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I nvention is directed to an.automati c conveyori zed sol der mask vacuum
appl i cat.ot and mnet hod .of operation thereof having utility in the
application of dry films which conformto the contours of irregular
surfaces such as the surffaces of printed circukt -boards. or. other substrates
havi ng raised, typically electrically conductiyg\(traces thereon:.” The: - ..,
applicatprwaﬁqinethQQWhQYe particular utility for ceg ' | £ o
appl yi ngj.heat’ and-‘vacuum.and nechani cal pressq/e~to”pr clrcH
or substirates-that :pri.or fo.such ‘application hgve had dry P<tml;
appliedf%@{atﬁ vone of 1 h pri@cés theredf as discfet.é
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TITLE: CONVEYORIZED VACUUM APPLICATOR AND METHOD
THEREFOR

V1]

The present ipvention is directed to an. automatic
conveyorized §older mask vacuum applicator and method of
operation thereof having utility in the application of
dry-filmsﬂwhich conform to the contours of'irregular

- surfaces such as the surfaces of printed circuit boards
0 or other substrates having raised, typically |

electrically conductive,'traces thereon. The appiicator

and method have particular utility for conveying and for
‘applying heat and vacuum and mechanical pressure to
Printed circuit boards or substrates that prior to such
application have had dry film loosely applied to at
l?ast one of the surfaces thereof as discrete cut sheets
within the confines of the printed circuit board.

L5

2 A solder mask is a hard, permanent layer of
: :...nop-cggductlve material which covers the surface of a

Hprlnted_;;rcuit board or other substrate, encapsulating
the Fgéces 9f the printed circuit itself. By solder

This Sheet Has Been Replaced

[

I\

N




within the confines of the printed circuit board. A solder nask is a hard,
perimanent | ayer of 'non-conductive material which covers the surface of a
printed circuit board or other substrate, encapsulating the traces of the
printed circuit itself. By sol der mask is meant herein a hard, permanent
| ayer which neets at |east the mninml=3®quirenents of the abr asi on

resi stance tests as defined in I PC-SM 840A, Table 12, Summary of Criteria
for Qualification/Conformance (Instltute for Interconnecting.and Packaglng
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at least the minimal requirements of the abrasion
resistance tests as defined in IPC-SM-840A, Table 12,
summary of Criteria for Qualification/Conformance
(Institute for Interconnecting and Packaging Electronic

_ Circuits). The solder mask is patterned to fully cover
the circuitry, except for those portions intended to be °
exposed, e.g., for soldering fo another component.
Solder masks are typically formed from a layer of

¢ photoimageable composition which is applied to a surface

of the printed circuit board. The photoimageable layer

is exposed to actinic radiation which is patterned by'

means of a template or artwork. Subsequent to ‘exposure,
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the photoimageable'layer'is developed in an organic

BN A

solvent or an aqueous solution which washes away either
exposed'or unexposed portions of the layer (depending
upon whether the phdtoimageable material is positive
acting or negative acting). The portion of the layer

, which remains on the surface is then cured, e. g., with
# 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 prior art method of applying the layer of
photoimageable composition to the circuit board surface

free of organic solvent and therefore eliminate this
hazard from the workplace and eliminate the need for

! is to apply the material in liquid form, and then,

% either allow it to dry or partially cure the material to
g form a semi-stable layer.

§ There are a number of advantages to applying a

% phoﬁoimageable layer .to a circuit board as a dry film
%0 rather than as a liquid. In particular, dry films are

‘apparatus to protect. the immediate work environment and
the more general environment from organic solvent
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the circuitry, except for those portions intended to be exposed, e.g., for
solderlng to anot her conponent. Sol der nasks are typically formed froma

| ayer of photoi nageabl e conposition which is applied to a surface of the
printed circuit board. The photoi nageabl e | ayer is exposed to actinic

radi ati on which is patterned by means & a tenplate or artwork. Subsequent
to exposure, the photoinageable | ayer is developed |n an organi c solvent or
an aqueous sol uti,on Mhl%s' amey eit exgﬁe ayne&ggeed porti-ons
of the | ayeemdig&i&nFing e ’SI meterial is

posi tive actghe tolofneaypibomr: anaueng,\al e qiorits mmefwttarte Alaxdrblghiteit r emai ns
on the surfags oS el el Rehert Gigility WALAWR Hbdddilite dpdorma

hard, permarf

layer of photoimageable composition which overlies one
surface of the cover sheet. The cover sheet may be
formed of polyester material, such a polyethylene
terephthalete (PET), such as that sold as MELINEX®.

To protect the photoimageable layer and to enable
the dry film to be rolled, it is conventional for the
exposed surface of the photoimageable layer to be
covered with a removable protective sheet, e.g., a sheet
of polyethylene. An example of such a dry film is sold
as LAMINAR DM® by Morton International, Inc.

The ‘method of use of such prior art dry £ilm is
generally as follows. The protective sheet is removed
from the photoimageable composition layer immediately
'pribr to application of the dry film to the surface of
the'printed circuit board. This may be accomplished,
for example, usiné autometed apparatus which peels away
and rolis up the protective:sheet as the dry film is
unrolled from a reel. The dry film is applied to the
surface of the circuit board with the photoimageable
layer in direct contact with the board surface. Using
heat, vacuum and mechanical pressure, the photoimageable
layer is immediately laminated to the surface of the
board. The cover sheet remains overlying the
photoimageabie layer, protecting the photoimageable

layer from exposure to oxygen and from handling damage.
The cover sheet also permits a pattern (or template) to
be laid directly on top of the dry film for contact
printing, if contact printing is to be used (as is
usually preferred from the standpoint of obtaining
optimal image resolution). The dry film is exposed to
patterned actinic radiation through the PET cover sheet.
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mask intended to protect the printed circuitry for the life of the board.
Ope prior art nethod of applying the |ayer of photoi mageabl e conposition to
the circuit board surface is to apply the material in liquid form and
then, either allowit to dry or partially cure the material to forma
seni - st abl e | ayer. There are a nunbef-of advantages to applying a
phot oi mageabl e layer to a circuit board as a dry filmrather than as a

liquid. In partlcular dry filnms are free of organic _sol vent and therefore
el i m nat eathtbisatime,f EBfh PRE GBVRE aBeekndscrERPNgfe PREMAEEADDOr

apparat us, g QéOESCEhéthpBHEdlghétB@ﬁKgéaﬁléOmH?&E @gdabbelapee.general
envi ronnent ?ronlor ani c ﬁol

Depending upon the comp051tlon of the photoimageable

layer, the photoxmageable layer is developed with

organic solvent, agueous developer, or semi-agueous

developer. By semi-aqueous developer is meant herein a
developer which is about 90% or more by volume aqueous
solution with the balance being an organic solvent such

‘as 2-butoxy ethanol and other glycol ethers. The

Sy el -

photoimageable layer may either be positive acting, in
which case the exposed portions are removed by
developer, or negative acting, in which case the
unexposed portions are removed by -developer. Most
photoimégeable layers for preparing solder masks are
negative actiﬁg. Most photoimageable composition layers
require some cure subsequent to development to render

the layer hard and permanent so as to serve as a solder

it e ":‘*”’#W«i?’mm'%w~w3" BT e

mask. Dependlng upon the composition of the

e

photoimageable layer, Curlng may be effected with heat
¥ and/or UV light. . .

Printed circuit boards almost invariably have
uneven surfaces in which circuitry traces are raised or
elevated over the surface of a board of electrically
non-conducting material. Circuitry traces may be the
residual portions of an etched metal layer or may be
built up from the board surface. It is desirable that a
solder mask, particularly one formed from a
photoimageable composition, conform to the contours of a
circuit board surface. A conforming solder mask which
adeqﬁétely covers both the board surface and the
upstanding traces minimizes the use of expensive
photoimageable ccmposition.

Processes for applying conforming solder mask on a
surface having raised areas such as circuit traces on a
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em ssions. Typically, a dry filmconprises a cover sheet of support
materi al which is sonmewhat flexible but which has sufficient rigidity to
provi de structure to a | ayer of photoi nageabl e conposition which overlies
one surface of the cover sheet. The-S6ever sheet may be forned of pol yester
material, - such a polyethylene terephthalate (PET), such as that sold as
MELINEX[err]. To protect the photoi mageable layer and to enable the dry
filmto berioteddcircuid bodFén@irendiiscdosee iaxPoséd FFCLRENGE -t he

phot oi magqaklleq ,haye el Ry sC@terzad \Wnldh 43 ggenBYablre Pr.okeehi we sheet, e.g.,

a sheet al. and in Application for U. S. Patent bearing Serial
No. 480,487 filed February 14, 1990. These patents and
~ application are assigned to the assignee of the present
é invention. The disclosures thereof, by reference, are
§ incorporated herein.

The processes disclosed in these patents and
application in&olve—applying a solder mask-forming
photoimageable composition layer to a printed circuit
board usiﬁg_a dry £ilm in which an intermediate layer is
interposed between a support film or cover sheet and the
photoimageable layer. The intermediate layer of the dry
film is selectively more adherent to the photoimageable
composition layer than to the cover sheet, allowing the
cover sheet to be removed after the photoimégeable layer
is applied to a printed circuit board with the
intermediate layer remaining on the photoimageable
composition layer as a "top coat." The ﬁbp coat is of
non~-tacky material and can be placed in contact with
7 other surfaces, such as artwork for contact printing.
The top coat also serves as an‘oxygen barrier, allowing

the'photoimageable composition layer to remain unexposed
on the printed. circuit board, after cover sheet removal,
for some length of time. The use of dry film having the
"intermediate layer" or "top coat” make possible the '

processes described in these patents and application.

In each case there is provided a conforming step, e.g..
conforﬁing vacuum lamination, after removal of the cover
sheet. Because the'cover sheet is removed prior to the
conforming step, better conformance, particularly when
applying thin photoimageable composition layers onto
boards with closely spaced traces, is achieved. Better
resolution is also achievable because the top coat may
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of polyethylene. An exanple of such a dry filmis sold as LAM NAR DM err ]
by Morton International, Inc. The nethod of use of such prior art dry film
is generally as follows. The protective sheet is renoved fromthe

phot oi mageabl e conposition |ayer innqglately prior to application of the
dry filmto the surface of the printed circuit board. This may be
acconpllshed for exanpl e, using autonated apparatus which peels away and

roll.s up th V, reel. The
ey i1 (0 EREEH] Eontibled i Midedis e HEEALEHREL Ao
phot oi magesix d:écaawﬁe i Bheli ket coaht b2 tmygh Hehirnen kR8 R f §8¥ST Usi ng heat
vacuum and?,;@&ﬂt PS L€ SE{ B iR DHPtOhIPOESHL & hayRr 1eSsi gnedi atel y
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| ami nated deterfgggrégcgbg £Qsolutlon than a support film.

To form a solder mask, the protective, removable
sheet of the dry film is first peeled_away and the
exposed surface of the photoimageable. composition layer
.is applied to the surface of the printed circuit board.
Using heét, vacuum and mechanical pressure, the dry £ilm
is laminated to the surface of the printed circuit
board, partially conforming the photoimageable layer
thereto. Within about 60 seconds and before substantial
cooling of the printed gircuit-board'and dry £ilm has
occurred, the cover sheet of the dry film is removed,
whereupon the photoihageable composition layer and
overlying top coat fully conform to the contours of the
printed circuit board and substantially encapsulate the
traces. The photoimageable composition layer is then
exposed to patterned actinic radiation through the top
coat. A developer -is used to remove either exposed or
non-exposed portions of the photoimageable composition
layer, leaving the remaining portion of the layer
laminated to the circuit board. Subsequently, the
portions of the photoimageable composition layer
remaining on the circuit board are cured,; e.g., with
heat and/or UV light. |

In U. S. Patent No. 4,946,524 granted on August 7,
1990 to Robert C. Stumpf et al., the disclosure of which
patent, by reference, is incorporated herein, there is
disclosed an applicator and process for applying dry
film solder mask material to the surface of a printe§
circuit board allowing, at the same time, handling of
the board with the applied film, the draw-off of the air
enclosed between the film and the board, and the removal
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board. The cover sheet remains overlying the photoi nageabl e | ayer,
protecting the photoi mageabl e | ayer from exposure to oxygen and from
handl i ng danage. The cover sheet also permits a pattern (or tenplate) to be
laid directly on top of the dry fil'mtor contact printing, if contact
printing is to be used (as is usually preferred fromthe standpoint of
obtaining optinal image resolution). The dry fiilmis exposed to patterned
actinic ragi ghieOBokbroufleethe RhE drasi~ocfifcelf. air Ancllised i nme, the PET

cover ggegg@;ggg}gnedm@e%' 1% LRSS g Al mageadl e
circuit board is facilitated when, before vacuum

lamination, the surface of the board is covered with a

loose sheet of film. To that end the applicator of

patent 4,946,524 is operative to tack the dry film to a
board at the leading and trailing edges with the
intermediate portion of the film loosely applied

thereto. The film is tacked to the board as a discrete

cut sheet within the confines of the perimeter of the

PR SRR T T e

surface of the board. For convenience, a printed
circuit board having such loose applicatioﬁ_of a dry
film sheet to the surface .or surfaces thereof is
referred to hereinafter as being "prelaminated.“

The results of the processes described above have
been most encouraging. Difficulty has been encountered,
however, in'attempting to'édapt these processes for
; continuous éutomatic operation in an in-line system.

' This is particularly true with respect to the
utilization of existing wvacuum lamlnatlng apparatus in
an 1n-11ne process. The. present invention was devised

to flll the gap that has existefl in the art in this
respect.

2n object of the invention is to provide an
improved method of and apparatus for applying heat,
vacuum and mechanical pressure to prelaminated printed
circuit boards and substrates, thereby to remove all of °
the air between the dry-film and the surface of the
printed circuit board cr substrate to assure compleée
conformance of the ary film around the circuit traces
and the substrate surface éontours. '
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Dependi ng upon the conposition of the photoi nageabl e | ayer, the
phot oi mageabl e | ayer is devel oped with organi c sol vent, aqueous devel oper,
or sem -aqueous devel oper. By sem -aqueous devel oper is-neant herein a
devel oper which is about 90% or nore hg.vol une aqueous solution with the
bal ance being an organic solvent such as 2-butoxy ethanol and other glycol
et hers. The photoi nageabl e | ayer nmay either be positive acting, in which

case the exposedaﬂ@taeenabgéetr effovad bnvéﬁueb@peg t@rpﬁﬁﬁﬁﬁeve acting, in
whi ch case the unexgoiﬁgig %tlons are.r enpv

phot oi mageaBeehPdy 8 éBﬁrPn&rgéﬁﬂéPaﬁﬁ§k§°§fé ﬁ%ﬁﬁf%@énﬂcFPﬁg. Mbst

phot oi mageagtepgospesi tion Iayers require sonme cure subsequent to
developnent to render

(a) placing the board on the entrance end of a
moving belt conveyor for movement into a vacuum
laminator having an upper platen and a lower
platen, which belt conveyor has an endless belt
under tension that has an aperture therein and
is characterized in having an initial or
set-point position such that as the board is

g moved on the endless belt into the region of

the vacuum chamber of the vacuum laminator the

. aperture is moved into alignment with and

; . between the board and the lower platen:

(b) sensing by proximity switch means having a
member movable with the endless belt the
positioning of the board in the vacuum chamber
of the vacuum laminator and stopping the .
movement of the belt conveyor:;

{c) relieving the tension on the endless belt:;

(d) lifting the lower platen up through the
aperture in the endless belt into sealing
engagement with the upper platen and thereby
capturing within the vacuum chamber of the
vacuum laminator the board and the portion at
least of the endless belt upon which the board
is positioned; and '

v,

I T T S

(e) evacuating the vacuum chamber of the wvacuum
laminator.

Still another object of the invention is to provide
a conveyorized dry £ilm solder mask applicator that is
characterized by the capacity thereof for continuous

|
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the layer hard and pernmanent so as to serve as a sol der mask. Depending
upon the conposition of the photoi nageabl e | ayer, curing nmay be effected
with heat and/or UV light. Printed circuit boards al nbst invariably have
uneven surfaces in which circuitry traces are raised or el evated over the
surface of a board of electrically nofA-conducting material. Grcuitry
traces may be the residual portions of an etched netal |ayer or may be

built up fromthe bho f Lt s desirt a S er nmask, .
particularP?eﬁﬂ 1?3r%é§ ?y%n?gggﬁ%}gbnggegb §R%§ Bgs%te{ign,%gonformto t he
contours otoaveyingi prpdamdnateflapsintedonioemihgbosikrdsr ofask which

adequatel y_coverg+bot hntBeaRaabatsS W’ 268 0dubhRCchamber of a

vacuum laminator.

A further object of the invention is to provide
such a continuously operative conveyorized vacuum
applicator that is operative, in association with first
and éecond input rodlls conveyors for feeding prelaminated
printed circuit boards or substrates to the conveyor
belt, in such a way as to allow one or more boards or
substrates to be in the vacuum chamber of the wvacuum

a0
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laminator being vacuum laminated while the next boards
or substrates to be vacuum laminated are arriving on the
input rolls conveyors ready for the next vacuum
lamination cycle of operation.

Ky ke

In accomplishing these and other objectives of the -

SN,

invention there is provided ah'apparatﬁs for applying a
conforming mask of dry f£ilm to a printed circuit board
that operates automatically and includes a conveyor belt
for carrying printed circuit boards into and out of the
vacuum chamber of a vacuum laminator. The conveyor belt
may be made of very thin (0.2 mm,) silicon rubber
impregnated fiberglass cloth. This is to assure that
the vacuyum chamber of the vacuum laminator may be .
completely sealed when a vacuum is drawn.

The automatic conveyorized vacuum applicator may be
operated to control the movement of the conveyor belt in

S e O R R AR, s o2 her i o s

a way to have one or more printed circuit boards in
.position in the vacuum chamber of the laminator at the
same time with the next printed circuit boards staged in
position on first and second input rolls conveyors for
the next vacuum lamination cycle. Upon completion of
the vacuum lamination cycie, the printed circuit boards
are automatically conveyed out of the vacuum chamber and
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upstandi ng traces mnimzes the use of expensive photoi mageabl e

conposi tion. Processes for applying conform ng solder mask on a surface

havi ng rai sed areas such as circuit traces on a printed circuit board

are disclosed in U S. Patent Nos. 4,889,790 Leo Roos et al.- and 4, 992, 354

F. J. Axon et al. and in Application*6r U S. Patent bearing Serlal No.

480, 487 filed February 14, 1990. These patents and application are assigned

to the assi nee of .th t| n. di.sclos hereof, b

ref erencet Fﬁ@ér %Pg gé%here T Y boblt 13" 1 %%%%uk Y
lamlnated are conveyed lnto the vacuum chamber.

Upper and lower platens comprising the vacuum
laminator are heated with the temperature thereof being
monitored by suitable temperature measuring means that
measure the temperature of the processed boards as they
exit the vacuum chamber.

EOL R E

When the heated platens close and seal, vacuum is
drawn to reduce the air pressure within the chamber
thereby to draw air from between the loosely applied dry
film and the surface or surfaces of the printed circuit

LT U P CEE  C)

board. At the end of the vacuum cycle, atmospheric air
is allowed to enter the vacuum laminator and mechanical
slap down pressure is applied by a movable air
impervious resilient silicone blanket £hat is provided
in association with the upper platen Ain the vacuum
chamber. '

The automatic cchveyorized vacuum épplicator has
partiéular utility in conveying printed circuit boards
and applying heat, wvacuum and mechanical pfessure to
printed c1rcu1t boards that have been prelaminated with
solder mask dry £ilm fabrlcated in accordance with the
processes described in the above identified U. S.
patents and application and as disclosed in the
aforementioned U. S. Patent No. 4,946,524.

