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 APPLICATOR FOR APPLYING DRY FILM SOLDER MASK ON

A BOARD

The present invention relates to a process and

apparatus for applying dry film soider mask material to

the surface of a printed circuit board.  yyu; sheet Has Been Replaced

KR

A solder mask is a hard, permanent layer of

slectrically non-conductive material which covers the

surface of a pfinted circuit board and encapsulates the

traces of the printed circuit. The solder mask is
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patterned to fully cover the circuitry except for

portions that are 1ntentlonally left exposed for the

solderlng thereto of other components.

Solder masks, typically, are formed from a layer of

photoimégeable 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. Subsequént to exposure, the -
ohotoimageable layer is developed in an organic solvent

or an aqueous solution which'woshes away either exposed

‘or unexposed portith'of the iayer; 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

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

' semi-stable layer.

There are a number of advantéqes to‘applying'a |
photoimageable layer to a circuit board in thetformzof a
dfy'film rather than in liquid form. Dry film; that are
free of organic solvenis are commeroially available.

The use of dry £iim eliminates organic'solveot hazards

This Sheet Has Been Rep! lace
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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
sup?ort 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

terephthalate (PET), such as that sold as MELINEX®,

For the protection of the photoimageable layer and

to enable the dry £ilm to be rolled, it is conventional

to ceVer the exposed suifece'of the photoimageable layer

with a removable protective sheet of polyethylene. an
exampie of such'a dry film is sold as LAMINAR DM® 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

cémpoSition immediately'prior to'application of the dry
film to the surface of the printed cxrcult board. |
Specxflcally, automated apparatus peels away and rolls

up the protectxve sheet as the dry film ls ‘unrolled from

a reel. The dry fllm is applxed to the surface of the

printed circuit board with the photoimageable layer in

Sheet Has Been- Tlaced
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direct contact_with'the board surface. Usingjheat and

vacuum, the photoimageable layer is immediately.

laminated to the surface of the board. The polyester
cover sheet remains svarlying the photcimageable layer,

protecting the photoimageable layer from exposure to

.oxygen and from damage tendinglto be caused as the

result of handling.

The dry film is expoeed to patterned actinic
radiation through the PET cover sheet. The polyester
cover sheet is then removed, permitting aocess to the

photoimapeable_layer by developer. Depending upon the -

composition of the photoimageable layer, the

photoimageable layer is developed with organic solvent,
aqueous developer, or seml-aqueous developer, that 15, a

developer including both water and organxc solvent.

 Most photoimageable composition layers requx;e some cure

subsequent to development to cause the layer to become
hard and permenent and useful for serving es;a solder
mask. Curing may be'effected with heat and/or ultra
violet redietion depending npon the composition of the

photoimageable layer.

' Because the ponester cover sheet'ls relatively'

rzgxd, the photolmageable layer cannot fully conform to

the lrregular contours of the prlnted circuit board.

from the flat surface of which circuitry traces project

outward. .As a:result, the thickness of the

This Sheet Has Been Reﬂlaced
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photoimageable layer, when laminated to the boerdl must

‘be slightly greater_than the projection of the traces

outward of the surface of the board for the
photoimageable composition to overlie the cute T sur faces .
of the traces. Thus, outer regions of photomask exist

between the portione'of the'circuitry from which the

photoimageable composition is'removed &uring the

develogment of the solder mask and to which a component

is to be soldered. Such outer regions pose a problem :

" particularly with respect to components which are to be

sorface-mounted to the printed circuit board.'r

Some circuit.traces are narrower at the foot
thereof tﬁan at the top. 1In sﬁoh'cases, emall oVerhangs
of the photoimaging layer tend to extend outwardly along
each side of each trace (an effect knowo as
Qmushrooming“). With both liguid oompositions and

conventional dry films, air-filled voide_rend to remain

" below such overhangs; The air trapped in such voids may

produce scme oxidation of the circuit traces and may

lead to eventual defects in the solder mask.

An improved drf £ilm and a process for the use
thereof in the formation of a solder mask on rhersurface
of a'orinted circuit'boaro in order to eliminate the
foregozng problems of both liquid. and conventlonal ary-
films are disclosed and claxmed in applxcatxon ror_

United States patent bearing Serial No. 160,895 filed

is Sheet Has Been Re laced

||II|I|| MOA




10

15

20

25

February 26, 1988 by Leo Roos, Frederick J. Axon and

.James J. Briguglio, which Applicatioh is assigned to the

assignee of the present invention and'the.disclosure_of
which is incqrporated’hérein by.referencé. ‘The improved
dry £ilm includes a cover sheet fotméd'of'flexible'but
generally non-confbrming pquesterlmaterial such as
polyethylene terephthalate which gives the dry film
shape while allbwing'it to be rolled up onto a reel. On
one surface cf.the_cover sheet there is a thin layer of

material, which is referred to as a top coat, and

preferably, is soluble in the developer for the

"photoimageable material.  The photoimageabie'compositiod

forms a layer over the other surface'of the top coat.

A removable sheet of polyethylene'protects the:
photoimageable éompositioﬁ layef. The matérial of the
top coat is seleéted fof trahsparency, stfength &nd
flexibility, and is further ‘characterized in belng more
adherent to the photolmageable composition layer than to

the cover sheet.

