characterized in its use of an endl ess belt having an
aperture therein through which, 20 in the vacuum | am nating condition of
t he applicator, t he novabl e | ower platen of the vacuum |l am nator is
novabl e upwards into sealing contact with the upper pl aten of the

| attiv@d=0r, With the printed circuit board =1~ to be laminated and a
portion of the upper run of the 25 endl ess bel t contained wi thin the

vacuum chanber of th m_nat or, syhta f fh
procésses and appar at U8 air giﬂﬁﬁﬂ% 8@95566§é4ﬁav85b8 W Hb gbu%ag?%g
Dfficulty alsxs hemgm.(:(ijraxﬂ &d, isodeecated onadhpt kngrﬂ.hageuﬁbt
processes and apparalus %Qiﬁtfd“éou%na%%”%%% of, :heoﬁﬁﬁéiiﬁa hﬂeé‘fa

in-l1ine system This s partlcu
utilization of atPappfarsimistas air blqwﬁﬂg ﬁ@]ﬁﬁt§ﬁcﬁsah5|AOFPﬁedpﬁbEEQS for

automatic c®ver to the HHAL iR Male 00Maliae lapoeakd BBardsé, on the
other side thereof. The air blowing injectors 46 and 48
are activated by a PLC (not shown) one at a time
depending upon the direction of travel of the knurling
unit 20. The air blowing injector 46 or 48 which works,

10 that is, is activated, during the travel of the knurling

unit 20 is that which "follows" the wheels 50 in the
travel direction, as indicated by the arrows 51 and 53
in Figs. 5 and 6. ‘

Air blowing injectors similar to the air blowing
15 injectors 46 and 48 are provided, as shown in Figs. 5
and 6, on the knurling unit 20 below the board 6 and are
similarly controlled by the PLC.

As shown in Fig. 7 and 8, after etching and.

separation of the leading edges of the cover sheets 8
20 and 10 has been effected by the described knurling and

air blowing injector action, the laminated board 6 is

released by the board gripping system 18 and driven by

the input driven rollers 12 to the sucking rollers 22

and 24. Upon contact with the board 6, the sucking
25 rolls 22 and 24 start to rotate in touch with it.

The leading edges of the cover sheets 8 and 10,
already released in the first 20-30 mm from the top and
bottom surfaces, respectively, of the board 6, are now '
sucked and peeled from the respectively associated dry

30 films by the sucking rolls 22 and 24, respectively,
specifically by the holes therein, and conveyed to a
respectively associated belts system 26 and 28. The
belt system 26 and 28, in turn, convey the respective
cover sheets 8 and 10 to an individually associated
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REPLACEMENT SHEET In addition to a need for inprovenent in

t he cover sheet renoval process and apparatus, there is a need for

i mproved separati on between pol yester and the phot or esi st, inproved

mreanaI action to mnimze the 5 possibility of damage to the | am nated
d, and i nproved waste pol yester treatnent. SUMVARY OF THE

INVEN&ICN An object of the invention is to provide an _

i mproved net hod of and apparatus for the .renoval of the 10 pol yest er

cover sheets fro&?&y;{&}xn}&g{gﬂ%@dmp&)agﬂs. Second air blowing
injectors 54 and 56'(which are weaker than the air
blowing injectors 46 and 48) located behind the sucking
rolls 22 and 24, respectively, help the sucking action
5 by pressing the released edge of each of the cover
sheets 8 and 10 onto the respective sucking roll 22 and
24 associated therewith. '

The driving belt system 26 assoclated w1th the
sucking roll 22 includes an elongated 1dler roll 60
10 having a smaller diameter and spaced upwardly from the
axis 62 of the sucking roll 22 on an axis 64 parallel
therewith, as best seen in Figs. 9 and 10. A plurality
of spaced endless bands or belts 66 of suitable flexible
material in a suitably taut condition are wrapped around
‘15 the sucking roll 22 and the idler roll 60.

In addition, the driving belt system 22 includes a
pair of elongated spaced :dler rolls 68 and 70 each of
which has the same diameter as that of the idler roll €0
and the axes 72 and 74, respectively, of which are

20 parallel to the axis 62 of the sucking roll 22 and the
axis 64 of the idler roll 60, with the axes of the idler
roll 60 and the sucking roll 22 and the axes of the
idler rolls 68 and 70 each being parallel to the
‘horizontal axis 38-38 of the apparatus 2. A plurality

25 of spaced endless bands or belts 76 of suitable flexible
material in a suitébly taut condition are wrapped around
the idler rolls 68 and 70.

The spacing of the axes 62 and 72 of the sucking
roll 22 and the idler roll 68 and of the axes 64 and 74
30 of the idler rolls 60 and 70 is such, as best seen in
Fig. 10, that adjacent runs 78 and.ﬁg of the pluralities
of belts 66 and 76 are parallel and sufficiently close,
without touching, to receive and convey the separated
cover sheet 8 from the sucking roll 22 to the expulsion
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Anot her object of the invention is to provide an | nproved automatic

apparatus ‘having utility in the renoval of the cover sheet of a
dry-filmfromone or bot h .sides of a | am nated board sinmultaneously.
“pe====.. A further object of the invention is to provide such an
automati c apparatus which is operative to effect facile and efficient
removal of the cover sheet of a: dry-tklmfromone side, or both sides
of a | am nated board si nmul t aneously, "W t hout causi ng danage to the 20
boar d. . Anot her object of the invention is to provide a

met hod of re”DVEQQt%RP3@°Veﬁpéh8§EeEE98hao€rYoéééﬂ%n of tﬂé”%dﬁ%f%k;J” a

board conprising-the a) noving a knurlin Vi ce
relatively to t k@l3522 Béaﬁ&cﬁléﬁgtanéeﬁﬁ EBﬁt%EPavwﬁ?@eﬁpiﬂﬁﬁﬁ efvRenr v

film whi | enr %&k@gl‘ﬁﬂe&hafkﬁﬂﬂ.tbnGGdSMdC‘% and to cause (fHeat the
same time blomnqgt% fl%%tdeiaggg]gﬁe separated sheet 8 to the expulsion

5 system 30,

When completely out from the cover sheet driving
belt system 26, the cover sheet 8 is situated in a
tunnel 58 associated with the expulsion system 30,
having been inserted therein through an elongated slot
10 59 in tunnel 58. Although not shown, the cover sheet 10
from the other side of the board 6 is similarly situated
in a tunnel 82 associated with the expulsion system 32.

In the tunnel 58 of the expulsion system 30, and

the tunnel 83, also, of the expulsion system 32, air is

15 circulated under pressure from a blower 80, as shown in
Fig. 9, which blower is used also for the air exhausted
in the sucking rolls 22 and 24. Such circulating air or
wind is under sufficient pressure that the cover sheets
8 and 10 are forced out of the respectively associated

20 tunnels 58 and 82 into appropriate waste box means (not
shown) .

A check system 86 suitably located and mounted in
the belts system 30, as shown in Fig. 10, recognizes,
that is, senses whether or not the cover sheet 8 has

25 been removed from the laminated board 6 and provides an
appropriate electrical signal to a PLC (not shown. A
similar check systém {not shown) is provided in
association with the belts system 28 for sensing if the
cover sheet 10 has been removed. . '

30 cOnsequently, if one or both of the cover sheets 8
and 10 have not been removed, the PLC operates, as
illustrated by the arrow 86 in Fig. 11, to reject such
board 6 by actuatlng a pneumatlc system indicated at 90.
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in followng relation to the knurling device, against t he edge of the
dry filmto separate in this area a 30 portion of the cover sheet from

the dry film and -9-
Fer=etreeyi ng the board-to a sucking roll which upon touching the
surface of the board starts to rotate whereby the said cover sheet
portion, already separated I n an areaidghereof fromthe dry film s

sucked by the 5 sucking roll and with continued rotation of the sucking
roll the cover sheet is renoved in its entirety fromthe
i : Thus, in accordance with the invention, there has

been provided an 1mproved method of and apparatus for
the automatic removal of a dry film from one or both
sides of a laminated board simultaneously. The

5 invention features a unique cover sheet removal
technique that involves no touching by the human hand
and causes no damage to the laminated boards from which
the cover sheets are removed.

The cover sheet removal method and apparatus of the
10 invention comprise an important component in the total
arrangement of an automatic continuous f£low of material
in in-line processing of dry solder mask film and other
films requiring vacuum lamination and cover sheet
removal during processing. '

15 The invention provides the means to automate the
cover sheet removal process as an in-line systenm.

With this description of the invention in detail,
those skilled in the art will appreciate that
modifications may be made in the invention without

20 departing from the spirit thereof. Therefore, it is not
intended that the scope of the invention be limited to
the specific embodiments illustrated and described. _
Rather, it is intended that the scope of the invention
be determined by the scope of the appended claims.
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dry film Still another object of the invention is to provide
an i nproved apparatus for renoving the cover sheet from 10 adry film

| am nat ed. on a board, such apparatus conprising, in conbination:

a knurlipg wheel, a first air blowi ng injector,

means for noving the knurling wheel, mhlle_pr%55|ng 15 t hereon, along the
edge of said dry film and at the sane tlne actuating the flrst air

bl owi'ng injector to blow a first streamof air in followng relation
t ot he knurling wheel against the edge of said dry filmto '
“separate in thiéﬂéﬂagih portion of the cover sheet from 20 the dry film

a sucking roll, and nmeans for conveying the board to the

sucking roll 1. A method of removing a cover sheet (8, 10) from

a dry film laminated on a board (6) comprising the steps
of:

(2) moving a knurling device (20) relatively to the
board along and in contact with an edge of said dry film,

(b) at the same time blowing a first stream of air,
in following relation to said knurling device, against said
edge of said dry film to separate in this area a portion
(9) of the cover sheet from the dry film, and

(c) conveying the board to a sucking roll (22, 24)
which upon touching the surface of the board starts to
rotate whereby the said cover sheet portion (9), already
separated in an area thereof from the dry film, is sucked
and peeled from the dry film by the sucking roll and with
continued rotation of the sucking roll is removed in its
entirety from the dry film.