The conveyorized dry film solder mask applicator of
the invention is an -important component in the total
arrangement of an ‘automatic continuous flow of material
in in-line processing of dry solder mask f£ilm and other
films requiring vacuum lamination during processing.:

The invention provides the means to automate the
vacuum application process as an in-line system.
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The processes disclosed in these patents and application involve applying a
sol der« mask-form ng phot oi nageabl e conposition |layer to a printed circuit
board using a dry filmin which an internediate |ayer is interposed between
a support filmor cover sheet and the photoi mageabl e | ayer. The '
intermediate layer of the dry filmijg.selectively nore adherent to the

phot oi mageabl e conposition | ayer than to the cover sheet, allow ng the
cover sheet to be renpved .after the photoi mageable |ayer is applied to a

printed circuidndaidiold Edditudey aifmafivaliey e Qﬂﬁﬁiﬂd‘lﬂaxﬁﬁ;d he

Pon- { acky TG ST A AR G A ERRE AT Re  dihees,  such
as artwordg £ims amteaotd pra mridhcforming a part of the

specification. For a better understanding of the

invention, its operating advantages and specific objects
attained by its use, reference is made to the

accompanying drawings and.descriptive matter in which

preferred embodiments of the invention are illustrated.

With this description of the invention, a detailed
description follows with reference being made to the
accompanying figures.of drawing which form part of the
specification in which like parts are designated by the
same reference numbers and of which:

Fig. 1 is a side view of a cabinet structure in

£ TG LBy

which the conveyorized vacuum applicator of the present
invention is housed; '

Fig. 2 is a diagrammatic perspective view on a
scale larger than that of Fig. 1 illustrating the
conveyor system of the conveyorized vacuum applicator

B MR R Yy e

for sequentially feeding prelaminated printed circuit
boards or substrates through the vacuum laminator;

Figs. 3-13 and 18 are fragmented detail views which
illustrate various features of the applicator of Figs. 1
and 2:;

Figs. 14-17 are cross sectional views of a vacuum
laminator that.advantageously may be used with the |
conveyorized'vacuum applicator and which illustrate a
platen operation sequence therecf: '

Figs. 19-27 are diagrammatic perspective views on a
smaller scale than shown in Fig. 2 that illustrate the
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The top, coat also serves as an oxygen barrier, allow ng the photoi mageabl e
conposition layer to remain unexposed on the printed circuit board, after
cover sheet renoval, for sone length of time. The use of dry f|In1haV|ng
the "internediate Iayer" or "top coa%"_nake possi bl e 't he processes
described in these patents and appli %tion. In each case there is provided
a conformng step, e.g., conform ng vacuum | am nation, after removal of the

cover sheﬁgncggg uggaigeogogﬁé ggﬁ ¥b§wkggo¥§g ngEQCEQ% fconfornm ng

step, bet con nce, particu I n phot oi nageabl e
conp05|t|Uhena?@9§°8ﬁ90t80598§ RF@ﬁtéﬂo§éF?u§$a@@ér a®s, is achieved.
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and

Figs. 28-36 are diagrammatic perspective views that
‘are similar to those of Figs. 19-27, which illustrate
the function cycle of the conveyorized vacuum applicator
when employed sequentially to feed printed circuit
boards or substrates two at a time through the vacuum
applicator.

R

The conveyorized vacuum;applicator according to the
present invention has particular utility in the vacuum
¥ lamination of printed circuit boards and substrates of
§ varying thicknesses and sizes, typically in a range from
¢ between 0.030 and 0.125 inches (0.08 and 0.32 cm.) and
in a range from between 10 x 15 and 24 x 28 inches (25 x
150 and 60.96 x 71.12 cm.), which boards or substrates
have been prelaminated with a loose sheet of dr& film
solder mask, as hereinbefore described. The specific
function of the conveyorized vacuum applicator is to
automatically apply a combination of heat, vacuum and
mechanical pressure to completely remove all of the air
between the dry fllm and the surface of the board or
substrate to assure positive conformance of the dry film
around etched circuit traces. | -

Referring to Figs. 1 and 2 there is shown a support
structure or frame 10 on which is mounted the
conveyorized vacuum applicator, designated 12, according
toc the invention. The conveyorized vacuum applicat&f 12
is comprised of two parts. One_gart comprises first and
second input conveyors 14 and 16, respectively. The
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be directly contacted with artwork for contact printing and because the top
coat is nuch thinner than a cover sheet or support filmand is, therefore,
much l'ess a deterrent to good resolution than a support film To forma

sol der mask, the protective, renovable sheet of the dry filmis first
peel ed away and the exposed surface of %ge phot oi mageabl e conposition | ayer
is applied to the surface of the printed®Circuit board. Using heat, vacuum

and nechani cal pressure, the dry filmis lam nated to the surface of the
printed C|rc

Pher et o. W (AER=Rngat cBosbEDRsY &ahghih febifalof WfECR  Pherkale'

a 3/4 belt conveyor 20 and a vacuum laminator 22.

vu-\
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As shown in Fig. 2, the input conveyors 14 and 16
and the 3/4 belt conveyor 20 extend in end~to-end
relation, in that order, from an entrance end 24 of
input conveyor 14, from the entrance end 25 of the input
conveyor 16 to the exit end 25a thereof and from an
entrance end 26 of the belt conveyor 29 to and exit end
26a thereof.

"Each of the first and second input conveyors 14 and
16 comprise a plurality of chain coupled rolls 15 and
17, respectively, which rolls 15 and 17 extend for 'a
substantial distance across the width of the applicator
12, Positioned for vertical movement between the input
conveyors 14 and 16, as shown in Figs. 1 and 2, is a
first adjustable barrier 28. Similarly positioned for
vertical movement between the exit end of the second
input conveyor 16 and the entrance-end 25 of the 3/4
belt conveyor 20 is a second adjustable barrier 30.

~ Each of the first and second barriers 28 and 30
extend across the width.of the applicator 12 and is
movable upwardly by an individually associated air
cylinder 32 and 34, respectively, as shown in Figs. 2
and 3. Such movement is from a “down" or non-blocking
position to an "up" position to block the traneport to
the next succeeding conveyor 16 or 20, respectively, of
a printed circuit board being transported on the input

conveyors 14 and 16 from preceding equipmerit indicated
at 36. '

As seen in Figs. 2 and 4, photocells 38 and 40 are
provided for semsing the approach of a printed circuit
board to the exit ends of the input conveyors 14 and 16,
respectively, and for initiating the actuation of
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cooling of the printed circuit board and dry filmhas occurred, the cover
sheet of the dry filmis renoved, whereupon the photoi mageabl e conposition
| ayer and overlying top coat fuIIy conformto the contours of the printed
circuit board and substantially encaggul ate the traces. The photoi mageabl e
conposition |ayer is then exposed to patterned actinic radiation through
the top coat. A developer is used to renove ei t her exposed or non- exposed

portions ;1“ t;%dl%qtl Wa&e@mqsldﬁ%db&}éee,z lagv@v i3y sde remai ni ng

portion:o an1natedt;o he circuyit .board. q%gﬂuently, t he
portions ott&ehﬁ'ﬁ’ea?ﬁ'} ks Jﬁsﬁ Lveld 3SE0G on the circuit
board areﬁaggmérsazﬁ and t30 ledivesard/tlre gt ilnitgldt circuit board

non-blocking and blocking positions thereof.

The 3/4 belt conveyor 20 includes a pair of rolls,
specifically an input roll 42 and an output roll 44}
both of which rolls extend across the width of the
appliéatcr 12. Wound around the rolls 42 and 44 are a
pair of spaced endless chains 46 and 48 with the spacing
being such that one chain 46 is on one side of
applicator 12 and the other chain 48 is on the other
side thereof. Chain 46 meshes with a gear 47 provided
on the end of input roll 42 and a gear 49 provided on
the end of the output roll 44, as shown in Fig. 2.
Similarly, chain 48 meshes with gears provided on the
other ends of the input roll 42 and the output roll 44.

Thus, as shown in Fig. 7 chain 48 meshes with a gear 53
on the end of ‘the output roll 44.

Positioned between the chains 46 and 48 and
securely attached thereto at each end by a suitable
gripper 51, as illustrated in Figs. 6 and 7, is a belt
50 that extends about three quarters of the distance
around the loop formed by the chains 46 and 48. The
Qripper 51 at each end of the belt 50 includes a bar 51la
that is securely attached at one end to the chain 46 and
at the other end to the chain 48. Carried by bar 5la
and securely attached thereto by suitable bolts or
rivets are bar members 51lb and 5lc of shorter length
between which the end of belt 50 is captured and
retained. Thus, as best seen in Fig. 2, the belt 50 has
an aperture or opening 84 therein for the full width
thereof, the length of which aperture 84 is about a
quarter of the distance around the loop of the belt 50
around the input roll 42 and the output roll 44.
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In U S. Patent No. 4,946,524 granted on August 7, 1990 to Robert C. Stunpf
et al .., the disclosure of which patent, by reference, is incorporated
herein, there is disclosed an applicator and process for applying dry film
sol der mask material to the surface of a printed circuit board allow ng, at
the same time, handling of the board with the applied film the draw off of
the air encl osed between the filmandifre board, and the renoval -7- of
the cover sheet. The draw off of air encl osed between the dry filmand the

surfaceIOf the BLE”LSQt 50 may be made of very thin fiberglass

" reinforced rubbers A total thickness of the belt in the
range of 0.005 to 0.010 inches (0.013 to 0.025 cm.) is
desirable to ensure that there is a complete seal when
drawing a vacuum in the vacuum laminator 22. This is

% for the reason that the upper run 50a of the belt 50 is
i captured between the upper and lower platens of the

% vacuum laminator 22 during the vacuum lamination

E process.

Motive power for driving the chain coupled rolls of
the input conveyors 14 and 16 and the 3/4 belt conveyor
20 is provided by an electrical motor 52. Motor 52 may
comprise a direct current electrical motor and is
provided with separate drive gears 54 and 56 for driving

the input conveyors 14 and 16 and the belt conveyor 20,
respectively.

As shown in Fig. 2, motor 52 is coupled by gear 54.
and chain drive gearing 58 to input conveyors 14 and 16.
Selective or conjoint drive of the input conveyors 14
and 16 is provided by electromagnetic clutches 60 and
62. 2As best seen in Fig. 8, energizaﬁion and
deenergization of clutch 60 controls the rotation of the
chain coupled rolls of the input conveyor 14.
Similarly, energization and deenergization of clutch 62

controls the rotation of the chain coupled rolls of the
input conveyor 16.

Motor 52 is coupled by gear 56 and chain drive
gearing 66 and 68 to the drive shaft 70 of the output
roll 44 of the 3/4 belt conveyor 20. An electromagnetic
clutch 72 positioned between chain drive gearing 68 and
70 provides for the selective control of the operation
of the 3/4 belt conveyor.

In accordance with the invention, the motor 52 is a
variable speed motor, being selectively energizable from
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circuit board is facilitated when, before vacuum | am nation, the surface of
t He- board is covered with a | oose sheet of film To that end the applicator
of patent 4,946,524 is operative to tack the dry filmto a board at the

| eading and trailing edges with the internmediate portion of the film

| oosely applied thereto. The filmis tagked to the board as a discrete cut
sheet within the confines of the perinmeter of the surface of the board. For
conveni ence, a printed circuit board having such | oose application of a dry
filmsheet }ogbheceusfadérectsontaeat theteehown)r eheongh motberei nafter as

DL 2! AL S BE BERERSofibehis HaoCaEoghalsacRRIed above have been
selector switch 79, as shown in Fig. 2, to drive the
input conveyors 14 and 16 at a speed of about three (3)
meters/minute (mts/min), to drive the input conveyors 14
and 16 and the 3/4 belt conveyor 20 at a speed of about
nine (9) mts/min, and to drive the 3/4 belt conveyor 20
only at a speed of 30 mts/min, as further described
hereinafter. The arrangement is such that the :input
conveyors 14 and 16 can be driven independently of each
other and of the 3/4 belt conveyor 20. Similarly, the
3/4 belt conveyor can be driven independently of each
the input conveyors 14 and 16. At no time, however,
when driven at the same time, can the speeds of the
conveyors 14, 16 and 20 be different. '

e
et

R

For the purpose of enabling the tension of the 3/4
belt 50 of the 3/4 belt conveyor 20 to be relieved at a
desired point in the vacuum process, as shown in Figs. 2
and 5, a bearing 80 in which the shaft of thé input roll
42 of the 3/4 belt conveyor 20 is mounted for rotation
is arranged to be shifted a short distance toward and

away from the vacuum laminator 22 Sy a two-position air
cylinder 82.

For sensing when a prelamlnated printed circuit
board has been moved by the belt conveyor 20 to a proper -
position relative to the vacuum laminator 22 for the
vacuum lamination process to proceed, there is provided,
as best seen in Figs. 2, 9 and 10, a cam 86 and a sensor
88 that is disposed in cooperative relation therewith.
Cam 86 is mounted on and moves with the endless chain 46
around the loop of the belt conveyor 20. Sensor 88 is

mounted in any suitable manner on the frame 10 of the
applicator 12. '
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however,, in attenpting to adapt these processes for continuous automatic
operation in an in-line system This is particularly true with respect to-
the utilization of existing vacuum | am nating apparatus in an in-line :
process. The present invention was devised to fill the gap that has existed
inthe art in this respect. An object of ' the invention is to provide an

i nproved nethod of and apparatus for applying heat, vacuum and nechani cal

Pemove ol E of halid e (RLiei el eehls aae, %%d’g‘ﬁt’%‘%e SR r it ed
circuit bgarpboitimbsiekaEly® %f%s'ﬁ"?% Wt@%"ﬁﬁ efow tth% dry film
around thé Gld &l IdneoeStion process to proceed, the aperture 84 in

' Y the belt 50 of the belt conveyor 20 is positioned

£ immediately, that is, vertically, below the vacuum

fé laminator, as best seen in Fig. 2. This allows the

¢ lower platen 90 of the vacuum laminator to be lifted up
through the aperture 84 in belt 50 into cooperative

relation with the upper platen 92 of the wvacuum

laminator 22 for effecting the vacuum lamination of a

printed circuit board then resting on the surface of the
upper run 50a of the belt 50 within the confines of the
vacuum laminator 22.

There is an initial position of the belt conveyor
£ 20 such that upon the transfer of a printed circuit
?_ board to the belt 50 from the input conveyor 16, the
E printed circuit board will be moved within the
laminating region of the vacuum laminator 22 while the
apertﬁfé 84 of the belt 50 is moved to a position
vertiéally below-the laminator 22. For convenience,
that initial poéition of belt 50 is herein referred to
as the "set-point" position of the belt conveyor 20.

- For sensing the set-point poéition of the belt
conveyor 20, there is provided a cam 94 that is mounted
on the endless chain 48 and a sensor 96 tha£ may be
mounted on the frame 10 of the applicator 12, as
illustrated in Figs. 2, 11 and 1l2.

In order to provide a signal anticipatory of the
approach of the belt conveyor 20 to the set-point
position thereby to enable relatively fast operation in
the return of the belt conveycr 20 to the set—point'
position, therg is also provided a cam 98 and a sensor
100 for slowing down the speed of the belt conveyor 20

to the set-point position, as illustrated in Flgs. 2, 11
-and 12.
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and the substrate surface contours. -8- Anot her object of the invention
Is to provide a nethod of |Iamnating a prel am nated board conprising the
steps of: .(a) placing the board on the entrance end of a noving belt
conveyor for novenent into a vacuum | ami nator having an upper -pl aten and a
| ower platen, which belt conveyor has @fendl ess belt under tension that
has an apérture therein and is characterized in having an initial or

For detecting the presence of a processed printed
circuit board or substrate at the exit end 26 of the
belt conveyor 20, there is provided an output photocell
102, as shown in Figs. 2 and 13. '

Also, as shown on Figs. 2 and 13, an infrared '
sensor 104 is provided for sensing the temperature of
the processed printed circuit board or substrate as it
is conveyed out of the laminator 22. The temperature of
the processed printed circuit board or substrate, as
¢ sensed by sensor 104 and indicated or displayed by
£ suitable means, facilitates control of the heating
§ means in the vacuum laminator 22 thereby to preclude
; " overheating thereof and p0551b1e damage to the prlnted
circuit board or substrate being ‘vacuum laminated.

Since the sheets of dry film applied to the
prelaminated printed circuit boards being vacuum.
laminated have high flow characteristics in the
temperature range of 30°C. to 100°C., the vacuum ]
lamination procéss may be carried out,within this range.

A vacuum laminator 22 that advantageously may be
used in the coﬁveyorized'vacuum laminator 12 is |
illustrated in Pigs. 14, 15, 16 and 17. Referring to
Fig. 14, the laminator 22 includes an upper statlonary
platen 106 and a lower movable platen 108. Associated
with the upper platen 106 is a resilient silicon rubber
blanket 110 that forms a ceiling for the vacuum chamber
region indicated at 112 in Pigs. 14, 15 and 16. The
lower platen 108 has a well 114 into which a
prelaminated printed circuit board or substrate to be
vacuum laminated is positioﬁed on a silicon rubber
insert 116 for vacuum lamination. Sealing means 118 in
the form of an O-ring surrounding the circumference of
the lower platen 108 is provided for hermetically
sealing the well 114 for the evacuation of air therefrom

i
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set-point position such that as the board is noved on the endl ess belt into
the region of the vacuum chanber of the vacuum | aninator the aperture is
noved into alignment with and between the board and the | ower platen; (b)
sensing by proximty swi tch means havipg-a nenber novable with the endl ess
belt the positioning of the board in the vacuum chanber of the vacuum

| am nat or and stopping the novenent of the belt conveyor; (c) relieving the

tension on {he;epgbesh pahp; 120)whéehtthg lowet opbiton aled iUp mdwedagh the

aperture {0 The, endl eso Bel Lol et el "y S003GEEE 1661 105, gper Pl aten
% more shim inserts 122 may be provided, as shown in Fig.

% 14, to accommodate printed circuit boards of different

& thicknesses, that is, for adjusting the printed circuit

- boards to an optimum position in the well 114 for best

é‘ vacuum lamination operation. Both platens 106 and 108

E include heaters, specifically a heater 124 in the upper

platen 106 and a heater 126 in the lower platen 108.

Printed circuit boards that have been prelaminated,
that is, have had dry film solder mask previously
loosely applied to one or both sides thereof, as
described hereinbefore, are vacuum laminated in the
vacuum laminator 22 in the following sequence:

(1) The board to be vacuum laminated is placed in
the well 114 of the lower platen 108 on top of
the silicon rubber insert 116. This is

_ facilitated by relieving the tension on the
belt 50 on the surface of which the board has

been conveyed to the region of the vacuum
chamber 112.

(2) The lower piaten 108 -is moved upward, as shown
in Fig. 16, to seal, by means of the O-ring
118, the well 114 which together with the
blanket 72 forms the vacuum chamber 112. Note
that the belt 50 on whigh the board being
vacuum laminated rests is also captured

between the upper platen 106 and the lower
platen 108. '

(3) The vacuum process cycle is started by the
energization of the vacuum pamp 120 thereby tec
evacuate air from the vacuum chamber 112 and

from the region between the upper platen 106
and the blanket 110.
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capturing within the vacuum chanber of the vacuum | am nator the board and
the portion at |east of the endless belt upon which the board is
positioned; and (e) evacuating the vacuum chanber of the vacuum | am nat or.

Still another object of the invention is to provide a conveyorized dry film
sol der mask applicator that is charat@rized by the capacity thereof for
cont i nuous operation and the provision of. a conveyor belt for conveying

prel am nated printed circuit boards, or .
(4) For a short period at the end of a first stage

of the vacuum process, there is a second stage
or "slap down" of the blanket 110 in the upper
platen 106, as shown in Fig. 17. This is
effected by opening channels 128 in the upper
platen 106 to allow atmospheric air to enter
the space between the blanket 110 and the
upper platen 106. Such slap down applies'
mechanical pressure on the printed circuit
board to force the heated solder mask film to
conform around the raised electrical circuit
conductors.

(5) When the cycle is complete, the vacuum in the
vacuum chamber 112 is released by allowing
atmospheric air to enter therein whereby the
lower platen 108 may be moved downward out of

contact with the upper platen 106.

It is noted that, in accord with the invention, the
prelaminated boards to be vacuum laminated by the
;cnveyorized vacuum applicator 12 will have been
centered by preceding equipment in the .in-~line system,
although, if desired, adjustable guides 130 may be
provided for that purpose in association with the input
conveyors 14 and 16, as illustrated in Fig. 8.

The function cycle of the conveyorized vacuum
applicator 12 with one board at a time being vacuum
laminated is illustrated by Figs. 19-27.