In the formation of a solder mask, as disclosed in

the Roos et al. appiiCation, the protective, removable

sheet of polyethylene is peeled away, and the ekposéd
surface of the photoiﬁageable.compbéition'layer ig
tacked to a minor-portion-qf the sufface of the printed
circuit board. The,polYester'cover sheet is removed,

leaving the top coat as a protective covering on the

Sheet Has Been RTlaced _
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_layer of photoimageable COmposition. The layer . of

photoimageable composxtlon at this tlme is fxrmly
laminated to the surface of the board w1th the use of

heat and vacuum in order to conform the photoimageable

‘composition layer to the contours of the surface of the

board.

In the applicatiou of the dry £ilm solder mask

material, it is necessary to cover the printed circuit.

board with a loose sheet of film before vacuum

lamination. The'film sheet must aliow the draw-off of
the air enclosed between it and the surface of the
CIrCULt board before applylng mechan1cal pressure to
ccnform the film to the board surface. The lem outer

surface is protected, during application, by the top

'coat._ The polyester cover sheet may be removed prxor

. to the vacuum applzoatxon process to allow for good

conformation of the film to the board.

An object of. the lnventlon is to provide a process
and apparatus for applylng the dry fxlm to the surface
of a printed cxrcuxt board allowing, at the same time,
the handling of the board with the applied fdlm, the .
removal of the polyester'cover,sheet; and the draw—ofr

of the air enclosed between thelfilmjand the board.

Sheet Has Been Replaced '
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.Another objéct-of the invention is to ptovide an

 applicator for covering the surface ofdeach of a

plurality of printed circuit boards with a lcose sheet
film by tacking the {iim to leading and trailing

edge areas of the surface of each of the boards as the

'boards are moved'in suécession'through the applicatbr;

the tacking being accomplzshed by means of heated
tacklng rolls that are closed to force a first regxon of
the film znto ‘pressure conpact with the surface of the
bbard at a leading'edge fhereof, with the tacking rolls
then'being opened aﬁd subsequently closed again to forde
a second region of'the film that is separated from the
first region_thereof_into'pressuré cdntaCt with.thé
surface of the board at a trai;ing edge therebf, the
dimension of the.portion of the film between the'firsi :

aﬁd second regions being_substantially the samé.as that

‘between the leading and trailing'édge surfaces of the

voard, said portion of the film being applied to the
surface of the board without the utilization of heat or

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 tackihg'at'the leading edge of each ,

board surface is lnltzated by forclbly feedlng the

heet Has Been Re| laced
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'leading edge of each of the boards into tangential

contact with the tacking rolls.

in accomplishing these and 6ther objedtives of the
invention, there is provi&ed a process and"applicétor |
xey Zsacures of which inclu ude autcmatic feed of ine
¢;fcuit bqard by means of Zeed rollers, the leading edqge

tacking of the film by applying a force tangential o

the tacking rolls, the logic used to regulate the

leading and trailing edge tacking, the application of roll pressure

during the leading and trai‘_ling_ 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 =he
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 fllm has high flow characteristics in che
temperature range of 30°C. %o lpd’C. It is preferfed #a
accomplish the tacking within this temperature raﬁge
secause, in thiS'ranée, it is easier %o iéck ﬁhe 2ilm =g

the surface of the board.

3y 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

k-

nitial tack of the dry Zilm solder mask to the Gtoard.

Similarly, by the term "trailing edge surface" of :he

U
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ooard is meant the edge of the surface of the_boérd to
which it is desired to have the dry film solder mask

continue and at which the second tack is made. .

The various fea:ures_df ﬁovelty which chﬁraCterize-
the invehtion are éointed out with'particﬁlarity'in the
laims annexed to énd forming a part of the
speéification.- For a betﬁer understanding of the
invention, its operating advantages and specific objects
attained by its use, referehce is made to the
accompanying drawings and descriptivé matter in which a
5 eferred embodiment of the invention is illustrated.'

Preferred embodlments of the 1nventlon will now te cescrlbed

'wlt“ reference to the accompanying draw1ngs in Wthh

7ig. 1 is a perspective view of the applicator
according to the invention, as seen from the front or

sntrance, that is, introduction, end thereof;

Tig. 2 is a schematic view, as seen by a sectxon

with a glane containing the lines 2-2 of Fig. 1, showing

<he tacking rolls, the printed circuit board feed Lolls.

cet Has Been RTlaced
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and the photoimageable thread up arrangement of the
applicator:

Fig. 3 is a schematic view comprising a section

taken aiong. lines 3-3 of Fig. 2;

Fig. 4 is a partxal fragmented perspectxve view of

the left side of the applicator of Fxg. 1 showing the

tacking rolls and a left tackxng roll actuating Sllding
plate for the upper roll°
Fig,_s is a partial ftagmented perspective view of

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
board into the tacking region with no board or panel

positioned between the tacking rolls:

Fig. 7 is a fragmehted view illustrating the

pdsition of the switch actuator of Fig. 6 with a printed

1circuit board positioned between the tacking rolls;

Fig. 8 is a view of the left slde of the appllcator
10 with the outer cover panel removed to show the
circuit board input pinch roll and output plneh wheel

chain drive mechanisﬁ including a main sprocket solidly

attached to the lower output drive wheel shaft;

This Sheet Has Been Rei
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Fig. 9 xs a view similar to Fig. 8 with the main

'sprocket sectioned to show the transmissxon of movement

to the input pinch roll.