2. A method as claimed in claim 1 wherein the dry
film laminated board (6) is rectangular in shape,

wherein in step (a) the knurling device (20) is in
contact with an edge of said dry film in the first 2-3 mm
thereof,

wherein the step (b) of blowing a stream of air in
following relation to said knurling means, against said edge
of said dry film in this area, pulls up the cover sheet in
the first 20-30 mm, and

wherein in step (c) the sucking action of -said
sucking roll (22, 24) is reinforced by the “injection of a

g
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whi ch upon touching the surface of the board starts to rot at e wher eby

the cover sheet portion already 25 separated in an area thereof fromthe
dry filmis sucked by the sucking roll and with continued rotation of
t he .« sucking roll the cover sheet is renpved in its entirety

fromthe dry film I'n acconplisfj ng these and other objectives
of the 30 I nvention, there is provided an autonmatic pol yester

cover sheet renoval apparatus that is characterized by

- 10-

second stream of air by pressing the separated portion of
the cover sheet onto the sucking roll, said second stream
of air being weaker than said first stream of air.

3. A method aé claimed in claim 1 or claim 2,
including the further stepé

(d) utilizing said sucking roll (22, 24) to convey
the separated cover sheet (8, 10) to a cover sheet

expulsion system (30, 32).

4. A method according to claim 3 wherein the board
(6) is a rectangular board.having a leading edge with the
leading edge of the dry film starting from the leading edge
of the board or within a range of a few millimeters (mm)
therefrom said method comprising the steps of:

(a) conveying the buard in the direction of a first
axis to cause the leading edge thereof to engage a barrier
(16) that is positioned in the path thereof on a second
axis that is substantially perpendicular to the first axis,

(b) aligning the leading edge of the board and the

barrier (16),

(¢) gripping the board to hold it in position
aligned with the barrier,

(d) moving the barrier out of the path in which the

board is being conveyed,

(e) etching the leading edge (9) of the cover sheet
(8, 10) on the first few mm thereof by moving said knurling
device (20) in éngagement with the dry film from one side
of the board to the other on said second axis and at the
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t he provision of a unique conbination of a knurling wheel . action and

an air blow ng injector nmeans which cooperate in a single stroke to
separate an edge of the cover sheet fromthe | am nated board. Air
blowing,5 ~ injectors located close to the knurling unit, one on

ei ther” Si de thereof, are actuated by a progs @rebl e Iogic controller
(PLC) one at a time. The air bl ow ng I nj ector mhich wor ks during the
stroke or travel of the knurling unit is the one "follow ng" the

krurLing unit 1oseFakEté&ecgbé§C$ﬁéEh(fréﬁf%H3 board in a lar%@% gdgg of the
. ~tover sheet separate in th manner described, fromthe | am nated

board is nom/sucﬁgﬁreof' by a sucking roll and conveyed by a system of
driving belts to an expul sion system A second air blowi ng 15

i njector (weaker than tgg alrlb QW n thnjgctors associated with the
knurling unit) is arranddd £§REPFNI the BOands i s reinforce, the sucking
action by pressing the separated portion of the cover sheet agai nst

the sucking roll. (g) conveying the board to the sucking roll (22,
24) to separate the cover sheet, and

(h) utilizing a belts system (26, 28) which conveys
the separated cover sheet to the expulsion system (30, 32).

5. A method as claimed in claim 4 wherein in step
(h) the belts system (26, 28) is driven by the sucking roll
(22, 24), and

the expulsion system (30, 32) comprises a tunnel
(58) having an elongated siot (59) therein through which
the cover sheet (8, 10) is inserted and rolled up by the
belts system, and from which tunnel the cover sheet is
subsequently_ejected by a circulation of air in the tunnel
sufficient to blow the rolled up cover sheet therefrom and
into a waste box.

6. A method as claimed in claim 4 or claim 5
further including following step (h) the step:

(j) checking the belts system (26, 28) to determine
whether the cover sheet (8, 10) has been removed, and if
not, further including the step:

(k) rejecting the board (6).

7. A method as claimed in any preceding claim
wherein the board (6) has dry films and cover sheets (8,
10) on both sides thereof, e

A
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20 When the cover sheet is conpletely out fromthe driving
belts, it isinrolled up formin a tunnel of t he expul sion system
Air circulating under pressure in this tunnel is supplied by the

bl ower that is used for the air exhaust in the sucking rolls. The
strength of 25 this circulating air or “wand" is sufficient to force
the rolled up cover sheet into a waste box, out of the sheet cover
renoval appar at us. A check systemlocated in the driving belts
system recogni zes._ if one gr bgth cqver sheets have not been 30

' rPELb

“femoved from each of tFeP&FaLtEs Bdrdevices (¢4Qh being prpwided,dop c
operates to rejengagbetheatcvdly sheets ormpraichisidesyst ehet baardsand oanded

on-an out put drlﬂgfviduall§ogé§3ciated stream of air being arranged to
pull up each of the separated cover sheets,

and wherein the board is conveyed between first
and second sucking rolls (22, 24) each of which upon
touching the individually associated surface of the board
starts to rotate whereby each of the cover ‘sheets already
separated in an area thereof from the board is sucked by
the associated sucking roll.

8. Apparatus for removing a cover sheet (8, 10)
from a dry film laminated on a board (6), comprising, in
combination: '

a knurling device (20),
a first air blowing injector (46),

means for moving said knurling device while
pressing thereon, along the edge of said dry film, and at
the same time actuating said first air blowing injector
(46) to blow a first stream of air in following relation to
said knurling device against said edge of said dry film to
separate in this area a portion (9) of the cover sheet from

said dry film,
a sucking roll (22, 24), and

means (12) for conveying the board to said sucking
roll which upon touching the surface of the board starts to
rotate whereby the said cover sheet portion already
separated in an area thereof from said dry film is sucked
by the sucking roll and with continued rotation of the
“sucking roll the cover sheet is removed in its entifety

LT Ty




-11- The various features of novelty which characterize t he
invention are pointed out with particularity in the clains annexed to
d formng a part of the speci fication. For a better understanding of
e 5 ,nvention, its operating advantages and specific objects
attained by its use, reference is made to thgs _ acconpanyi ng draw ngs
and descriptive matter in which preferred enbodi nents of the invention
are illustrated. BRI EF DESCRI PTI ON OF THE DRAW NGS 10 Wth
this descrlptlon of the invention, a detailed description follows with
ref erence bei ng fF@Fe dx¥ £ilm.acconpanying figures of drawing which form
part of the specification in which like parts are designated by the

same reference numbers gpd égpQ%HéHE as claimed in claim 8, further
including a second air blowing injector (54, 56),
positioned to reinforce the sucking action of said sucking
roll by the injection of a second stream of air pressing
the separated pbrtion of the cover sheet onto the sucking
roll, said second stream of air being weaker than said

first stream of air.

10. Apparatus as claimed in claim 9, further
including

an expulsion system (30, 32) for the separated
cover sheet, and

means (26, 28) cooperating with and driven by said
sucking roll (22, 24) for conveying the separated cover
sheet to said expulsion system.

11. Apparatus according to claim 10 wherein said
means (26, 28) cooperating with the sucking roll (22, 24)
comprises a belts system and wherein said expulsion system
comprises a tunnel (58, 82) having an elongated slot (59)
therein through which the cover sheet (8, 10) is inserted
into said tunnel and rolled up therein by said belts
system, said apparatus further including means (80) to
produce a circulation of air therein of strength sufficient
to blow the rolled up cover sheet out of the tunnel for

handling as waste.

12. Apparatus as defined by claim 11 further

including,

checking means (86, 90) for checking the belts
system to determlne whether the cover sheet has been

nmi?’”ﬁ"/l/ﬂ’lillilld ’ . Hllllll mm llll! Mlll H Illl I
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15 Fig. 1 is a perspective view of the apparatus, according to
t he invention, for cover sheet renoval from | am nat ed boards:;

«&ig.~2. is a fragnmented perspective view on a | arger scale
iIIusFﬁg&ing an input conveyor systemfor 15 feeding | am nated boards one
at atime into the apparatus and allgnggg_each of them in turn,

agai nst, a hori zontal barrier; - Fig. 2Aillustrates an
adj ust abl e nut for effectlng vertical adj ustment of the barrier in
Fig. 2 20 Fig. 3 is a perspective viewillustrating a

gri ppi ng systemqamoﬁﬁﬁbﬂﬁﬁ% ¥BeedrBoL4®,and a knurling unit that is
driven by a pneumatic cylinder from one side of the apparatus to the

ot her on the horizontal axis of t I tu 5 F S
a viewillustrating thesﬁfﬁﬁq|?ﬁPYﬁ¥%n%thé%%P%lq gt tP%mﬁﬁétlﬁ?gc?grgéla
whi ch cooper at e apparatiush Bad

rejection means provided at the exit end of said
apparatus in cooperative relation with said second
conveying means to reject said board if said checking
means determines that the cover sheet has not been removed
from the dry film thereon.

13. Apparatus as claimed in any one of claims 8 to
12, said apparatus having a first axis (38-38) and a second
axis (40-40) disposed substantially perpendicular to said
first axis and having an entrance end and an exit end, and

further comprising:

barrier means (16) positioned along said second
axis (40-40), said barrier means having a first end and a
second end, said knurling device (20) being positioned
adjacent said first end of said barrier means and movable
through a path to a position adjacent said second end

thereof,

first conveying means (12) for conveying said

board (6) at the entrance end of said apparatus in the
direction of said first axis (38-38) into contact with and
stopping at said barrier means with said board positioned
in a plane containing said second axis, said conveying
means including means moving the leading edge of the board
into alignment with said barrier means and the leading edge
of the dry film in position with said knurling device,

means (18) operative upon alignment of the leading
end of the board with said barrier means to grip said board
and hold it against movement by said conveying means in the

R T L
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-12- separate an inner or |eading edge of the pol yester cover

sheet of a |l am nated board from'the photoi mageabl e | ayer t her eon;
Fig: 5 and 6 show that the air blowng injector 5 which works during the
‘wﬁﬁufk{ng_travel is that which foll ows the wheels.of the knurling unit
in the~travel direction; - 26 -

4

aligned position,

means operative when said board is held in the
aligned position to move said barrier means (16) out of the
path through which said knurling device is movable,

means moving said knurling device in pressure
contact with the leading edge of the dry film from one side
of said board to the other to etch it, and

means releasing said board for movement by said
first conveying means whereupon said conveying means
conveys said board to said- sucking roll.

