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APPLI CATOR FOR APPLYI NG DRY FI LM SOLDER MASK ON A BOARD 5 The pjssend crs
invention relates to a process and apparatus for applying dry film sol der
ma?k material to .the surface of a printed circuit board. 10 A
sol der mask is a hard, permanent |ayer of electrically non-conductive ~
materi al which covers the surface of a printed circuit board and
en¢apsul ates the traces of the printed circuit. The sol der nmask is
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 APPLICATOR FOR APPLYING DRY FILM SOLDER MASK ON

A BOARD

5
The present invention relates to a process and
apparatus for applying dry f11m solder magk naterlal to
the surface of a printed circuit board.  yyu; sheet Has Been Replaced
10 A solder mask is a hard, permanent layer of

alectrically non-conductxve material which covers the

surface of a prlnted czrcuxt board and encapsulates the

traces of the printed circuit. The solder mask is
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- 2- patterned to fully cover the circuitry except for portions that are
.|ntent|onally | eft- exposed for the soldering thereto of other conponents.
Sol'der nasks, typically, are forned froma layer of 5 phot oi mageabl e
conposi-tion mhlch is applied to a surface of the printed circuit board. The
‘phot oi mageabl e |l ayer is exposed to an actimdt radiation pattern as
deter.nined by a tenplate or artwor k. Subsequent to exposure, the
photoi nageabl e | ayer i s devel oped in an organlc sol vent 10 or an ‘agueous
soltion whi ch washes away EIthfi XPOs -

_ : patterned to fu Y ¢ ver the cxrcultry except for

portions that are 1ntentlonally left exposed for the

solderlng thereto of other components.

Solder masks, typicelly, are forme&.from a layer of

5 photoimegeable 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

10 | or an aqueous solution which'weshes_awey'eithe: exposed:
;or'unexposed portith'of the iayer;_depending upon

whether the photoimageable layer is positive or negative
acting. The portioo of the laYef 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 appiying 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 advanteqes to‘applying'a |
photoimegeaole layer to a circuit board in thetformzof a
dfy'film rather than in liquid form. Dry films that are
freezof organic solvents are commercially available.

25 The use of dry £iim eliminates organic'solveot hazards
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or unexposed portions of the |ayer, depending upon whether the
phdt0|nageable | ayer is positive or negative acting. The portion of the

| ay®er remaining on the surface is then cured, as with heat and/or ultra
-violet 15 . radiation, to forma hard, permanent sol der mask. One net hod
for_applying a | ayer of phot oi mageabl e conppsition to the surface of ‘the"
‘ci*cuit board is to apply the conposition im liquid form After drying or
partially curing, the liquid conposition fornms a 20 sem -stabl e | ayer.
There are a nunber of advantages to applying a photoi nageable |ayer to a

CerU|t board i n¢tBa tAeMy8tkaplace and the need, also, for apparatus to
protect the immediate work environment and the general

environment from organic solvent emissions.

Typically, a dty film comprises a cover sheet of
5. supoort material that is somewhat flexib;e but which has
sufficient rigidity'to provide structural support for a
layer of a photoiﬁageable 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®.

| For the protection of the photoimageable layer and

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

| to cover the exposed surface of the photoxmageable layer
thh a removable protectxve sheet of polyethylene An

15. example of such-a dry f}lm 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
_proteetive polyethylene sheet from the photoimageable
20 | comeSition immediately'prior to'aéplication 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

25 printed circuit board with the photoimageable layer in -
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dry filmrather than in liquid form Dry filnms that are free of organic
sol'vent's are commercially avail able. 25 The use of dry filmelimnates
organi ¢ sol vent hazards fromthe work place and the need, also, for
apparatus to protect the inmmediate work environnent and the general
enV|ronnent from or gani ¢ sol vent en155|ons_4Iyp|caIIy, adry filmconprises
a Tover sheet of 5 support material that is somewhat flexible but mhlch
has-sufficient rigidity to provide structural support for a :

5. | direct contact_with'the board_surface. Usingjheat'and
| vacuum, the photoimageable layer is immediately.
laminated to.the surface of the bbard._ The polyester
cover sheet rémains svarlying the phctcimageable lafer,
5 protecting the photéimageable layer from exposure to

.oxygen and from damage téndinglté be caused as the

result of handling.

The dry film is éxpoéed to patterned actinic
radiation through the PET cover sheét. The polyeéter
10 cher'sﬁeet is then removed, permitting accéss to tﬁe
photbimaéeable_layer by developer. Depending upon the -
composition of the photoimageable layer, the |
photoimageable layer is developed wiﬁh organic solvent,
équeous'developer, or'semiéaquéous_developer) that is, a
15 developer including both water and organic sol&ent; |
 Most photoimageable composition layers réqﬁite some cure
subsequeht to developmént to cause the layer to 5ecome
hard and perménent and useful for serving as"a solder
mask. Curing may bé'éffecte& with heat and/or ultra
20 violet rﬁdiétion depénding ﬁpon the composition of the

photoimagéable layer.

' Because the polyester cover sheet is relative;y 
rigid, the photoimageablé layer canhdt fuliy conform to
.the irregu1at confdufé of the printed circuit board; |

25_ frbh the flat éurface of which circuitry traces project_,

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

This Sheet Has Been Reﬂlaced
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| ayer of a photoi mageabl e conposition which overlies one surface of the
support’ sheet. The cover sheet may be forned of a polyester material such
as ol yet hyl ene 10 t erephthal ate (PET), such as that sold as
MELI NEX[err]. For the protection of the photoinageabl e |ayer and to enable
the dry filmto be rolled, it is conventiorfal to cover the exposed surface
of «t he phot0|nageable Iayer with a renovabl e protective sheet of
~polyethyl ene, An 15 exanpl e of such a dry filmis sold as LANINAR
DMefr] by the nachem Di vi si on of Morton Thiokol, Inc.. the assignee of
t he «present |nvga??Bﬂlm??e?E;?fﬁ?%ﬁ%&nWQﬁ9|¥?Wﬂﬂ§ﬁﬁq &P &he PSaFQMDWEthe

‘be slightly greater.than the prOJectlon of the traces
outward of the surfaco of rhe board for the
photoimoqeable composition to overlie the cuter surfacés
.5 of the traces. Thus, ourer regions'of photomask exist
batween the portions of the'circuitry from whioh_rhe
photoimageabie composition is'rémoved &uring the
develogment 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 bé
sorface-monnted to the printed'cirouit board.'  | |
Some circuit.traces are narrower at the foot
thereof tﬁan at the top. 1In sﬁoh'cases, small oVerhangs
of the photoimaging layer tend to extend outwardly along
.'lS- each side of each trace (an effect knowo as
Qmushrooming“). With both liguid oompositions and
conventional dry films, ;ir-filled void;_rend to remain
" below such overhangs; The air trapped in such voidé'may
. produce somé oxidation of the circuit traces and may

'20_ 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 rhérsurface
of a'orinted circuit'boaro in order to eliminate the
foregozng problems of both liquid. and conventlonal dry-

25 films are disclosed and claxmed in appllcatron ror_

United States patent bearing Serial No. 160,895 filed
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protective polyethyl ene sheet fromthe photoi nageabl e 20 conposition
i medi dately prior to application of the dry filmto the surface of the
~prinnted circuit board. Specifically, automated apparatus peels ‘away and

Usi ng- heat and

o~
3

10

15

20

25

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

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

assignee of the present invention and'the.disclosure_ﬁf
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

The -

th

Tolls up the protective sheet as the dry f|In1|s unrolled froma reel.
dry filmis.,applied to the surface of the 2§ ~printed circuit board w
‘the phot0|nageable | ayer in -4- direct contact with the board surface.

shape while allowing it to be rolled up onto a reel. On

one surface of 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_fo? trahspa:ency, strength and

flexibility, and is further characterized in being more

adherent to the photoimageable composition laget 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 _

i I L



vacuum the photoi mageable layer is immediately |l am nated to the surface of
t he'board. The pol yester coyer sheet remains overlying the photoi nageabl e

| ayer, 5 protecting the photoi mageabl e | ayer from exposure to oxygen and
from danmage tending to be caused as the result of handling. The dry filmis
:exposed to patterned actinic radiation thretigh the PET cover sheet. The
po¥yester 10 cover sheet is then renmpved, pernmitting access to the

phot oi mageabl e | ayer by devel oper. EEpendlng upon t he conposition of the

phot oi mageabl e | ayer, the ghot0|nageable | ayer . is develo ed W th organlc
- sol'yent , _layer of P otoxmageable composztlon. 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-confcrm the phctolmageab--
5__ scomposition layer to the ccntcsrs of the surface of the

board.

In the applicatich of the dry film solder mask
material, it is necessary to covet'the printed circhit_
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 applylng mechan1cal pressure to
conform the film to the board surface. The lem outer
su;face is protected,.du:ing application, by the top

15 'coat._-The polyester cover sheet may be_removed prior
 to the vacuum'application process to'allow-for.QOcd

conformation of the film to the board.

An object of. the lnventlon is to provide a process
20  and apparatus for applylng the dry fxlm to the surface
of a printed cxzcuxt board allowing, at the same time,
the handling of the board wiﬁh the applied film, the .
removal cf the polyester'cover,sheet; and the draw—off

of the air enclosed between thelfilmjand the board.

is Sheet Has Been Replaced '
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aqueous devel oper, or sem -aqueous devel oper, that is, a 15 devel oper
|nCIud|ng both water and organic sol vent. Mst phot oi nageabl e conposition
|'ay’er s requi re sone cure subsequent to devel oprment to cause the layer to
become hard and permanent and useful for serving as a sol der mask. CUrlng
may be effected with heat and/or ultra 20 _g_violet radiation depending
upen the conposi tion of the phot0|nageable Fayer; Because. t he pol yester
cover sheet is relatively rigid, the photoimageable |ayer cannot fully
conformto the irregular contours of the printed circuit board, 25  from

the.flat surface of \MAhelaherr eUibEY bEAERE DAPeREion is to provide an .
 applicator for covering the surface of_each of a
plurality of printed circuit'bOards with a loose sheet
film by.taékinglthé fiim to leading and trailing
5 edge areas of the surface of each of the boards as the
_boards are moved'in suécession'through the apélicatbr;
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
lOl bbard at a leading'edge fhereof, with the tacking rolls
then'being opened aﬁd subsequently closed again to force
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
15 dimension of the.portion of the film between the'firsi :
| aﬁd second regions beiﬁg_substantiallf the samé.as thaﬁ
‘between the leading and trailing'édge surfaces of the
board, said portion of the ﬁilm being applied to the
surface of the board without ghe utilizatioq of hgat or

20 pressure.,

A further object of the inﬁention is to provide
such an applicator wherein the tacking rolls are
relatively movable.from.a normally closed positioniéo an
open position and tackihg'at'the leadindledge of éach ,

25 board surface is lnltzated by forcxbly feed;ng the
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outward, /As a result, the thickness of the - 5 - phot oi nageabl e | ayer,
when | ami nated to the board, nust be slightlLy_greater than the projection
of the traces outward of the surface of the %oard for the photoi nageabl e
conposition to overlie the outer surfaces 5 of the traces. Thus, outer.
regions of .phot omask exi st between the portions of the circuitry fron1mh|ch

ithezph0t0|”ngab|Qeﬁﬁﬁﬂ@sbEanoESe5€HD¥9dtﬂérbBQr&Belnto.tangentlal

= ' contact with the tacking_rolis;

In accomplishing these and other cbjectives of “he
invention, there is provided a process and applicator

xey Zesacures of which include autcmatic fsed of the

(V1]

e;fcuit beard by means of Zeed rollers, the leading edqge
tacking of the film by applying a ferce tangential io
the tacking rolls, the legic_used to regﬁlate the
leading and trailing edge tacking, the application of rbli rressure
10 during the leading and trai‘_ling_'edge track, and a regulation .system :
to apply tacking pressure to a Ie_ading_ and trailing edge of the
board. In particular, af;er.tackiné the £ilm to the
leading.edge of'the-boerd, ihe rolls open again eo 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. to 100°C. It is preferred %o
- accomplish the tacking within this temperatureé range

secause, in this range, it is easier to tack the film =3

11}
[}

the surface of the board.

3y the term “lgading'?dge'shrface“ of :he:board or
éanel, as is used heteihafter, is meant the edge of “he
surface of the'bea:d'to'which itiis,desixed to maie the
initial tack of ﬁhe dry Zilm solder mask to:the coard.

Similarly, 9y the term "trailing edge surface" of :he

[ o8]
wn

U
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devel opment of the solder mask and to which a conponent is to be sol dered.
Such outer regions pose a problem 10  particularly with respect to
conponents.which are to be surface-nmounted_tg_the printed circuit board.
Sone circuit traces are narrower at the fool thereof than at the top. In
such cases,, smal | - overhangs of the photoi maging | ayer tend to extend
outwardly along 15 = each side of each trace (an effect known as
-"mushrooni ng") . Wdlah dPqlsh meladii @ne0BBEE! bE Otke 286 £86W St | | bl a fid M5,
air-filled voids tend to remain bel ow such overhangs. The air trapped in
such voids nay pradehe iv0TR AesdabioBoOhatrBetRer &y t £ 1IMCaRSLdar Rk

continue and at which the second tack is made. .

The various features of novelty which characterize

n

the invehtion are pointed out with'particﬁlarity'in the
claims 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

10 accompanying draﬁings and descriptivé matter in which a

§;eferred embodiment of the invention is illustrated.'

Preferred embodiments_of the invention will_now'be described

with reference to the accompanying drawings, in which:

15
Tig. 1 is a perspective view of the applicator
according to the invention, as seen from the front or
sntrance, that is, introduction, end thereof;
- 20 Tig. 2 is a schematic view, as seen by.a'sectién

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

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

heet Has Been RTlaced
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20 | ead to eventual defects in the solder nmask. An inproved 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 elimnate the foregoing

probl ens of both liquid and conventional dry_ 25 films are disclosed and
clajmed in application for United States paTk%T bearing Serial No. 160, 895
flhed -6- February 26, 1988 by Leo Roos, Frederick J. Axon and

N AR and the photoimageable thread'up'axrangement of the

applicator;

Fig. 3 is a schematic view comprising a section

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

5 _ 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
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 o

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;

20 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 Reilaced '
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Janes J, .Briguglio, which application is assigned to the assignee of the
present invention and the disclosure of which is incorporated herein by

ref erence. The inproved 5 dry filmincludes a cover sheet fornmed of
flexi bl e but generally non-conform ng polyester material such as o
pol yet hyl ene terephthal ate which gives thel#y filmshape while allowing it
'tobe rolled up onto a reel. On one surface of the cover sheet there is a
thin | ayer of 10 material, which is referred to as a top coat, and

preferably is soluble_in the, devel oper_ for, th t oi jpgeabl e material. -
The phot oi mageabl e cofpdsi Tith § of Y £IUAAA" &Fgll}%ﬁferggg‘ﬂ g&ﬂﬁ‘éé“of the
top coat. - '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 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

10 Fig. 12 is a timing chart or diagram illustrating

thé’operation sequencing of the applicator.