In step 1 of the sequence, as shown in Fig. 19, a
prelaminated circuit board 132 is shown arriving on the
input conveyor 14 from preceding equipment running-at a
speed of 3 mts/min. The second barrier 30 is in-ther — -—
“up" board blocking position. The first barrier 28 is
in the "down" position and allows the board 132 to be
conveyed to the exit end 25a of the input conveyor 16.
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substrates into and out of the vacuum chanber of a vacuumlam nator. A
further object of the invention is to provide such a continuously operative
conveyori zed vacuum applicator that is operative, in association with first

and second input rolls conveyors for gﬁfd'”g prel am nated printed circuit
boards or substrates to the conveyor in such a way as to all ow one or
nore boards or substrates to be in the vacuum chanber of the vacuum

| am nat or . bei ngc}vgr | Ard g atifd %&&d‘,@e a&e (R,qprq,s g SURp! ra.#ees to be

vacuum | ami nat e rriving on I nput rol s conve ors ready or the
next vacuiradaard A3 dif SKARPast Wpdiha isreond hegedigy idhiangd tifese and ot her

ObJeCt'Vesdﬂbéd“into alignment therewith, that is, squared up with.
é respect thereto. As noted hereinbefore, the board 132

2 already has been centered on the conveyors 14 and 16,

£ having been centered by preceding equipment or by

{? adjustable guides 130 associated with the -conveyors 14
£ and 16. The conveyor 16 is stopped, as by actuation of
electromagnetic clutch 62 as soon as the board 132 is
sensed at the exit end 25a thereof by the photocell 40.

As controlled by a programmable logic controller
(PLC) indicated schematically by the reference numeral
134 in Fig. 2, the second barrier 30 is actuated
downwardly, by actuation of air cylinder 34 in step 3 of
the sequence, as shown in Fig. 21, to release the board
132. Immediately thereafter the input conveyor 16 and
the belt conveyor 20 are both started by appropriate.
energization of the direct current motor 52 for
operation at a speed of 9 mts/min to load the board 132
onto the belt 50 on the belt conveyor 20 and thereby
into vacuum chamber 112 of the vacuum laminator 221

In step 4 of.the sequence, as seen in Fig. 22, a
cam 86 and cooperating sensor 88 provide a sighal to
stpp the belt conveyor 20 and the input conveyor 16 when
the board 132 is in the vacuum chamber 112 at a position
directly vertically above the well 114 in the lower
platen 108. The second barrier 30 is moved up by
actuation of air cylinder 34 and the input roll 42 of
the belt conveyor 20 is shifted by the actuation of the
two-position air cylinder 82 in the direction of the
vacuum chamber 112 in order to release the tension of
the belt 50. The input conveyors 14 and 16 start to run
at a speed of 3 mts/min. Being disengaged from the
chain drive gearing 56 by the electromagnetic clutch 72,
the belt conveyor 20 remains stationary.
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i nvention there is provided an apparatus for applying a conform ng nmask of
dry fil'mto a printed circuit board that operates automatically and

i ncludes a conveyor belt for carrying printed circuit boards into and out
of the vacuum chanber of a vacuum | am nator. The conveyor belt nay be nmade
of very thin (0.2 mm) silicon rubber-22wpregnated fiberglass cloth. This is
to assure that the vacuum chanber of the vacuum | ani nator may be conpletely
seal ed when a vacuumis drawn. The autonmatic conveyorized vacuum appl i cator
may be operat ed A st rid Fie. n2¥enimtstdp theof oftweyseqieide j ntlze way t o

DAV SO R MG S8 PR D RN 48 H SRy charoer
st aged |n vertically upward by a pneumatic ram 136. The platen 108
¢ passes upward through the aperture 84 in the belt 50,
which aperture 84 is then in vertical alignment with the
lower platen 108. Vacuum pump 120 is actuated for a
predetermined time in a first stage of the vacuum
process, after which, for a short period, a slap down
action, as described in connection with Fig. 17, is
applied. During the vacuum phase the board 132 is

heated by the heaters 124 and 126 of the upper and lower
platens 106 and 108, respectively. Meanwhile, a new
prelaminated board 132a to be vacuum laminated has

i  arrived on the input'con#eyor 14, and with the first

!  barrier 28 then in the down position, is moved to and

is stopped at the second barrier 30 which, as éhown in
Fig. 23, is in the up position.

‘étep 6 of the sequence is shown in Fig. 24. This
is after the vacuum process has been completed. The
vacuum in the vacuum chamber 112 is released by
actuating a valve to allow the introduction of
atmospheric air into the vacuum chamber 112. The lower |
platen 108 is then lowered by the hydraulic cylinder 136"
down through the aperturé 84 in the belt 50 of the belt
conveyor 20. The new board 132a is aligned or ‘squared

up on the second barrier 30 and the input conveyor 16 is
stopped.. -

In Fig. 25, which shows step 7 of the sequence, the .
input belt roll 42 is moved back toward the exit end 25a
of input conveyor 16 by the two-position air cylinder 34
to restore the tension of the belt 50 of the belt
conveyor 20. The new board 132a is waiting in aligned

position at the second barrier 30 on the input conveyor
16. '
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position on first and second input rolls conveyors for the next vacuum

| am nation cycle. Upon conpletion of the vacuum | am nation cycle, the
printed circuit boards are autonmatically conveyed out of the vacuum chanber
and -10- the staged new printed circuit boards to be vacuum | am.nat ed
are conveyed into the vacuum chanbera3z.Upper and | ower platens conprising
the vacuum | am nator are heated with the tenperature thereof being

moni tored by suitable tenperature neasuring neans that nmeasure the

t enper at ure ofad hehgwrocixs SBily bo26 dswinsch heyows step 8 of the

. sequence, the actuation of the electromagnetic clutches
60, 62 and 72 is such that the belt conveyor 20 only

i starts. The energization of the motor 52 as controlled
; by the PLC 134 is then such that the belt conveyor 20

¥ gtarts at a speed of 9 mts/min to effect a rapid

? unloading of the vacuum laminated or processed board
132.

In step 9 of the sequence, shown in Fig. 27, as
soon as the processed board 132 is completely off the’
belt 50, as sensed by the photocell 102, the speed of
the belt conveybr 20 is increased to 30 mts/min in order
to move the belt Sq guickly. to .the set point and to load
a new board 132a that has been waiting at the entrance
end 24 of input conveyor 14. A few centimeters before
the set point is reached the speed of the belt conveyor
20 is slowéd down to 3 mts/min and then the belt L
conveyor 20 is stopped precisely at the set point. " The
cycle restaris from step 2 illustrated in Fig. 20.

In Figs. 28=36 there are shown diagrammatic .
perspective views that are similar to'those of Figs.
19-27 and which illustrate a second embodiment of the
conveyorized vacuum laminator, according to the
invention, that is operative sequentially to feed
prelaminated printed circuit boards two at a time
through the vacuum laminator.

The second embodiment of the conveyorized vacuum
laminator, desxgnated 12', consists essentially of the
same parts as the conveyorized vacuum laminator 12 of
the first embodiment illustrated in Figs. 1-27 and
dif?ers primarily therefrom in the manner of the
sequential dperation.of the parts and a reqniremehé'only
for the vacuum chamber region 112 to be large enough to
accommodate two boards 132 at the same time. ———
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exit the vacuum chanber. \Wen the heated platens close and seal, vacuumis
drawn t'o reduce the air pressure within the chanber thereby to draw air
ffom between the | oosely applied dry filmand the surface or surfaces of
the printed circuit board. At the end of2 he vacuum cycl e, atnospheric air
is allowed to enter the vacuum | anmi nat or “4nd mechani cal sl ap down pressure
is applied by a novable air inpervious resilient silicone blanket that is

provided in aSSOC'ﬁiégnvachgﬁﬁgﬁoUEHSrthﬁ&?Hn QYEPS XECHHE‘GQEGHﬁr The

autonatlc‘conveyor pg I cator has partrcular util
conveyi ng Egr. pamdnatetuil® ' boAPdStERdLappSyshgwhedn, Fweuaﬁvaﬁdf#é@ﬁam cal
t

pressure iy prelaminated circuit board 132 having dry film loosely
applied to the surfaces thereof is shown arriving from
the prelaminator on’ the input conveyor 14 running at a
speed of 3 mts/min. The second barrier 30 is up. The
first barrier 28 is down.

In Step 2 of the function cycle, as shown in Figq.
29, the first board 132 stops at the second barrier 30
and is aligned. The first barrier 28 goes up. A second
board 132a §tops_on the first barrier 28 and also is
aligned.- The input conveyor 14 stops as soon as the
first photocell 38 senses the arrival at the first
barrier 28 of the second board l32a. | .

As shown in Fig. 30, in step 3 of the sequence both
of the barriers 28 and 30 go down and both the input
conveyors 14 and 16 and the cbnveyor belt 20 start at a
speed of 9 mts/min to load the two boards 132 and 132a
into the vacuum chamber 112 of the-iaminator 22.

In step 4 of the sequence, as shown in Fig. 31,
when the boards 132 and 132a' are in the vacuum chamber
112, a signal from a cam 86 and sensor 88 causes the
input conveyors 14 and 16 and the belt conveyor 20 to
stop. The second barrier 30 goes up while the first
barrier 28 remains down. The conveyor input belt
roll 42 is moved in the direction of the vacuum chamber
112 in order to release the tension of belt 50. The
input conveyors 14 and 16 start at a speed of 3 mts/min.

In step 5, as shown in Fig. 32, the lower vacuum
platen 108 is actuated -upwardly by the pneumatic
cylinder 136 and passes up through the aperture 84 in

-

the belt 50 to engage the upper platen 106. The vacuum
pump 120 is actuated to evacuate the vacuum chamber 112

i

{
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printed circuit boards that have been prelami nated w th sol der mask dry
filmfabricated in accordance with the processes described in the above
identified U S. patents and application and as disclosed in the

af orenentioned U S. Patent No. 4, 946,524. The conveyorized dry f|In1soIder
mask applicator of the invention |s-&ﬁ-|nportant conponent in the total
arrangenment of an automatic continuous flow of- material in in-line

processi ng of ol der apd other fil re U|r|ng vacuum

| ami nat i oflo%iuﬁll?%e‘fﬁ %‘l‘?\‘g ‘bg%nb’én?l HpFoStae gs AE"HBans to automate
t he vacgug}éﬁggspaiabntmeoemésoﬁswhﬁchnptmoessyatehap down action

b is applied, as descrlbed hereinbefore. - During the

E vacuum phase, the two boards 132 and 132a are heated by

}.thé platens 106 and 108. Two new prelaminated printed

-? circuit boards 132b and 132c to be vacuum laminated are

] shown arriving on the input conveyors 14 and 16 and stop

at the barriers 28 and 30, respectively.

As shown in Fig. 33, after the vacuum process step
5, the vacuum is released from the vacuum chamber 112 in
step .6 following which the lower platen 108 is lowered
down thrbugh'the aperture 84 in belt 50. The two newly
arrived boards 132b and 132c are allgned on the barriers
28 and 30, respectlvely, and the input conveyors 14 and
16 stop.

In steb 7, as shown in Fig. 34, the input belt roll
42 is moved by the two-position air cylinders 82 back
away from the vacuum chamber 112 to restore the tension
of the belt 50. The new boards 132b and 132c are
waiting on the inﬁut conveyors 16 and 14, respectively.

In step 8, as shown in Pig. 35, the belt 50 only
starts to move at a speed of 9 mts/min to unlocad the two

processed boards 132 and 132a from the vacuum laminator
22.

In step 9, as shown in Fig. 36, as soon as the two
boards 132 and 132a are completely off the belt 50, the
speed of the belt 50 of the conveyor belt 20 is
increased to 30 mts/min in order quickly to move the
belt 50 to the set-point for loéding the new boards 132b
and 132c on the belt 50, on the upper run thereof. .A
few centimeters before the set-point is reached the belt
50 is slowed down to 3 mts/min and then is stopped
Precisely at set-point. The cycle restarts from step 2.
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The various features of novelty which characterize the - invention are
pointed out wth particularity in the clainms annexed to and form ng a part
of the specification. For a better understanding of the invention, its
operating advantages and specific objects attained by its use, reference is
made to the acconpanyi ng draw ngs and-zescriptive matter in which preferred
enbodi nents of the invention are illustrated. Wth this description of 'the
i nvention, a detailed description follows with reference being nmade to the
acconpa EI ng fi grtiessers inqwswiteheshcéopripimg oimt @ 3p@cEénsaxion in

.

33

which Iife parts arg, desk 90ah£gr bYet NensalEn " 64 e1RACSAEBP L G0 Aty of whi ch:
each be of the type known in the art as proximity '
switches, a non-contacting switch. More specifically,

‘the cam may comprise a metallic object with the sensor,

in each case, comprising an electronic device which is-

fixed in position and is responsive to the movement

nearby of the metallic cam and is operative to generate

an electrical signal in response to movement and hence

sensing of the metallic object.

The programmable logic controller 134 utilized to
control the sequential operation of the conveyorized
vacuum applicator 12 for vacuum laminating one’
prelaminated board at a time or two prelaminated boards
at a tzme may be a microprocessor controller of a type
avallable commerclally from Landis & Gyr. " The
controller 134 responds to the various signals prodqced
by the photocells 38, 40 and. 102 and by'the proximity
switch sensors 88, 96 and 100 to initiate, in concert
with preprogrammed control daté“;he several ensuing
control functions including timing of the vacuum.procéss
"laminating stages. These control functions include the
actuation in the proper sequence of the air cylinders
32, 34 and 82, the pneumatic ram 136, and the
electromagnetic clutches 60, 62 and 72, and the selector
switch 79 for the motor speed control potentiometers 74,
76 and 78. For convenience of illustration, in Pig. 2
the control paths between'the PLC 134 and the several
control devices just mentioned have been shown in dotted
lines. It will be understocd that, although not shown,
the dotted lines include, where necessary and
appropriate, as well known to those skilled in the art,
conversion devices such as electrically operated
Pneumatic valves to control the various air cylinders
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Fig. 1 is a side view of a cabinet structure in which the conveyorized
vatuum ‘appl i cator of the present invention is housed; Fig. 2 is a

di agrammati c perspective view on a scale larger than that of Fig. 1
illustrating the conveyor system of the conveyorized vacuum applicator for
sequentially feeding prelam nated printed circuit boards or substrates

t hrough the vacuum|lamnator; Figs. 3-13 and 18 are fragnented detail views

which illustrate various features of tiegapplicator of Figs. 1 and Figs.
14-17 are:cross sectional views of a vacuum | am nator that advantageously
nay be used wi th the conveyorized vacuum applicator and which illustrate a

§ and the pneumatic ram, and electrical relay means to

control the motor speed control selector switch 79.

The electrical circuit conﬁéctions to the several
input terminals (not shown) of the PLC 134 from the
photocells 38, 40 and 102 and from the sensors 88, 96
and 100 have not been shown in order to avoid
complication of the drawing since such circuitry is well
known and understood by those skilled in the art.
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platen “oper-ation sequence thereof; Figs. 19-27 are diagrammatic perspectil?
vi.e a snaller ‘Scal e than shomn in Fig. 2 that illustrate the -12-
fungqégg e conveyori zed vacuum applicator when enployed to feed
prin géﬂds or substrates one at a tinme through the vacuum
Ian1nator afid Fi 28-36 are diagranmmatic perspective views that are
simlar to t hose of Figs. 19-27, which=-i RBBustrate the function cycle of the
conveyortzed vacuum appl i cat or

CLAIMS:

1. A method of vacuum laminating a prelaminateqd
_board (132) comprising the step of:

(2a) placing the board on the entrance end of a
moving belt conveyor (20) for movement into a vacuum
laminator (22) having an upper platen (92, 106) and a lower
pléten (90, 108), which belt conveyor has an endless belt
(50) under tension that has an aperture (84) therein and is
characterised in having an initial or set-point position
such that as the board is moved on the endless belt into
the region of a vacuum chamber (18) of the vacuum laminator
the aperture’ is moved into alignment with and between the
board and the lower platen;

(b) sensing by proximity switch means (86, 88)

 having a member (86) movable with the endless belt the
bqsitioning of the board in the vacuum chamber of the
vacuum laminator and stopping the movement of the belt.
conveyor; | _

{(c) relieving the tension on the endless belt;

(d) lifting the lower platen (90) up through the
aperture (84) in the endless belt into sealing engagement
with the upper platen (92) and thereby capturing within
the vacuum chamber of the vacuum laminator the board and
the portion at least of the endless belt upon which the
board is positioned; and

(e) evacuating the vacuum chamber of the vacuum
- laminator.

2. A method as claimed in clalm 1 further
including the step of:

(£) heating the upper platen (92) and the lower
Platen (90) of the vacuum laminator to a temperature at

~Which the laminate on the board has a high flow
characteristic. '
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when enployed sequentlally to feed printed circuit boards or substrates two

at a vi Lmu cuum applicator. The conveyori zed vacuum appl i cator
accordi invention has particular utility in the vacuum

| ami nat i &n bf 'priftéd Circuit boards and substrates of varying thicknesses
and sizes, typically in a range frombetween 0.030 and 0.125 inches (0.08

and O. 32 cm) and in a range from betwe@9 120 x 15 and 24 x 28 inches (25 x
150 andi60.96 x 71.12 cm), which boards or substrates have-been
prelan1§ated with a | oose sheet of dry filmsol der mask, as hereinbefore
descri bgd. The sped.fi & metdiodmsoficlaimedoinegdaimed vheurspmapbel cator is

to autof-tlcalg¥ BPRLYN?(£68Y BRLRE PAohER 1atVHANER AH2) includes a
; diaphragm (110) that is substantially impervious to air
and forms the ceiling of the vacuum chamber (112), and

jncluding the further steps of:
(g) evacuating the space between the diaphragm and

the upper platen;
' {h) at the end of a first stage of the vacuum

process allowing atmospheric air to enter the space between
the diaphragm and the upper platen thereby to cause the
diaphragm to slap down and apply mechanical pressure on the
board to force the laminate to conform closely to the
surface contours of the board' .

(1) when the vacuum lamlnatlon process is complete
allowing atmospheric air to enter the vacuum chamber;

(j) lowering the lower platen (108) down through
-the aperture in the belt; .

(k) restoring the tension in the belt (50); and

(1) moving the endless belt to move the board out

of the vacuunm lamlnator.

. 4.’ A method as claimed in claim 3 further
including the step of:
(m) continuing the movement of the endless belt
(50) to the set-point position thereof recited in step (a).

5. A method as claimed in claim 4 wherein in step
{m) the movement of the belt (50) to the set—peint position
thereof is at a speed substantially higher than that at
which the belt is moved when moving the board into and out
of the region of the vacuum chamber (112) of the leminator;

6. A method as claimed in clalm 4 comprising the

further steps of:
(n) placing on the entrance end (25) of the
conveyor belt another prelaminated circuit board; and
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nechanlcal pressure tg’ conpletely renove all of the air- between the dry
filmand he board or substrate to assure positive

conforrra m;m "'E '!!'ﬂi’l m around etched circuit traces. Referring to
Figs. 1 and 2 there’l own a support structure or frame 10 on which is
mount ed the conveyorized vacuum appli cator, desi gnated 12, according to the
|nvent|0@ The conveyori zed vacuun1appkléﬁtor 12 is conprlsed of two parts.

~(One part,conprlses first and-second input conveyors 14 and 16,

respecti ely The - 13-
(o) repeating steps (a) to (m).

7. A method as claimed in claim 6 wherein in step
(a) the rate of movement of the conveyor belt (50) in
conveying the board to the region of the vacuum chamber
(112) and in conveying the processed board out of the
vacuum chamber is at a first speed, and the rate of speed
in étep (m) of hoving the belt to the set-point position
recited in step (a) is at a second and substantially higher
speed than the first speed.

8. A method as claimed in claim 7 wherein the
first speed is 9 m/min and the second speed is 30 m/min.

9. A method as claimed in any preceding claim
further including, before step (a), the steps of:
. (p) conveylng on input conveying means (14, 16) a
prelamlnated board from preceding equipment to the belt
conveyor; )
3 (g) providing barrier means (30) at the exit end
3 (25a) of the input conveying means to stop the movement of
~ the board and to align the board; ' .

