
APPLICATOR FOR APPLYING DRY FILM SOLDER MASK ON A BOARD 5 The present
invention relates to a process and apparatus for applying dry film solder
mask material to the surface of a printed circuit board. 10            A
solder mask is a hard,  permanent layer of electrically non-conductive
material which covers the surface of a printed circuit board and
encapsulates the traces of the printed circuit. The solder mask is   



-2- patterned to fully cover the circuitry except for portions that are
intentionally left exposed for the soldering thereto of other components.
Solder masks, typically, are formed from a layer of 5    photoimageable
composition which is applied to a surface of the printed circuit board. The
photoimageable layer is exposed to an actinic radiation pattern as
determined by a template or artwork. Subsequent to exposure, the
photoimageable layer is developed in an organic solvent 10    or an aqueous
solution which washes away either exposed 



or unexposed portions of the layer, depending upon whether the
photoimageable layer is positive or negative acting. The portion of the
layer remaining on the surface is then cured, as with heat and/or ultra
violet 15    radiation, to form a hard, permanent solder mask. One method
for applying a layer of photoimageable composition to the surface of the
circuit board is to apply the composition in liquid form. After drying or
partially curing, the liquid composition forms a 20    semi-stable layer.
There are a number of advantages to applying a photoimageable layer to a
circuit board in the form of a 



dry film rather than in liquid form. Dry films that are free of organic
solvents are commercially available. 25    The use of dry film eliminates
organic solvent hazards    from the work place and the need, also, for
apparatus to protect the immediate work environment and the general
environment from organic solvent emissions. Typically, a dry film comprises
a cover sheet of 5    support material that is somewhat flexible but which
has sufficient rigidity to provide structural support for a 



layer of a photoimageable composition which overlies one surface of the
support sheet. The cover sheet may be formed of a polyester material such
as polyethylene 10    terephthalate (PET), such as that sold as
MELINEX[err]. For the protection of the photoimageable layer and to enable
the dry film to be rolled, it is conventional to cover the exposed surface
of the photoimageable layer with a removable protective sheet of
polyethylene. An 15    example of such a dry film is sold as LAMINAR
DM[err] by the Dynachem Division of Morton Thiokol, Inc., the assignee of
the present invention. It is the practice in the prior art to remove the 



protective polyethylene sheet from the photoimageable 20    composition
immediately prior to application of the dry film to the surface of the
printed circuit board. Specifically, automated apparatus 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 25    printed circuit board with
the photoimageable layer in    -4- direct contact with the board surface.
Using heat and 



vacuum, the photoimageable layer is immediately laminated to the surface of
the board. The polyester coyer sheet remains overlying the photoimageable
layer, 5    protecting the photoimageable layer from exposure to oxygen and
from damage tending to be caused as the result of handling. The dry film is
exposed to patterned actinic radiation through the PET cover sheet. The
polyester 10    cover sheet is then removed, permitting access to the
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, that is, a 15    developer
including both water and organic solvent. Most photoimageable composition
layers require some cure subsequent to development to cause the layer to
become hard and permanent and useful for serving as a solder mask. Curing
may be effected with heat and/or ultra 20    violet radiation depending
upon the composition of the photoimageable layer. Because the polyester
cover sheet is relatively rigid, the photoimageable layer cannot fully
conform to the irregular contours of the printed circuit board, 25    from
the flat surface of which circuitry traces project 



outward. As a result, the thickness of the    - 5 - photoimageable layer,
when laminated to the board, must be slightly greater than the projection
of the traces outward of the surface of the board for the photoimageable
composition to overlie the outer surfaces 5    of the traces.  Thus, outer
regions of photomask exist between the portions of the circuitry from which
the photoimageable composition is removed during the 



development of the solder mask and to which a component is to be soldered.
Such outer regions pose a problem 10    particularly with respect to
components which are to be surface-mounted to the printed circuit board.
Some circuit traces are narrower at the foot thereof than at the top. In
such cases, small overhangs of the photoimaging layer tend to extend
outwardly along 15    each side of each trace (an effect known as
"mushrooming"). With both liquid compositions and conventional dry films,
air-filled voids tend to remain below such overhangs. The air trapped in
such voids may produce some oxidation of the circuit traces and may 



20    lead to eventual defects in the solder mask. An improved dry film and
a process for the use thereof in the formation of a solder mask on the
surface of a printed circuit board in order to eliminate the foregoing
problems of both liquid and conventional dry 25    films are disclosed and
claimed in application for United States patent bearing Serial No. 160,895
filed    -6- February 26, 1988 by Leo Roos, Frederick J. Axon and 



James J. Briguglio, which application is assigned to the assignee of the
present invention and the disclosure of which is incorporated herein by
reference. The improved 5    dry film includes a cover sheet formed of
flexible but generally non-conforming polyester material such as
polyethylene terephthalate which gives the dry film shape while allowing it
to be rolled up onto a reel. On one surface of the cover sheet there is a
thin layer of 10    material, which is referred to as a top coat, and
preferably is soluble in the developer for the photoimageable material.
The photoimageable composition forms a layer over the other surface of the
top coat. 



A removable sheet of polyethylene protects the 15    photoimageable
composition layer.  The material of the top coat is selected for
transparency, strength and flexibility, and is further characterized in
being more adherent to the photoimageable composition layer than to the
cover sheet. 20         In the formation of a solder mask, as disclosed in
the Roos et al. application, the protective, removable sheet of
polyethylene is peeled away, and the exposed surface of the photoimageable
composition layer is tacked to a minor portion of the surface of the
printed 25    circuit board.  The polyester cover sheet is removed, 



leaving the top coat as a protective covering on the    -7- layer of
photoimageable composition.  The layer of photoimageable composition at
this time is firmly laminated to the surface of the board with the use of
heat and vacuum in order to conform the photoimageable 5    composition
layer to the contours of the surface of the board. In the application of
the dry film solder mask 



material, it is necessary to cover the printed circuit board with a loose
sheet of film before vacuum 10    lamination.  The film sheet must allow
the draw-off of the air enclosed between it and the surface of the circuit
board before applying mechanical pressure to conform the film to the board
surface. The film outer surface is protected, during application, by the
top 15    coat.  The polyester cover sheet may be removed prior to the
vacuum application process to allow for good conformation of the film to
the board. An object of the invention is to provide a process 20    and
apparatus for applying the dry film to the surface 



of a printed circuit board allowing, at the same time, the handling of the
board with the applied film, the removal of the polyester cover sheet, and
the draw-off of the air enclosed between the film and the board.    -8-
Another object of the invention is to provide an applicator for covering
the surface of each of a plurality of printed circuit boards with a loose
sheet of dry film by tacking the film to leading and trailing 