The'drawingsjiliustrate an applicétqr 10, according.'
to the invention, for covéring.a printed.circuit‘board
15 with a loose sheet of dry film. The applicétor IO
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 Division
"of Morton Thiokol, Inc. More Specificélly,.the '“'
- 20 applicétor 10 cdmprises.élmodifiéation qf-ﬁhe.Modei 360
DFSM with the heating and pneumatic systems from the
' Model 360 LaminatorCleaner, and in addition involves

reconfiguration of electrical controls and circuitry for

This Sheet Has Been Re
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A renpvabl e sheet of polyethylene protects the 15 phot oi mageabl e
conposi'tion layer. The material of the top coat is selected for
transparency, strength and flexibility, and is further characterized in
bei ng nore adherent to the photoi mageabl e conposition |ayer than to the
cover sheet, 20 . In the formation of~1d=sol der nask, as dlsclosed I n
the Roos et al. application, the protective, renovable sheet of

pol yethyl ene is peel ed away, and the exposed surface of the phot0|nageable_

orinted 26 ei retfet O rddehe o B o Bodrabil. F 1" 8 ha iR
. | and trexllng edge surfaces of printed circuit boards in

a regulated manner.

Thus, as shown in Figs. 1-3, the applicetor'lo
5 conprises a main body 12 and a driven_conveyor means 14
for transferring printed circuit boards or panels 16
one-by-one towards and through 1nput feed or olnch rolls

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

maln body 12 'ﬁThe conveyor means 14 1ncludes a feed
10 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 outpot drrve wheels 24 and
25, and an exit table'roller means 26 on tne"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. p
respectively. Since a solder“mask is normally formed on
_ | both sides of a printed‘circﬁit board; the applicator 10
| 20 is built symmetricelly 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 providedlfor-enclosinc thelleft and ri&ht

osides, respectitely, of the applicator 10.
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| eaving the top coat as a protective covering on the -7- layer of

phdt oi mageabl e conposition. The |ayer of photoi mageabl e conposition at
thi's time is firmy lamnated to the surface of the board with the use of
heat and vacuumin order to conformthe photg j Irageabl e 5 conposi tion
layer to the contours of the surface of the board. In'the application of
the dry f|In1soIder mask : -

.In'acoordanoe with the invention, a layer of &rj
£ilm, which preferably is of the type disclosed and.
claimed in the aforemenrioned Roos et al. application

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

S 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.

10 : The flrst or upper roll 28 is movable toward and
-away from the second or lower roll 30 with the
perrpheral surfaces thereof belng.normally positioned
closely 'adjacent-to each'othef_' with the ends of upper and

l lowér dry films 36'aod'46,.as shown in Fig. 2,.being
15‘ captured therebetween. Upon entry of a circuit board 16
_ioto 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
20 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

25  rolls 28 and 30.

is Sheet Has Been Replaced =~
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material, it is necessary to cover the printed circuit board with a | oose
sheet of film before vacuum 10 | am nation. The filmsheet nust all ow
the drawof f of the air enclosed between it and the surface of the circuit
board before applyi ng nmechani cal pressure to conformthe filmto the board
surface. The filmouter surface is protecte=during application, by the
top 15 coat. The polyester cover sheet nay be renoved prior to the
vaguum appl i cation process to allow for good conformation of the filmto

t he board. An object: of the invention is to provi rocess 20 1d-
- apparatus for apply|ﬁ@h@hhn%ﬁﬁa¥|¢?H§Eﬁt@ﬂ¥%£%9%uﬁfaé% tacking roll 18

actuates a first senslng means, - spec1f1cally a sensing
switch 116, that ‘is illustrated and described lnl
connection with Figs. 6 and 7. Actuation cf_sensing
5 . switch 116 initiates.a'tackihg sequehce of operations
oﬁ'ah electrical and pneumatic system that includes
- pneumatic cylinders 76 and 88, as.showhtih Figs. 4 and
'S, 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 éshto cause upward.-
'movemeht of the-tacking roll 28 until a timer 118, as
-.described in.conneetion with Fig. 10, times.out ~ This

is after completion of the leading edge tack.

Upon the actuation of switch 116 and'ﬂé'ﬁmerlls.
15 | downward pressure is applied by the pneumatio oyulinders
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 frrm tacklng attachment, the rolls 28
and 30 preferably are heated and sultable downward
pressure is applied on roll 28 for a predetermlned
perxed, as determxned by txmer 118, as the board 16 is
conveyed through the aopllcator 10. The downward

25 pressure on the upper roll 28 is then removed and air is
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of a printed circuit board allow ng, at the sane tine, the handling of the
board wth the applied film the renoval of the polyester cover sheet, and
the drawof f of the air enclosed between thelfi-l m and the board. - -8-
Anot her object of the invention is to provide an applicator for covering
the. surface of each of a plurality of printed circuit boards with a |oose

_sheet of dry film by tacklng the filmto leading and trailing

suoolzed to the lower chambers™ ~f oneumat:c cylinders 75

e _ - and 88. This causes the upper roll 28 to rise
. I - above the beard l6

| | The board 16 continues to be conveyed
through the applicator lO'with each'ef the dry Eilma 36
and 46 being drawn, without the application of heat or
cressure over the associated surface thereof. During.
‘'such time, traction betﬁeen the dry films 36 and 46 and
the respectively associated'tacking rolls 28 and 20

10 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

(1)

_~ensiag means, specifically, a switch 138. Switch 138
may comprise a proximity switch, a photodelectric or
15 other device suitable for detecting the trailing edge of
_-*“e coard 16, as indicated in Fig. 2. After the switch
138 detects the trailihq edge of the board 16, a timer
122; as describe& in cennection with Fig. 10 and.wnich

detarmines the trallmg edge surface tack placement and size is

20 _actuated and beg;ns its tlmlng sequence.

as a result, upon entry of the trailing edge
s. rZaces of the board 15 into the tacking region 13,

downward pressure agaln--s applied by the pneumat

Q

VL;naers 76 and 88 to the upper roll 28 to tack .he-dry

[ S}
w

ilms 36 and 46 to the upper and lower trailing edge
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5 . edge areas of the surface of each of the boards as the boards are _
noved in succession through the applicator, the tacking being acconplished
by means of heated tacking rolls that are clg§§g to force a first region of
the filminto pressure contact with the surfacé of the 10 board at a '
| eadi ng edge: thereof, with the tacking rolls then being opened and
subsequently closed again to force a second region of the filmthat is -

sepdrated fromthesfitfsteseai in S contact, wWith the, = .
suPtaCe of the board.at&a ??a???%geégggyfhggeg§? ?ﬁ%PiSPa' d%%%ng??ﬁﬁkﬁsthe'
portion of the filcobeeyednthihoudhsid apsySedontk 284 0515 P8 b tackin
substantially the same as that - ' : _ g
rolls 28 and 30 by the rear or output drive wheels 324 anpd
25.

5 el
: -ad

-~ -3 a2
wad gy Q =

ry £ilms are attacned to each of the
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 fuli w#idth
‘thereof.  The film width must be less then the panel width To ailcw

~ the traction of the cutput drive wheels over the surface of the ranel.
10 ' It is cohtemplatéd that, if desired, a sﬁccession
of boards 16 to be laminated on both_sides may'be feﬁ.:c
-he applicator 10 with a dry film 36 and 46,
:espectivel}, beingﬂtacked.ﬁo the leading aﬁd.trailing
" . edges of each oflthe upper énd lower surfaces thereof.
15 In such an embodiment of Ehe invention, a succession of
'boérds 16 wogid exit the applicator 10 COnneéted to each '
other by the dry films 36 and 46 bﬁt in spaced
arrangement. Cutting of the dry films 36 and 46 for

sffecting separation of the boards 16 may be manual.

20 | Alternatively, while not Shown._it will bde

understood that suitable film cutting means, as kacwn

h

. in =he prior art, may be employed for cutting the films,

as discloséd, for example, in U. S. patents 4,025,330 to
2. T. Bernardo aﬂd 4,650,536 to A. B. Ceraso to match
25,. ihe length of each board 16 to be covered, thereby 20

I
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-between the leading and trailing edge surfaces of the board, said portlon
of ‘the fllnlbelng applied to the surface of the board mﬁthout t he
uticlization of heat or 20 pressure.. A further object of the invention is
to provide such an applicator wherein the tagking rolls are relatively
nmovabl e froma nornmally closed position to an open position and tacking at
“the | eading edge of each 25 board surface is initiated by forcibly '
feedlng t he ' ' ' -

=

enable a trailing end of each of the upper and 1ower
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 film

' supply roll 34. Dry film 36 is unwound from the upper
dry £ilm supply toll 32.aqd is drawn downwardly past a

| 10_ stripping roll 38. ‘At the_etripping roll 38, a |

pdlyethylene cover sheeﬁ 40 is separated from the dry
film 36 and is directed ﬁpwardly ﬁo be wound on aﬁ upper

"take-up reel 42. The d:y:film 36 continues in a
downward path past.an antistatie bar 44 ahd is w;apped

15 | counterclockwise, as seen in the drawing, around the

upper tacking roll'za;

Similarly, dfy £ilm 46 is unwound from the lower
dry £ilm supply roll.34 and is_drawn:upward past a lower
stripping roil 48. At the stripping roi1'48, a
20 _ 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.
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9 | eadi ng edge of each of the boards into tangentlal contact with the

tacking rolls.

I n acconplishing these and ot her objectives of the .

invention, there is provided a process and applicator key features of which. -
i nclude automatic feed.-of the circuit board by means of feed rollers, the
Ieadlng edge tacking of the film by applymﬁffiforce tangential to the

tacking rolls,

~the logic used to regulate the leadin and trailing edge

t acki ng, the appllcatlon of roll pressure 10 = during the |eading and
trailing edge track, and a reqﬁg?tlon systemto, apply tacm égéwessure to a

Ieadlng_and“tralIlngaﬂkkﬁcﬁ t

10

15

20

25 .

30, as shown in Figs. 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

outrut drive wheels 24 and 25. Specifically, the lower
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 oﬁher hangd,  is mounted for
_rotatioﬁ on vertically movable bearings 62 and 64 which

-allow the upper roll 28 to be hqved 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 elohqated 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 le
pivoted for angular movement”at one end; tﬁat end which
lls 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
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board. In particular, after tacking the filmto the |eading edge of the
board, the rolls open again to allowthe filmto be |oosely applied wi t hout
pressure. The rolls close again to tack the2€railing edge. The dry film has

high flow characteristics in the tenperature range of [err] to [err]. . It
is preferred to acconpllsh the tackina within this tenperature rance
because, in this range, Is easier to tack the filmto 20" the surface

.of 4+he board. By“ﬂﬁé’téﬂnpfle&dpnéoéﬁgeés&Ff&ééi*éﬁtﬂﬁeiﬁoarélﬁilﬁéhﬁb as

S used hereinafter, is nmeant the edge of the surface of the board to which
it “i.s desired t OPARE {Re 1S attached to a right side plate 94 of the

main body 1l2. “he other end of sliding plate 66 is

attached by a ;ab /4 thereon to the upwardly positioned

w
‘I

neumatic cylinder "R A sbaf 78 Zorming an extansion
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

10 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
}5 attached by a suitable means thereon to the upwardly p051tioned

cneumatic cylinder 88. A shaft 90 forming an extension .

5f roll 28, at the right side therebf, extendS'th:ough a
'ﬂoxe 32 in the rlght side plate 94 and fits through
- a hole 96 in slldlng plate 68.
20 Zole 26 is positi§ned in’alignment with the fixed pivot
-2 and oin 86. Hole.92'in side plate 94 is elongated :n
-he vertical direétién to allow a rangé of Vértiéél

qovement of shaft 90 and- thereby of roll 28.

Air pressure for actuating the upper roll 28

[ 8]
U

downwardly in order o effect a desired tacking

. I
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initial tack of the dry filmsolder mask to the board. 25 Simlarly, by
the term"trailing edge surface" of the - 10 - board is neant the edge
of ‘the surface of the board to which it is desired to have the dry film"
sol der mask continue and at which the second tack is nmade.. The various
features of ,novelty which characterize 5 -21ke invention are pointed out
wi tth particularity in the clains annexed to and forming a part of the

&

10

15

20

25

_ 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. ';\lhir'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 e;ectrcvalve 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 generaliy 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

“designated 104, as 111ustrated 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 anc L2

and the conductors 106'and 108 are a e;ngle'pole—single
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specification. For a better understanding of the invention, its operating
advant ages and specific objects attained by its use, reference Is made to

t he 10 acconpanyi ng drawi ngs and descriptive natter in which a preferred.
enbodi ment of the invention is illustrated. Preferred enbodi nents of the
‘invention will now be described with reference to the acconpanying
~drawings, -in which:  Fig. 1 is a perspectiwegadew of the applicator

according to the invention, as seen fromthe front or entrance, that is,
..introduction, end thereof; 20 ~ Fig. 2 is a schematic view, as seen
by a sectlon with a plane containing the lines 2-2 of Fig. 1, showi ng

'~ “hrow switch 110, a step-down transformer 112 and a

) | ) thermomagnetlc trlp unit or 01rcultprotectlon device 114. .
Desirably, the transformer 112 is so seleeted as to prov1de an
glectromotive force of 24 volts between conducters 106-and 108.

5 THe circuitry 104 includes the previously
| mentioned eensiné switch 116, aed regulating means
'iecluding a first timer 118 havieg a normelLy closed
~contact 120, a\deiay timer 122 having a normally closed
‘contact 124, a delay latch relay 126 having norﬁally
10 open contacts 128 and 130, a first relay 132 having a
1ormally closed contact 134 and a normally open contact
136, ; onoto eye or oroxlmlty swztch 138, and a second
;' ?elay 140 having a norma;ly open contact 142. wWhen
energized;.timers 118 and 122 are oéerative at the end
15 _ of csredetermined counts or periods to open the.normally
elosed 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

20 16 =o worked on into the tacking region 18, and more.

pecifically, into tangential'contact with the upper and

(ﬂ

_ower =olls 28 and 30 resultzng in uoward movement o:
moveable roll 28. The photo eye or DtOlelty switch 138
5etecte the trailing edge of each board 16. - The -

25 position of switch 138 may be adjusted by means (not
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t he tacklng rolls, the printed circuit board feed rolls, 11 and the
ph0t0|nageable thread up arrangement of the applicator; Fig. 3 is a
schematic view conprising a section taken along lines 3-3 of Fig. 2;.5
Fig. 4 is a partial fragnmented perspective view of the'|left side of the '
applicator of Fig. 1 showing the tacking rdd3d- and a |left tacking rol |
acfuating $liding . _

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._s and 7, £he sensing.switch 1186,

5 which may comprise a normally open”mic:oswitch having an .
actuating button ll6a that-is.spring'biaeed_outwanﬂy ‘by-
means not shown). Swftch_lls is arranéed for actuation
by a bar 144 that is ettachee to the sliding plate 68,
at the end 146 tﬁereof edjacent 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.rell 28 is
moved upwards, and vice versa. The switch 116 is
vertically mounted oﬁ a depending leg of an L-Sﬁaped_-
.15l member 148. The end of the other_leg of member 148 is
pivoeed to a ffame'membef (not shown) oﬁ ﬁhe'applicxor
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 fraﬁe membef 153 of the applicator 10, is |

. attached in screw threeded relation with the L-shaped
-
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plate for the upper roll; Fig. 5is a partial fragnmented perspective view
. of " 10 the right side of the apparatus of Fig. 1 showi ng the tacking
rptls 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 intgygbe tacking region with no .
- board or panel positioned between the tacking rolls; Fig. 7 is a fragnented .
view illustrating the position of the switch actuator of Fig. 6 with a
prlnted ‘circuit board positioned between the tacking. rolls;

member 148. By adjustment of adjusting screw 152. the
lever member 149 may_be pressed to the extent required
to keep the switch lls_in the'open-pOSition thereof when

| the end of the bhar 1414 is in'crgag ent 'ith-the roiier

5 .151. The adjusting screw 152 is adjusted to keep the
switch 116 in such a poeitiqh_that it will snap from the
'opeﬁ switch position'shbwn in Fig. 6 into a closed
switch posiéion’showu in'Fig.l7 just before the upper
roll 28 ie liftedla distaﬁce correepondiné to the

10 ‘height, that is; the ﬁhiekness, 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
.- 15 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 through suxtable speed

20 -'reducxng mechanism 163.

