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print edother substrates, to assure complete conformance of the dry

films around raised circuit traces and irregular surface
contours. The applicator and method have particular
utility for conveying and for applving vacuum, heat, and
“ mechanical pressure to printea circuit boards or other
substrates that prior to such applicai_:ion have had dry film
loosely applied to at least one of the surfaces thereof as
discrete cut sheets within the confines of the substrate.

Primary imaging photoresists and secondary imaging
solder masks are among the most widely used photoimageable
materials in the manufacture of printed circuit boards. A
‘primary imaging photoresist is used in the creation of the
printed circuitry itself, whereas a solder mask is used to
protect the printed circuitry during soldering of
components onto the board. ‘

A primary photoresist is a haxd, temporary layer of
non-conductive material which covers the metal surface of a
copper-clad substrate that later becomes the printed
circuit board. The photoresist is patterned in such a way
SO as to produce a resist stencil around which the printed
circuit tracks are formed.

More specifically, primary photoresists, typically,
are formed from a layer of photoimageable composition-which
is applied to .the surface of a copper—clad board. The
photoimageablé composition is exposed to actinic radiation
which is patterned by means of a template or artwork.
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then selectively removed in an etching solution, leaving
behind the pattern plated copper circuit Ilines. In a
typical etching procedure, the metal in the areas devoid of
photoresist is selectively removed in an etching solution,
leaving behind the residual portions of the etched metal
layer as the circuit traces after the primary resist is
stripped away.

A solder mask, on the other Hand, is a hard, permanent
layer of non-conductive material which covers the surface
of a printed <circuit board or other substrate,
encapsulating the traces of the printed circuitry itself.
The solder mask is patterned to fully cover the circuitry,
except for those portions intended to be exposed, e.g., for
soldexing to another component.

More specifically, sclder masks, typically, are formed
from a layer of photoimageable composition which is applied
to a surface of the printed circuit boatrd.  Similar to
primary imaging xesists, the photoimageable layer is
exposed to actinic radiation which is patterned by means of
a template or artwork. Subsequent to exposure, the
photoimageable layer is developed in an organic s_olvent,



The sol der-mask is patterned to fully cover the circuitry, except for
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semi-stable layer. There are a number of advantages,
however, to applying a photoimageable layer to a circuit
board as a -dry £ilm rather than as a liguid. In
particular, c‘i.ry films are free of organic solvent and
therefore eliminate this hazard from the workplace and
eliminate the need for apparatus to protect the immediate
work enviromment and the more gemeral enviromment from
organic solvent" emissions.

Typically, such a dry film comprises a cover sheet of
support material which is somewhat flexible but which has
sufficient rigidity to provide structure to a layer of
photoimagea_bl__:e composition which overlies one surface of
the cover sheet. The. cover sheet may be formed of polyester
material, such a polyethylene terephthalate (PET). To -
protect the photoimageable layer and to enable the dry film
to be rolled, it is conventional for the exposed surface of
the photoimageable 1ayer to be covered with. a removable
protective sheet, e.g., a sheet of polyethylene

The method of use of such a dry film is generally as
follows. The proli;':ectiva polyethylene sheet is' removed from
the photoimageable composition layer immediateiy prior to
application of the dry film to the surface of the printed
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(or template} to be laid directly om top of the dry f£ilm
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 actiniec radiation through the PET cover sheet.

At this time, the PET cover sheet is removed, perxmitting
access to the exposed photoimageable layer by developer.

Depending upon the composition of the phot-;oimageable layer,
the photoimageable layexr is developed with organic solvent,
aqueous developer, or semi-aqueous developer. 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 photoimageable lavers forx
preparing pr:i:rhary imaging photoresists and solder masks are
negative-acting. Subsequent to development, primary
resists, in particular, are subjected “to either
electroplating ox etching, as previously described, to foxrm
the circuit traces after which the remaining photoresist is
stripped away with organic solvent, agueous stripper, ox
semi-aqueocus stripper. Whereas, in. the case of solder
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thin outtesdefiaces pf AW ttherefore desirable that any dry film
solder mask applied to the board be able to conform around

the upstanding circuitry traces to miniwmize the risk of
defects, such as short circuits. On the other hand, during
primary resist application, such unevenness uswually arises
when creating circuitry on thin outer surfaces of multi-
layered circuit boards which contain embedded components
that protrude and leave impressions on the outer surface.

It is desirable that any photoresist applied to such a
board be able to conform to such irregular surface contours
to minimize the formation of defects, such as voids,
disconnects, or shorts. There has also been a demand on
circuit board manufactures, due to the current trend to
miniaturize electronic equipment, to reduce the size of
printed circuit boards while increasing their functional
capabilities which presents other difficulties for dry film
photoresist application. As more cirxcuitry needs to be fit
onto smaller surfaces, the cirxcuit lines and spaces
therebetween on the circuit board have continued to shrink.
The c¢reation of this fine line and closely spaced
circuitry can be achieved only with difficulty and only if
the primary resist fully adheres and completely conforms to
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selected for its transparency, strength and flexibility is
interposed between the support film or cover sheet and the
photoimageable laver. The intermediate layer of the dry
film is selectively more adherent to the photoimageable
composition laver than to the cover sheet, allowing the
cover sheet to be removed after the photoimageable layer is
laminated to a printed circuit board to assist conformance,
with the intermediate layer remaining on the photoimageable
composition layer as a "top coat.® The top coat is of
non—ﬁacky material and can be placed in contact with other
surfaces, such as artwork for contact printing. The top
coat also- serves as an oxygen bkarxrier, allowing the
photoimageable composition layer to remain unexposed on the
printed cireuit board, after cover sheet removal, for some
length of time. The wuse of dry £film having the
*intermediate layer®™ or "top coat* make possible the
processes described in these patents.

In each case, to form a more conformihg d;§ £ilm, the
protective polyethylene sheet is first peeled away and the
exposed surface of the photoimageable composition layer is
applied to the surface of the printed circuit board. Using

vacuum, heat and mechanical pressure, the dry film is
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the top coat may be directly contacted with artwork for
contacl printing and because the top coat is much thinner
than a cover sheet or support film and is, therefore, much
less a deterremt to good resolution than a support £ilm.

In U.S. Pat. No. 4,946,524 (Stumpf et al.), there is
digelosed an  applicator and process for applving a
conforming dry film material to the surface of a printed
circuit board allowing for, at the same time, the removal
of the protective sheet, subsequent bandling of the board
with the applied film, and the draw-off of air enclosed
between the film and the board. The draw-off of "air
enclosed between the dry film and the surface of the
printed circuit board is facilitated when, before wvacuum
lamination, the surface of the board is covered with a
loose sheet of film. To that end the applicator of U.S.
Pat. No. 4,946,524 is operative to tack the dry £ilm 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 surface of the

" board. For convenience, a printed circuit board having
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with the utilizatiom of a conventlonal batch vacnum
laminator in apn automated in-line system. The automatic
conveyorized vacwwm laminator is comprised of two main
parts, a vacuum laminator and an input roll conveyor for
feeding prelaminated circuit boards into the vacuum
laminator from the preceding prelaminating equipment. The
vacuum laminator, in particular, comprises a single vacuum
chamber defimed by heated upper and lower platens, and an
endless belt convevor disposed between the platens for
movement of the printed circuit boards into and out of the
vac.uum chamber region. In operation, the prelaminated
circuit board (i.e., having the dry £ilm photoimageable
material loosely applied to its surface) to be vacuum
laminated is transferred from the input roll conveyor to
the endless belt which moves the board into proper vacuum
lamination position between the heated upper and lower
platens. Thereafter, - the lower platen is raised into
sealing engagement with the upper platen in order to
capture in the vacuum chamber the endless belt conveyor and
the prelaminated board resting on the endless belt. Next,
a vacuwn is drawn in the vacuum chamber between_ the platens
to evacuate all air between the dry film and surface of the



or substrates and overcones the difficulties encountered wth the
utilization of a conventional batch vacuum | am nator i n Z2nFengaoya0ed
in-line system The automatic. conveyorized vacuum | am nator is conprised
of two main parts, a vacuum |l am nator and an input roll conveyor for
feeding prelam nated circuit boards into the vacuum |am nator fromthe
precedi ng prel am nating equi pment. Th vacuum |l am nator, in particular,
conprises a single vacuum chanber defined by heated upper and | ower

pl atens, and an endless belt conveyor disposed between the platens for

NV emeniy-afl ainkpaRednt Beaeds cuid1boaeds bt appldcatticsf biie hewicuamdchanber
region. In operation,:the prel aninated | rcui - isng the dry
film phE‘E‘-’SPﬁ’E@é‘ | @rﬁ%%paFOISBQEPWaE%ﬁ ?éﬁ[ oéjﬁ?{sldg’ér a(e:e}‘—)Ia 5%e vacuum
| ani nat ggehs theakskde dd foompldiee j npe Lokér cphabpor iso louwereghaidss bel t
whi ch npyes t.he board.info_proper_ vacu m Welgl Si ty en the
heat ed G%'ﬁer ]:fr%"rfag?/%q %f’gggns;lnl'he?gllé{?]?grg,g - rg’t%h['?‘{gol o&ér p: at eérgﬁltegmr ai sed
into seabegsdngageqeipmentlh tiiel Lppdéhepl nexh ibwardieta dbecapcyd in the
vacuum chanpber t-he end| es I NG : sam boar d
resting Wgegnﬁgggmﬁeﬁ#}elé}(%%é?%%uum égkg%%h?’gﬂ ?%g?\%écuum chamber
bet ween t he plidtfdesltyo basgcuaeenal énepunbereden Rowedey, f ivktandbsur f ace

of the 20 Eg?ﬁ%%ry %904 Shdy el gm n@tgl?gepggigedf Ol 04@8n bY 12RAM=G3 0N of

heat an&PS ani cal pressure to conformthe dry filmtaq the hoard. Wen
the cychppesatusl ebe, thscrdlsd plist eV S | Sedr-edMhd 3HEA-A%at ed board

1N Cconyexed uakilo SubsRAvERk PREREAS NOf CRHOTRRY Whlhe tdie chaxt board
to be vacuum am nat e ar_rlves for the next vacuum | am nati Qn cycl e.
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’ ' poards (e.qg.<0.25 mm.), since they are susceptible to rapid

heating. In order to assure complete conformance of the
dry film around the circuit traces and substrate surface
contours, it is necessary that the loose sheet of dry film
prelaminated to the board allow foxr all air enclosed
between it and surface of the printed circuit board to be
evacﬁated inefore applying heat and mechanical pressure to
conform the .film to the boaxd. Yet, with the above
apparatus, the residual heat given off by the belt conveyor
4just after having completed a prior vacuum laminpation cycle
has a tendency to cause premature tacking of the film on
the next board entering into the vecuum chamber prior to
commencement of the vacuum lamination cycle. Premature
adhesion pfevents air from escaping from certain areas
during vacuum lamination, which, in turm, prevents film
conformance. In the case of solder masks, lack of film
conformance results in lamination defects, such as unwanted
puddling caused by premature adhesion. ITn the case of
primary resists, lack of film conformance tends to result
in voiding of emntire portiomns of the circuit traces caused
by incomplete adhesion, as well as puddling as previously
described. The present invention was devised to address



Particularly, "premature tacking of the dry filmto-the board surface
prior to chanber evacuation has been a problem The probd0eretingary 2004
particularly prevalent with thin boards (e.g.<0.25 mm), since they are
susceptible to rapid heating. In order to assure conpl ete confornmance of
the dry filmaround the circuit traces and substrate surface contours, it
I S necessary that the | oose sheet of dry film prelamnated to the board
allow for all air enclosed between-#-and surface of the printed circuit
board to be evacuat ed before applying heat and nechani cal pressure to
conformih ?1{ gnl _the board. Yet, with the above apparatus, the residual
heat given o e belt conveyor just after having conpleted a prior
vacuum | ami n‘dh%eﬁ chliere s a heatlefePa oatkesetpr Erat addresskithgsof the

film onprgastﬁeét taeeﬁﬁgegx%l%l £t osébfsfaeaaﬂgc baskRr HadONdiO to

comencenent Q t he vacuum | am nati Qn 3}?{05] e. Premature adhe5| on pr events
air froRtede¥pERg-f r SR AREFANGReadt RESACREAPPERAN X0 SFoSmFisch, in

turn, pereeniday il fugenf Qwan@@nvéﬁtibgaqasq:@&cﬁ%ﬂeénﬁaaks va'c%“akn of film
conf or ;rﬁnce results in | amnati gg%g:fﬁeéct S, uch as r}l\sf\e@nt ed i ng caused
by pre BRLIRd s SRR e ORL L pft FBER tm
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renovab
air between the resist and the board before zpplication of

heat and mechanical pressure. Hdwéver, batchwise
processing is highly undesirable because it is entirely too
slow for mass production of printed circuit boards and
extremely labor intensive.

An object of the invention is, therefore, to provide
an. improved method of and apparatus for applyim_::r under
vacuum, heat and mechanical pressure a dry film photoresist
(egsolder mask) to -prelaminated printed circuit boards oxr

. other substrates, thereby to remove all of the air
entrapped between the dry film and the surface of the
printed circuit board or substrate to assure complete
conformance of the dry £ilm around the xaised circuit
traces and the substrate surface contours.

Another -object of the invention is to provide an
improved method of and apparatus for vacuum laminating
prelaminated -printed cixcuit boards and substrates, which
method and apparatus preveﬁt premature tack¥ng of the
loosely applied prelaminated dry film to the surface of the
printed circuit board or substrate prior to evacuation of
all of the air between the dry film and the board or

- substrate surface. ‘



heat shields are manually inserted between the -upper and | ower pl atens

i mredi ately -before placenent of the board in the vacuumd&hebrsany 2004
Evacuation is then cormenced with the heat shields serving to insulate the
resist fromelevated ..tenperatures |ong enough to be able to renove all of
the air between the resist and the board before application of- heat and
mechani cal pressure. However, batchw_gq. processing is, highly undesirable
because it is entirely too slow ;Eor ntass production of printed circuit

boards and gét-ri{l;e'é | abor intensive. An object of the invention is,
therefore, td>ptovi BROLRRT phiesie®fhditmdinfenbtonppar abusrbet dapghyi ng

under vagbayedeahetiicd MRSHARGR| PRSSULE L otoresi st.
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film andatdeledtf acpephilibe iRridH edrtilicid t DL, 05LguUbS)T Al epﬁf assure
.0f the dry filmaround™the raised Circui ?’ aces

conpl et €y congo manc

and t he St a?‘g%‘a?g:é@émdﬁn’t“ §€X-Another - object. of the invention is

to provide arn iapcavplishihgd thle ans-GPDA ALHY B%he‘ia%}bﬂ‘%é@i@%tg g
whic net ho

.prel anipat e -arinted cifcult boards an& ubstrat es, and
appar at us pr e\I/le.n'tE E th‘f‘?rfaacﬁngmf)‘?v’t %3 o3&yt | methed anf nat ed.
dry fil ramtinatiesuaf queeldnifetedr pitiattad r eirbuhearsofta SHOSLERLE prior
to evac%s@}fé]{e ‘%Jocfﬁf Lhe air bet vveq}n t he dqr:%:pfli | m and the board or
substrate surface. eBr uary ~206F Rt anbR Rt g ppéc tthepdimpnefikivent i on
i s to pkbetgeresisti-rposioy netdper of tand chppatizes f Q{oﬁ@ﬁgm%aq%{@t i ng
prel am %qu_@vﬂ&i tﬁ%ci %'léll_&et%?arrls) and substrates which _are Dboth operable
inan in-Tine sgst_e and in a tully S dEBnHFIShsiRamnerirat
acconpl VSIS t Srigedmochauberhef @bjeadiseslahinator having two
independent (i.e,, dual) vacuum lamination chambers; (b)
drawing a vacuum in the fixst chamber at ambient
temperature for a time sufficient to evacuate substantially
all of the air from between the dry film and the surface of
the board or. substrate and thereby place the dry £ilm in
intimate comtact with the surface of the board or
substrate; (¢} immediately placing the board in a second
independeqt vacuum lamination chamber of the vacuum
laminator; and, (d) applying sufficient heat to the dry
film on the board or substrate in a second vacuum
1ami_nation chamber to cause the dry film to flow and then
sufficient mechanical pressure on the board or substrate to
thereby force the heated lamimate to conform closely to the
surface contours of the board or substrate.

The aforesaid steps (a)-(d) are preferably performed
in-line and in a contimuous automated manner, so that the
method can be adapted for use in an fully automated in-line
system for manufacturing printed circuit boards.

