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comnn'ORizED VAC1Jtll!I APPJ,IO.'l'OR AND immOD OF APPLYmG 

A DRY li':cLM us:rStt TO A P!UBJ!'Eb CXliCO'XT lroA1m 

The present invention is directed to an ~utomatic 

conveyorized --uacu.um applicator and · method · of operation 

thereof ha-virig utility in the application of dry film 

photoresist-foxm.ing materials, such as photoresists and 

solder masks,: to surfaces of printed circuit bOards or 

other substrates,· to assure complete confonnance of the dry 

films around :raised circuit traces and irregular surface 

contours. The applicator and method have particular 

utility for conveying and for applying vacu-wn, heat, and 

mechanical pressure to printed circuit boards or other 

substrate~ truit prior to such application have bad dry film 

loosely applied to at least one ~f the surfaces thereof as 

discrete cut sheets wit~in the confines of the substrate. 

Primary :imaging photoresists a:o.d secondary· imaQ'ing 

solder masks are among the mos't widely used photoimageable 

materials in the manufacture of printed circuit boards. A 

primary imaging photoresist is used.in the creation of the 

printed circuitry itself,· whereas a solder mask is used to 

protect the · printed circuitry during soldering of 

components on~o the· poard •. 

A primary photoresist is a hard, temporary layer of 

non-conductive material which covers the metai surface of a 

copper-clad substrate that later becomes the printed 

circuit board:. The photoresist is patterned in such a way 

so as to produce a resist stencil around which the printed 

circuit track.S' are. fol:llled. 

More specifically, primary photoresists ,- typically, 

are fo:nned from a layer of photoimageable comp0sition-which 

is applied to. the surface of a copper:..ciad board. The 

photoimageable composition is exp0sed to actinic radiation 

which is patterned by means of a template or artwork. 
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Subsequent to e:x;>osure, the photoimageable layer is 

developed in an organic solvent1 aqueous, OZ' Semi-aqueous 

solution which washes away either exposed or 'Wlexposed 

portions of · the . layer (depending on whether the 

photoimageable material is positive-acting or negative­

acting). Thereafter, the circuit traces are formed by 

either electroplating or etching. In a typical plating 

procedure, the areas de~oid of photoresist that become the 

circuitry are built up from the board surface by 

electroplating copper thereon. After protecting the. 

electroplated. copper layer, the remaining photoresist is 

stripped away in an organic solvent,· aqueous, or semi­

aqu.eous solution, and the newly exposed areas of metal are 

then selectively removed in an etching so1ution, l.eaving 

behind the pattern plated c~er circuit lines. In a 

typical etching procedure, the metal in the areas devoid of 

photoresist is selectively reIItCW"ed in an etching solution, 

leaving behind the residual portions of the etched metal 

layer as the circuit traces after the primary resist is 

stripped away. 
A solder: mask, on the other 11.and, is a hard, pennanent 

layer of non~conductive material which covers the surface 

of a printed circuit board or other substrate, 

encapsulating: the traces of the printed circuitry itself. 

Th.a solder ·mask is pattern~d to ful1y cover the circuitry, 

except for those port-ions intended to be exposed, e.g., for 

soldering to ~other COll1?Qnent. 

More spe~ifically, solder masks, typicaily, are fontted 
. . 

from a layer Of photoimageable composition which is applied 

to a surface'. of the printed circuit board. ..- Similar to 

primary imaging resists, the photoimageable layer is 

exposed to actinic radiation which is patterned by means of 

a tell\Plate or artwork. Subsequent to exposure, the 

photoimagea.b1e layer is developed in an organic sol vent' 
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aqueous, or s!emi-aqueous solution which washes away either 
exposed or unexposed portions of the layer (again depending 

upon whether ~he photoimageable material is p0sitive-acting 
or negative-acting}. The portion of the layer which 

remains on the surface is then cured, e.g., w:i.th heat 

and/ or UV light, to form a hard, permanent solder mask 
intended to protect the printed circuitry for the life of 

the board. 
One prio;r art method of applying a layer of primary 

resist or solder mask to a circuit board surface is to 

apply the ma~e.rial in liquid form, and then, either allow 
it to dry or partially cure the material to form a 

semi-stable layer. There are a number of advantages, 
however, to applying a photoimageable layer to a circuit 
board as a : dry film rather than as a liquid. In 
particular, dry fillns are free of organic sol vent and 
therefore eliminate this hazard from the workplace and 
eliminate the need for apparatus to protect the immediate 
work enviromnent and the more general environment from 

organic solvent emissions. 
Typically, such a dry film comprises a cover sheet of 

suppcrt material which is somewhat flexible but which has 
sufficient rigidity to provide structure to a layer of 

photoimageabl.e composition which overlies one surface of 
the cover sheet. The-cover sheet may be for.med 

material, such a polyethylene terephthalate 
protect the photoimageable layer and to enable 

of polyester 

(PET).. To· 

the dry film 
to be rolled, it is conventional for. the exposed surface of 
the photoimageable layer to be covered with. a removable 

. """' protective sheet, e.g., a sheet of polyethylene. 
The method of use of such a dry film is generally as 

·.· 
follows. The protective polyethylene sheet is· removed from 
the photoim.ageable composition layer immediately prior to 
application of the dry film to the surf ace of the printed 
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circuit" board~. This may be accomplished, for example, 
using automated apparatus which peels away and rolls up the 
protective sh~et as the dry film is unrolled from a reel. 
The dJ:Y film is applied to the surface of the circuit board . . 
with the phot:Oimageable layer in direct contact with the 
board surface. Then using either heat and mechanical 
pressure {in the case of roll laminators) or a combination 
of vacuum, heat, and mechanical pressure {in the case of 
vacuwn laminators), the photoiraageable layer is immediately 

. . 
laminated to :the surface of the board. The cover sheet 

remains overlying the photoimageable layer, protecting the 
photoiniageable layer from exposure to oxygen and from 
handling damage. . The cover sheet also pennits a pattern 
(or template): to be laid directly on top of the dry film 
for contact p~inting, if contact printing is to be used (as 
is usually preferred from the standpoint of obtaining 
optilllal image'. resolution) . 'Phe dry film. is exposed to 
patterned actinic radiation through the PET cover sheet. 
At this time,: t;he PE'l' cover sheet is removed, per.mitting 
access to tha exposed photoimageable layer by developer. 
Depending upon the composition of the photoimagea.ble l~yer, 
the photoimag~le layer is developed with organic solvent, 
aqueous developer, or semi-aqueous developer. The 
photoimageable layer may either be positive-acting, in 
which case tne exposed portions are removed by developer, 
or negative-a:eting, in which case the unexposed portions 
are retnoved by developer. Most photoimageable layers for 
preparing primary imaging photoresists and solder masks are 
negative-acting. SUbsequent to development, primary 
resists, in particular, are subjected -to either 
electroplating or etching, as previously described, to fonn 
the circuit traces after which the remaining photoresist is 
stripped away with organic solvent, aqueous stripper, or 
semi-aqueous stripper. Whereas, in- the case of solder 
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masks ·which. remain on the board pennanently, most 
phot6imageabl~ composition layers require some cure 
subsequent to development to render the layer hard and 
permanent so as to _serve ~s a solder mask. Depending upon 
the composition 0£ the photoimageable layer, curing may be 
effected with heat and/or UV light. 

Printed circuit boards almost invariably have uneven 
surfaces which present difficulties for dry film 
application. During solder mask application, in 
particular, s.uch unevenness is usually attributed to the 
circuit:r:y traces which are raised or· elevated over the 
surface of the board of electrically non-conducting 
material. It is therefore desirable that any dry film 
solder mask applied to the board be able to conf onn around 
the upstanding circuitry traces to minimize the risk of 
defects, such as short circuits. On the other band, during 
primary resist application, such unev~ess usually arises 
when creating circuitry on thin outer surfaces of multi­
layered circuit boards which contain embedded components 
that protrude and leave impressions on the outer surface. 
It is desirable that any photoresist applied to such a 
board be able to conform to such irregular surf ace contours 
to minimize the fo:nnation of defects, . such as voids, 

' 
disconnects, or shorts. There has also been a demand on 
circuit board manufactures, due to the current trend to 
miniaturize electronic equiP.'Qen.t, to reduce the size of 
printed circuit boards while increasing their functional 
capabilities which presents other difficulties for dry film 
photoresist application. As more circuitry needs to be fit 

. -onto smaller surfaces~ the circuit lines and spaces 
therebetween on the circuit board have continued to shrink. 
The creation of this fine line and closely spaced 

circuitry can be achieved only with difficulty and only if 
the primary resist fully adheres and completely conforms to 
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the contours . of the printed circuit board. Otherwise I 

voiding of the minute circuit traces and creation of 

disconnects or shorts will occur. 