5    edge areas of the surface of each of the boards as the boards are
moved in succession through the applicator, the tacking being accomplished
by means of heated tacking rolls that are closed to force a first region of
the film into pressure contact with the surface of the 10    board at a
leading edge thereof, with the tacking rolls then being opened and
subsequently closed again to force a second region of the film that is
separated from the first region thereof into pressure contact with the
surface of the board at a trailing edge thereof, the 15    dimension of the
portion of the film between the first and second regions being
substantially the same as that 



between the leading and trailing edge surfaces of the board, said portion
of the film being applied to the surface of the board without the
utilization of heat or 20    pressure. A further object of the invention is
to provide such an applicator wherein the tacking rolls are relatively
movable from a normally closed position to an open position and tacking at
the leading edge of each 25    board surface is initiated by forcibly
feeding the    



9 leading edge of each of the boards into tangential contact with the
tacking rolls. In accomplishing these and other objectives of the
invention, there is provided a process and applicator key features of which
include automatic feed of the circuit board by means of feed rollers, the
leading edge tacking of the film by applying a force tangential to the
tacking rolls, the logic used to regulate the leadin and trailing edge
tacking, the application of roll pressure 10    during the leading and
trailing edge track, and a regulation system to apply tacking pressure to a
leading and trailing edge of the 



board. In particular, after tacking the film to the leading edge of the
board, the rolls open again to allow the film to be loosely applied without
pressure. The rolls close again to tack the trailing edge. The dry film has
high flow characteristics in the temperature range of [err] to [err].  It
is preferred to accomplish the tackina within this temperature rance
because, in this range, it is easier to tack the film to 20    the surface
of the board. By the term "leading edge surface" of the board or panel, as
is used hereinafter, is meant the edge of the surface of the board to which
it is desired to make the 



initial tack of the dry film solder mask to the board. 25    Similarly, by
the term "trailing edge surface" of the    - 10 - board is meant the edge
of the surface of the board to which it is desired to have the dry film
solder mask continue and at which the second tack is made. The various
features of novelty which characterize 5    the invention are pointed out
with particularity in the claims annexed to and forming a part of the 



specification.  For a better understanding of the invention, its operating
advantages and specific objects attained by its use, reference is made to
the 10    accompanying drawings and descriptive matter in which a preferred
embodiment of the invention is illustrated. Preferred embodiments of the
invention will now be described with reference to the accompanying
drawings, in which: Fig. 1 is a perspective view of the applicator
according to the invention, as seen from the front or entrance, that is,
introduction, end thereof; 20         Fig. 2 is a schematic view, as seen
by a section with a plane containing the lines 2-2 of Fig. 1, showing 



the tacking rolls, the printed circuit board feed rolls,    11 and the
photoimageable thread up arrangement of the applicator; Fig. 3 is a
schematic view comprising a section taken along lines 3-3 of Fig. 2; 5
Fig. 4 is a partial fragmented perspective view of the left side of the
applicator of Fig. 1 showing the tacking rolls and a left tacking roll
actuating sliding 



plate for the upper roll; Fig. 5 is a partial fragmented perspective view
of 10    the right side of the apparatus of Fig. 1 showing the tacking
rolls and a right tacking roll actuating sliding plate for the upper roll;
Fig. 6 is a fragmented view illustrating a switch actuator for sensing the
entry of a printed circuit 15    board into the tacking region with no
board or panel positioned between the tacking rolls; Fig. 7 is a fragmented
view illustrating the position of the switch actuator of Fig. 6 with a
printed circuit board positioned between the tacking rolls; 



20          Fig. 8 is a view of the left side of the applicator 10 with the
outer cover panel removed to show the circuit board input pinch roll and
output pinch wheel chain drive mechanism including a main sprocket solidly
attached to the lower output drive wheel shaft;    12 - Fig. 9 is a view
similar to Fig. 8 with the main sprocket sectioned to show the transmission
of movement to the input pinch roll; 



Pig. 10 is a wiring diagram showing the electrical 5    circuitry provided
in the applicator for controlling the tacking of the photoimageable dry
film to the printed circuit boards; Fig. 11 is a perspective view showing
the pneumatic system of the applicator; and 10         Fig. 12 is a timing
chart or diagram illustrating the operation sequencing of the applicator.
The drawings illustrate an applicator 10, according to the invention, for
covering a printed circuit board 15    with a loose sheet of dry film.  The
applicator 10 incorporates features taken from the Model 360 DFSM 



Manual Pre-Laminator and the Model 360 Laminator/Cleaner which are
manufactured and sold by the Dynachem Division of Morton Thiokol, Inc.
More specifically, the 20    applicator 10 comprises a modification of the
Model 360 DFSM with the heating and pneumatic systems from the Model 360
LaminatorCleaner, and in addition involves reconfiguration of electrical
controls and circuitry for    effecting tacking of a photoimageable film to
leading and trailing edge surfaces of printed circuit boards in 



a regulated manner. Thus, as shown in Figs. 1-3, the applicator 10 5
comprises a main body 12 and a driven conveyor means 14 for transferring
printed circuit boards or panels 16 one-by-one towards and through input
feed or pinch rolls 22 and 23 to a tacking region 18 and then on through
the main body 12. The conveyor means 14 includes a feed 10    table roller
means 20 positioned on the front or entrance side designated 21 of the main
body 12, the feed rolls 22 and 23, rear or output drive wheels 24 and 25,
and an exit table roller means 26 on the rear or exit side designated 27.
The input feed rolls 22 and 23 



15    desirably are provided with covers 22a and 23a, respectively, as
shown. The output drive wheels 24 and 25 are driven by output drive shafts
29 and 31. respectively. Since a solder mask is normally formed on both
sides of a printed circuit board, the applicator 10 20    is built
symmetrically with respect to the plane of conveyance of the circuit boards
16 by the conveyor means 14, as best seen in Fig. 2.  Side cover panels 12a
and 12b are provided for enclosing the left and right sides, respectively,
of the applicator 10.   