Steps (b) and (d) are also preferably performed in
alternating sequence to allow for at least one prelaminated
board to be in each vacuum chamber at the same time which,
in turn, provides for at least a two-fold increase in



the invention, there is provided an inproved -nmethod of |amnating a
prelamnated printed circuit board or other substrate mﬁﬂoﬁemﬁwag@%
premature tacking of the dry film photoresist-formng |ayer to the board
conprising the follow ng key features : (a) placing the board in a first
vacuum | am nati on chanber of a vacuum | am nator having two i ndependent
(i.e., dual) vacuum | am nati on chanbet%+ (b) drawing a vacuumin the first
chanber at anbient tenperature for a time sufficient to evacuate

subst anty (fa{ Bhctdldiff Islh‘?n‘g&ﬁ’ie between the dry.-filmand the surface of

t he boar -substratea ereby place the dry filmin intimte contact
with the surfIabeE*@f?OF‘E’élﬁ@am othe§§bswtat @they bhieditdvelsy tpfadﬂng t he

board i RyRrSRGUH i-RdeRengent, é@t iQn %9'53%@ d?f?%? uum

| am nat or; and, (d) appl yi ng_ su CI ent eat to t board
or subsBhtETEEISts e @Fhd SPAGRIM na{aqsmhélrﬁmna@%u@na@m film

to fl owcdaghrtiRgmg m{é | £ PIbwiBG hRECaba L3N €neh phhR-RoRid A ydpstrate
to there tg¥ forf heat | am nate to_conformclosely to the surface
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preferamo%e@ﬁf%eﬁdtmﬁ Ilrt@ls'mdfiﬁse C aRim iKY Ut BABLBErTBIHBMy SO hat
t he method a be "T“%P fed for use in an fully automated in-line system

for Tt FERPETRENTES Whtichs ] bYaghum (45 Sravn §@
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manuf actinry N Jon Oglndl ititid ysutfasecoipl tisdi pginkede ﬁiﬁb@iiheboabﬁeﬁki ves of
tsgledelr.még |t8§l&tl?tut%elr§% Sﬁagfli dpr O;;ﬁ?ﬁed %11 nrgx(%}/ec% anY fllnlL mln%hot %r esi st or
contact with .the substrate surface while at the same time
preventing premature tacking or adhesion of the dry film to
the substrate prior to conforming lamination, and the
second lamination chamber being operated immediately aftex
the first chamber so as to laminate the previocusly
evacuated dry £ilm to the printed circuit board ox
substrate under heat and mechanical pressure, thereby to
assure complete conformance of the dry £ilm around the
raised circuit traces and the substrate surface contours.

The afoxesaid apparatus is preferably further
characterized by the c¢apacity thereof for continuous
operation and the provision of conveyor belts for- conveying
prelaminated printed cixcuit boards or substrates into and
out of the first and second vacuum lamination chambers of
the wacuum applicator. It is also 'preferable to provide
such a continuously operative conveyorized  vacuum
applicator that is operative, in association with autcmated
input roll eonveyors for feeding prelaminated printed
circuit boards or substrates onto the automated conveyoxr
belts, in such a way as to allow at least one board or
substrate to be in each vacuum chamber of the vacuum

laminator, while the next board or substrate to be vacuum



conprising the follow ng key features: the provision of two independent
dual ) vacuum | am nation chanbers in end- to-end rel ati on,2Qfrbripary 2004

| am nati on chanber being operated at anmbient tenperature while a vacuumis
drawn so as to reduce-the air pressure within the chanber  and draw off
all of the air between the | oosely applied prelamnated dry filmand the
surface of the printed circuit board or substrate,. thereby to place the
dry filmin intimate contact with .thg substrate surface while at the same
time preventing premature tacking or adhesion of the dry filmto the
substrate_prior to conformng | am nation, and the second |am nation
chanber béPRyRebedated S e | HOEFERPD PReaR| ABPUENERBdr Copvemert 0

| ami nat e kbedpr EyrouBky nekeatisaig deymihiatioho cyhgeptbnb-edisl r cHjb,board or

substrat e _under, heat and, mechani cal. _pr.essure, thereby to .assure conplete
confornan%ém%fefﬁ%nd?g_g}iﬁmvgggﬁﬁldl n‘#&f’?eﬁ’ygﬁﬁﬁﬁt “FF cé’g’a’éﬂ?ﬁrt he

subst r at etber pagatedntdmenitThwagidbrigs atlde appaprd uvadsum phaflesably further
char acteraaﬁammi&mfa%%wf{ehh%@@f JEOT cRONGLRMGHS 1.0p61A,0N and the

provi si on, of conveyor belts for conveying prelam nated printéd Cifcuit
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provi de such _a continuous operative conveyoriz vacuum, applicator that
P oper atbyo vt 1BHRHEHEaCRRL ool CXBER S oh SR Tt o)

f eedi ng prledmbemat ed printed circuit boards or substrates onto the

aut omat ed CONV@GNOr = f&ldsoid N ébﬁ@er%oi“fﬂeés &k OVhgha 4 &SIy ORg Poard or

substrate to be in each vacuum chanber of the vacuum ] am nator, ile the
next boarkPIFSHEST el tty B vERBYIRY RS FRBIRERY SUTA il oA A0S i s
st aged i nupsistiriconhe@at AN viakpnin roid nealeydcalr padyshpe tHie mexitemcuum

I am nat | O@ixcé{filte ﬂo%:%gitrﬁatue%%e been prelaminated with photoresist
or solder mask dry £ilm in accordance with the process
described in U.S. Pat. No. 4,946,524 and fabricated in
accordance with processes described in U.S. Pat., Nos.
4,889,790, 4,992,354, and 5,164,284.

The conveyorized dry f£ilm photoresist oxr solder mask
applicator of the invention is an important component in
the total arrangement of an automatic continvous flow of
material in in-line processing of dry photoresist or solder
sk £ilmsy reguiring vacuum Jamination during processing.

The invention provides +the means to automate the
vacuum application process as an in-line system, while at
the same time 1) reducing common lamination defects, such
as premature resist adhesion, 2) substantially eliminating
the need to repair or rework finished prianted circuit
boards, and  3) increasing printed circuit board
manufacturing: productivity by at least two-fold.

With this description of the invention, a detuiled
an exemplary and non-limitative déscription follows with reference
being made to the accompanying figures of drawing which form
part of the. specification in which like parts are désignated by

the same reference numbers .and of which:



conpl etion of the vacuum |l am nation cycle in each fir, the printed circuit
board in the second vacuum chanber is automatically convwsyfeirgiy 2004 t he
vacuum | ami nator, the board in the first vacuum chanber is conveyed to the
second vacuum chanber, and the staged new printed circuit .board to be
vacuum | am nated i s conveyed into the first vacuum chanber The automatic

conveyori zed vacuum applicator has Jpggticular utility in conveying printed
circuit boards and applying heat, vacuum and nmechani cal pressure to

printed ci rg.%t l]10a.rggls thaé have been prelam nated wi th photoresist or
sol der mask dry "fil mi r*attOPAEEY R 1 tdbbref esErudbucei hadwidd S. Pat .

Mb. 4, 9itbes2doawdybatiziedat @daln chamBedangEe-id N described in
US . PaLosdlf: 1:8389.190, 4,392,254, and 5, 164,%&&%%%0@\/%&5%‘?2% dry

filmph foreststor o licator of the invention is an

i nportant coFfpGre im at ki agteaimaar i nNgerBitcefvan+alonsl i § ggn%i nuous
flow ofypaLerigl, N4 Ngkikne proﬁfssi ng _of dré phot or esi st~ or Sofder nmask
films requiring vaculim FaRindti% %?’F%‘bnfﬁo €siCREVerRE | swehemonfprovi des
the neakBet goavernnteethyacmm eppdppianat | Rk QGRS AS1 B 'fgég_'?]_g& system
bremat (p L ALAANRA R kled SRR R OF) At o helreeaht o
repair e reaemRrmf ieminagoprinted circuit boards, and 3) increasing

printed cirquidigboay g ufaet ucing; uct L vi by at ,l east two-fold.
Wth thjs description o ?heﬁfn\%ﬁt i %‘ﬁ%‘g‘g‘aﬁ‘?@i Iétf%aé'ﬁ eXeRffParyibely
non- | i M HF ek s¥erdousn fertensswiath tleécnppdd.caternoraged the

acconpas ng; figures of drawing which formpart of the. specification in

which i ke parts are designated by the sanme reference nunbers -and of
whi ch:.. 20 F@b'q‘-irc'a'ry ©d4 a¥e cross sectional views of a vacuum

laminator that advantageously may be used with the
conveyorized vacuum applicator and which illustrate g
platen operation sequence thereof;

FIGS. 11-24 are diagrammatic perspective views on a
smaller scale than shown in FIG. 2 that illustrate the
function cycle of the conveyorized vacuum applicator when
~employed to feed printed cireuit boards or substrates one
at a time through the vacuum laminator; and,

FIG. 25 is a diagrammatic perspective view of an
alternative second chamber that may be employed in the
conveyorized vacuum applicator of FIG.1.
| The conveyorized vacuum applicator according to the
present invention has particular utility in the vacuum
lamination of printed cireuit boards and substrates of
varying thicknesses and sizes, typically in a range from
between 0.1 and 3.2 mm. and in a range from between 25 x 38
and 60 x 71 cm., which boards or substrates have been
"prelaminated” with a loose sheet of dry f:.lm primary
photoresist or solder mask, with or without a "top coat"
layer, as hereinbefore described. The specific function of
the conveyorized vacuum applicater is to automatically
apply a combination of vacuum, heat and mechanical pressure



FIG 1 is a Side view of a cabinet structure in which the conveyorized
dual chanber vacuumi applicator of the present inventior20kelfi¢ars@gdd FIG 2
is a diagranmatic Perspective view oil a scale larger that of FIG |
illustrating the conveyor system of the conveyorized vacuum applicator for
sequentially feeding. prelamnated printed circuit boards or substrates
through the vacuum l'am nator; FIGS._g'5 and 10 are fragnented detaill
view-. which illustrate various features of the applicator of FIGS. 1
a:ud 2 ;, FIGS. 6-9 are cross sectional views of a vacuum [|am nator that
advant agdbuSPFhnesaYe SR edswi £A 1@KRo1id oprepetiuzed. taakinm ampdi aafwy and

whi ch ild WeticE] 8haten ert i S e 1:-24 a-re
~diagra dlkt&:t }a Jéct ive 3?gm%nﬂgb gﬂy %%WE% gﬁ{% EL?%’V?P"LM G 2
t hat m% r%‘i‘g offuridie okoeye) ﬁubﬁérééﬁvéiybrassureamﬂnmpm i cat or

when emmmé asfl ghented Cfiz.'lﬁiliérdiﬁﬁ:{ dét&ae%u8§t AR Y oy -2 Line
throughth gﬁrumlamntor FIG 25 is a di.agrammticC perspectlve

vi ew of A Ui - ia eTuksarabayspelaagl egpionst he
conveyori zedRef@rwi]r@ppm CRires.of1 Rda 12 H}@e@nygygﬂ&ﬁp gag& gb%pl i cat or
accor di ng .t to the ﬁ;?Y‘ecfent f entloggcglrs] Jparticular utili in e vacuum
| ani nat Fof U6t HcutY BBai d-ss gwinted sthe C@&VWﬁg‘ltzﬁﬂcknesses
and si zesculypi caj_bﬂ)yltﬂtarrangihélrgﬁatéwt waen 0-deapfdsng Mo angpen a
range féﬁ@epl%#v\een ﬁé} al 71 am, which bqards or substrates
have be Shanm nated Eoﬁ’n FNOElFFrg’se I of 2@RYLCALRTr | ar yis
phot or esbprésedol dfr tmsk panttsh, or @héhaotire ‘doareioats Hiawer . aAd
her ei nbg{agg d e ) |f|c function oi t he_conveyori zed vacuum
appl i cator ﬁs étjtogrnaﬂg%gl V&HSF§ Q‘&c fron B & Paght and
nmechani €gppiessurbirst and second vacuum lamination sections 18
and 20. Each of the first and second vacuum lamination
sections 18 and 20 include a first and second 3/4 belt
conveyor 22 and 24 and a first and second vacuum laminator
26 and 28, respectively.
As shown in FIG. 2, the first input conveyor 14, first
3/4 belt conveyor 22, second input conveyor 16, and second
3/4 belt conveyor 24 extend in end-to-end relation, in that
order, to define a continuous 18 path into and out of each
vacuum section 18 and 20.
Each of the first and second input conveyors 14 and 14
comprise a plurality of chain coupled xolls 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 exit end 14b
of the first input conveyor 14 and the entrance end 22a of
- the first 3/4 belt conveyor 22 is an adjustable barrier 30.
The barrier 30 extends across the width of the applicator
12 and is movable upwardly by an individually associated
air cylinder 32, as shown in FIG. 2. Such movement is from
a "down" or non-blocking position to an "up* position to
block the transport to the first 3/4 belt conveyor 22 of a
printed circuit board being transported on the first input



20 February 2004 -15 in such way so as to avoid premature tacking and thus
conpletely renove all of the air between the dry fil m and0 kelsuaryi2pete of
the board or substrate to assure positive conformance of the dry film
around etched or electroplated circuit traces and.irregular substrate
surface contours. Referring to FIGS. 1 and 2 there is shown a support
structure or frame 10 on which is mugt.ed the conveyorized vacuum
applicator, designated 12, according to the invention. The conveyori zed

vacuum applicator 12 is conprjsed of fwo par{s.,one part nprises first
and se%@%tl%rf%d"ﬁﬁﬁ%seﬂlﬁxﬁﬁgEG?n%@aEF eF‘tp(éat' conpri ses
first and segandsd@cuum |FuG Napi,om segliciscdBl  38d i20. pEachded tdae first

and second vacuum | am nati gn ectiops, 18 and 20 .include.a first gnd second
514 bel Eenednveydie PPRIRATE Ghch BTIIETdaRir SaLbn ORI o) (KR gy o6

and 28, er@Speabi Wi Wi shpwe | dorkdé&yor, Mheahdr flod npmi ttabiryorhkd, first
convey o ROERAEHEEN ST 1Ftn - SRRLFE ] o foFn SERBE L BBIRe A5 YSBRRYe o
conti nueifs thepatdariiter argh oettbeeachtheacpyimsed! | edirtiisndk@@rdEach of
chai n cOUPrEFITE poeh R S R i 0, BBarERRT of Ls 15 and 17" ext end
for a subst asidaloflishand¢4adiedss ¢omvaydth G2 tael apbl iiuaﬂ.ude$2£m_
Cnput cQRTRjor PPFLandB: EREnt Fan e dnd 2o 0Bt hd Y o ) s R eyor
22 is ameagjeustiately bawhieh 3®11Eheektendemcd®ast bhes wisitdssofh&hsi dth of
e Py iZ A Yt BgShip 200 Bl e o o
non- - bl exid routedi tiohls cawe aupaigosidl ispreed endless chains, with
the spacing being such that one of each pair of chains 46
and 48 is on one gide of applicator 12 and the other of
each pair of chains 50 and 52 is on the other side thereof.
Chains 46 and 48 mesh- with individual gears 54 and 56,
respectively, provided on the end of each corresponding
input roll 38 and 40, and geaxrs 58 a;r%d 60 provided on the
end of each corresponding output roll 42 and 44, as shown
in FIG. 2. Similarly chains 50 and 52 mesh with gears
provided on the other ends of each corresponding input
rolls 38 and 40 and output rolls 42 amd 44. Thus, as shown
in FIG. 3, chains S50 and 52 mesh with gears 62 and 64,
respectively, on the end of the output rolls 42 and 44.
Positioned between each associated pair of chains 46,
50 and 48, 52 aund securely attached thereto at each end by
suitable grippers 66 and 68, as shown in FIG. 3, are
respective belts 70 and 72 that each extend about three
‘cquarters of the distance around the loop _formed by the
chains. Each gripper 66 and 68 includes a respective bar
66a and 68a that is securely attached at one end to chain
46 and 48 and at the other end to the chain 50 and 532,
respectively. Carried by each of the bars 66a and 68b and.
securely attached thereto by suitable bolts or rivets are
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bl ock the transport to the first 3/4 belt conveyor 22 of a printed circuit
board being transported on the first input 20 February 2084Febraany 28f¢eyor
14 from precedi ng equi prnent indicated at 34. As seen in FIG 2, a photocel
36 is provided for sensing the approach of a printed circuit board to the
exit end 14b of the input conveyor 14 and for initiating the actuation of
the air cylinder 32 for effecting theypovenent of the barrier '30 between
the printed circuit board non-blocking and bl ocki ng positions thereof.