A number of itnpro~ed photoi.mageable dry films· and 

vacuum lamination processes have been developed to try to 

improve the conformance of the. dry film to the inegular 

surface contours of a printed circ~it board, as for 

example, as disclosed in U.S. Pat. Nos. 4,889,790 (Roos et 

al-}, 4,992,354 (Axon et al.), and 5,164,284 (Briguglio et 

al.), The processes disclosed in these patents involve 

applying a photoresist-for:ming layer to a printed circuit 

board using a dry film in which an "intermediate layer" 

selected for its transparency, strength and flexibility is 

interposed between the support f ilrn or cover sheet and the 

photoimageable layer. The intermediate layer of the dry 

film is selectively more adherent to the photoima.geable 

composition layer than to the cover sheet, allowing the 

cover sheet to be removed after the photoimagea.J::>le layer is 

laminated to a printed circuit board to assist conformance, 

with.the intennediate layer remaining on the photoimageable 

composition layer as a "top coat. 11 The top coat is of 

non-tacky material and can be placed in contact with other 

surfaces, such as artwork for contact printing. The top 

coat also· serves as an oxygen barrier, allowing the 

photoimageable composition layer to remain unex:posed on the 

printed circuit board, after cover sheet removal, for some 

length of time. ~he use of dry film. having the 

•intermediate layer• or fttop coat• make possible the 

processes described in these patents. -In each case, to fonn a more conforming dry film, the 

protective polyethylene sheet is first pe~led away and the 

exposed surface of the photoimageable composition layer is 

applied to the surface of the printed circuit board. Using 

vacuum, heat and mechanical pressure, the dry film is 
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laminated to: the surface of the printed circuit board, 
partially coilfonning the photoimageable layer thereto. 
Within about·60 seconds and before substantial cooling of 
the printed circuit board and dry film bas occurred, the 

cover sheet of the dry film is removed, whereupon the 

photoimageal:>le composition layer and overlying top coat 

fully confo:rm to t~e contours of the printed circuit board 
and substantially encapsulate the traces· and surface 

contours before conventional processing_ Be~ause the cover 
sheet is removed prior to the final conforming step, better . . 
conformance. particularly when applying thin photoimageable 
COif\POSition layers onto boards with closel¥ spaced traces, 
is achieved. Better resolution is also achievable because 
the top coat . may be directly co:ntact~d with artwork for 
contacL printing and because the top coat is much thinner 
than a cover sheet or support film and is, therefore, much 

less a deterrent to good resolution than a support film. 
In U.S. Pat. No. 4,946,524 {Stunipf et al.), there is 

disclosed an applicator and process for applying a 

conforming dry film material to the surface of a printed 

circuit board· allowing for, at the same time, the removal 
of the protective sheet, subsequent handling of the board 

with the applied film, and the draw-off of air enclosed 

between the film and the board. The draw-off of ·air 

enclosed between the dry film and the surface of the 
printed circuit board is facilitated when, before vacuum 

lamination, the surface of the board is covered with a 
loose sheet o.f film. To that end the applicator of U.S. 

Pat. No. 4,946,524 is operative ·to tack the ~ film to a 

board at tlie leading and trailing edges with the 

intennediate portion of the film loosely applied thereto. 

The film is tacked to the board as a discrete · cut sheet 

within the confines of the perimeter of the surface of the 
board. For con"1Tenience, a printed circuit board having 
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sucll loose application of a dry film sheet to the surface 

or surfaces thereof i.s referred to hereinafter as being 

'"prelaminated~" 

In order to adapt the processes described in the 

preceding patents for continuous autblnatic operation in an 

in-line system, there is disclosed in U.S. P~t. No. 

5, 292, 388 (Candore} an automatic conveyorized vacuum 

laminator apparatus. The apparatus of u_s. Pat. No. 

5,2.92,388 provides an improved and efficient means for 

automatically .. conveying and applying vacuum, heat, and 

mechanical pr~ssure to prelaminated p~inted circuit boards 

or substrates and overcomes the difficulties encountered 

with the ut1lization of a conventional batch vacuum 
laminator in ·an automated in-line system. The auLomatic 

conveyorized · vacu'Ulll lamina.tor is comprised of two main 

parts, a vacuum laminator and ~ input roll conveyor for 

feeding pre£aminated circuit boards into the vacuum 

laminator from the preceding prelaminating equipment. The 
vacuum laminator, in particular, comprises a single vacuum 

chamber defined by heated upper and lower platens, and an 

endless belt conveyor disposed between the platens for 

movement of the printed circuit boards into and out of the 
vacuum chamber region. In operation, the prelaminated 

circuit board (i.e., having the dry film photoimageable 

material loosely applied to its surface) to be vacuum 

laminated is transferred from the input roll conveyor to 

the endless belt which moves the board into proper vacuum 

lamination position between the heated upper and lower 

platens . Thereafter, the lower platen is raised into 

sealing engagement with the upper plateri 1il order to 

capture in the vacuum chamber the endless belt conveyor and 

the prelaminated board resting on the endless belt. Next: 

a vacuum is drawn in the ~acumn chamber between the platens 

to evacuate all air between the dry film and surface of the 
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p;relam£nated board, followed by application of heat and 

mechanical pressure to conform the dry film to the board. 

When the qycle is complete, the lower platen is lowered and 

the laminated board in conveyed away to subsequent 

processing equipment, while the next board to be vacuum 

laminated arrives for the next ~acuum lamination cycle. 

Difficulty has been encountered, however, with the 

operation of such a conveyorized vacu'Ultl laniination 

apparatus, as described in U.S. Pat. No. 5, 292,388. 

PaJ:ticularly, ·premature tacking of the dry film to the 

board surface prior to chamber evacuation bas been a 
problem. The problem is particularly prevalent with thin 
boards (e.g.<0.25 mm..), since they are susceptible to rapid 
heating. 'In order to assure complete conformance of the 

d.ry film around the circuit traces {Uld substrate surface 

contours, it is necessary that the loose sheet of dry film 

prelaminated to the board allow for all air enclosed 

between it arid surface of the printed circuit board to be 
evacuated before applying heat and mechanical pressure to 
conform the .film to the board. Yet, with the above 
apparatus, the residual heat given off by the belt conveyor 

just after having COll\Pleted a prior vacuum lami:oation cycle 

has a tendency to cause premature tacking of the film on 

the next board entering into the vac::uum chamber .prior to 

commencement of the vacu1.1Xll lamination cycle. Premature 

adhesion prevents air from escaping from certain areas 

during vacuum lamination, which, in turn, prevents film 

confonnance. In the case of solder masks, lack of film 

conformance·results in lamination defects, such as un~anted 

puddling caused by premature adhesion. In the case of 

primary resists, lack of film conformance tends to result 

in voiding of entire portions of the circuit traces caused 

by ~complete adhesion, as well as puddling as previously 

described. The present in"Vention was devised to address 
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tltj..s. problem .. 

Wb.l.le there bas been some attempt to address this 

premature tacking problem, a satisf.actory answer has yet to 

be devised. For instance, it has been proposed to process 

the dry films in conventional hatch-oriented vacuum 

laminating e~ipment outfitted with removable copper heat 

shields between th~ upper and lower platens. The reIUOirable 

heat shields .are manually inserted between the upper and 

lower platens· imntediately.before placement of the board in . 
the vacuum chamber. Evacuation is then cOlllmenced with the 

heat shields serving to insulate the resist from elevated 

temperatures ~ong enough to be able to remove all of the 

air between the resist .and the board before application of 

heat and u:iechanical pressure. Hmtever, batchwise 

processing is.highly undesirab1e because it is entirely too 

slow for mass production of printed circuit boards and 

extremely 1abor intensive~ 

An object of the invention is, therefore, to pro~ide 

an ing;>:roved method of and apparatus for applying under 

:vacuum, heat and mechanical pressure a dry film photoresist 

( e9sol9.er mask;) to · prelaminated printed circuit boards or 

other substrates, thereby to remove all of the air 

entrapped between the dry film and the surface of the 

printed circuit board or substrate to assure complete 

confonnance of the dry film around the raised circuit 

traces and the substrate surface contours. 

Another object of the imrention is to provide an 

improved method of and apparatus for vacuum laminating 

prelaminated.printed circuit boards and substrates, which 

method and apparatus pre\fent premature· ·tac~g ·of the 

loosely applied prelandnated dry film to the surface of the 

printed circuit board or· substrate prior to evacuation or 
all of the air between the dry film and the board or 

substrate surface. 
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Still an9ther opject· of the inven~ion is to provide an 
improved method of and apparatus for vacuum laminating 

prelam.inated .Printed circuit boards and substx;ates which 
are both operable in an in-line system and in a fully 

automated continuous manner. 

In accomplishing the forgoing and other objectives of 
the invention, there is provided an improved lnethod of 

laminating a prelaminated printed circuit board or other 

substrate which prevents premature tacking of the dry film 

photoresist-fonning layer to the board comprising the 

following key features:· {a) placing the board in a first 
vacuUlll la:mina~ion chamber of a vacuum laminator having two 

independent (i.e., dual) vacu\lln. lamination chambers; (b) 

drawing a vacuum in the first chamber at ambient 
temperature for a ti.me sufficient to evacuate substantially 
all of the air from between the d;ry film and the surf ace of 
the board or.substrate and thereby place tqe dry film in 
intimate contact with the surface of the board or 

substrate; {c) .immediately placing the board in a second 

independent vacuum lamination chamber of the vacuum 
laminator; and, (d) applying sufficient heat to the dry 

film on the board or substrate in a second vacuum 
lamination chamber to cause the dry film to £low and then 
sufficient mechanical pressure on the board or substrate to 
thereby force the heated laminate to conform closely to the 
surface contours of the board or substrate. 

The aforesaid steps {a)-{d) are preferably performed 

in-line and in a continuous automated manner, so that the 
method can be" adapted for usa in an fully automated in-line -system for manufacturing printed circuit boards. 

Steps (b) and {d) a:re also preferably performed. in 
alternating sequence to allow for at least one prelaminated 
board to be in each vacu\.Utl chamber at the same time which, 
in turn, provides for at least a two-fold increase in 
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m.anufacituring productivity. 

In accomplishing these and other objectives of the 
. . 

invention, there is also provided an inq;>roved dry filIQ. 

