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20 February 2004 - | CONVEYORI ZED VACUUM APPLI CATOR AND %ﬁIHCD CF‘$PPLYING
A DRY FILM RESI ST TO A PRI NTED Cl RCU T BOARD The present 4hAORaHR%4
directed to an automatic conveyorized vacuum applicator and net hod of
operation thereof having.-utility in the application of dry film
photoresist-formng materials, such as photoresists and sol der nmasks, to
surfaces of printed circuit boards o¢f1-other substrates, to ensure conplete

conformity of the dr filnms around raised circuit traces and irregul ar
surface mx@m%&@. VAT ABPLEGATAR: AY METSHQM OF APBEYING [ity for

conveyi ng and f0DRYFTIMIRESEBIMIC SR tPRAVEED 'EEREPESABORESSUTe tO
printed circuit boards or other substrates that prior to such application

have had dry filmloosely applied to at | east one of the surfaces thereof

as discrete The phesenitiihiehtiencPsfinescebdt be apubSiHML:iPri mary
| magi ng §hotore3|st and secondgrg | magi n sol der masks are, anong t he nost
wi del y GSBYSEROTSISTageHlE® HelpbtFaFexi anpnhge R&Lfé’(,ftlﬂ@@?ﬂp?zilnt ed circuit
boar ds. thexpoifmayr iirm@difigl phet dheshst applisadion Wie Gheatipn of the
printed %I%CUIthy tﬁﬁflf" wher eas, a, sol der ., mask s used to protect the
pri nt edPRPFRGPEAY WAL RD I TRFFRLEOF . EBRBoASNPROHAISIRESARY. A primary
phot or esodtersma stkar,d, td enpofatys | afeprohtedonieenducibowrdamteri al which
covers f.ace a copper-cl ad. _substrate .t hat t.er becones the
print edé*_gﬁ??'g%lﬁ%) sa%rgrt&s:, %% ?)%%‘t“ggeg?@?i?gep&?f‘g%ﬁgﬂ'ﬁyn %%gfhh% ‘\iﬁ& SO as
to proditémg mesusid steemed et oowilt woikabeshandr iatredrulcir auifdgacks are
f or med. eci fhcal | |y otoresi,sts, typically, —are forned
froma ?ggégugg'ph %w%gﬁ%é#%F%%n%ggiWF%ﬁOdwhﬁgﬁ ﬁ%éﬁﬁﬁQiﬁFto t he surface
of a coppetityadoxoacveyhsy pnd of orgapplgingnpasinimn Hesatex pas@d to
ath”'%mechanical pressure to printed circuit boards or other
substrates that prior to such application have had dry
film loosely applied to at least one of the surfaces
thereof as dis@rete cut sheets within the confines of the
gubstrate. :
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 hard, temporary layer of
non-conductive material which covers the metal surface of
a copper—cladgsubstrate 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 photoimageable composition is exposed to actinic
radiation which is patterned by means of a template or



radi ati on which is patterned by nmeans of a tenplate or 20 February 2004 -2
artwor k. Subsequent to exposure, the photoi mageabl e | ayer20 Rebrideey20®ped in
an organi c solvent, aqueous, or sem - aqueous sol ution which washes away
ei ther exposed or unexposed portions of the |ayer (depending on whet her
the photoi mageable: material is positive-acting or negative- acting).
Thereafter, the circuit traces are fagmed by either electroplating or
etching. In a typical plating procedure, the. areas devoid of photoresist
that be@daite. cfukseduentr Eobeiposured,r drhd hshdloaimhgeabbeelyer

el ectr opglsaty cﬁﬂﬁ?e: t her ALl er ctJ the electroplated popper
| ayer, taﬁgtdré;%ﬁ% I Ng %ﬁo?grggl&si lié%o&%e?bttgec#(ﬁ%a%}lﬁ’n %h %?ﬁﬁ%i c solvent,’
aqueous 8WEoET SO HEureswEdbht Washesndushe gldtler ecpossed aoeas of net al

are th Rd : ved in.a i tjon. |.eavin hi nd t he
patterngalegﬁa_d co\;%%tg:??%u?? :t?lr?eg'.aﬁer} a.( ygi%ié}é)e?%h‘?@%ﬁ%gﬁc fire, the
net al i RIPhO 1RSSR gnatesiaphdsopesidtivescldimrtowaiggathveed in an

et chi ngaceahighi.on THEAANGeENLRL Ehe SH Al JOTLONS, AhodNg, et ched

nmet al Iagghﬁas the circuit traces after t edPanary _reS|s? I'S*stripped
avay. ASL6PEET STEAETOML A RENGt AEr ehshdnd.s dhar d.ypimakembatingyer of