-14- In accordance with the invention, a layer of dry film, which
preferably is of the type disclosed and claimed in the aforementioned Roos
et al. application for U. S. patent, is attached to each of the upper and 5
lower surfaces of the printed circuit board 16 then passing through the
tacking region 18, through the action of parallel upper and lower tacking
rolls 28 and 30, for convenience sometimes referred to hereinafter as first
and second tacking rolls, respectively. 10          The first or upper roll
28 is movable toward and 



away from the second or lower roll 30 with the peripheral surfaces thereof
being normally positioned closely adjacent to eachother with the ends of
upper and lower dry films 36 and 46, as shown in Fig. 2, being 15
captured therebetween.  Upon entry of a circuit board 16 into the tacking
region 18, being driven by the input feed rolls 22 and 23, the leading edge
of the board 16 applies a force tangential to the tacking rolls 28 and 30.
This tangential force is induced by the traction of 20    the board 16
produced by the feed rolls 22 and 23 and produces a component of force at a
right angle thereto that forcibly separates the rolls 28 and 30. The 



resulting upward movement of the movable upper roll 28 allows the board 16
to be moved between the tacking 25    rolls 28 and 30.    The initial
upward movement of the tacking roll 28 actuates a first sensing means,
specifically a sensing switch 116, that is illustrated and described in
connection with Figs. 6 and 7. Actuation of sensing 5    switch 116
initiates a tacking sequence of operations of an electrical and pneumatic
system that includes 



pneumatic cylinders 76 and 88, as shown in Figs. 4 and 5, for applying
downward tacking pressure to the tacking roll 28. No air is supplied to the
lower chambers of 10    the pneumatic cylinders 76 and 88 to cause upward
movement of the tacking roll 28 until a timer 118, as described in
connection with Fig. 10, times out   This is after completion of the
leading edgetack. Upon the actuation of switch 116 and the timer 118. 15
downward pressure is applied by the pneumatic cyulinders 76 and 88 to the
upper tacking roll 28 to tack the leading end of the dry films 36 and 46
against each of the upper and lower surfaces of board 16, at the leading 



edge surfaces thereof or closely adjacent thereto. 20         To ensure a
firm tacking attachment, the rolls 28 and 30 preferably are heated and
suitable downward pressure is applied on roll 28 for a predetermined
period, as determined by timer 118, as the board 16 is conveyed through the
applicator 10. The downward 25    pressure on the upper roll 28 is then
removed and air is    16 supplied to the lower chambers of  pneumatic
cylinders 76 



and 88.  This causes the upper roll 28 to rise above the board 16 The board
16 continues to be conveyed through the applicator 10 with each of the dry
films 36 and 46 being drawn, without the application of heart or pressure
over the associated surface thereof. During such time, traction between the
dry films 36 and 46 and the respectively associated tacking rolls 28 and 30
10    cause the latter to rotate. Tacking of the dry films 36 and 46 to the
trailing edge surfaces of the board 16 is initiated by a second sensing
means, specifically, a switch 138. Switch 138 



may comprise a proximity switch, a photoelectric or 15    other device
suitable for detecting the trailing edge of the board 16, as indicated in
Fig. 2. After the switch L33 detects the trailing edge of the board 16, a
timer 122, as described in connection with Fig. 10 and which determines the
trailing edge surface tack placement and size is 20    actuated and begins
its timing sequence. As a result, upon entry of the trailing edae surfaces
of the board 16 into the tacking region L3, downward pressure again is
applied by the pneumatic cylinders 76 and 88 to the upper roll 28 to tack
the dry 25    films 36 and 46 to the upper and lower trailing edge. 



- 17- Surfaces, respectivety, of the board 16.  The board is conveyed
through and beyond the region of the tacking rolls 28 and 30 by the rear or
output drive wheels 24 and 25. Thus, dry films are attached to each of the
surfaces of the board, being loosely applied in each case, and fixedly
attached by tacking to the board only at the leading and trailing edges,
across the full width 



thereof.  The film width must be Less than the panel width to allow the
traction of the output drive wheels over the surface of the panel. 10
It is contemplated that, if desired, a succession of boards 16 to be
laminated on both sides may be fed to the applicator 10 with a dry film 36
and 46, respectively, being tacked to the leading and trailing edges of
each of the upper and lower surfaces thereor. 15    In such an embodiment
of the invention, a succession of boards 16 would exit the applicator 10
connected to each other by the dry films 36 and 46 but in spaced
arrangement.  Cutting of the dry films 36 and 46 for effecting separation
of the boards 16 may be manual. 



20         Alternatively, while not shown, it will be understood that
suitable film cutting means, as known in the prior art, may be employed for
cutting the films, as disclosed, for example, in U.S. patents 4,025,380 to
E. P. Bernardo and 4,650,536 to A. B. Ceraso to match 25      E. P. length
of each board 16 to be covered, thereby to    - 18- enable a trailing end
of each of the upper and lower films 36 and 46 to be tacked to the trailing
edge 



surface of the board, with, if desired, a minor portion only of the surface
of the board being covered by the 5    films. As shown in Fig. 2, the
applicator 10 includes an upper dry film supply roll 32 and a lower dry
film supply roll 34.  Dry film 36 is unwound from the upper dry film supply
roll 32 and is drawn downwardly past a 10    stripping roll 38.  At the
stripping roll 38, a polyethylene cover sheet 40 is separated from the dry
film 36 and is directed upwardly to be wound on an upper take-up reel 42.
The dry film 36 continues in a downward path past an antistatic bar 44 and
is wrapped 



15    counterclockwise, as seen in the drawing, around the upper tacking
roll 28. Similarly, dry film 46 is unwound from the lower dry film supply
roll 34 and is drawn upward past a lower stripping.roll 48. At the
stripping roll 48, a 20    polyethylene cover sheet 50 is separated from
the dry film 46 and is directed to a lower take-up reel 52 to be wound up
thereon. The dry film 46 continues in an upward path past an antistatic bar
54 and is wrapped clockwise around the lower tacking roll 30.   