14. Apparatus as claimed in any one of claims 8 to
13 wherein said knurling means comprises at least one
rotatable wheel arranged to be in pressure contact with the
dry film on the first 2-3 mm thereof. |
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Fig. 7 and 8 show how the cover sheet of thé | am nat ed board, already
separated in the | eadi ng edge 10 thereof fromthe board, is sucked by

suckiqg rolls and conveyed to a driving belts system Fi g.
9 )5 2%5%#spective vi ew of the apparat us, simlar to Fig. 1 but on a
I'l er scale, illustrating the air bl owypng_and exhaust system 15
‘Fig. . 10 is a fragnmented cross sectional view taken on the lines 10-10
of Fig. 9 illustrating the driving belts system and the expul sion
system for the waste pol yester cover sheets; and _ Fig. 11 is
a perspective vi 8RSFBRECGIe cover sheet 20 renoval apparatus as seen from
t he rear or back side t her eof . DESCRI PTI ON OF THE .PREFERRED

ol ,
EPEEFLZFDT machi ne, fong;FEEEﬁ gkiﬂgggﬁpé§§££§§§ga ;gBVéH‘§héEb ore
A method and apparatus for femoving the cover sheet
from a dry film laminated on a board (6) uses a combination
‘of the action of a knurling wheel (50) and an air blowing
injector (46) which work together in a single stroke to
separate the cover sheet from the edge (9)“of the dry film,
with which combination a sucking roll (22) is provided in
cooperative relation, and which, upon touching the surface
of the board, starts to rotate whereby the cover sheet,
already separated in an area thereof from the dry film, is
"sucked. and peeled from the dry film by the sucking roll and
with continued rotation of the sucking roll is removed in
its entirety from the drf £ilm.

(Figs. 3 and 4)
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25, of cover sheets from |l am nated boards, according to the

i nvention, is designated by the reference nuneral 2. The apparatus 2,
as shown in Figs. 1-3, includes a conveyor means 4 for noving each of
& successi.on of | am nat ed boards 6, fromthe top and bottom surfaces
30 respectively associ ated cover sheets 8 and 10 are to be renoved,
one by one toward and away from the apparatus 2. The conveyor neans 4
conprises input driven rollers
- 13- 12 that are |located on the entrance or input side of the
2
“\ 80 3
e el Y o
I A e e
20 O f 1D 3 0

| , Lt
38 '_‘"'i"*,’*'sf"é 66— U‘l ;“ \ B '1/4T

' _\
2L '/ (.)‘-“ ‘L\ 3

b— (\\'\s\ e
] — \ 18
, -l\h\ "
R £
‘ ~ s A
. N v
.y
K”%\\ j
T (L
\\\.\;tgr/;;//



dpparatus 2 and output driven rollers 14 that are | ocated on the exit
or output side thereof. Since the | am nated boards 6 are
normally 5 Jamnated with dry filmon both sides with each of such

dry filnms ‘having a cover thereon requiring renoval, the ‘apparatus 2 is
constructed symetrically with respect to the axis of conveyance of

t he conveyor neans 4. For the sake of brevity of illustration, the
description herein 10 is largely confined to the upper half portion of

t he structure of the apparatus 2, as shown in the draw ngs,

al t hough spetific reference is also nade sonetines to the | ower half
portion. The apparatus 2 further includes an el ongated 15
settable front edge register 16 (referred to hereinafter as a
"barrier"), and a board gripping system 18. Additionally, the
apparatus 2 includes a knurling device or unit 20, a pair of

el ongat ed sucki ng or suction rollers 22 and 24, a pair of driving
belt systenms 26 and 20 28, a pair of expulsion systens 30 and 32,:-and a
base frame 34 containing an electrical cabinet and actuators

T TTITALL

“ 50 Q A s | -
I it - = = T
H DA —— m
i T A
. ’ / .o [
6 \'l 0 42
s 1\ (
A 1\
2



tnel udi ng an air exhaust unit or bl ower described herei nafter.

As-illustrated in Fig. 11, the apparatus 2 further 25 I ncl udes a

lcam nat ed board rejection system 36. The rejection system36 is
Situated in cooperative-relation with the output driven rollers 14,
operating transversely of the latter to reject boards from which

the cover sheets have not been renoved. In Fig. 11 the 30 belt systens 26
and 28 and the expul sion systens 30 and 32 are shown in further

detail with a | am nated board 6, fromwhich the cover sheets, that

Is, a top sheet 8 and a bottom sheet 10, had been renoved, exiting

t he appar ajgis 2 : put driven rollers 14. :

12
FIG. 3
I e e
. g:s ‘265 66
68




=14- In the operation of the apparatus 2, as shown in Fig.
2; a lamnated board 6, fromthe top and bottom surfaces of which
¢over sheets-8 and 10, respectively, .are to be renoved, is conveyed
into the apparatus 2 by:5 the input driven rollers 12 at an adjustable
speed of, for exanple, 1-3 neters per mnute (nt/mn). In one

enbodi nent of the invention, the dinensions of the | am nat ed board 6
should be within a range of 0.1-5 nm thick and 200 x 200 mm - 650 X
650 mm |l ength and width. 10 The | am nated board 6 is noved into
engagenent wth and stopped at the barrier 16. Due, however, to
continued rotation of the input driven rollers 14, the | eadi ng edge of
the board 6 is noved into alignment with t he horizontal axis,

i ndi cated at 38-38, of the 15 apparatus 2. The vertical axis of the
apparatus 2, i ndi cated at 40-40, is positioned substantially

FIG. 4




per.pendicul arly to the horizontal axis 38-38. The barrier 16 is
mepual 'y adjustable vertically on the vertical axis 40-40, as

i ndj cated by the arrow 41 20, in Fig. 2, by a nut 42 showmn in Fig. 2A for
a maxi mum’ travel of° 10 mmin one (1) mm steps. The purpose of
providing the vertical adjustnent of the barrier 16 is to allow the

| am nat ed board 6 to stop with the front or | eadi ng edge of the dry
filmthereon in position with or 25 adj acent to the wheels 50 of the
knurling unit 20. The dry filmcan be | am nated on the board
starting fromthe begi nning of the |eading edge of the board (front
edge - 0O mm or spaced fromthat edge to a maxi nrum of 10 nm

(front edge - 10 my. 30 " After being aligned with the horizontal
axis 38-38 of the g the | am nated board 6 is gripped by
upper novenent of nenberl poard gri pping system 18, as

i ndi cated by the arrow 4§, 2T d\i n t he al i gned position

Ther eupon the barrier 16

) 54i.f 24@ +_;—)16 12
o000

16

FIG. 7




B : u .

-15- downwardly as seen in Fig. 3 and indicated by the arrow . 45
and thereby creating or clearing a space or path t hrough whi ch the
knurling unit 20 can be poved across the board 6 transversely thereof
and of the apparatus 2. 5 The knurling unit 20 is then driven by an
actuator, for exanpl e, a pneumatic cylinder neans (not shown), and .
caused to travel, as indicated by the arrow 47, Dr%nlone side of the-
apparatus 2 to the other, on the horizontal 6 a¥i s 38-38. Moyvenent of
the knurling,unit 20 in the 10 other direction is indicated by the arrow:
49. During the travel thereof in either direction the knurling unit




20 engages, that is, touches under suitable pressure bAt.h.. Side S ey
(upper “and | ower) of the |eading edge of the board 6 oh REPEACHEMENT SHEET
nm t her eof , maki ng on each side 15 t hereof an el ongat ed e} cpi-Ag—whith
separatges the respectively associ ated | eading edge of th C?¥Eé 1997
sheets 8 and 10 fromthe upper and | ower surfaces, 1 B
respectively, of the board 6. At the sane tine, @siillustrated..
in Fig. 4, an air 20 bl owi ng i njector! 46 that is |ocated close to and in
following relation to knurling wheels 50 of the knurling kepideet—20-15
operative, definitively, by neans of bl ow ng a first streamof air

t hereagainst to pull up the | eadi ng edge 9 of the cover sheet 8 from

t he upper 25 surface of the board 6 in the first 20-30 mmt hereof.

In the execution of this operation the action of the knurling wheels
50 and of the air blow ng injector 46 wor k together in a single

stroke transversely of the board 6. 30 The wheel s 50 of the

knurling unit 20 are pressed agai nst the |am nated board 6 by a
spring 52. Thus,

TITLE: METHOD OF AND APPARATUS FOR COVER SHEET REMOVAL
FROM LAMINATED BOARDS

BACKGROUND OF THE INVENTION

1., Field of the Invention

5 This present invention relates to an improved
method of and apparatus for effecting cover sheet
removal from dry—film laminated boards. The invention
has particular utility in the application and
processing of dry films in an in-line system for

10 fabricating printed circuit boards.