(r) sensing the presence of the board at the exit
end of the 1nput conveylng means and stopplng the movement
of the input conveying means;

(s) adjusting the barrier at the exit end of the
input conveying means to a non-stopplng oxr non-blocking
posxtlon‘ and

(t) starting the input conveying means and the belt
conveyor (50) to load the board into the vacuum chamber
(112) of the vacuum laminator. |

10." A method as claimed in claim 9 wherein the
rate of movement of the input conveying means in step (p)
is about 3 m/min, the rate of movement of the input
°°“VeYlng means and the belt conveyor in loading the board
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other part- conprrses a-vacuum section 18 which includes a 3/4 belt conveyor
and Ianlnator 22. As shown in Fig. 2, the input conveyors 14
and 16 ﬂﬁﬂﬂ onveyor 20 extend in end-to-end relation, in that
order, nd 24 of input conveyor 14, fromthe entrance end
25 of the |nput conveyor 16 to the exit end 25a thereof and from an
entrance: end 26 of the belt conveyor 293io-and exit end 26a thereof. Each
of the first and second input conveyors 14 and 16 conprise a plurality of
chain cdupled rolls 15 and 17, respectively, which rolls 15 and 17 extend
for as _stc&nio aihelientaprea anss ©F theibelh eonvRFOxp Jisi edomt B2
Posi tiorged fars verddd alhd i s hywahd g khBUbelt conveyor in
f step (m) in continuing the movement of the endless belt to

the set-point position is about 30 m/min.

11. A method as claimed in any one of claims 4 to
g8 further including, before step (a), the steps of:
- (u) conveying on first and second input conveying
: means (14, 16) first and second prelaminated boards from
} | preceding eéuipment to the belt conveyor; '

(v) providing first and second barrier means with
the first barrier means (28) at the exit end of the first
input conveyor (14) and the second barrier means (30) at

- the end of the second input conveyor (16), the first
barrier means being in a non-blocking position and the
second barrier means being in a blocking position whereby
the first board is“stopped by the second barrier at the
exit end of the second input conveyor and is aligned;

(w) adjusting the position of the first barrier
means (28) at the exit end of the first 'input conveyor to
the blockiné position whereby the second board is stopped
by the first barrier at the exit end of the first conveyor
and is aligned;

(x) sensing the presence of the second bocard at the
exit end of the first conveyor and stopplng the first and
second input conveyors; :

(y) adjusting both of the first and second;barriérs
to the non-blocking position; and

(z) starting both of the first and second conveyors
and the belt conveyor to load the first and second boards
in succession into the vacuum chamber of the vacuum
laminator; and

wherein in step (b) the positioning of both the
first and second boards is sensed to stop the movement of

the belt conveyor (20) and the flrst and second input
°°nVeY°rs (14 16),
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conveyors-14 and 16, as shown in Figs. 1 and 2, is a-first adjustable
barrier 28 bt |y positioned for vertical novenent between the exit end
of mm%\“\m conveyor 16 and the entrance end 25 of the 3/4 belt
c N“nﬁé w Ssa second adjustable barrier 30. Each of the first and second
barfi efs 28 and 30 extend across the width of the applicator 12 and is
~nmovabl e upwardly by an individually-aggosi ated air cylinder 32 and 34,
respectively, as shown in Figs. 2 and 3. Such noverent is froma "down" or
non- bl ocking position to an "up" position to block the transport to the,
next spicceedi ng WHA¥E}Hr in6SEEL2(C)r Ebpetensdpy, obf the pppdless cPedtit board
bei ng rg@&pfﬂ@%&ué&@d;nﬂ% SEENRY WarrlidraNd 0h6 ifsr ejpisterdivey equi pnent
e

|nd|c-§ the blocking position and the first and second input

conveyors are started; _

wherein in step (d) two new prelaminated boards
arrive on the first and second input conveyors from
preceding equipment and are stopped at the first and second
barriefs, respectively; ' ‘

wherein in step (j) the two new boards are aligned
on the first and second barriers, respectively, and the -
first and second input conveyors are stopped; and -

wherein in step (1) as soon as the two processed
‘boards are out of. the vacuum laminator and'off the endless
belt the rate of movement of the endless belt is increased
rapidly to move the endless belt to the set-point position.

12. Apparatus for vacuum laminating a prelamiﬁated'
board comprising, '

a vacuum laminator (22) hav&ng a relatively
stationary- upper platen (92, 106) and a lower platen (90!_
108) that is adapted to be moved up into sealing engagement
with said upper platen to form a vacuum chamber {112);

a belt conveyor (20) having an entrance end (26)
and an exit end (26a) and positioned in operative
felationéhip with said vacuum laminator such that, when
moved from a set-point position thereof with a prelaminated
board placed on the entrance end thereof, the board is
moved into the vacuum chamber region between the upper and
lower platens, said belt conveyor including a belt (50)
under -tension upon which the board is placed at the
entrance end of the belt convéyor'and having an aperture
(84) therein so positioned with respect to the entrance end
of the belt conveyor that as the board is moved into the
region of the vacuum chamber between the upper and lower

Platens the aperture is moved into alignment between the -
board and the lower platen; ' i

Pt et 2
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at -36. As seen in Fids 2 and 4, photocells 38 and 40 are provided for

senS|n a prlnted circuit board to the exit ends of the

|nput !HFﬁHﬂWﬁ"HEﬂE&ﬂ"l respectively, and for initiating the actuation
4- ¢ ndi vi dual Iy aSSOCIated air cyllnders 32 and 34 for effecting

the novenent of respectively a5500|ate arriers 28 and 30 between the

prlnted circuit board non-bl ocking and ocki ng p03|t|ons thereof. The 3/4
bel t c-nveyor 20 includes a pair of rolls,

motive means (52) operative to cause said belt to
move with a board placed on the entrance end of the belt
conveyor thereby to position said board in the region of

the vacuum chamber of said vacuum laminator;

first sensing means (86, 88) providing a signal
responsive to the movement of said belt required to
position the board in the region of the vacuum chamber for
stopping said motive means from causing further such
movenent;

tension adjusting means (82) operative to relieve
the tension of said belt;

lifting means (136) operative to lift the lower"
platen up through the aperture in the belt into sealing
engagement with the upper platen thereby to capture the
board and the portion, at least,'of the belt upon which the
board is positioned within the vacuum chamber;

vacuum pump means (120) to evacuate the vacuum
chamber; and

control means (134) responsive to the signal
provided by said first sensing means to control said motive
means, said tension adjusting means, said lifting means,
and said vacuum pump means.

13. Apparatus as claimed in claim 12 further
including heating means (124, 126) for heating the upper
platen (92, 106) and the lower platen (90, 108) of the
vacuum laminator to a temperature at which the. 1am1nate on
the board has a high flow characteristic.

l4. Apparatus és claimed in claim 12 or claim 13
wherein the upper platen (106) of the vacuum chamber (112)
includes a diaphragm (110) that is substantially impervious
to air and forms the ceiling of the vacuum chamber, and -
further including:

a first communicating passage between said vacuum-
pump and the space between said dlaphragm and the upper
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specifically an input roll 42 and an output roll 44, both of which rolls
ext end n ﬂum of the applicator 12. Wund around the rolls 42 and
44 are”“mg] ﬁlﬂ ﬂum endl ess chains 46 and 48 with the spaci ng being
such that one cHaif 46 is on one side of applicator 12 and the other chain
48 is on:ithe other side thereof. Chain 46 neshes with a gear 47 provided on

the end gf input roll 42 and a gear 49 pYovided on the end of the out put
roll 44, *as shown in Fig. 2. Simlarly, chain 48 nmeshes with gears providéd

3
o e e St rt I B i P B e Bt F
roll 44 osgéadm;ed bet ween the chains 46 and 48 and
? a second communlcatlng passage (128) between the
; space between said dlaphragm and the upper platen and
atmospheric air controlled by said control means at the end
of a first stage of the vacuum lamination process to allow
air at atmospheric pressure to enter such space to cause
the‘diaphragm to slap down and apply mechanical pressure
on the board to force the laminate to conform closely to
the surface contours of the board;

_ a third communicating passage: between said vacuum °
chamber and atmospheric air controlled by said control
means when the vacuum lamination process is complete
allowing air at atmospheric pressure.to enter the vacuum .
chamber; '

said control means (134) then being operative to
actuate said'lifting means (136) to lower said lower platen
(108) down through the aperture (84) in the belt, to
actuate said tension adjusting means (82) to restore the
tension of the belt, and.;o actuate said motive means’ (52)

to move the processed board out of the region of the vacuum
chamber. '

15. Apparatus as claimed in any one of claims 12
to 14 further including second sensing means (104)
pProviding a signal responsive to the board moving off the
belt conveyor at the exit end (26) thereof for causing said
motive means to continue the movement of the belt to the
set-ppiat position of the helt con%eyor;

third sensing means (98, 100) providing a signal
responsive to the approach of the belt to the eet-point
pPosition of the belt conveyor to cauae,said motive means to

8low down the movement of the belt to the set-point
Position; and

fourth sensing means (94, 96) providing a signal
Tesponsive to the movement of the belt to the set-point



. _ b A ced
€ly attached thereto at eac | '”m b

Illustrated in Figs. 6 and 7, i s e ; _
quarters ofrfhe di stance around t he Ioop forned by t nd 48.

< The gripperi’51 at each end of the belt 50 includes a bar 5Ia that IS
securely atf{ached at one end to the chain 46 and.-at-the_other _end to the
chain 48. Garried by bar 5la and securely attached thereto by sui tabl e
bol ts or r|¥wets are bar nenmbers 51b and 5l c of sh jﬂﬂmm,mmum, en whi ch
the end of Helt 50 is captured and retained. Thu “ﬁ Fig. 2,
the belt 50thas an aperture or opening 84 3%erein for ‘thé ¥l IS witdth
t her eof , t‘? | ength of which aperture 84 is about a quarter of the distance

around t he 3 goop of the belt 50
£ position of the belt conveyor to cause said motive means to

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

¥ position.

16. Apparatus as claimed in any one of claims 12
to 15 wherein the rate of movement of the belt conveyor
(20) by the motive means in moving the board into and out
of the region of thé vacuum chamber (112) of the vacuum
laminator (22) is at a first speed and the rate of movement
of the belt (50) by the motive means when continuing to
move the belt to the set-point position of the belt
conveyor is at a second speed that is higher than the first
speed. '

17. Abparatus as claimed in claim 16 wherein the
first speed is about 9 m/min and the second speed is about
30 m/min.

18. Apparatus as claimed in any one of claims 12 to
17 further including: - ’
a first input conveyor (14);
a second input conveyor (16); _
_ each of said first and second input conveyors being
arranged to be driven under the control of said control
means (134) by said motive means (52) through respectively

associated first and second electromagnetic clutch means
(60, 62); '

said first and second input conveyors each hav;ng
an entrance end (24, 25) and an exit end and being
operative to convey prelam;nated boards (132) from

E"t preceding equipment to the entrance end (26) of said belt
. conveyor (20); - |

2 first barrier means (28) at the exit end of said
- £4xrst input conveyor (14);

second barrier meang (30) at the exit end (25a) of

ja;d second input conveyor {16);



around t he |ﬁﬁﬁf rolT742—and the output roll 44. The belt 50 may "be nade

of very th| ei nforced rubber. A total thickness of the belt in
the range .o " ' 'E |nches (0.013 to. 0.025 cm) is desirable to
ensure that ete seal when drawi ng a vacuumin the vacuum

| am nat or g22. ThIS s for the reason that ghe upper run 50a of the belt 50
i s capturéd between the upper and | ower™ ? tens of the vacuum | am nator 22
during t hg vacuum | ami nati on process. thlve power for driving the chain

coupl ed r%ﬂls of each of said barrier means having a board blocking
: position-and a board hon-blocking position with said first
parrier being initially in the board non-blocking position
and the second barrier being initially in the board

blocking position; _
a first air cylinder (32) to adjust the position of

said first barrier means between the board blocking and
non—blocklng positions;

a second air cylinder (34) to adjust the pos;tlon
of said second barrier means between the board blocking and
non-blocking positions;

a first photocell (38) for sensing a board at the
exit end of said first conveyor means; and '

a second photocell (40) for sensing a board at the
exit end (25a) of the second conveyor means (16), said
second photocell producing a signal in response to the
presence of a board at the exit end of the second input
conveyor means to cause the control means to stop the .-

" movement of said first and second input conveyors and to

~ adjust said second bartrier means to a non-blocking position,
following which'said control means causes the motive means
to start both the input conveyors and the belt convejors to
load the board onto the entrance end (26) of the belt '
conveyor.

19. Apparatus as claimed in any one of claims 12
to 17 further including:

a first input conveyor (14);

a second input conveyor (16);

each of said first and second input conveyors and
said belt conveyor being arranged to be driven under the
control of said control means (134) by said motive means
(52) through respectively associated first, second and
third electromagnetic clutch means (62, 60, 72);

said first and second input conveyors each having -
8N entrance end (24, 25) and an exit end and being
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t he i nput conveyors -14.and_16 and the 3/4 bel t conveyor 20 is prOV|ded by
an eleqtrl tor 52. Mbtor 52 mmy conprise a direct current el ectrical
nmot or and m Wﬂfm separate drive gears 54 and 56 for driving the
i nput gonve f&”ﬁﬂd the belt conveyor 20, respectively. As shown
I n Flg; 2, notor 52 i sScoupl ed by gear 54. and chain drive gearing 58 to

i nput gonveyors 14 and 16. Sel ective or conjoint drive of the input
conveyprs |4 and 16 is provided by ekedIremagnetic clutches 60 and 62. As
best sfen in Fig. 8, energization and deenergization of clutch 60 controls

the rofati on of the chain coupled rolls of the input conveyor 14.
Si ni | af| y,ommm@tdiveanttio rr A eredagingtiesh borrdsui 3242 from

§ preceding equipment to the entrance end (26) of said belt
conveyor (20);

first barrier means (28) at the exit end of said
first input conveyor;

second barrier means (30) at the exit end (25a) of
said second input conveyor; ‘

each of said barrier means having a board blocking
position and a board non-blocking position with said first
barrier being initially in the non-blocking position and
said second barrier initially in the blocking position;

a first air cylinder (32) controlledsby said
control means to.adjust the position of said first barrier
means (28) from the board non-blocking position to the
blocking position; ' :

a second air cylinder (34) controlled by said
control means to adjust the posifion of said second barrier
means (30) from the board blocking to the non-blocking .
position;

a first photocell (38) for senSLng a board at the
exit end of the first input conveyor means (14);

a second photocell (40) for sensing a first board
at the exit end (25a) of the second input conveyor means
(16) and producing a signal in response to the p:esence'of'
a board to effect the actuation by said control means of
said first air cylinder to adjust said first barrier to the
blocking position;

said first photocell producing a signal in response
to a second board at the exit end of the first input
'conveyor to effect the actuation by said control means of
said first and second electromagnetic clutch means (62, 60)
to stop the first and second input conveyors followed by
the actuation by said control means of said first and said
8econd air cylinder to effect the adjustment of said first
and second barrier means to the non-blocking positions and
the actuatlon of said first, second and third
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controls thefrotation of the chmM
Motor 52 is g ouﬂ‘ﬂmmu)m nd chain drive gearing 66 and 68 10

drive shaft 0 o# Eﬂufﬁuﬂl 44 of the 3/4 belt conveyor 20. An

el ectromagngtic clufch- 72 pési tioned between chain drive gearing 68 and 70
provi des foff the selective control of the operation of the 3/4 belt

conveyor. || accordance with the invention, the notor 52 is a variable

speed notor § being sel ectively energizable.f&gnL - 16-

conveyor. the entrance eng of the belt
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a source of direct current (not shown) through notor speed control
.potentignmeters 74, 76.and 78 and a selector switch 79, as shown in Fig. 2,
to drivg the input conveyors 14 and 16 at a speed of about three (3).
meters/Minute (nts/mn), to drive the input conveyors 14 and 16 and the 3/4
belt conveyor 20 at a speed of about nine § ) ms/mn, and to drive the 3/4
belt conveyor 20 only at a speed of 30 nis7fih, as further described
her ei naffter.. The arrangenent is such that the input conveyors 14 and 16
can be ivenégggggggﬁently of each other and of the 3/4 belt conveyor 20.
Simlarlly, th t conveyor can be driven independently of each the
| nput  cohveyors 14 and 16. At no tinme, however, when driven at the sane

time, ceh the speedpnghybRE2ED VACUUM APPLICATOR AND METHOD THEREFOR

A method and apparatus for automatically
laminating, under heat, vacuum and mechanical pressure, a
printed circuit board (132) or the like. The apparatus
includes a two-part conveyorized vacuum applicator
comprising two input conveyors (14, 16) in end-to-end
relation and a belt conveyor (20) and vacuum laminator
(22). The belt conveyor is characterised in its use of an

endless belt (50) having an aperture (84) therein through
_which, in the vacuum laminating condition of the
épplicator, a movable lower platen (90) is movable upwards
ihto sealing contact with an upper platen (92), with the
printed circuit board to be laminated and a portion of the
upper run (50a) of the endless belt contalned within the
vacuum chamber of the laminator.
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14, 16 and 20 be different. For the purpose of enabling the

'the 3/4 belt 50 of the 3/4 belt conveyor 20 to be relieved at a
nt in the vacuum process, as shown in Figs. 2 and 5, a bearing
the shaft of the input roll 42 of the 3/4 belt conveyor 20 is
rotation is arranged to be shifted a short distance toward and

CONVEYORS

away from .he vacuum | am nator 22 by a t\zp-/pgsfztion air cylinder 82. For
sensing whgn a prelamnated printed circuit board has been noved by the
belt convefor 20 to a proper position relative to the vacuum | am nator 22
for the vaguum | am nation process to proceed, there is provided, as best
seen in Fips. 2, 9 and 10, a cam 8Gqand,a s@mso\a\
' 22
24 15 \ 25 \'726\ i
S\
;n.,/,,..,/;, .,':’ e—3] {04
10 30 | 108 —
2 iflss
. i1
'3 ---~S I-.J -
o1 120 ;

Fig. 4

T
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88 it hat .i deﬁBEEH“fﬁ“Cooperabhve relation therewith. Cam 86 is nounted on +
and noves Wt%iStmep’mlBﬁﬁRgH%%@ 46 around the | oop of the belt conveyor

20. Sensjor 88 sui tabl e manner on the frame 10 of the
applicator 12. WHm& Htl"lhe printed circuit- board is-in the proper
position frel ati um | am nator 22 for the vacuum | am nation.
process tjo proceed, the aperture 84 in the belt 50. of the belt conveyor .20
is positijoned inmediately, that is, verticaply,zy %9I ow t he vacuum




vacuum | am n
cooperative
for effectin
on the surfg
t he vacuum |
20 such tha
fromthe in
the | am nat i
the belt 50

| ami nat or, aF best seen in Fig.. 2 ~This NGy

tor to be lifted up through the aperture 84 in be 30
relation with the upper platen 92 of the vacuum | am nator 22
g the vacuum |l am nation.of a printed circuit board then resting
ce of the upper run 50a of the belt 50 within the confines of
am nator 22. There is an initial position of the belt conveyor
upon the transfer of a printed-circuit board to the belt 50
ut conveyor 16, the printed ci?cyﬁi_board will be noved within
ng regi on of the vacuum | am nato Zwhile the aperture 84 of
I's noved to a position
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vertica
of belt
conveyo
there i
sensor

i1 lustr
anticip

kly below the | am nator 22. For conveni ence, that initial position

50 is herein referred to as the "set-point" position of the belt
20. For sensing the set-point position of the belt conveyor 20,

5 provided a cam 94 that is nounted on the endl ess chain 48 and a

D6 that may be nmounted on the frame 10 of the applicator 12, as

ated in Figs. 2, 11 and 12. In order to provide a signal

at ory of the approach of the ™ t/ébﬁyeyor 20 to the set-point

positiqn thereby to enable relatively fast operation in the return of the

belt c
and a 3

nveyor 20 to the set-point position, there isigl so provided a cam 98
ensor 100 for slow ng down the speed of . belt conveyor 20

Th

96
100 98 I 48
; L 1 4
44
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to the set-point position,
For de

PO o v s o ha ity 1 TP A IO M
11 and 12.

as illustrated in Figs. 2,

f ecting the presence of a processed printed circuit board or

there is provided an
as shown on Figs.
104 is provided for sensing the tenperature of