Pig. 10 is a wiring diagram showing the electrical
circuitry provided in the applicatof for controlling the

tacking of the photoimageable dry film to the prihted

. circuit boards;

Fig. 1l is a perspective view showing the pneumatic

' system of the applicator; and

Fig. 12 is a timing chart or diagram illustrating

thé’operation sequencing of the applicator.

The'drawingsjiliustrate an applicétor 10, according.
to the invention, for covoring.a printed.circuit‘board
with a loose sheet of dry film. The applicétor 10
inco:porates_features taken from the Model 360 DFSM
Manual Pre-Laminator ﬁnd the Model 360 Laminator/Cleaner

which are manufactured and sold by the Dynachem vaxsxon

“of Morton Thzokol, Inc. More specxfically, the

applicator 10 comprises a modxfioation of ‘the Model 360

DFSM with the heating and pneumatxc systems from the

' Model 360 LaminatorCleaner, and in addition involves

reconfiguration of electrical controls and circuitry for

This Sheet Has Been R,
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effecting tacking of a photoimageable film to'léading.
and trailing edge surfaces of printed circuit boards in

a regulated manner.

Thus, as shown in Figs. 1-3, the applioéto:'lo
conprises a main body 12 and a driven_conveyor means 14
for transferring printed citcnit boards or panels 16
oné-by-one towards and through input feed or oinoh rolls

22 and 23 to a tackxng reglon 18 and then on through the

maln body 12 'ﬁThé conveyor means 14 1ncludes a feed
table roller means 20 posltxoned on the front or
entrance side designated_ZI of the main body 12, the
feed rolls 22 and 23, rear or outpnt dtive wheels 24 and
25, and an exit tabie':oller means 26 on tne"rear or

exit side designated 27. The input feed rolls 22 and 23

desirably are provided with covers 22a and 23a,

tespectively, 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 sidés of a printed circuit boakd; the applicator 10

is built symmet:icnlly 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 l2a

and 12b are provided for'enclosing the left and right

osides, tespectitely, of the applicator 10.

This Sheet Has Been Repl
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In accordance with the invention, a layer of dry
£ilm, which preferably is of the type disclosed and.

claimed in the aforemenfioned Roos et al. application

.for U. S. patent, is.attached to each of the upper and

lower surfaces of the printed circuit board 16 then
passing through the tackiné_region 18, through the
action of parallel upper and lower tacking rolls 28 and
30, for convenience sometlmes referred to herelnafter as

fzrst and second tacking rolls, respectzvely.

The flrst or upper roll 28 is movable toward and

-away from the second or lower roll 30 with the

perlpheral surfaces thereof being normally 9051txoned

closely adjacent-to eaoh-other_ with the ends of upp_er and

lowér dry films 36'and'46,.as shown in Fig. 2, being

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 traotioh of
the board 16 produoed by the feed rolls 22 and 23 and
produces a componenﬁ of force at a'right angle' thereto
that forcibly separates the rolls 28 and 30. The
resultxng upward movement of the movable upper roll 28

allows the board_16 to be moved between the tacking

rolls 28 and 30.

s Sheet Has Been Replaced -
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'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
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
'S, for applying downward tacking pressure to the tacking
- roll 28. No air is supplied to the lower chambers of

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 edge tack.

Upon the actuation of switch 116 and the timer 118.
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.

To ensure a firm tacking attachment, the rolls 28
and 30 preferably;are:heated and snitahleldownward
pressure is applied on roli 28 for a predeterminedif
perxod, as determxned by txmer 118, as the board 16 is

conveyed through the aopllcator 10. The downward

pressure on the upper roll 28 is then removed and air is

is Sheet Has Been Reﬂlaced
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supplied to the lower cﬁambers of'ppeumat:c cylinders 75
and 88. This causes.the-upper roll 28 to rise
above the beard l6
Tﬁe board 16 continues to be conveyed
thfotgh the applicator lO'with each'ef the dry Eilme 36

and 46 being drawn, without the application of heat or

K¢

ressure over the associated surface thereof. During
uch time, traction between the dry films 36 and 46 and

the respectively associated tacking rolls 28 and 30

cause the latter to rotate.

Tacking of the dry films 36 and 46 to the t:ailihg

edge surfaces of the board 16 is initiated by a second

ansing means, specifically, a switch 138, Switch 138

-

i

may comprise a proximity switch, a photoelectrlc cr

other device suitable for detecting the traxlzng edge of

 =he tcard 16, as indicated in Fig. 2. After the switch

238 detects the trailing edge of the board 16, a cimer

122, as described in connection with Fig. 10 and which

- as f

detarmines the trallmg edge surface tack placement and size is

_actuated and beg;ns its tlmlng sequence.

as a result, upon entry of the trailing edge

. rfaces of the board 15 into the tacking region 18,

Ul

downward pressure again is applied by the pneumat;e

Q

ylinders 76 and 88 to the upper roll 28 to tack the dry

ilms.36 and 46 to the upper and lower trailing edge

This Sheet Has Been Rep
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- Surfaces, respectively, of the board 16. Thé board is

conveyed through'and beyond the region of the tacking
rolls 28 and 30 by the rear or -output drive wheels 24 zpd

25.