The illustration of Fig. 9 is similar to thaﬁ of
Fig. 8 except that the main sprocket 157 has been ehqwn
in fragmented form to reveal the ﬁranemission of movement
from the main sprocket 157 to the lower ineut pinch roll
25 23. As shown, the main sprocket 157 is sdlidly attached
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20 . .. Fig. 8is aviewof the left side of the applicator 10 with the:
out er cover panel renoved to show the circuit board input pinch roll and
output pinch wheel chain.drive mechanismincluding a nmain sprocket solidly
attached to the | ower output drive wheel shaft; 12 - Fig. 9 is a view
simlar to Fig. 8 wwth the main sprocket seéﬁroned to show the transn155|on

of - nnvenent to the input pinch rol

l°}' Ite the'shaft 25 of the lower output dri&e wheel 24,
. Also attached to the shaft 25 is an input feed drlve
sprocket 165. Sprocket 165, in turn, drives a sprocket
167 that is solidly attached tc the shaft 159 Eer ehe
5 lower input feed drive roll 23, such drive beiné_by way
of a chain 171 that passesjover 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

10 :
-the upper roll 28. Solencid valve 98 discharges air in
the system through the vented port of solenoid valve
'102. Under these conditiens, the upper roll 28 is
"floating" under its own:weight;

15 - When a printed circuitfboard'ls is - introduced into

the entrance side 21 of body 12, the input.feed or piach
rolls 22 and Zﬁ'produce movement of the'bpaed 16 in the
- direction of movement from the entrahce eide 21 to the
exit eide 27 of the body 12. When the leadlng edge of
20 the board 16 ‘tangentially engages the tacklng rolls 28
and 30, which rolls are able to rotate freely, the upper
roll 28 opens end'mbves”upward due to the verticeli
component of the tangential foice of tne edge_ef the

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

.25 actuates switch 116 _ - =
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Pig. 10.i.s a wring diagramshow ng the electrical 5 circuitry provided
in the applicator for controlling the tacking of the photoinmageable dry
filmto the printed circuit boards; Fig. 11 is a perspective view showing
the pneurmatic systemof the applicator; andzgQ ' Fig. 12 is atimng-
chart or diagramillustrating 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 | oose sheet of dry film The o

' applicator 10 incorporates features taken fromthe Mddel 360 DFSM.
) 5%, with the result that the switch 116 is adjusted

from the open to the closed position théreéf;

When switch 116 is moved to the closed position, as
5 '.indicated'in Fig.llq; felay 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 solencid
valve 98 and resul#s'in operation of the bneumatic
lQ .chinders 76 and 88. This causes the upper roll'28 to
_be pressed or pushed downward against the lb&er roll 30
with-the_prihted circuit board 16 and drj films 36 a@d

46 therebetween to produce the léading edge tack.

simuitaneously with the energization of relay 140,
15 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 reiay

20 - contacts 134 and 136. This causes the deenergization of
solénoid valve 98'ahd the energization of solenoid ﬁalve
100, resplfing.in relaxation oﬁ.the downwar§ pressure on
tacking roll 28-and theréby release of the_roll pressure
'taéking the leading end of films 36 and 46 to the

25 printed circuit board 16. The reversal in position of
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Manual Pre-Lam nator and the Mddel 360 Lami nator/C eaner which are
manuf act ured and sol d by the Dynachem Divi sion of Mrton Thi okol, Inc.

More specifically, the 20 applicator 10 conprises a modi fication of the
- Model 360 DFSMwi th the heating and pneumatic systens fromthe Mdel 360
Lam nat or G eaner, and in addition invol ves-pgeconfiguration of electrical
control-s and circuitry for ef fecting tacking of a photoi mageable filmto
-leading and trailing edge surfaces of printed circuit boards in:

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 roll 28 to rise and

5 - float under its own weight.

Upon the detection of the end of the bdard 16 in-
the tacking region 18; the proximity switch of-photo eye‘l
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 closé an energizing circuit to timer 122 thereby

" to -control the beginning of the count thereof.

When timer 122 switches at the end of the counﬁ,
contact iz4 is opéned to deenergiie timer 118, which
15 _resulﬁé in opgning of contact 120 and deenergization'of
relay 132. This'céuses a new'switch iﬁ the positions of
. the contacts 134 and 136 and consequently of solencid
- vglves 98 and 102, reSﬁiting in the'supply of air to the
upper chambers of pneumatic cylinders 76 and 88, and
20 éonsequen;ly, in #he uﬁper rpll 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

25 wheels 24 and 25, the tacking roll 28 is moved down and
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- a regulated nanner. Thus, as shown in Figs. 1-3, the applicator 10 5
conprises a main body 12 and a driven conveyor neans 14 for transferring
“prihted 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 neans 14 inclagdes 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 mreans 26 on _the rear or exit side desi gnated 27.
The' anut f eed r othe ;§p§%ﬂg;gy1tch 116 is actuated to the open 9051t10n

thereof, with the end of bar 144 ln engagement with the
roller 151 of lever member 149, thus deenergizing the

electric circuitry 104 and resetting it,

5 The openation sequencing during a cycie of
operation of the applicatdr 10;_according to the
invention, is illustrated in the niming diagtam of Figq.
12. Specifically, curve 154 shows the position of the

o upper roll 28 as initially-being down in the closed
10 poaition,-then raised for a major portion of_tne cycle,
and down again as the end of the cyc1e approaches.
'.Cu;ve 156 shows the switch 116, which datects entry into
the iaminating region 18 of the board 16 to be worked,
as initially being in the opened posinion therenf and .
15 then adjusted to the closed poaition, remaining in the
| -latter position during the.remainder of the cycle.
Curve 158 shows the timing_nf'thé'operatidn of the
timer 118 in maintaining the tacking pressure on the
roll 28 to effect the tacking of  the fflms’36 and_46 to
.20 the leading edgeISurface of the board ls.for a period of
0.2 seconds, with the tacking beginning immediately upon
operation of switch llé to the "on® or closed poaition.
-Tacklng for a longer perxod may be effected, for a'ﬁ |
. period, as long as 0.5 seconds, for example, as

'25 indicated in the drawing. Curve 160 shows the action of

e
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15 , desirably are provided with covers 22a and 23a, respectively, as
shown. The out put drive wheels 24 and 25 are driven by output drive shafts
29 *and 31. respectively. Since a solder nask is nornally forned-on bot h
sides of a printed circuit board, the applicpior 10 20 s built
syrmetrical Ly with respect to the pl ane of. conveyance of the circuit boards
16 ;by the conveyor neans 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 appligatortﬂélproximity switch or photo eye 138 in sensing the
| trailing edge of the board 16;' The timin§ of the
operation of the timer 124 in effecting the'frailing
edge tack to the board 16 is shown in curve 162. Curve
'S5 . 164 shows the pressure on the upper roll 28 during the
'cycle of operation,_the position thereof initially being
down with no applied preesure thereoe, then down with
pressure applied thereto to effect the.ﬁacking of the
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
15.' ehave high flow eharacteristics in the temperature range
~of 30°C. to 100°C., it is'easiernto eack them to the
surfaees of p:inted circuit boards if applied at a

temperature within this range.

For heating the tackihg rolls 28 and 30 and
o 20. _ dontrolling the temperature thereof to a suitable va;ue
within'this range} there is provided, es,shewn in Fig.
10, heating resistors 166 and 168 which are arragned, in.
a manner known to'those ekilled in the art, in operative
association with eﬁe upper rell'28 and the lower roll

25 30, respectively. 'Heating resistors 166 and 168 are
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- 14-.

I'n accordance with the invention, a | ayer of dry film which

~preferably is of the type disclosed and clainmed in the aforenentioned Roos

et al.

application for U S. patent, is attached to each of the upper and 5.

| ower .surfaces of the printed circuit board %& t hen passing through the
Te

t-acki ng. regi.on 18, through the action of paf
rolts: 28 and 30,

upper and | ower tacking
for conveni ence soneti mes referred to hereinafter as first .

and "second taCkéﬂgrégkgg’fr%&P%ﬁg\”ﬁﬁ@rﬁgking curreﬂ%me&£§f§ Q{nggpﬁf Lol

28 s nnvable t Owa

Ly 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, 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-
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
to_the 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 c1rcu1ts of .
the controllers l78_and 180 are respectively associated
pewer rectifiers 186 and 188. Rectifiers 186 and 188 are
connected to the alternating current supply lines Lj in
series with a respectlvely associated heatlng 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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away fromthe second or lower roll 30 with the peripheral surfaces thereof
belng normal Iy positioned closely adjacent to eachother with the ends of
upper and | ower dry fllns 36 and 46, as shown in Fig. 2, being 15

- captured therebetween. - Upon entry of a circyit board 16 into the t acki ng

~ region 18,  being driven by the input feed rolTs 22 and 23, the |eading edge
. of the board 16 applles a force tangential - to the tacking rolls 28 and 30.

é This tangential for QgggandB¥BEHs héﬁ%%hgergglggors e Baar 4686 and

produced by the fee s _a conponent  of force
rlght angle thehenéebh@@aﬁﬂﬂgtﬂﬁ %%%aFBPQE rRélr 38 @ns of e lewer rd11°

30 is controlled responsively to continued energlzatlon of
the electrical circuitry 104. That is to ‘say, upon inter-
ruption of the energizatioh of the circuitry 104 the ener-
gization of the heatin *esistcrs 165 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 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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resulting upward novenent of the novable upper roll 28 allows the board 16

to be noved between the tacking 25 rolls 28 and 30. . The initial
upward novenent of the tacking roll 28 actygtes a first sensing neans,
specifically a sensing switch 116, that is illustrated and descri-bed in
~connection with Figs. 6 and 7. Actuation of sensing 5 switch 116

injitiates & tacking sequence of operatlons of an electrical andipneunatic -
~systen1that i ncl udes

Thus, in accordance with the invention, there has
been provided an appafatus for applying a dry film
5'_ solder mask to the surfaée of a printed éircﬁit board--
that ailows handling of the board with the applied £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
10 loqsely applied, being tacked thereto only, by-the
appliqation of vacuum techﬁology, heat ana mechanical
pressufe, thus enabling coﬁpleee encapsulation of the’
printed circuit board'eohductors aﬁd intiﬁate contacﬁ bf_

the solder mask film to the surfaces of the board.

15 The invention is ¢hafac£erized in the arrangement
: of -“he apparatus components whieh enable reduced
| ~ .calibration and human interacﬁion.. Key features include
driwn feed rollers 22 and 23 which
automatically feeds the board ihto the tacking rolis)
20e the Zront tacking of ehe film by applying a rorce
: tanaentlal to heated or unheated tackmg rolls, and_ the logic used
to regulate the Leadlng and trailing ed.:: tacklna. .
After tacking the fllm to the leadxng edge cf the. coard,
the zacking rolls open to allow the fllm to be anplled

25 loosely and w1thout pressure to the board. The rells

close again to tack the traxlzng edge.
This Sheet Has Been Re ﬂ
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pneunmati-c:cylinders 76 and 88, as shown in Figs. 4 and 5, for applying _
downwar d tacking pressure to the tacking roll 28. No air is supplied to the

| ower

chanbers of 10. t he pneumatic cylinders 76 and 88 to cause upmard
novenent of the tacking roll 28 until a tinmer 118, a

connection with Fig. 10, tines out This is.after conpletion of the

| eadi ng. edget ack. Upon the actuation of SWAté 116 an

dowiwerd pressure is applied by the pneumatic cyulind “mu m:]“IHﬂﬂtEncllﬁ
upper tacking roll 28 to tack the |eading gpgy g& the dry 915 86 &nd* 46

agalnst each of t’he upper and Iomer surfac

board 16, at the |eading

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
angi. _ _ |

a dry film (36,46), said film having a first region
at a leading portion thereof, a secend region at a trailingl

portion thereof and a third region intermediate said first
~and second regions, each of said regions extending com-

pletely 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 edge,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
seeond regions of said film to the leading and trailing
edde surfaces, respectively, of said board while allowing

" said third region of said dry 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 wherein said
tacking means utilizes heat and pressure for tacking said
first and second regions of said film'to'the‘leaQinq 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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edge.surf.aces thereof or closely adjacent thereto. To ensure a

f|rn1tack|ng attachnent, the rolls 28 and 30 preferabfy‘are*heared—and—‘

-sui'tabl e downward pressure is applied on roll 28 for '
peri _od as determ ned by timer 118, as t he board 16 I%ﬂﬂﬁ”@ﬂ“ mum t he
appl i cator .10. The downward 25 pressure_gp_the uppe
removed and air is 16 supplied to the | ower chanbers of pneunatlc
.cylinders-76
« S 3. An appllcator as defined by clalm 2 whereln said
) tacklng means includes first and second parallel tacklng
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 fnlaffar+ =9pa?ainn theraof 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 leadlng edge
of said board with said tacklng rolls belng 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 sensing such separation of said
tacking rolls, 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

reqgulating means.
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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 wi-th each of the dry
fil'mse 36 and 46 being drawn, w thout the application of treart—or——pressure
-over the associated surface thereof. During such ti -t|on betmeen t he
dry, films 36 and 46 and the respectively associ at edmima ﬁ Iﬁﬂlland 30
10- cause the latter to rotate. Tacking of3%he dr o the
trailing edge surfaces of the board 16 i's initiated by a second sen5|ng

means, specifically, a switch 138. Switch 138
T, 5. An applicator as defined by claim 4 wherein said

'force producing means lncludes 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 (118),e
said timing means being operatlve to maintain the operation
of said force producxng 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 applicatorlas 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 connectlon to said actuatlng
means, .
said actS5uating means including regulating means

operative in response to sensing by said second seneing
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 rolis and thereby to apply
tacking pressure to the trailing edge surface_of'said

boaxrd.

8. An applicator ae defined by any one of claims 3 to 8
~ wherein said board (16) is a. prlnted c1rcu1t 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 eomposition,
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may .conpriise a proximty switch, a photoelectric or ot her device
suitable for detecting the tralllng edge of the board’lb as indicated in
_,Flg 2. After the switch L33 detects the trailing edge

timer 122, as described in connection with Fig. 10 and”m“jjﬂ &ﬂ l@lﬂm the
trailing edge surface tack placenent and S|ze is 20 : I ns
its-timng sequence. As a result, upon entry36f the trailing edae surfaces

of the board 16 ggit® F'ﬁ%ﬁ@ﬂﬁ'a ésmeortéﬁgo%qmy\ahdh@fﬁeurcﬁxﬁgallréIéfter
appl i ed by the pneunatic cylinders_ 76 and 88 to the upper roll 28 to tack

the dry 25 f EPRODBTSndnsh 48V S hEBBER RCPFOTAAS i ARG rcRFmanent,

solder mask overlying said printed circuit board, said top

coat being selectively adherent to said photoimageablee
.composxtlon relative to its adherence to sald cover sheet,

and further including

=hael
llanbl

6]

{32,42,48,225 t
sheet from said photoimageable composmtlon, leav;ng 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 photOLmageable 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-

-tien, with said top coat and'polyester cover attached, in
said third_region of said dry film without the_applieation

‘of heat and pressure.