“substrate at the exit end 26 of the belt conveyor 20,
out put! photocell 102, as shown in Figs. 2 and 13. Al so,
-and 13} an infrared sensor
the prbcessed printed circuit board or substrate as it

I s conveyed out of

the | afm nator 22. The tenperature of

S

/12

Fig

13
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the processed printed circuit board or substrate, as sensed by sensor 104
and indicated or displayed by suitable neans, facilitates control of the
heating means in the vacuum | am nator 22 thereby to preclude overheating

t hereof and possible danage to the printed circuit board or substrate being
vacuum | am nated. Since the sheets of dry filmapplied to the prel am nated
printed circuit boards being vacuum | am nated have hi gh fl ow
characteristics in the tenperaturéin@dgg of 30[err]C to 100[err]C., the
vacuum | am nati on process may be carried out within this range. A vacuum

| am nat or 22 that advantageously nmay be used in the conveyorized vacuum
|am nator 12 is illustrated in Figs. 14, 15, 16 and 17. Referring to

22

i zzs\r
—B

"2/ R RTY VP TR

106
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Fig.- 14, the lam nator 22 includes an upper stationary platen 106 and a

| ower novabl e platen 108. Associated with the upper platen 106 is a
resilient silicon rubber blanket 110 that forns a ceiling for the vacuum
chanmber region indicated at 112 in Figs. 14, 15 and 16. The |ower platen
108 has a well 114 into which a prelam nated printed circuit board or
substrate to be vacuum |l ammnated is positioned on a silicon rubber insert
116 fror vacuum | am nation. Sealing neZn{jlrg in the formof an Oring

vi ded for

t herefrom

Fi g. 20 ThlsSheet Has Been Replaced
N




-19- by-a vacuum punp 120 when the | ower platen 108 is noved upward into
contact with the upper platen 106. One or nore shiminserts 122 nmay be
provi ded, as shown in Fig. 14, to accommpdate printed circuit boards of
different thicknesses that is, for adjusting the printed circuit boards to
an optimum position in the well 114 for best vacuum | anm nati on operation.
Both platens 106 and 108 incl ude heate s/:kﬁbcifically a heater 124 in the
upper platen 106 and a heater 126 in the |lower platen 108. Printed circuit
boards that have been prel ampated, that im have had dry film solder mask
previously | oosely applied toppe.or b si des thereof, as

This Sheet Has Been R
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descri bed herei nbefore, are vacuum | am nated in the vacuum.| am nator 22 in
the foll owi ng sequence: (1) The board to be vacuumlam nated is placed in
the well 114 of the |ower platen 108 on top of the silicon rubber insert
116. This is facilitated by relieving the tension on téuropéént 50 on the
surface of, which the board has been conveyed to the regjedh of the vacuum
chanber 192/ 12 The lower platen 108 is noved upward, as shown in Fig.
\6, toO seal, by means of the Oring 118., the well 114 which together with
e b aM872 forms the vacuum chanber 112. Note that the belt 50 on

ve _Nhgard being

station
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vacuum- am nated rests is al so captured between the upper platen 106 and
the I ower platen 108. (3) The vacuum process cycle is started by the

energi zation of the vacuum punp 120 thereby to evacuate air fromthe vacuum
chanmber 112 and fromthe regi on between the upper platen 106 and the

bl anket 110. -20- 4) For a short period at the end of a first stage of

t he vacuum process, there is a sef@d/.it age ' '

‘This Sheet Has Been Replaced
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. or:"slap down" of the blanket 110 in the upper platen 106, as shown in Fig.
17. This is effected by opening channels 128 in the upper platen 106 to

al l ow at nospheric air to enter the space between the bl anket 110 and the
upper platen 106. Such slap down applies nmechanical- pressure on the printed
circuit board to force the heated solder mask filmto conform around the
rai sed electrical circuit conduc&ois. (5) Wen the cycle is conplete, the
vacuum in the vacuum chamber 1121ik /& &sed by all owi ng atnospheric air to
enter therein whereby the |lower platen 108 nay be noved downward out of

This Sheet Has Been R
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contact- with the upper platen 106. It is noted that, in accord with the

i nvention, the prelam nated boards to be vacuum | am nated by the

conveyori zed vacuum applicator 12 will have been centered by preceding

equi pnent in the in-line system although, if desired, adjustable guides
130 may be provided for that purpose in association with the input
conveyors 14 and 16, as iIIustritlgd ii]hgi g. 8. The function cycle of the
conveyori zed vacuum applicator \ﬁl one board at a tinme being vacuum
laminated is illustrated by Figs. 19-27. In step 1 of the sequence, as
shown in Fig. 19; a PRglanmi nated cjjgcuit board 132 is shown arriving on the
| nput conveyor, ece )g/é:]ui prment running at a

This Sheet Has Been Replaced




speed of 3 G “hegﬁé@@bd barrier 30 is in the "up" boar &t blogﬁlng
posi ti on. st thatfd

o i %8 Is in the "down" position and allows the

board 132 tlo be conveye -eg qhe exit end 25a of the input conveyor 16.

-21- In ste @7 SER™8 uqn , as shown in Fig. 20, i
E S

the board 132 is
stopped by the second barriler{ 30 and is roved into alignnment therewith

that is, sqgua P W t h resplect thereto. As noted hereinbefore, the board

132 already has be on the conveyors 14 and 16, havi ng been
centered by Ppreceding equtpnent or by

TITLE: CONVEYORIZED VACUUM APPLICATOR AND METHOD
THEREFOR

The présent invention is directed to an.automatic
conveyorized solder mask vacuum applicator and method of
operation thereof having utility in the application of
dry f£ilms.which conform to the contours of irregular

" surfaces such as the surfaces of printed circuit boards
" or other substrates having raised, typically

electrically conductive, "traces thereon. The apblicator

and method have particular utility for conveying and for
‘applying heat and vacuum and mechanical pressure to
printed circuit boards or substrates that ptidr to such
application have had dry'film loosely applied to at
least one of the surfaces thereof as discrete cut sheets
~within the confines of the printed circuit board.

A solder mask is a hard, permaneént layer of
-non-conductive material which covers the surface of a

prlnted circuxt board or other substrate, encapsulating

‘the traces -of the printed circuit itself. By solder



adj ust abl %@ﬁ%ﬁ%ﬁ{@ﬁ@fgggﬁﬁﬁated with the conveyors 14 and 16. The conveyor

16 is stoppeld, as by actugtijon of el ectromagnetic clutch 62 as 'soon as the

board 132 { s; s@rp88PA004 he exit end 25a thereof by the photocell 40. As
controll edi by a programmahkl @ | ogic controller (PLC) indicated schematically
by the refleremcemumeralr=134 in Fig. 2, .the second barrier 30 is actuated
downwar dl yj, by actuation of {air cyIindé?'34 in step 3 of the sequence, as
shown in Frg:” 21; to release the board 132. Imediately thereafter the

T Cor e Rebisnot Guph, GRG0 L L Lo e
mts/min to MadSaRs %d‘a?d“&%w%téeqhérbmbntsown thee abpals igpnveyor 20 and
t her eby resistance tests as defined in IPC-SM-840A, Table 12

ngmary of Criteria for Qualification/Conformance '

(?nstitute for Interconnecting and Packaging Electronic

Circuits). The solder mask is patterned to fully cover

the circuitry, exXcept for those portiods intended to be

exposed, e.g., for soldering to another component.

Solder masks are typically formed from a layer of

?hotoimageay}e composition which is applied to a surfac

?f the printed circuit board. The photoimageable la.yere

1s exposed to actinic radiation which is patterned by

means of a template or artwork. éubsequent to ‘exposure

the photoimageable'layer is developed in an organic '

solvent.or an aqueous solution which washes away either

exposed or unexposed portions of the layer (dependin

upo? whether the photoimageable material is poéitiveg

acting or negative acting). The portion.of the layer

which remains on the surface is then cured, e.g., with

heat apd/or UV light, to form a hard, permanent.;older

m?sk intended to protect the printed circuitry for the
life of the board.

) One prior art method of applying the layer of
f otoimageable composition to the circuit board surface
S to apply the material in liquid form, and then,

elther allow it to dry or partially cure the material to
form a semi-stable layer. .

?here are a number of advantages to applying a
photoimageable layer to a circuit boaré as a dry film
::::azftﬁ:n a? a liquid. lIn particular, dry films are

ganic solvent and therefore eliminate this
 hazard from the workplace and eliminate the need for
igza;ztus to protect the immediate work environment and
e general environment from organic solvent
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R R R ¢
' cu : aéiéf t he vacuum | aminator 22. In step 4 of the
ggaﬁepggﬁﬁg@%%%gﬁﬁé%g:ﬁ i 22, a cam 86 and cooperating sensor 88 provide a
si gna i&iﬁiggmihe beLﬁ gonveyor 2@3-and the input conveyor 16 when the
board} 132 i's in the vacuum chanber 112 at a position directly vertically
abovel ' heé | ower platen 108. The second barrier 30 is noved

up by RBIERIPEof FYPIERLLYdeR o ¥afilmhecompuisesl & ¢avet the belt

conyey e e ceagpercbpathe s WA g 44AABLPESLIRIeTLiCY | 10Cr

IOP Eﬂg vgle{‘tq{;?bggTﬁéf%?%&%ﬁ%g%\?&%@?yi}%}éé&%a??’_ftlétlﬂﬁﬁ &0 a speed of 3
m s/ ni fkay®d nef dPhehgigagenble dumpris tni ot i wiei SR a6¥ 891 56sbynkhe
el ectr (ipefiede Cof| €he€Ncdder sheet. The cover sheet may be

formed of polyester material, such a polyethylene

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

To protect the photoimageable layer and to enable
the dry film to be rolled, it is conventional for the
exposed surface of the photoimageable layer to be
covered with a removable protective sheet, e.g., a sheet
of polyethylene. An example of such a dry film is sold
as LAMINAR DM® by Morton International, Inc.

The ‘method of use of such prior art dry film is

generally as follows. The protective sheet is removed

from the photoimageable composition layer immediately
prior to application of the dry film to the surface of
the printed circuit board. This may be accomplished,
for example, using automated apparatus which peels away
and rolls up the protective:sheet as the dry film is
unrolled from a reel. The dry film is applied to the
surface of the circuit board with the photoimageable
layer in direct contact with the board sﬁrféce. Using
heat, vacuum and mechanical pressure, the'photoimageable
layer is immediately laminated to the surface of the
board. The cover sheet remains overlyihg the _
photoimageabie layer, protecting the photoimageabie.
layer from eéxXposure to oxygen and from handling damage.
The cover sheet also permits a pattern (or template) to
be laid directly on top of the dry film for contact
printing, if contact printing is to be used (as is
usually preferred from the standpoint of obtaining

optimal image resolution). The dry £ilm is exposed to

Patterned actinic radiation through the PET cover sheet.



fal ns stationary. -22- As seen in Fig. 23, in
~the |ower platen 108 of the vacuumlamnator 22 is

upwar d thr u Pysgp';at}(erfu e 84 in the belt 50, WhICh aperture 84 is then in
verticalj nment withijthe | ower plagen 108. Vacuum punp 120 is actuated
for a prede&@%&hﬁedﬁfT‘ iln a first stage of the vacuum process, after

whi ch, for a short perlo a slap down action, as described in connection
with Fig. é%htﬂf% tlme, the PET cover sheet is.removed, permitting

access to the exposed photoimageable layer by developer.
pepending upon the composition of the phétoimageable
layer, the photoimégeable layer is developed with
organic solvent, aqueous developer, or semi-agqueous
developer. By semi-aqueous developer is meant herein a
developer which is about 90% or more by volume aqueous
solution with the balance being an organic solvent such
as 2-butoxy ethanol and other glycol ethers. The
photoimageable layer may either be positive acting, in
which case the exposed portions are removed by
developer, or negative acting, in which case the
unexposed portions are removed by -developer. Most
photoimégeable layers for preparing solder masks are
negative actiﬁq. Most photoimageable composition layers
require some cure subsequent to development to render
the layer hard and permanent so as to serve as a solder
mask. Depending upon the composition of the

photoimageable layer, curing may be effected with heat
f and/or UV light.

Printed circuit boards almost invariably have
uneven surfaces in which circultry traces are raised or
elevated over the surface of a board of electrically
non-conductlng material. Circuitry traces may be the
residual portions of an etched metal layer or may be
built up from the board surface. It is desirable that a _
solder mask, particularly one formed from a
photoimageable composition, conform to the contours of a
circuit board surface. A conforming solder mask which
adeqﬁately covers both the board surface and the

upstanding traces minimizes the use of expensive
photoimageable composition.

Processes for applying conforming solder mask on a
surface having raised areas such as circuit traces on a



applieﬂgy. @f%ﬁe&ﬁﬁgajn1phase the board 132 is heated by the heaters 124
and“12('”‘m'he upﬁﬁﬁ”' | oner platens 106 and 108, respectively.

Meanwhiil g, ?7Q§ﬂp '1ated board 132a to be vacuum | am nated has arrived
dn the i fpuf ‘c v@@or 14} and-with the first barrier 28 then in the down
positian,| s 7 e-and i s stoppePat the second barrier 30 which, as
shown iin Flg 23, is in tthe up position. Step 6 of the sequence is shown in
Fig. 24—

(he vactBh EREMDEL 53, POAR LAY Boatonst: 48 Dnavedoas Weche

i nt roduct | 889 p79at kiespMedisc ati ral ntanéhd,99Qya®icirmnter Min effhe | ower
pl at en 10§ i
a

. gnﬁhQQldaﬁﬁfﬁgéﬁbﬂhfopygtaghi%d@@dé“kﬂagfﬁh Serial

No. 480,487 filed February 14, 1990. These patents and

application are assigned to the assignee of the present

invention. The disclosures thereof, by reference, are
incorporated herein.

The processes disclosed in these patents and
application involve applying a solder mask-forming
photoimageable composition layer to a printed circuit
board using a dry film in which an intermediate layer is

interposed between a support f£ilm or cover sheet and the

photoimageable layer. The intermediéte laver of the dry

film is selectively more adherent to the photoimageable
compositipn layer than to the cover sheet, allowing the
cover sheet to be removed after the photoimageable layer
is applied to a printed circuit board with the

intermediate layer remaining on the photoimageable

composition layer as a "top coat.* The ébp 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 unexposed
on the printed. circuit board, after cover sheet removal,
for some length of time. The use of dry film having the
*intermediate layer" or "“top coat™ make possible the
processes described in these patents and application.

In each case there is provided a conforming step, e.g.,
conforming vacuum lamination, after removal of the cover
sheet. Because the cover sheet is removed prior to the
conforming step, better conformance, particularly when
applying thin photoimageable composition layers onto
boards with closely spaced traces, is achieved. Better

resolution is also achievable because the top coat may
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ﬁﬁ;;@bﬁﬁﬁ%ﬁb&%ﬁﬁnze 84 in the belt 50 of the belt conveyor 20. The
are-132a"18sal T gned or squared up on the second barrier 30 and the

I nput }{c nv?ﬁogEFi@giés tppped. In Fig. 25, which shows step 7 of the
sequenca, e Tnput belt roll 42 is noved back toward the exit end 25a of
I nput ic k6P~ he two- posH6on air cylinder 34 to restore the
tensian of the belt 50 of the belt conveyor

20. The new board 132a is
t~pesition at the second barrier 30 on the input conveyor
16. be directly contacted with artwork for contact printing

and because the top coat is much thinner than a cover
sheet or support £ilm and is, therefore, much less a
deterrent to good resolution than a support f£ilm.

To form a solder mask, the proéective, removable
sheet of the dry film is first peeled away and the
exposed surface of the photoimageable composition layer
.is applied to the surface of the printed circuit board.
Using heat, vacuum and mechanical pressure, the dry film
is laminated to the surface of the printed circuit
board, partially conforming the photoimageable layer
thereto. Within about 60 seconds and before substantial
cooling of the printed circuit.board and.dty £film has
occurred, the cover sheet of the dry film is removed,
whereupon the'photoihageable composition layer and
overlying top coat fully conform to the contours of the
printed circuit board and substantially encapsulate the
traces. The photqiﬁaéeable composition layer is then
exposed to patterned actinic radiation through the top
coat. A developer -is used to remove either exposed or
non~exposed portions of the photoimageable composition
layer, leaving the remaining portion of the layer
laminated to the circuit board. Subsequently, the
portions of the photoimageable composition layer
remaining on the circuit board are curedé e.g., with
heat and/or UV light. |

In U, S. Patent No. 4,946,524 granted on August 7,
1990 to Robert C. Stumpf et al., the disclosure of which
patent, by reference, is incorporated herein, there is
disclosed an applicator and process for applying dry
£ilm solder mask material to the surface of a printed
circuit board allowing, at the same time, handling of
the board with the applied film, the draw-off of the air
enclosed between the film and the board, and the removal



- 23- Réﬁﬁéﬁiﬂﬁ%ﬁiﬁﬂgﬁﬁ whi ch shows step 8 of the sequence, the actuation
utches 60, 62 and 72 is such that the belt

of thelelf&ctromagnetic]c

conveyor |2 ' rts.] The energi zation of the notor 52 as controlled by
the PL 02?’359% chithat the belt conveyor 20 starts at a speed of 9
nts/mnp to-effect—=a-+api  unl oadi ng of the vacuum | am nated or processed
board 132. In step 9 of }he sequences7-shown in Fig. 27, as soon as the
processed board I3277s Cconpl etely off the belt 50, as sensed by the
photocelbéﬂ%ﬁethe speed of the belt conveyor 20 is increased to 30 nts/mn
in order Yo MoveETHE bEheety gfhekidraw-dée St 1 Ppi thiggetdo | oad

b?tween the dry film ang the surface of t
circuit board is facilitategd when,

lamination, the surface of the boar
loose sheet of film,

he printeg
before vacuum

4 is covered with a
To that end the applicator of

f the perimeter of the
For convenience, a printed

ch loose application of a dry

surface of the board.
circuit board having su

been most encouraging,

howeve i i b
r, in attempting to adapt these Processes for

- %amlnating apparatus in :
€ Present inventiop was devised

‘to fi
11 the gap that has existed in the art in this

respect.
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a5 been waiting at the entrance end 24 of input

~

convey ~°A7Témﬁf“' I freters before the set point is reached the speed of
t he belté % i 5. §l oned down to 3 nts/mn and then the belt conveyor
20 is gt “préci‘sely at the set point.

The cycle restarts fromstep 2
|IIust¢a' ""fﬂ~F+g;¢- ® kn Figs. 28886 there are shown diagrammtic

perspe¢t|9é views that aje simlar to those of Figs. 19-27 and which
i | | ust nate—a=secomd envodi mnent of the conveyori.zed vacuum | ani nat or,

accordi ng t oahbehenvemient ehathé sinpentioneisefoeprionide Bo feed
rel am na nt a m
P ot BEERGACDEIABRITACRNG D00 EfailRagbalubafh S e

conveyori zed Vacu
steps of:

(a) placing the board on the entrance end of a
moving belt conveyor for movement into a vacuum
laminator having an upper platen and a lower
platen, which belt conveyor has an endless belt
under tension that has an aperture therein and
is characterized in having an initial or
set-poxnt position such that as the board is
moved on the endless belt into the region of
the vacuum chamber of the vacuum laminator the
aperture is moved into alignment with and
between the board and the lower platen:

(b) sensing by proximity switch means having a
member movable with the endless belt the
positioning of the board in the vacuum. chamber

of the vacuum laminator and stopping the .
movement of the belt conveyor;

(c) relieving the tension on the endless belt;

(d) lifting the lower platen up through the

aperture in the endless belt into sealing
engagement with the upper platen and thereby
capturing within the vacuum chamber of the
vacuum laminator the board and the portion at

least of the endless belt upon which the board
is positioned; and

(e} evacuating the vacuum chamber of the vacuum

‘laminator.

Still another object of the invention is to provide
a conveyorized dry film solder mask applicator that is
characterized by the capacity thereof for continuous



X cgdzd2[err], consists essentially of the sanme parts as
\EALE Ianlnator 12 of the first enbodinent illustrated in
iprimarily therefromin the manner of the sequenti al

nd a requirenent only for the vacuum chanber region
0 accommpdate two boards 132 at the sanme tine.

function cycle of the vacuum | am nator 12[err],
28, a first~

in
prel am nated circuit board 132 having
operation and the provision of a conveyor belt for

conveying prelaminated printed circuit boards or

substrates into and out of the vacuum chamber of a
vacuum laminator.