19 Rolls 28 and 30, as shown in Figs. 4 and 5, are mounted for rotation in
a "free-wheeling" manner.  That is to say, they are mounted for rotation in
suitable bearings, but are rotated only in response to the boards 5    16
and the films 36 and 46 being conveyed through the apparatus 10 by the
input feed rolls 22 and 23 and output drive wheels 24 and 25.
Specifically, the lower roll 30 is mounted for rotation on fixed bearings
56 and 58, and thus rotates on a fixed axis indicated at 60. 10    The
upper roll 28, on the other hand, is mounted for 



rotation on vertically movable bearings 62 and 64 which allow the upper
roll 28 to be moved toward and away from the lower roll 30 for enabling
tacking the dry films 36 and 46 to the opposite sides of the printed
circuit 15    boards. The bearings 62 and 64 are mounted for vertical
movement on respectively associated elongated sliding plates 66 and 68,
with the plate 66 being positioned at the left end of roll 28 and the plate
68 at the right 20    end thereof.  Each of the sliding plates 66 and 68 is
pivoted for angular movement at one end, that end which is closest to the
entrance side 21 of the body 12 of 



applicator 10. Thus, the sliding plate 66 is pivoted on a fixed pivot 70
and sliding plate 68 is pivoted on a 25    fixed pivot 72.  Pivot 70 is
attached to a left side    20 plate 82 of main body 12 of applicator 10.
Similarly, pivot 72 is attached to a right side plate 94 of the main body
12.  The other end of sliding plate 66 is attached by a tab 74 thereon to
the upwardly positioned 5    pneumatic cylinder 76.  A shaft 18 forming an
extension 



of roll 28, at the left end thereof, extends through a hole 80 in the Left
side plate 82. Shaft 78 fits through in a hole 84 in sliding plate. 56.
Hole 84 is positioned in alignment with the fixed 10    pivot 70 and tab
74.  In order to allow a range of vertical movement of shaft 78 and thereby
of roll 28, hole 80 in plate 82 is elongated in the vertical direction, as
shown. Similarly, the other end of sliding plate 68 is attached by a
suitable means thereon to the upwardly positioned pneumatic cylinder 88. A
shaft 90 forming an extension of roll 28, at the right side thereof,
extends through a 



hole 92 in the right side plate 94 and fits through a hole 96 in sliding
plate 68. 20    Hole 96 is positioned in alignment with the fixed pivot 72
and pin 86.  Hole 92 in side plate 94 is elongated in the vertical
direction to allow a range of vertical movement of shaft 90 and thereby of
roll 28. Air pressure for actuating the upper roll 28 downwardly in order
to effect a desired tacking    - 21 - 



operation is applied by a pneumatic system 97, as shown in Fig. 11, to the
pneumatic cylinders 76 and 88 from a source of air under pressure under
control of solenoid valves 98, 100, and 102, which are selectively actuated
5    by electrical circuitry shown and described in connection with Fig.
10. As shown in Fig. 11, the solenoid valves 98, 100 and 102 are
incorporated in an electrovalve assembly 99 of the pneumatic system 97. The
pneumatic system 97 10    further includes, in addition to the pneumatic
cylinders 76 and 88, an air filter 101 having an input connection for the
attachment thereto of a supply of air under 



suitable pressure, a pressure regulator 103, a pressure gauge 105, and a
plurality of hose tubes 107 for the 15    appropriate connection of the
several components, as indicated and generally known to those skilled in
the art and which need not further be described herein. The selective
energization of valves 98, 100 and 102 is controlled by electrical
circuitry 20    designated 104, as illustrated in Fig. lb.  The circuitry
104 is connected by conductors 106 and 108 to a source of energizing
alternating current, designated by supply lines [err] and [err], of
commercial frequency and voltage. Connected between the supply lines [err]
and [err] 



25    and the conductors 106 and 108 are a single pole-single    - 22 -
throw switch 110, a step-down transformer 112 and a thermomagnetic trip
unit or circuit protection device 114. Desirably, the transformer 112 is so
selected as to provide an electromotive force of 24 volts between
conductors 106 and 108. 5         The circuitry 104 includes the previously
mentioned sensing switch 116, and regulating means including a first timer
118 having a normally closed 



contact 120, a delay timer 122 having a normally closed contact 124, a
delay latch relay 126 having normally 10    open contacts 128 and 130, a
first relay 132 having a normally closed contact 134 and a normally open
contact 136, a photo eye or proximity switch 138, and a second relay 140
having a normally open contact 142.  When energized, timers 118 and 122 are
operative at the end 15    of predetermined counts or periods to open the
normally closed contacts 120 and 124, respectively, associated therewith.
The sensing switch 116 is provided to detect the entry of the leading edge
of each printed circuit board 



20    16 to be worked on into the tacking region 18, and more.
specifically, into tangential contact with the upper and lower rolls 28 and
30 resulting in upward movement of moveable roll 28. The photo eye or
proximity switch 138 detects the trailing edge of each board 16. The 25
position of switch 138 may be adjusted by means (not    -23- shown) to
adjust the edge of the surface of the board 16 at which the second tack of
the dry films 36 and 46 to 



the opposite surfaces of the board 16 is made. As shown in Figs. 6 and 7,
the sensing switch 116, 5    which may comprise a normally open microswitch
having an actuating button 116a that is spring biased outwardly (by means
not shown). Switch 116 is arranged for actuation by a bar 144 that is
attached to the sliding plate 68, at the end 146 thereof adjacent the fixed
pivot 72. The 10    arrangement is such, with the sliding plate 68 being
angularly deflectable about pivot 72 that the bar 144 is moved in a
downward direction when the roll 28 is moved upwards, and vice versa. The
switch 116 is vertically mounted on a depending leg of an L-shaped 