2. Description of the Related Art

In the fabrication of printed circuits, a solder
mask, typically formed from a layer of photoimageable
composition, is applied to one or both surfaces of the

15 printed circuit board. The photoimageable layer,
comprised of a photoresist substance, is exposed to
actinic radiation which is patterned by means of a
template or-artwork. Subsequent to such'exposure, the
photoimageable layer is developed in an organic solvent

20 or aqueous solution which washes away either exposéd or
unexposed portions of the layer (depending upon whether




adj ustment of the pressure of the wheels 50 is not necessary to

conpensate for variations in the thickness of the boa[ dg |
t he cover sheet 8 and 10 are 35 removed. %@Aéfh@{ﬂpﬂ"gﬁ%
bl owi ng injector 46, as shown in Fig. 4 and also in Fipsi 5 and 6, is

| ocat el on the knurling unit 20 above the board 6, on pneg 4i8dEEBf19¥he
knurling wheel s 50. A simlar air blowing injector 48 }s}|ocated closd
5 to the knurling unit 20, also above 3% board 6, on the

the photoimageable material is positive acting or
negative acting). The portion of the layer which
remains on the surface is then cured, with heat and/or
UV light, for example, to form a hard, permanent solder

5 mask that is intended tc protect the printed circuit for
the life of the board.

One prior art method known in the art for applying
the layer of photoimageable composition to the printed
circuit board surface is to apply the material in liquid

10 form, and then, either allow it to dry of partially cure
the material to form a semi-stable layer.

There are a number of advantages to applying a
phétoimageable layer to a printed circuit board as a dry
£ilm rather than as a liquid. In particular, dry films

15 are free of organic solvent and therefore eliminate this
hazard from the workplace and eliminate the need for
apparatus to protect the immediate work environment and

the more general environment from organic solvent
emissions.

20 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. The cover sheet mhy be formed of

25 polyester material, such as polyethylene terephthalate
(PET), such as that sold as MELINEX®.

To protect the photoimageable layer and to enable
the dry film to be rolled, it is conventional for the
exposed surface of the photoimageable layer to be

30 covered with a removable protective sheet, e.g., a sheet
of polyethylene. An example of such a dry film is sold
as LAMINAR DM® by Morton International, Inc., the
assignee of the present invention.



ot her side thereof. The air blowing injectors 46 and 48 (Bef @t Gt B i
by a PLC (not shown) one at a tinme dependi ng upon the di REBLACEMENT SHEET
travel of the knurling unit 20. The air blow ng injectgr (o) guur:Te

whi ch works, 10 that is, is activated, during the travel df thf h&g{hﬁ@g
unit 20 is that which "follows" the wheels 50 in the t najel ﬁi C n,

as indicated by the arrows 51 and 53 _a.N Figs. 5 and 6. AlL
blowing injectors simlar to the air blowng 15 i njectors {46 and 48 are
provi ded, as shown in Figs. 5 and 6, on the knurling unrt—20-berow-the

board 6 and are

in Fig. 7 and 8,

THeimedhbd 60NidPIdLGueY bBEoPldxrt dry film isAs shown

af ter, .et chi nd separation of. t l,eadi edges of
the cover sheet STPFFIIY,RE gglgﬁgs bee'weeﬂxggfggkﬁfl ?%]é’eg:g‘gclr%flﬁeggﬁ%ﬁrl i ng
and air bl bwirrpavededror theiphrtaimageahipaceupdmilipns layer
rel eased by the DppddidiRPbRYosYEs PPt caltd oflr bfeenbydﬁ filn 86 tREUt

driven rollers 12 tpo the Suckin

.rollers 22 and . Upon contact with
the board 67 the® & §Hrshe ng{'ge‘gz"%ﬁ?d“f4b§?§?t t'{?‘%’%t”ﬁe’e%ﬁn touch with

it.

10

15

20

25

accomplished, for example, using automated apparatus
which peels away and rolls up the protective sheet as
the dry film is unrolled from a reel. The dry £ilm is
applied to the surface'of the circuit board with the
photoimageable layer in direct contact with the board
surface., Using heat, vacuum and mechanical pressure,

the photoimageable layer is immediately laminated to the
surface of the board.

The PET cover sheet rgmains overlying the
photoimageable layer, protecting the photoimageable
layer from exposure to oxygen and from handling damage.
The cover sheet also permits a pattern, 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.

The PET cover sheet is then removed, permitting i
access to the exposed photoimageable layer by developer.
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 meant herein a

. developer which is about 90% or more by volume agqueous

30

solution with the balance being 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



The | eadi ng edges of the cover sheets 8 and 10, already rel eased in

the first 20-30 mmfromthe top and bottom surfaces, r C :

the board 6, are now sucked and peeled fromthe respec ﬁ&@ éééM§ﬁ% sﬁEE[
associ ated dry 30 films by the sucking rolls 22 and 24, rgspectively,
speciffcally by the holes therein, and conveyed to a respeq s FES V997
associ ated belts system 26 and 28. The belt system 26 28, in

turn, convey the respective cover sKeets 8 and 10 to

associ at ed -17-

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

5 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.

Printed circuit boards almost invariably have

10 uneven surfaces in which circuitry traces are raised or
elevated over the surface of a board of electrically
non-conducting material. Circuitry traces may be the
résidual portions of an etched metal layer or may be i
built up from the board surface. It is desirable for a

15 solder mask, particularly one formed from a
photoimageable composition, to conform to the contours
of a circuit board surface. A conforming solder mask
which adequately covers both the board surface and the
upstanding traces minimizes the use of expensive

20 photoimageable composition.

Processes for applying conforming solder mask on a
surface having raised areas such as circuit traces on a
printed circuit board are disclosed in U. S. Patent Nos.
4,889,790 Leo Roos et al. and 4,992,354 F. J. Axon et al.,
25 which patents are assigned to the assignee of the
present invention. The disclosures .thereof, by
reference, are incorporated herein.

The processes disclosed in these patents and
application involve applying a solder mask-forming
30 ‘photoimageable composition layer to a printed circuit
board using a dry film in which an intermediate layer is
interposed between a support film or cover sheet and the
photoimageable layer. The intermediate layer of the dry



expul sion system 30 and 32. Second air bl ow ng I nj ect or s..54..and..56

(whi ch. are weaker than the air bl owi ng injectors 46 and 4&PLACEMENSASHEET
behi nd t he sucki ng rolls 22 and 24, respectively, help strek Ty

action 5 by pressing the rel eased edge of each of the cover{ .,
8 and 10 onto the respective sucking roll 22 and 24 ass _|a3§dFEQ%§6f

therew th. The driving belt system 26 associated h_the
sucking roll 22 includes an elongated idler roll 60 10 hav ng a snmaller
di anet er and spaced upwardly fromthe " axis 62 of the s

OP an axis 64 paiahl ek selecEﬂVEY?thhe aﬁhbﬂﬁdtSﬂﬁ&hbnpﬁbgelmégeﬂhiéUl A
plurality of _spac Iess ds_o e su &xible
material in a SGOFQEF gf%ﬁt ndlgﬁgn%gréhéué§éhés et' h%gg*fh%e sucki ng
roll 22 and the ﬁamiéutabimg fithe removal of theaemq (ﬁhee@héfa?rvﬂmg bel t
system 22 i ncl U%%téimagea@?é rlaﬁfeﬁ'i‘é”ﬁ@bﬁﬂe&pe&%i p:dhﬁredr eliteubs and 70
each of Wh%? Eﬂ dla m; t hat qI g’gkeﬁ oI
and the axed 72 PRRFd7¥i e‘étb%c’ﬂf\ﬁfl PYRT FRiRing, o0, Pe 0 th
axis 62 of the Mtpﬁgageablezcmqméon layer as a “top coat.”

top coat is of non-tacky material and can be placed in

contact with other surfaces, such as artwork for contact

printing. The top coat also serves as an oxygen

10 barrier, allowing the photoimageable composition layer
to remain unexposed on the printed circuit board, after
cover sheet removal, for some length of time.

The use of dry film having the "intermediate layer"

or "top coat" make possible the processes described in

15 the aforementioned patents. In each case there is
provided a conforming step, e.g., conforming vacuum
lamination, after removal of the cover sheet. Because
the cover sheet is removed prior to the conforming step,
better conformance} particularly when applying thin

20 photoimageable composition layers onto boards with
closely spaced traces, is achieved. Better resolution
is also achievable because the top coat may be directly
contacted with artwork for contact printing and becauge
the top coat is much thinner than a cover sheet or .

25 support film and is, therefore, much less a deterrent to
good resolution than a cover sheet.

To form a solder mask, the protective polyethylene
sheet is first peeled away from the dry f£ilm and the
exposed surface of the photoimageable composition layer

30 is applied to the surface of the printed circuit board.
Using heat, vacuum and mechanical pressure, the dry film
is laminated to the surface of the printed circuit
board, partially conforming the photoimageable layer
thereto. Within about 60 seconds and before substantial



axis 64 of the idler roll 60, with the axes of the idler (oll 60 and

t he sucking roll 22 and the axes of the idler rolls 68} aggp mg@ﬁ
being parallel to the hori zontal axis 38-38 of the apph Q{éégg SHEET
plurality 25 of spaced endl ess bands or belts 76 of suitaplg flexible
material in a suitably taut condition are w apped around f118FERI1897
rolls 68 and 70. The spaci ng-ef the axes 62 andj 72_of the

sucki ng roll 22 and the idler roll 68.and of the axes| 64 and 74 30

of the idler rolls 60 and 70 is such, as best seen in big10.._that

adj acent runs YSOQhGnQQOtﬁthQNPq@maﬁdlCL:@@lt boardomnefiry SLLmMRS/6 ar e

paral | el and SuGtbaEs) yertd Qer shoet!bk NOM drgEhLATLs Pefigvalve and

convey the se ar ted coyer sheet 8 fromtheé uck roI 22 to the
expulglon P whereupon the p ot&imageable composi &age

REPLACENENT SHEEVerlying top coat fully conform to the contours of the

5 printed circuit board and substantially encapsulate the
traces. The photoimageable composition layer is ;hen
exposed to patterned actinic radiation through the top
coat. A developer is used to remove either exposed or
non-exposed portions of the photoimageable composition

10 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.