9. An applicator as defined by claim 8 wherein said
board (16) has opposed'surfaces eaeh 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 sheetl(40,50) o
attached is drawn around each of said taeking 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 photoimageab%e compo-

sition,
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- 17-, Swfaces, 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
out put drive wheels 24 and 25. Thus, dry filnms are attached—te—each-of the
surfaces of the board, being Ioosely applied in each cas and fixedly

attached by tacking to the board only at the,leading a ‘ﬂﬂllﬁ"l""ﬂ”ﬂﬂﬁml

across the full MAdth

| whéreby_upon actuation'ofﬂsaid actuating means by
said first sensing'means'(lla) to'produce a force tending
to press said tacking rolls (28,30) to the closed position
thereof a laYer of ?hotoimagéable composition is tacked
simultaneously to the opposed surfaces of sald board at

each 2f the leading
i0. An appllcator as deflned by any one of claims 3 to 9
wherein said tacklng rolls are spaced vertlcally 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,
_éach 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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t hereof .~ :The filmw dth nust be Less than the panel wdth to allow the
tractlon of the output drive wheels over the surface of _the panel. 10

It ©'s contenplated that, if desired, a succession of boards 16 to be

| ami nat ed. on both sides nmay be fed to the applicator 1q I"“Il y
-and .46, respectively, being tacked to the |egl§il ng and ml Iml II mﬂr
- each of the upper and | ower surfaces thereor: In! sudh an enbbdisrent
+of trhe invention, a succession of boards 16 mould exit the applicator 10 -
‘connected to ea ot her 6

5?1 %ﬁ%ﬁg |Insn§§%§ﬂ%%gg§fcq33 QOSE%&%%er lqglud-

arrangenent ectlng Separati _
of the boar ds 16nmap¢hammhhg4) 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_pos1+ion 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 appllcator as deflned by claim 11 further includ-
ing adjustable means (152) attached to said applicator and
cooperating with said switch means_(llS) ‘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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20 . - . Aternatively, while not shown, it will be understood that
sui tabl e f|In1cutt|ng means, as known in the prior art, may-be enployed for
'cuttlng the filnms, as dlsclosed, for exanple, in-US. patebts_4_925—389—%e——

E..P. Bernardo and 4, 650, 536 to A B. Ceraso to natch 25 E. P. length -
of each board 16 to be covered, thereby to enabl e
of each of the upper and | ower filmnms 36 and ng to be tackelimmmuuel“‘ﬂuhfwum )
edge
~an L=~ shaped member (148) nav1ng a first leg and a
: second leg with each of said legs having an end, the end of
i ' . said first leg being pivoted to said frame member of said
| o applicator with said L-shaped member so positioned that
. said 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 (l44) when the second end of'said
plate is in a low pos1tlon thereof thereby caus1ng 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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surface of-the board, with, if desired, a mnor portion only of the surface
tof the board being covered by the 5  films. As shown in Fig. 2, the

‘appl i cat or

filmsupply rol

10 includes an upper dry filmsupply rol E :Imﬂum _
34. Dry film36 is unwound fromtHe lml mm ﬁpply-

rol 1«32 and irs dramn downwardly past a 10 ' _gjtipping ol

stri-pping roll
film36 and is .d

a pol yet hyl ene cover sheet 40 is separated fronlthe dry

Fpect ed MpaariiiFatepassinfingd v @peronakef uplates 1k, to

‘The dry film 36 CQnt whee@inn s idoWvMIAL iNY Mdsd Bl AMidS! Bhétmbei c 44y 2Rd-

|s wr-apped

der means (76, 88) and a llnk between said pneumatic cylin-
der means and each of the second ends of sald plates

-~ (66,68)

regulatingemeans being conneeted 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). ' | |

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,

said regulating means being OPerative_in respense to
sensing of the approach'of the trailing edge surface ef-
said ﬁanel by said secondisensing 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) conneéted to said regulat-

~ing means and operative to maintain the tacking 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 operatlon of

‘said switch (116) means of said flrst sens;ng means
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15 .. countercl ockwi se, as seen in the drawi ng, around the upper tacking
roll 28. Simlarly, dry filma46 is unwound fromthe lower dry filmsupply
roll- 34 and is drawn upward past a |lower stripping.roll 48. At the -
stripping roll 48, a 20 pol yet hyl ene cover sheet 50 is separated from
the,dry film46 and is directed to a | ower take-up re

thereon The dry film 46 continues in an upvfki'rd path Mﬂ umﬁﬂlmgmic bar
54 and is wwapped cl ockwi se around the | ower tacking

respOnsively to the separation of said tacklng 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), | : | |

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) having a normally open contact

(l42), . '

- 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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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 nounted for rotation in
sui t'abl e ‘bearings, but are rotated only in response to the—beards—5—-16—

‘and the films 36 and 46 being conveyed through the apparatus 10 b

‘input feed rolls 22 and 23 and output drive wheels 24 an Luu lwﬂm ml

' Specifically, the lower roll 30 is nounted fU#'Totatlon Hl

56 and 58, and thus rotates on a fixed axis indicated at 60 10 The

;upper roII 28, on the Othglrgaconff%fn¥ét JfHO) which when energlzed is

operative to reverse the direction of. the power of the.

force producing means thereby to cause_separatlon ‘of the

tacklng rolls, , S : .

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), -

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 centrel valve (98) with the_nermally'open
contact (136) thereof being connected in an energizing
circuit with the third control valve (100), '

- whereby upon aetuatiOn 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 tp effect
closing of the normally closed contact (142) thereof and

- thereby the energizatibn of the first control valve (102)
to cause ﬁhe delivery of poﬁer to the force producing means
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rotation on vertically novabl e bearings 62 and 64 which allow the upper

roll_ 28 to be noved toward and away fromthe | ower roIIf30 for enabling

t acki ng the dry films 36 and 46 to the opposite sides o tu r n

Ci rcui%J 15 boards. The bearings 62 and 64-a5e nounted f mm?mlln ”ll,””",
nmovenent on respectively associ-ated el ongated sliding plates 66 &nd

with the plate 66 being positioned at the left end of roll 28 and the plate
68 at the right Zoich @n@emhesedhrecﬁedhbyfuhhenebbddngoptabesvaﬁvanq9@3 it®

pivated for angulgfsEDV ﬁb'gegatre%% ngeo%n%t s EWhdM£N ) S E£8ﬁf§& £81h

entrance side 21 of _the _
- tack the fllm to the board, the normally closed flrst

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'pdsitlon 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 eontacts'(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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applicator- 10. Thus, the sliding plate 66 is pivoted gg7g_£L§§5Liﬂgux_;ﬂl
and sliding plate 68 is pivoted on a 25 fixed pivo Pivot 70 is

attached to a left side 20 plate 82 of main body 12 “mh
Simlarly, pivot 72 is attached to a ri ght skdé-plate “g lm“| y
120 . The other end of sliding plate 66 is attached by atalr 74 therton"to

t he-upwardly positioned 5 pneumati c cyli nder A shaft 18 form ng an
extehS|0n the first electric switch (LlO) reverting to the open

position thereof when the board leaves the tacking rolls,
thus deenergizing the requlating means and the force pro-_
ducing means and resetting 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 solen01d (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.

This Sheet Has Been R laced




of rell 28, at the left end thereof, extends through a hole 80 in the Left
ES|de plate 82. Shaft 78 fits through in a hole 84 in sliding plate. 56.
"Hol @ 84 is positioned in alignnent- with the fixed 10 pi vot 70 and tab
"74. In order to allow a range of vertical nb¥enment of shaft 78 and thereby
“of roll 28, hole 80 in plate 82 is elongated in.the vertical direction, as
shown. Simlarly, the other end of slldlggP§*€%§ 68.is attached by a.

- sui tabl e means thereon to the upwardly p 5 pneumati c cyl i nder 88. A -
shaft 90-forning an extension of roll 28, at the right side thereof,

extends through a In the appllcatlon of dry film solder mask material to

o a board (16), a process and an appllcator_(lO) for the
implementation thereof féatures automatic feed of the -

board, initiation of leading and trailing edge tacking, by

heated or unheated tacklng rolls (28.30) of the film

(36,46) to the board by utilization of the board to apply a

force tangentlal to the tacking rolls, and logic circuitry

to regulate the leading and trailing edge tackihg by'clos-': '

ing ﬁhe tacking rolls to apply roll'p;essure_during each of
‘the leading and trailing edge tacks, and after tacking of
‘the film to the leading edge of the board, opening of the
rolls to allow the film to bé applied without pressure with
the rolls being closed again to tack the film to the trail-
ing edge of the board. | '

This Sheet Has Been Rerlaced
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hole 92 in the right side plate 94 and fits through a hole 96 in sliding
plate 68. 20 Hole 96 is positioned in alignnment with the fixed pivot 72
and pin 86. Hole 92.in side plate 94 is elongated in the verti cal

direction to allow a range of vertical novenent of shaft 90 and thereby of

rol1.28. Air pressure for actuating the uppﬁr roII 28 domnmardly in order
to effect a desired tacking - 21 - o

o 32._ r' @
\ . _
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operation is applied by a pneumatic system 97, as shown in Fig. 11, to the
pneumatic cylinders 76 and 88 froma source of air under pressure under
control of solenoid valves 98, 100, and 102, which are sel.ectively actuated
5 =-by electrical circuitry shown and described in connection with Fig.

10. #&s shown in Fig. 11, the solenoid valves 98, 100 and 102 are

I ncorporated in an el ectroval ve assenbl y» 89 of the pneumatic system 97. The
pneufrati ¢ system 97 10 further includes, in addition to the pneumatic_
cylinnders 76 and 88, an air filter 101 having an input connection for the
attachnent thereto of a suppéy of e&g under _

4

=

RN T
: END
PRESSURE o | cveLe
— !
N | 154 DOWNI
ROLL POSITION Dow | .
ROLL SWITCH - — se” |
( " s —
TIMER IST TACK .__lo2 ]..o.s '
BEGINS 50 PANEL NO
~__SENIOR TRAILING PANEL YES l
EDGE (RELAY) - _
| - 162 BEGINS .
TIMER 2ND TACK V4 v 02..}.0.
DOWN _ .
. / ' uP /|64 |
PRESSURE”QN ROLL : 1
'NONE ' NONE



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 conponents, as indicated and generally known to those skilled in
the -art and which need not further be described herein. The sel ecti.ve
energi zation of valves 98, 100 and 102 is329ntrolled by el ectrical
circouitry 20 designated 104, as illustrated in Fig. Ib. The eiN¢guitry
104 ts connected by conductors 106 and 108 to a source of enerﬂ!"’o '
altgrnating current, designated by supply lines [err] 5%;; et 0
conmer ci al frequency and volt T Connect ed bet e nas [err]
and [err] AT

__ Tgis' Sheet Has Been Replaced - _@3\ | 56. | »/» |
[T T
Fig. 4




25 and the conductors 106 and 108 are a single pole-single - 22 -
throw swtch 110, a step-down transforner 112 and a thernomagnetic trip
uni or circuit protection device 114. Desirably, the transforner 112 is so
Selected as to provide an el ectronotive force of 24 volts between
cofductors 106 and 108. 5 The f}icuitry 104 includes the previously
meriti oned sensing switch 116, and regulating means including a first ti-mer
118 having a normal ly cl osed '

%

52 | |
' 153

-
-

151

148

liGa

150
e .
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contact 120, a delay tinmer 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 cl osed contact 134 and a normally open
contact 136, a photo eye or proxinmty switch 138, and a secohd relay 140 ,
havi mg a normal |y open contact 142. \Wen energized, tinmers 118 and 122 are
oper-ative at the end 15 of predeternlnéﬁ/%ounts or periods to open the
normal |y closed contacts 120 and 124 —r+espeqt n associ ated therewth.
The ,sensing sviitch 116 is provided t¢ det ¥eN the entry of the | eading edge
of each printed circuit board

+103

21
27 v
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20 16 to be worked on into the tacking region 18, and nore.

spegifically, into tangential contact with the upper and |lower rolls 28 and
3Q resulting in upward novement of noveable roll 28. The photo eye or
proximty switch 138 detects the trailing edge of each board 16. The 25
posi»ti on of switch 138 may be adjusted by neans (not -23- shown) to
adjust the edge of the surface of the legyard 16 at which the second tack of
the'dry filmse 36 and 46 to
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e surfaces of the board 16 is nade. As shown in Figs. 6 and 7,
the sensing switch 116, 5 = which nmay conprise a nornally open mcroswtch
havi ng an actuating button 116a that is spring biased outwardly (by neans
not shown). Switch 116 is arranged.for actuation by a bar 144 that ‘is

r. attached to the sliding plate 68, at the end 146 thereof adjacent the fixed
a pivot 72. The 10 arrangenent is such, with the sliding plate 68 being

* angul arly deflectabl e about pivot 472 that the bar 144 is noved in a

* downward direction when the roll 28 is -noved upwards, and vice versa. The
- switch.116 is vertically nounted on a depending | eg of an L-shaped -

-

—

Fig.

i



.&;3._.

A
15M‘oer 148,

(not shown) of t.he appli.cator. .10. -A | ever nenber 149740aFas-0.1ves

frame nenber
plvoted at- one end 150- on the switch 116. and ext ends-al ong the Iength of

The end of the other leg of menmber 148 is pivoted to a

theslatter:” 'Atoller 151 attached t6 the ot her end. of

149 is i'n position. to be engaged and. pressed by the CfMﬁNBéHEEH4 R
attached to sliding plate 68 ‘when there is no board pr panel 16 Detween the
tacking rolls 28 and.30.. To that end, an.adjusti.ng. SErPWIIGAuL g 1 -

mount ed “on ‘a frame nenber 153 of. the appflbator 10, | s} att.ached.™ criew .

t hr eaded relatlon W th-the L- shaped
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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 solder mask material to

the surface of a printed circuit board.

A solder mask is a hard, permanent layer of

slectrically non-conductive material which covers the

surface of a printed -circuit board and encapsulates the

traces of the printed circuit. The solder mask is



- 24v¥nber 148. By adj ustnent of adjustlng screw 152, the | ever nenber
149. may be pressed to the extent required to keeQ_Lng_smjtrh 116.in the .
open posi'tion thereof when the end.of the har 14p REPLAOERENIRGHEEN- Wi t h-t he.:

rolter 5 151, The, adj ust.i ng screm1152 i's adj bis switch
116-in.such a posi‘tion that it will snap fromthg pp iffion.
shown'in-Fig. 6 into a-closed switch posjtion shg _ S?MW& %;61 ust _before

ng tQ Lhe-

the. upper roll . 28 IS I|fted a dlstance pqgngsponfj

patterned to fully cover the circuitry except for
portions that are intentionally.left exposed for the

soldering thereto of other components.

Sqlder masks, typically, are formed from a layet of

(9]

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 éither egposed
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 fo;m{ After drying or
pértially'curing. the liquid composiﬁion 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 £ilm rather than in liquid form. Dry films that are
free of orqanié'sblventé are_comme:cially available.