N 3
~aud3, 4 £1ili

ilms 4fe attached to each of the

-
e

.
i<q

surfaces of ;he board, being loosely applied in each
case, and fixedly attached by tacking ﬁo the board oﬁly

at-the.leading and'trailing_edges, across the full width

~ the traction of the cutput drive wheels over the surface cof *he canel.

Tt is contemplated that, if desired, a succession
cf boards 16 to be laminated on both_sides may'be feﬁ.:c
-he aoplxcator 10 with a cry £ilm 36 and 46,
respectively, belng ‘tacked to the leadlng and trall-nc

. edges of each of the upper and lower surfaces thereof.

Tn such an embodiment of the invention, a succession of

thereof.  The film width must be less than the panel +id*h ©o allcw

' poards 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

sffecting separation of the boards 16 may be manual.

Alternatively, while not Shown._it will de
understood th;t suitable film cutting meahs, as_kncwn
in the prior art, may be employed for cuttlng *'g £ilms,
as disclosed, for example, in U. S. patents 4, 025 380 to

I, T. Bernardo aﬂd 4,650,536 to A. B. Ceraso to match

ihe length of each board 16 to be covered, thereby 20

I
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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'sprface of the board being_coveted by the

As shown in Fig. 2, the applicator 10 includes an

upper dry film supply roll 32 and a lower dry £ilm

~ supply roll 34. ‘Dry film 36 is unwound from the upper

dry £ilm suéply toll 32 and is drawn downwardly past a
stripping roll 38. ‘At the_etripping roll 38, a

pdlyethylene cover sheet 40 is separated from the 8ry

film 36 and is directed ﬁpwardly ﬁo be wound on aﬁ upper

'.take-up reel 42. The dry film 36 continues in a

downward path past an antistatic bar 44 ahd is wrapped
counterclockwise, as seen in the drawing, around the

upper tacking roll'za;

Similarly, dfy £ilm 46 is unwound from the lower
&ry £ilm supply roll.34 and is_drawn:upward past a lower
stripping roil 48. At the stripping roi1'48, a
oolyethylene cover sheet 50 is separated from the dry
£ilm 46 and is directed to a lower take~up reel 52 to be-
wound up-thereon; The dry £ilm 46 contznues in an...
upward path past an antfstatic.ﬁaf_54.and_ie wrapped

clockwise around the lower tacking roll 30.

This Sheet Has Been Replace
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" 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

T
T
oy
(]

(¢

bearings, but are rotated only in response

‘16 and the films 36 and 46 being conveyed through the

' apparatus 10 by the input feed rolls 22 and 23 and

outnut drive wheels 24 and 25. sSpecifically, the loﬁer
roil 30 is mounted for rotation on fixed bearings 56 and

58, and thus rotates on a fixed'axis_indieated at 60.

The upper roll 28, on the other hangd,  is mounted for
_rotation on vertically movable bearings 62 and 64 which

-allow tne upper roll 28 to be nqved towafd and away from

the lower roll 30 for enabling tacking the dry films 36

and 46 to the opposite sides of the printed'circuit

' boards.

The bearings 62.and 64 are mounted for vertical
movement on reSpecﬁiVely associated elonqated sliding
plates 66 and 68, w1th the plate 66 being positioned at
the left end of roll 28 and the plate 68 at the rlght
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 105 Thus, the slldlng plate 66 is pivoted on
a fixed pivot 70 and sliding plate_68 is plvoted on a

fixed pivot 72. Pivot 70 is attached to a. left side

This Sheet Has Been Rcilaced
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~la%a 92 of main bddf lzlcf épplicator 10, .Similﬁrlj,
pivot 72 is attached to a_right side plate 94 of ﬁhe
main body 1l2. The oﬁher end of sliding élate 66 is
attached by a tab 74chereon to the upwardly positioned
pneumatic éylinder fﬁ, 2 shaft 78 Zcorming au;eagEusion
of:roll 28, at the left end thereof, éxtends'through a
hole 80 in the left side plate 82. Shaft 78 fits through
in a hole 84 in Slidihg plate |
56. Hole 84 is positioned in_alignmenﬁ with the fixed
pivot 70 and tab 74. In order to ailow a fange of
Qgrtical movement of shafﬁ 78 and thereby of roll 28,

hole 80 in plate 82 is elongated in the vertical

direction, as shown.

lellarly, the other end of slldlng plate 68 is
attached by a suitable means thereon to the upwardly p051tioned

cneumatic cylinder 88. A shaft 90 forming an extension .

-

roll 28, at the right side thereof, extends through a

(a0

2
wole 32 in the right side plate 94 and fits.thnxgh

| - a hole 96 in sliéing plétg 68.
Zole 96 is positioned ih’alignment with the fixed pivot
72 5nd oin 86. Hole.92 in side plate 94 is elonqatea i
<he vertical dlrectzon to allow a range of vertlcal

sovement of shaft 90 ana-uhe;eby of roll 2Z8.

Air pressure for actuating the upper roll 28

downwardly in order o effect a desired tacking

A 1!
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_ 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. ';\Ihir'h ara selectively actuated

by electrical c1rcu1try shown and:described in

connection with Fig. lO.