:photoresist or sold.er mask vacuum lamination apparatus· 

c~rising the following key features; the provision of two 

independent (i.e., dual} vacuum lamination chambers in end­

to-end relation, the first lamination chamber being 
. 

operated at ambient temperature while a vacuum is drawn so 
as to reduce-the air pressure within the chamber and draw 

off all of the air between the loosely applied prelaminated 
dry film and the surface of the printed circuit board or 
substrate, thereby to place the dry film in intimate 
contact with -the substrate surface while at the same ti.me 

preventing premature tacking or adhesion of the dry film to 
the substrate prior to conforming lamination, and the 

second lamination chamber ~ing operated immediately after 
the first C!hamber so as to laminate the previously 
evacuated dry film to the printed circuit board or 

substrate under heat and mechanical pressure, thereby to 
assure complete confonnance of the dry film around the 

raised circuit traces and the substrate surface contours. 

The aforesaid apparatus is preferably further 

characterized by the capacity thereof for continuous 

operation and the provision of conveyor belts for conveying 
'prelaminated printed circuit boards or substrates into and 
out of ·the first and second vacuum lamination chambers of 
the vacuum applicator. It is also preferable to provide 

such a continuously operative eonveyorized vacuum 
applicator th.8.t is operative, in association with automated 

. -
input roll ~onveyors for feeding prelaritl.natad printed 
circuit boards or substrates onto the autOl'tlated conveyor 

belts, in such a way as to allow at least one board or 

substrate to be in each vacuum chamber of the vacuUltl 

laminator, while the next board or substrate to be vacuum 
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laminated is: staged in Position on an input roll conveyar 
ready for th~ next vacuum l.amination cycle to begin. Upon 

com.pletion of the vacuum. lamination cycle in each chamber, 

the printed ~ircuit board in the sec9nd vacuum chaniber is 
automatically conveyed out of the vacuum laminator, the 

board in tl?-e:first vacuum chamber is conveyed to the saaond, 

vaoumn cbamoor, and the staged new printed circuit board to 

be -v-acuum lam:Lnated is conveyed into the first vacuum 
chamber. 

The au~oxnatic conveyorized vacuum applicator has 

particular utility in conveying printed circuit boards and 

applying heat, vacuum and mechanical pressure to printed 
. . 

·circuit boards tha.t have been prelaminated with photoresist 
or solder mask dry film in accordance wi "t!1 the process 
described in U. s. Pat. No. 4, 94 6, 524 and fabricated. in 

accordance with processes described in U.S. Pat. Nos • 

4, 889, 790, 4,·992,354, and s, 164,284. 

The conveyorized dry film photoresist or solder mask 

applicator of the invention is an ~rtant COll\Ponent in 

the total arrangement of an automatic continuous flow of 

materia1 in in-line processing of dry photoresist or solder 
mask films requiring vacuum lamina.ti.on duri.ng processing. 

The inv~tion provides .the means to automate the 

vacuum a;pplication process as an in-line system, while at 

the same ti.ma 1) reducing common lamination defects, such 

as premature ·resist adhesion, 2) substantially eliminating 

the need to· repair or rework finished printed circuit 

boards, and 3) increasing printed circuit · board 

manufacturing: productivity by at least twq-fold.. _ _, 
, . . ...... -·-

With this description of the invention,· ~ detiiiled 
• 

an exemplary and non-limitative description follows with reference 

being made to the accompanying figures of drawing which form 

part of the.specification in which like parts·are designated bt­

the sa~e reference num.bers -and of whi~h: 
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FIG. 1 is a side view of a cabinet structure in which 

the conveyorlzed dual chamber vacuU;m applicator of the 

present invention is housed; 

FIG. 2 i$ a diagrmmnatic perspective view on a scale 

larger than of FIG. 1 illustrating the conveyor system of 

the conveyorized vacuum ~pplicator for sequentially feeding 

prelaminate<?- :printed circuit boards or substrates through 

the vacuum laminator; 

FIGS. 3...:.5 and 10 are fragmented detail vie~ which 

illustrate various features of the applicator of FIGS. 1 

and 2; 

FIGS. 6":"9 are cross sectional views of a vacuum 

lamina tor that advantageously may be used with the 
conveyorized · vacuum applicator and which illustrate a 

platen operation sequence.thereof; 

FIGS. 11-24 are diagrann.t1a.tic perspective views on a 

smaller scale than shown in FIG. 2 that illustrate the 

function cycle of t~e conveyorized vacuUin applicator when 

employed to feed printed circuit boards or substrates one 

at a time through the vacu'\lm. la:m.inator; and, 

FIG. 25. is a diagramnatic perspective view of an 

alternative second chamber that may be ettg;?loyed in the 

conveyorized vacuum applicator ot F!G.1. 

'l'he conveyorized vacuum applicator according to the 

present invention has particular uti~i ty in .the vacuum 

lamination of printed ~ircui t boards and substrates of . 
varying thicknesses and sizes, typically in a range from 

between O.l and 3.2 mm. and in a range from between 25 x 38 

and 60 x 71 cm., which boards or substrates have been 
. . -

"prelaminated~ with a loose sheet of ;dry film primary 

photoresist or solder mask, with or without a "top coat• 

layer, as hereinbefore described. 'l'he specific function of 

the conveyorized vacu'Um. applicator is ·to automatically 

apply a combination of vacuum, heat and mechanical pressure 
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in such way : so as to avoid premature tacking and thus 

completely r~ove all of the air between the dz:y film and 

the surface of the board or substrate to assure positive 

confonnance o:f the dry film around etched or electroplated 

circuit traces and irregular substrate surface contours. 

Referring to FIGS. ·1 and 2 there is shown a support 

structure or .frame 10 Qn which is mounted the conveyorized 

vacuum applicator, designated 12, according to the 

invention. 'rb.e conveyorized "Vacuum applicator 12 is 

comprised of : two parts. One pa:rt comprises first and 

second input or feed conveyors 14 and 16 . The other part 

comprises first and second vacuum lamination sections 18 

and 20. Each of the first and second vacuum lamination 

sections 18 and 20 include a first and second 3/4 belt 

conveyor 22 and 24 and a first and second vacuum laminator 

26 and 28 1 respectively. 

As shown.in FIG. 2, the first input conveyor 14, first 

3/4 belt conveyor 22, second input con~eyor 16, and second 

3/4 belt conveyor 24 extend in end-to-end relation, in that 

order, to def"ine a continuous 18 path into and out of each 

vacuum section 18 and 20. 
· · Each of the first and second input conveyors 14 and 16 

com,prise a p;J..urality of chain coupled rolls 15 and 17, 

respecti ve1y, which rolls 15 and 17 extend for a 

substantial distance across the width of the applicator 12. 

Positioned for vertical movement between the exit end 14b 

of the first input conveyor 14 and the entrance end 22a of 

the first 3/4"belt conveyor 22 is an adjustable barrier 30. . . 
The barrier 30 extends across the width of the applicator . . ... 

12 and is movable upwardly by an indi"\.~idually associated 

air cylinder 32, as shown in FIG. 2. such movement is from 

a ,.down" or non-blocking position to an "up._ position to 

block tbe transport to the first 3/4 belt conveyor 22 of a 

printed circuit board being transported on the first input 
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conveycir 14 froro preceding equipment indicated at 34. 

As seen : in FIG. 2, a photocell 36 is provided for 

sensing the approach of a printed circuit board to the exit 

end 14b of the input conveyor 14 and for initiating the 

actuation of the air cylinder 32 for effecting the movement 

of the barrier 30 between the printed circuit board 

non-blocking and blocking positions thereof. 

Each of .the 3/4 belt conveyors 2~ and 24 includes an 

input roll 38 and 40 and an output roll 42 and 44, 

respectively,: which rolls extend across the width of the 

applicator 12:. Wound around each pair of cooperating input 

and output rolls are a pair of spaced endless chains, wi~h 
the spacing being such that one of each pair of chains 46 

and 48 is on. one side of app1icator 12 and the other of 

each pair of chains 50 and 52 is on the other side thereof. 

Chains 46 arid 48 mesh· with individual gears 54 and 56, 

respectively, provided on the end of each corresponding 

input roll 38 and 40, and gears 58 and 60 provided on the 

end of each corresponding output roll 42 <md 44, as shown 

in FIG. 2. similarly chain$ so and 52 mesh with gears 

provided on ·the other ends of each corresponding input 

rolls 38 and 40 and output rolls 42 and 44. Thus, as shown 

in FIG. 3, chains 50 and 52 mesh with gears 62 and 64, 

respectively,· on the end of the output rolls 42 and 44. 

Positioned between each associated pair of chains 46, 

50 and 48, 52 and securely attached thereto at each end by 

suitable gr;i;ppers 66 and 68, as shown in FIG. 3, are 

respective belts 70 and 72 that each extend about three 

quarters of . the distance around the loop for:med by the 
. . .... 

chains. Each gripper 66 and 68 includ~s a respective bar 

66a and 68a that is securely attached at one end to chain 

46 and 48 and at the other end to the chain 50 and 52, 

respectively.. Carried by each of the bars 66a and 68b and 

securely attached thereto by suitable bolts or rivets are 
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respective bar members 66b and 6Bb and 66c and 68c of 

shorter lengt:h between which the ends of the respective 

belts 70 and :12 are. captured and retained. Thus, as best . . 
seen in FIG.· 2, each of the belts 70 and 72 have an 

associated aperture or opening 7 4 and 7 6 therein for the 

full width th~reof, the length of which aperture 74 and 76 

is about a ~er of the distance around the loop of each 

individually' associated belt conv-eyor 22 and 24. . . 
Each of :the belts 70 and 72 may be made of very thin 

fiberglass reinforced :rubber or Teflon coated fiberglass. 
A total thic~ess of the belt in the range of 0 . 013 to 

0.025 cm. is ·desirable to ensure that there is a complete 

seal when drawing a vacuum in each vacumn laminator 26 and 

28. This is ~or the reason that the upper run 70a and 72a 

of each belt · 70 and 72 is captured between the upper and 

lower platens· of each vacuum lamina tor 2 6 and 2 8 during the 

vacuum lamina~ion process. 