15    member 148.  The end of the other leg of member 148 is pivoted to a
frame member (not shown) of the applicator 10. A lever member 149 is
pivoted at one end 150 on the switch 116 and extends along the length of
the latter. A roller 151 attached to the other end of lever member 20
149 is in position to be engaged and pressed by the end of the bar 144
attached to sliding plate 68 when there is no board or panel 16 between the
tacking rolls 28 and 30. To that end, an adjusting screw 152, which is
mounted on a frame member 153 of the applicator 10, is attached in screw
threaded relation with the L-shaped  



-24- member 148.  By adjustment of adjusting screw 152, the lever member
149 may be pressed to the extent required to keep the switch 116 in the
open position thereof when the end of the bar 144 is in engagement with the
roller 5    151.  The adjusting screw 152 is adjusted to keep the switch
116 in such a position that it will snap from the open switch position
shown in Fig. 6 into a closed switch position shown in Fig. 7 just before
the upper roll 28 is lifted a distance corresponding to the 



10    height, that is, the thickness, of a printed circuit board entering
the tacking region 18. In Fig. 8 there is illustrated a view of the left
side of the applicator 10 with the cover panel 12a removed. Removing the
cover panel 12a shows that the 15    drive mechanism for the input pinch
rolls 22 and 23 and the output drive pinch wheels 24 and 25 comprises a
chain drive mechanism 155 including a main sprocket 157 driven by a chain
159. The chain 159, in turn, is driven by an electrical motor 161 through
suitable speed 20    reducing mechanism 163. The illustration of Fig. 9 is
similar to that of 



Fig. 8 except that the main sprocket 157 has been shown in fragmented form
to reveal the transmission of movement from the main sprocket 157 to the
lower input pinch roll 25    23.  As shown, the main sprocket 157 is
solidly attached    - 25 - to the shaft 25 of the lower output drive wheel
24. Also attached to the shaft 25 is an input feed drive sprocket 165.
Sprocket 165, in turn, drives a sprocket 167 that is solidly attached to
the shaft 169 for the 



5    lower input feed drive roll 23, such drive being by way of a chain 171
that passes over an intermediate idler sprocket 173. In the idling position
of the upper roll 28, the solenoid valve 98 is closed and no air pressure
is applied to the pneumatic cylinders 76 and 88 to act on 10 the upper roll
28.  Solenoid valve 98 discharges air in the system through the vented port
of solenoid valve 102.  Under these conditions, the upper roll 28 is
"floating" under its own weight. 15         When a printed circuit board 16
is introduced into 



the entrance side 21 of body 12, the input feed or pinch rolls 22 and 23
produce movement of the board 16 in the direction of movement from the
entrance side 21 to the exit side 27 of the body 12. When the leading edge
of 20    the board 16 tangentially engages the tacking rolls 28 and 30,
which rolls are able to rotate freely, the upper roll 28 opens and moves
upward due to the vertical component of the tangential force of the edge of
the board 16 on the roll 28. As a result, the bar 144 which 25    actuates
switch 116   



REPLACEMENT SHEET 26 [err], with the result that the switch 116 is adjusted
from the open to the closed position thereof. When switch 116 is moved to
the closed position, as 5    indicated in Fig. 10, relay 140 is energized,
resulting in closure of contact 142 and the energization of solenoid 102.
Actuation of solenoid 102 results in the * introduction of air pressure
into the system to solenoid valve 98 and results in operation of the
pneumatic 10    cylinders 76 and 88.  This causes the upper roll 28 to 



be pressed or pushed downward against the lower roll 30 with the printed
circuit board 16 and dry films 36 and 46 therebetween to produce the
leading edge tack. Simultaneously with the energization of relay 140, 15
closure of switch 116 energizes timer 118.  Timer 118 counts the tacking
time. When a preset time has elapsed, timer 118 operates to open normally
closed contact 120 to deenergize normally energized relay 132. This
produces a reversal of the positions of relay 20    contacts 134 and 136.
This causes the deenergization of solenoid valve 98 and the energization of
solenoid valve 100, resulting in relaxation of the downward pressure on 



tacking roll 28 and thereby release of the roll pressure tacking the
leading end of films 36 and 46 to the 25    printed circuit board 16.  The
reversal in position of    -27- relay contact 136, that is, closure
thereof, results in energization of solenoid valve 100.  This causes air to
be supplied to the lower chambers of pneumatic cylinders 76 and 88 and
allows the tacking roll 26 to rise and 5    float under its own weight. 



Upon the detection of the end of the board 16 in the tacking region 18, the
proximity switch or photo eye 138 closes an energizing circuit to delay
latch relay 126, which self retains through closure of a contact 128 10
thereof.  Energization of relay 126 also closes contact 130 to close an
energizing circuit to timer 122 thereby to control the beginning of the
count thereof. When timer 122 switches at the end of the count, contact 124
is opened to deenergize timer 118, which 15    results in opening of
contact 120 and deenergization of relay 132. This causes a new switch in
the positions of the contacts 134 and 136 and consequently of solenoid 



valves 98 and 102, resulting in the supply of air to the upper chambers of
pneumatic cylinders 76 and 88, and 20    consequently, in the upper roll 28
being pressed down again by the pneumatic cylinders 76 and 88 to make the
trailing edge tack. When the printed circuit board 16 is moved beyond the
tacking rolls 28 and 30 by means of the rear pinch 25    wheels 24 and 25,
the tacking roll 28 is moved down and    -28- 



the sensing switch 116 is actuated to the open position thereof, with the
end of bar 144 in engagement with the roller 151 of lever member 149, thus
deenergizing the electric circuitry 104 and resetting it. 5         The
operation sequencing during a cycle of operation of the applicator 10,
according to the invention, is illustrated in the timing diagram of Fig.
12. Specifically, curve 154 shows the position of the upper roll 28 as
initially being down in the closed 10    position, then raised for a major
portion of the cycle, and down again as the end of the cycle approaches.
Curve 156 shows the switch 116, which detects entry into 



the laminating region 18 of the board 16 to be worked, as initially being
in the opened position thereof and 15    then adjusted to the closed
position, remaining in the latter position during the remainder of the
cycle. Curve 158 shows the timing of the operation of the timer 118 in
maintaining the tacking pressure on the roll 28 to effect the tacking of
the films 36 and 46 to 20    the leading edge surface of the board 16 for a
period of 0.2 seconds, with the tacking beginning immediately upon
operation of switch 116 to the "on" or closed position. Tacking for a
longer period may be effected, for a period, as long as 0.5 seconds, for
example, as 