As shown in Fig; 11, the solenoid valves 98, 100

. and 102 are incorporated in an electrcvalve assembly'99

- of the pneumatic system 97. The pneumatic system 97

further includes, in addition to the pneumatic cylinders
76 and 88, an air filter 101 haéing an input-ccnnection
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

appropriate connection of the several ccmponente, 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 cxrcuxtry

“designated 104, as 1llustrated in Fig. 10. The

' c1rcu1try 104 is connected by conductors 106 and 108 to

a source of energlzing alternating current, desxgnated
by supply lines Lj and Ly, of commercial frequency and
voltage. Connected between the supply lines Ll and L2

and the conductors lOG'and 108 are a elngle pole-single

This Sheet Has Been Replaced
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position of switch 138 may be adjusted by means (not

;22-

“hrow 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
glectromotive force of 24 volts between conductors 106-and 108.

THe circuitry 104 includes the previously

mentioned aensing switch 116, and requlating means

including a first timer 118 having a normaliy closed
~contact 120, a deiay timer 122 having a normally closed

‘contact 124, a delay latch relay 126 having normally

open contacts 128 and 130, a first relay 132 having a
1ormally closed contact 134 and a normally open contact

136, a onoto eye or oroximity sw1tch 138, and a second

.' ?elay 140 having a normaily open contact 142. When

anergized, timers 118 and 122 are operative at the end
of csredetermined counts or periods to open the normally

closed contacts 120 and 124, respectively, associated

:here#ith.

™e sensing switch 116 is provided to detect the

antry of the leading edge of each printed circuit board

(o)}
[
(¢}
o

worked on into the tacking region 18, and more.

pecifically, into tangential contact with tbe uppet ana

n

_ower =olls 28 and 30 resulting in uoward movement o:
moveable roll 28. The photo eye or oroximity switch 138

5etecte the trailing edge of each board 16. - The -
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shpwn) to adjust the edge of the surface of the board 16

‘at which the second tack of the dfy films 36 and 46 to'

the opposite surfaces of the board 16 is:made.

" As shown in Figs. 6 and 7,'£he sensing switch 116,

which may comprlse a normally open nlcrOSWLtch havzng an .

actuatlng button ll6a that is sprlng blased ~outwardly (by-
means not shown). Sw1tch_116 is arranged for actuation
by a bar 144 that is attachea to the sliding plate 68,
at the end 146 tﬁereof adjacent the fixed pivot 72. The
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 -

member 148. The end of the other_leg of member 148 is

pivoted to a frame'membef (not shown) of the appliceror

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
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

heet Has Been Re \ilaced -
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member 148. By adjustment of adjusting screw'lsz; the
lever member 149 may_be pressed to the extent required
to keep the switch lls_in thelopen-pOSition thereof when

the end of tha bhar 144 is in'crgag ent with the roller

151. The adjusting screw 152 is adjusted to keep the

switch 116 in such a positioh_that it will snap from the

'opeﬁ switch position'shown in Fig.'G into a closed

switch posxtion shown in Flg. 7 Jjust before the upper

roll 28 1s lifted a distance corresponding to the

‘height, that ;s, the thzckness, of a printed circuit

board entering the tacking region 18.

In Fig. 8 there is illustrated a view of the left

" gide of the applxcator 10 thh the cover panel l2a

_removed. Removing the cover panel l2a shows that the

drive mechanism for the lnput plnch rolls 22 and 23 and

‘the output drive pinch wheels 24 and 25 comprlses a

chain drive mechanism 155 including a main sprocke: 157

driven by a chain 159. The chain 159, in turn, is

driven by an electrical motor 161'th:ough suitabie speed

reducing mechanism 163.

The illustration of Fig. 9 is similar to thaﬁ of
Fig. 8 except that the main sprocket 157 has been ehown
in fragmented form to reveal the ﬁranemission of movement
from the main sprocket 157 to the lower inout pinch roll

23. As shown, the main sprocket 157 is solidly attached

| \'ii‘i\i’ﬁi’i‘ i ‘
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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 tc the shaft 159 for the

lower input feed drive roll 23, such drive beiné_by way.

of a chain 171 that passes over an intermediate idler

sprocket 173.

In the idling pcsition 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
-the upper roll 28, ISOIenoid valve 98 discharges air in
the system through the vented port of sblenoid valve

'102. Under these conditidns, the upper roll 28 is

"floating" under its own:weight;

When a printed circuitfboard'ls is . introduced into
the entrance side 21 of body 12, the input feed or pinch

rolls 22 and 23'produce movement of the'bpard 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
the board 16 tangentially engageé'the tackihg rolls 28
ana 30, which rolls are able to.ro;ate freely, the upéer
roll 28 opens énd'mbves”upward dué to the verticali

component .of the tangential force of the edge of the

'board 16 onlthe roii_28._ As a result, thé bar 144 which

actuates switch 116 _ - =
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| 152, with the result that the switch 116 is adjusted

from_ﬁhe open to the closed position théreéf;

when switch 116 is moved to the closed position, as

indicated in Fig. 10, relay 140'is'energized, resulting

in. closure of contact 142 and the'energization of

- solenocid 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

_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 léading edge tack.