Each of the 3/4, belt conveyors 22 and 24_includes an_ _input_raoll 38 and 40
and an RRFRRCEFIYE AFETngegpers eéggcﬁ%l P8nERA rBffs a3d ef@acPBss the

wi dt h ofsHdre:eapler@Aitor bdBwedbungh fE0UNtheeaghdpai & £ OO 0PRERLE LRy NPUL
and out put rol%a ar%banﬁair of sgaceghenﬁ!ess chai gs, w.,th the spacing
being s that Y oAB% ! 2 LFe pSRPEBE SCh & Tetaihgdas W e Besle of
appl i catserd 2 iandFitie ofheresdh eaththei rbelitehais Hedarvd 5Raive amt he

ot her side thereof. Chains 46 and 48.neshi mﬁtg bgﬂivhduaL gears 54 and 56,
respect iVRISF TP BRF-GHEhLendPSPESc h 4 ofPEs PohdFREES1Ap °% o+#* 38 and
40, and Hebr swbdthnthéfepfovitlied Jamdtile ofmdhbéheagkrdantee Spbrghdig7 ®ut put
roll 42 and .44.. as sho in ElG,2. S,m | arl ychai ns30and nesh.w th gears
provi de&%t%o%‘f h%rgﬁa\‘ggﬁ aéﬂiJ ((:%l"PT' e% %’fﬁ%’ilﬁ %Bﬂ?ar %E’Ies Pan%f 4%a‘§?1d

out put rimdisridMahty ddssdhiuatedsbehownonveryBrG223 archd@ds 50 and 52 nesh
W th gears 62, and , +.Le tively n4t,he f t..rolds 42 and
44. Positi one(:‘F“:fr)}let(\g‘?/vj‘élejlrﬁT]:l%a%%%‘g{'gso.f:ilS a?%(g 3 [ Pagé‘]%:%a?%g%gﬁt R‘E%an%hjzfé, 52
and secUuidlgrgilass hrdinfiereed atbisoh endiéflosucbalied grilppeylsastt and 68,

as sho [ . e ciiye it s 70 .and at _gacgh t about
t hree %a? g%‘? o']ghlf %e %Sléstg'%eﬁé%oﬁg!{ h]e‘zl oop f’érgm:l b?/ft %e'ogéaieér}g. Each
gri pper BP2moemegisnclasfonbie ebpeensugebdhat there is a complete

seal when drawing a vacuum in each vacuum laminator 26 and
28, This is for the reason that the upper xrun 70a and 72a
of each belt 70 and 72 is captured between the upper and
lower platens of each vacuwm laminator 26 and 28 during the
vacuum lamination process.

Motive power for driving the chain coupled rolls of
the first Anput conveyor 14 and the first 3/4 belt
conveyor 22 associated therewith is provided by a first
electrical motor 78. Motive power for driving the chain
coupled rolls of the second input conveyor 16 and the
second 3/4 belt conveyor 22 associated therewith is
‘provided by a second electrical motor 80. Motors 78 and 80
may each comprise a direct current electrical motor
provided with separate drive gears 82 and B4 and 86 and 88,
respectively, for driving thelir respective input conveyors
14 and 16 and belt conveyors 22 and 24.

As shown in FIG. 2, motor 78 is coupled by gear 82 and
chain drive gearing 90 to- the first J}lnput conveyor 14.
Selective or conjoint drive of the input conveyor 14 is
provided by electromagnetic clutch 92. Motor B0 is coupled
by gear 86 and chain drive gearing 94 to the second input
conveyor 16. Selective or conjoint drive of the imput



66a and 68a that is securely attached at one end to-chain. 46 and 48 and
at the other end to the chain 50 and 52, respectively: Girébsgerp@0@hch of
the bars 66a and 68b and. securely attached thereto by suitable bolts or
rivets are 20 February 2004 -17 respective bar nenbers 66b and 68b and 66¢
and 68c of - shorter length between which the ends of the respective belts
70 and 72 are . captured and retai negg-Thus; as best seen in FIG 2, each
of the belts 70 and 72 have an associated aperture or opening 74 and 76
therein for the full width thereof, the |ength of -which aperture 74 and 76
i s abouroavgwe® erlbof WiHd di'anc@tBPBUNECEREYPESp 6F eBIPVLASE vibdual |y

assocCi ale@dRelnaeRRMENOIcRA: A 24, Eashy9Eat N8nbahls dekaRdizdtHBY: be nade

of very thin fiberglass reinforced rubber, or Teflon coated fiber.glass. A

total tREcKnEEChf ShecPREFOLA (Hhe r ZREREEPTD. D43 FOBLE Grvpled
-desirabbalko efBsurehéhatEitker e 1ot coapheegorseals when driaMineglg, vacuum
in each vacuunllaninatqi §6 and ,28. .Thi s %s Oerg%ﬁéeaSOE tﬂat he upper
run 70aSBRESIZALION NP BEPPSFILZAFIPY QT cEhRE t GBBRTPAE &BFer and -
| oner phatemscdf &ACliheacebaihamdigilad 26oang 28F dyhengsédend vaepum
Ianinationvproceﬁi; Motive power for driving the chain coupled rolls of

on

t he fir PV veyor 14 and the first 3/4 belt conveyor, 22
associ ated t Hetew t718 | $speQededolyladfl ystgest egtrizard ohaim dABivibtive

Bnd t heSesbdni %8 4258 0868y dBS kT se Rt  hlf oo nthe oBEBUEGLA by
a. secowslél ect?i cak nmifter 8Birdbt 089478 lawitc 80commeyeach Zbnpri séna direct
Cur o RSBl N6 Sl BAEAL 5ok, S R0 04 e
and 16 gedarfisigt dihvagdr 022 tamyriddes for the selective control of
the operation of the first 3/4 belt conveyor 22. Motor 80
is similarly coupled by gear 86 and chain drive gearing 106
and 108 to the drive shaft 110 of the output roll 44 of the
second 3/4 belt conveyor 24. Similarly, an electromagnetic
clutch 112 positioned between the chain drive gearing 108
and 110 provides foxr selective control of the operation of
the second 3/4 belt conveyor 24.
In accordance with the invention, each of the. motors
78 and 80 are a variable speed motor, being selective
energizable from a source of direct current (not shown)
through motor speed control potentiometers 114, 116 and 118
and 120, 122 and 124, respectively, and corresponding
selector switches 126 and 128, as shown in FIG. 2, to drive
the input conveyors 14 and 16 at the speed of about three
(3) meters/minute (m/min), to drive the input conveyors 14
and 16 and 3/4 belt conveyors 22 and 24 at a speed of about
nine (9) wm/min, and to drive the 3/4 belt conveyoxrs 22 and
24 only at a speed of 30 m/min, ar 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 conveyors 22 and 24. Similarly,
the 3/4 belt conveyors 22 and 24 can be driven



As shown in FIG 2, notor 78 is coupled by gear 82 and chain drive gearing
90 to-the first Input conveyor 14. Selective or conjoi nt20drabpany20@she

i nput conveyor 14 is provided by electromagnetic clutch 92. Mdtor 80 is
coupled by gear 86 and chain drive gearing 94 to the second i nput

conveyor 16. Selective or conjoint drive of the input 20 February 2004 18 ,
conveyor 16 with the other conveyors is provided by electromagnetic clutch
96. Energi zation and deenergization"lﬁ'clutch 92 controls the rotation of
the chain coupled rolls of the first input conveyor 14. Simlarly,
_energlzamﬂmpanﬂbnh&ymﬁﬁﬂé&&hoﬁfothé|ﬂﬁ@ﬁt960ﬁ9@§69%51hh%naf?%ﬁt'%P of the
chai n coupl ed rolkf of the secongg: ut conveyor . Mot or I s al so

coupl ed™ By AP’ sANEY Chai YRGR i1vGEardhg W% afame0od-ime.t headr ithe shaf t

102 of Sbeednmﬂ tieldordgewdrd Ne4 f |I6,t @ﬁ4aﬁ§|24CB@V§YQEegéntAn
el ectromagnetj.c c clutch 104 05| %I one t\/\/e{:?1 chain drive gearing 100 and
102 provi des I3 ?é’ll?& s e oRfof the3¥hrst 3/ 4

bel t coledyser 72)2 aribt 62 86 the sflamsltaraln}d Cﬁhmhﬂi bysgpan86candyehai n drive
gearing he .drive shaft .. 110 t he output. roll 44 of the
second %%4%‘?1{902;%?@%%& ilege 1319, dﬁﬁlgf%: n’e‘? he VacuHmy 12

posi ti opedckstweas tdimwhaim EIGveZereamgnl_:,% 136[ndaﬁd01p2 oyhdaﬁlf:gr

sel ecti yfC fﬂ @E{:ﬂg 9Rerat 'r% losf E{ &eg{g rt.3/4 eIt co ¥Z4 24. In

accordance wth the invent n, eac
var i abl bedpeegonveworshe2hg aml ey vereenmmizaﬁl efdx OmoEtaS'md:li‘QEaﬁé direct

and 116> 5889850, T 50 000, & RER H VRS orpebinaiy 2¥eect or
swi t che5rep6 f‘aha@ mreaaposimgu NaEuGn Zlambndtove 26 hendnp2é agnveyors 14
and 16 abshbec3RectwdlRlWh dd'88 cylinder 134 and 136.
For sensing when a prelaminated printed circuit board
has been moved by the belt conveyors 22 and 24 to a proper

position relative to its individually agsociated wvacuum
laminator 26 -and 28 for the vacuum lamination process to
proceed, there are provided, as best seen in FIGS. 2 and 4,
respective cams 138 and 140 and cooperating sensors 142 and
144. Cams 138 and 140 are mounted on and move respectively
with their corresponding endless chains 46 and 48 around
the loop of each of the individually associated Eelt
conveyors 22 and 24, Corresponding sensors 142 and 144 are
mounted Iin any suitable manner on the frame 10 of the
applicator 12 in cooperative relation with their respective
cams 138 and 140.

When the printed circuit board is in the proper
position relative to the intended vacuum laminator 26 and
28 for the wvacuum lamination process to proceed, the
aperture 74 and 76 in the belt 70 and 72 of the belt
conveyors 22 and 24 is positioned immediately, that is,
vertically, below the wvacuoum laminator, as best seen in
FIG. 2. This allows the lower platens 146 and 148 of
respective first and second vacuum laminators 26 and 28 to
be lifted up f:hrough the aperture 74 and 76 in each of the



(3) meters/mnute (mMmn), to drive the input conveyors 14 and 16 and 3/4
belt conveyors 22 and 24 at a speed of about nine (9) ni3frebraard 2084dri ve
the 3/4 belt conveyors 22 and 24 only at a speed of 30 mimn, as further
described hereinafter. The arrangenent is such that the input conveyors
14 and 16 can be driven independently of each other and of the 3/4 belt
conveyors 22 and 24. Simlarly, thegg4 belt conveyors 22 and 24 can be
driven 20 February 2004 119 independently of each of the input conveyors 14
and 16. Ah ru%iine, q%yeyer when driven at the sane tine, can the speeds
of the P&HGEydr bptq,goopsratdive crebrtionr Witk jiheosppef

enabl i nplhhénjserlﬁoommi 152 34 thbelleeptl AR Aadfurk MBarih d,gecond
3/4 beIt o v 05 ﬁzand 24 to be relrlyée?:ved at a desi r%lgip%%cr’ltfgl n%th
S

vacuum =P T FitEe VaGRR; Ageursdigm 282 4 npwinted t he

shaf t otlrhaltnpuarﬂolm&emﬁr@ i m@hs@éfé&@ é”f“th@%}%pé?r‘ié&éfgrs 22
a short

and 24 ta n ar ed.to.be shifte

di stanczbgoward and %#/\IB.%B S"%ttsheﬁc ‘g 2 nd-Ei0a &g FarE Hgorofe and 28
by a rbbpecifﬂmstt weempdsi seoond r veyduuwder 1idd#inapsrd 36 26F0rarggnspeg when a

prel am Pééégcgﬂrgiﬁd circuit board has been noved by the belt conveyors 22
and 24 to proper~ "position relative to its individually associated vacuum

| ami nat or 26Thend 28 &or inti¢iwdcpomitdnmaido DS SLhe £FOEasss there
are proyj st n |n FI 4, respectjve cans 138 and 140
and coope‘?glgl ng seﬁsocrgr%g% and %44311%3%54 138°}4 iG‘E‘Ere YRSANtEE on and -
nmove. rekpeesfer| pf wi tihrineed cdrcadporishaogl eﬁfldnﬁsalchélrna:l'ﬂaﬁ Bixes#8 around
the | oop-0 | 1y, aggqciat ed el t _.cony yors., 22 and 24.
Oorrespondltsﬁggglgns }ﬁs"tﬁ EBﬂ'\%&g 4%/14? egﬁa L}%{ e BA Bt e Henner on
the frapRad® ®ildhebe apsiMasht withani rtl'tﬁoo@mnavengelxae&gmwdfh e r

respectiddpective vacuum laminator 26 and 28 while apertures 74
and 76 are moved to a position vertically below each of the
vacuum laminators 26 and 28. For convenience, that
initial position of each of the belts 70 and 72 is hexein
referred to as the *“set-point” position of the belt
conveyors 22 and 24.

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

In oxder to provide a signal anticipatory of the
approach of each of the belt conveyoxs 22 and 24 to the
set-point position thereby to enable relatively fast
operation in the return of the belt conveyors 22 and 24 to
the set-point position, there are also provided respective
cams 162 and 164 sensors 166 and 168 for slowing down the
speed of each belt conveyor 22 and 24 to the set-point
position, as illustrated in FIGS. 2 and 5.

For detecting the presence of a processed printed

~ circuit board or substrate at the exit end of the belt



cans 138 and 140. Wien the printed circuit board is-in the . proper
position relative to the intended vacuum | am nator 26 and0 Rbraary 2004
vacuum | am nati on process to proceed, the aperture 74 and 76 in the belt
70 and 72 of the belt conveyors 22 and 24 is positioned i mediately, that
Is, vertically, below the vacuum | am nator, as best seen in FIG 2. This
allows the | ower platens 146 and 1486?t respective first and second vacuum

| ami nators 26 and 28 to be lifted uf fhrough the aperture 74 and 76 in

each of the 20 February 2004 -20 belts 70 and 72 into cooperative relation
Wi t h t heonppeorspl2a emsd 188, artthelrs? afet provisiedc ttaspacicuwen buhbnat ors 26

and 28 fpﬂEt?%L?iEi @Qot gﬁ}dvt Wma@@k&%}ﬂ %37 axél inted circuit board then

resting“on € Surface 0o é‘upper runs G and 72b of the belts 70 and
72 within t hélsonf asesshéwnt ia fF¥Gt aAnd ageconfravedusenseixnat B¢ sig6 and

28, re ayaly he | n LALLI Lt f e LSt and
second égﬁ}ﬂ%ﬁvegggs %%‘%?{8 24tghche{aﬁ§{g §h%g%@t hgf t?%%s?%fgggsgégri nt ed
ci r cui t pobatddf cdmeeiithboanide on mbstoratyecundlt igat ceoneesgdr gutt4ofci d 16,
the pri d.gj i t anBQfa[ | be % b iRt ) ' mon of

t he re?plgcf%\l?%ﬁ\?aguqm a{friﬁiémaif%“r Zﬁﬂgng%ev\% l'e ag)efr %P#‘gzﬁgggeéﬁ%am are
moved tBrinpedi cloruisr bogald phevdwtamie ofad rensed vim $eReant 474 26 and
28. Foraﬁﬁnﬁ@i%%dt@ﬁt-diﬁglhwd RS 5L9R280 cCfcthRd f tf@c%ﬂ&étzg and 72

is herein referred to_as t, set-poi nt." position of the_belt conveyors

22 and ¢autrel sénshrgherbing MseRt Pbdie e Ot hanbepEox

conveyos§ Aherdisy 240 tpeEe1AEE PERMHHEE iggPadid b Eaghd 15453081456 t hat
are mounted on each of the endl ess chains 50 and 52 agd,cooperatl ng
sensor sd%%gﬁndtQGGj%‘-‘r‘latc’fﬁﬁ}Dd’e board oxr substrate being vacuum

- laminated.

Sincel the sheets of dry film applied to the
prelaminated printed circuit boards being vacuum laminated
have high flow characteristics in the temperature range of
300C to 150°C, the vacuum lamination process may be carried
out within this range.