25 The use of dry film eliminates organic solvent hazards



10. height, that is, the thickness, of a printed circuit board en

terlng

the tacking region 18. Ln Fig. 8 there I's 1l }usteg | -ef t

si de of: the- appl ircator. 10 with the. cover: pahel 1 aREHMﬁEMBNTHHﬁﬁV|1g the -~

cower’ panel 12a shows that the 15 . drive iechafi pi nch )

rolls 22 and 23 and:the ‘ouf put drlve plnch wheel §. % ZPes:a... -
~chain drive’ nechanlsn1155 |nclud|ng a. nabn sproc efl B chain

159.- The .chain 159,.in turn, is.driven by an.el eqtn ' hrough -

suitabl e" speed 20 . reduc:ng néchanlsn1163 . The |Ilustral|on of F{g. .9.is

simlar to'that of

W

10

15

20

25

from the work olace 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
support material that is somewhat £f£lexible but which has
sufficient rigidity to provide  structural support for a
layer of a phétoimaqeable 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 film to be rolled, it is conventional
toc cover the exposed surface of the photcimageable layer

with a removable protective sheet of polyethylene. An

‘'example 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 ﬁhe photoimageable
composition immediately prior to application of the dry
film to the surface 6f'the printed circuit board.
Specifically, automated apparatus peels away and rolls
up the protec;ive sheet as the dry film is unrolleé frop
a reel. The dry film is applied to the surface of the

printed circuit board with the photoimageable layer in



Fig. 8 except that the main sprocket 157 has been_shown in fragnented form
to.reveal .the transm ssion aof novenent. fromthe € to the

| ower . i nput..pinch-roll- 25: . 23 .As shown, .the _WEPLW§ $H 7]is. :
so11d|y attached - 257- to ‘t'he’ shaft 25 of tiHe Iomer out ptit. fir {ve -wheel .

24 Al so attached ta the ‘shaft. 25 i.s an’ input” f ¢ed cﬁOv;ﬂJIsm%:kat-. 165. . -
Sprocket 165, "in turn,-drives a sprocket 26% t-hqt lis solidly atjafhed to . -
thé.shaft 169 for-the - ... .. : A :

-direct contact with the board surﬁaée. Using heat and
vacuum, the photoimageable layer is immediately
laminated to the surface.of the board. The polyester
.cover sheet remains overlying the pbotoimageable layer,
S protgcting the phdtoimageable layer from exposure to
-oxygen and from damage tending to be caused as the

result of handling.

The dr? film is exposed to patterned actinic

radiation through the PET cover sheet. The polyester

10 cover sﬁeet is then removed, permitting access to tﬁe
photoimageable layer by developer. Depending upon the
composition of the'photoimageable_léyer, 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

chotoimageable layer.

Because the polyester cover éheet is relatively
tigid, the photoimageablé layer cannot fully conform to
the irreqular contours of the printed circuit board,

25 “rom the flat surface of wﬁich circuitry traces project

outward. As a result, the thickness of the



5 | ower input feed drive roll 23, such drive being by way of a chain 171
that passes over an internediate idler sprocket 173 lnt g. pos|t|0n
of the, upper. roll 28,. ‘the sol.enoj d._val.ve.98:is chgmeEMEuTrﬁHEElTr pressure-. °
i s applled to'the pneunatlc cyllnders 76 and 8 ect—orr—t0~The|upper r.ol
28. .. Sol'enoid val ve 98 di'scharges air in the s"stens hr@ gﬁ%é ent ed port
of solen0|d val ve 102 © Under -t hese condﬁtrons ~tjhé Ebﬁ E I s '
"floating" under its: omm MEIght 15 . v% n pruntnd Ci
i s:introduced into . L ' o

photoxmageable layer, when lamxnated to the board, must
be slightly greater than the projection of the traces
outward of the surface of tﬁe board for the
photoimageable composition to overlie the cuter surfaces
5 of the traces. Thus, outer regions of photomask exist
petween 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 whiéh 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 phétoimaging layer tend to extend outwardly along

15 each side of each trace (an effect known as
Qmushrooming“); 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 boara in order to eliminate the
foregoing problems of both ligquid and conventional dry

25 films are disclosed and claimed in application for

United States patent bearing Serial No. 160,895 filed

-xU|t board-16 :.T



the entrance side 21 of body 12, the input feed Qr pinch rolls 22 and 23

produce novement of the .board 16 i.n the .difecti nREPL% WW%IIEE

ent.rance si-de 21 to.the exit side-27 of the bod

of .20 ‘the board 16 tangentially engages the a(kE£8 roIIs 28_a d_30,.
whi ch’ rolls are able to rotate freeiy, the uppet .fo R
upward due to the vertlcal conponent of” & tandehtial force of t he edge of.

t he board. 16 on the roli. ~As a. result the bar 144 mhlch 25

smntch 116 -

10

15

20

25

t he

act uates "

February 26, 1988 by Leo Roos, Frederick J. Axon and
James J. Brxéuglxo, whxch applzcatxon is assigned to the
assignee of the present invention and the disclosure of
which is incorporated herein by reference. The improved
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
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
phetoimageable composition layer. The material of the
top coat is selectea for transpareney, strength and
Elexibility, and is further characterized in being more
adherent to the photoimageable composition layer than to

the cover sheet.

In the formation of a solder mask, as disclosed in
<he 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 ﬁinor portioﬁ of the surface of the printed
Gircuit board. The polyester cover sheet is rémbbed.

leaving the'top coat as a protective covering on the

aflng- edge .-
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REPLACEMENT SHEET 26 [err], with the result that the switch.116 s adjusted
fromthe open to the closed_p05|t|0n thereof. WWen switch 116 .is noved to.
the cl osed p051t|on .as 5 Jndicated i-n Fi.g. . %40 io "ﬁerglzed
resultlng in ¢l osure of contact 142 and the ene RgﬁﬁCgﬁEﬂ} )

Act tiat i on of sol'énoid 102 resdlts in the * .intrpdpction of .air _
into the- systen)to solen0|d val ve 98 and ﬁesults nSQDQUQ;“g@%P t
pneunatlc 10 . cyllnders 76 and 88 Thi s causks] t he upper rol

layer of.photoimageable compqéition. Thé 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 €he photoimageable
5 composition layer to the contours of the surface of the

board.

In the applicatién 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 pressﬁre to
conform the f£film to the board surface. The f£ilm outer
surface is protected, during application, by the top -

15 coat.. The polyester cover sheet may be removed prior
to the vacuum abplication 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 surﬁace
of a printed circuit boafd allowing, at the same time,

the handling oﬁ-thelboard with the applied f£ilm, the
removal of the polyester cover sheet, and the draw-off

of the air enclosed between the film and the board.



be pressed or pushed downward against the lower roll 30 with the printed

circuit board 16 and.dry filnms 36 and 46 there
| eadi ng. edge tack. Si'mul-taneously with.the enefgRERUACEMENT SHEERy|
cloglre, of ‘swi'tch 116 energizes tiner 118, Ti.
time. Waen a_preset time has el apsed,. timer 11
closed contact 120 to deenergi ze nornaLIg ener

t-he .
14Q, -15
TIg counts thel tacking -

PGl WpPptno

produces ‘a reversal . of the positions of relay . ol OR3-S "94 and 136..

Thi s causes. t he deenerg|2at|on of sol enoi.d val
_sol’'enoid val ve 100, réesulting in relaxatlon of

10

15

20

25

sure on
.Another object of the invention is to provide -an

applicator for covering the surface of each of a

plurality of printed éircuit boards with a loose sheet
of dry £ilm by tacking the film to leading ana trailing
edge areas of the surface of each of the boards as the
boards are moved in succession through the applicator,
the tacking being accomplishea 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
board at a leading edge thereof, with the tacking rolls
then beinq opened and subsequently closed again to force
a seconé regionlof the f£film that is separated from the
first region thereof into pressure céntact with the
surface of the board at a trailing edge'thereof, the
dimension of the portion of the film between the firsﬁ
and éecond 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

pressure.

A further object of the invention is to provide
such an applicator wherein the.tacking rolls are
relativelj movable from a normally closed position ﬁo an
open positién and tacking at ;he 1eadipg edge of each

board surface is initiated by forcibly feeding the

e 98 and ‘t.he energlzatlon of.



tacking roll

28 and thereby rel ease of the rel’i ”ﬁressure t acki ng ‘the

| eadi ng end of filns 36 and 46 to the 25 _ pri _ g 16. The
reversal in positi-on of - -27- relay-contact:. ,,.ltﬁQgMENE,;SHEEbsure R
t hereof, results in energizati on of’ sol enoid’ e 100 Thi S papises air to -

be Suppl ied to t-he 1ower chanbers of- pneumatl
al | ows the tacki ng roII 26 to rise and a 9 f

(3%

[¥1]

w

leading edge of each of the b_oérﬂs‘ into tangential

o .o" —‘_ w

v
c
1

contact vith the tacking rolls.

Tn accomplishing these and other objectives of the
invention, there is provided a process and applicater

key featuces 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 10
the tacking rolls, the logic used to regulate the
leading and trailing edge tacking, the application of roll gressure

during the leading and trailing edge track, and a regulation system

wan_d B8 and
under own Mei ght'.

4o a2pplv tacking pressure to a leading @nd trailing edge of the

board. “In particular, after tacking the film to the

le2ading edge of the toard, 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 £ilm has high flow characteristics in the
temperature range of 30°C. to 100°C. It is preferred )

accomplish the tacking withia this temperature range

tecause, in this range, it &s easier to tack the £itm 4o

tnhe surface of the btoard.

By the term "leading e&ge surface" of the boacd or
panel, as is used hereinmafter, is meant the edge of the
surface of the board to which it is desired to make the
initial tack of tha dry film solder mask to the board.

Similarly, by the term “trailiag edge surface* of the



Upon the detection of the end of the board 16 in

(REPLAGEMENT, SHEET dn 18, ¢ he

proximty switch or photo eye 138 cl oses .an enerpiging circqit_to_deLay
| at ¢ch relay. 126, which self retains through .cl osprp @0 gugomdgct] 428 10.
t hier eof . Energlzatlon of.. rel ay 126 al so - cl'oses ,ontact 130 to giqse-an -
energizing citcui't to timer 122 thereby to control the—begimmmg df. the

count thereof.

When timer 122 smntches_aiothe ‘end. of 't he count, .c ntact 124 -

S opened to. deenergi ze .ti mer 118, which 15 . results.in opening qf..
contact 120 and dbeaeﬁgmsahewntotheeé@qe162 tﬂblsuramwesoﬁ.tusvaunﬂdﬂtdr1'
the positions:of the contacts 134 and 136 and consequently of sol.enoid

U

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
the imnvention are pointed out with particularity in the
claims annexed to and forming a part of the
specification. For a .better undergtanding of. the
invention, its operating advantages and specific objects
attained by its use, reference is made to the
accompanying drawings and descriptivé mﬁtter in which a
éfaferred embodiment of the invention is illustrated.

treferred embodiments of the invention will now be described

with reference to the accompanying drawings, in which:

Fig. 1 is a perspective view of the applicactor
according to the invention, as seen from the Tront or

entrance, that is, introduction, end thereof:;

Big. 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,



val yes 98 and 102, resulting in the supply of air to the upper chambers of
pneumati c cyllnders 76 and 88, and 20 . conseque .roll 28
bei ng pressed .down again. by -the.pneumatic.cyli ndgr §E b‘C’EMfN%SSHBET
trahllng ‘edge t ack. When the printéd circuit boand[I6 Tsmoved=beydnd t .
tacking ralls: 28 and 30 by neans of the r ar plnnh 2 s p4fand 25, -
the tacking roll 28 js moved domn and - . ﬁsocﬂﬁbiﬁk R

and the photozmageable thread up arrangement oE Eh .

appllcator,

Fig. 3 is a schematic view comprising a section

taken along lines 3-3 of Fig. 2;

w

Fig. 4 is a part;al 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 rlght side of the apparatus of Pig. 1 showxng the
tacking rolls and a right tackxng roll actuating sliding

plate for the upper roll;

FPig. 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 cuter cover nanel 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;



the,sensing switch 116 is actuated to the -open pqsition thereof, with the

end .of -bar 144.in engagenent with.the roller 151 OBﬁWﬁn - <19, thus.
deenergi zi ngy the el-ectric: circuitry-104 and reseft jrg-lis -OHEET - |- The .-
operation sequenci ng dufing a cycle of operatlon of ‘the r{ 10,
accarding to the invention, .is illustrated in the fid Fig

12. Specifically, curve 154 shows t he pos’rq Ion of - . as
initially. being down:in. the closed.10. .. positi ‘a. najor

portion.of ‘the ¢ycle, .and.down again as the end. Dﬁ'fhp cycle, appr'aches
CQurve 156 shows the Swhbﬂh911§ a'Bieh deheths QBt?XgL“bowith the main

sorocket sectioned to show the transmxssion of movement

to the input pinch roll;

Fig. 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 perspectxve view showzng the pneumatxc

system of the applicator; and

16 '~ 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 compﬁises é modification of the Model 360
DFSM with the heating and pneumatic systems f;om the

Model 360 LaminatorCleaner, and ;n addition invo}ves

reconfiguration of electrical controls and circuitry for



the |l am nating region 18 of the board 16 to be worked, as initially being
inthe opened p05|t|on t hereof and 15 -then adlusted to the closed

position,.remaining in the latter position dyr g g gefe] of the
cycle. Curve 158 shows the tim ng of 'the operaRE Lﬁmﬂhﬁ‘r@ﬂ 118 in
acki ng. of

mai'nt ai ni'ng the tacklng pressure on t he {@ 24 to _effect the o
the films-36 and 46 to 20 the | eadi ngt2dgd durd BedUbi9¥be|bard 16 for a -
period of 0.2 seconds, with the tacklng begi gnijng i mredi at el T
operation of -swi'tch 116 to the "on" or closed pOSltlon Tackin

| onger peri od nayepgegéigstggckigg ng§r§ﬁ5ko 3

exanpl e, as

nm

and traxlxng edge surfaces of printed circuit boards in

a regulated manner.

Thus, as shown in FPigs. ;43, the applicator 10
S comprises a main bcdy 12 and a driven coeveyor 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 conveyar means l4 includes a feed

10 table roller means 20 positioned on the front or
entrance side designated.2l 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 l2a
and 12b are provided for ' enclosing the left and right

sides, respectively, of the applicator 10.