Motive powar for driving the chain coupled rolls of 

the first ·input conveyor 14 and the first 3/4 belt 

conveyor· 22 associated therewith is provided by a first 

electrical motor 7 8 . Moti V'e power for driving the chain 

coupled roll~ of the second input conveyor 16 and the 

second 3/4 belt conveyor 22 associated therewith is 

provided by a: second electrical motor 80. Motors 78 and 80 

may each comprise a direct current electrical motor 

provided with separate drive gears 82 and 84 and 86 and 88, 

respectively, for driving their respective input conveyors 

14 and 16 and belt conveyors 22 and 24. 

As shown in FIG. 2, motor 78 is coupled_. by gear 82 and -chain drive gearing 90 to. the first J.nput conveyor 14. 

Selective or· conjoint drive of the input conveyor 14 is 

provided by electromagnetic clutch 92. Motor 80 is coupled 
by gear 86 and chain drive gearing 94 to the second input 

conveyor 16. Selective or conjoint drive of the input 



c9nveyor 16 =with the other conveyorp is provided by 

electromagnetic clutch 96. Energization and deenergization 

of c1utch 92 · controls the rotation of the chain coupied 

rolls of the first input conveyor 14. Similarly, 

energization and deenergization of clutch 96 controls the 

rotation of the chain coupled rolls of the second input 

conveyor 16. 

Motor 78 is also coupled by gear 84 and chain drive 

gearing 98 and 100 to the drive shaft 102 of. the output 

roll 42 of. the first 3/4 belt conveyor 22. An 

electromagnetic clutch 104 positioned between chain drive 

gearing 100 and 102 provides for the selective control of 

tll.e operation: of the first 3/4 l:>elt conveyor 22. Motor 80 

is similarly coupled by gear 86 and chain drive gearing 106 

and 108 to the drive shaft .110 of the output roll 44 of the 

second 3/4 belt conveyor 24. Similarly, an electromagnetic 

clutch 112.positioned between the chain drive gearing 108 

and 110 provides for selective control of the operation of 

the second 3/4 belt conveyor 24. 

In accordance with the invention, each of the-. motors. 

78 and 80 are a variable speed motor, being selective 

energizable from a source of direct current (not shown} 

through motor speed control potentiometers 114, 116 and 118 

and 120, 122 and 124, respectively, and corresponding 

selector switehes 126 and 128, as shown in FIG. 2, to drive 

the input con~eyors 14 and 16 at the speed of about three 

(3) meters/minute {m/min), to drive the input conveyors 14 

and 16 and 3/4 belt conveyors 22 and 24 at a speed of about 

nine (9} m/min, and to drive the 3/4 belt conveyors 22 and 

24 only at a speed of 3 0 m/min, 

hereinafter. The arrangement is 

conveyors 14 : and 16 can be driven 

other and of ·the 3/4 belt conveyors 

the 3 / 4 belt conveyors 22 and 

-a£> further described , 

such that the input 

independently of each 

22 and 24. Similarly, 

24 can be driven 



.. 19-

independently of each of ~e input conveyors 14 and 16. At 

no time, however,· when driven at the same time, can the 

speeds of the conveyors 14, 16, 22 and 24 be different. 

For the. purpose of enabling the tension of the 3/4 

belts 70 and.:12 of the first and second 3/4 belt conveyors 
22 and 24 to·be relieved at a desired point in the vacuum 

process, as shown in FIG. 2, bearings 130 and 132 in which 
the shaft of :the input rolls 38 and 40 of each of the 3/4 

belt . conveyors 22 and 24 are mounted for rotation are 

arranged to be shifted a short distance toward and away 

from. the corresponding vacuum laminator 26 and 28 by a 
respective' two-position air cylinder 134 and 136. 

For sensing when a prelaminated printed circuit board 

has been moved by the belt conveyors 22 and 24 to a proper 

position relative to its individually associated vacuum 

laminator 26 ·and 28 for the vacuum lamination process to 

pro~eed, there are provided, as best seen in FIGS. 2 and 4, 

respective cams 138 and 140 and cooperating sensors 142 and 

144. Cams 138 and 140 are mounted on and move respectively 

with their corresponding endless chains 46 and 48 a.round 

·the loop of each of the individually associated belt 

conveyors 22 and 24. Corresponding sensors 142 and 144 are 

mounted in any suitable manner on the frame 10 of the 
applicator 12'in cooperative relation with their respective 

cams 138 and 140 .• 

When the printed oircuit board is in the . proper 

posi~ion relative to the intended vacuum laminator 26 and 

28 for the vacullln lamination process to proceed, the 

aperture 74 and 76 in the belt 70 and 72· ~ the belt . 
conv-eyors 22 and 24 is positioned imntediately, that is, 

vertically, below the vacuum laro.inator, as best seen in 

FIG. 2. 'rb.is allows the lower plat~ 146 and 148 of 

respective first and second vacuum laminators 26 and 28 to 

be lifted up through the aperture 74 and 76 in each of the 
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belts 70 and 72 into cooperative relation with the upper 

platens 150 .and 152 of the respective vacuum laminators 26 
and 28 for effecting the vacuum lamination of a printed 
circuit board: then resting on the surface of the upper runs 

70a and 72b of the belts 70 and 72 within the confines of 
the first and second vacuwn laminators 26 and 28, 
respectively. 

There is:an initial position for each of the first and 
second belt : conveyors 22 and 24 such that upon· the 
transfer of a printed circuit board from either the first 
or second in};>ut · conveY'ors 14 and 16,. the printed circuit 
board will be moved within the laminating region of the 
respective v~cuum lamina tor 2 6 and 2 8 while apertures 7 4 

and 76 are moYed to a position vertically below each of the 
vacumn laminators . 26 and 28. For convenience, that 
initial position of each of the belts 70 and 72 is herein 
referred to : as the· "set-pointN position of the belt 
conveyors 22 and 24. 

For sensing the set-point posi~ion of each of the belt 
conveyors 22 · and 24, there are provided respective cams 
154 ~d 156 that are mounted on each of the endless chains 
50 and 52 and cooperating sensors 158 and 160 that may be 
mounted on the frame 10 of the applicator 12 as illustrated 
in FIGS. 2 and 5. 

In order to provide a signal anticipatory of the 
approach of each of the belt conveyors 22 and 24 to the 
set-point position thereby to enable relatively fast 
operation in ·the return of the belt conveyors 22 and 24 to 
the set-point position, there are.also provided respective 

. --cams 162 and:164 sensors 166 and 168 fo~ slowing down the 
speed of each belt conveyor 22 and 24 to the set-point 
position, as illustrated in FIGS. 2 and S. 

For detecting the presence of a proc~ssed printed 

circuit board o:r:- substrate at the exit end of. the belt 



c ---==- ·=-

-21 .. 

conveyors 22 :and 24, there are provided respective output 
photocells 170 and 172, as shown in F!G. 2. 

Also, as shown in F!G. 2, an infrared sensor 174 is 
provided for. sensing the temperature of the processed 
printed circuit board or substrate as it is conveyed out of 
the second laminator 28. The temperature of the processed 
printed circuit board or substrate, as sensed by sensor 174 
and indicated or displayed by suitable means, facilitates 
~ontrol of the ht!!ating means in the second vacuum laminator 
28 thereby t:o preclude overheating thereof and possible 
damage to the circuit board or suhstrate being vacuum 
laminated. 

Since the sheets of dry film applied to the 
prelaminated :printed ci~cuit boards being vacuum laminated 
have high flow characteristics in the teit\Perature range of 
30oC to 150°C, the vacuum lamination process may be carried 
out within this range. 

The vacuum laminators 26 and 28 that advantageously 
may be used in the conveYorized vacuum laminator 12 are 
illU.Strated F.J:GS. 6-9. The vacuum laminators 26 and 28 can 
be provided as part of an integral dual chamber machinet as 
shown in FIG. 2, or 1 if desired, as separate vacuum 
lamination units arranged in end-to-end relation. Fa.ch of 
the vacuum lamina tors 2 6 and 2 8. al though shown as being 
identically constructed, are operated in different :modes 
according to.this invention, as described below, in order 
to perform separate functions in the vacuum lamination 
process which in combination assure cowplete conformance of 
the dry film to the substrate surface. 

. -
Referring _to FIG. 6 -(with the prme ( 1 ) symbol being 

used to denote previously unnumbered parts associated with 
the first larninator 26 and double prime (' ') being used for 
those of the: second lam.inator 28), each of the laroinators 
26 and 28 include an upper stationary platen 150 and 152 
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and a - corresponding movable lower platen 146 and 148, 
respectively.: Associated with each of the upper platens 
150 and 152 ·is a resilient silicon rubber blanket 176', 
17 6 • ' that f~rms q. ceiling for the vacuum chamber region 
indicated at:178', 178 11 in FIGS. 6, 8 and 9. Each lower 
platen 146 and 148 has a -well 180 I f 180 I I into which a 
pralaminated: printed circuit board. or substrate to be 
vacuum laminated is positioned on a silicon rubber insert 
182 I I 182 I I .for vacuum lamination. Sealing means 184' I 

184 • • in the form of an 0-ring surrounding the 
circumference· of each of the lower platens 146 and 148 is 
provided for :he.rmetically sealing the well 180', 180'' for 
the evacuation of air therefrom by a vacuum pump 186' , 
186' • when the respective lower platen 146 and 148 is moved 
upward into contact with an upp~x platen 150 and 152. One 
or more shim inserts 188', 188' 1 may be provided, as shown 
in FIG. 6, · to acc01t1Inodate printed circuit J:?oards of 
different thicknesses, that is, for adjusting the printed 
circuit boards to an optimum position in the well 180 1

, 

180'' for best vacuum lamination operation. 
Both uI)per and lower platens include heaters, 

specifically a heater 190', 190'' in each of the upp~r 

platens 150 and 152 and a heater 192', 192'' in each of the 
lower platens. 146 and 148. As described below, the platen 
heaters may be on or of£ depending on the desired ·mode of 
laminator operation. 