The wvacuum laminators 26 and 28 that advantageously
may be used in the conveyorized vacuum laminator 12 are
illustrated FIGS. 6-9. The vacuum laminators 26 and 28 can
be provided as part of an integral dual chawber machine, as
shown in FIG. 2, or, if degired, as sgeparate vacuum

| lamination units arranged in end-to-end relation. Each of

the wvacuum laminators 26 and 28, although shown as being
identically constructed, are operated in different modes
according to this invention, as described below, in ordex
to perform separate functions in the vacuum lamination
process which in combination assure complete conformance of
the dry film to the substrate suriace. _

Referring to FIG. 6 (with the prime ('} symbol being
used to denote previously umumbered parts associated with
the first laminator 26 and double prime {*'} being used for
those of the second lawminator 28), each of Lhe laminators

26 and 28 include an upper stationary platen 150 and 152



nmounted on the frane 10 of the applicator 12 as illustrated in FIGS. 2 and
5. In order to provide a signal anticipatory of the appredaicdPreary@8eh of
the belt conveyors 22 and 24 to the set-point position thereby to enable
relatively fast operation in the return of the belt conveyors 22 and 24 to
the set-point position, there are also provided respective cans 162 and
164 sensors 266 and 168 for slow ng dgyn the speed of each belt conveyor
22 and 24 to the set-point position, as illustrated in FIGS. 2 and 5. For
detecting the presence of a processed printed circuit board or substrate
at the exPfl ahd BIrTeRPIRAING0 Rahke y 12804 - Patemy duer safd apdg 24,
there ar ' espegl i Mg ut..: saho |1 a 172,..as,shown in
PG 2 STopotEEP e PR IR i BIPLREE o Ee T pred” piSceted tor
sensi ng P eEfhel2Ruis o Masigihisds sedliponnttbley c biliaxhedr d1D6 *,

substr at 81 thh$ CANMEYEe ; t SQGQN l.na égi The_.

t enper atﬁ?g, of i:;[hﬁg rocessgd%ﬁfiinl%%dhgirrcw tdg%ar otrcqgu stra %g,rl%% sensed
by sensotndieteadqabndi’Gared ' Ui 39| BFES -b\f s 8 t abf e SnearBach akower at es

control wiatde hastizedmaws hasthe G&IANG g@CUURBLANRT NAtOL w?ﬁcﬁq{;ea{eby to
precl ude overheating thereof _and, possi ble danage to the circuit board or
subst rat%r%ﬁ?ﬁ’g“"i’r%% urPr FaRedat S8 G hc ebPRECS HeBt sSepsErgtei | weagpried to

the prefanimaledipaietied <ipesitibpagdeel ng:yacsHMhdBHat sebehave high
}‘onv cha%@; er'éggi,qs 'g the t enperat yre _r,ang_e of . 3000 tx?: 150C, th'e vacuum
am nat i o7f pr oc€%s mayChe YETPIRJ 1EBIPARON n t MeEkidkpenezRs VR4 UM
| am nat ox®4 26 arigh 28thhat fcwmnt ageoushy ORyihg Us&Eri-Suhfengonv@y®ri zed
vacuum | amQuaI&tOéréLr%cgrgf ieglaﬁllstégttegeFagérG- %.atThe Vv &:gugﬂlﬂar&i&atprs 26
and 28 c&nm platens 18
.~ provided for hermetically sealing the well 180', 180'' for
the evacuation of air therefrom by a wvacuum pump 1867,
186'* when the respective lower platen 146 and 148 is moved
upward into contact with an upper ﬁlaten 150 and 152. One
or more shim inserts 188', 188'' may be provided, as shown
in FIG. 6, to accommodate printed circuit boards of
different thicknesses, that is, for adjusting the printed
circuit boards to an optimum position in the well 180°,
180'" for best vacuum lamination operation.

Both upper and lower platens include heéaters,
specifically a heater 190', 190'' in each of the upper
platens 150 and 152 and a heater 192', 192'' in each of the
lower platens. 146 and 148. As described below, the platen
heaters may be on or off depending on the desired mode of
laminator operation.

Printed circuit boards that have been prelaminated,
that is, have had dry £ilm photoresist or solder mask
previously loosely applied to one oxr both sides thereof, as
described hereinbefore, are vacuum laminsated in the vacuum
Jaminators 26 and 28 in the following sequence- in
accordance with the present invention:

(1) The board to be vacuum laminated is first placed in

the well 180" of the lower platen 146 of the first wvacuum



be provided as part of an integral dual chanber machine, as shown in FIG
2, or, if desired, as separate vacuum |ani nation units &0fahgeaty 2604
end-to-end relation- Each of the vacuum | am nators 26 and 28, although
shown as being identically constructed, are operated in different nodes
according to this invention, as described below, in order to perform
separate functions in the vacuum |l anmip@ti on process which in conbination
assure conpl ete conformance of the dry filmto the substrate surface.

Referring to FLIG 6 (with the prize ('). synbol _being used , denot e

pr evi oust3PARRRH et P atF tB 8§s&b1‘3atsx('-h}1\ﬁ%h ruhhes | e’Ft'anJr%Qt or TB%S and
d?ublhe lp_té MeEcildtdeidg Ollsg,sedré:ojlzexém@semé t bensteandohantnat ofi 28y , gach
of the | am nator 6 28 i nclu an upper .stationar ten 150 and 152
20 Fobr (00 2oEe Al 9 CbRPoSHE Ry o FEHIEE | Py i ASehd 148,
respect ialyevdd spsi cghedradri tneachthie tfhesippercyumtdeEmbe50LENd,. 152 is a
resilieng,siljcon rubber, bl anket ,176' 7't A ceiling. for the
vacuum c#?a’nbé#h? glg?%"-ﬁc ?Jn%'i"%%t gggaggljfge,}“ %?é’eé@ﬁ;f‘%aﬁr’gﬁls 6&1’ %w%n 9. Each
| oner pEd er8 1460 andal48opameanse bl 8@ O-i80id l&d'o, viblrehwall pk&d &ni nat ed
printed gisguit, board or.subsira e cyum | amynat ' L tioned on
a sili cd’ﬁ”r‘fc}'bb%?g‘ia %?twj‘%@zalelg‘a}'&f%r W\égub‘u:lnql m@r¥g€i%%é§ea ‘Ts'ﬁ%m nmeans
184' , kfhkmbén 1HE‘f.or NNofeartirilr i hhesdaldundd nert hehichr dinef dpeacd of '
each of the | ower atens 6. an ls r OVi hq{;;[@}' I seal i ng
t he wel M’éf&?,%’éﬁ%f 3%3%@agﬁ%€|§o%%ofﬂa$¥ gﬁg}:{ég%gm y 6,{;1 %gcihﬂu It punp
186', iaper wibatehel5@spedt the tower platem 146 .and 148 is noved upward

i nto congact \JWEIE U QL atel do aRdl52,, N6 o0 ERLGSR M imserts
188", 188" nwy Dbe pro e%l, as shown in FIG 6, to acconnodate printed
circuit wourds procdssf evere tif ckirkted byhihe eneped zadiinnt ioly e

printed «4cuum pump 186' thereby to evacunate air from the wvacuum
chamber 178'. During this stage, chammels 1%4' in the
upper platen 150 of the first wvacuum laminator 26 are
closed, so that air is not alsco evacuated from the region
between the upper platen 150 and the blanket 176'. Note
that this process step operates at ambient temperature
which prevents pretacking of the prelaminated film to the
‘board. ‘
(4) When the first wvacuum cycle is complete, the vacuum in
the first wvacuum chawmber 178' 1s released by allowing
atmospheric air to enter therein, whereby the lower platen
146 is moved downward out of contact with the uppexr platen
150. Tension in the belt 70 is then restored to allow the
board to be conveyed to the second vacuum laminating
operation.
(5) The board is then moved immediately to the second
vacuum laminator 28 and placed in the well 183'' of the
lower platen 148 thereof on top of the silicon rubber
insert 182''. Similarly, this is facilitated by relieving
the tension on the second conveyor belt 72 on the surface
of which the boaxd has been conveyed to the region of the
second vacuum chamber 178'°'.



circuit boards to an optinum position in the well 180", 18011 for best
vacuum | ani nati on operation. Both upper and |ower pl atens20edruate 20@4t er s,
specifically a heater 190", 190'' in each of the upper platens 150 and 152
and a heater 192', 192'' in each of the l|ower platens. 146 and 148. As
descri bed below, the platen heaters may be on or off depending on the
desired node of | ani nator operation._i’jnted circuit boards that have been
prel am nated, that is, have had dry film photoresist or sol der nask
previously |l oosely applied to one or both sides thereof, as described

her ei nbefl®de, Thee lewaumeiaticint 248i wf htheacaaand avkaauor slauhatnd- 28 in

the fol |l g@, NgsLEHERGE- dan ] he pLegRRfed N L.gn: (1) The
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of the siklgongabephisheiloghther MHEh thef a0idditat ed7hy r b gui ng the
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has been™Pon¥ePed PBURRE r8§i ofchf ¥emthi ralrovac it ciagrard 1 Mcuue) The

| over pl ahadbd48 178 then mxed CRNer dheadHshoWni Bn 'HiGcl, £he %%%:rd by
means of _the Oring 184', ,the well 180" which together wth the blanket

176' f or RE*PHe VRTEIM Leninptefamssts 7hs | aksoe qaniured bekwesp &lenhi ch
the boar dppbei RglattaunsRanAficad 16SthilsS &S89 Capt etk Lot ugendihe upper
pl at en 1-5af%ﬂg éhe quﬁ%a Iag§§;1461 (3) Wth the platen heaters 190" and
192°. dor At | Fhe®Wric t%?% s cycle is started by the energization of
the vacylin pthp l8écohfereiyunim euamaie ayiclld okt heryaeggmbe hamaer
178" . Duri n?hqt.hi_i.sta €, annel s _194' in ﬁ'ﬁg, .upper._platen 150 of the
first vacOERPrERtAE or D6 afe VATRTE PR t it t U91 §Y=EVELFat ed

from theaiegifmom the wvacuum chamber 178'' and f£rom the region
between the upper platen 152 and the blanket 176°°'.
(8) For a set period at the end of a first stage of the
second vacuum process cycle, there is a second stage oxr
“slap down® of the blanket 176'' in the upper platen 152,
as shown in FIG. 9. This is effected by opening channels
1984'' in the upper platen 152 to allow atmespheric air ox
compressed air (e.g. 1 to 5 bars) to enter the gpace
between the blanket 176'' and the upper platen 152. Such
slap down applies mechanical pressure on the printed
circuit board to force the now heated f£film to conform
around the raised circuit traces or substrate surface
contours. While it is not necessaxry to pull a vacuum in
the .second chamber for f£ilm evacuation, with this eguipment
it enables slap down to effectively occur.
(8} When the second vacuum cycle is complete, the wvacuum
in the second vacuum chamber 178°* is released by allowing
atmospheric air to enter therein whereby the heated lower
platen 148 is moved downward out of coniact with the heated
upper Platen 152. Tension in the belt 70 is then restored
to allow the board to be moved to the next operation.

It is noted that, in accord with the invention, the

prelaminated boards to be vacuum laminated by the



bet ween the upper platen 150 and the bl anket 176'. Note that this process
step operates at anbient tenperature which prevents pret28dkdbngarpR0@he
prelam nated filmto the board. (4) Wen the first vacuumcycle is
conplete, the vacuumin the firstvacuum chanber 178" is rel eased by
allowing atnospheric air to enter therein, whereby the | ower platen 146
is nmoved downward out of contact wth.the upper platen 150. Tension in the
belt 70 is then restored to allow th&" "board to be conveyed to the second
vacuum |l am nating operation. (5) The board is then noved imediately to :
t he secoodveyariasd aﬁcmhmraﬁﬁla'.udtph:adﬂj wihllhdawed |1hd8 cenebrkhe | ower

pl at en 8 0 h LC ubber I nsert v m.larly,
this is agl;:F?tggg‘te’lg b%éﬁgn?ée%é ng S‘%nm o cﬁ‘?"%%%%e%%%m&%]ﬂvdr r belt
72 on t@%siémtﬂac@d:niswm gud dsear dl%asnet:&eebecqpreyedeﬁo ﬁd:re tkgiton of
t he C f 2 e y ( wer

pl aten 14 o%ét %gmggcon %'\Fé%%ﬁm t;'il{rln g%tgo?{lﬂgg ﬁg&%&% ﬁ a%g S
heat ed, 2% stidNebrapadr 40 E3G.dRown in FIG 8, to seal, by rreans of the

O ring 184" 'mhd hgundeibnl | HoRe ey OF MBI N
t he sane manner asnset ?o ﬁmgbg)\?e t he %g{:r%ét\f/a%%‘rrngyéﬁ{% %9% . Note
that t RPREIFEEOX onlihi e t kBSpopresem n&mm anﬂh@‘t:ecpr@%mt$s al so

capt ur eﬁdraﬁm@@ taékmﬁgebrplaarfékﬂ&? 8 eyt Hi9 S t@n@hd e
| ower-pl aten 148, .is heated as 7) The second vacuum process’ cycle is
startecPlEﬁpqht'e‘-" %%%‘Pg‘?‘f%?‘r‘%ﬁlﬁP fLﬁelg- b FIGE nekletRA t 0 evacuat e

air from thevagues chasiercid 8 keqitthdd, Onazsh%ﬂc%w&n bisfepeen 1t he;, upper

platen 15ez.taan?:{jm§.@eedblc%r:]:@3.tl7go;rd 200 is shown arriving on the
..1nput: conveyor 14 from preceding equipment rumning at a
speed of 3 mymin. The movable barrier 30 is in t.he “up*
board blocking position. Being disengaged from the chain
drive gearing 84 by c¢lutch 104, the belt conveyor 22
remains stationary.

In step 2 of the sequence, as shown in FIG. 12, the
board 200 is: stopped at the exit end 14b of the input
conveyvor 14 by the barrier 30 and is moved into alignment
therewith, that is squared up with respect thereto. Aas
noted hereinbefore, the board 200 already has been centered
on the conveyor 14, having been centered by preceding
equipment or by adjustable guides 196 associated with the
input conveyor 14. The first input conveyor 14 is stopped,
as by actuation of electromagnetic clutch 92, as soon as
the board 200 is sensed at the exit end 14b thereof by the
photocell 36.

As contreolled by a programmable logic controller (PLC)
indicated schematically by the reference numeral 198 in
FIG. 2, the barrier 30 is actuated downwardly, by actuation
~of air cylinder 32 in step 3 of the sequence, as shown in
FIG. 13, to releaste the board 200. Immediately thereafter
the input conveyor 14 and the first belt conveyor 22 are
both started by appropriate energization of the direct



For a set period at the end of a first stage of the second vacuum process
cycle, there is a second stage or "slap down" of the bl affkEgoream 2004 t he
upper platen. 152, as shown in FIG 9. This is effected by opening
channels 194'' in the upper platen 152 to all ow atnospheric air oz
conpressed air (e.g. 1 to 5 bars) to enter the space between the bl anket
1761' and the upper platen, 152. Such slap down applies nechani cal
pressure on'the printed circuit boagd to force the now heated filmto
conform around the raised circuit traces or substrate surface contours.
Wiile it is not necessary to pull a vacuumin the second chanber for film
evacuatiippenti tottdw s 78quipnenperptiomaiiesas|smesfbwitt & rfairi fely occur.
(9) When_the.secon acgyn e 51 Gorp! 8heo tHMe VBEUEMT7O Nod hensecond
vacuuni?ﬂén%%’fe %%&i S rel{e}éggd (%?%?Jr?gwsﬁg, at nospherjc air to enter

t her ei fiimber &gl tt heohvayed |233Ne¢tndp|tat%€?bmsﬂf1§°nﬁi’€d haVBoBuR of

con."-ag; y h_teh eqligd¢ WRRGIwR! Blieindede Jension. in the belt 70 is then
restore okaPFo%htgh?leB%ard to be noved to the nexiﬁgerf io .clt i s noted
that, in ackar bRt It t9E FHPeMEBIFIGe 2Dr BFSHH Akt oarts 1o°Be vacuum

| ami naj gd nd NeodBeFaRiHET Yl CAR ey icreitiey ag unreaedl | bat stop2 wi'l |
have been centere by precedi equipnment _in e -l n-d.i y$t e al t hough,
i f de'@ﬁe@lﬁj%%%’%rgﬁﬁd %gésent%fﬁg F%P&e&%ﬂ%\ﬁ%f ﬁ%ug‘%ﬁg’se i ce,
assoCi ghbORnphlth ddievepeut 1doneser shid bardd 6200 adsi ldusthat 88rsh FI G 10.
The function cycle of e i_nproved. ¢ yQr ] : i 12 of

t he prEIEHEN ﬁé@ﬂ‘?’ie&'n ]Hr%;at ﬁ?ez\‘/é%?sslggc}&gn‘g{%%gg%%zi#%ghggmgghgg’gﬁ of the
dry fikaet @cille I@ar fn pheorlowefi piatemaddfii onThe auseat Y B§ FI GS.
11-24. In step 1 of the . .S . fﬁg@ﬁ@,:i F anpltekam, nat ed

ci r cui ¥l rb‘BZ f"’ggtt%’f%tm]h&glréﬁ]\%ﬁ% the i%z u%ﬁgo%%gyerplgl from

pr ecedB8g ofquilpnepelcumpiNgyer £2 is shifted by the actuation o

the two-position air cylinder 134 in the direction of the

First vacuum chamber in order to release the tension of the
belt 70. The imput conveyor 14 starts to run at a speed of
3 m/min. Being disengaged from the chain drive gearing B84
by the electromagnetic clutch 104, the first belt conveyor
22 remains stationary.