25 indicated in the drawing. Curve 160 shows the action of 29 the
proximty switch or photo eye 138 in sensing the trailing edge of the.board

- 16. The tinming of the. operatlon ‘of the timer 124 rr—efeeilng the trai.ling-.’
edge tack to the board 16 is shown in-curve 162. BUﬂAGEMENlQ#EEhOAs the
pressure -on the-upper roll 28 during the cycl e ‘'of | operattom—the~position
t her eof |n|t|aIIy bei ng domn ‘Wi th no applled pressure t o] t hery down
with = R T RE N 3619%%96

' In accordance with the.inveqtion. a layer of dfy;
film, which preferably is of the type disclosed and
claimed in the aforemenﬁioned Roos et al..application
for U. S. pateht, is attached to each of the upper and

S lower surfaces of the printed circuit board.ls 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 rold 30 with the
periphefal surfaces.thereof being normally positioned
closely adjacent to each-other with the ends of upper and
lowér dry films 36 and 46, as shown in Fig. 2, being

15 captured therebetween. Upon entry of a circuit board 16
iﬂto the tacking regioh 18, being driven by the inpuE
feed rolls 22 and 23, the leading edge of the board 16
applies a force tanguutial 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 compohent of force at a right angle thereto
that forcibly separates the rolls 28 and 30. The
resulting upward movemént of the movable upper roll 28
allows the board 16 to be moved between the tacking

25 rolls 28 and 30.



pressure applied thereto to effect the tacking of the film36 to the

| eadi ng edge of -the board, then up with pressure applied thereto ard
fi.nal |y near the end of the cycl e down mnth pres gtrr-e—appii-ee—i-here4 0t 0
effect the'tdcking at the trailing. edge surface cfﬁfﬁbﬁﬁbﬁ%ﬂ SHEEAC¢ .t he
sheets of polymeric diy fil'm36 ‘and 46 ‘15 ° have_rrgn TIOM/CnarI eri'stics

in the tenperature range of [err] to [err], 'Y qa r bemto -
t he surfaces of printed circuit. boards if 15pr-}l i ed grtssat"e%"?gé; WLt hin
thrs range qu heatrng the tackrng roIIs 28 and 30--are v

The initial dpwerd meveﬁent of the taéking'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 sensiag

5 switch 116 initiates a tacking sequence of operations
of an electrical and pneumatic §ystem thaﬁ 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

10 the pneumatlc 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.
15 downward pressure is applied by the pneumatic cyulindees
76 and 88 to the upper tacking roll 28 to tack the
leading end-othﬁe 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 attaehment, the rolls 28
and 30 preferably are heated and suitable downward
pressure is applied on roll 28 for a predetermined
pericd, as determined by eimer 118, as the board l6 is
conveyed through the applicator 10. The downward

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



20 . controlling the tenperature thereof to a suitable value within this
range, there is.provided, as shown in Fig. 10, heating reS|stors 166 and
168 whi.ch-are -arragned, ina- manner “known t-Q thos 59£N% T ks rt,
operati ve association with the upper roll. 28 and. .H§§i~ *oﬁh 51“ 30
respectively. Heating. resistors.166 and 168 are | | -30- energlzed ftom the

al ternating current supply li.nes [err] .arn L.2 throug.h3® guLcomyg iingl udi ng
the circuit breaker-110, -an - . N A . . o

supplied-to'iha lower chambers 6f pheumﬂtlg nytiﬁagrs 76
and 38, Thls causes the upper roll 28 to rise
- apove the oard 16

The board 16 continues to ke conveyed
through the applicator 10 with each of the dry films.ss
and 46 being drawn, without the application of heat or
cressu ure over the associated surface thereof. During
sueh time, traction between the dry films 36 and 46 and

the respectively associated'tacking rolls 28 and 38

10 cause zhe 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 L38

may comprise a proximity switch, a photoelectrxc cr

p
wn

otber devzce suxtable for detectxng the traxlzng adge ¢f
the kcard 16, as indicated in Wig. 2. After the switch
L33 detects the trailing edge of thé board 16, a €timer
122, as described in connection with Fig. 10 and which

determines the trailing edge surface tack placement znd size i

N

29 -2ctuated and begins its timing sequence.

As a result, upon entry of the trailing edge
surfaces of the board LG-iﬁto the tacking region L3,
downward pressure again is applied by the pneumatic
cylindérs 76 and 88 to the upper roll 28 to tack the dry

films 36 and 46 to the upper and lower trailing edge

(2%}
w



additional circuit breaker
and a respectively associated control
circuits may be. identi-- cal .
Connect ed to the-input: of-caontroll er
t he heating resistor 166 that:
external surface of the rol

surfaces,

conveved through and vevond the region of

rolls 28 and 30 by

250

N

Each .of "'the: contrd
incl-udes a tenperature control | er desi gnat ed . 37

178 is ait
oper at tvel y ‘posi ti oned adjacent -t.0 the externgl

.t s assoCkat2d-wilt h
si‘hi | ar ‘thernocoupl e 184, mhlch i's operativeélw

Wth the heat'i-ng

respectively, of the koard 16.

170, a normally open relay operated switch 172,

circuit 174 .and 176, which control

%EL@EWTlgﬁEE?e ) |1\7/g_ '.I y,-. o

ermo- - coupl-e 182 which -i's -

|suB DaddiL 9996 h ol 1" with.
t he upper rooljl }28. A
p03|t|o ed -adj ac nt - tothe_

reS| S-

the board is

the tacking

the rear or output drive y_heels 24 and

Ahus, dey €ilme ace attached Yo cach of the

- - s n . .
surfaces of the board, teing loosely applied in each

case, and.Eixedly attached by tacking to the board only

at =he leading and trailing ‘edges, across the £4qll width

thereof. .

the film width must be less &han the panel width to =ilow

the traction of the output drive wheels over \he surface of the parel.

of boards 1
khe aoplicator 10
r=soect1vely, being

adges of each o)

boards 1

other by the dry £il

arrangement.

effecting se

20 Alternatively. wnil

understood

in the prior art, ma

as disclosed,

€. P. Bernardo and 4,650

&~
[6)}

tt is contemplated that, if

6§ to be 1aminated on both sides may

with a dary

£ the upper and lower surfaces th

1a such an embodiment of

§ would exit the aopllcator 10

Cuttihg of

paration of the boards 16 ma

that suitable

$or =2xample.

ihe langth of sach bo

desired, a succession

ne fed %0

£ilm 36 and 46,

tacked to the leading and trailing

ereot.
the inventzon, a succession of

connected o sacn

ms 36 and 46 but in spaced

the dry £ilms 36 and 46 for

y ove manual.

ile not shown, it will be

£ilm cutting means, as kncwn
y be employed for ~utting ihe films,

in 0. S. patents 4, 025,330 to

,536 to A. B. Ceraso to makch

ard 16 to Ye covered, thereby to



tor 168 that

i nput of controller 180. Connected to and control[ circuits
of-the controllers.178 and. 180 are respectivel y- asjﬁ?Bgﬂéﬂﬁgoggﬁﬁiectlflersa

186 and 188.- Rectifiers 186 and 188 ‘are connected
current’ supply. 1ines- [err] in"series with r espegc
'166-'and 168," wi'th suitabl e brushes 100, 11
prOV|ded on the upper roII 28 and the Iomer roIJ 3

r-esi-st'or

shomn

wn

10

15

20

is associated with the lower roll 30, is connected to the

the alternafing .
li v8I0yJUEsH96.atleq heattng
2 and 194, 196 [bdi ng.. .
.. re= specttv |y as-

0 ,_,_,_..'

enable a traxlxng end of each of the upper and lower'
films 36 and 46 to be tacked to the traxllng edge
surface of the board, with, if desired, a miner portion
only of the surface of the board being covered by the

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
stfipping 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
counterclockwise, as seen in the drawing, around the

upper tacking roll 28.

Similarly, dry film 46 is unwound from the lower
dry £ilm supply roll 34 and is drawn upward past a lower
stripping .roll 48. At the stripping roll 48, a
polyethylene 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 film 46 continues in an
upward path past an antfstatic bar 54 and is wrapped

clockwise around the lower tacking roll 30.



-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 .

continuéd energization of the electrical circui rREﬂQ@EM@N@Qﬂ{ Tt) say,

upon inter-

rupticon of the energlzatlon of the ¢i et ener - .
gi zati on of the heatlng resi stors 166 and 168 n ing of
the rolls 28 and 30 is dlscontlnued To that en the c¢oil
connected -i.n parallel "to.the. C|rcu|try-ﬂUM-1s af r.

10

15

20

25

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 tc the boards

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. Speéifically, the lower
réil 30 is mounted for rotation on fixed bearings 56 and
58, and thus rotates on a fixed axis indicated at 60.
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 fof enabling tacking the dry f£ilms 36
and 46 to the opposite sides of the printed circuit

boards.

The bearings 62 and 64 are mounted for vertical
movement on respectively associated elohgated 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
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 ié'pivoted on
a fixed pivot 70 and sliding plate 68 is pivoted on a

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

. eontacts . --
172 in the energizing circuit to the.control. cifcuits 174 and 1 [£< ISR



: : : : : REPLACFMENT
in the event of deenergization of circuitry 104, jiﬁy_actuasﬁ

206. Connected in parallel mﬁth relay 202 is a pifot I| ht 204
if the heating.systemis in "on".-or "off" condit|op. 30 0%6s,
accordance wth the: |nvent|on there has ‘been prpv ded an appar ¢
appl ying-a dry fil'm5" solder mask to-tR8. surfhce of a printed -
board that al | ows handtlng of *t he board mrth thelapplied film

switch
detecL;;

- plate 22 of maln body 12 of appltcator Lo.; Siﬁtlafl§;i |
pivoc 72 is attached_to a rlgbt stde_plate 94_of the
main body 12. The other end of slidiné plate 66 is
a:tached by a tab 74 thereon to the upwardly positioned

5 preucatic cylinder 76, A sha££ 78 forming an extengion
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 |
'36. 3ole 84 is positioned in alignment with the fixed

10 pivot 70 and tab 74. In order tc allow a range of
ver:-oal movement of shaft 78 and thereby of roll 23,
tole 380 in plate 82 is elongated in the vertical

direction, as shown.

Similarly, the other end of sliding plate 68 is
is attached by a suitable means thereon to the upwardly positioned

preumatic cylinder 88. A shaft 90 forming an extension
of roll 28, at the right side thereof, extends througn a
hols 92 in the right side plate 94 and fits -through |
a nole 96 in sliding plate &3.
20 Hola 26 is positioned in alignment with the fixed pivot
72 and pin 86. Hole 92 in side plate 94 is elongated in
the vartical direction to allow a range of wvertical

movement of shaft 90 and-thereby of roll 28.

Air pressure for actuating the upper roll 28

Z3 downwardly in order to effect a desired tacking



and the renoval of the polyester cover sheet, and further, allows conplete
elimnation of air fromthe surfaces of the boar |ch the dry fil m has
been 10 " . | ooset y-appl.ied,. being- -tacked - thereto,cﬂﬁp[AcﬂuEMﬂ1 : ication -
of - vacuun1techno|ogy,_heat and mechanical pr.ess ; conpl ete..
encapsutation of the’ prlnted CIrCUIt board cond.ctor -4 cont act

of the ‘solder nask filmto the surfaces of he ogr The.  .°
invention is characterized in the arrange t~of| tthe_ aoparatus
whi'ch enabl e reduced calibration and human interaction. ~Key.feat.
incl'ude driven feed roliers 22 .and 23 which
o - operation is applied by a pneumatic system 97, as shown

and |nt|

)

in Fxg. 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 actuatzd
) 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 filtersiOl 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
102.13 controlled by electrical circuitry | |
20 designated 104, as illustrated in Fig. 1U. The
circuitry 104 is connecte@ by conductors 106 and 108 to
a source of energizing alternating current, designated
by supply lines Lj and Ly, of commercial frequency and
voltage. Connected between the supply lines Ly and Lj

25 and the conductors 106 and 108 are a single pole-single



automatically feeds the board into the tacking rolls, 20 t he front
tacking of the filmby applying a force tangential to heated.or unheated

tacki ng -rolls, and t.he.logi ¢ used to regul ate tfe 0 ling edge. .;
EAAEHRNT REFE Tt o 7%

t acki ng. After tacklng the filmtothe Ieadlng bd ge- ,jthe

tacking rolls open-to allowthe filmto be appl e -25 . Toosely fand -
wi t hout " pressure to the board. The folls close BCIdULagbgtre trailing
edge N CLAINB ' A

- 22— - ).

throw switch 110, a step~down transformer 112 and a
thennomagﬁetic trip unit or circiitprotection 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 lO? includes the previously
mentioned sensing switch 116, and reqgulating means
iacluding a first timer 118 having a hormally cloeed
contact 120, a delay timer 122 having a normally closed
contact 124, a delay latch reléy 126 having normally

10 open contacts 128 and 130, a first relay 132 having a
normally closed contact 134 and a normally cpeh contact
136, a photo eye or proximity swiéch 138, and a second
relay 140 having a normally open contact 142. W%hen
energized, timers 118 and 122 are.eperative at the end

15 of predetermined counts or periods to gpen the normally
closed contacts 120 and 124, respectively, associated

therswith.

The sensing switch 116 is provided to detect :he
entry of the leading edge of each printed circuit oard
20 16 to be worked on into the tacking region 18, and more.
specifizally, into tangential contact with ;he upper and
lower rolls 28 and 30 resulting in upward movement of
moveaple roll 29. The photo eye or proximity switch 138

detects the trailing edge of each board l6. The -

25 posititon of switch 138 may be adjusted by means (not



1. An applicator (10) for applying a dry. filmsolder nmask on a surface of a

board (16),

sai d board having a | eading edge surf.ace and _.a trai.ling edge .

surf ace,. 'sai.d appl i cater conprising:- neans for: qupp PVA%WE?@T%%E m (36,
[ {

46) and for- posi ti-oning said f|In1reIat|ve to, tre

a flrst

regi on"of . the filmat é Ieadlng portion thereof |i E?sitioned“a j hcent sald.

| eadi ng edge ‘surface of the board and subsequent

9%l oh. of ‘the

film at a trailing portion thereof, .is Basrt|o1ef adj.acent..saif frail-ing
edge surface of: tthe board with a thlrd .region o} the’ fl|ﬁ] tnternediate

said first and second r egi ons, overlying an

wn

15

20

shown) to adjust the edge of'the surface of the bBoard 16
at which the second back of the dry films 36 and 46 to

the opposite surfaces of the board 16 is made.

As shown in Figs. & and 7, the sensing switch 116,
which may comprise a normally open microsw;tch having an
actuating button ll6a 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

arrangement is such, with the sliding plate 68 being

'Iangularly 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 member (not shown) of the applicetor
10. A lever member 149 is pivoted at one end 150 on the
switch 116 ;nd extends along the lgngth 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 adjﬁsting screw 152, which is
mounted on a frame member 153 of the applicator 10, is ,

attached in screw threaded relation with the L-shaped



i nternediate surface of the board between said [eading and trailing edge
surfaces and having a |ength substantially the sa - )

i nter nedi-ate surface, the'three. sai d.regi-ons of t~eR-rﬁﬁEMEMhSHEEE di
across the whole width of the film tacki ng meansfi cludlng TTTS1.
second parall'el” tacking rolls (28, 730) p05|t|oned to @2 Kjfn
('18) 't herebet ween and nornally dlsposed clyasely acent 0

closed position but relatively novable to“effect Js par-att-eh *hﬂr off t-o an-
open position; nmeans_ for conveylng sai d’ dry f|In1|nto 't he tacklng regton
bet ween the tacking- rolls;

" member 148. By adjustment of adjusting screw 152,_the

[ S

lever member 149 may be pressed to the extent required
to keep the switch 116 in the open position therecf when
the end of the bar 144 is in engagemeat with the roliier
5 151. The adjustigg 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 showﬁ;in Fig. 7 just before the upper
roll 28 is lifted a distance corresponding to the

10 height, that is, the thickness, of a printéd circuit

board entering the tacking region 13;

In Pig. 8 there is illustrated a view of the left
side of the applicator 10 with the cover panel 1l2a
removed. Removing the cover panel 1l2a 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 elecgrical 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 hag been shown
in fragmented form to ?eveal the transmigsion of movement
from the main sprocket 157 to the lower-inéut pinch roll

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



nmeans (20, 22, 23) for conveying said board with the |eading edge thereof
into the said tacking region; and actuating neans—epsrable-to—preduce. a
force tendlng to.nove said rolls towards-their-c dﬁﬁﬁAbﬁMENFSHEEMS|ng.heat
and pressure for tacklng sel ected parts. of. the f} I'prtotfeboarq. |.... .. .. . .
characteri'sed, i'n that said tacki ng means_j gsarrapge aild fltst and ..
second regions of the filmto sai d Ieadlngéghd tya |F48Jy§g§” rif dces .. <
respectively of . the board wth_.said-third region| bbing:locosely palied to-
t he |nterned|ate surface . of the.boar.d w thout’ be ng tacked thereto but

be|n retained in position by said tack —
g opthe shafty25 of the ?ower output drive wheel 24

Also attached to the shaf; 25 is an input feed drive
sprocket 165. Sprocket 165, in turn, drives a sprocket
167 that is solidly attached tc the shafht 169 for the

5 lower input feed drive roll 23, such drive being b} 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 preséure is
applied to the pneumatic-cylinderé 76 and 88 to act on
L0 the ﬁpper roll 28. Solenoid valvé 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 entraﬂce 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. Aé a result, the bar 144 which

.25 actuates switch 116



and second regions, in that said tacking rofls are arranged to be pushed
apart by a force tangential thereto caused by engagenent of .-the l.eadi ng.

edge of a board,
first sen3|ng neans are arranged to sense “suc
rolls and ih that- actuating imeans are connect ¢d
first sensing nmeans- for producing a fQr o tendli
the closed positi.on thereof -thereby to press .