Printed -circuit boards that have been prelaminated, 
that is, have 'had dry film photoresist . or solder mask 
previously loosely applied to one or both sides thereof, as .. - -
described hereinbefore, a~e vacuum laminated in the vacuum . 
laminators 2·5 and· 2 8 in the following sequence· in 
accordance with the present invention: 
( 1) The board to be vacuum laminated is first placed in 
the well 180 '· of the lower platen 146 of the first vacuum 
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larninator 26 on top of the silicon :rubber insert 182'. This 

is facilitated by relieving the tension on the first 

conveyor belt:70 on the surface of which the board has been 

conveyed to the region of the first "Q"acuum chamber 17B' .. 

(2) The lowe~ platen 148 is then moved upWard, as shown in 

FIG. 8, to seal, by means of the o-ring 184's the well 180' 

which tbgether with the blanket 176' for.ms the first vacuum 
. . 

chamber 178' .: Note that the belt 70 on "Which the board 

being vacuum;laminated rests is also captured between the 

upper platen 150 and the lower platen 146. 

(3) With the platen heaters 190 • and 192 • donnant, the 

vacuum proces~ cycle is started by the energization of the 

vacuum pump 18 6 ' thereby to evacuate air from the vacuum 

chamber 178 1 ~ During this stage, channels 194' in the 

upper platen: 150 of the first vacuum laminator 26. are 

closed, so that air is not also evacuated from the region 

between the upper platen 150 and the blanket 176 1 
• Note 

that this process step operates at ambient tempera~ure 

which prevents pretacking of the prelaminated film to the 

board. 

(4) When the· first vacuum cycle is complete, the vacuum in 

the first vacuum chamber 178 ' is released by allowing 

atmospher~c air to enter therein, whereby the lower platen 

146 is moved·downward out of contact with the upper platen 

150. Tension in the belt 70 is then restored to allow the 

board to be· conveyed to the second vacuum laminating 

operation. 

(5} The board is then moved immediately to the second 

vacuum laminator 28 and placed in the well 180' • of the -lower platen· 14~ thereof on top of : tne silicon rubber 

insert 182 ' ' .: Similarly, this is facilitated by relieving 

the tension Qn the second conveyor belt 72 on the surface 

of which the'board has been conveyed to the region of the 

second. vacuum chamber 178''. 
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(6) The lower platen 148 'of the second vacuum laminator 
28, which in this stage is heated, is moved upward, as 
shown in FIG.: 8, to seal, by means of the o-ring 184 1

· 1, the 
well 180'' which together with the blanket 176 11 fo:r:ms in 
the same manner as set forth above the second vacuum . . 

chamber 178 ' '.. Note that the belt 72 on which the board 
being vacuum-laminated rests is also captured between the 
upper platen : 152, which is: this stag~ is heated as well, 
and the lower· platen 148. 

(7) The sec6nd vacuum process cycle i~ started by the 
energi2ation :of the vacuum. pump 186' • thereby to evacuate 
air from the vacumn chamber 17 B ' • and from the region 
between the upper platen 152 and the blanket 176' •. 
(8) For a set period at the end of a first stage of the 
second vacuum process cycle, there is a second stage or 
~slap dO'Wil." of the blanket 176'' in the upper platen 152, 
as shown in ~IG. 9. This is effected by opening_channels 
19~' 1 in the:upper platen 152 to allow atmospheric air or 
compressed air (e.g. 1 to 5 bars) to enter the space 
between the blanket 176' • and the upper platen 152. such 
slap down applies mechanical pressure on the printed 
circuit board to force the now heated fil:m to eonform 
around the raised circuit traces or substrate surface 
contours. While it is not necessary to pull a vacuum in 
the.second ehmru,er for film evacuation, with this equipment 
it enables slap down to effectively occur. 
( 9) When the: second vacuum cycle is complete, the vacuum 
in the second vacuum ob.amber 178' • is released by allowing 
atmospheric a;ir to enter therein whereby th,e Jleated lower 
platen 148 is;tnoved downward out of con;:.act with the heated 
upper platen :152. Tension in the belt 70 is then resto~ed 
to allow the boaX"d to be moved to the next operation. 

It is D.C?ted_ that, in accord with the invention, the 
prelaminated boards to be vacuum laminated by the 



·25-

conveyoriz:ed :vacuum applicator 12 will have been centered 
. . . 

by preceding ~quipment in the in-line. system, although, if 
desired, adjustable guides 196 may be provided for that 

purpose in as~ociation with the input con~eyors 14 and 16, 
as illustrate~ in FIG.10. 

The function cycle of the improved conveyorized vacuum. . . . ... 
applicator 12 of the present invention that prevents 

premature tacking or adhesion of the dry film to the boar~ 

prior to film.: evacuation is illustrated by FIGS. 11-24. 

In step :i. of the sequence, as shown in FIG. 11, a 

prelaminated :circuit board 200 is shown arriving on the 
. . 

input conveyor 14 from preceding equipment running at a 

speed of 3 m/min. The movable barrier 30 is in the "up• 

board blocking position. Being disengaged from the chain 

drive gearing 84 by clutch 104, the belt conveyor 22 

remains stationary. 

In step 2 of the sequence, as shown in FIG. 12, ~he 

board 200 is: stopped at the exit end 14b of the input 

conveyor 14 bY the barrier 30 and is moved into alignment 
therewith, tl:iat is squared up with respect thereto. As 

noted hereinbefore, the board 200 already has been centered 

on the conveyor 14, having been centered by preceding 

equipment or by adjustable guides 196 associated with the 

input conveyor 14. The first input conveyor 14 is stopped, 
as by actuatfon of electromagnetic clutch 92, as soon as 

the board 2oo:is sensed at the exit end 14b thereof by the 

photocell 36 .. 

As controlled by a ·progratntna.ble logic controller (PLC) 

indicated schematically by the reference !l\,lll\gal. 198 in 

FIG. 2, the barrier 30 is actuated dowmii.;ardly, by actuation 

of air cylinder 32 in step 3 of the sequence, as shown in 

FlG. l3, to release the board 200. Immediately thereafter 
the input conveyor 14 and the first belt conveyor 22 are 
both started : by appropriate energization of the direct 



-26-

current .motor: 78 £or operation at a speed of 9 m/min to 

load the board 200 very quickly onto the belt 70 on the 

first belt c~veyor 22 and thereby into the first vacuum 

chamber of the first vacuum laminator 26. 

In step ~ of the sequence, as seen in FIG. 14, a cam 

13 8 and cooperating sensor 142 provide a signal to stop 

the belt con~eyor 70 of the first vacQ.um laminator 26 and 

the input co~veyor 14 when the board 200 is in the first 

vacuum chambe! 178' at a position directly vertically above 

thew-ell 180:in the lower platen 146. The barrier 30 is 

moved up by actuation of air cylinder 3 2 and the input roll 

38 of the beit conveyor 22 i$ shifted by the actuation of 

the two-posi~ion air cylinder 134 in the direction of the 

first vacuum bhamber in order to release the tension of the 
belt 70 • The; input conveyor 14 starts to run at a speed of 

3 m/min. Be~ng disengage<;t from the cha.in drive gearing 84 

by·the electvomagnetic clutch 104, the ~irst belt conveyor 
22 remains stationary. 

As seen in FIG. 15, in step 5 of the sequence, the 

lower platen: 146 of the first laminator 26 is 11\oved 

vertica1ly uP.ward by a pneumatic r~ 202.. The lower platen 

146 passes u:Pward through the aperture 7 4 in the belt 70, 

which aperture 7 4 is then in vertical alignment with the 

lower platen: 146. Vacuum pump 18G' is actuated for a 

predetermined time in a first stage of the vacu\ltn process 

at ambient temperature conditions. Acdordingly, at no time 

during this ·phase is the vacuwn chamber heated by the 

platen heaters 190' and 192', the heaters remaining 

dormant. Meanwhile, a new prelaminatec;I hc>ard ·· 200a to be 

vacuum lamiruited has arrived on the in:P~t' conveyor 14 and 

is moved to : and is stopped at the barrier 3 0, which, as 

shown in FIG.. 15, is in the up position . 

. Step 6 of the sequence is shown in FIG. 16. This is 

after the first stage of the vacuum. process has been 
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compleLed. :The vacumn in the first vacuum chamber is 

~eleased by ~ctuating a valve to allow the introduction of 

atmospheric air into the vacuum chamber 178 1
• The "lower 

• I 

platen 146 is then lowered by the hydraulic cylinder 202 

down through ·the aperture 74 in the belt 70 of the first 

belt conveyor: 22. Meanwhile, the new board 200a is aligned 

or squared up: on barrier 30 and the first input conveyor 14 

is stopped. 

In FIG. : 17, which shows step 7 of the sequence~ the 

input belt roll 38 is moved back toward the exit end 14b of 

input conveyor 14 by the two-position air cylinder 134 to 

restore the ·tension of the belt 70 of the first belt 

conveyor 22 .. The new board 200a is waiting in a1igned 

position at the barrier 30 on the input conveyor 14. 