A further object of the invention is to provide
such a continuously operative conveyorized vacuum
applicator that is operative, in association with first
and second input rdlls conveyors for feeding prelaminated
printed circuit boards or substrates to the c¢onveyor
belt, in such a way as to allow one or more boards or
substrates to be in the vacuum chamber of the vacuum
laminator being vacuum laminated while the next boards
or substrates to be vacuum laminated are arriving on the

input rolls conveyors ready fqor the next wvacuum
lamination cycle of operation.

-In accomplishing these and other objectives of the
invention there is provided ah'appératus for applying a
conforming mask of dry film to a printed circuit board.
that operatés automatically and includes a conveyor'belt
for carrying printed circuit boards into and out of the
vacuum chamber of a vacuum laminator. The conveyor belt
may be made of very thin (0.2 mm.) silicon rubber
impregnated fiberglass cloth. This is to assure that
the vacuum chamber of the vacuum laminator may be .
completely sealed when a vacuum is drawn.

The automatic conveyorized vacuum applicator may be
operated to control the movement of the conveyor belt in
a way to have one or more printed circuit boards in
position in the wvacuum chamber of the laminator at the
same time with the next printed circuit boards staged in

position on first and second input rolls conveyors for

the next vacuum lamination cycle. Upon completion of

the vacuum lamination cycle, the printed circuit boards
are automatically conveyed out of the vacuum chamber and



appln&d?
the itngu
up.
iin

first} ba
as th

the barriers

t he conv

TSt

rrier

ot ocel | 38 senses the arrival at the first barrier

Upper and lower platens comprising the wvacuum
laminator are heated with the temperature thereof being
monitored by suitable temperature measuring means that

measure the temperature of the processed boards as they
exit the vacuum chamber. ' '

When the heated platens close and seal, vacuum is
drawn to reduce the air pressure within the chamber
thereby to draw air from between the loosely applied dry
film and the surface or surfaces of the printed circuit
board. At the end of the vacuum cycle, atmospheric air
is allowed to enter the vacuum- laminator and mechanical
slap down pressure is applied by a movable air
impervious resilient silicone blanket that is provided

in association with the upper platen.in the vacuum
chamber. ' '

The automatic conveyorized vacuum'applicator_has
particular utility in conveying printed circuit boards
and applying heat, vacuum and mechanical pressure to
printed circuit boards that have been prelaminated with
solder mask dry £film fabricated in accordance with the
processes described in the above identified U. S.
patents and application and as disclosed in the
aforementioned U. S. Patent No. 4,946,524,

The conveyorized dry £ilm solder mask applicator of
the invention is an-important component'in the total
arrangement of an automatic continuous flow of material
in in-line processing of dry solder mask £ilm and other
films requiring vacuum lamination during processing.-

The invention provides the means to automate the

. vacuum application process as an in-line system.

€23 thereof is shown arriving fromthe prelam nator on
1 unning at a speed of 3 ns/mn. The second barrier
ZihQE?FW@ﬁ afgrier 28 is down. In Step 2 of the function cycle

Fi'g. 29, the fiirst board 132 stops at the second barrier 30 and i s
al i gned==Fre=Frrst=Parri er 28 goes uUpg-A second board 132a stops on the

28 and-aliso is aligned. The input conveyor 14 stops as soon

28 of the
second b%@ds&aaaa Aevs fpimted Fédrcd30t bBagteptd Gl tvaeuimguence both of

ﬂﬁgﬁﬁpd 30{g$1d0 aggtgoknetQgchu%y%h%%&ygyors 14 and 16 and

as



speed of 9 nts[nLn 1o.l.oad

*f% iﬁﬁgﬁgéﬁﬂﬁf
The bel t | cpn g SEro§%o %t
barrier 28} renalns do T

directio 6T'the Vacuum ch

the two boards 132 and 132a into the vacuum

or 22. In step 4 of the sequence, as shown in

32 and 132a[err] are in the vacuum chanber 112, a
ensor 88 causes the input conveyors 14 and 16 and
bp. The second barrier 30 goes up while the first
he conveyoryjbput belt roll 42 is noved in the

50. The i

anber 112 in order to rel ease the tension of belt

iand 16 start at a speed of 3 nts/min. In step 5,

as shown in Flghes&aﬁﬂﬁhéCWEHtﬂﬁsﬂuefpha@entiOGhushachamaataqmmadIy by

t he pneunahE91%%] Qger 136

i0n ‘are aé‘éju?é‘é ougpw:. gpt&%ﬁlﬁ&%@}flrﬁb &fhé n
claims annexed to and forming a part of the
specification. For a better understanding of the
invention, its operating advantages and specific objects
attained by its use, reference is made to the
accompanying drawings and.descriptive matter in which
preferred embodiments of the invention are illustrated.

With this description of the invention, a detailed
description follows with reference being made to the
accompanying figures.of drawing which form part of the

specification in

which like parts are designated by the

same reference numbers -and of which:

Fig. 1 is a

side view of a cabinet structure in

which " the conveyorlzed vacuum appllcator of the present |
invention is housed;.

Fig. 2 is a

diagrammatic perspective view on a

‘scale larger than that of Fig. 1 illustrating the
conveyor system of the conveyorized vacuum applicator

for sequentially

feeding prelaminated printed circuit

boards or substrates through the vacuum laminator:;

Figs. 3-13 and 18 are fragmented detail views which
Lllustrate various features of the applicator of Figs. 1

and 29

Figs. 14-17

are cross sectional views of a vacuum

' laminator that advantageously may be used with the
conveyorized vacuum applicator and which illustrate a

platen operation

Figs. 19-27

sequence thereof:

are diagrammatic perspective views on a

smaller scale than shown in Fig. 2 that illustrate the



:*- upper platen 106. The vacuum punp 120 is actuated

chanber 112 -25- for a predetermned period in a
at the end of which process a slap down action

bed hereinbefore. During the vacuum phase, the two
eated by the platens 106 and 108. Two new

32b and 132c to be vacuum | am nat ed

yors 14 and 16 and stop at the
;”respectlvely

function cycle of the conveyorized vac@um applicator
when employed to feed printed circuit boards or

substrates one at a time through the vacuum laminator;
and

Figs. 28-36 are diagrammatic perspective views that
are similar to those of Figs. 19-27, which illustrate
the function cycle of the conveyorized vacuum applicator
when employed sequentially to feed printed circuit

boards or substrates two at a time through the wvacuum
applicator.

The conveyorized vacuum'applicator according to the
present invention has particular utility

lamination of printed circuit boards and
varying thicknesses and éizes, typically
between 0.030 and 0.125 inches (0.08 and
in a range -from between 10 x 15 and 24 x 28 inches (25 x
150 and 60.96 x 71.12 cm.), which boards or substrates
have been prelaminated with a locose sheet of dr& film
solder mask, as hereinbefore descriﬁed. The specific
function of the conveyorized wvacuum applicator is to
antomatically apply a combination of heat, vacuum and
mechanical pressure to completely remove all of the air
between the dry £ilm and the surface of the board or

substrate to assure positive conformance of the dry £ilm
around etched circuit traces. '

in the vacuum
substrates of
in a range from
0.32 cm.) and

Referring to Figs. 1 and 2 there is shown a support
structure or frame 10 on which is mounted the
conveyorized vacuum applicator, designated 12, according
te the invention. The conveyorized wvacuum applicatdr i2
is comprised of two parts. One—ﬁart comprises first and
second input conveyors 14 and 16, respectively. The



As shown R#PLAQENQQ. a"4'$ t he vacuum process step 5, the vacuumis

rel eased |f fom t he vacuum|chanber 112 in step 6 follow ng which the | ower
pl at en 108 |SZEHHEK&W&ﬂ)wUthrough the aperture 84 in belt 50. The two

new y arrli yed boards 132p @and 132c aég aligned on the barriers 28 and 30,
respecti Vel'y, aﬁdwfﬁé“rnpu conveyor T4 and 16 stop. In step 7, as shown
in Fig. 34 roll 42 |s noved by the two-position air

lind '2 b
Y e o @R 54 8 AP EITLLNS Un 36 difLdEsiaieubde | ons! on

¢ aré wal ting_on the input
conveyorsalﬁ/&nuelh Cpéysyéﬁlﬁélynd m-gmgvum laninai®r i 42 Fi g. 35, the belt

50 only starts to nove at a speed of 9 ms/mn to unload the two
as shown in Fig. 2, the input conveyors 14 and 16

and the 3/4 belt conveyor 20 extend in end-to-end
relation, in that order, from an entrance end 24 of
input conveyor 14, from the entrance end 25 of the input
conveyor 16 to the exit end 25a thereof and from an

entrance end 26 of the belt conveyor 29 to and exit end
26a thereof.

“Each of the first and second input conveyors 14 and
16 compr;‘.se a plurality of 0chai,n coupled rolls 15 and
17, respectively, which rolls 15 and 17 extend for 'a
substantial distance across the width of the applicator
12. Positioned for vertical movement between the input
conveyors 14 and 16, as shown in Figs. 1 and 2, is a
first adjustable barrier 28. Similarly positioned for
vertical movement between the exit end of the second
input conveyor 16 and the entrance-end 25 of the 3/4
belt conveyor 20 is a second adjustable barrier 30.

~ Each of the first and second barriers 28 and 30
extend across the width.of the applicator 12 and is
movable upwardly by an individually associated air
cylinder 32 and 34, respectively, as shown in Figs. 2
and 3. Such movement is from a "down" or non-blocking
position to an "“up" position to block the transport to
the next succeeding conveyor 16 or 20, respectively, of
a printed circuit board being transported on the input .

conveyors 14 and 16 from preceding equipment indicated
at 36.

As seen in Figs. 2 and 4, photocells 38 and 40 are
provided for semsing the approach of a printed circuit
board to the exit ends of the input conveyors 14 and 16,
respectively, and for initiating the actuation of
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pr ocess ¢RER0 HT132a fromthe vacuum | aninator 22. In step 9, as
shown i ™ N

A
----- ==56on| as the two boards 132 and 132a are conpletely off
t he bel

0, t7r$5§5)@gd @f the belt 50 of the conveyor belt 20 is increased
to 30 ntsﬁni%»é e r quickly to nove the belt 50 to the set-point for
| oadi ng tﬂgwg_ﬁ.m_mmeJJSJb and 132c on the belt 50, on the upper run
thereof.i A few centinetergs beforg;ghe set-point is reached the belt 50 is

sl onwed dewa—+-e-3-mtstmin~and then i's stopped precisely at set-point. The
cycle restarts fromstep 2.

individually associated air cylinders 32 and 34 for

effecting the movement of respectively associated
barriers 28 and 30 between the printed circuit board
non-blocking and blocking positions thereof.

The 3/4 belt conveyor 20 includes a pair of rolls,
specifically an input roll 42 and an output roll 44,
both of which rolls extend across the width of the
applicator 12. Wound around the rolls 42 and 44 are a
pair of spaced endless chains 46 and 48 with the spacing
being such that one chain 46 is on one side of
appl{cator 12 and the other chain 48 is on the other
side thereof. Chain 46 meshes with a gear 47 provided
on the end of input roll 42 and a gear 49 provided on

the end of the output roll 44, as shown in Fig. 2.

Similarly, chain 48 meshes with gears provided on the

other ends of the input roll 42 and the output roll 44.

Thus, as shown in Fig. 7 chain 48 meshes with a gear 53
on the end of the output roll 44.

Positioned between the chains 46 and 48 and
securely attached thereto at each end by a suitable
gripper S1, as illustrated in Figs. 6 and 7, is a belt
50 that extends about three quarters of the distance
around the loop formed by the chains 46 and 48. The
gripper 51 at each end of the belt 50 includes a bar Sla
that is securely attached at one end to the chain 46
at the other end to the chain 48. Carried by bar 5la
and securely attached thereto by suitable bolts or
rivets are bar members S51b and Slc of shorter length
between which the end of belt 50 is captured and
retained. Thus, as best seen in Fig. 2, the belt 50 has
an aperture or opening 84 therein for the full width
thereof, the length of which aperture 84 is about a
quarter of the distance around the loop of the belt 50
around the input roll 42 and the output roll 44,

and
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sensor

j@$$nprising cam 86 and sensor 88, cam 94 and

96, .ndwg;h1§§”§ﬁ6“s$nsor 100 may each be of the type known in the
art as prdxilni 8y SR tiegges

non-contacting switch. Mre specifically; the

cam may cqnprise a netallijcjobject wth the sensor, in each case,
conprising an-efectronrc=tleyi ce whichsis fixed in position and is

responsi vée_ta_ the novenent hearby of the netallic camand is operative to
generate an electricalr sirgnal in response to novenent and hence sensing of
the netallic ofjedeldhs0 pmagr banphlde oFgiversordlin | Ribdiflags| i zed to

contr ol

cont ol e, Eaent | Alngger athoRoRh' MR CUNIS I Ehy BLHE ARPLASN o7 12

range of 0.005 to 0.010 inches (0.013 to 0.025 cm.) is
desirable to ensure that there is a complete seal when
drawing a vacuum in the vacuum laminator 22. This is
for the reason that the upper run 50a of the belt 50 is
captured between the upper and lower platens of the

vacuum laminator 22 during the vacuum lamination
process.

Motive power for driving the chain coupled rolls of
the input conveyors 14 and 16 and the 3/4 belt conveyor
20 is provided by an electrical motor 52. Motor 52 may
comprise a direct current electrical motor and is '
proviaed with separate drive gears 54 and 56 for driving

the input conveyors 14 and 16 and the belt conveyor 20,
respectively.

As shown in Fig. 2, motor 52 is coupled by gear 54.
and chain drive gearing 58 to input conveyors 14 and 16.

Selective or conjoint drive of the input conveyors 1l4

and 16 is provided by electromagnetic clutches 60 and
62. BAs best seen in Fig. 8, energization and
deenergization of clutch 60 controls the rotation of the
chain coupled rolls of the input conveyor 14.

Similarly, energization and deenergization of clutch 62

controls the rotation of the chain coupled rolls of the
input conveyor 16.

Motor 52 is coupled by gear 56 and chain drive
gearing 66 and 68 to the drive shaft 70 of the output
roll 44 of the 3/4 belt conveyor 20. 2An electromagnetic
clutch 72 positioned between chain drive gearing 68 and

70 provides for the selective control of the operation
of the 3/4 belt conveyor.

In accordance with the invention, the motor 52 is a
variable speed motor, being selectively energizable from



prelan1hﬁ§- Fﬁne or two prelam nated boards at a tine may be a
m cropr ¢

,céssor coht}bller of a type available commercially fromlLandis &
Gyr. The ¢0MZ@E§%?&%34 rksponds to the various signals produced by the

photoceul$ 38, 40 and 102'and by the proximty switch sensors 88, 96 and
100 to initrate, rn- concekt with pr grogranned control data the severa

ensui nglicontrol fur Lon§§|nclud|n Tmng of the vacuum process |am nating
stages. These control functlons |nclude the actuation in the proper
sequence of the aj

el ect r hefPREFE € UF&% %§§§Eh§4 3¢ ﬁ ﬂw?kgggngggabog am 136, and the

®Ftch 79 for the
not or sggeddcoontnblp@p@ﬂntxumeter§474767&ndnﬁ878Fandcanven|ence of

T Tustrat) ony ok "sfilor? 79, as shown in Fig. 2, to drive the
xnput conveyors 14 and 16 at a speed of about three (3)
meters/minute (mts/min), to drive the input conveyors 14
and 16 and the 3/4 belt conveyor 20 at a speed of about
nine (9) mts/min, and to drive the 3/4 belt conveyor 20
only at a speed of 30 mts/min, as further described
hereinafter. The arrangement is such that the input
conveyors 14 and 16 can be driven independently of each
other and of tlie 3/4 belt conveyor 20. Similarly, the

3/4 belt conveyor can be driven iqdependehtly of each
" the input conveyors 14 and 16.

At no time, however,
when driven at the same time, can the speeds of the

conveyors 14, 16 and 20 be different.

For the purpose of enabling the tension of the 3/4
belt 50 of the 3/4 belt conveyor 20 to be relieved at a
desired point in the vacuum process, as shown in Figs. 2
and 5, a bearing 80 in which the shaft of thé input roll
42 of the 3/4 belt conveyor 20 is mounted for rotation
is arranged to be shifted a short distance toward and

away from the vacuum lamipator 22 By a two-position air
cylinder 82.

For sensing when a prelaminated printed circuit
board has been moved by the belt conveyor 20 to a propér
position relative to the vacuum laminator 22 for the
vacuum lamination process to groceéd, there is provided,
as best seen in Figg. 2, 9 and 10, a cam 86 and a sensor
88 that is disposed in cooperative relation therewith.
Cam 86 is mounted on and moves with the endless chain 46
around the loop of the belt conveyor 20. Sensor 88 is

@mounted in any suitable manner on the frame 10 of the
applicator 12. '



t he contr.”
ment i oned

N in dotted lines. It will be understood that,
al.t hough |nqt gggggpewiga ofted I'ines include, where necessary and
appropri gtd, as” wel’l” Kno to those skilled in the art, conversion devices

such as gl eetreakty—apedated pneugptic valves to control the various air
cyl i nder g -27 and the pneumatic ram and electrical relay neans to

control t " itrol selector switch 79. The electrical circuit
connectlonswhédiﬁhéﬁpniuted circuit board is in the proper

posztion relative to6 the vacuum laminator 22 for the
vacuum 1am1nation process to proceed, the aperture 84 in
the belt 50 of the belt conveyor 20 is positioned

1mmediate1y, that is, vertically, below the vacuum -
laminator, as best seen 'in Fig. 2.

This allows the
lower platen 90 of the vacuum laminator to be lifted up

through the aperture 84 in belt 50 into cooperative
relation with the upper platen 92 of the vacuum
laminator 22 for effecting the vacuum lamination of a
printed circuit board then resting on the surface of the

upper run S0a of the belt 50 within the confines of the
vacuum laminator 22.

There is an initial position of the belt conveyor
20 such that upon the transfer of a printed circuit
board to the belt 50 from the input conveyor 16, the
printed circuit board will be moved within the
laminating region of the vacuum laminator 22 while the
apert#re 84 of the belt 50 is moved to a position
vertically below:the laminator 22. For convenience, -
that initial position of Belt 50 is herein referred to
as the "set-point" position of the belt conveyor 20.

- For sensing the set-point position of the belt
conveyor 20, there is provided a cam 94 that is mounted
on the endless chain 48 and a sensor 96 that may be

mounted on the frame 10 of the applicator 12, as
illustrated in Figs. 2, 1l and 12.

In order to provide a signal anticipatory of the
approach of the belt conveyor 20 to the set-point
posigion thereby to enable relatively fast operation in
the return of the belt conveycr 20 to the set-point
position, therg is also provided a cam 98 and a sensor
100 for slowing down the speed of the belt conveyor 20

to the set-point position, as illustrated in Figs. 2, 11
and 12,



i nput terfFs AU
102 and f*.l- wih-beih

of the PLC 134 fromthe photocells 38, 40 and
o 839, 96 and 100 have not been shown in order to
avoi d conpl j¢ation of the rawi ng since such circuitry is well known and

under st oofl by ZHEEE. BRI lled in the art. -28- CLAIMS: 1. A nethod of

vacuun1IaF1nat|n§'é prel anifnat ed bopgd (132) conprising the step of: (a)

pl aci ng the~poard oit-the- eqtrance end of a novi ng belt conveyor (20) for
noverment [ nto a vacuum

For detectlﬁg the presence of a processed printed
circuit board or substrate at the exit ‘end 26 of the

belt conveyor 20, there is provided an output photocell
102, as shown in Figs. 2 and 13.

Also, as shown on Figs. 2 and 13, an infrared
sensor 104 is provided for sensing the temperature of
the processed printed circuit board or substr&te as it
is conveyed out of the laminator 22. The temperature of
thé processed printed circuit board or substrate, as
sensed by sensor. 104 and indicated or displayed by
suitable means, facilitates control of the heating
means in the vacuum laminator 22 thereby to preclude

" overheating thereof and possible damage to the printed
circuit board or sﬁbstraté-being vacuum laminated.