25    indicated in the drawing.  Curve 160 shows the action of    29 the
proximity switch or photo eye 138 in sensing the trailing edge of the board
16.  The timing of the operation of the timer 124 in effecting the trailing
edge tack to the board 16 is shown in curve 162. Curve 5    164 shows the
pressure on the upper roll 28 during the cycle of operation, the position
thereof initially being down with no applied pressure thereon, then down
with 



pressure applied thereto to effect the tacking of the film 36 to the
leading edge of the board, then up with pressure applied thereto and
finally near the end of the cycle down_with pressure applied thereto to
effect the tacking at the trailing edge surface of the board. Since the
sheets of polymeric dry film 36 and 46 15    have high flow characteristics
in the temperature range of [err] to [err], it is easier to tack them to
the surfaces of printed circuit boards if applied at a temperature within
this range. For heating the tacking rolls 28 and 30 and 



20    controlling the temperature thereof to a suitable value within this
range, there is provided, as shown in Fig. 10, heating resistors 166 and
168 which are arragned, in a manner known to those skilled in the art, in
operative association with the upper roll 28 and.the lower roll 25    30,
respectively.  Heating resistors 166 and 168 are    -30- energized from the
alternating current supply lines [err] and L2 through a circuit including
the circuit breaker 110, an 



additional circuit breaker 170, a normally open relay operated switch 172,
and a respectively associated control circuit 174 and 176, which control
circuits may be identi- cal Each of the control circuits 174 and 176
includes a temperature controller designated 178 and 180, respective- ly.
Connected to the input of controller 178 is a thermo- couple 182 which is
operatively positioned adjacent to the external surface of the roll with
the heating resistor 166 that is associated with the upper roll 28. A
similar thermocouple 184, which is operatively positioned adjacent tothe
external surface of the roll with the heating resis- 



tor 168 that is associated with the lower roll 30, is connected to the
input of controller 180. Connected to and controlled by the output circuits
of the controllers 178 and 180 are respectively associated power rectifiers
186 and 188. Rectifiers 186 and 188 are connected to the alternating
current supply lines [err] in series with a respectively associated heating
resistor 166 and 168, with suitable brushes 190, 192 and 194,196 being
provided on the upper roll 28 and the lower roll 30, re- spectively, as
shown.   



-31- Energizatioan of the heating resistors 166 and 168, and hence, heating
of the upper roll 28 and of the lower roll 30 is controlled responsively to
continued energization of the electrical circuitry 104. That is to say,
upon inter- ruption of the energization of the circuitry 104 the ener-
gization of the heating resistors 166 and 168, and hence, the heating of
the rolls 28 and 30 is discontinued. To that end a relay 202 with the coil
connected in parallel to the circuitry 104 is arranged to open its contacts
172 in the energizing circuit to the control circuits 174 and 176 



in the event of deenergization of circuitry 104, or by actuation of switch
206.  Connected in parallel with relay 202 is a pilot light 204 to detect
if the heating system is in "on" or "off" condition.    32 Thus, in
accordance with the invention, there has been provided an apparatus for
applying a dry film 5    solder mask to the surface of a printed circuit
board that allows handling of the board with the applied film 



and the removal of the polyester cover sheet, and further, allows complete
elimination of air from the surfaces of the board to which the dry film has
been 10    loosely applied, being tacked thereto only, by the application
of vacuum technology, heat and mechanical pressure, thus enabling complete
encapsulation of the printed circuit board conductors and intimate contact
of the solder mask film to the surfaces of the board. 15          The
invention is characterized in the arrangement of the apparatus components
which enable reduced calibration and human interaction.  Key features
include driven feed rollers 22 and 23 which 



automatically feeds the board into the tacking rolls, 20    the front
tacking of the film by applying a force tangential to heated or unheated
tacking rolls, and the logic used to regulate the leading and trailing edge
tacking. After tacking the film to the leading edge of the board, the
tacking rolls open to allow the film to be applied 25    loosely and
without pressure to the board. The rolls close again to tack the trailing
edge.    CLAIMS: 



1. An applicator (10) for applying a dry film solder mask on a surface of a
board (16), said board having a leading edge surface and a trailing edge
surface, said applicator comprising: means for supplying a dry film (36,
46) and for positioning said film relative to the board such that a first
region of the film at a leading portion thereof is positioned adjacent said
leading edge surface of the board and subsequently a second region of the
film, at a trailing portion thereof, is positioned adjacent said trailing
edge surface of the board with a third region of the film, intermediate
said first and second regions, overlying an 



intermediate surface of the board between said leading and trailing edge
surfaces and having a length substantially the same as that of said
intermediate surface, the three said regions of the film each extending
across the whole width of the film, tacking means including first and
second parallel tacking rolls (28, 30) positioned to form a tacking region
(18) therebetween and normally disposed closely adjacent to each other in a
closed position but relatively movable to effect separation thereof to an
open position; means for conveying said dry film into the tacking region
between the tacking rolls; 



means (20, 22, 23) for conveying said board with the leading edge thereof
into the said tacking region; and actuating means operable to produce a
force tending to move said rolls towards their closed position, using heat
and pressure for tacking selected parts of the film to the board,
characterised in that said tacking means is arranged to tack said first and
second regions of the film to said leading and trailing edge surfaces
respectively of the board with said third region being loosely applied to
the intermediate surface of the board without being tacked thereto but
being retained in position by said tacked first 



and second regions, in that said tacking rolls are arranged to be pushed
apart by a force tangential thereto caused by engagement of the leading
edge of a board, to allow the passage of said board therebetween, in that
first sensing means are arranged to sense such separation of the tacking
rolls and in that actuating means are connected to and actuated by said
first sensing means for producing a force tending to move said rolls toward
the closed position thereof thereby to press said film at said first region



thereof against the leading edge surface of said board. 2.    An applicator
as defined by claim 1 wherein said first sensing means includes an electric
switch (116), and wherein said actuating means includes regulating means
the operation of which is initiated by operation of said switch, and force
producing means controlled by said regulating means. REPLACEMENT SHEET 17
SEP 1998    



3.    An applicator as defined by claim 2 wherein said force producing
means includes a pneumatic cylinder (76,88). 4.   An applicator as defined
by any one of claims 1 to 3, wherein said regulating means includes timing
means (118), said timing means being operative to maintain the operation of
said force producing means for an interval of predeter- mined length for
the application of tacking pressure at the leading edge surface of said
board following which the operation of the force producing means is
discontinued whereby said tacking rolls open to allow the film to be
applied to said board without pressure. 