As shown in FIG •. 18, which shows step 8 of the 

sequence, th~ actuation of the electr0ntagnetic clutches 96, 

104 and 112 is such that the belt conveyors 22 and 24 of 

both laminators 26 and 28 start running along with input 

conveyor 16. : Being disengaged from the chain drive gearing 

90 by clutch 92, the first input conveyor 14 remains 

stationary. : The si.mul taneous energization of both motors 

78 and 80 as: oontrolled by the PLC 198 is then such that 

both belt conveyors 22 and 24 and. input conveyor 16 start 

at a speed of 9 .m/min to effect a rapid unloading and 

loading of the partially processed board 200 from the 

vacuum chamber of the fir~t vacuum laminator 26 into the 

vacuum chamber of the second vacuum lamina tor 28. A cam 

140 and cooperatilig sensor 144 provide a signal to stop the 

belt conveyor 72 and input conveyor 16 when-· the board 200 
. ' .... 

is in the s~cond vacuum chamber at a position directly 

above the well in the lower platen 148. 

in· step.9 of the sequence, shown in FIG. 19, as soon 

as the partially processed board 200 is completely off the 

first belt 70, as sensed by the photocelt 170, the speed of 
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the beit conv~or 70. is increased to 30 m/min in order to 

move the belt: 7D qUickly to the set point and to load the 

new hoard 200a that has been waiting at the exit end 14b of 

~nput conveyo~ 14. A few centimeters before the set point 

is reached the speed of the be~t "conveyor 22 is sloWed down 

to 3 m/min and then the belt conveyor 22 is stopped 

precisely at the set point. Meanwhile, with the partially 

processed board 200 having been introduced in the second 

vacuum chamber 178'', the input roll 40 of the second belt 

conveyor 24 is shifted by the.actuation of the two-position 

air cylinder · 13 6 in the directipn of the second vacuum 

chamber in or~r to release the tension of the belt 72. 

In step 10 of the ·sequence, as shown in FIG. 20, the 

lower platen 148 of the second vacuum laminator.28 is moved 

vertically uP!Nard by a pneumatic ram 204+ The platen 148 

passes upward: through the aperture 76 in the belt 72, which 

aperture 76 is then in v-ertical alignment with the lower 

platen 148. · Vacuum pump 186 11 is actuated for a 

predetermined~ time in a first stage of the second vacuum 

process, after which, for a short period o.f time, a slap 

down action, : as described in connection W'ith FIG. 9, is 

applied. During the vacuum phase the board 200 is heated 

by the heat~rs 190 t • and 192' 1 in the upper and lower 

platens 152 and 148, respectively. It should be understood 

that during the second vacuum process, vacuum is applied 

not to draw-~££ air between the film and the surface at the 

board 200, as this has already been accomplished in the 

first stage of the two stage operation, but to create a 

good situation to apply mechanical pressur~ ~ the board -200 by slap: down action. Meanwhile, the barrier 30 is 

actuated downwardly, by actuation of air cylinder 32 to 

release the ·new prelaminated board 200a awaiting at the 

entrance of . the first vacuum lamina tor 2 6. Immediately 

thereafter the input conveyor 14 and the first belt 
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conveyc)r 22. are both started by appropriate engagement of 
electromagnet~c clutches 92 and 104 and energization of the 
motor 78 for: operation at a speed of 9 m/min to load the 
new board 20~a onto the belt 70 on the first belt. conveyor 
22 and thereby into the first vacuum ch.amber. Cam 138 and 
cooperating sensor 142 provide a signal to stop -the belt 
conveyor 22 after the board· 200a has moved to the proper 
position in the first vacuuin chamber. 

Step 11 nf the sequence is shown in FIG. 21. '!his is 
after the final stage of the vacuum lamination process has 
been completed. The vacuum in the second vacuum chamber 
178 ' • is re~eased by actuating a value to allow the 
introduction :of atmospheric air into the vacuum chamber. 
The lower platen 148 is then lowered by the hydraulic 
cylinder down through the aperture in the belt 76 of the 
second belt :conveyor 24. While at the same time, the 
barrier 30 is moV'ed up by actuation of the air cylinder 32 
and the input roll of the first belt conveyor 22 is shifted 
by actuation . of the air cylinder 134 in the direction of 
the vacuum chamber in order to release tension of the belt 
70. The input conveyor 14 then starts to run at a speed of 
3 m/min, to receive a new prelanrl.nated board while the belt 
70 remains stationary. 

As seen·in FIG. 22, in step 12 of the sequence, the 
input roll 4:0 is moved back toward the exit end 16b of 
input convey~r 16 by the two-position air cylinder 136 to 
restore the ·tension of the belt 7 2 of the second belt 
conveyor 24. · While at the same time, the lower platen 146 
of the first: laminator is moved vertically upward through -the aperture :74 in the belt 70. Ambient evacuation occurs 
in the same manner as set forth in step 5. Meanwhile, · a 
new prelaminated board 200b is arri~ing on the first input 
conveyor 14. · 

In step :13, as shown in FIG. 23, the.actuation of the 
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electromagnetic clutches 96 and 112 .is such that the second 
belt convt:::yor 24 only starts. The energization of the 

motor 80 as controlled by the PLC is then·such that the 

second belt conveyor 24. starts at a speed of 9 m/min to 

effect a rap;id unloading of the processed board 200 • 

Meanwhile, the ambient vacuum process in the first vacul.lltl. 

chamber is n~ complete. ~he vacuum in the first chamber 

178 ' is ther$fore released by actuating a value to allow 

introduction of atmospheric air into the vacuum chamber. 
The lower p1::aten 146 is then lowered by the hydraulic 

cylinder down~ through the aperture 74 in the belt 70. The 

new board 200b is aligned or squared upon the barrie.r.30 

and the input· conveyor 14 is stopped. 

In step l4 of the sequence, shown in FIG. 24, as soon 

as the processed board is completely off the second belt 

72, as sensed by photocell 172, the speed of the second 

belt conveyor 24 is increased to 30 m/min in order to move 
the belt 72 ·quickly to the set point to accept the new 

board 200a. ·The temperature of the processed board 200 is 
read by infrared sensor 174 as it leaves the second vacuum 

laminator 28 ·as well. While at the same time, the input 

roll 38 of the first belt conveyor 22 is moved back toward 

the exit end:146 of the first input conveyor 14 by the two 

position air: cylinder 134 to restore the tension of the 

belt 70 of the first belt conveyor 22. The next new board 

200b awaits in aligned position at the barrier 30 on the 

input conveyor 14. The cycle then repeats from step 8 

illustrated in FIG. 18. 

The sensing switches coi®rising cams 138, 14.0, 1541 = -156, 162 and 164 and cooperating sensors 142, 144, 158, 

160, 166 and 168 respectively, may each be of the type 

kn.own in the. art as proximity switches, a non-contacting 

switch. More specifical1y, the cam may comprise a metallic 

object with the sensor, in each case, comprising an 
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electronic. device which is fixed in position and is 

responsive to the movement nearby of the metallic cam and 

i~ operative·to generate an·electrical sign.al in response 

to movement and hence sensing of the metallic object. 

The programmable logic controller ·198 utilized to 

control the sequential operation of the conveyorized vacuum 

applicator 1~ may be a microprocessor controller of a typ~ 

available commercially from Saia, Mitsuh~shi or others. 
The controller 198 responds to the various signals produced 

by the photocells 3 6, 17 0 and 17 2 and by the proximity 

switch sensors 142, l44, 158, 160, 166 and 168 to initiate, 

in .concert with preprogrammed control data the several 

ensuing control functions including timing of the vacuum 

process laminating stages. These control functions include 
the actuation in the proper sequence of the air cylinders 
32, 134 and :136, the pneumatic rams 202 and 204, and the 

electromagnetic clutches 92, 96, 104 and 112 and the 
selector switches 126 and 128 for the motor speed control 

potentiometer.s 114, 116 and 118 and 120, 122 and 124 

respectively. For convenience of illustration, in FIG. 2 
the control ·paths between the PLC 198 and the. several 

control devices just mentioned have been shown in dotted 
lines. lt will be understood that, although not shown, the 
dotted lines include, where necessa.:r:y and appropriate1 as 

well known t6 those skilled in the art, conversion devices 
such as electrically opera~~d pneumatic valves to control 

the various . · air cylinders and the pneumatic ram, and 

electrical relay means to control the motor speed control 

selecto:r: switches. The electrical circuit c~ections to 
the several {nput terminals (not shown) of the PLC 198 from 

·the photocelis and from the sensors have not been shown in 

order to av0id complication of the drawing since such 

circuitry is well known and understood by those skilled in 

the art. 
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Referr:fng to FIG. 25, in an alternative embodiment, 

the second V;a.cuum lamina tor 28 may contain a dual belt 

system to further insulate the . evacuated . board from the 

heated upper : and lower platens. This dual belt system is 
more fully deScribed in copending Italian.application filed 

on the same day herewith by the same Applicant under the 

same title, : the di$closure of which application, by 

reference, is incorporated herein. The essential feature 

of the dual belt vacuum laminator.shown in FIG. 25 is the 

provision of: two independent {i.e., dua1) belt conveyor 

systems, specially a lower belt conveyor 206 and an upper 

belt conveyor 208. The lower belt conveyor 206 is 

positioned for movement of the prelaminated board into and 

out of the vacuum chamber of the second la:minator 2S for 

application of heat and mechanical pressure. The iower 

belt conveyor comprises an endless belt with two distinct 

sections 210 and 212 upon which the hoard can be placed 

spaced apart: by two apertures 214 and 216. The two 

sections are.so positioned such that, when one section of 
. . 

the lower belt is :moved with the board into the vacuum 

chamber region, the other section is moved out of said 

region for cooling and vice versa; The upper belt. conveyor 

208 is spaced above the lower belt conveyor in the vacuum 

chamber region and also comprises· an endless belt 218 with 

at least two distinct sectibns that alternate into and out 

of the vacuuni. chamber region such.that, when. one section of 

the upper belt is moved into the vacuum chamber region, at 

least one other section is moved out of said region for 

cooling a:nd . vice versa. In operation, as c<roone section 
. __, 

(i.e., a cool section) of the lower belt moves with the 

board to be vacuum laminated ·into the vacuum chamber 

region, one section {i.e., a cool section} of the upper 

belt is also.indexed into the vacu.um chamber region, as the 

other belt sections are moved out of the vacuum chalnber 
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region -for ambient cooling. This enables the board being . 

vacuum laminated to be disposed initially only between cool 
sections of the upper and lower belts, which act as heat 

shields to prevent the dry film. from heating up too fast 

and prematurely adhering to the · board, when exposed to 

residual heat· given off by the heat platens which are still 

hot from a previous vacuum lamination cycle. 