Since the sheets of dry film applied to the
prelaminated printed circuit boards being vacuum
laminated have high flow characteristics in the
temperature range of 30°C. to 100°C., the vacuum

lamination process may be carried out within this range.

A vacuum laminator 22 that advanéégeously may be
used in the conveyorized vacuum laminator 12 is
illustrated in Figs. 14, 15, 16 and 17. Referring to
Fig. 14, the laminator 22 includes an upper stationary
platen 106 and a lower movable platen-108. Associated
with the upper platen 106 is a resilient silicon rubber
blanket 110 that forms a ceiling for the vacuum chamber
region indicated at 112 in Figs. 14, 15 and 16. The
lower platen 108 has a well 114 into which a
prelaminated printed circuit board or substrate to be

vacuum laminated is positioned on a silicon rubber

insert 116 for vacuum lamination. Sealihg weans 118 in

the form of an O-ring surrounding the circumference of
the lower platen 108 is provided for hermetically
sealing the well 114 for the evacuation of air therefrom
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t he reglo_

A acuum. ch

noved ifto a
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relieving t
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vided, as shown in Fig.

14, to accommodate printed circuit boards of different
thicknesses, that is, for adjusting the printed circuit
boards to an optimum position in the well 114 for best

vacuum -lamination operation.

Both platens 106 and 108

include heaters, specifically a heater 124 in the upper
platen 106 and a heater 126 in the lower platen 108.

Printed circuit boards that have been prelaminated,

that is, have had dry film solder mask previously
loosely applied to one or both sides thereof, as

described hereinbefore, are vacuum laminated in the
vacuum laminator 22 in the following sequence:

(L)

(2)

(3)

The board to be vacuum laminated is placed in

the well 114 of the lower platen 108 on top of

the silicon rubber insert 1l6. This is'

 facilitated by relieving the tension on the

belt 50 on the surface of which the board has

been conveyed to the region of the vacuum
chamber 112. '

The lower platen 108 is moved upward, as shown
in Fig. 16, to seal, by means of the O-ring
118, the well 114 which together with the
blanket 72 forms the vacuum chamber 112. Note
that the belt 50 on which the board being
vacuum laminated rests is also captured

between the upper platen 106 and the lower
platen 108.

The vacuum process cycle is started by the
energization of the vacuum pump 120 thereby te
evacuvate air from the vacuum chamber 112 and

from the region between the upper platen 106
and the blanket 110.

or

pl at en;

DFE -JW B [upper platen (92, 106) and a lower platen (90,
i : 5pri has an endl ess belt (50) under tension that has
an aper n and is characterised in having an initial
set - poi és?@ﬁ?@ﬁ hithat as the board is noved on the endl ess belt

hnber (1B9-of the vacuum | aminator the aperture is

‘ignment with{and between the board and the | ower
sensi ng L\ DO -df

O+ th nmeans, (86, 88) having er (86) novable
with bueaemmqaaﬂtﬂﬁhptiﬁﬂpﬁE?FuBhé b°UP”tR}Qﬁﬁﬂcihéngem9$€éun1chanber of
%ﬁ#ﬂ?dEﬂﬂﬁ&ﬂdﬁnﬁﬁﬁhS@bﬁplﬂuethgpﬁavgmaﬁeaﬁler behé. ogonveyor ;
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(b)

(c)



(d) Irftia L EhE T ow L-F-ETan (90) up through the aperture (84) in the

endl ess belit J LSeal.i N engagenent with the upper platen (92) and thereby
capturin i acbum chanber of the vacuum | am nator the board and
the portijoh at_least of Jhe endless belt upon which the board is
positiongd; and (e) evacualing the vagyum chanber of the vacuum | am nator.
2. A net hed—as—elatmed—ina-tlaim 1 furt4¥er including the step of: (f)

heat i ng thg.upper platen (92) and the | ower platen (90) of the vacuum

| am nator to a te_;rpefagugesgbr\gnipg}itotae altarghr}aateené)noé hae ngsrg Qgggg hi gh

flow characteristic.
of the vacuum Process, there is a second stage
or "slap down" of the blanket 110 in the upper
platen 106, as shown in Fig. 17. This is
effected by opening channels 128 in the upper
platen 106 to allow atmospheric air to enter
the space between the blanket 110 and the
upper platen 106. Such slap down applies
mechanical pressure on the printed circuit
board to force the heated solder mask film to

conform around the raised electrical circuit
conductors.

(5) When the cycle is complete, the vacuum in the

vacuum chamber 112 is released by allowing
atmospheric air to enter therein whereby the
lower platen 108 may be moved downward out of
contact with the upper platen 106. '

It is noted that, in accord with the invention, the
prelaminated boards to be vacuum laminated by the
conveyorized wvacuum applicator 12 will have been
centered by preceding equipment in the .in-line system,
although, if desired, adjustable guides 130 may be

provided for that purpose in association with the input-
conveyors 14 and 16, as illustrated in Fig. 8

.The function cycle of the conveyorized vacuum -
app?xgator‘lz with one board at a time being vacuum
laminated is_illustrated by Figs. 19-27.

I? step 1 of the sequence, as shown in Fig. 19, a
Prelaminated circuit board 132 is shown arriving

i .
nput conveyor 14 from preceding equipment runnin
Speed of 3 mts/min.

Hupn

on the
' g at a
The second barrier 30 is in the —— -
o th:O?;: biockiqg position. The first barrier 28 is

Wn" position and allows the board 132 to be
Conveyed to the exit end 25a of the input conveyor 16.



JEY ﬁsﬁﬁifﬁ» TN clai m 2 wherein the upper platen (106) of the
vacuu -ﬂ%fffn?.:m‘ ' ncl udes a di aphragm (110) that is substantially
ig@{ggand florms the ceiling of the vacuum chanber (112), and
3 HMrMer| sf eps of: (g) evacuating the space between the
*\ m and_the upper pl aten; '(Rplat the end of a first stage of the

process’ alfomﬁng at nospheric air to enter the space between the
agm ,anl_ t-he

g
t
%
N

vacuu

di aph re—dpper pl aten thereby to cause the diaphragmto slap down
and apply nE@haMepﬂZpméstueesequehee, as shown in Fig. 20, the

. board 132 is stopped by the second barrier 30 and is

. moved into alignment therewith, that is, squared up with
respect thereto. As noted hereinbefore, the board 132

~already has been centered on the conveyors 14 and 16,

; having been centered by preceding equipment or by

‘ adjustable guides 130 associated with the conveyors 14
and 16. The conveyor 16 is stopped, as by actuation of '
electromagnetic clutch 62 as soon as the board 132 is
sensed at the exit end 25a thereof by the photocell 40.

As controlled by a programmable logic cohtroller '
(PLC) indicated schematically by the reference numeral
134 in Fig. 2, the second barrier 30 is actuated
downwardly, by actuation of air cylinder 34 in step 3 of
the sequence, as shown in Fig. 21, to release the board
132. Immediately thereafter the input conveyor 16 and
the belt conveyor 20 are both started by appropfiate-
energization of the direct current motor §2 for
operation at a speed of 9 mts/min to load the board 132
onto the belt S0 on the belt conveyor 20 and thereby
into vacuum chamber 112 of the vacuum laminator 22.

In step 4 of.the sequence, as seen in Fig. 22, a
cam 86 and cooperating sensor 88 provide a signal to
stop the belt conveyor 20 and the input conveyor 16 when
the board 132 is in the vacuum chamber 112 at a position
directly vertically above the well 114 in the lower
platen 108. The second barrier 30 is moved up by

Y actuation of air cylinder 34 and the input roll 42 of

: the belt conveyor 20 is shifted by the actuation of the
two-position air cylinder 82 in the direction of the
vacuum chamber 112 in order to releéase the tension of
the belt 50. The input conveyors 14 and 16 start to run
at a speed of 3 mts/min. Being disengaged from the

chain drive gearing 56 by the electromagnetic clutch 72,
the belt conveyor 20 remains stationary.



board to f; C S L M&ﬁéﬁﬁ to conformclosely to the surface contours of
t he boar d; {l) ‘when tte Jaduum | ami nati on process is conplete allow ng

at mospherii ¢ agr;gﬁ,? gr {the vacuum chanber; (j) lowering the |ower platen
(108) dodn roug the ageriture in the belt; (k) restoring the tension in

the belt (5 rd=tH~wovilng t he endRéss belt to nove the board out of the
vacuum | am nator 4. A netjhod as clained in claim3 further including the

step of: =eont Tl 1y tns nov Enent of ‘the endleif belt (50 t he
set-poi nt posi tAHre¢Rr LB Fidei £dd AR StePp FaPt & q(ﬂftfz'as aimed in

claim4 whesgef pracérpl08 of the vacuum laminator 22 is moved
vertically upward by a pneumatic ram 136. The platen 108
passes upward through the aperture 84 in the belt 50,
which aperture 84 is then in vertical alignment with the
lower platen 108. Vacuum pump 120 is actuated for a
predetermined time in a first stage of the vacuum
process, after which, for a short period, a elap down
action, as described in connection with Fig. 17, is
applied. During the vacuum phase the board 132 is
heated by the heaters 124 and 126 of the upper and lower
platens 106 and 108, respectively. Meanwhile, a new
prelaminated board 132a to be vacuum laminated has
arrived on the input con#eYor 14, and with the first
barrier 28 then in the down position, is moved to and
is stopped at the second barrier 30 which, as shown in
Fig. 23, is in the up position.

.étep 6 of the sequence is shown in Fig. 24. This
is after the vacuum process has been completed. The
vacuum in the vacuum chamber 112 is released by
actuating a valve to allow the introduction of
atmospheric air into the vacuum chamber 112. The lower
platen 108 is then lowered by the hydraulic cylinder 136
down through the aperture 84 in the belt 50 of the belt
conveyor 20. The new board 1l32a is aligned or sguared

up on the second barrier 30 and the input conveyor 16 is ~
stopped. .

In Fig. 25, which shows step 7 of the sequence, the
input belt roll 42 is moved back toward the exit end 25a
of input conveyor 16 by the two-position air cylinder 34
to restore the tension of the belt S50 of the belt
conveyor 20. The new board 132a is waiting in aligned

position at the second barrier 30 on the input conveyor
1l6. '



(m e nobrere: &Q'JW" belt (50) to the set-point position thereof is at a
speed Yy Wi gher than that at which the belt is noved when noving
t he boar %ﬂ%(ﬂ?gof the region of the vacuum chanber (112) of the
Ianlnator 6. A neth dhas claimed in claim4 conprising the further steps
of : (In)"pracrt ng--on- Fhetentrance end §§5) of the Conveyor belt another

pr el aninat ed Ql[QUI- jard and

- (0) repeating steps (a) to (m.

7. A-nethod as " ¢claimed in claim6 wherein in step.

As shown in Fig. 26, which shows step 8 of the
sequence, the actuation of the electromagnetic clutches
60, 62 and 72 is¢such that the belt conveyor 20 only

. starts. The energization of the motor 52 as controlled

by the PLC 134 is then such that the belt conveyor 20

_ starts at a speed of 9 mts/min to effect a rapid

. unloading of the vacuum laminated or processed board-
. 132,

In step 9 of the sequence, shown in Fig. 27, as
soon as the processed board 132 is completely off the
belt 50, as sensed by the photocell 102, the speed of
the belt conveyor 20 is increased to 30 mts/min in order
to move the belt 50 quickly to .the set point and to load

a new board 132a that has been waiting at the entrance

end 24 of input conveyor 1l4. A few centimeters before

the set point is reached the speed of the belt conveyor
20 is slowéd down to 3 mts/min and then the belt
conveyor 20 is stopped precisely at the set point. JThe
cycle restarts from step 2 illustrated in Fig. 20.

In Figs. 28-36 there are shown diagrammatxc .
perspective views that are similar to those of Figg.
19-27 and which illustrate a second embodiment of the
conveyorized vacuum laminator, according to the
invention, that is operative sequentially to feed

prelaminated printed circuit boards two at a time
through the vacuum laminator.

The second embodiment of the conveyorized vacuum
laminator, designated 12', consists essentially of the
same parts as the conveyorized vacuum laminator 12 of
the first embodiment illustrated in Figs. 1-27 and
differs primarily therefrom in tHe manner of the
sequential operation of the parts and a requirement only

for the vacuum chamber region 112 to be large enough to
accommodate two boards 132 at the same time.



of the conveyor belt (50) in conveying the board
uum chanber (112) and in conveying the processed

chanber is at a first speed, and the rate of speed
(rrﬁ]g&ﬁﬁﬂ%@g He belt to the set-point position recited in step

i sfaf asecond and substantially higher speed than the first speed. 8.
A net hpd-as=ctarmed in ¢l aim 7 whereiT4he first speed is 9 mnin and the

~secondjspeed is 30 [nmin19. A nethod as clainmed in any preceding claim

furt her—rncludi ng,  bef ore stet%‘ &ﬁ? aéhe st eps of } ggnve on i nput
conveyi ng means Wath, rfg)pe.gtp h 0°¥‘Fb?n§ etBEi K cugﬁw prent to
the belt cqay8wator 12', in step 1, as shown in Fig. 28, a first

prelaminated circuit board 132 having dry film loosely

applied to the surfaces thereof is shown arriving from

the prelaminator on the input conveyor 14 running at a

speed of 3 mts/min. The second barrier 30 is up. The
first barrier 28 is down.

In Step 2 of the function cycle, as shown in Fig.
29, the first board 132 stops at the second barrier 30
and is aligned. The first barrier 28 goes up. A second
board 132a étops on the first barrier 28 and also is
aligned. The input conveyor 14 stops as soon as the
first photocell 38 senses the arrival at the first
barrier 28 of the second board 132a. '

As shown in Fig. 30, in step 3 of the sequence both
of the barriers 28 and 30 go down and both the input
conveyors 14 and 16 and the conveyor belt 20 start at a
speed of 9 mts/min to load the two boards 132 and 132a
into the vacuum chamber 112 of the laminator 22.

In step 4 of the sequence, as shown in Fig. 31,
when the boards 132 and 132a’' are in the vacuum chamber
112, a signal from a cam 86 and sensor 88 causes the
input conveyors 14 and 16 and the belt conveyor 20 to
stop. The second barrier 30 goes up while the first
barrier 28 remains down. The conveyor input belt
roll 42 is moqu in the direction of the vacuum chamber
112 in order to release the tension of belt 50. The
input conveyors 14 and 16 start at a speed of 3. mts/min.

In step 5, as shown in Fig. 32, the lower vacuum

platen 108 is actuated upwardly by the pneumatic

cylinder 136 and passes up through the aperture 84 in

‘ the belt 50 to engage the upper platen 106. The vacuum
pump 120 is actuated to evacuate the vacuum chamber 112



mdéﬁﬁin means (30) at the exit end (25a) of the input
Ak B tiop the novenent of the board and to align the board,

: ggéhﬁ g. sdnce of the board at the exit end of the input
%5? 9 d stopping the novenent of the input conveying neans; (Ss)
tlng the barrijer

at the exit end of the input conveying neans to a
F655"ng or non-Hl ocki ng Posit~ag=~ and (t) starting the input conveying
: ~Lhe helt _cgnveyor (50) to | oad the board into the vacuum chanber
(112) of the vacuumlamnator. 10. A nethod as clained in claim9 wherein
the ratefmf anpeedeternined papiedcdnyayifigsteatage waepunp)

process, at the end of which process a slap down action
is applied, as described hereinbefore. During the
vacuum phase, the two boards 132 and 132a are heated by
the pletens 106 and 108. Two new prelaminated printed

" circuit boards 132b and 132¢c to be vacuum laminated are
shown arriving on the input conveyors 14 and 16 and stop
at the barriers 28 and 30, respectively.

As shown in Fig. 33, after the vacuum process step

5, the vacuum is released from the vacuum chamber 112 in
step 6 following which the lower platen 108 is lowered

down through the aperture 84 in belt 50. The two newly
arrived boards 132b and 132c are aiigned on the barriers

28 and 30, respectively, and the input conveyors 14 and
16 stop. ) '

In step 7, as shown in Fig. 34, the input belt roll
42 is moved by the two-position air cylinders 82 back
away from the wvacuum chamber 112 to restore the tension
of the belt 50. The new boards 132b and 1l32c are
waiting on the inﬁut conveyors 16 and 14, fespectively;

In step 8, as shown in Fig. 35, the belt 50 only
starte to move at a speed of 9 mts/min to unload the two

processed boards 132 and 132a from the vacuum laminator
22,

In step 9, as shown in Fig. 36, as soon as the two
boards 132 and 132a are completely off the belt 50, the
speed of the belt 50 of the conveyor belt 20 is
increased to 30 mts/min in order quickly to move the

. belt 50 to the set-point for loading the new boards 132b
and 132c¢ on the belt 50, on the upper run thereof. A
few centimeters before the set-point is reached the belt

50 is slowed down to 3 mts/min and then is stopped

Precisely at set-point. The cycle restarts from step 2.



i s. about 3 _nimi-p.—the- e of novenent of the input conveying nmeans and the
belt co gﬂﬁoghi G)ost ﬁHEET he board - 31- onto the entrance end of the
bel t conveyor-Fs %ﬁﬂnﬁ~ mMmn, and the rate of novement of the belt
conveyort iin gifggé a ni cnntinuing t he nmovenent of the endless belt to the
set - poi :QPO %t about 30 Mmn. 11. A nmethod as clained in any one
of cl ai _Lo~8—iu%%he¥ itncl udi ng, b@ore step (a), the steps of: (u)
conveyi

second pk%

g on flrst and segond input’ conveying neans (14, 16) first and
-ErfY —Boards fr

Thé sensing sw?tches comprising !cam 86 and sensor
88, cam 94 and sensor 96, and cam 98 and sensor 100 may
each be of the type known in the art as proximity
switches, a non-contacting switch. More specifically,
the cam may comprise a metallic object with the sensor,
in each case, comprising an electronic device which is
fixed in position and is responsive to the movement
nearby of the metallic cam and is operative to generate

an electrical signal in response to movement and hence
sensing of the metallic object.

The programmable logic controller 134 utilized to
control the sequential operation of the conveyorized
vacuum applicator 12 for vacuum laminating one’
prelaminated board at a time or two prelaminated boards
at a time may be a microprocessor controller of a type
available commercially from Landis & Gyr. The
controller 134 responds to the various Signals.produced
by the photocells 38, 40 and. 102 and by the proximiﬁy
switch sensors 88, 96 and 100 to initiate, in concert
with preprogrammed control daté_;he 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, 34 and 82, the pneumatic ram 136, and the
electromagnetic clutches 60, 62 and 72, and the selector
switch 79 for the motor speed control potentiometers 74,
76 and 78. For convenience of illustration, in Fig. 2
the control paths between the PLC 134 and the several
control devices just mentioned have been shown in dotted
lines. It will be understood that, although not shown,
the dotted lines include, where necessary and
appropriate, as well known to those skilled in the art,
conversion devices such as electrically operated
Pneumatic valves to control the various air cylinders



preced m 'ﬂmq jjrtg;gfm'tpe belt conveyor; (v) providing first and second

barrie'“ - —ihn«.. rst barrier neans (28) at the exit end of the
first 2 and the second barrier neans (30) at the end of
t he se yor (16), thefirst barrier neans being in a

non- bl d the second barrier means being in a bl ocking

positipn mhereby the firlst board i823+opped by the second barrier at the
exit endrof—the-second-thput conveyor and is aligned; (w) adjusting the
position of the first barrier nmeans (28) at the exit end of the first input
conveyopngo thRe PRESTIAIS oA ¢ | andwhbecbyichd seday newmsl s stopped by

the firgbnkabli ehealmdtvr @péedNdoRtrbi® kil ctONANYL oy, IS al i gned;

The electrical circuit connections to the several
input terminals (not shown) of the PLC 134 from the
photocells 38, 40 and 102 and from the sensors 88, 96
and 100 have not been shown in order to avoid
complication of the drawing since such circuitry is well
known and understood by those skilled in the art.
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um['ani hat or;

and{wherein in step (b) the positioning of both the
—-8 sensed to stop the nmovenent of the belt conveyor

(20) andCLAEMSEr st “and second i nput Conveyors (14 16) ;

1. A method of vacuum laminating a prelaminated
board (132) comprising the step of:

(a) placing the board on the entrance end of a
moving belt conveyor (20) for movement into a vacuum
laminator (22) having an upper platen (92, 106) and a lower
platen (90, 108), which belt conveyor has an endless belt
(50) under tension that has an aperture (84) therein and is
characterised in having an initial or set-point position
such that as the board is moved on the endless belt into =
the iegion of a vacuum chamber (18) of the vacuum laminator
the aperture is moved into alignment with and between the
board and the lower platen;

(b) sensing by proximity switch means (86, 88)

- having a member (86) movable with the endless belt the
bositioning of the board in the vacuum chamber of the
vacuum laminator and stopping the movement of the belt.
conveyor;

(c) relieving the tension on the endless belt;

(d) lifting the lower platen (90) up through the
aperture (84) in the endless belt into sealing engagement
with the upper platen (92) and thereby capturing within
the vacuum chamber of the vacuum laminator the board and
the portion at least of the endless belt upon which the
board is positioned; and

(e) evacuating the vacuum chamber of the vacuum
laminator.