10

15

20

25

her ebet-ween, i-n t'hat

REPIACEMERT SHE i L‘btyaggg-gg_
| nmove sai.
g_ié’ iladsec

.to allow the passage..of sai~d

rolls towar.d

a First -region:

+52-, with the result ihat the switch 116 is adjustéd

from the open to the closed position thereof.

When switch 1l6 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 puéhed downward against the lerr 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,

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 dormally energized relay 132.
This produces a reversal of the positions of relay
contacts 134 and 136. This causes the deenergiiation of
solénoid valve 98 and the energization of solencid valve
100, resulting in relaxation of the downward pressure on
tacking roll 28 and theréby release of the roll pressure
tacking the leading.end of films 36 and 46 to the

printed ciréuit board 16. The reversal in position of



t her eof against the |eading edge surface of said board. 2. An appl i cat or
as defined by claim1l wherein said first. sensing S |ncludes an-electric .
switch (116), and wher gi-n sai-d act uati-ng nmearis | |RH¥MC ﬂt ‘Jreans

t he.operation 6f which is initiated by operation [of ~sae—sw-tC ajd force
produ0|ng_neans controlled by sald regulatlng megng., PLACENENT SHEET 17
SEP 1998 : -y w0JuL 1996 .

reiay contact 136, thaﬁiis, closure thereof, resuits in
energization of solenoid valve 100. This causes air to
be supplied to the lower chambers of pneumatic cylinders
76 and 88 and allaws the tacking roll 26 o rise and

5 - float under its own weight.

Upon the aetection 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 ih-the poesitions of
thé 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



e

-t

3. An applicator as defined by claim2 wherein said force producing
means includes a pneumatic cylinder (76, 88). 4., An_appli.cator as.defined

by-.any. one of clains 1 to 3, wherein said regu
means (118 ‘sai d tlnlng means belng operative
sai d" force produ0|ng means for an interval of
t he appllcatlon of tacking pressure at_tpg . lea I
board fol I oW ng whi ch the operation of the for

eéer -

rodu0|nq meaijs -

di scont i nued- mhereby sai d tacking rol'l's open.t al l.ow the f|In1tc

REPUACENENT SAEETes ¢ 1mi ng' -

oder ation of
" i ned Ilerjgt h. for
UL ¥9P6cd df sai d

i.s ... ..
be .

applled to sald board without pressur.e.

10

15

20

25

the sensing switch 116 is actuated to the open pos1tlon
thereof, with the end of bar 144 in engagement with the
roller 151 of lever member 149, thus deenergizing the

electric circuitry 104 and resatting it.

The operation sequencing during a cycle of
operation of the applicator 10, according to the
invention, is iilustratéd 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
position, then raised for a major portion of the cycle,
and dowﬁ 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 .
then aéjusted 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 thé films 36 and 46 to
the leading edge surface of the board 16 for a period of
0.2 seconds, with the tacking beginning immediately upon
operatioh of switch 116 to the "on®™ or closed position.
Tacking for A longer period may be effected, for a |
périod. as long as 0.5 seconds, for example, as

indicated in the drawing. Curve 160 shows the action of



5. An applicator as defined by any one of clains 1to 4, further
i ncl udi ng second sensi ng nmeans (138) operative.to sense the approach of -t he

trailijng edge of said board; said second 'Sensi N
to satd actuating nmeans, sai d act5uating means

< 1IClVI T t
RERLACRMiNIG SHERT riection

operatlve i'n"response t.0 sensing by said second befisT g neans of} tlhe..

approach of ‘the trarlrng edge of sard board to & tuagq)gngnggrce
means to. apply .pressure tend- ing to ef#e29 el osurp of sai-d_rolljs fand-
t her eby -t.o: apply. tacking. pressure ta the trailing dgcvsuhfaec of

boar d.

15

20

25

producrng.

_sald

the'ptokimity switch or photo eyé 138 in sensihé the
trailing edge'of the board 16. The timing of.the
ope;ation of the timer 124 in effecting the trailing
edge tack to the board 16 is shopn in curve 162. Curve
164 shows the pressure on the upper roll 28 during the
cycle of operation, the positibn_thereof initially being
down with no applied pressure thereon, then down with
pressure applied thereto to effect the tacking of the
£ilm 36 to the leading edge of the board, then up with
pressure applied thereto

and finally near the end of the cycledown.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
have high flow characteristics in the temperature range

of 30°C. to l00°C., 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'és and 30 and
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 ekilled in the art, in operative
association with the upper roll 28 and .the lower roll

30, respectively. Heating resistors 166 and 168 are



6. . An applicator as defined by any one of clainms 1 to 5 wherein said

board (16)

Is a printed circuit board and said dry el
pol.yester.-cover sheet: (40, 50), a top coat on said JOhﬂﬂgu E@P§@E

| ayer of pho- t oi nagéabl e conposition on sai d top Lopt; and a proteé'ive'

covei sheet for said photoi nageabl e conposi tion; R—P_AGEWBU[ EHEE
sai d, phot0|nageable conposi-ti on belng curabl e afte(-

.- 30 T

energized'from the alternatinq current supply lines L; and
Lo throﬁgh a circuit including the circuit breaker 110, an
additional circuit breaker 170, a normally open relay
operated switch 172, and a fespectively associated control
circuit 174 and 176, which control circuits may be identi-
ral _

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
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 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 L; 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. '



exposure and devel opnent to provide a hard, permanent, sol der mask
overlying said printed circuit board, said top coat belng selectlvely _
adherent to- sai d photoi nageabl-e conposition.re ence t-o-

said’ cover ‘sheet, and further includi ng means BBHﬂécﬁﬂfgbﬁHﬁg rpiove said
protactive cover--sheet from sai'd ‘phot oi mageahl ¢ omposition,. _TFaling said .
top coat” and pol yester .cover sheet” attached to]|sdi ?h L 4® pepbl e
conposi ti-on, -and "wherei n said tacklng megns ta¢ks, u I'zing hpaf or no .
heat - and pressure, Ssaid phot0|nageable C osi qi, ; ~top " coat. and
pol yest er- cover at'tdached, in said first

\174

Energizatiban of the heating resistors 166 and 168, and
hence, heat®ng 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-
glzatlon 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'lo4 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.



and second regions of said dry filmto said |leading and trailing edge
surfaces, respectively, of said printed circuit. board-while applying sald
phot0|nageable conposi - tion,..with said top coat and pol yester cover | -
at'tiached, i'n 'said third region of said dry film pit-hosi—the applicati.on of
heat and pressure. 7. ~~ An applicator a\?ﬁdefl ne ﬂfj’LACEME‘NﬁsH@gel n said
board (16) has-opposed surfaces-each of Ch oppoftd—strfaces a -

| eadi rig "edyge surface and a trailing edge surfacd,. $&y9@ qbﬁ _ dry film-
having a l-ayer of phot0|nageable conposrtlon Wi tjh.Js E L' .t and . cover
sheet" (40, 50)

Thus, in accordance with the invention, there has

been provided an apparatus for appiying a dry film

wn

solder mask to the surface of a printed circuit board
that allows handling of the board with the applied Eilm‘
ahd 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.

[
(9]

The invention is characterized in the arrangement
of the apparatus componeﬁts which enable reduced
calibration and human interaction. Xey features include

driwn feed rollers 22 and 23 which

automatically feeds the board into the tacking rolls,
20 the ZIrcnt tacking of the f£ilm by applyiné a force
tangential to heated or unheated tacking rolls, and the 1og‘19 used
to regulate the leading and trailing edqe tacking.
Aftar tacking the film to  the leading edge of the koard,
the tacking rolls open to allow the £ilm to be applied

loosely and without pressure to the board. <The volls

N
(W3]

close 3gain to tack the trailing edge.



attached is drawn around each of said tacking roII§'ontd‘rﬁe*fead%ﬁg—edge
surf.ace of a respectively associated one of .the opp s of sald
board. as sai.d board:i-s- conveyed between sai d tacki.n m muw ﬂm
being conveyed al so between.said | ayers of photoi mag on
-37- whereby upon actuation of said actuating neans by said flrst sen5|ng

nmeans. (116) ito produce a force tendlng L o
: - 3 ) "33 - 1 REPLACEMENT SHEET
| :so JUL 996
CLAIMS
1. An applicator (10) for épplying a dry film solder

mask on the surface of a board (16), said board having a
leading edge surface and a trailing edge'surface, compris-
ing:

a dry film (36,46), said film having a first region
at a leading portion thereof, a second region at a trailing
QOrtion thereof and a third region intermediate said first
and sedond_regions, each of said regions extending com-
pletely 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 dry film relatively to
-said board such that said first region of said dry film
initially is positioned adjacent said leading edge 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
second regions of said film to the leading and trailing
edge surfaces, reéspectively, of said board while allowing
said third region of said dry film to be loosely applied to

the surface of said board between said leading and trailing
adge surfaces thereof. '

2. An applicator as defined by claim 1 wherein said
tacking means utilizes heat and pressure for tacking said
first and second regions of said film to the leading 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.

e
—

e
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to press said tacking rolls (28,30) to the closed position thereof a |ayer
of phot oi mageabl e conposition is tacked sinultaneously to the opposed
surfaces of said board at each of the | eadi ng edge surfaces thereof. 8.

An appl’i cat of as defi ned by any one of clai'ms 1°to 7 wherein said tacking -

rol'ls are spaced vertically with Téspect. tochﬂ+4niEi_MLLD_§2'd first-

tacking roll:(28)_bei-ng the upper roll and’t eﬁgﬁdﬁﬁmfnaqﬁmgg F ol |- (-30) t he~

| ower r.oll, fugther including a novabl e bear [ nfSupport S {66, 68) and a

flxed bearlng supp wher gjnlL spi r roII iJs nounted for

et TR SURE g |
3. An applicator as def1ne5‘5§‘8T3rm~%—whereln said

tacking means includes first and second parallel tacking
rolls (28,30), said rolls being positioned to form a tack-
ing region (18) therebetween and normally being disposed
closely adjacent to each other in a closed position but
being relatively movable to effect separation thereof te an
open position,
_ means for conveving said dry film into the. tacking

region between said tacking rolls,

means (20,22,23) for conveying said board with the
leading edge surface thereof into the tacking region
between said tacking rolls, engagement of the leading edge
of said board with said'tacking rolls being operative to
péoduce 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 between said tacking rolls,

first- sensing means sensing such separation of said
tacking rolls, and ' .

actuating means 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. '

4. An applicator as defined by claim 3 wherein said
first sensing means includes an electric switch (11l6), and

wherein said actuating means includes regulating
means the operafion of which is initiated by operation of
said switch, and force producing means controlled by said
regulating means. g

This Sheet Has Been

i



sai d- novabl e bearing support nmeans and said lower roll is nounted for
rotation in said fixed. bearing support means, said novable bearing support
means |nclud|ng a pl ate (66, 68) "at -each end- of said first tacking roll .(28) .
with a first end of. each of . sai d plates bei ng" pi voted for turning noverent
about a flxed pi vot .(70,-72) ‘i'ndi vidual. t hereto, efic f S| havi ng
a second end for conmection-te—a—force acting in ﬁﬁP{ACFInghF§H% 'ction;.
and i-ncluding-a bear] hGZuﬁTﬁ"at a. p05|t|on int.grpediate the fifst and

second ends in whi: c ”H",I y" asggm at, ed e d3d) JUeh &99& rist] tacking -
roll is support- ed . o

‘l'l’"l

1y

5. An applicator as defined by claim 4 wherein said

force producing means includes a pneumatic cylinder
(76,88).

6.  An épplicator as defined by any one of claims 3 to 5,
wvherein said regulating means includes timing means (118),
said timing means being dperative to maintain the operation

- of szaid force producihg 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.

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 having a connection to said actuating
:means, ' |

“said actSuating 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 p;eséure to the trailing edge surface of said
board. '

3. An applicator as defined by any one of claims 3 to 8

wherein said board (16) is a printed circuit board and said

dry film (36,46) comprises a polyester cover sheet (40,50),

& top. ~oat on said polyester cover sheet, a layer of pho-

4oimageable composition on said- top coat, and a protecti&e
" cover sheet for said photoimageable composition,

This Sheet Has Been Replaced
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9. - An applicator as defined by claim8 further includ- |ng a bar (144)

nounted on one at [east of the plates of.satd bearf sai d
bar_-havi'ng "an end’ portion conprising an extension |of_t v , f sald
one"plate (68).and wherein said. first, sensing nears conpr]ses SW _nmeans
(-116) -having a first sw tch p05|t|on and.'a second/s M. t30 JIRS 1%gﬁn . paid
swi tch neans bein ssoci ated-with fhe end’ port f] sai d
bar such t h-at;,wheﬁmm ﬂﬁm" mimml ed to and novep The bcuu“d'ﬂf‘d. -

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 (38,42,48,52) to remove said protective cover
sheet from said photoimageable composition, leaving said
top coat and polyester cover zheet 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.

9. An applicator as defined by claim 8 wherein said
board (16) has opposed surfaces each of which opposed
surfaces has a leading edge surfacesand 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 iayers of photoimageable compo-

- gition, '
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said plate upwardly, said switch neans is actu
position to.said.second switch position. 10.

claim9 further includ- ing adjustable means { ¢

appilcalor and cooperating with said switch me

ated fromsaid first switch
An . appllcator as deflned by .

tion of said swtch neans upon a predetern1ned,‘

second end of sard—ﬁka%e—668%——%%—*~: An appl

or claim10 wherein sald i cat or el 3des. af f
switch neans,(llG)I"ﬂ “ I osmntch hav|’
(116a) and further s -menber (1
second

49)'haV|ng a flrst'end'and'a :

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 adgé surfaces thereof.

10. . An applicator as defined by any one of claims 3 to 9
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
iower roll, .

further lncludlng a movable bearlng 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,
éach 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-
vwally associated end of said first tacking roll is support-
ed for rotation. |

———
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end,. said | ever nenber being pivoted at said first end (150) on said swtch
means such that an intermedi ate por- tion thereof is adapted, when pressed,
t oward--sai d .Switeh .neans, to engage,. press- and thereby cause said .actuating

button to assume a first switch posi‘tion, Sai'd (ﬁﬁﬁ Mg a roller.
means. (151) attached to the second end t'her.eof ; Nﬁﬂﬁ@@rgiﬁﬁ‘ nmber (148)
haV|ng a“first Ieg ana'ﬁjﬁﬁﬂﬂuf+1ir¥w{h each of kaid. Iegs haV|nc an end,-

T | U

11. An applicator as defined by claim 10 further includ-
ing a bar (l44) mounted on one at least of the plates of
said bearing sﬁpport'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) haviag 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.

C12. An applicator as defined by claim 1l further includ-.
ing adjustable means (152) attached to said applicator and
cooperating with said switch means (l116) to effect opera-
tion of said switch means upon a predetermined uﬁward
movement of the second end of said plate (68).