<t!!l3 -
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1. A method of vacuum laminating a dry film photoresist­

forming layer onto a prelaminated printed circuit board or 

other substrate (200} which prevents premature tacking of 

the dry film to the board or substrate, comprising: 

(a) placing the board or substrate in a first vacuum 

lamination chamber of a vacuum lamina tor ( 12) having 

two independent vacuum lamination chambers (18, 20); 

(b) drawing a vacuum in said first chamber (18) at ambient 

temperature for a time sufficient to evacuate 

substantially all of the air from between the dry film 

and the surf ace of the board of substrate and place the 

dry film in intimate contact with the surface of the 

board or substrate; 

(c) placing the board or substrate in a second vacuum 

lamination chamber (20) of the vacuum laminator, said 

second chamber being independent of said first chamber; 

and, 

(d) applying sufficient heat to the dry film on the board 

or substrate in said second chamber (20) to cause the 

dry film to adequately flow and then sufficient 

mechanical pressure on the board or substrate to 

thereby force the heated laminate to conform closely to 

the surface contours of the board or substrate. 

2. A method according to claim 1 wherein steps (a)-(d) are 

operated on-line. 

3. A method according to claim 1 or 2 wherein steps (a) -

(d) are operated in a continuous automated fashion. 
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4. A method according to claim 1, 2 or 3 wherein steps (b) 

and (d) are operated in alternating sequence to allow at 

least one prelaminated board or substrate to be in each 

vacuum chamber at the same time. 

5. A method according to any one of the preceding claims 

wherein step (a) comprises: 

placing a first board or substrate (200a) on the 

entrance end of a first moving belt conveyor (22) for 

movement into the first vacuum lamination chamber (18}, the 

first chamber being defined by an upper platen (150) and a 

lower platen (146) adapted to be moved into sealing 

engagement, the first belt conveyor having an endless belt 

(70) under tension that has an aperture (74) therein and is 

characterized by having an initial or set-point position 

such that, as the board or substrate is moved on the endless 

belt into the region of the first vacuum chamber between the 

upper and lower platens, the aperture is moved into 

alignment with and between the board and the lower platen. 

6. A method according to claim 5, further comprising the 

steps, between steps (a) and (b), of: 

(e) sensing 

vacuum 

the positioning 

chamber (18) of 

of the board 

the vacuum 

in the first 

laminator and 

stopping the movement of the first belt conveyor (22); 

{f) relieving the tension of the endless belt (70) of the 

first belt conveyor and 

(g) lifting the lower platen (146) up through the aperture 

(74) in the endless belt into sealing engagement with 

the upper platen (150) and thereby capturing within the 

first vacuum chamber (18) the board or substrate (200) 
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and at least the portion of the endless belt upon which 

the board or substrate is positioned. 

7. A method according to any one of the preceding claims~ 

wherein step {b) comprises: 

evacuating the first vacuum chamber (18) at ambient 

temperature for a time sufficient to draw off substantially 

all of the air between the dry film, loosely applied, and 

the surf ace of the board or substrate, thereby to place the 

dry film in intimate contact with the board or substrate 

surface. 

8 . A method according to claims 6 and 7, further 

comprising the steps, between steps (b) and (c), of 

(h) when the aforesaid evacuation is complete, allowing 

atmospheric air to enter the first vacuum chamber (18); 

(i) lowering the lower platen (146) down through the 

aperture (74) in the endless belt (70); and 

(j) restoring the tension in the endless belt (70) for 

movement of the evacuated board or substrate out of the 

first vacuum chamber (18) . 

9. A method according to any one of the preceding claims, 

wherein step (c) comprises: 

conveying the board or substrate (200a) out of the 

first vacuum chamber (18} and to the entrance end of a 

second moving belt conveyor {24) £or movement into a second 

vacuum lamination chamber (20} of the vacuum laminator, said 

second chamber being arranged in-line with said first 

chamber (18), said second chamber being defined by an upper 

platen (152) and a lower platen (148) adapted to be moved 

into sealing engagement, the second belt conveyor having an 
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endless belt (72) under tension that has an aperture (76) 

therein and is characterized in having an initial or set­

point position such that, as the board is moved on the 

endless belt into the region of the second vacuum chamber 

between the upper and lower platens, the aperture is moved 

into alignment with and between the board and the lower 

platen (148). 

10. A method according to claim 9, when dependent on at 

least claim 5, further comprising the step, after step (C), 

of: 

(k) continuing the movement of the first endless belt (70) 

to the initial or set-point position for acceptance of 

a new prelaminated board or substrate arriving at the 

entrance end of the first vacuum chamber (18). 

11. A method according to claim 9 or 10, further comprising 

the steps, between steps (C) and (d) of 

(1) sensing the positioning of the evacuated board or 

substrate (200a} in the second vacuum chamber (20) and 

stopping the movement of the second belt conveyor (24); 

(m) relieving the tension on the endless belt (72) of the 

second belt conveyor (74); 

(n) lifting the lower platen { 148) in the second vacuum 

chamber up through the aperture (76) in the endless 

belt (72) into sealing engagement with the upper platen 

( 152) and thereby capturing within the second vacuum 

chamber the board or substrate and the portion at least 

of the endless belt upon which the board or substrate 

is positioned; and 

(o) evacuating the second vacuum chamber (20) . 
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12. A method according to any one of claims 9 to 11, 

wherein step (d} comprises the steps of: 

(dl) heating the upper platen (152) and the lower platen 

(148} of the second vacuum chamber to a temperature at 

which the laminate on the board or substrate has a high 

flow characteristic; and 

(d2) causing the upper platen (152) to apply mechanical 

pressure on the board or substrate to. force the heated 

laminate to conform closely to the surface contours of 

the board or substrate. 

13. A method according to claim 12, further comprising the 

steps, when the aforesaid lamination is complete of: 

(p) allowing atmospheric air to enter the second vacuum 

chamber {20); 

(q) lowering the lower platen (148) of the second vacuum 

chamber down through the aperture (76) in the endless 

belt (72) of the second belt conveyor (24); 

(r) restoring the tension in the endless belt (22) of the 

second belt conveyor for movement of the laminated 

board or substrate out of the vacuum laminator (12); 

{s} conveying the board or substrate out of the vacuum 

laminator; and 

(t) continuing the movement of the second endless belt (72) 

to the initial or set-point position for acceptance of 

a new board or substrate exiting from the first vacuum 

chamber (18} and arriving at the entrance end of the 

second vacuum chamber (20) . 

14. A method according to claims 8, 11 and 13 further 

including: 
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(u) placing on the entrance end of the first conveyor belt 

(70) a second prelaminated printed circuit board or 

other substrate (200b); and, 

{v) repeating steps {a) through (t). 

15. A method according to claim 14 wherein in (u) the 

second prelaminated board or substrate (200b) is placed on 

the entrance end of the first conveyor belt (70) 

substantially at the same time step (n} is occurring with 

respect to the first board or substrate, to enable the 

vacuum lamination cycle in each vacuum chamber {18,20) to be 

operated in alternating sequence, thereby allowing at least 

one prelaminated board to be in each chamber at the same 

time. 

16. A method according to claim 5 or any one of claims 6 to 

15 when dependent on at least claim 5, further including the 

following steps, before step (a): 

{a.i) 

(a. ii) 

(a.iii) 

{a.iv) 

conveying on a first 

prelaminated board or 

input conveyor (14) a 

substrate (200a) from 

preceding equipment 

conveyor (22); 

towards the first belt 

providing a barrier (30) at the exit end of the 

first input conveyor {14) to stop the movement of 

the board or substrate and to align the board or 

substrate; 

sensing the presence of the board or substrate at 

the exit end of the first input conveyor (14) and 

stopping the movement of the first input conveyor; 

adjusting the barrier (30) at the exit end of the 

first input conveyor to a non-stopping or non­

blocking position; and, 
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conveying the board from, the first input conveyor 

to the entrance end of the first belt (70) for 

movement of the board or substrate into the first 

vacuum chamber. 

17. A method according to any one of the preceding claims, 

wherein said steps are in automatic sequential operation. 

18. A method according to any one of the preceding claims 

wherein the dry film is a solder mask or a primary imaging 
photoresist. 

19. Apparatus for vacuum laminating a dry ~ilm photoresist­

forming layer onto a prelaminated printed circuit board or 

other substrate which prevents premature tacking of the dry 

film to the board or substrate, comprising: 

a vacuum lamina tor ( 12) having two independent vacuum 
lamination chambers (18, 20); 

the first vacuum lamination chamber (18) being operable 

at ambient temperature while a vacuum is drawn to evacuate 

substantially all of the air between the loosely applied 
prelaminated dry film and the surface of the board or 

substrate, thereby to place the dry film in intimate contact 

with the board or substrate without causing the dry film to 

prematurely adhere to the surface before all of the air can 

be evacuated; and, 

the second vacuum lamination chamber (20) being 

operable under heat and mechanical pressure to laminate the 

evacuated dry film to the board or substrate, thereby to 

ensure complete conformance of the dry film to the surf ace 

contours of the board or substrate. 
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20. Apparatus according to claim 19, wherein the first and 

second vacuum lamination chambers (18, 20) are disposed in 

end-to-end relation. 