As seen in FIG. 15, in step 5 of the sequence, the
lower platen 146 of the first laminator 26 is moved
vertically upward by a pneumatic ram 202. The lower platen
146 passes upward through the aperture 74 in the belt 70,
which aperture 74 is then in vertical aligmment with the
lower platen; 146. Vacuum pump 186' is actuat.ed' for a
predetermined time in a first stage of the vacuum process
at ambient temperature conditions. Accordingly, at no time
during this phase is the vacuum chamber heated by the
platen heaters 190° and 152, the heate:;‘s remaining
dormant. Mesnwhile, a new prelaminated hoaid 200a to be
vacutm laminated has axrrived on the input conveyor 14 and
s moved to and is stopped at the barrier 30, which, as
shown in FIG. 15, is in the up position.

Step 6 of the sequence is shown in FIG. 16. This is
after the first stage of the vacuum process has been



speed of 3 mlmn. The novable barrier 3 0 is in the-"up" board bl ocking
position. Being disengaged fromthe chain drive gearing 24dbyuzty Q0@ 104,
the belt conveyor 22 remmins stationary. In step .2 of the sequence, as
shown in FIG 12, the board 200 is: stopped at the exit end 14b of the

I nput- conveyor 14 by the barrier 30 and is noved into alignnent

therewith, that i.s squared up with respect thereto- As noted hereinbefore,
t he board 200 al ready has been centered on the conveyor 14, having been
centered by preceding equiprent or-%y adjustabl e gui des 196 associ at ed
with the input conveyor 14. The first input conveyor 14 is stopped, as by

act uat LR 9k g&ectr nefd G -,ﬁhutjﬁ-b he a§1§ggn @écuﬁrﬁe &%@gog sl S sensed
at the exit end_14b thereof by the photocel As controlled

pr ogr arfhBRESHo I Qﬁ%ﬁﬁ%}mﬁéra( pedye |%|Eb]é‘f% %I%%e%rﬁFFQQPF{}:’-B? P

ref er egeRo8pARKAL éﬁﬁ h.ﬂtoFthe Zvabhambaﬂianefeﬁolvs'act UB&@dléméBWard' Y,
by act uatlon of air l'ind 32 i,n_ste t he seque)rél_fe as shown in

BG  1B1aten ddgisist RASmatemsses M A Qrﬁnéegaf? indele 2Rut
conveygbowins {;Qﬂ_d;ddlf: &éshﬂ@atﬁ;@w@ymz(?zqarmeliboﬂb sifartled, fiyst '
appr op e ener ion rect Fehr uar urregt notor-
78 forgﬁiérﬁf’flgﬁ %spe djh‘?‘m the o e‘f’b%‘aa"f @gﬁraszﬁ qui ckly
onto toe beharéd ap blneba‘nn:s&rbﬂltam@n&hqoflﬁétamlpuhecebyeynromhe first
vacuum ch nmber .of the first vacuum |l am nator 26. in step 4 of the

sequen%ﬁ g ?Sgn in FIG 14, a cam 138 and cooperating sensor 342 provide
a si gnal t oInt GXG.t rlh'?beWthﬁvdy@m?Gtep theofi tbe \wamendeani peor 26 and

e, R SBEEOT A S0 RO R St 8 SHLE T

pl at enlﬂgﬁt Toaviearar €4 3byi $he two-position air cylinder 134 to
restore the tension of the belt 70 of the first belt
conveyor 22. The new board 200a is waiting in aligned
position at the barrier 30 on i::he input conveyor 14.

As shown in FIG.. 18, which shows step 8 of the
sequence, the actuation of the electromagnetic clutches 96,
104 and 112 is such that the belt conveyors 22 and 24 of
both laminators 26 and 28 start rwming along with input
conveyor 16:. Being disengaged from the chain drive gearing
90 by <lutch 92, the first input conveyor 14 remains
stationary. The simultaneous energization of both motors
78 and 80 as contralled by the PLC 198 is then such that
both belt conveyors 22 and 24 and input conveyor 16 start
at a speed of 9 m/min to effect a rapid unloading and
loading of the partially processed board 200 from the
vacuum chamber of the Ffirst vacuum laminator 26 into the
 vacuum chamber of the second vacuum laminator 28. A cam
140 and cooperating sensor 144 provide a signal to stop the
belt conveyoxr 72 and input conveyor 16 when the board 200
is in the second wvacuum chamber at a position directly
above the well in the lower platen 148.

In step 9 of the sequence, shown in FIG. 13, as soon
as the partially processed board 200 is completely off the
first belt 70, as sensed by the photocell 170, the speed of



.nmoved up by actuation of air cylinder 32 and the input roll 38 of the
belt conveyor 22 o shifted by the actuation of the two- @2sfdhrgary 2004
cylinder 134 in the direction of the first vacuum chanber in order to
rel ease the tension of the belt 70, The' input conveyor 14 starts to run
at a speed of 3 rn/m . Being disengaged fromthe chain drive gearing 84
by the electronagnetlc clutch 104, ?@ first belt conveyor 22 remains
stationary: As seen in FIG 15, in Stp 5 of the sequence, the |ower

pl aten 146 of the first laminator 26 .is noved vertically upward by a
pneunatther&HlﬁKEbnﬂ&mbfomar1plmmareds&ﬁpaeséﬁ upweind imrovdart be

aperture 74 | elt 7 C u 74 . 0. Vv C

al i gnrre'ﬁ'f' Wi tﬂ"et H%elqi‘ Vz\e quﬁaﬁk %fG%c%%Fn unl%tlgg{b itg ac %‘gtg}a ®for a
pr edet enewnbdatridng i0m a:Hatr sha$tlmy51 ofad iy astiubler esabsendt 14hboént .

t enpera cQ, ccog dj h p Is the
vacuum %‘ﬁ%ﬁ‘ge @% b%%sblb Ce)i f?ﬁt %g'adtég:regsgg:(')aﬂird % gétt:hgé%{(ifaters
remai ni hg reochedt thﬁb&m‘»\ﬁﬂd @f a:h@\m;hmmm:f@a %a-‘#ﬁ sbowetodpen vacuum
| am nat Egt h? {)ﬁ}iﬁe NRYe C QY Olecidn bS rrg\_,ceds{:tgﬁﬁ@g S

st opped arrier Ich, as shown in FIG 15, is in ,
posi t i onresnspls et tthe ﬁ%fuem@bnts s Memmvihi g G witéh W‘f—'spﬁ-‘étléllﬁr t he

first siageeg eﬁh%a%%'uﬂb@%ﬁfnﬁ'aﬁegﬁe&&&ﬁi&é&rhmﬁfe 2&c6R4D! et ed.

The vactuumin the flrst vacuum chapber 1s _rel eased hy actuatin a val ve to
al | ow tvechprr shaabesn 10/8 ' ‘ot i htRPat arplindd e ik vBRcMAnbett 178" .

The | ovgppyBlatenal4e il &%ﬂ\ﬂi}ﬂéj Bt oy BRWhE ewbipesst 28 down
t hrough the aperture- 74 i n,the bel 70 qof the_first belt conveyor

Meanwhi #&T (RELHIPH 03P Z%a%a%ﬁé’d‘l"& hudt FEERDaYRs ‘r‘m30 and
the firghainBBY! 160BY-EXE t1A rdltasicOnfrd tension of the belt 72.

in step 10 of the sequence, as shown in FIG. 20, the
lower platen 148 of the second vacuum laminator 28 is moved
vertically up:w.ard by a pneumatic ram 204. The platen 148
passes upwardf through the aperture 76 in the belt 72, which
aperture 76 ig then in vertical alignment with the lower .
platen 148. : Vacuum pump 186'' is actuated for a
predeteminedé time in a first stage of the second vacuum
process, after which, for a short period of time, a sliap
down action, fas_ desceribed in c¢onnection with FIG. 9, is
applied. During the vacuum phase the board 200 is heated
by the heaters 190'' and 192'' in the upper and Ilower
platens 152 and 148, respectively. Tt should be understood
that during the second vacuum process, vacuum is -applied
not to draw-off air between the film and the surface at the
board 200, as this bas already been accomplished in the
first stage of the two stage bperation, but to create a
good situation to apply mechanical pressure to the board
200 by slap -down action. Meanwhile, the barriexr 30 is
actuated do@wardly, by actuation of air cylinder 32 to
release the new prelaminated board 200a awaiting at the
entrance of .the first vacuum laminator 26.  Immediately
thereafter the input conveyor 14 and the first belt



e i

In FIG 17, which shows step 7 of the sequence, the- input belt roll 38 is
nmoved back toward the exit end 14b of .input conveyor 1£0Fekriary 2004
two-position air cylinder. 134 to restore the tension of the belt 70 of
the first belt conveyor 22. The new board 200a.is waiting in aligned
position at the barrier 30 on the-input conveyor 14. As shown in FIG . 18,
whi ch shows step 8 of the sequence, the actuation of the el ectromagnetic
clutches 96, 104 and 112 is such tH®&2<the belt conveyors 22 and 24 of
both Iam nators 26 and 28 start running along with input conveyor 16.

Bei ng dbﬁ)ﬁﬁ@@g&gfloﬂréhwiﬁﬁ&d@ E%ard?ﬂol_:l&@ié?ﬁ’e CbHEE8eRentt Be fi][st

i nput cogveyor remmi ns,__.statiopary. Si t aneoys energi-zation o

both roRIFECPBRAEG A0 O Aidy | SheaPicengsoteathen Shokbenar

b?nt{ h beh:btm?vm/oferzapgmdtlaéngmt anaptelgaonyﬁygr Fyﬁlisi ad ;_Lglg.(liatﬁgeed ofd9
-mnmin to effect id.un i n oadi,n the _partially processe
board 286% %ﬁ%?d@g&ﬂﬁﬁ c%‘ﬁbgglgf qphé’nf ﬂ#ﬁg %ﬁgrﬂ:’giﬁl RRPSEY?E into
the vagdummchahesrelyf iries Skitendivatuyscham MiibeB. Ac&ant3d4gnand
cooper ati.n r. 14 [.OVi ignal to stopith bel t canveyor 72 and

i nput c%ﬁ\?g;?%rg‘giglg e%%%rob%ggd%i%ﬁg‘% TnS c'g‘ﬁd S&é’é’udﬁ?“é héﬁ{l’Er at a
posi t i ogodiveror] 22 abbvert khewdbdard £fiGal dwsey mduedn tbi8&he npgoppr9 of the

s_equenc&?ipg%f ifiﬂ ELG ff}.%sta%aﬁ?ﬁ% Asndlle- partially processed board 200
¥ <

is conprete t he I'rst be as sensed by the photocell 170, the

speed of 20 $&ppudiyofothe Mqurndr| iscshownoin7®IG.s 2her eskd i 30
nmmn i e O ¢3 e elf: ' tQ | o | oad
t he .ne?vfg{ggr g'h %0(%%%%5 asé)béé%nﬂégi ?%(:?1 %&%tla?ﬁ'tel%(]‘is‘%{ e}%gé %%l%g(r)ﬁaéi nput

conveyobesn. ceupdetasht i nBher assigr einhdheet spepnd  vaswwemchbanbée speed
of the pebi . copyeypLy@2skd ShPWed-HR¥Pink0 3 Maifeantdot hgpiblie PeLt

conveyor 22 is stopped . .
introduction -of atmospheric alr into the vacuum chamber.

The lower platen 148 is then lowered by the hydramnlic
cylinder down through the aperture in the belt 76 of the
second belt conveyor 24. While at the same time, the
barrier 30 is moved up by actuation of the air cylinder 32
and the input roll of the first belt conveyvor 22 is shifted
by actuation.of the air cylinder 134 in the direction of
the vacuum chamber in order to release tension of the belt
70. The input conveyor 14 then starts to run at a speed of
3 m/min, to receive a new prelaminated board while the belt
" 70 remains stationary.

As seen "in FIG. 22, in step 12 of the sequence, the
input rell 40 is moved back toward the exit end 16b of
ipput conveyor 16 by the two-position air cylinder 136 to
restore the tension of the belt 72 of the second belt
conveyor 24. While at the same time, the lower platen 146
of the first laminator is moved vertically upwerd through
the aperture 74 in the belt 70. Ambient evacuation occurs
in the same manner as set forth in step 5. Meanwhile, a
new prelaminated board 200b is arriving om the first input
conveyor 14. _ '

In step 13, as shown in FIG. 23, the actuation of the



precisely at the set point. Meanwhile, wth the partially rocessed board
200 havi ng been introduced in the second vacuum chanber 3a%gebruary @804 nput
roll 40 of the second belt conveyor 24 is shifted by the actuation of the
two-position air cylinder 136 in the direction of the second vacuum
chanber in order to release the tension of the belt 72. in step 10 of the
sequence, as shown in FIG 20, the 4%wer platen 148 of the second vacuum

| am nator 28 is noved vertically upward by a pneumatic ram 204. The pl aten

148 passes rd: thro he_agerture .n the,belt 7 whi ch perture
76 is t?\ezl%cl#%‘\?%ﬂqﬁéaéa%%%%? g\llgt %nflhzjz?oi]ﬁgr su&haﬁ:é}?tli@e punp
18611 i Peddt uabrdelor a24 predet estraméd. ti e ngae?:gd&htsﬁcageclaﬁf ﬂligg second
vacuum S t | o] r ri ti a p own
action, ngl'rs es%[?i %%deﬁ%ﬂ%ﬁ%ecéi %’fvxﬁlﬁ EPge jgé) ‘Fis)lenap% ‘?%d?ﬁﬁgr itﬁ:'& t he
vacuum FeesEd Heeboargnyeyois Atarskertisy aheshewresd 050'9 mAidid-¥3 ' in
the uppeirreRd | QWerqapd Ahiodd2nd b 48nd CRREEELLELY - nbLygho gl be

understood that during the second vacuum process, vacuumis -applied not
to drawtEprwbideyetthieerhent| Famwm Hareoesscdnattheefibstr ¥2200m as this

has al r eadyRee s ACEARPELRPEELEN t Nehef LEsthust 39€ ﬂ&ethgrk%éﬂcfﬁﬁ@%r
a ressure to

operatign, but to create a ood sjituation to apply mechanic EZ
the boald?® 206 pherahoreq RIFSnLYVESHMA YT t Re iRhYS eko3gllow

act uat edntiovanetdlon J¥V aehgapherief dir Lytdneee Ihdhfum' €heass -t he new
prel.am pat ed. board 200a awai tlng at fhe ntrance of the first vacuum
| ami nat QZG;O‘F%(Q%QM\A%I%#M g&f t Ehepy ‘?‘ﬁ%ﬁ?gc&meﬁﬁ 1ygxgulige first
bel t 20ckhndary G200 thiafnvEyer agartaxe hat Arostidid agdeDly PPPr oppiat e
moror - B8 BBk 0B, S AP BF ST { BOPBad e r el boaPd 200a
ont o t henekthe7@npntt benfveysir Hal tis cormygyal. - . '
In step 14 of the seguence, shown in FIG. 24, as soon
| "as the procegsed board is completely off the seconci belt
72, as sensed by photocell 172, the speed of the second
belt conveyor 24 is increased to 30 m/min in order to move
the belt 72 quickly to the set point to accept the new
board 200a. -The temperature of the processed board 200 is
read by infrared sensor 174 as it leaves the second vacuum
laminator 28 as well. While at the same time, the input
roll 38 of the first belt conveyor 22 is moved back toward
the exit end 146 of the first input conveyor 14 by the two
position air- aylinder 134' to restore the tension of the
belt 70 of the first belt conveyor 22. The next new board
200b awaits in aligned position at the barrier 30 on the
input conveyor 14. The cycle the.n repeats from step 8
illustrated in FIG. 18.
The senging switches comprising cams 138, 140, 154,
156, 162 and 164 and cooperating sensors 142, 144, 158,
160, 166 and 168 respectively, 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