Simultaneously with the energization of relay 140,

closure of switch 116 energizes timer 118. Timer 118

counts the tacking time. When a ?reset_time has

elapsed, timer 118 operates to open normally closed
contact 120 to deenergize ﬂormally'energized_relay.ljz;

This produces a reversal of the positions of relay

- contacts 134 and 136. This causés_the deene:gization of

solénoid valve 98 and the energization of solenoid valve
100, resplting.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

printed circuit board 16. The reversal in position of

heet Has Been Replaced:
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relay contact 136, that is, closure theréof,:tesdlts in
energizétion of solénoid valve 100. This.causes air to
be supplied to the lower chambers of pneumatic cyllnders
76 and 88 and allows the taékiag z5ll 28 to rise anq

float under its own weight.

Upon the detection of the end of the bdard 16 in-

the tackihg region 18, the proximity switch of-photo eye‘

138 closes an energizing circuit to delay latch relay
126, which self retains through closure of a contact 128
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 deenergiie timer 118, which

_resulﬁs in opgning of contact 120 and deenergization.of

relay 132. This causes a new switch iﬁ the positions of

. the contacts 134 and 136 and consequently of solencid

valves 98 and 102, reSuiting in the'supply of air to the

upper chamberﬁ of pneumatic cylinders 76 and 88; and
éonsequently, in #he upper roll Zs_ﬁeing.pressed down
again by the pneum&tic'cyiihderé'?ﬁ 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

wheels 24 and 25, the tacking roll 28 is moved down and
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' 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,

The openation sequencing during a cycie of
operation of the applicator 10, according to the
invention, is illustrated in the timing diagtam of Fig.

12. Specifically, curve 154 shows the position of the

_ upper roll 28 as initially-being down in the closed

position, then raised for a major portion of the cycle,

and down again as the end of the cyc1e approaches.

~ Curve 156 shows the switch 116, which detects entry into

the laminating region 18 of the board 16 to be worked,
és initially being in the opened position thereof and .

then adjusted to the closed poéition, remaining in the

-latter position during the remainder of the cycle.

Curve 158 shows the timing_gf'thé'operatidn of the
timer 118 in maintaining the tacking pressure on the
roll 28 to effect the tacking of the films 36 and_46 to

the leading edgeISurface of the board ls.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“ﬁ

. period, as long as 0.5 seconds, for example, as

indicated in thé dfawing. Curve 160 shows the action of

e
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. the proximity switch or photo eye 138 in éensing the
trailing edge of the board 16;' The timin§ of the
operation of the timer 124 in effecting the'frailing
édge tack to the bgard 16 is shown in.curve 162. Curve
- 164 shows the pressﬁré on the upper roll 28 during the:
'cfcle of operation, thé'position thereof initially being
down with no applied preésure theredﬁ, then down with
pressure applied thereto to effect the.ﬁacking of thé
film 36 to ﬁhe leading edge of the bdard, then up with
.pressure applied.thereto | -
" and finally neaf the end of the cycleikanmth
' pressure. applied thereto to effect the tackihg at the

trailing edge surface of the board.

Since the sheets of'bolymeric dry £ilm 36 and 46

'  have high flow éharacteristics in the temperature range
~of 30°C. to 100°C., it is'easiernto tack them to the

surfaées of p:inted circuit boards if applied at a

temperature within this range.

For heating the tackihg rolls 28 and 30 and

_ dontrolling the temperature thereof to a suitable va;ué
within'this rangé} there is provided, és,shéwn in Fig.
10, heating resistors 166 and 168 which are arragned, in.
a manner known to'those ékilled in the art, in operative
association with éﬁe upper rgll'28 and the lower roll

30, respectively. 'Héating resistors 166 and 168 are
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energized from the alternating current supply lines Li and -
Ly through a circuit including the circuit breaker 110, an
additional circuit breaker 170, a normally open rélaf
operated switch 172, and a respectively associated control
circuit 174 and 176, whiqh control cixcuits 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-

_ cduple 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
to_the external surface_of the roll with the heatiﬁg 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 c1rcu1ts of .
the controllers l78_and 180 are respectively associated
péwer rectifiers 186 and 188. Rectifiers 186 and 188 are
connected to the alternating ¢ﬁrrent Supply'lines Ly 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.
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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 energizatioh of the circuitry 104 the ener-
gization of the heating *esistcrs 165 and 168, and honca
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 Qpen its contacts l72-in
the energizing circuit- to the coﬁtrol 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. |
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Thus, in accordance with the invention, there has
been provided an appafatus for applying a dry film
solder mask to the surfaoe of a printed oircoit board--
that allows handling of the board with the aoplied £ilm
and the removal of the polyester covet eheet;_and |

further, allows complete elimination of air from the

surfaces of the board to which the dry film has been

loosely applied, being tacked thereto only, by-the
aopllcatlon of vacuum technology, heat and mechanical

pressure, thus enabllng complete encapsulatxon of the

rinted circuit board conduotors and intimate contact of

the solder mask film to the surfaces of the board.

The invention is characterized in the arrangement

of -he apparatus components which enable reduced

driwn feed rollers 22 and 23 which

' automatically feeds the board ihto the tacking rolls,

the Zront tacking of ohe film by applying a rorce

tanaentlal to heated Or unheated tackmg rolls, and_ the logic used

to regulate the leadlng and trailing ed.-:2 tacklno. .