5.    An applicator as defined by any one of claims 1to 4, further
including second sensing means (138) operative to sense the approach of the
trailing edge of said board, said second sensing means having a connection
to said actuating means, said act5uating means including regulating means
operative in response to sensing by said second sensing means of the
approach of the trailing edge of said board to actuate said force producing
means to apply pressure tend- ing to effect closure of said rolls and
thereby to apply tacking pressure to the trailing edge surface of said
board. 



6.    An applicator as defined by any one of claims 1 to 5 wherein said
board (16) is a printed circuit board and said dry film (36,46) comprises a
polyester cover sheet:(40,50), a top coat on said polyester cover sheet, a
layer of pho- toimageable composition on said top coat, and a protective
cover sheet for said photoimageable composition, REPLACEMENT SHEET    -36-
said photoimageable composition being curable after 



exposure and development to provide a hard, permanent, solder mask
overlying said printed circuit board, said top coat being selectively
adherent to said photoimageable composition relative to its adherence to
said cover sheet, and further including means (39,42,48,52) to romove said
protactive cover sheet from said photoimageable composition, leaving said
top coat and polyester cover sheet attached to said pho- toimageable
composition, and wherein said tacking means tacks, utilizing heat or no
heat and pressure, said photoimageable composition, with said top coat and
polyester cover attached, in said first 



and second regions of said dry film to said leading and trailing edge
surfaces, respectively, of said printed circuit board while applying said
photoimageable composi- tion, with said top coat and polyester cover
attached, in said third region of said dry film without the application of
heat and pressure. 7.    An applicator as defined by claim 6 wherein said
board (16) has opposed surfaces each of which opposed surfaces has a
leading edge surface and a trailing edge surface, and wherein a dry film
having a layer of photoimageable composition with said top coat and cover
sheet (40,50) 



attached is drawn around each of said tacking rolls onto the leading edge
surface of a respectively associated one of the opposed surfaces of said
board as said board is conveyed between said tacking rolls, said board
being conveyed also between said layers of photoimageable compo- sition,
-37- whereby upon actuation of said actuating means by said first sensing
means (116) to produce a force tending 



to press said tacking rolls (28,30) to the closed position thereof a layer
of photoimageable composition is tacked simultaneously to the opposed
surfaces of said board at each of the leading edge surfaces thereof. 8.
An applicator as defined by any one of claims 1 to 7 wherein said tacking
rolls are spaced vertically with respect to each other with said first
tacking roll (28) being the upper roll and the second tacking roll (30) the
lower roll, further including a movable bearing support means (66,68) and a
fixed bearing support means (56,58), wherein said upper roll is mounted for
rotation in 



said movable bearing support means and said lower roll is mounted for
rotation in said fixed bearing support means, said movable bearing support
means including a plate (66,68) at each end of said first tacking roll (28)
with a first end of each of said plates being pivoted for turning movement
about a fixed pivot (70,72) individual thereto, each of said plates having
a second end for connection to a force acting in the vertical direction,
and including a bearing (62,64) at a position intermediate the first and
second ends in which an individ- ually associated end of said first tacking
roll is support- ed for rotation. 



9.    An applicator as defined by claim 8 further includ- ing a bar (144)
mounted on one at least of the plates of said bearing support means, said
bar having an end portion comprising an extension of the first end of said
one plate (68) and wherein said first sensing means comprises switch means
(116) having a first switch position and a second switch position, said
switch means being opera- tively associated with the end portion of said
bar such that when a force is applied to and moves the second end of 



said plate upwardly, said switch means is actuated from said first switch
position to said second switch position. 10.    An applicator as defined by
claim 9 further includ- ing adjustable means (152) attached to said
applicator and cooperating with said switch means (116) to effect opera-
tion of said switch means upon a predetermined upward movement of the
second end of said plate (68). 11.    An applicator as defined by claim .9
or claim 10 wherein said applicator includes a frame member (153) and said
switch means (116) comprises a microswitch having an actuating button
(116a) and further including a lever member (149) having a first end and a
second 



end, said lever member being pivoted at said first end (150) on said switch
means such that an intermediate por- tion thereof is adapted, when pressed
toward said switch means, to engage, press and thereby cause said actuating
button to assume a first switch position, said lever member having a roller
means (151) attached to the second end thereof.    an L-shaped member (148)
having a first leg and a second leg with each of said legs having an end,
the end of 



said first leg being pivoted to said frame member of said applicator with
said L-shaped member so positioned that said second leg extends downwardly
adjacent the end portion of said bar that comprises an extension of the end
of said one plate, said switch means (116) being mounted on said second leg
of said L-shaped member such that said roller means (151) attached to said
lever member (149) is engaged by the end portion of said bar (144) when the
second end of said plate is in a low position thereof thereby causing said
spring member to press said actuating button (116a) whereby upon upward
movement of the second end of said plate the 



end portion of said bar (144) slides off said roller means (151) and is
disengaged therefrom thus causing said lever member to relieve the pressure
on the actuating button of said switch, thereby allowing said actuating
button to assume a second switch position. 12.    An. applicator as defined
by claim 10 or claim 11 which includes a frame member (153) and wherein
said switch means (116) comprises a microswitch the operating button (116a)
of which extends toward the end portion of said bar (144), and said
adjustable means. comprises an adjustable screw (152) mounted in said frame
member and positioned in cooperative relation with said switch actuating
button 