2. A method as claimed 1n claim 1 further
lncluding the step of:

(f) heating the upper platen (92) and the lower
Platen (90) of the vacuum laminator to a temperature at

which the laminate on the board has a high flow
characterlstlc.
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wherei' ifmStep (c)—t
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fre tension on the endl ess belt (50) is relieved, the

sfadljusted to the bl ocking pogiiy I rst and
second ii siate started; wherein in stanlmimmmnjumﬂlll
prelanﬁn&%edﬂb s—attiye on the frrd® and second+i nputt conveyors from
precedﬂng equi pnrent and are stopped at the first and second barriers,

r espects v : ; p.(J),Lhe twp new boards are aligned on the
first and secon barH%§E§g$e§%e%}?€@?é,1ﬁn8Y%ﬁ@ £ rhergia nd i nput

conveyoreppeE BLBEEBJ{ 1860 Wifetdion viacwine (L apfinasos 0pZ2 pSiaEBud®ls Rr ocessed
diaphragm (110) that is substantially impervious to air

and forms the ceiling of the vacuum chamber (112), and
including the further steps of:

(g) evacuating the space between the diaphragm and
the upper platen;

(h) at the end of a first stage of the vacuum
process allowing atmospheric air to enter the space between
the diaphragm and the upper platen thereby to cause the
diaphragm to slap down and apply mechanical pressure on the
boarq to force the laminate to conform closeiy to the
surface contours of the board; .

(i) when the vacuum laminatioq process is comélete
allowing atmospheric air to enter the vacuum chamber;

(J) lowering the lower platen (108) down through
the aperture in the belt: -

(k) restoring the tension in the belt (50); and

(1) moving the endless belt to move the ‘board out
of the vacuum laminator.

4. A method as claimed in claim 3 further
including the step of:

(m) continuing the movement of the endless beit
(50) to the set-point position thereof recited in étep (a).

5. A method as claimed in claim 4 wherein in step
ém) the movement of the belt (50) to the set-point position
:?reof 18 at a speed substantially higher than that at
:flCh the belt is moved when moving the board into and out

the region of the vacuum chamber (112) of the laminator. .

6. A method as claimed in claim 4 comprising the
further steps of:

co (n) placing on the entrance end (25) of the
nv
€yor belt another Prelaminated circuit board; and



I u s i+ e
"“-é.cuun1lan1nator and of f the endl ess belt the rate of
egs{belt is increased rapidly nﬂuﬂnmﬂu' s belt
ign. 12. Apparatus for vacuu m‘yﬂl ms
26--hoa apdi sing, a vacuum | ami nator (22) ‘havinyg & atively
statlonary upper platen'(92 106) and 3 l-ower platen (90, 108) that IS

. ~fnto sealing engagenent with said upper platen to
forma vacuun1chanber (112); a belt conveyor (20) having an entrance end

(26) and an exit (erd rere@ting sfepa i(@nedd (Mperative rel ationship with
sai d vacuum | am nator such that, when noved from a set-point position

thereof with a prelan1nated board pl aced on the, e é nce end, t hereof, the
board is A method as claimed in claim ereln in step .

(a) the rate of movement of the conveyor belt (50) in
conveying the board to the region of the vacuum chamber
(112) and in conveying the processed board out of the
vacuum chamber is at a first speed, and the rate of speed
in étep (m) of moving the belt to the set-point position

recited in step (a) is at a second and substantially higher
speed than the first speed.

8. A method as claimed in claim 7 wherein the
first speed is 9 m/min and the second speed is 30 m/min.

9. A method as claimed in any preceding claim
further including, before step (a), the stéps of:

(p) conveying on input conveying means (14, 16) a
pfelaminated.board from preceding equipment to the belt
conveyor; '

(9) providing barrier means (30) at the exit end
(25a) of the input conveying means to stop the movement of

. the board and to align the board; '

(r) sensing the preéence of the board at the exit
end of the input coﬂveying means and stopping the movement
of the input conveying means;

(s) adjusting the barrier at the exit end of the
input conveying means to a non-stopplng or non-blocking
positlon- and

(t) starting the input conveying means and the belt

conveyor (50) to load the board into the vacuum chamber
(112) of the vacuum laminator.

10. A method as claimed in claim 9 wherein the
rate of movement of the input conveying means in step (p)
is. about 3 m/min, the rate of movement of the input
conveying means and the belt conveyor in loading the board



tic ing a belt (50) under tens

: raghpcliud
d a?ﬂgﬁgegﬁ? ancg end of the belt conveyor
' pesiiidndd with respec%éto the enf%ance ehnd & ¢h

' ‘#ﬂﬁéﬁf‘vﬁcgﬂ‘rf%*é'h'anber regi on between the up[:)er and | ower "platens,

that as the boarld is moved Tn

tortaohel emtraheel endr ol ¥heNbelt cBhiveyar s about g

to cause #Ahth PUdd lthe rate of movement of the belt conveyor in

step (m) in continuing the movement of the endlessg bel
the set-point position ig about 30 m/min T

11. A method as claimed in any one of claims 4
8 further including, before step (a), the steps of: *

(u) conveying on first and second input con.ve i
means (14, 16) first and second Prelaminated board oo
precgding equipment to the belt conveyor; 8 pem
o firs(tv)baizl‘:oiw;ldlng fir‘st and second barrier neans with
. _ T means (28) at the exit end of the first
input conveyor (14) and the second barrier means (30 |
the <.en.d of the second input conveyor (16), the fi:i' t) *
barrier means being in a non-blocking position' andsthe

| e board
JM’HM‘mHHTI%r ture
e pbel t
The region of the vacuum chanber

r platens the aperture is noved into alignnent
3-_notive neans (52) operative
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nove wi ‘placéd|{on the entrance end of th conveyor fhereby
R e

to posi onZZBSEE ! the region of the vacuu ’”’L i gy;vacuum
| ani natjor{; first sensimg%neans (86,_83) providing ax ”ve to

t he noverment of ~sai d belf§ required to position the board in"thé region of
t he vadquum chanber _far _stioppi ng said notive neans from causing further such

movenent’;  t ensi Wheagims timg tapans )\ &he apisidry Con Otkhée! éﬁ&fe%gebéfgsi on of
sai d bel teqy isfd 14h {@R8S , ( ) ratjve. to li the | ower platen up
t hr ough ¢ﬁ@ aperture |n fhgﬁgefgggﬂgobgﬁﬁFFﬁg(éhdadénéégiﬁqﬁﬁPRPupper
platen1ﬂh9w9%?§¥%%%p99$bt%ﬁe #odr thenfirkt paodtisecond ingayd, of the belt
upon whiddhvdyors are started;
' wherein in step (d) two new prelaminated boérds
arrive on the first and second input conveyors from

preceding equipment and are stopped at the first and secohd
barriers, respectively;

wherein in step (j) the two new boards are aligned
on the first and second barriers, respectively, and the
first and second input conveyors are stopped; and

wherein in step (1) as soon as the two processed
boards are out of the vacuum laminator and off the éndless
belt the rate of movement of the endless belt is increased
rapidly to move the endless belt to the set-point pésition.

12. Apparatus for vacuum'laminaﬁing a prelémiﬁated'
board comprising, | '

a4 vacuum laminator (22) having a relatively
stationary upper platen (92, 106) and a lower platen (90,
108) that is adapted to pe moved up into sealing engageméﬁt
with said upper platen to form a vacuun chamber (1125;

| a belt conveyor (20) having an entrance end (26)

and an exit end (26a) and positioned in operative |
;elationship with said vacuum laminator such that, when
moved from a set-point position thereof with a prelaminated
board placed on the entrance end thereof, the board is
moved into the vacuum chamber region between the upper and
lower Platens, said belt conveyor including a belt (50)
under tension upon which the board is placed at the °
entrance end of the belt conveyor and having an aperture
(84) therein so positioned with respect to the entrance end
of the belt conveyor that as the board ié moved into the
¥eégion of the vacuum chamber between the upper and lower

1
Platens the aperture is moved into alignment between the -

board ang the lower platen:



board IBE “hin the vacuum chanber; vacuim punp-means- (120) to
evacua

jel | Uﬁﬁf&ﬁ&nber; and control neans ( sive to the
signal jpriovRJBERII¥ai ¢ {irst sensing means to c! Iﬁ@zm%ﬂ mt;e means,
sai d tensioh“édjustinggnéans, said lifting neans,* an f&m punp
nmeans. jl3—=—=Apparatus- asicl ai ned i n~cB&i m 12 further including heating
means (j124, 126) for hggﬂing the upper platen (92, 106) and the | ower
pl at en "96;7108) 6f_ t he vacuum_ |am nator to a tenperature at which the
| ami nat e on t he MRJe¥ER HBRARS h{ §R) f PERTERAVScLter Fapse. seid ReIE HUs as
claimed jgyel @ifhlad BoagiiipDabbde eile tdiecrmpes endted €HOGdedt
the.vacugghsg%gge%h %£%§ to position said board in the region of

the vacuum chamber of said vacuum laminator;

first sensing means (86, 88) providing a signal

responsive to the movement of said belt required to

position the board in the region of the vacuum chamber for
stopping said motive means from causing further such
movement;

tension adjusting means (82) operative to relieve
the tension of said belt;

| lifting means (136) operative to lift the lowexr’

platen up through the aperture in the belt into sealing
engagement with_ the upper platen thereby to capture the
board and the portion, at least, of the belt upon which the
board is positioned within the vacuum chamber;

vacuum'pqmp means (120) to evacuate the vacuum
chamber; and

control means (134) responsive to the signal
provided by said first sensing means to control said motive
means, said tension adjusting means, said- lifting means,
and said vacuum pump means.

13. Apparatus as claimed in claim 12 further
including heating means (124, 126) for heating the upper
Platen (92, 106) and the lower platen (90, 108) of the
vacuum laminator to a temperature at which the laminate on
the board has a high flow characteristic.

14. Apparatus as claimed in claim 12 or claim 13
wherein the upper platen (106) of the vacuum chamber (112)
includes a diaphragm (110) that is substantially impervious
to air and forms the ceiling of the vacuum chamber, and
further including:

a first communicating passage between said vacuum-
Pump and the space between said diaphragm and the upper
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M |(110) that is substantially inp er|ous to air and
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for{evacuating sald space; a second comuni cati ng passage (128) between the
spate-hetwean—sakd-di-aphragm and t he upper platen and atnospheric air

control | edy i cbroard X éd Negansaid ¢bpt£0l means for evacuating said

space; %
a second communicating passage (128) between the
space between said diaphragm and the upper platen and
atmospheric air controlled by said control means at the end
of a first stage of the vacuum lamination process to allow

- air at atmospheric pressure to enter such space to cause

the diaphragm to slap down and apply mechanical pressure
on thé board to force the laminate to conform closely to
the surface contours of the board;
| a third communicating passage between said vacuum
chamber and atmospheric air controlled by said control
means when the vacuum lamination process is complete
allowing air at atmospheric pressure to entexr the vacuum
chanmber; .

said control means (134) then being operative to
actuate said ‘lifting means (136) to lower said lower platen
(108) down through'the aperture (84) in the belt, to
actuate said tension adjusting means (82) .-to restore the
tension of the belt, and to actuate said motive means (52)

to move the processed board out of the region of the vacuum
chamber.

15. Apparatus as claimed in any one of claims 12
to 14 further iﬁcluding second sensing means;(104)
providing a signal responsive to the board moving off the
belt conveyor at the exit end (26) thereof for causing said

motive means to continue the movement of the belt to the

set-point position of the belt conveyor;
third sensing means (98, 100) providing a signal

responsive to the approach of the belt to the set-point
Position of the belt conveyor to cause said motive means to
8low down the movement of the belt to the set-point
position; and

- fourth sensing means (94, 96) providing a signal
Tesponsive to the movement of the belt to the set-point
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at nosphefic pressure tp enter such space to cause i o slap
down ahdia@¥pEFi®ani cal pressure on the board toﬂmmmmmﬂﬂMe to
conforin ¢l osely To thet surface contours of the board; a tdl ¥¥ini cating
passagé¢ berween~gai-d-¥aciium chanber andS5atnospheric air controlled by said
controlk _neans when the vhcuum | am nation process is conplete allowing air
at at nDSPRETI. ¢, presauLe .t nter the vacuum chanber; said control neans
(134) t heROBLFHEMoBEr KhRy Bels Sonvavew fal qauas mp ié amet {48 Gheans| ouor

sai d Iomestppathe.b@lﬁBﬁodawyo&hmmuﬂ1ﬂHgaﬁgxgtégetﬁé4%e££béiﬁibelt, to
actuate sgggigggﬁ[on adj usting neans (82) to restore the

16. Apparatus as claimed in any one of claims 12
to 15 wherein the rate of movement of the belt conveyor
' (20) by the motive means in moving the board into and out
of the region of thé vacuum chamber (112) of the vacuum
laminator (22) is at a first speed and the rate of movement
of the belt (50) by the motive means when continuing to
move the belt to the set-point position of the belt

conveyor is at a second speed that is higher than the first
speed. '

17. Apparatus as claimed in claim 16 wherein the

first speed is about 9 m/min and the second speed is about
30 m/min.

18. Apparatus as claimed in any one of claims 12 to
17 further including: - ’

a first input conveyor (14);

a2 second input conveyor (16);

- each of said first and second input conveyérs being
arranged to be driven under the control of said control
means {134) by said motive means (52) through respectively
associated first and second electromagnetic clutch means
(60, 62); - - :

. entr:;aci: (;En-’i.drst2 4and second input conveyors each having
operative co con( r 25) and an exit end and being
praceding equimeEz zrglaminated boards (132) from
conveyor (20); © the entrance end (26) of said belt

£1 i
e rst barrier means (28) at the exit end of said
. rst input conveyor (14);




Wt o a2ttt

t ensi on c@@ﬁ&éﬁﬁéﬁﬁﬁiﬁ&@ﬁé actuate said notive ngans (52)

processed Hoard out "of ‘the{regi on of the vacuum chanber. 1‘5}"]%&@@@,@”5’"’
cl ai med i|n {an@ 709EL.4994 | i 12 to 14 further including seconde sensiyngg " '¥
means (1Q4)] providing a $ignal responsive to the board noving off the belt
conveyor jat~theexit-entd (26) thereof for causing said notive nmeans to
continue jthe movement of the belt to-tBE set-point position of the belt
conveyor; third sensing neans (98, 100) providing a signal responsive to

t he approach of the beli to, the set-point Position of the belt caonveyor to
cause sai d notiveeHIHRE 182 ORPHB\Rﬁgt ReaRsy BAEARIR PR rgeﬁ’tl"f:g‘lf‘ﬁfe

set - poi nt Bagitibanandn@ board non-blocking position with said first
parrier being initially in the board non-blocking position
and the second barrier being initially in the board
blocking position;

a first air cylinder (32) to adjust the position of
said first barrier means between the board blocking and
non-blocking positions;

a second air cylinder (34) to adjust the position
of said second barrier means between the board blocking and
non~-blocking positions; .

a first photocell (38) for sensing a board at the
exit end of said first conveyor means; and

a second photocell (40) for sensing a board at the
exit end (25a) of the second conveyor means (16), said
second photocell producing a signal in response to the
presence of a board at the exit end of the second input
conveyor means to cause the control means to stop the .

- movement of said first and second input conveyors and to
adjust said second barrier means to a non-blocking position,
‘following which said control means causes the motive means
to start both the input conveyors and the belt conveyors to.

load the board onto the entrance end (26) of the belt
conveyor. o
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19. Apparatus as claimed in any one of claims 12
to 17 further including:

a first input confeyor (14);

a second input conveyor (16);

.each of said first and second input conveyors and
said belt conveyor being arranged to be driven under the
control of said control means (134) by said motive means
(52) through respectively associated first, second and
third electromagnetic clutch means (62, 60, 72);

said first and second input conveyors each having -
an entrance end (24, 25) and an exit end and being



fourth sensing neans (94, 96) providing a signal reiﬂ%ﬂﬁlﬂ& U "ﬂovenent
of t'he belt to the set-point -35- position of th 0 cause
said notive neans to stop the belt conveyor with the belt at the set-point

position. 16. Apparatus as clained in any one of clains 12 to 15 wherein

the rate of novenent of the belt copvgyor (20) by the notive neans in

novi ng the board into and out of the region of the vacuum chanber (112) of

the vacuum | am nator (22) is at a first speed and the rate of novenent
operative to convey prelaminated boards (132) from

preceding equipment to the entrance end (26) of said belt
conveyor (20);

first barrier 'means (28) at the exit end of said
first input conveyor;

second barrier means (30) at the exit end (25a) of
said second input conveyor;

each of said barrier means having a board blocking
position and a board non-blocking position with said first
barrier being initially in the non-blocking position and
said second barrier initially in the blocking positioh;

a first air cylinder (32) controlled by said
control means to.adjust the position of said first barrier
means (28) from the board non-blocking position to the
blocklng position;

a second air cyllnder (34) controlled by said
control means to adjust the position of sald second barrier
means (30) from the board blocking to the non-blocking .
position;

a first photocell (38) for sens;ng a board at the
exit end of the first input conveyor means (14);

a second photocell (40) for sensing a first boaxrd
at the exit end (25a) of the second input conveyor means
(16) and producing a signal in response to the presence'of
a board to effect the actuation by said control means of
said first air cylinder to adjust said first barrier to the
blocking position; |

said first photocell produc;ng a signal in response

~ to a second board at the exit end of the first input

conveyor to effect the actuation by said control means of
said first and second electromagnetic clutch means (62, 60)
to stop the first and second input conveyors folloﬁed by
the actuation by said control means of sqid first and said
8econd air cylinder to effect the adjustment of said first
and second barrier means to the non-blocking positions and
the actuation of said first, second and third
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ABSTRACT L

CONVEYORIZED VACUUM APPLICATbR AND METHOD THEREFOR

A method and apparatus for automatically
laminating, under heat, vacuum and mechanical pressure, a
printed circuit board (132) or the like. The apparatus
includes a two-part conveyorized vacuum applicator
comprising two input conveyors (14, 16) in end-to-end
relation and a belt conveyor (20) and vacuum laminator
(22). The belt conveyor is characterised in its use of an
endless belt (50) having an aperture (84) therein through
which, in the vacuum laminating condition of the
applicator, a movable lower platen (90) is movable upwards
;hto sealing contact with an upper platen (392), with the
printed circuit board to be laminated and a portion of the
upper run (50a) of the endless belt contained within the
vacuum chamber of the laminator.
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ABSTRACT
CONVEYORIZED VACUUM APPLICATOR AND METHOD THEREFOR

A method and apparatus for automatically
laminating, under heat, vacuum and mechanical pressure, a
printed circuit board (132) or the like. The apparatus
includes a two-part conveyorized vacuum applicator
comprising two input conveyors (14, 16) in end-to-end
relation and a belt conveyor (20) and vacuum laminator
(22). The belt conveyor is characterised in its use of an
endless belt (50) having an aperture (84) therein through
which, in the vacuum laminating condition of the
applicator, a movable lower platen (90) is movable upwards
;hto sealing contact with an upper platen (92), with the
printed circuit board to be laminated and a portion of the
upper run (50a) of the endless belt contained within the
vacuum chamber of the laminator.
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