15 In U. S. Patent Nos. 4,946,524 granted August 7,
1990 to Robert C. Stumpf et al., the disclosure of which
patent, by reference, is incorporated herein, there is
disclosed an applicator and process for applying dry
film solder mask material to the surface of a printed

20 circuit board allowing, at the same time, handling of
the board with the applied film, the draw-off of the air
enclosed between the film and the board, and the removal
of the cover sheet. The draw-off of air enclosed
between the dry film and the surface of the printed

25 circuit board is facilitated when, before vacuum
lamination, the surface of the board is covered with a
loose sheet of f£ilm. To that end the applicator of
patent 4,946,524 is operative to tack the dry film to a
board at the leading and trailing edges with the

30 intermediate portion of the film loosely applied
thereto. The film is tacked to the board as a discrete
cut sheet within the confines of the perimeter of the
surface of the board. For convenience, a printed
circuit board having such loose application of a dry



- 18- system 30. The ‘direction of rotation of the suc

22 is such as to feed the separated sheet 8 between t e REPLAGEMENT eSHERT
belts 66 and 76 and to cause the | atter to deliver th eparared—she
8 to the expulsion 5 syst em 30. When conpl ete

- i
cover Sheet driving belt system 26, the cover sheet 8§ s P n f
tunnel 58 associated with the expul sion system 30, hai n

g--beene e
i nserted therein through an el ongated sl ot 10 59 in tunnel 58. Although
not shown, the cover sheet 10 fromthe other side of tteboard—6Ts

simlarly situaiggfm sheet Nt thénBak£83e a66 afirardswithBrede Bxpul sion system
32. In the_ tunnel .58 of ,the, expul.sipn system 30, and t he
tunnel 83, al so,regFrfﬁ% ISl ér’le&ﬁgsygf%]rﬁ%%ataﬁd?' is

In my copending application bearing Serial No.
A000610, filed in Italy on August 9, 1991, there is
5 disclosed a method of and apparatus that is continuously
automatically operative in an in-line system for
applying under heat, vacuum and mechanical pressure a
photoresist-forming layer to printed circuit boards that
already have been prelaminated by the loose application
10 thereto of dry film as discrete cut sheets within the
confines of the surface of the boards whereby a laminate
without entrapped air bubbles and closely conforming to
the surface contours such as circuit traces of the
printed circuit board is cbtained. Featured is a
15 two-part conveyorized vacuum applicator comprising as
one part two input conveyors in end-to-end relation and
as the other part a belt conveyor and vacuum laminator.
The belt conveyor is characterized in its use of an
endless belt having an aperture therein through which,
20 in the vacuum laminating condition of the applicator,
the movable lower platen of the vacuum. laminator is
movable upwards into sealing contact with the upper
platen of the laminator, with the printed circuit board
to be laminated and a portion of the upper run of the

25 endless belt contained within the vacuum chamber of the
laminator.

The results of the processes and apparatus
described above have been most encouraging. Difficulty
has been encountered, however, in adapting these

30 processes and apparatus'for continuous automatic
operation in an in-line system. This is particularly
true with respect to the utilization of an apparatus or
machine in such an in-line process for automatic. cover
sheet removal from the laminated boards.



15 circul ated under pressure froma blower 80, as shown inp BB PR
whi ch bl ower is used also for the air exhausted “in the §ﬂ§kﬁﬁ@méhﬂ PHEET
22 and 24. Such circulating air or wi nd is under suffifipnt pressure

t hat the cover
associ ated 20
shown) .

sheet s ‘8 and 10 are forced out of the r =speqtg FE?VWW
no

tunnels 58 and 82 into appropriate waste bpx} means
A check system 86 suikgably |ocated and pottat-et—ir

the belts system 30, as shown in Fig. 10, recogni zes, that is, senses
whet her or not the cover sheet 8 has 25 been renoved fromThe Tannatea
board 6 and provi desIanadditiomper apneedetfer etnpicyemnestganl the gPVRILC (not

shown. A

sheets 8

ShideltabeROGLK Fctead GRAL apPLVEYud S u%%l g8daigeed for
association with the belts s stequg for sensi
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cover sheet

n he
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em i ndl cate
rove waste polyester treatment.

SUMMARY OF THE INVENTION

An object of the invention is to provide an
improved method of and apparatus for the removal of the
polyester cover sheets from dry-film laminated boards.

Another object of the invention is to provide an
improved automatic apparatus having utility in the
removal of the cover sheet of a dry-film from one or
both sides of a laminated board simultaneously.

A further object of the invention is to provide
such an automatic apparatus which is operative to effect
facile and efficient removal of the cover sheet of a
dry-£film from one side, or both sides of a laminated

board simultaneously, without causing damage to the
board.

Another object of the invention is to provide a
method of removing the cover sheet from a dry £film
laminated on a board comprising the steps of:

(a) moving a knurling device relatively to the
board along and in contact with an edge of the dry film
while pressing on the knurling device,

(b) at the same time blowing a first stream of air,
in following relation to the knurling device, against
the edge of'the dry film to separate in this area a
portion of the cover sheet from the dry film, and



-19-

been provided an inproved nethod of and apparatus for

removal of a dry filmfromone or both sides of a |lam
si mul t aneously. The 5

t echni que t hat

renoved.

10

15
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I nvol ves no touching by the human hand
damage to the | am nated boards from whi chg-

Thus, in accordance with the invention, t

t IREPEACEMENT | SHEET
ngtet—board
sheet .r

anyd iﬁJggg%ﬁb
the cover sHedis.are

The cover sheet renoval nmethod and appdratus of the

i nvention features a uni que cover

(c) conveying the board to a sucking roll which
upon touching the surface of the board starts to rotate
whereby the said cover sheet portion, already separated
in an area thereof from the dry £film, is sucked by the
sucking roll and with continued rotation of the sucking

roll the cover sheet is removed in its entirety from the
dry £ilm.

Still another object of the invention is to provide
an improved apparatﬁs for removing the cover sheet from
a dry film laminated on a board, such apparatus
comprising, in combination:

a knurling wheel,
a first air blowing injector,

means for moving the knurling wheel, while pressing
thereon, along the edge of said dry film, and at the
same time actuating the first air blowing injector to
blow a first stream of air in following relation to the
knurling wheel against the edge of said dry film to

separate in this area a portion of the cover sheet from
the dry film,

a sucking foll. and

means for conveying the board to the sucking roll
which upon touching the surface of the board starts to
rotate whereby the cover sheet portion already
separated in an area thereof from the dry film is sucked
by the sucking roll and with continued rotation of the
sucking roll the cover sheet is removed in its entirety
from the dry film.

In accomplishing these and other objectives of the
invention, there is provided an automatic polyester
cover sheet removal apparatus that is characterized by



10- I nvention conprise an inportant conponent in the total
arrangenent of an automatic continuous flow of material iREPLATBMENG SHEET
processi ng of dry solder mask film and ot her filnms requi rirNg-vacoum
| am nati on and cover sheet renmoval during processing. §15 E%Be

I nvention provides the neans to automate the cover sh eg rﬁﬁdﬁﬁ? _

process as an in-line system -19Lth this descri ptii e b @
i nvention in detail, those skilled in the art will apgreciate that
nodi fications may be nmade in the invention wthout 20 depa

spirit thereof. tHéemiwirsdoni bfis umﬁque combiinaethdedof hmtkmurd izgope of t he
i nvention be |i t he, s Lgd and
descri bed. nh&iaglﬁ aﬂ:tion th ﬁ?eﬁ cﬁ'a’?’qjﬁgbgggéi %%‘Aﬁtgh?@veﬂt i on

be det er ni ned by°??EF€ﬂﬁﬂn§“oF Fhégéﬁpﬁﬁﬁﬁif(HQaFﬁﬁara e an edge 0

cover sheet from the laminated board. Air blowing

5 injectors located .close to the knurling unit, one on
either side thereof, are actuated by a programmable
logic controller (PLC) one at a time. The air blowing
injector which works during the stroke or travel of the

knurling unit is the ohe "following" the knurling unit
10 in the direction of travel.

The edge of the cover sheet separated, in the
manner described, from the laminated board is now sucked
by a sucking roll and conveyed by a system of driving
belts to an expulsion system. A second air blowing

15 injector (weaker than the air blowing injectors
associated with the knurling unit) is arranged to help,
that is, reinforce, the sucking action by pressing the

separated portion of the cover sheet against the sucking
roll.

20 When the cover sheet is completely out from the
driving belts, it is in rolled up form in a tunnel of
the expulsion system. Air circulating under pressure in
this tunnel is supplied by the blower that is used for
the air exhaust in the sucking rolls. The strength of

25 this circulating air or "wind" is sufficient to force
the rolled up cover sheet into a waste box, out of the
sheet cover removal apparatus.

A check system located in the driving belts system
recognizes if one or both cover sheets have not been
30 removed from each of the successive boards. In such
event the PLC operates tc reject the board by a

pneumatic system that is provided on an output driven
roller.
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i 20 CLAI V5: 1. A nethod of renoving a cover hﬁéﬂﬁgﬁwﬂfbﬁHfff
froma dry filmlamnated on a board (6) conprising the stepsfof:

(a) nmoving a knurling device (20)

relatively to the board aljohg '
contact with an edge of said dry film ﬂ?#g'ﬁ”m?

(b) at the ga
blowng a first streamof air, in following relation to sai
devi ce,

agai nst said edge of said dry filpjto separate in this area a
portion : :

The various features of novelty which characterize
the invention are pointed out with particularity in the
claims annexed to and forming a part of the
speéification. For a better understanding of the
invention, its operating advantages and specific objects
attained by its use, reference is made to the
accompanying drawings and descriptive matter in which
preferred embodiments of the invention are illustrated.