whereby the operation of said switch means may be effected upon upward
movement of said first tacking roll (28) an amount barely sufficient to
allow said board to be moved between said first and second tacking rolls.
REPLACEMENT SHEET 17 SEP 1998    -40- 13.    An applicator as defined by
any one of claims 9  to 12, wherein said actuating means includes pneumatic
cylin- 



der means (76,88) and a link between said pneumatic cylin- der means and
each of the second ends of said plates (66,68) regulating means being
connected to said switch means, said regulating being operative to control
said pneumatic cylinder means and being operated, in turn, in response to
actuation of said switch means to said second switch position to actuate
said pneumatic cylinder means to apply tacking pressure to the leading edge
surface of the panel (16). 14.    An applicator as defined by claim 13
further includ- ing second sensing means (138) said second sensing means 



being operative to sense the approach of the trailing edge surface of said
panel and being connected to said regulat- ing means, said regulating means
being operative in response to sensing of the approach of the trailing edge
surface of said panel by said second sensing means to actuate said
pneumatic cylinder means (76,88) to close said tacking rolls (28,30) to
apply tacking pressure to the trailing edge surface of the panel, and
second timing means (122) connected to said regulat- ing means and
operative to maintain the tacking pressure at the trailing edge surface of
said panel for a predetermined 



interval. 15.    An applicator as defined by any one of claims 9 to .14,
wherein said actuating means includes regulating means the operation of
which is initiated by the operation of said switch (116) means of said
first sensing means    -41- responsively to the separation of said tacking
rolls (28,30) by the engagement therewith of the leading edge of the board,



wherein said switch means is a first electric switch, said first position
being an open circuit position and said second position being a closed
circuit position, said actuating means further including force produc- ing
means controlled by said regulating means, said regulating means comprising
an electrical circuit including said first electric switch, said electri-
cal circuit further including a first timer (118) having a normally closed
contact (120), a delay timer (122) having a normally closed contact (124), 



a delay latch relay (126) having first and second normally open contacts
(128,130), a first relay (132) having a normally closed first contact (134)
and a normally open second contact (136), a second sensing means (138)
comprising a second electric switch operative to sense the trailing edge of
the board as the board is being conveyed through said tacking region, a
second relay (140) having a normally open contact (142), a first control
valve (102) which when energized is operative to cause the delivery of
power to the force 



producing means, a second control valve (98) which when energized is
operative to direct the power of the force producing means in direction to
press at least one of the tacking rolls against the board, and    -42- a
third control valve (100) which when energized is operative to reverse the
direction of the power of the force producing means thereby to cause
separation of the 



tacking rolls, the energizing circuit connections to the first timer (118),
the delay relay (126), the delay timer (122) and the second relay (140)
including the first electric switch (116), the normally closed contact
(124) of said delay timer (122) being included in the energizing circuit
connection to the first timer (118), the normally closed contact (120) of
the first timer (118) being included in an energizing circuit connection to
the first relay (132), the normally open contact (142) of the second relay 



(140) being included in an energizing circuit connection to the first
control valve (102), one of the normally open contacts (128) of said relay
latch relay (126) being included in a self-retaining energizing circuit
connection to the delay latch relay and the other normally open contact
(130) being connected in the energizing circuit connection to the delay
timer (122), the normally closed contact (134) of the first relay (132)
being connected in an energizing circuit connection to the second control
valve (98) with the normally open contact (136) thereof being connected in
an energizing circuit with the third control valve (100), 



whereby upon actuation of said first electric switch (116) to the closed
position thereof responsively to the engagement of the board (16) with the
tacking rolls (28,30), the second relay (140) is energized to effect
closing of the normally closed contact (142) thereof and thereby the
energization of the first control valve (102) to cause the delivery of
power to the force producing means    -43- which power is directed by the
second control valve (98) to 



cause the pressing of at least one of the tacking rolls to tack the film to
the board, the normally closed first contact (134) of the first relay (132)
being then in a closed position in the energizing circuit to the second
control valve, said first timer being simultaneously energized to count the
tacking time and changing the position of the normally closed contact (120)
thereof to an open position when a predetermined time has elapsed,
resulting in deener- gization of the first relay (132) and reversal of the
positions of the said first and second contacts (134,136) of the first
relay, thereby causing the deenergization of 



the second control valve (98) and the energization of the third control
valve (102), resulting in a reversal of the direction of power by the force
producing means and thus the movement of the said at least one tacking roll
away from the board, detection of the end of the board by the second
electric switch (138) changing the position of the first and second
contacts (128,130) of the delay latch relay (126) thereby to close an
energizing circuit to the delay timer and effecting the beginning of the
count for the delay timer (122), the delay timer when energized opening the
normally closed contact (124) thereof to deenergize the 



first timer and as a result energization of the first relay, causing a
switch in the positions of the first and second contacts (134,136) of the
first relay, resulting in energization of the second control valve and
operation of the force producing means to press the at least one tacking
roll against the film and board to make the trailing edge surface tack,
-44- the first electric switch (116) reverting to the open 



position thereof when the board leaves the tacking rolls, thus deenergizing
the regulating means and the force pro- ducing means and resetting the
electrical circuit. 16.   An applicator as defined by claim 15 wherein said
force producing means comprises a pneumatic system includ- ing first and
second pneumatic cylinder means (76,88) connected to the second end of a
respective one of the plates (68) of said bearing support means, each of
said pneumatic cylinder means including opposed chambers, wherein the first
control valve (102) is connected to control the supply of air pressure to
the pneumatic system, wherein the first, second and third control valves 



are solenoid valves, energization of the second solenoid valve (98) re-
sulting in the connection of air pressure to one of the opposed chambers of
each of the pneumatic cylinders, said one chamber causing movement of the
associated second end of said plates to press said at least one tacking
roll against the film and the board, and energization of the third solenoid
(100) resulting in the connection of air pressure to the other one of the
opposed chambers of each of the pneumatic cylinders to cause separation of
said at least one tacking roll from the board. 



17.    An apparatus as defined by any one of claims 1 to 16, wherein said
means for conveying said board with the tacking edge surface thereof into
the tacking region be- tween said tacking rolls comprises pinch feed
rollers (22,23) which engage the opposite surfaces of the board with one at
least of said feed rollers being driven.    


