After tacking the fllm to the leadxng edge cf the ooard,

the zacking rolls open to allow the fllm to be aoplled

loosely and without pressure to the board. The rolls

.calibration and human interaction. Key features include

close again to tack the trallzng edge.
This Sheet Has Been Re
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1. An applicator (10) for applying a dry film solder
mask on the surface of a board (16), said board having a
leading edge surface and a trailing.edge surface,'comprisé
ing;. _ _ |

a dry film (36,46), said film having a first region
at a leading portion thereof, a secdnd region at a trailing 
'portion thereof and a third region intermediate said first
~ and second regions, each of said regions extending com-
pietely across the width of said dry film and the dimension
of said third region between said first and second regions
being substantially the same as that between the leading
and trailing edge surfaces of said board (16}, |

means for positioning said drylfilm.relatively to
said board such that said first region of said dry film
ihitially is positioned adjacent-said leading edgé,surface
of said board and subsequently said second region is posi-
tioned adjacent said trailing edge surface of said board,
and | | _

tacking means operative to tack'said_first and
seéond regions of said film to the leading and trailing
edde surfaces, respectively, of said board while allowing
' said third region of said dfy film to be loosely applied to
' the surface of said board between said-leading and trailing

edge surfaces thereof.

2. An applicator as defined by claim 1 wheréin said
tacking means utilizes heat and pressure for tacking said
first and second regions of said film'to'the‘ieaq;nq and
trailing edge surfaces of said board with said third region.
of said film being applied to said board without the utili--
zation of heat or pressure. ' |

——
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3.  An applicator as defined by claim 2_Wherein.said
tacking means includes first and'secdhd parallel tackihg
rolls'(28 30), said rolls belng positioned to form a tack-
ing region (18) therebetween and normally belng disposed
closely adjacent to each other in a closed position but

-

" being ralatively movabla t+ta aff:r+ =epatation thereof to an
open position, |
| means for conveying said dry film into the tacking
region between said tacking rollé,
means (20,22,23) for conveying said board with the
leading edge surface thereof into the tacking region'
.between said tackihg rolls, engagement of the leadihg edge
of said board with said tacking'folls being operative to
produce -a force tangential to said tacking rolls for ef-
fecting separation thereof, to allow the leading edge sur-
face of said board to be moved betweéh said tacking rolls,
~ first sensing means senSLng such separatlon of sald
tacking Lolls, and _
actuating meaﬁS'connected to and actuated by said
first sensing means for p:oducing'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.

4. An applicator as defined by élaim 3 whérein said
first sensing means includes an electric switch (116), and

' wherein said.aétuating means includes regulating
means the operation of which is'initiated by operation of
 said switch, and.force producing means c¢ntrolled by said
regulating means. ' '
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5. An applicator'as defined by claim 4 wherein said
'force producing means includes a pneumatic cylinder
(76,88). ' '

6. An.applicator as defined by any one of claims 3 to 5,
wieleln said regulating means includes tiwing means (llsj,t
said timing means being operative to maintain the operation
of said force produc1ng 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 fllm to be

applled to said board w1thout pressure.

7. An applicator as defined by any one of claims 3 to 6}
further including second sensing means (138) operative to |
sense the approach of the trailing edge of said board, said.
second sensing means hav1ng a connection to said actuating
means, .
said actS5uating 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

boaxrd.

8. An applicator as defined by any one of claims 3 to 8
~ wherein said board (16) is a. printed c1rcuit board and said
dry £ilm (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 photdimageable composition,
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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 photoimageablet
ccomposxtlon relative to its adherence to sald cover sheet,

and further including

ueun \uv'lzl Lv'uz'}

6]

sheet from said photoimageable composmtlon, leaving said
top coat and polyester cover sheet attached to said pho-
toimageable composition, and '

wherein said tacking means tacks, utlllzlng 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-
-ticn, with said top coat and'polyester cover attached, in
said third_region of said dry film without the_application
‘of heat and pressure.

9. An applicator as deflned by claim 8 whereln 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) o
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 iayers of photoimageable compo-

sition,
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| whereby_upon actuation'ofﬂsaid actuating means by
said first sensing means (116) to produce a force tending
to press said tacklng rolls (28 30) to the closed p031tlon
thereof a layer of photOLmageable compOSLtlon is tacked_
simultaneously to the opposed surfaces of sald board at

each of the Oad;ng :ag
i0. An applicator as defined by any one of claims 3 to 9
wherein said tacking rolle'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 bearlng support means
_(66 68) and a flxed 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.bearlng support means including a platen'
(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. . | '

-———4———_;_;_;‘__“__-'
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11. ' An applicator as defined by claim 10 further includ-
ing g bar (144) mounted on one at least of the plates of
said bearing support means, said bar having an end portion
- comprising an extenSLOn of the first end of said one plate
_(68) and whereln said first sensing means comprlses

switch means {116) having a first sw1uch_p051tion an d
a second switéh position, said sw;tch 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 adtuated from
said first sﬁitéh position to said second switch position. |

12. An applicator as defined by claim 11 further includ-
ing adjuétable 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 sééond end of said plate (68).