21. Apparatus according to claim 19 or 20, wherein the 

first and second vacuum lamination chambers (18, 20} are 

conveyorized to allow for operation in a continuous and 

automated fashion. 

22. Apparatus according to claim 19, 20 or 21 wherein the 

first and second vacuum lamination chambers are operable in 

alternating sequence. 

23.Apparatus according to any one of claims 19 to 22 wherein 

the second vacuum lamination chamber (20) includes a dual 

conveyor belt system. 

24. Apparatus according to any one of claims 19 to 23 

wherein the first chamber (18) has a relatively stationary 

upper platen (150) and a lower platen {146) that is adapted 

to be moved up into sealing engagement with said upper 

platen to form the first vacuum chamber region, and a first 

belt conveyor (22); 

the first belt conveyor having an entrance end (22a) 

and an exit end and being positioned in operative 

relationship with said first vacuum lamination chamber (18) 

such that, when moved from a set-point position thereof with 

a prelaminated board or substrate placed on the entrance end 

thereof, the board is moved into the first vacuum chamber 

region between the upper and lower platens (150, 146), said 

first belt conveyor including an endless belt (70) under 

tension upon which the board or substrate (200) is placed at 

the entrance end (22a) of the first belt conveyor and having 
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an aperture (74) therein so positioned with respect to the 

entrance end of the first belt conveyor such that, as the 

board is moved into the region of the first vacuum chamber 

between the upper and lower platens (150, 146), the aperture 

is moved into alignment between the board or substrate and 

the lower platen. 

25.Apparatus according to claim 24, further comprising: 

a first motor (78) operable to cause said belt (70) to 

move with a board or substrate (200) placed on the entrance 

end of the first belt conveyor (22) thereby to position said 

board or substrate in the region of the first vacuum chamber 

(18) ; 

a first sensor (142} arranged to provide a signal 

responsive to the movement of said belt required to position 

the board or substrate in the region of the first vacuum 

chamber for stopping said first motor (78} from causing 

further such movement; 

a first tension adjuster (134) operable to relieve the 

tension of said endless belt {70) of said first belt 

conveyor (22)·; 

a first lift (202) operable to lift the lower platen 

( 14 6) of the first vacuum chamber up through the aperture 

{74) in the belt (70) into sealing engagement with the upper 

platen (150) thereby to ·capture the board or substrate and 

the portion, at least, of the belt upon which the board or 

substrate is positioned within the first vacuum chamber; and 

a first vacuum pump (186) to evacuate the first vacuum 

chamber ( 18} . 

26. Apparatus according t any one of claims 19 to 25, 

wherein the second vacuum lamination chamber (20) has a 

relatively stationary upper platen (152) and a lower platen 
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(148) that is adapted to be moved up into sealing engagement 

with said upper platen to form the second vacuum chamber 

region and a second belt conveyor (24); 

the second belt conveyor having an entrance end and an 

exit end and being positioned in operative relationship with 

said second vacuum lamination chamber (20) such that, when 

moved from a set-point position thereof with a prelaminated 

board or substrate (200) placed on the entrance end thereof, 

the board is moved into the second vacuum chamber region 

between the upper and lower platens, said second belt 

conveyor including an endless belt (72) under tension upon 

which the board or substrate is placed at the end of the 

second belt conveyor and having an aperture (76) therein so 

positioned with respect to the entrance end of the second 

belt conveyor (24) such that, as the board is moved into the 

region of the second vacuum chamber between the upper and 

lower platens (152, 158), the aperture is moved into 

alignment between the board or substrate and the lower 

platen (148). 

27. Apparatus according to claim 26, further comprising: 

a second motor (80) operable to cause said belt to move 

with a board or substrate placed on the entrance end of the 

second belt conveyor thereby to position said board or 

substrate in the region of the second vacuum chamber (20); 

a second sensor (144) arranged to provide a signal 

responsive ·to · the movement of said belt ( 72) required to 

position the board or substrate in the region of the second 

vacuum chamber for stopping said second motor (80} from 

causing further such movement; 

a second tension adjuster (136) operable to relieve the 

tension of said endless belt (72) of said second belt 

conveyor (24); 
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a second lift (204) operable to lift the lower platen 

(148) of the second vacuum lamination chamber up through the 

aperture (76) in the belt (72) into sealing engagement with 

the upper platen (152) thereby to capture the board or 

substrate and the portion, at least, of the belt upon which 

the board or substrate is positioned within the second 

vacuum chamber; 

a second vacuum pump ( 18 6") to evacuate the second 

vacuum chamber; 

a heater (190", 192") for heating the upper platen 

(152} and the lower platen (148) of the second vacuum 

lamination chamber (20) to a temperature at which the dry 

film laminate on the board has a high flow characteristic; 

and 

a mechanical press for causing the upper platen (152} 

of the second vacuum laminator to exert mechanical pressure 

on the board to cause the dry film to completely conform to 

the surf ace of the board or substrate; and, 

28. Apparatus according to at least claims 25 and 27, 

further comprising a controller (198) responsive to the 

signal provided by said first sensor (142) to control said 

first motor (78), first tension adjuster (134), first lift 

(202), and first vacuum pump (186'), and also responsive to 

the signal provided by said second sensor {144) to control 

said second motor (80), second tension adjuster (136), 

second lift, second vacuum pump (186"), heater (190", 192") 

and mechanical press. 

29. Apparatus according to claim 28 further including, in 

each of the two vacuum lamination chambers (18, 20): 
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a first passage communicating between said vacuum 

chamber and said vacuum pump controlled by said controller 

(198) for evacuating said vacuum chamber; and, 

a second passage communicating between said vacuum 

chamber and atmospheric air controlled by said controller 

for allowing air at atmospheric pressure to enter the vacuum 

chamber at the completion of the vacuum lamination cycle in 

each chamber; 

said controller then being operable to actuate said 

lift (202, 204) to lower said lower platen (146, 148) down 

through the aperture (74, 76) in the belt (70, 72), to 

actuate said tension adjuster {134, 136) to restore the 

tension of the belt, and to actuate said motor (78, 80) to 

move the processed board {200) out of the region of the 

respective vacuum chamber. 

30. Apparatus according to claim 28 or 29, wherein the 

upper platen (152) of the second vacuum chamber includes a 

diaphragm (176"} that is substantially impervious to air and 

forms the ceiling of the second vacuum chamber, and further 

including: 

a third passage (194') communicating between said 

vacuum pump (186") and the space between said diaphragm and 

the upper platen and controlled by said controller· (198) for 

evacuating said space; and, 

a fourth passage (194") communicating between the space 

between said diaphragm and the upper platen and air, 

controlled by said controller to allow air at atmospheric 

pressure or compressed air to enter such space, before 

atmospheric air is allowed to enter the vacuum chamber 

through said second passage, to cause the diaphragm to slap 

down and apply mechanical pressure on the board to force the 
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laminate to conform closely to the surface contours of the 

board or substrate. 

31. Apparatus according to at least claims 25 and 27 or any 

one of claims 28 to 30 further including: 

a third sensor (170) for providing a signal responsive 

to the board moving off the first belt conveyor (22) at the 

exit end thereof for causing said first motor (78) to 

continue the movement of the belt (70) to the set-point 

position of the belt conveyor; 

a fourth sensor (166) arranged to provide a signal 

responsive to ·the approach of the belt to the set-point 

position of the first belt conveyor to cause said first 

motor to slow down the movement of the belt to the set-point 

position; 

a fifth sensor (158) arranged to provide a signal 

responsive to the movement of the belt (70) to the set-point 

position of the belt conveyor (22) to cause said first motor 

to stop the first belt conveyor with the belt at the set­

point position; 

a sixth sensor (172) arranged to provide a signal 

responsive to the board moving off the second belt conveyor 

(24) at the exit end thereof for causing said second motor 

(180) to continue the movement of the belt (72) to the set-

point position of the belt conveyor; 

a seventh sensor {168) arranged to provide a signal 

responsive to the movement of the belt to the set-point 

position of the belt conveyor to cause said second motor to 

stop the second belt conveyor with the belt at the set-point 

position; and, 

an eighth sensor (160) arranged to provide a signal 

responsive to the movement of the belt to the set-point 

position of the belt conveyor to cause said second motor to 
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stop the second belt conveyor with the belt at the set-point 

position. 

32. Apparatus according to any one of claims 26 to 31 

further including: 

an infrared sensor (174) at the exit end of the second 

vacuum chamber for measuring the temperature of the 

laminated board exiting from the second vacuum chamber and 

for providing a signal to cause the platen heaters to raise 

or lower the lamination temperature in the second chamber. 

33. Apparatus according to claim 28 or any one of claims 29 

to 32 when dependent on claim 28, further including: 

a first input conveyor (14) arranged in end-to-end 

relation with the first vacuum lamination chamber ( 18) and 

driven under the control of said controller (198) by said 

first motor (78), said first input conveyor having an 

entrance end and an exit end and being operable to convey 

prelarninated boards from preceding equipment to the entrance 

end of said first belt conveyor (22); 

a first movable barrier (30) at the exit end of said 

first input conveyor, said barrier having a board blocking 

position and a board non-blocking position with said first 

barrier being in the board blocking position; 

a photosensor (36) for sensing a board (200) at the 

exit end of said first input conveyor, said photo sensor 

operable to produce a signal in response to the presence of 

a board at the exit end of the first input conveyor to cause 

the controller to stop the movement of said first input 

conveyor and to adjust said barrier to a non-blocking 

position, following which said controller causes the first 

motor to start both the first input conveyor and the first 
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belt conveyor to load the board onto the entrance end of the 

first belt conveyor. 