BRIEF DESCRIPTION OF THE DRAWINGS

10 With this description of the invention, a detailed

description follows with reference being made to the
accompanying figures of drawing which form part of the
specification in which like parts are designated by the
same reference numbers and of whichs
15 Fig. 1 is a perspective view of the apparatus,
according to the invention, for cover sheet removal
from laminated boards:

Fig. 2. is a fragmented perspective view on a
larger scale illustrating an input conveyor system for
15 feeding laminated boards one at a time into the

apparatus and aligning each of them, in turn. against a
horizontal barrier:

Fig. 2A illustrates an adjustable nut for effecting
vertical adjustment of the barrier in Fig. 2:

20 Fig. 3 is a perspective view illustrating a
gripping system for theulaninated boards and a knurling
unit that is driven by a pneumatic cylinder from one
side of the apparatus to the other on the horizontal
axis of the apparatus:

25

Fig. 4 is a view illustrating the knurling unit and
air blowing injectors which cooperate therewith- to



(9) of the cover sheet fromthe dry film and (c) canveying the

board t-o a sucking roll (22, 24) which upon touching the sultfRee ofwde Sweet

board starts to rotate whereby the said cover sheet portionj(
separated in an area thereof fromthe dry film is sucked a d}peel d from
the dry filmby the sucking roll and with continued rotatio f Hh E@u3ﬂ7ng

~1y

roll is renoved in its entirety fromthe dryx film 21 A _nethod as

claimed in claim1l wherein the dry filmlam nated board (6)jis rectangul ar

—

i n shape, wherein in step (a) the knurling devi ce £28)—sn
contact with an sepprafe sai dndey oOr|headinchedger of Thg pahvestesorover
wherein the stepsh@de s i QWnidated! BE&AR Hrodl thieNphotoimageable layer

thereon;

Fig. 5 and 6 show that the air blowing injector

5 which works during the knurling travel is that which
follows the wheels of the knurling unit in the travel
direction:;

Fig. 7 and 8 show how the cover sheet of the
laminated board, already separated in the leading edge
10 thereof from the board, is sucked by sucking rolls and
conveyed to a driving belts system;

Fig. 9 is a perspective view of the apparatus,
similar to Fig. 1 but on a smaller scale, illustrating
the air blowing and exhaust system:

15 Fig. 10 is a fragmented cross sectional view taken
on the lines 10-10 of Fig. 9 illustrating the driving
belts system and the expulsion system for the waste
polyester cover sheets:; and

Fig. 11 is a perspective view of the cover sheet
20 removal apparatus as seen from the rear or back side
thereof.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to the drawings, the apparatus or more

precisely, machine, for effecting the automatic removal

25 of cover sheets from laminated boards, according to the
invention, is designated by the reference numeral 2.
The apparatus 2, as shown in Figs. 1-3, includes a’
‘conveyor means 4 for moving each of a succession of
laminated boards 6, from the top and bottom surfaces

30 respectively associated cover sheets 8 and 10 are to be
removed, one by one toward and away from the apparatus
2. The conveyor means 4 comprises input driven rollers



following relation to said knurling neans, against said edge 0 said un
filmin this area, pulls up the cover sheet in the first 20-30“nn]~§.@

wherein in step (c) the sucking action of said sucking roll 22,m§ZY“T§”” :
reinforced by the injection of a

18 FEaRh7 |

second stream of air by pressing the separated portion of the¢ ¢over sheet ‘
onto the sucking roll, said second streamyf. air being weakef Utramr—satd

first streamof air.
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12 that are located on the entrance or input side of the
apparatus 2 and output driven rollers 14 that are
located on the exit or output side thereof.

Since the laminated boards 6 are normally
laminated with dry film on both sides with each of such
dry films having a cover thereon requiring removal, the
apparatus 2 is constructed symmetrically with respect to
the axis of conveyance of the conveyor means 4. For the
sake of brevity of illustration, the description herein
is largely confined to the upper half portion of the
structure of the apparatus 2, as shown in the drawings,
although specific reference’'is also made sometimes to
the lower half portion.

The apparatus 2 further includes an elongated
settable front edge register 16 {(referred to hereinafter
as a "barrier"), and a board gripping system 18.
Additionally, the apparatus 2 includes a knurling device
or unit 20, a pair of elongated suéking or suction ]
rollers 22 and 24, a pair of driving belt systems 26 and
28, a pair of expulsion'systems'30.and 32, and a base
frame 34 containing an electrical cabinet and actuators

including an air exhaust unit or blower described
hereinafter.

As illustrated in Fig. 11, the apparatus 2 further
includes a laminated board rejection system 36. The
rejection system 36 is situated in cooperative relation
with the output driven rollers 14, operating
transversely of the latter to reject boards from which
the cover sheets have not been removed. 1In Fig. 11l the
belt systems 26 and 28 and the exphlsion systems 30 and
32 are shown in further detail with a laminated board 6,
from which the cover sheets, that is, a top sheet 8 and
a bottom sheet 10, had been removed, exiting the
apparatus 2 on the output driven rollers 14.



3."A nmethod as clained in claim1 or claim2, including the further.s
(d) uti-lizing said sucking roll (22, 24) to convey the sepaj aﬂgﬂﬂp@%ﬂ SI"Et:T

sheet (8, 10) to a cover sheet expul sion system (30, 32).

met hod according to claim3 wherein the board (6) is a rect an;ulad ga%
having a | eading edge with the | eading edge of the dry filnts % ﬁ

the | eading edge of the board or within ajjange of a few m || Lpriers. (om

t herefrom said nethod conprising the steps of: (a) jconveying the

board in the direction of a first axis to cause the |eading

engage a barrier (16)ntbhé opepmsidn efedhenapperyiaish 2,haseshown in second
axis that is sustanbi ally, PEIDEMIEAAT 6! Oebdif fid Yop?Xhd vottom
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surfaces of which cover sheets 8 and 10, respectively,
are to be removed, is conveyed into the apparatus 2 by
the input driven rollers 12 at an adjustable speed of,
for example, 1-3 meters per minute (mt/min). In one
embodiment of the invention, the dimensions of the
laminated board 6 should be within a range of 0.1-5 mm
thick and 200 x 200 mm - 650 x 650 mm length and width.

The laminated board 6 is moved into engagement with
and stopped at the barrier 16. Due, however, to
continued rotation of the input driven rollers 14, the
leading edge of the board 6 is moved into alignment with
the horizontal axis, indicated at 38-38, of the
apparatus 2. The vertical axis of the apparatus 2,
indicated at 40-40, is positioned substantially
perpendicularly to the horizontal axis 38-38.

The barrier 16 is manually adjustable verticallf on
the vertical axis 40-40, as indicated by the arrow 41
in Fig. 2, by a nut 42 shown in Fig. 2A for a maximum
travel of 10 mm in one (1) mm steps. The purpose of
providing the vertical adjustment of the barrier 16 is
to allow the laminated board 6 to stop with the front or
leading edge of the dry film thereon in position with or
adjacent to the wheels S0 of the knurling unit 20. The
dry £ilm can be laminated on the board starting from the
beginning of the leading edge of the board (front edge -

0 mm) or spaced from that edge to a maximum of 10 mm
(front edge - 10 mm).

After being aligned with the horizontal axis 38-38
of the apparatus 2, the laminated board 6 is gripped by
upper movement of member 19 of the board gripping system
18, as indicated by the arrow 43, and held in the
aligned position. Thereupon the barrier 16 is actuated




(b) aligning the | eading edge of the board and the barrier

(c) gri-pping the board to hold it in position aligned with lhEﬂh&CEMENT g"

(d) nmoving the barrier out of the path in which the board
conveyed, (e) etching the | eading edge (9) of the
10) on the first few mmthereof by noving said knurling dev
engagenent with the dry filmfromone side;9f the board to
said second axis and at the sanme tinme injecting a first str
pull up the

downwardly as seen in Fig. 3 and indicated by

15\

poo

£el

3 Ty

gver ZQS)?EEt 19%&

h: at.her .on
pam of air to

the arrow

45 and thereby creating or clearing a space or path
through which the knurling unit 20 can be moved across
the board 6 transversely thereof and of the apparatus 2.
5 The knurling unit 20 is then driven by an actuator, for
example, a pneumatic cylinder means (not shown), and
caused to travel, as indicated by the arrow 47, from one
side of the apparatus 2 to the other, on the horizontal

axis 38-38. Movement of the knurling unit 20
i0 other direction is indicated by the arrow 49.

in the
During

the travel thereof in either direction the knurling unit
20 engages, that is, touches under suitable pressure
both sides (upper and lower) of the leading edge of the
board 6 on the first 2-3 mm thereof, making on each side
15 thereof an elongated etching which separates the
respectively associated leading edge of the cover sheets

8 and 10 from the upper and lower surfaces,
respectively, of the board 6.

At the same time, as illustrated in Fig. 4, an air
20 blowiﬁé injector 46 that is located close to and in
following relation to knurling wheels 50 of the knurling
wheel 20 is operative, definitively, by means of blowing
a first stream of air thereagainst to pull up the
leading edge 9 of the cover sheet 8 from the upper
25 surface of the board 6 in the first 20-30 mm thereof.
In the execution of this operation the action of the
knurling wheels 50 and of the air blowing injector 46
work together in a single stroke transversely of the

board 6.

30 The wheels 50 of the knﬁ;ling unit 20 are pressed

against the laminated board 6 by a spring 52.

Thus,

adjustment of the pressure of the wheels 50 is not
necessary to compensate for variations in the thickness
of the boards 6 from which the cover sheet 8 and 10 are

35 removed.




- 22 - separated cover sheet fromthe board in a |arger areqﬁpbﬁg

(f) releasing the board, (g) conveying the board tqg & °“P/!I SHEET
roll (22, 24) to separate the cover sheet, and (h) jutfilizin

bel ts. system (26, 28) which conveys the separated cover shedt |tol8 ﬁn7
expul si on system (30, 32). 5. A_H%Lhod as clainmed ijn fclaim4

wherein in step
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The air blowing injector 46, as shown in Fig. 4 and
also in Figs. 5 and 6, is located on the knurling unit
20 above the board 6, on one side of the knurling wheels
50. A similar air blowing injector 48 is located close
to the knurling unit 20, also above the board 6, on the
other side thereof. The air blowing injectors 46 and 48
are activated by a PLC (not shown) one at a time
depending upon the direction of travel of the knurling
unit 20. The air blowing injector 46 or 48 which works,
that is, is activated, during the travel of the knurling
unit 20 is that which "follows" the wheels 50 in the
travel direction, as indicated by the arrows 51 and 53
in Figs. 5 and 6.