22 and thereby into the first vacuum chanmber. Cam 138 and cooperating
sensor 142 provide a signal to stop -the belt conveyor 220 kébrearyt2ded4 boar d*
200a has noved to the proper position in the first vacuum chanber. step 11
of the sequence is shown in FIG 21. This: is after the final stage of the
vacuum | am nati on process has been conpleted. The vacuumin the second
vacuum chanber 17811 is released by actuating a value to allow the

i ntroduction -of atnospheric air into3fhe vacuum chanber. The |ower platen
148 is then lowered by the hydraulic cylinder down 't hrough the aperture in

the bel te¥éc@fohie = 88¢20d Dehlich CaRVeydixed M| & r_gt J:}gn , the
barrier 30 is npved up 3 actuation of the air B‘%lrlln the I nput

rol | of JE‘P%Q‘PW%YebéPt VBYBEIODt| nespimt f Bheamekalilds cﬁam hendi r

cyl i nderigd 34pepatheecdiveciinarate he JBssA saMReENEN Grflere &9, &L ease
tension of the belt The |nput .conv y05 14 the starts to run at a

speed of ° é“‘ﬁ)f‘?ﬁ“?intt@”ge EPCE FeRSIPgr QRIesEt he belt 70

remai ns st at iTHar orofragesblén Ebﬁcz&.:oﬂl@rtSlEérlZl@ﬂ el BREUENCE t he
I nput roII OJ[ m)ved baf owar d- t he exi nd 16b of |jnput conveyor 16
by the 98Tt tHaR SPAUChFiAdePPESRMEER Ofs it IV s % ofaqhit el t 72

of the ssqm)ml:amt 120mgym:re Z mikdierétedsSorgadhtibiert bE l20VE/pP! at en
amert or SHRTAER, CBRRLab S TRYSH NELA Ol L stBARES [ ?ﬁiﬂeg%ﬂemner
as set e rcontm?ebets 1Manmbpbadsatondsheplvalmmmmdgﬂzda§ (i_:ﬁﬁ&ih:et&
2ctuat | o ofblh Peg TR 2SO MCand 3730 wdS. 1Y SR e tna 110
i s such swidich r&erﬁmoﬂ42)ell4éonﬂcé§ior 189,036% gtnairtil:ﬁB Tiee degddrigitznt i on of
the - in concert with preprogrammed control dJdata the several

ensuing control functions including timing of the vacuum

process laminating stages. These control functions include

the actuatiort in the proper secquence of the air chinders

32, 134 and 136, the pneumatic rams 202 and 204, and the

electromagnetic clutches 92, 96, 104 and 112 and the

selector switches 126 and 128 for the motor sgpeed control

potentiometers 114, 116 and 118 and 2120, 122 and 124

respectively. For convenience of illustration, in FIG. 2

the control paths between the PLC 198 and the. several

control devices just mentioned have been shown in Jotted

lines. It will be understood that, although mot shown, the

dotted limes include, where mnecessary and appropriate, as

well known to those skilled in the art, conversgion devices

such as electrically Jperated pneumatic valves to control

the wvarious alr c¢ylinders and the pneumatic ram, and

electrical relay means to control the motor speed control

selector switches. The electrical circuit  cggnections to

the several input terminals (not shown) of the PLC. 198 from

‘the photocelis and from the sensors 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. ' -



notor 80 as controlled by the PLC is then-such that-the second belt
conveyor 24 starts at a speed of 9 mmn to effect a ra@ldabniaradddy of
the processed board 200. Meanwhile, the anbient vacuum process. in the
first vacuum chanber is now conplete. The vacuumin the first chanber

178" is therefore rel eased by actuating a value to allow introduction of
at nospheric air into the vacuum chanber- - The |lower platen 146 is then

| owered by the hydraulic cylinder dowA; t hrough the aperture 74 in the
belt 70. The new board 200b is aligned or squared upon the barrier .30
and the inputrépayeyag ib i sTetoped. inl st epcbdmeliithe sfgo@NRent shown in
FIG 24, as soon as the progessed board is conpletely off the second belt
72, as sERgedeRPPhoVASHIR 1FMIPRECY % h OQEébﬁd ab@i"tﬁcol?ﬁje‘&or 24
IS incregsedeho 139 FkFheY, ifls@IgEE lthdD¥@achiieele! bod¥d qifireld yehe the
set point to acceg)t t he eig/‘ board 200a. -'{;’@ategﬁe@a%’%of the processed
board 20B8e#sed; BRPSEy. raPEEE sBEGFIFr 4 ¥ t88ve PR YRcuum

| ani nat gror8 881! HesWhiibedatin kmantidd Msalieemn i sl icabion 38ihédt he
first belt nveyor 22 is.moved hack t rd__the_ exit and-146, of the first
i nput co%e%\*? 1%3""6'?/ 2 %e%tg} t%%n%g'll%r AT nﬁBPiigﬂo%ds roréeh? he
tensi on efméhetibdkt, 7Gef tdisdlostrbel bfconbdydty ZphpITheatnext, ndw board
200b awaits in_aligned position t he rier e_. _J4Np eyor
14. The %?ﬁ?ﬁ@ﬁ@n répe %mf’?%ﬁ?gégp%gl% ‘_ust?ia%'tge%%léné}ﬁlél 1§éaﬁl%gé/sensi ng
sW t chesofothei shiad deebt 188culd0 latbsatol56had? andFIS4 &R codpeeati ng
sensors 142, .144, 158, . 160 6 68, f especty valy, e f the
type kBRRV TR PHe. Oar £98s %?é%g%ﬁ?%néw{%h%s' éilynag'-cggéct%v ﬁ?\%otch.
More spesyéteat| yspiedaddy rmylowepr ibed ta evegyex 2066) @md vin huppRr sensor
1. 2ach B83E. COHBLYBLN0788.20 Fablamo R0t Wl Act Talksey eV s Wigh 1o

fixed in"positron -ani i )
positioned for movement of the prelaminated board into and

out of the vacuum chamber of the second laminator 28 for
application of heat and mechanical pressure. The Ilower
belt conveyor comprisges amn endless belt with two distinct
sections 210 and 212 wpon which the board can be placed
spaced apart by two apertures 214 and 216. The two
se:ctions are so positioned such that, when one sectiom of
the lower belt is moved with the board into the vacuum
chamber region, the other section is moved out of said
region for cooling amnd vice versa. The upper belt conveyor
208 is spaced above the lower belt conveyor in the vacuum
chamber region and also comprises an endless belt 218 with
at least two distinct sections that alternate into and out
of the vacuum chamber region such.that, when one section of
the upper belt is moved into the vacuum chamber region, at
least one other séction is moved out of said region for
cooling and .vice versa. In operation, as one section
{i.e., a coo-l section} of the lower belt moves with the
board to be wvacuum laminated 4dnte the vacuum chambex
region, one ‘section (i.e., a cool section) of the upper
belt iz also indexed into the vactum chamber region, as the
other belt sections are moved out of the vacuum chamber



responsive to the novenent nearby of the netallic camand, is operative. to
generate an -electrical signal in response to novenent e%hFﬂ%HEEZQQﬁSing
of the netallic object. The progranmmable |ogic controller -198 utilized to
control the sequential operation of the conveyorized vacuum applicator 12
may be a m croprocessor controller of a type available comercially from
Saia, Mtsubishi or others. The conttpller 198 responds to the various
signal s produced by the photocells 36, 170 and 172 and by the proximty
switch sensors_142, 144, 158, .160, 166 and 1G to initiate, in concert

Wi th prepaignanied eshtiepit daelimg. seflial emislemgthenbioel-d Wreiions

i ncl udi eyl 9{:% V. . 2@l natLn £ S...These_ cantrol
functi o%c%dnc Lﬁce t gg%c?ﬁwoﬁg%ﬁgséé %Fﬁ?&gg‘l& ql?zlr:l" é%o CHSE a‘ﬁor‘:’Ol

cyl i ndersectdpns] 3af g ] 3EPeheapde e bebts20dixind: 2848 asd Hee:

el ect r omaRalde €bUEsaeRrI2. 6, ol @th Li2oANthdiapschsckel, Pidiches 126

and 128 for the notor._speed cont Vot ent 1 oneters and
120, 12Anshdprematigedact adbpyingorteorfihsi deeadhf wheustewpdoed ite FIG 2
t he cont : it tBEa, t t % I rgl: vdevi ces

j ust neﬁ?%%ﬁg%ghggghﬁeen shdﬁﬁfﬁﬁga%ggegggfi?ggFe%% &??fibgﬂﬁiégééaood
that, afiHodgimh@ RISMEUS Heacwd bamipakionnevade, where necessary and
appropriate, as well known t6 those skilled in the art, conversion devices
such as electrically (operated pneumatic valves to control the various air
cylinders and the pneumatic ram and electrical relay nmeans tom control
the notor speed control selector switches. The electrical circuit -
connectiQns to the several input termnals (not shown) of the PLC- 198 from
-the photocells and fromthe serilLsors have not- been shown -in order to
avoi d conplication of the drawing since such circuitry is well known and
understood by those skilled in the art. 20 February 2004




-32 Referring to FIG 25, in an alternative enbodi nént, the second vacuum
| ani nator 28 may contain a dual belt systemto further i4Rgbsvary2Re4
evacuated -board fromthe heated upper and | ower platens. This dual belt
systemis nore fully described in copending Italian application filed on
the sane day herewith by the sanme Appbicant under the sane title, the

di scl osure of which application, by reference, is incorporated herein- The
essential feature of the dual belt vacuum|lamnator ' shown. in FIG 25 is
the provision of: two independent (i.e., dual) belt conveyor Systens,
speci al Igr.RIM®Wer belt conveyor 206 and an upper belt conveyor 248. The

| oner belt conveyor 206 is positioned for novenent of the prel am nated
board into and out of the vacuum chanber of the second | am nator 28 for

appl i catj on gf ﬂ@@ﬁoan@fmﬁawunpaiaﬂﬁéﬁyﬁg alhe-y Oiwiim Utoege\_{%xw

conprises an endless belt wth tw distinc sect’i ons. 0 and 212 upon
whi ch t Heemdaidl taviebeopltaced prphertnabedt Priptedo catp:emm ggoand emd 216.

Th f h
ver DIt RAVSREGEEY ORI AREENS IR MEERERE e S oft e

| ower 'S nove boa
ot her sedtd e@ry Sidmvewd dite dfoegal br reagisordtey, ceplgrigiat vi ce versa: The
upper belt conveyor 208 is spaced above' the | ower belt conveyor in the
vacuum chanber region and al so conprises- an endless belt 218 with at

least twe)di PridkGingeheonpdaiat aht ekidke riatle0 apd qut fﬁfstt hgaaaRuMm
chanber regi on such. that, when one section of the upper. belt is noved

into the vacud@fidedieey @b@mbﬁr #f pesmcwme damdnatest i Gh)i shawied out of
said region fu (o] o1=1 section
(i.e., a cool Q{sec r%qgife%[rlh \Q(I)J\A%gnr \i%h%%a%\r}éls%\;%ma?%et(}%e ﬁb %g))t'o be vacuum

Ian1nate@n|n@mdﬂnmq&annnanmnb&rsaidgidmstommamﬁﬁn(xu&) &t , anbtent
secti.on) of RP%@%&%%ux@Pel% i S also |qg§xed 'f%féféﬁ% va%%yn1gggggg£eregion,
as the

substantially all of the air from between the dry £film

and the surface of the boaxrd of substrate and place the

dry film in intimate contact with the surface of the

board or substrate; '

(c} placing the board or substrate in a second vacuum
lamination chamber (20) of the wvacuum laminator, said
second chamber being independent of said first chamber;
and,

(d} applying sufficient heat to the dry film on the board -
or substrate in said second chamber (20} to cause the
dry film to adeguately flow and then sufficient
mechanical pressure on the board or substrate to

thereby force the heated laminate to conform closely to

the surface contours of the board or substrate.

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

operated on-line.

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

(d) are operated in a continuous automated fashion.



ot her belt sections are noved out of the vacuum charber 20 February 2004
-33 region - for anbient cooling. This enabl es the board BeFeRjuarnZ98dum

| am nated to be disposed initially only-between cool sections of the upper
and | ower belts, which act as heat shields to prevent the dry filmfrom
heating up too fast and prematurel yagdhering to the board, when exposed to
resi dual heat- given off -by the heat platens which are still hot froma
previ ous vacuum | am nation cycle. 20 February 2004 34 CLAIMS: 1. A nethod
of vacuumlam nating a dry film photoresist- formng |ayer onto a

prel ami fat eohpnem@@l ateepdingonsdedainother subst ale@ei20Qkapy Cih)prevents
prematur a(ckln of the dry filmto the board or substrate, conprising:

(a) pl ati%g (Ple Hoar GP6F 12t SLERTRAGING J2QEERTE | &9 natlew eftamber of

a vacuuld sy weorpfézambaateg tﬂ&ﬂd‘d6Be”Q@B£t¥§€élurﬂd aglnaf o chanber s
(18, 20); (b) drawmng a vacuumin said first chanber (18) at anbient

t enper af2F @R Fhamhefeats EHe csame tidewacuate substantially all of the air
frombetween the dry film and the surface of the board of substrate and
place the dry filmin intimte contact with the surface of the board or
substrate; (}b)mgthcdngct:berdhngr dwramsygbsheatef i the peco8dingCdl@ims
| am nati,on cha (%‘B) of t he va_cuum | am nator, said second chanber being
i ndependiFicdt ¥ pd MR :  and, (d) applying sufficient heat to
the dry fil &ﬁmﬂdge board et BRST Alog: | BubRitda3RCoNS 0phanber, (2@ to

r

cause the y filmto adequately flow and then sufficient nechani cal
pressurlgmndfe 88 dodr 3ubiirate meving belt conveyor (22) for

movement into the first vacuum lamination chamber {18), the
~first chamber being defined by an upper platen (150) and a
lower platen (146) adapted to be moved into sealing
engagement, the first belt conveyor having an endless belt
(70) under tension that has an aperture (74) therein and is
characterized by having an initial or set-point position
such that, as the board or substrate is moved on the endless
" belt into the region of the first wvacuum chamber between the
upper and lower platens, the aperture is moved into

alignment with and between the board and the lower platen.

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

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

(e) sensing the positioning of the board " in the first
vacuum chémber (18) of the wvacuum laminator and
stopping the movement of the first belt conveyor (22):

(f) relieving the tension of the endless belt (70) of the
first belt conveyor and

(g) 1lifting the lower platen (146) up through the aperture
(74) in the endless belt into sealing engagement with
the upper platen (150) and thereby capturing within the
first vacuum chamber ({(18) the board or substrate (200)



t hereby force the heated lam nate to conformclosely to the surface
contours of the board or substrate. 2. A nethod accordi nghkebehay 2004
wherein steps (a)-(d) are operated on-line. 3. A nethod according to claim
1 or 2 wherein steps (a)- (d) are operated in a continuous autonated
fashion. 20 February 2004 35 4. A nmes&od according to claim1, 2 or 3
wherein steps (b) and (d) are operated in alternating sequence to all ow at
| east one prelam nated board or substrate to be in each vacuum chanber at
the sane time. 5. A nethod according to any one of .the preceding clains
wher ei n st er{dd)atc orgusiseshe ppact hgnaofi the bodidser belbstipane whidha) on
the. entrance end of a first noving belt, conveyor (22) for novenent into
the first vddurRIRd R iBPIHRTerY 1%33,113&%19?#,1 rst chamber being defined
by an upper platen (150) and a |ower platen (146) adapted to be noved into
sealing engagenent, the first belt conveyor having an endless belt (70)
under thnsi dh mehohagcaprdpedt tiPe 3 )other ki BhanBrpseddRgr &dedfSzed by

having an initi or nsetspel Mt psition such that, as the board or
substre{"[aheerlesanms\?!eed) o(nbs’t e gnxgﬁsess' belt into the region of the first vacuum

chanber bet wesitudteingipphe afiirsbweraqhat echamblee ape8l urat | smimead | nt o
alignment with and petween.the boar.d .and the lower pl.aten. 6. A_nethod
accor di R RY & Hin g?rf%rfqﬁ@_fa @ﬂ)ﬁﬁﬁcsll t'He dg?‘épgfg'fbg%écﬁn&lgg?y( a) and
(b), ofz1iedrsens ngit heeppskhi aMeNGIsy Fhemhoardbselin 4ppliédst andacuum
chanber (18) of the vacuum | am nator and stopping the novepent of the

first bl sorfagerof2ihe PPRrAeldeAHRPHIREenEheFFRY tRePLABFesEhel t
(70) ofgles; Ll St Dkt £QPLEXYUnalck (Ghehi FANIbAR YT SRBEERLE146) uP

t hr ough e aperture
..surface.

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

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

(h) when the aforesaid evacuation 1is complete, allowing
atmospheric air to enter the first vacuum chamber (18});

(i) lowering - the lower platen (146) down through the
aperture {(74) in the endless belt (70):; and

(j) restoring the tension in the endless beilit (70) for
movement of the evacuated board or substrate out of the

first vacuum chamber (18).