13. An applicator as defined by claim ll or claim 12
wherein said applicator includes a frame member (153) and
said switch means (116) comprises a microswitch having an
actuating button (ll6a) and further includinq -

' 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.
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said first leg being pivoted to said frame nenber of said applicator with
said L-shaped nenber..so positioned that said second | eg extends downwardly
adj acent the end porti.on of: said. bar that conprises_an extension of the end

of said one plate, said switch neans (116) being. etond leg’
of said L-Shaped nenber’. such 't hat sai d rol |l er rea sﬁFp@ﬁ?ﬂEN?qﬁﬁgz 0 said .’

| ever memher ('149) i.s engaqu by -the end portion @f sai-d bar (144} rhen “t'he o

second. .end. of said plate is in a |ow posi t4pn the edf Sﬂaﬂﬂbﬂ%ﬁaum ng.said.

roverent ot ne MFMERYMTTG Pace' i e eoerenismen e

an L-shaped member (l48) 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 anm extension of the end of sai
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 (ll6a) whereby
upon upward movement of the second end of said plate the
end portidn 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 allbwing said actuating button to
.assume a second switch position.

14. An applicator as defined by claim 12 or claim 13
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.
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end.portion of said bar (144) slides off said roller neans (151) and.is
di sengaged therefromthus causing said |ever nenb Ileve t'he .pressure

on the actuating button of sai.d swtch, thereby. Iﬂﬂﬁuﬁufm ' ting -

but ton to. assune—a—seeeﬂd—smk%eh—pﬁs|t|on 12, .. el _Ta deflned
by claim 10 or claim 11 which includes a frame mg : rei:n
said switch neans lmumullﬂlm:u“ﬁﬂjb m.Croswi tch fhp St M‘bu tpn (116a)
of which- extends t tion_ofggsaid 144). :

adj ustabl e means. conprises an adj ustabl.e screw{(152) munt&d i aid'frane
menber and p05|t|oned in cooperative relation wt ch actuating

but t on 15. An applicator as -defined by any one of claims 11 to

14, wherein said actuating means incliudes 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'ponnected to said switch
means, said requlatinq 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 ieading edge surface of the
panel (16).

16. An applicator as defined by claim 15 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 Ehe 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. '

17. An applicator as defined by any one of claims 1l zo
16, 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
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whereby the operation of said switch neans nmay be effected upon upward
novenment of said first tacking roll (28) an anpunt barely sufficient to
al l ow said .board to be noved betmeen said first and second tacking rolls.

REPLACEVENT SHEET 17 SEP 1998 "~ 40- 13. An applicator as defihed by
any ‘one of - Clalns 9 to 12 mhereJn sald actuatlng nmeans. |ncludes pneunatlc
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responsively to the separation of said tacking rolls
(28,30) by the engagement therewith of the leadiqg 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
sgainst the board, and .

" This Sheet Has Been Replaced




der .means (76,88) and a |ink between said pneumatic cylin- der nmeans and
each of the second ends of said plates (66, 68) re ng .
connected. to.sai d switch means, said regul ating bMBEPLADEMENT SHEED {control
sai d "‘pneunat-i c Cy|IDdEL_ﬂEaﬂs_aﬂd_bELﬂg operated,{i- tur T resp nse-to
actuation of 'said switch means to said second swi- C' @ﬂf Bio ]
sai d. pneunmatic cyli ncﬁnummﬂ“"cnmﬂmg t'acki hg pr gsbure tJ Lt

surface.of the.panel pleqthr'a ' i’m 13

further- i ncl ud- ,|ng setorfd éenélnb nMeans "(138) sajd second senS|ng neans"”

vJ

a third control valve {100) whicih when énergized is
operative to reverse the direction of the power of the
force producing means théreby to cause separation of the
tacking rolls, o

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 (l126) 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 enerqgizing 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 (142)
to cause the delivery of powar to the force producing means

T —— e e S
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bei ng operative to sense the appfoach of the trailing edge surface of said
panel. and being connected to said regulat- ing means, said regul ating neans

bei ng operative. i'n-response to:sensing of the # —of: pi | i ng- edge
surface of said paﬂe+—by~sard’§§66ﬁa—§ens|ng ta AGEMERT, ald '
pneumati c cylinder. nean Iose said{tficking rolls (B8} '30) to
apply tacking pr e'ss ﬁmﬁ E g edge’ sulf gic OfguLhigoggangl | and
second tini.ng neans 1o safd regu at-. ing neansfand .- .
oper at.i.ve to nalntaln the tacking pressure.at {he 1 e;>urface of
ald panel for-a predeterm ned

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 ehérgization of the
third control valve (l102), resulting in a reversal of the
directioﬁ 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 ﬁirst
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 eneérgized 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
snergization 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, '
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interval . 15. An applicator as defined by any one of claims 9 to .14,

wherein said actuating nmeans includes regulatin ‘ ty on of

which is.initiated by the.operation of sai.d . swfc Of{'said .

first sensing neans -41- responsively to thels paratlon “of shid t'acki ng

roll s (28 30) by th " r("lemnth of thp . I [t he. board
_ UL R

the first electric switch (1i6) ceverting to the open
position thereof when the board leaves the tacking rolls,
thus deenergizing the requlating méans and the force pro-
ducing means and resetting the electrical circuit.

18. An applicator as défined by claim 17 wherein said -
force producing means comprises a pneumatic system includ-
ing first and second pneumatic c¢ylinder means (76,88)
connected to the second end of a2 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
é}e 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 éausing 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 connectlon 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.

19.  An apparatus as defined py any one of claims 3 to
18, 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.'
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wherein said swtch neans is a first electric swtch, said first position
bei ng an open circuit position and said second DOQIIIna4yﬁ+§§ﬁ cl osed
cirtuit position, said actuating.means furthef RmAcEMENj Suttde produc-- i ng
means controlled by said regulating.neans, sa S conprising’
an el ectrical circuit including said i b st eI" ijd el ectri-
cal circuit further including-a first t+nép ¢ _ ally_closed
contact (120), a delay tlner (122)AQSVIn a.n apt-(124),

APPLICATOR FOR APPLYING DRY FILM SOLDER MASK oN A
BOARD -
In the application of dry film solder mask material to
a board (16), a process and an applicator (10) for the
implemeéntation thereof features automatic feed of the
board, initiation of leading and trailing edgé tacking, by
heated or unheated tacking rolls (28.30) of the film
(36,46) to the board by utilization of the board to apply a
force tangential to the tacking rolls, and logic circuitry
to regulate the leadiig and trailing edge tacking by clos-
ing the tacking rolls to apply roll pressure during each of
‘the leading and trailing edge tacks, and after tacking of
the film to the leading edge of the board, opening of the
rolls to allow the film to be applied without pressure with
the rolls being closed again to tack the film to the trail-
ing edge of the board.

{ REFER TO FIG. 1)



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 normal |y open-second contact (136), a second sensing nmeans (138)
iconprising 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
val ve (102) which when energi zed is operative to cause the delivery of

power to the force 1717
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produci ng neans,

a second control valve (98) whi

Y

h . s
operative to direct the power of the force produ i;M@EﬁC Tgé’gﬁ:‘f‘_e(tion to
press at | east one of the tacking rolls against tjlig -board, and 142- a

third contro

separation of the

n

T

val ve (100) which when energized
direction of the power of the force produci ng nmegng
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tacking rolls, the energizing circuit connections to the first tiner (118),
the delay relay (126), the delay tiner (122) and the-second relay (140)

including the first electric switch (116), the 1| FpSEdgont act
(124) of said delay tinmer (122) being includeg :ﬁﬁf? rﬁéﬂirgﬁﬁn circuit
connection to the first tinmer (118), the nornmgl I}y cl osed cont?c_ (120) of

the first timer (118) being included in an endrdi z3 OgJigl 11994 t { cdnnection to
the first relay (132), the nornally opes/vontdctf (142) of theisecond relay

'i

ot




(14Q) being included in an energizing circuit connection to the first
control valve (102), one of the normally open contacts (128) of said relay
latéh relay (126) being included in a self-retaining energizing circuit

connection to the delay latch rel ay and;;h@_ ﬁﬁ%;r‘. T{Sﬂ

(130) being connected in the energizing“circu-f

cont act
tthe del ay

[).T

tinmer (122), the normally closed contact (134
bei ng connected in an energizing circui4/gzonngc
valve (98) with the normally open contact (13p)
an energizing circuit with the third control Ya

. pf the first

rleljay (132)
i 3r0 ULt 1896secand cont r ol

t her eof bengjcpnnected in

ve (100), "




mheneby upon actuation of said first electric switch (116) to the cl osed
of the

posjtion thereof

tacking rolls (

responsively to the engagenent :

board (16) with the

t
28,30), the second relay (140) |ﬁ5pm5mm¢§ﬂgye fect
closing of the normally closed contact (142) tih by the

energi zation of the first control
power to the force produci ng neans

second contr ol

valve (98) to

val ve (102) {tq@ cause the de
-43- whijchh’ Q&UhMrwc ed by the
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causé tHe pressing of at |east one of the tacking rolls to tack the filmto
the board, the normally closed first contact (134) of the first relay (132)
bei ng then in a closed position in the energizing circuit to the second

control valve, said first tinmer being sinultanegest cuc 710 count the
tacking tinme and changing the position of the ngr t@t nfact (120)
|ne has el apsgd|
S

thereof to an open position when a predeternne
resulting in deener- gization of the first relay ( Q?? d 1998/ e
positions of the said first and second ¢ dpptacts (3134 §R?'of th
rel ay, thereby causing the deenergizati

nl of the
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the“ﬁe?g)‘n'd control valve (98) and the energization of the third control

val ve (102), resulting in a reversal of the direction of power by the force
produci ng neans and thus the novenent of the said at |east 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¢ ﬂE@TQ‘p (aYa)
contacts (128,130) of the delay latch relay (126)|thersa 5 £t Bn
energizing circuit to the delay tinmer and effectifgjthe beginning|.of the
count for the delay timer (122), the del”dy tinmer whén DU 199 opehi ng the
normal Iy cl osed contact (124) thereof to deenergite}the ' _




!

' Worre~0 x2S
first tiner ‘and as a result energization of the f+{sthrekayrwaau<lnn a

switch in the position second gont# AI3BIEWS t heG

first relay, resulting iHEPbAGEhQEI\HaSHEET f the setond-Eontis!: watWe andraged ...
operation of the forcd ' o press tﬁé'atm1east roned B3Reki 0 &%
roll against the film tiw iralilng edge surf:aed. t.agkieged ...
-44- the first electri paged ... 1o paged ...

CLAIMS:

78 of pacweT.. AN

F T

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 suxface, said
applicator comprising:

means for supplying a dry £ilm (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 suxface, the three
said regions of the film each extending across the whole
width of the film,

tacking means including first and seqond 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 tackzng 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
-

)




posi tion thereof when the board | eaves the tacking rolls, thus deenergizing
the regul ati ng neans and the force pro- ducing neans and resetting the

electrical circuit. 16. An applicator as defined bxéﬁLSLH}}§ﬂ%ﬂ9L§Ln_said
force produci ng means conprises a pneunmatic systemi =—ing first and
second pneumatic cylinder neans (76, 88) ggnnected to the \ F
"respective one of the plates (68) of sai ‘ ‘m“ )

beari ng suppcﬂ“
sai d pneumati c cylinder neans including opposed chanber'd} el m the first
control valve (102) is connected to control the supply of air pressure to

t he pneumatic system wherein the first, second and third control valves
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 therebetwéen, 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
requlating means.
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are sol enoi d val ves, energization of the second sol enoid valve (98) re-
sulting in the connection of air pressure to one of the opposed chanbers of
each of the pneumatic cylinders, said one chanber causing—novenent of the
associ ated second end of said plates to press said at Ieast one tacking

roll against the filmand the board, and energi zation mlmnmmrﬂ noi d
(100) resulting in the connection of aiLgpressure to t "m'
opposed chambers of each of the pneumatic cylinders to cadfset sebarhtlbn of
said at |east one tacking roll fromthe board.

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'produéing 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 1 to 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 actS5uating means including regulating means
operative in response to sensing by said second senéing
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 £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 photoimageable composition,
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17. An apparatus as defined by any one of clainms 1 to 16, wherein said
means for’ conveying said board with the tacking edge surface—thereot—into
the tacking region be- tween said tacking rolls conprises ﬁlnCh feed

rol l'ers (22,23) which engage the opposite surfaces of t”nll ﬂﬂ""“ta"ll””“le at
-36-

| east of said feed rollers being driven.

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 covaer
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-
tlon, 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 léading edge surface and a trailing edge
surface, and _

wherein a dry film having a léyer of photoimageable
composition with said top coat and cover sheet (40,50)
attached is drawn around each of said tacking rolls ontoc
the leading edge surface of a respectively associated one
of the 6pposed surfaces of said board as said board is
cénVéyed between said tacking rolls, said board being
conveyed also between said iayers of photoimageable compo-
sition, | ' .
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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 firxrst 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
(06,08) at each end of said first tacking roll (28) with a
first end of each of said plates being plvoted for turning
movement about a fixed pivot (70,72) individual thereto,
éach of said plates having a second end for connection to a
force acting in the vertical directidn, and . _
including a bearing (62,64) at a ?osition
intermediéte the first and second ends in which an individ-
'ually associated end of said first tacking roll is support-
ed for rotation.
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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 (tl6) 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-(lls)'to effect opera-
tion of said switch means upon a predetermined upward
movement of the second end of said plate (68).

11, An apﬁlicator as defined by_clahn.9_or claim 10
wherein said applicator includes a frame member (153) and
said switch means (116) comprises a ﬁicroswitch 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 adapied; when pressed toward said switch
means, to engage, press and'thereby cause said actuating
button to assume a first switch_poéition, said lever member
having'a_roller means (151) attached to the second end
thereof." '
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an L-shaped member (148) having a first leqg 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
leqg 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 (ll6a) whereby
upon upward movement of the second end of said plate the
end portidn 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 allbwing said actuating button to
assume a second switch pbsition.

12, An applicator as defined by claim 10 or claim 11

which includes a frame member (153) and wherein said switch
means (l16) comprises a microswitch the 6perating button
(L16a) 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 éfﬁected
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. -
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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 requlating 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 fhe 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 predetermihed
interval. '

15. An applicator as defined by ahy one of claims 9 to .
14,-wherein said actuating means includes regulating means
.the operation of which is initiated by the operafion of
said switch (116) means of said first sensing means
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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 normélly 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 trailiné edge of the
board as the board is being conveyed through said tacking
‘region, '

a second relay (140) having a nérmally 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 '
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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 énergizing 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'connectioh 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 normaliy'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 reéponsively to the
engagement of the board (16) with the tacking rolls
(28,30), the second relay (140) is energized to effect
cloéing_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
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winich 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 (l34) of the first relay (132) being then in a
closed position in the energ121ng 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

dlrectlon 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
relaﬁ, 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 tralling edge
surrace tack,
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the first electric switch (116} reverting to the open
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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
é}e solenoid valves,

energization of the_ second solenoid valve (98) re-
sulting in the connection of air pressure to one of the
6pposed 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, agd
' energization of the third solenoid (100) resulting
in the connection of air pressure to the other one of the
-oppoéed chambers of each of the pneumatic cylinders to
‘cause separation of said at least one técking roll from the
board. '

17 An apparatus as défined by any one of claims 1 to
16, wherein said means fof 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 engagé the opposite surfaces of the board
with one at least of said feed rollers being driven.
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