Air blowing injectors similar to the air blowing .
injectors 46 and 48 are provided, as shown in Figs. 5
and 6, on the knurling unit 20 below the board & and are
similarly controlled by the PLC.

As shown in Fig. 7 and 8, after etching and
separation of the leading edges of the cover sheets 8
and 10 has been effected by the described knurling and
air-blowing injector action, the laminated board 6 is
released by the board gripping system 18 and driven by
the input driven rollers 12 to the suéking rollers 22
and 24. Upon contact with the board 6, the sucking
rolls 22 and 24 start to rotate in touch with it.

The leading edges of the cover sheets 8 and 10,
already released in the first 20~30 mm from the top and
bottom surfaces, respectively, of the board 6, are now
sucked and peeled from the respectively associated dry
films by the sucking rolls 22 and 24, respectively,
specifically by the holes therein, and conveyed to a
respectively associated belts system 26 and 28. The
belt system 26 and 28, in turn, convey the respective
cover sheets 8 and 10 to an individually associated




(h) the belts system (26, 28) is driven by the sucking roll (ﬁﬁm‘@#' 310 pe
i (ENT SHIEET

t he expul sion system (30, 32) conprises a tunnel (58) having 3
slot (59) therein through which the cover sheet (8, 10) is ifngJerted and
rolled up by the belts system,and from which tunnel the cover Sh8#ED %97
subsequently ejected by a circulation of apk_in the tunnel dufificient to
bl ow the rolled up cover sheet therefromand into a waste bgx. -6~

A method as claimed in claim4 or claim5 further includinglfollow ng step

(h) the step:

expulsibh) s?é’l@@dﬂﬂg dide 3¢l t sesorsd e PdowiBy to determ ne

whet her the cover,

he 8 en re d and,i.f not, rther
I ncl udi ng the stelﬁx % rg >4 %Sr?éej(é" cﬁg %kaerd iRe aﬂ"
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blowing injectors 46 and 48) located behind the sucking
rolls- 22 and 24, respectively, help the sucking action
by pressing the released edge of each of the cover
sheets 8 and 10 onto the respective sucking roll 22 and
24 associated therewith.

The driving belt system 26 associated with the
sucking roll 22 includes an eiongated idlér roll 60
having a smaller diameter and spaced upwardly from the
axis 62 of the sucking roll 22 on an axis 64 parallel
therewith, as best seen in Figs. 9 and 10. A plurality
of spaced endless bands or belts 66 of suitable flexible
material in a suitably taut condition are wrapped around
the sucking roll 22 and the idler roll 60.

In addition, the driving belt system 22 includes a
pair of elongated spaced idler rolls 68 and 70 each of
which has the same diameter as that of the idler roll 60
and the axes 72 and 74, respectively, of which are
parallel to the axis 62 of the sucking roll 22 and the
axis 64 of the idler roll 60, with the axes of the idler
roll 60 and the sucking roll 22 and the axes of the
idler rolls 68 and 70 each being parallel to the
horizontal axis 38-38 of the apparatus 2. A plurality
of spaced endless bands or belts 76 of suitable flexible
material in a suitably taut condition are wrappea around
the idler rolls 68 and 70.

The spacing of the axes 62 and 72 of the sucking
roll 22 and the idler roll 68 and of the axes 64 and 74
of the idler rolls 60 and 70 is such, as best seen in
Fig. 10, that adjacent runs 78 andlgg of the pluralities
of belts 66 and 76 are parallel and sufficiently close,
without touching, to receive and convey the separated
cover sheet 8 from the sucking roll 22 to the expulsion



7. A nethod as clainmed in any preceding claimwherein the board (6) has dry
films and cover sheets (8, 10) on both sides thereof, REPLACEMENT SHEET
- 23 - separate knurling devices (20) being provide o—frgage—the
cover sheets on each side of the board and an individually a S)ciat%%
stream of air being arranged to pull up each of the separate Fovidh BeEFZ,

-18-

system 30. The direction of rotation of the suéking
roll 22 is such as to feed the'separated sheet 8 between
the pluralities of belts 66 and 76 and to cause the

latter to deliver the separated sheet 8 to the expul;ion
5 system 30.

When completely out from the cover sheet driving
belt system 26, the cover sheet 8 is situated in a
tunnel 58 associated with the expulsion system 30,
having been inserted therein through an elongated slot
10 59 in tunnel 58. Although not shown, the cover sheet 10
from the other side of the board 6 is similarly situated
in a tunnel 82 associated with the expulsion system 32.

In the tunnel 58 of the expulsion system 30, and
the tunnel 83, also, of the expulsion system 32, air is
15 circulated under pressure from a blower 80, as shown in
Fig. 9, which blower is used also for the air exhausted
in the sucking rolls 22 and 24. Such circulating air or
wind is under sufficient pressure that the cover sheets
8 and 10 are forced out of the fespectively.associated

20 tunnels 58 and 82 into appropriate waste box means (not
shown) .

A check system 86 suitably located and mounted in
the belts system 30, as shown in Fig. 10, recognizes,
that is, senses whether or not the cover sheet 8 has

25 been removed from the laminated board 6 and provides an
appropriate electrical signal to a PLC (not shown. A
similar check system {not shown) is provided in
association with the belts system 28 for sensing if the
cover sheet 10 has been removed. '

30 Consequently, if one or both of the cover sheets 8
and 10 have not been removed, the PLC operates, as
illustrated by the arrow 86 in Fig. 11, to reject such
board 6 by actuating a pneumatic system indicated at 90.



and wherein the board is conveyed between first and second sucking rolls

oy

(22, 24) each of which upon touching the individually associag&@nga®aqe&@FT
21

the board starts to rotate whereby each of the cover Sheets

separated in an-area thereof fromthe board is sucked by the a>SOCIa

sucking roll. 8. Apparatus for removing a cover shegt
adry filmlam nated on a board (6), conpifd.sing, in conbinatjfoh

B B mml

knurling device (20), a first air blow ng injector 46)

]
H

means for moving said knurling device while pressing thereoni _along-the
edge of said dry fil Phusndirataccoedaace itk e Uuaviengieni dthenes hasi r

bl owi ng i nj ect Okeen provided an improved method of and apparatus for
the automatic removal of a dry film from one or both

sides of a laminated board simultaneously. The
5 invention features a unique cover sheet removal

technique that involves no touching by the human hand
and causes no damage to the laminated boards from which

the cover sheets are removed.

The cover sheet removal method and apparatus of the

10 invention comprise an important component in the total
‘arrangement of an automatic continuous flow of material
in in-line processing of dry solder mask film and other

films requiring vacuum lamination and cover sheet
removal during processing.

15 The invention provides the means to automate the

cover sheet removal process as an in-line system.

With this description of the invention in detail,

those skilled in the art will appreciate that
modifications may be made in the invention without

20 departing from the spirit thereof. Therefore, it is not
intended that the scope of the invention be limited to
the specific embodiments illustrated and described.
Rather, it is intended that the scope of the invention

be determined by the scope of the appended claims.



(46) to blow a first streamof -air in followng relation to said knurling
devi ce against said edge of said dry filmto separate in this area a

portion (9) of the cover sheet fromsaid dry film

(22, 24), and means (12) for conveying the board to
rol I which upon touching the surface of tg§ board starts to r
the said cover sheet portion already separat

dry filmis sucked by the sucking roll and with continued rot
sucking roll tQEAﬁﬁ¥?r sheet is renoved in its entirety

€d in an area ther
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1. A method of removing a cover sheet (8, 10) from
a dry film laminated on a board (6) comprising the steps

of:

(2) moving a knurling device (20) relatively to the
board along and in contact with an edge of said dry film,

(b) at the same time blowing a first stream of air,
in following relation to said knurling device, against said
edge of said dry film to separate in this area a portion

(9) of the cover sheet from the dry film, and

(c) conveying the board to a sucking roll (22, 24)
which upon touching the surface of the board starts to
rotate whereby the said cover sheet portion (9), already
separated in an area thereof from the dry film, is sucked
and peeled from the dry film by the sucking roll and with
continued rotation of the sucking roll is removed in its

entirety from the dry film.

2. A method as claimed in claim 1 wherein the dry

film laminated board (6) is rectangular in Shape,

wherein in step (a) the knurling device (20) is in
contact with an edge of said dry film in the first 2-3 mm

thereof,

wherein the step (b) of blowing a stream of air in
following relation to said knurling means, against said edge
of said dry film in this area, pulls up the cover sheet in

the first 20-30 mm, and

wherein in step (c) the sucking action of -said
sucking roll (22, 24) is reinforced by the injection of a

.




- 24 - fromthe dry film 9. Apparatus as clai med i peekai— -

further-including a second air blowng injector (54, 56), posi Hﬁﬁhﬂu&M£Nc SHELY

rei nforce the sucking action of said sucking roll by the injecii "n of

second stream of air pressing the separated portion of the covg rﬁﬁv
>a d %efgg

the sucking roll, said second stream of aig; being weaker than
streamof air. 10. Apparatus as clained in claim?9, fyr L
i ncl udi ng an expul sion system (30, 32) for the separaled cover

sheet, and second stream of air by pressing the separated portion of

the cover sheet onto the sucking roll, said second stream
of air being weaker than said first stream of air.

3. A method as claimed in claim 1 or claim 2,
including the further step£

(d) utilizing said sucking roll (22, 24) to convey
the separated cover slieet (8, 10) to a cover sheet
expulsion system (30, 32).