9. A method according to any one of the preceding claims,
wherein step (c) comprises:

conveying the board or substrate (200a) out of the
first vacuum chamber (18) and to the entrance end of a
second moving belt conveyor (24) for movement into a second
vacuum lamination chamber (20) of the vacuum laminator, said
second chémber being arranged in-line with said first
chamber (18), said second chamber being defined by an upper
platen (152) and a lower platen .(148) adapted to be moved

into sealing engagement, the second belt conveyor having an



(74) in the endless belt into sealing engagenment with the upper Blaten
(150) and thereby capturing within the first vacuun1cha@&ﬁeqﬂﬁw P& board
or substrate (200) 20 February 2004 36 and at |east the portion of the

endl ess belt upon which the board or substrate is positioned. 7. A nethod
according to any one of the precedi ngzclains, wherein step (b) conprises:
evacuating the first vacuum chanber (18) at anbient tenperature for a tine
sufficient to draw off substantially all of the air between the dry film
| oosely applied, and the surface of the board or substrate, thereby to

pl ace tdiiidly belon igr2)ntun@ée ¢enkach WKLt Rasbeal dapercubst r(ae6e
..surface. 8. A nmethod according to_ clains 6 and 7, further conprising the
st eps, H@asfidh 3ndpds(harrcieyized @) BMelnd hanafigyiddaild @vasghtion is
conpl ete s al | ow s oAt erd ir_to er fisrst um.ch er (18);
(i) Iomtr/gor]irﬁég PoEEien n%?‘g'?erlﬁfaﬁa) agomﬁﬂtéhr%%%ﬁitﬁes Ig%@?%"u[gg (?ﬁ% in the
endl eserglasy 701t addtp) )thestreopging tde thasismrdmd t hecewd ehambelt (70)
for n&y ment Qéhthe evacua%FQiboard gr substqﬁge out_of the first vacuum
chambePHEE" o-PA RBPREd B ot W Hy PE2ERD S ond TSt I Precet? n§O¥FYi s,
wher ei nimideepaleynmenpr iwash @RV epbigebhe Bigar hoarrdsubsésr afre: (28Qay out of
the first vacuum chanber (18) and to the entrance end of a second noving
bel t céﬂ@@?ﬁ# @%ﬁ5-for novenent into a second vacuum | am nation chanber
(20) of the vacuum | am nator, said second chanber being arranged in-line
with said first chanber (18), said second chanber being defined by an
upper Ifl.at & faBRydamtcoddimer pbatai®il48) adept edepentenhowed atnto

seal i ng SNSRI - 5 ! e, 2EEOPTBREE1 82NN Me NAUNI Hher step (o),

of:

{k} continuing the movement of the first endless belt (70)
to the initial or set-point position for acceptance of
a new prelaminated board or substrate arriving at the

entrance end of the first vacuum chamber {18).

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

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

(1} sensing the positioning of the evacuated board or
substrate (200a} in the second wvacuum chamber (20) and
stopping the movement of the second belt conveyor (24):

(m) relieving the tension on the endless belt (72) of the
second belt conveyor (74);

(n) 1lifting the lower platen (148) in the second wvacuum
chamber up through the aperture (76) in the endless
belt (72) into sealing engagement with the upper platen
{(152) and thereby capturing within the second wvacuum
chamber the board or substrate and the portion at least
of the endless belt upon which the board or substrate
is positioned; and

(0) evacuating the second vacuum chamber (20).



20 February 2004 37 endless belt (72) under tension-that has an aperture
(76) therein and is characterized in having an initial &0 Fbruarp@0ov
position such that, as the board is noved on the endless belt into the
regi on of the second vacuum chanber between the upper and | ower pl atens,
the aperture is noved into alignment with and between the board and the

| ower platen (148). 10. A nethod acc® ding to claim9, when dependent on
at least claim5, further conprising the step, after step (C, of: (k)
continuing the novenent of the first endless belt (70) to the initial or
set-point position for acceptance of a new prel am nated board or substrate
arrivingZat BhéeidiR? aEBH TR PRYstORRcRim Hadssr Pisyo i, A

met hod grepLdhngrty ¢4l gbﬁpgisgg,tﬁgrggg%_scggpri sing the steps, between
steps (C) and (d) of (1) sensing the positioning of the evacuated board or

substrate (200a) in the second vacuum chanber (20) and stopping the

b 24, | i, evi t he tensi th
end eos (S| (BEELTREY e “LbpER A o Chho2) 01 20 Gy P8 Mol F  IIGHTE |over
pl at en (148) (148} hefsehendammdinrachanbehamnipet htough tichpeapeilrer & 76) in

the endless belt (72)_into sealing engagenent with the upper platen (152)
and ther eby ‘&lalp%rﬁaa HRFARACE N8N EBENHOREEL O SCREHEEES: Kb T

substrate anghdiecoriéedrpbtiasingof the endl ess belt upon which the
board or substrate is positioned; and (0) evacuating the second vacuum

chanber (420)capsimebrile y PG 3@lazenA fibRod tecorribhy mechapised of
claims 9 tC)QEESsure on the becard or substrate to. force the heated

laminate to conform closely to the surface contours of

the board or substrate.

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

steps, when the aforesaid lamination is complete of:

(p) allowing atmospheric air to enter the second vacuum
chamber (20};

(g) 1lowering the lower platen (148) of the second wvacuum
chamber down through the aperture (76) in the endless
belt (72) of the second belt conveyor (24);

{(r) restoring the tension in the endless belt (22} of the
second belt conveyor for movement of the laminated
becard or substrate out of the vacuum laminator (12);

(s} conveying the board or substrate .out of the wvacuum
laminator; and

(t) continuing the movement of the second endless belt (72)
to the initial or set-point position for acceptance of
a new board or subétrate exiting from the first wvacuum
chamber (18) and arriving at the entrance end of the

second vacuum chamber (20).

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

including:




wherein step (d) conprises the steps of: (dl) heating the upper platen
(152) and the lower platen (148) of the second vacuum czonferudrg 2804
tenperature at which the lam nate on the board or substrate has a high

fl ow characteristic; and (d2) causing the upper platen (152) to apply
mechani cal pressure on the board or substrate to, force the -heated

| aminate to conformclosely to the sd#Pface contours of the-board or
substrate. 13. A nethod according to claim 12, further conprising the
steps, when the aforesaid lamnation is conplete of: (p) allow ng
atnospheric air to enter the second vacuum chamber (20); %q) | owering the
| over plwl erpldaB)g opnt kheseasm@npggc R ehakder T458k CRETGYRTt k&l&perture

(76) in the 16%3. seehkdg Zé}ee%%}'l{lh& GCd Reld £opMEYer K@dhd O

restoring "the tensionn ess belt (22) of the second belt
conveyor forotiwensubsiofatde(2@dhataad, board or substrate out of the

vacuum | am nator (12); (s)_conveying the ard or substrate out  of the
vacuun1(Ybn1¥%R%ﬁél% dsé?éscg%}i %?%%g?hgpﬁbvenent of the second endl ess
belt (72) to the initial or set-point position for acceptance of a new
board or substrate exiting fromthe first vacuum chanber (1&% and arriving

at the.bﬁtrdhcéﬁéﬂnxbfaFﬁ@rd§@80nH°vd6h%H¥cﬂéhbgpefﬁé?. 14 me{7éd
accordlQgcégdCb?%ﬁﬁmﬁpa%éda@Qxﬁﬁﬁ éfu%hPEEraE@C”@Qkﬂﬂ3 29 pehedar vbn2004 39

(u) placrng on e entrance end of the tirst conveyor belt (70) a second
pr el ani tigé ed gutirzire ci endi t dfbar dher Diksr sebsveyes (2beby; did) (v)

repeatigu gégﬁgiéfiytgko%gna(ggme time step (n) 1is occurring with
respect to the £first board or substrate, to enable the

" vacuum lamination cycle in each vacuum chamber (18,20) to be
operated in alternating sequence, thereby allowing at least

one prelaminated board to be in each chamber at the same

time.

16. A method according to claim 5 or any one of claims 6 to
15 when dependent on at least claim 5, further including the

following steps, before step (a):

(a.i) conveying on a first input conveyor (14) a
prelaminated board or substrate {200a) from
preceding equipment towafds the first  belt
conveyor (22):

(a.ii) providing a barrier (30) at the exit end of the
first input conveyor (14) to stop the movement of
the board or substrate and to align the board or
substrate;

(a.iii} sensing the presence of the board or substrate at
the exit end of the first input cénveyor (14) and
stopping the movement of the first input conveyor;

(a.iv) adjusting the barrier (30) at the exit end of the
first input conveyor to a non-stopping or non-

blocking position; and,



15. A method according to claim 14 wherein in (u) the second prelam nated
board or substrate (200b) is placed on the entrance end 2 Fetnearyi2084
conveyor belt (70) substantially at the sane tinme step (n) is occurring
with respect to the first board or substrate, to enable the vacuum

| am nation cycle in each vacuum chanber (18,20) to be operated in

al ternating sequence, thereby allow 4@ at | east one prelamnated board to
be in each chanber at the same tinme. 16. A nethod according to claim5 or
any one of claims 6 to 15 when dependent on at |least claim5, further
including the followng steps, before step (a): (a.i) conveying on a first
i nput ctaweyor (b@nvﬁy#nqﬂE@@nboeddbéapm»mMQniﬁm$GtéanﬁoapnﬁBNwm

precedi ng equip the first, belt,,con r (2 rovi di ng
a barrier (30) at %ggxﬁn T Ot Fﬂg ?élris: |n%u S%co%v%or‘?ul) % % stop
the novenent of ndienas dodrtEgbbbagtie candsiistatdtgn iﬂnta)bf)médfﬁllrst
substrate; (a.iii) sensing the presence of the board or substrate at the
exit end of the fia&uR (Hia"RSGveyor (14) and stopping the novenent of the
first input conveyor; (a.iv) adjusting the barrier (30) at the exit end of
the first input conveyor to a non-stopping or non- blocking position; and,
20 Febrfub.ryQOMM@d(acvwrdmge}lanHWh@r@oa?ﬂ ’f-hi%nprﬁ@eﬂlﬁmc apus,conveyor

to the ntra.nce en f the t Q“n E% 7.0 éf‘ e board or
subst r Al &1L The fs‘?cre vaculznm c (i qufnf{ﬂﬁ‘i‘l”g) accor rPlng to any one
of the preceding clains, wherein said steps are in automatic sequenti al
operation.
P 18. A method according to any one of the preceding claims
wherein the dry film is a solder mask or a primary imaging

photoresist.

19. Apparatus for vacuum laminating a dry film photoresist-
forming layer onto a prelaminated printed circuit board or
other substrate which prevents premature tacking of the dry
film to the board or substrate, comprising:

a vacuum laminator (12) having two independent wvacuum
lamination chambers (18, 20};

the first vacuum lamination chamber (18) being operable
at ambient temperature while a vacuum is drawn to evacuate
substantially all of the air between the loosely applied
prelaminated dry film and the surface of the board or
substrate, thereby to place the dry film in intimate contact
with the board or substrate without causing the dry film to
prematurely adhere to the surface before all of the air can
be evacuated; and,

the second vacuum ‘lamination chamber {20) being
operable under heat and mechanical pressure to laminate the
evacuated dry film to the board or substrate, thereby fto
ensure complete conformance of the dry film to the surface

contours of the board or substrate.



18. A method according to any one of the preceding clains wherein the dry
filmis a solder mask or a primary imgi ng photoresist. 20Febnymaeadds for
vacuum |l aminating a dry film photoresist- formng | ayer onto a prel am nated
printed circuit board or other substrate which prevents prenmature tacking
of the dry filmto the board or suggtrate conprising: a vacuum | am nat or
(12) having two independent vacuum 1am nation chanbers (18, 20); the first
vacuum | am nati on chanber (18) being operable at anbient tenperature while
a vacuumis drawn to evacuate substantially all of the air between the

| oosel y~app | ami dry, fi4 th o f or
substré?e #hé %gﬁgoggkggggﬂﬁe%éq#%d%ﬁg¥§1|ﬁ?§%%%g gg%té%?%t qﬁpth

boar d 95csuBSWEmummMldminatimmiogamberdrylﬁArﬁ&m apeedaspoeky ddhere to

t he surf ce bef of the air can be evacuated; and, the second vacuum
| am nafPBnteRg eFe?QB}OBelng operabl e under heat and mechani cal pressure
to lam nate the evacuated dry filmto the board or substrate, thereby to
ensure conpl ete conformance of the dr f|In1to the surface contours of the
board 8t-subBPRAEREUS2RIRMFUNY F004Ch3in0 1RpSdr atlls ¥ g B clai m

19, “h%g],%e t%fggébngn% é&ﬁenqa\ﬁaﬁgk{%har@m@f\sc a@beréoﬂl%rew) are

di spose end-to-en ati1on. Apparatus according to claim19 or

20, wheorvaybhizefli rist aidosecdod vmmﬂi,(am dat i en chrbbereusg 1&nd20) are
conveyorlzed t | low for operation in a continuous and autonmated fashion.
22. ApBBFSPﬁEeacg PR to claim 19, 20 or 21 wherein the first and second
vacuum | am nati on chanbers are operable in alternating sequence.

22. Bpparatus according to claim 19, 20 or 21 wherein the
‘first and second vacuum lamination chambers are operable in

alternating sequence.

23.Apparatus according to any one of claims 19 to 22 wherein
the second vacuum lamination chamber (20) includes a dual

conveyor belt system.

24. Apparatus according to any one of claims 19 to 23
wherein the first chamber (18) has a relatively  stationary
upper platen (150) and a lower platen (146) that is adapted
to be moved up into sealing engagement with said upper
platen to form the first vacuum chamber region, and a first
belt conveyor (22); '

' the first belt conveyor having an entrance end (22a)
and an exit end and being positioned in operative
relationship with said first vacuum lamination chamber (18}
such that, when moved from a set-point position thereof with
a prelaminated board or substrate placed on the entrance end
thereof, the board is moved into the first vacuum chamber
region between the upper and lower platens (150, 146), said
first belt conveyof including an endless belt (70) under
tension upon which the board or substrate (200) is placed at

the entrance end (22a) of the first belt conveyor and having



23. Apparatus according to any one of clains 19 to 22 wherein the second
vacuum | ani nati on chamber (20) includes a dual conveyor ¥drebrugniid 24.
Appar atus according to any one of clainms 19 to 23 wherein the first
chanber (18) has a relatively. stationary upper platen (150) and a | ower
platen (146) that is adapted to be mpved up into sealing engagenent with
said upper platen to formthe first vacuum chanber region, and a first
belt conveyor (22); the first belt conveyor having an entrance end (22a)
and an exit end and being positioned in operative ‘relationship with said

first vgﬁUHﬁb&@ﬁh:@ﬂ} 7y chaeern (48) pos4dh driat ,waienraspede f temie
set-point position thereof with a prelam. nated board or substrate pl aced

on the entramee end ahekbef fimed Horkly renweyes ismch tweakir 36 V&&uum
chanbery, [ £gi 9Q ?@ nmﬁé}? e&eaggﬁ%(%;os L gfpét(%%%uuilﬁ@han&)@nd first

bel t conveyor I'nc g an endl ess tensi on upon which the
board obeBm@smrahe @ﬁpex agdplaved pfllatehe diAtOanddoend HIR2a@pesfturdse fir st
belt copve r 20 Febryua 2004 .42 @an a erture therejn so
o5t t§ hBaarER st IGTIE BREVSRBe thita B thebt | FEPSFERESL Gbbyor
such t hghe y@wébeplg@@ﬁd is noved into the region of the first vacuum
chanber between the upper and | ower platens (150, 146), the aperture 1is
noved into alignnment between the board or substrate and the | ower platen.

25. Ap 2 ASLRL dl : j heg,, SOoPF i ~i&sfd s st nmotor (78)
operabﬁggﬁ%ﬁgause éa%%g%%@%&%?%€1gﬁalﬁg%% wf?h a b&%?@g%}gﬁﬁ strate (200)
pl aced on the &£hrsdnmetoend78f) Km@ﬁabkﬁ el cawsmveydd be2y tA@elsy to

PO g BB B i R0 60 B2 I b enatpu charver
“end of the first belt conveyor (22} thereby to position said
board or substrate in the region of the first vacuum chamber
(18);

a first sensor ({142) arranged to provide a signal
responsive to the movement of said belt required to position
the board or substrate in the region of the first wvacuum
chamber for stopping said first motor (78) from causing
further such movement;

a first tension adjuster (134) operable to relieve the
tension of said endless belt (70} of said first belt
conveyor (22):;

a first 1lift (202) operable to 1lift the lower platen
(146) oﬁ the first wvacuum chamber up through the aperture
(74) in the belt (70) into sealing engagement with the upper
platen (150} thereby to capture the board or substrate and
the portion, at least, of the belt upon which the board or
substrate is positioned within the first vacuum chamber; and

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

chamber (18).