_13.' An appliéator as defined by Claim_ll-or'claim 12
wherein said applicator includes a frame member'(153) and
said switch means (116) comprlses a m;crosthch havxng an
actuating button (116a) and further lncludlng _

.a lever membe: (149) having a first end and a seéond.
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.

e
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~an L'shaped nember (148) naving 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
. ssid second'leg ektends downwardly adjacent'the end portion
" of said bar that comprises an extens1on of the end of said
one olate, _ '

~ 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 ofbsaid
plate is in a low position'thereof thereby causing said
spring member to press said actuatlng button (llSa) 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.

14. ~ An appllcator as defined by claim 12 or claim 13
which includes a frame member (153) and wherein said switch
means (l16) comprises a microswitch the operating button
{l1l6a) 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 operatlon 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- flrst and second tacklng rolls

—_—
————
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:'15. ~ An appllcator as deflned by any one of clalms ll to
l4, wherein said actuatlng means includes pneumatic cylin-
der means (76, 88) and a llnk between said pneumatic cylin-
der means and each of the second ends of sald plates .
(66,68) _ '

regulating meahs being conneeted to said'switch'
means, said regulating being operative to control said
-pneumatic cylinder means and being operated, in turn, in
responée'to actuation of said switch means to said second -
switch position to actuate said pneumatic cylinder meahs to
apply tacking pressure to the leading edge'surface'of the
panel (16). ' | |

16. . An applicator as defined by claim 15 further .includ-
ing secend sensinglmeans;(138) said second sensing meansj
being operative to sense the approaeh of the trailing edge
surface of said panel and belng connected to said regulat-
~ing means, o
said regulating means being OPerative_in respenSe to

sensing of the approach'of the trailing edge surface ef-
said ﬁanel by said secoﬁdisensing 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 timihg means (122) conneéted to said regulat-
~ing means and operative to maintain the taeking pressure at
the trailing edge surface of sald panel for a predetermlned
lnterval

17. An applicator as defined by any one of. claims-ll to _ 
‘16, wherein said actuating means includes regulatlng means
the operation of whlch is lnltlated by the operation of
‘said switch (116) means of said flrst sens;ng means |
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respOnsively to the separation of said tacking rolls

(28,30) by the engagement therewith of the leadlng edge of -
the board,

wherein said switch means is a first electric
switch, said first nosrtlon being an open circuit position
and said second position belng a closed circuit position,

~said actuatlng means further 1nclud1ng force produc-
ing means controlled by said regulatlng means,

_ said regulatlng means comprising an electrlcal
circuit including said first electric switch, said electri-
cal circuit further including ' '

a first timer (118) having a normally closed contact
(120, ' N o
a delay timer (122) having a'normally closed contact
(124), | |

a delay latch relay (126) having flrst 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},

h a second sen51ng means (138) comprising a second
eléctric switch operative to sense the trailing edge of the
‘board as the board is being conveyed through said'tacking
region, _

a second relay (140) havrng a normally open contact
(142), . |

- a first control valve (102) which when energized is
operative to cause the delivery of power to'the force
'producrng means, | ' ' _

a second control valve (98) which when energlzed lS_
operatlve to dlrect the power of the force produc1ng means
in direction to press at least one of the tacklng rolls
~against the board, and
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a third control valve'(lOO) which When energized is
operative to reverse the direction of. the power of the.
force producing means thereby to cause separatlon ‘of the
tacklng rolls, , ' : .

the energlzlng cxrcult connections to the first timer
(118), ‘the delay relay (126), the delay tlmer (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 energlzlng c1rcu1t connectlon to
the first relay (132), o

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 normélly 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 (lOO),-_ '
- whereby upon actuatiOn of said first electric switch

(116) to the closed- pOSltlon thereof respon51vely 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 poﬁer to the force producing means
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wnich power is dlrected by the second control valve (98) to
cause the pressing of at least one of the tacklng rolls to
tack the film to the board, the normally closed first
contact (134) of the first relay (132) being then in a
closed pbsition in the'energizing circuit to the second
control valve, | | |

said first timer being simultaneously energized to
count the tacking time ‘and changing the'pdsition of the
_normally closed contact (120) thereof to an open ‘position
when a predetermlned time has elapsed resultlng 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 produc1ng 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 energlzed openlng
~ 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 tacklng 
roll against the film and board to make the tralllng edge
surface tack, '

.__\l\, _
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the first electric switch (1156) reverting'to the‘open
position thereof when the board leaves the tacking rolls,'
thus deenerglzlng the regulatlng means and the force pro-_
ducing means and resettlng the electrical circuit. '

18. An applicator as defined by claim 17 wherein said
force producing means comprlses a pneumatlc system lnclud-
ing first and second pneumatlc 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 cylinderlmeans including-oppoeed chambers,
wherein the first control valve (102) is connected to
control the supply of air pressure to the pneumatlc system,
wherein the first, second and third control valves
are solenoid valves, |
-energization of the, second solenoid. valve (98) re~
sultlng 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 sald at least one tacklng roll
against the film and the board, and
energization of the third solenord (100) resultlng.
in the connection of air pressure to the other one of the
'oppoeed-chambers of each of the pneumatic cylinders to
cause separation of said at least one tacking roll from the
board.

19. An apparatus as defined by any one of claims 3 to
18, whereih said means for conveying said board with the
tacking edge surface thereof lnto the tacking region be-
tween said tacklng rolls comprlses pinch feed. rollers_
(22, 23) which engage the opposite surfaces of the board
_w1th one at least of sald feed rollers belng driven.
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