4. A method according to claim 3 wherein the board
(6) is a rectangular board having a leading edge with the
leading edge of the dry film starting from the leading edge
of the board or within a range of a few millimeters (mm)
therefrom said method comp:iszng the steps of:

(a) conveying the buard in the direction of a first
axis to cause the leading edge thereof to engage a barrier
(16) that is positioned in the path thereof on a second
axis that is substantially perpendicular to the first axis,

(b) aligning the leading edge of the board and the
barrier (16), '

(c) gripping the board to hold it in position
aligned with the barrier,

(d) moving the barrier out of the path in which the
board is being conveyed,

(e) etching the leading edge (9) of the cover sheet
(8, 10) on the first few mm thereof by moving said knurling
device (20) in engagement with the dry film from one side
of the board to the other on said second axis and at the
same time injecting a first stream of air to pull up the

Hllllll llllll IIIll lllll II |II!



means (26, 28) cooperating with and driven by said sucking joREPUARBMERTCHE "
for conveying the separated cover sheet to said expul sion s;s cn|

11. Apparatus according to claim 10 wherein said neans (26,
with the sucking roll (22, 24)- conprises a belts system and

Wi f&..

ké)%%er at i ng;
er

expul si-on system conprises a tunnel (58,-8% -having an el onated sl ot (59).
therein through which the cover sheet (8, 10) is inserted ipto said tunnel

hot

and rolled up therein by said belts system said apparatus turthet
i ncl udi ng neansepadated porichestcifroul the dwagid dnrat bargem agfeast r engt h

sufficient to thwgbhe rolled up cover sheet out of the tunnel

for handling

as waste. 12! Apparatus as defined by claim 11 further including,
checki ng nmeans (86, 90) for checking the belts systemto determ ne whet her

t he cover sheet has bedi) releasing the board,

{(g) conveying the board to the sucking roll (22,

24) to separate the cover sheet, and

(h) utilizing a belts system (26, 28) which conveys
the separated cover sheet to the expulsion system (30, 32).

5. A method as claimed in claim 4 wherein

in step

(h) the belts system (26, 28) is driven by the sucking roll

(2;, 24), and

the expulsion system (30, 32) comprises a tunnel
(58) having an elongated siot (59) therein through which
the cover sheet (8, 10) is inserted and rolled up by the

belts system, .and from which tunnel the cover sheet is

subsequently ejected by a circulation of air in the tunnel

sufficient to blow the rolled up cover sheet therefrom and

into a waste box.

6. A method as claimed in claim 4 or claim 5

further including following step (h) the step:

(j) checking the belts system (26, 28) to determine
whether the cover sheet (8, 10) has been removed, and if

not, further including the step:

(k) rejecting the board (6).

7. A method as claimed in any preceding claim
wherein the board (6) has dry films and cover sheets (8,

10) on both sides thereof,

Hll\ll\ \\\I\\ |I|\\ \\|\| \l \ll\



renoved fromthe dry film second conveyi ng neans (l{f—at-the exit ...
end of ,said apparatus, and rejection nmeans provi ded atREPVDACEMENT SRE-: .
of said apparatus in cooperative relation with said second cpnyeyrng-means :
to reject said board if said checking nmeans determ nes that {hp qufé Sﬁ&ft
has not' been renoved fromthe dry filn1th§§eon. B

separate knurling devices (20) being provided to
engage the cover sheets on each side of the board and an
individually associated stream of air being arranged to
pull up each of the separated cover sheets,

and wherein the board is conveyed between first
and second sucking rolls (22, 24) each of which upon
touching the individually associated surface of the board
starts to rotate whereby each of the cover ‘sheets already
separated in an area thereof from the board is sucked by
the associated sucking roll.

8. Apparatus for removing a cover sheet (8, 10)
from a dry film laminated on a board (6), comprising, in
combination: ' '

a knurling device (20),
a first air blowing injector (46),

means for moving said knurling device while
pressing thereon, along the edge of said dry film, and at
the same time actuating said first air blowing injector
(46) to blow a first stream of air in following relation to
said knurling device against said edge of said dry £ilm to
separate in this area a portion (9) of the cover sheet from
said dry film,

a sucking roll (22, 24), and

means (12) for conveying the board to said sucking
roll which upon touching the surface of the board starts to
rotate whereby the said cover sheet portion already
separated in an area thereof from said dry film is sucked
by the sucking roll and with continued rotation of the
sucking roll the cover sheet is removed in its entirety
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13. Apparatus as clainmed in any one of clains 8 to 12, said apparatus
having a first axis (38-38) and a second axis (40-40) disposed.

substantially perpendicular to said first axis and havi ng ah enwm@nmgwp@qL&r
and an exit end, and further conprising: barrier nean3*€Lu7 .

posi ti oned along said second axis (40- 40)2 said barrier meaps}h V|gg 5
first end and a second end, said knurling ﬁeV|ce (20) beingip st 6RBA1I97

adj acent said first end of said barrier means and novabl e thrEugh a._path té
a position adéﬁfent sai,d second end thereof, firstjconveyi ng nmeans

(12) for conv the; §r¥o +H“(6) at the entrance end of sa
the direction of said first axis (38-38) into contact with and stopping at

said barrier nmeans wigh s,@ﬁ;zggggdag%igin@aeqnl elg_,_,plginefmlpkgl ni ng said

n i n n n ngl n n i.n | n
gfcfhg gégfa Sfuéaudin%egl gc&E §1£ Sio%xhggln é%é%r gsﬁpe eading edge

positioned to reinforce the sucking action of said sucking
roll by the injection of a second stream of air pressing
the separated portion of the cover sheet onto the sucking
roll, said second stream of air being weaker than said

first stream of air.

10. Apparatus as claimed in claim 9, further
including

- an expulsion system (30, 32) for the separated
cover sheet, and

means (26, 28) cooperating with and driven by said
sucking roll (22, 24) for conveying the separated cover
sheet to said expulsion system. '

11. Apparatus according to claim 10 wherein said
means (26, 28) cooperating with the sucking roll (22, 24)
comprises a belts system and wherein said expulsion system
comprises a tunnel (58, 82) having an elongated slot (59)
therein through which the cover sheet (8, 10) is inserted
into said tunnel and rolled up therein by said belts
system, said apparatus further including means (80) to
produce a circulation of air therein of strength sufficient
to blow the rolled up cover sheet out of the tunnel for
handling as waste.

12. Apparatus as defined by claim 11 further
including,

checking means (86, 90) for checking the belts
system to determine whether the cover sheet has been

A

S D ALt s e o s«



into alignment with said barrier neans and the | eading edge of the dry film

In position with said knurling device, ~ neans (18) 0D _

al i gnnent of the |leading end of the board with said barrier Tégﬁihv%ﬁﬂﬁ?g”EfT
said board and hold it agai nst novement by said conveying negnfk in the

al i gned ‘posi tion, _ 25 - 18 FEB 1997

removed from the dry £film,

second conveying means (1l4) at the exit end of said
apparatus, and

rejection means provided at the exit end of said
apparatus in cooperative relation with said second
conveying means to reject said board if said checking
means determines that the cover sheet has not been removed
from the dry film thereon.

13. Apparatus as claimed in any one of claims 8 to
12, said apparatus having a first axis (38-38) and a second
axis (40-40) disposed substantially perpendicular to said
first axis and having an entrance end and an exit end, and
further comprising:

barrier means (16) positioned along said second
axis (40-40), said barrier means having a first end and a
second end, said knurling device (20) being positioned
adjacent said first end of said barrier means and movable
through a path to a position adjacent said second end
thereof,

first conveying means (12) for conveying said
board (6) at the entrance end of said apparatus in the
direction of said first axis (38-38) into contact with and
stopping at said barrier means with said board positioned
in a plane containing said second axis, said conveying
means including means moving the leading edge of the board
into alignment with said barrier means and the leading edge
of the dry film in position with said knurling device,

means (18) operative upon alignment of the leading

end of the board with said barrier means to grip said board
. and hold it against movement by said conveying means in the
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means operative when said board is held in the aligned posit lea.to. onye .
said barrier neans (16) out of the path through which said kKhuRBRLAGEMENT SREET

i s novabl e, means noving said knurling device in prgsgure-conteact :
with the | eading edge of the dry filmfromone side of said popr ﬂtQ’: WQ?]
other to etch it, and means rel eashpo.sai d board fojf phovénen

said first conveyi ng neans whereupon said conveyi ng neans copveys..said
board to said sucking roll. 14. Apparatus as claimegd in any one of
clainms 8 to 13 da gggtggyrllng means conprises at | eas
wheel arranged to be In"pressuré contact with the dry filmon the first 2-3
nm t her eof .

means operative when said board is held in the
aligned position to move said barrier means (16) out of the
path through which said knurling device is movable,

means moving said knurling device in pressure
contact with the leading edge of the dry film from one side
of said board to the other to etch it, and

means releasing said board for movement by said
first conveying means whereupon said conveying means
conveys said board to said sucking roll.

l4. Apparatus as claimed in any one of claims 8 to
13 wherein said knurling means comprises at least one
rotatable wheel arranged to be in pressure contact with the
dry film on the first 2-3 mm thereof. '
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ABSTRACT

METHOD OF AND APPARATUS FOR COVER SHEET
REMOVAT, FROM LAMINATED BOARDS

A method and apparatus for removing the cover sheet
from a dry film laminated on a board (6) uses a combination
of the action of a knurling wheel (50) and an air blowing
injector (46) which work together in a single strcke to
separate the cover sheet from the edge (9)“of the dry film,
with which combination a sucking roll (22) is provided in
cooperative relation, and which, upon touching the surface
of the board, starts to ro§ate whereby the cover sheet,
already separated in an area thereof from the dry film, is
sucked and peeled from the dry film by the sucking roll and
with continued rotation of the sucking roll is removed in
its entirety from the dry film,

(Figs. 3 and 4)