26. Apparatus according t any one of claims 19 to 25,
wherein the second vacuum lamination chamber (20) has a

relatively stationary upper platen (152) and a lower platen



responsive to the novenent of said belt required to-position the board or
substrate in the region of the first vacuum chanber for Xtkghpuarg26@d d
first notor (78) fromcausing further such novenent; a first tension

adj uster (134) operable to relieve the tension of said endless belt (70)
of said first belt conveyor (22); a élrst lift (202) operable to lift the
| oner platen (146) of the first vacuun1chanber up through the aperture
(74) in the belt (70) into sealing engagenent with the upper platen (150)
thereby to capture the board or substrate and the portion, at |east, of

o e A o L dt&fbesxugéé&ﬁg 6;&8%&1@9 defbbRchbe first

vacuum vacuum punp to evacua I rst vacuum
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wherein the second vacuu Ianl1 nation chan&gr) (20) has a relatively
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that is adaptipd $Q-dy "Bved BBniBYyBrseaking enrgager®dtice Werid sad danpper
platen to formthe second vacuum chanber region and_a second belt conveyor

(24); tetre:tise@ui\darbélbemm%*tm?‘?\gl@noéﬁ%fﬁéﬁ?f@ &rdakaanahiPe¥ithend and
bei ng pOSJ i on tive, t1.0n t ai Va.
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substrate is placed at the end of the second belt conveyor and, having an

aper t uree (N t Hdreei MPRET pEsic | R Ini P atesSect Sed %t h&ERRFanke! End of

t he Se%%%%eyor including an endless belt (72) under tension upon

which the board or substrate is placed at the end of the
second belt conveyor and having an aperture (76) therein so
positioned with respect to the entrance end of the second
belt conveyor (24} such that, as the board is moved into the
region of the second vacuum chamber between the upper and
lower platens (152, 158), the aperture is moved into
alignment between the board or substrate and the 1lower

platen (148).

27. Apparatus according to claim 26, further comprising:

a second motor (80) operable to cause said belt to move
with a board or substrate placed on the entrance end of the
second belt conveyor thereby to position said board or
substrate in the region of the second vacuum chamber (20);

a second sensor (144) arranged to provide a signal
responsive ‘to 'the movement of said belt (72) required to
position the board or substrate in the region of the second
vacuum chamber for stopping said second motor (80) from
causing further such movement;

a second tension adjuster (136) operable to relieve the
tension of said endless belt (72) of said second belt

conveyor (24};



belt conveyor (24) such that, as the board is noved-into the region of the
second vacuum chanber between the upper and |ower plater’) Ketb@ary 2884, t he
aperture is noved into alignnment between the board or substrate and the

| ower platen (148). 27. Apparatus according to claim26, further
conprising: a second notor (80) operﬁ |l e to cause said belt to nove wth a
board or substrate placed on the entifance end of the second belt conveyor
thereby to position said board or substrate in the region of the second
vacuum chanber (20); a second sensor (144) arranged to provide a signa

responsive 'to 'the myveneni_ of said belt (72), .required,to _position the
board or suﬁ%t?%f%nggqﬂﬁg réﬁ“@n %?ef%%igeg8n Jjﬁhé&ﬁﬁ\&ﬁgﬁBePiﬁ%?nstopping
sai d secofy) Nt Ofhd 883cbh@Mracawni Nenlibt heh sHERLERYAPERhroagheenad

t ensi on adjusterﬂ$136) operable to relieve the _tension of said endl ess

bel t (ADeWuERi (/8kcsndtBel Peldonbidlorint) seabipgpppdpgeropd WALtE second
lift ( r.abl if MclYTe at.en of e d.yacuum
Ianinaﬁg%% gﬁ%ﬁ%ﬁrﬁa%e?hrog%i@fhe aﬁ%ﬁ%u?ﬁl(%é%éﬁﬁethgﬂgeﬁ%ﬁi72)O¥nto
seal i ngguwrgagaredndi the phetipper apl dteaxst(, 152 tlmerkdltt opoapwhieht he

board aqr. substrate and th rtion, at least, ,of the belt upgon whi,ch the
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second WG dHEb4A86") to evacuate the second vacuum chanber; a heater
(190", 192") for heating the upper platen %152) and the | ower platen (148)

of the secord PE&EQRM VaFHWHL RIHRR haddF” ) (209 tevacEaiperdicur 82500¢hi ch t he
dry fiJggd&Mﬂéﬁgﬁbégkthe board has a high flow characteristic; and

a heater (1907, 192”) for heating the upper platen

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

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

film laminate on the board has a high flow characteristic;
and

a mechanical press for causing the upper platen (152)

of the second vacuum laminator to exert mechanical pressure

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

the surface of the board or substrate; and,

28. BApparatus according to at least claims 25 and 27,
further comprising a controller (198) responsive to the
~signal provided by said first sensor (142) to control said
first motor (78), first tension adjuster (134), first 1ift
(202), and first vacuum pump (1867), and also responsive to
the signal provided by said second sensor (144) to control
said second motor (80), second tension adjuster (136),
second 1lift, second vacuum pump (186”), heater (1907, 1927)

and mechanical press.

29. Apparatus according to claim 28 further including, in

each of the two vacuum lamination chambers (18} 20):



a nmechani cal press for causing the upper platen (152) of the second vacuum
| ami nator to exert mechanical pressure on the board to ZRJsbruane2e04, il m
to conpletely conformto the surface of the board or substrate; and, 28.
Apparatus according to at |least clains 25 and 27, further conprising a
controller (198) responsive to the signal provided by said first sensor
(142) to control said first motor (#B), first tension adjuster (134),

first lift (202), and first vacuum punp (186'), and al so responsive to

t he signal provided by said second sensor (144) to-control said second

notor (80), second tension adjuster 136% second lift, second vacuum punp
(186"), heaﬁ%r f&gﬁt RPSIC N FORPERARPEARIpr BESWESE. Eﬁﬁgraﬁﬁ§u§@bordlng

to clai U R8T Sl Ul OGura | achrfrdin@d Wy Va5 8 Mdoaitiraat ke
chanberé? 2%?8 28 February 2%04545 g'f;rst pggéage comuni cating

bet ween(b%ﬁ’)d ﬁ@lcmcmntmrsm wrewy gehambeunRrdnt rol | ed by said
controller (198) for ey ua é n%osrﬂhﬁl\r% cqj%rm,%r and.; £ S8%Q0d, passage

comuni cati fy BEIWEen é%l&s cuum c d at mospheri ¢ air controlled
by sai dcicaitsew! bad dtmogphomi dgadixr e@bntat abbadebiyc mmswoatu:oleen:er t he
vacuum chanber at the conpl etion of  the vacuun1|an1n§t|on cycle in each

chanberfos AH @RI A1 erat h@ﬁmﬁéphﬁrbﬁe%BFE“FS L@t GREETs ARG VRPN 202,

204) tq. r S&t dthew%emellétt%n(%ﬂfﬁ tHA8)a M 1445 QuEhok heyaper ure (74,
76) in t e belt (70, 72), actuate said tension adjuster (134, 136) to

r est or eeddie chamzon of the belt, and to actuate sald motor (78, 80) to
A S R T R A B
pl at en 1i&52) (pb2} heogecard llmelﬂrrsalndrrheWerl r;dlamlaes @146, 148) down
‘ through the aperture (74, 76) in the belt (70, 72), to
actuate said tension adjuster (134, 136) to restore the
tension of the belt, and to actuate said motor (78, 80) to
move the processed board (200) out of the region of the

respective vacuum chamber.

30. Apparatus according to claim 28 or 29, wherein the
upper. platen (152) of the second vacuum chamber- includes a
diaphragm (176“) that is substantially impervious to air and
forms the ceiling of the second vacuum chamber, and furﬁher
including: .

a third passagé (1947) communicating between said
vacuum pump (186”) and the space between said diaphragm and
the upper platen and controlled by said controller (198) for
evacuating said space; and,

a fourth passage (194”) communicating between the space
between said diaphragm and the upper platen and air,
controlled by said controller to allow air at atmospheric
pressure or compressed air to enter such space, before
atmospheric air is allowed to enter the vacuum chamber
through said second passage, to cause the diaphragm to slap

down and apply mechanical pressuré on the board to force the



ceiling of the second vacuum chanber, and further i ncl udOfgbreary2Do4l
passage (194') comuni cating between said vacuum punp (186") and the space
bet ween sai d di aphragm and the upper platen and controlled by said
controller (198) for evacuating sai dgspace; and, a fourth passage (194")
communi cati ng between the space between said di aphragm and the upper
platen and air, controlled by said controller to allow air at atnospheric
pressure or conpressed air to enter such space, before atnospheric air is

al | oved, 4,05 BILET c LN KICUHMSNABRY toheaugiadiabesasamcbpassege cheo cause
the di aphragmto sl ap own and apply nechani cal pressure on the board to

force them) debsulstyrdé304 46 | am nate to conformclosely to the surface
contours of the board or substrate. 31. Apparatus according to at |east
clainms 25 and 27 or any one of clains 28 to 30 further including: a third
sensor Fi170)agpdraxayisiagrdisg gnal at etpasti véaine theabdald eovieny of f

the first belt conveyor (22) at the exit.end thereof for causing said
first rerorof rehatps %%n‘iﬁ"r%% %%%ejrﬁs‘f*&“ t'¥he belt (70) to the
set - poi nt pé’sqtli?a ebnthe halfo)commeyprovadingrdhssgnaar rebponsdmeanged to

provi de a signa responsive to the approach of the belt %g t he % t - poi nt
posi ti oo othé hbokikdsmonéhy efifvdysr FrdaReltaranyeyet (Aol ot ow down

2 U S e SRR Thp ner 00, bda e (15

to the sghtpoidt theoshbiement tde lwdlet behteyGho)( 22y titheawsd-Poil@tiir st

motor to stop the first belt conveyor with the belt at the set-
position of the belt conveyor:

a fourth sensor (166) arranged to provide a signal
responsive to the approach of the belt to the set-point
position of the first belt conveyor to cause said first
motor to slow down the movement of the belt to the set-point
position;

a fifth sensor (158) arranged to provide a signal
responsive to the movement of the belt (70} to the set—point
position of the belt conveyor (22) to cause said first motor
to stop the first belt conveyor with the belt at the set-
point position;

a sixth sensor (172) arranged to provide a signal
responsive to the board moving off the second belt conveyor
(24) at the exit end thereof for causing said second motor
(180) to continue the movement of the belt (72) to the set-
pbint position of the belt conveyor:

a seventh sensor (168) arranged to provide a signal
responsive to the movement of the belt to the set-point
position of the. belt conveyor to cause said second motor to
stop the second belt conveyor with the belt at the set-point
position; and,

an eighth sensor (160) arranged to provide a signal

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

position of the belt conveyor to cause said second motor to



poi nt position; a sixth sensor (172) arranged to provide a signal
responsive to the board noving off the second belt convey$tFehrgary 2804 t he
exit end thereof for causing said second notor (180) to continue the
novenent of the belt (72) to the set- point position of the belt conveyor;
a seventh sensor (168) arranged to provide a signal responsive to the
movenent of the belt to the set-poingy; position of the. belt conveyor to
cause said second notor to stop the second belt conveyor with the belt at
the set-point position; and, an eighth sensor (160) arranged to provide a
signal responsive to the novenment of the belt to the set-point position

of the Nel) GANEKInd HAUISSRA LS aroNd FREObele 20 FRbrUatypadld 47 stop
t he second belt

conveyor wth the belt at the set-point .position. 32.
Appar atpgss iddeor.di ng to any one of clainms 26 to 31 further including: an
infrared sensor (174) at the exit end of the second vacuum chanber for
nmeasuring the tenperature of the |am nated board exiting fromthe second
vacuumazhanhgipaardusf oacpoedidgngta sirgnalonieo ofiuselaires pl2f erohediers to
raise ..or lower the |am nation tenperature in the second chanber. 33.
Appar atir o ARG HAIE ai m 28 or any one of clains 29 to 32 when

dependent orarfihﬁifya%%dfé@ﬂé”@f (PhpdaBgthe it dripuds Comyeyeeohd4)
arranged in'end-to-end relation with the first vacuum | am nation chanber
(18) andicuwhm veshampler t fiercomaafiurgingaj theontesbedaturgs) oy skhe  first

notor (,78).,. said first Lp o] or Vi LANCS, SR8k 2N n exit
end anc}'aﬂéﬂ‘?a:eélge %ﬁ% %Eg%ﬁgey@é%%lr e‘fﬁz}%‘i %ggggabgg&fﬁlgﬂpr%m pr e%e%tllﬁg
equi pnefdr terdhidang raansegnal to cause the platen heaters to raise

_or lower the lamination temperature in the second chamber.

33. BApparatus according to claim 28 or any one of claims 29
to 32 when dependent on claim 28, further including:

a first input conveyor (14) arranged in end-to-end
relation with the first vacuum lamination chamber (18) and
driven under the control of said controller (198) by said
first motor (78), said first input conveyor having an
entrance end and an exit end and being operable.to convey
prelaminated boards from preceding equipment to the entrance
end of said first belt conveyor (22);

a first movable barrier (30) at the exit end of said
first input conveyor, said barrier having a board blocking
position and a board non-blocking position with said first
barrier being in the board blocking position;

a photosensor (36) for sensing a board (200) at the
exit end of said first input conveyor, said photo sensor
operable to produce a signal in response to the presence of
a board at the exit end of the first input conveyor to cause
the controller to stop the movement of said first input
conveyor and to adjust said barrie; to a non-blocking
position, following which said controller causes the first

motor to start both the first input conveyor and the first



end of said first belt conveyor (22); a first novable barrier (30) at the
exit end of said first input conveyor, said barrier havidffebrissg2804

bl ocki ng position and a board non-bl ocking position with said first
barrier being in the board bl ocking position; a photosensor (36) for
sensing a board (200) at the exit end of said first input conveyor, said
photo sensor operable to produce a signal in response to the presence of

a board at the exit end of the first 48nput conveyor to cause the
controller to stop the novenent of said first input conveyor and to adjust
said barrier to a non-blocking position, follow ng which said controller
causes the first notor to start both the first input conveyor and the
first Z0BeFebcoavgy@dOdo4Bobdl theohvaydr ontol tag temd dzgrred emet @1 Hdheent r ance
end of the firéé belt conveyor. ABSTRACT CONVEYORI ZED VACUUM APPLI CATOR
AND NE OB YTRESYR DRY FI LM RESI ST TO A PRI NTED CIRCUI T BOARD An

i nproved nmet hod of and apparatus that is continuously automatically
operative in an in-line system is described for applying under vacuum
heat and nechanical pressure a dry film photoresist-formng |ayer to
printed circuit boards (200) that already have been prelam nated by the

| oose application thereto of the dry filmresist as discrete cut sheets
within the confines of the surface of the boards whereby a | am nate

wi t hout entrapped air bubbles and closely confornming to raised circuit
traces and irregular surface contours of the printed circuit board is



obtai ned. Featured is a conveyorized vacuum applicator (12) conprising two
i ndependent vacuum | anmi nation chanbers (18,20) in end-t Z0drabruasy 200on. The
first vacuum chanber operates at anbient tenperature to draw off all of
the air entrapped between the dry filmresist and the surface of the
printed circuit board at conditions that do not result in premature
tacking of the dry filmto the surface of the board. Then, in the second

vacuum chanber, the photoresist-forggng |layer is imediately |lamnated to
the printed circuit board under heat and nechanical pressure. The

forgoi ng reduces or elimnates cw®nrrheéw nati on defects such as premature
resi st tacking and the attendant need to repair or rework the printed

circuit board. Fig. 2
CONVEYORIZED VACUUM APPLICATOR AND METHOD OF APPLYING

A DRY FILM RESIST TO A PRINTED CIRCUIT BOARD

An improved method of and apparatus that is
continuously automatically operative in an in-line system
_is desgribed for applying under vacuum, heat and mechanical
presSure a dry film photoresist-forming layer to printed
circuit boards (200) that already have been prelaminated by
the loose application thereto of the dry film resist as
~discrete cut Sheets within the confines of the surface of
the boards whereby a laminate without éntrapped air bubbles
and closely conforming to the raised circuit traces and
irregular surface contours of the printed circuit board is
obtained. Featured is a conveyorized vacuum applicator
(12) comprising two independent vacuum lamination chambers
(18,20) in end-to-end relation. The first wvacuum chamber
operates at ambient temperature to draw off all of the air
entrapped between the dry film resist and the surface of
the printed circuit board at conditions that do not result -
in premature tacking of the dry film to the surface of the
board. Then, in the second vacuum chamber, the
photoresist-forming layer is immediately laminated to the
printed circuit board under heat and mechanical pressure.
The forgoing reduces or eliminates common lamination
defects such as premature resist tacking and the attendant
need to repair or rework the printed circuit board.
Fig. 2