non- congeeticdR it afliell o mbh §NGEQ¥eHS of gﬁ%t%lﬂefﬁ%ﬂc Ciﬂ‘haft P abied chtou t
board or,ot her substr encapsulating_ :the traces of the printé

te,
Gi rcui t FyTrPddmy al‘ﬁqg_ngbl*aeupnﬁg@mi §hgaboamfe gurfaas 1By cover the
Circui teYect@wpARit iRy &4958rPEREERS .| NhERLSd 410 e8RSk €.9., for

solderingﬁto anqt her ‘conponent. Mre specifically, sol masks, typically,

are foRMBELEPEHAL e RIPRRY phaY B maglabreredmisy whatawesist sisapplied to
a surfageroppelie awdytiad £ir68ghnbeakel vanl,! Aqued ¥, IBY YsdBQi NQ resi sts,
the phoégﬁggggagg ugf%ﬁ” égdeéﬁgsggw " g;tbgl%.giéa?tlg? 'é?f P
pattern ’ Y pose 8 of metal are

then selectively removed in an etching solution, leaving

behind the pattern plated copper circuit lines. 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 oﬁ a printed circuit board or other substrate,
encapsulating the traces of the printed cireuitry itself.
The solder mask is patterned to fully cover the circuitry,
except for those portions intended to be exposed, e.g.,
for soldering to another component.

More specifically, solder masks, typically, are
formed from a layer of photoimageable composition which is
applied to a surface of the printed circuit board.

Similar to primary imaging resists, the phoﬁoimageable
layer is exposed to actinic radiation which is patterned
by means of a template or artwork. Subseguent to
exposure, the .photoimageable layer is developed in an
organic solvent, agueous, or semi-aqueous solution which



by neans of a tenplate or artwork. Subsequent to exposure, the

. phot oi mageabl e [ ayer is devel oped in an organic sol vent20 Fepaemy200br
sem - aqueous sol ution which 20 February 2004 _3, washes away either
exposed or unexposed portions of the Iayer (again depending upon whet her
t he photoi mageable material is positive-acting or negative-acting). The
portion of the [ayer which remains onghe surface is then cured, e.g.
with heat and/or W light, to forma hard, permanent sol der nask intended
to prot é&shes @wamtedthmnwaxgdaed(Hrtﬁmeip$§e@fpbb€lbﬁér6f @ne prior art

t hod . of | t d t t
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phot oi mage ab e layer to a rcuit . poard as @
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generalCéﬁﬁﬂﬂdﬁﬁ%nfofrbhﬁ dideniof dblevdmarmdi ssions. Typically, such a dry
f|In1conpr|5@%éaﬁ%&/ SURP |aI |ch s sonmewhat

f1exi bl e byt whi ¢h ﬁgg éf@?%?@%@ﬁt8?|§%§958&& %gl r@%fﬁ?ﬁyto a | ayer
of phot &FFdGart’e %]Q%%IW§H i @hCG-\I@"JlleSbCCHmi ssuffzeeois the cover

sheet. Zbplgovife SheeirPRY b§ ﬁ?hﬁ&gbg%rnP°| LBt EF LAL ;- ea%#iowayer and

polyethilene terepht hal at e iPET prot’ec heé™ phot O ma
to enabf& ?l?%¥?ba% Yr 61ed thier Magedsdderid ofatmfar the exposed

surf acesefult—rse:aﬂm | dlapaeabl ehbakehrbo iR ok Jitdneagempyar! e

protecth%%e%gget é%ﬁlyls EEtpﬁgtongéeaﬁyéﬂiayer to a 01rcu1t
board as a dry film rather than as a liguid. 1In
particular, dxy 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 environment and the more general environment from
organic solvent emissions.

Typically, such a dry film comprises a cover sheet of
support ma?erial which is somewhat flexible but which has
sufficient rigidity to provide structure to a layer of
photoimageable 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 layer to be covered
with a removable protective sheet, e.g., a sheet of
polyethylene.

The method of use of such a dry film is generally as
follows. The protective polyethylene sheet is removed
from the photoimageable composition layer immediately
prior to application of the dry film to the surface of the
printed circuit board. This may be accomplished, for



The met hod of use of such a dry filmis generally as follows. The
protective polyethylene sheet is renoved fromthe phot oi20dgbaiEne2004
conposition |ayer imrediately prior to application of the dry filmto the
surface of the printed circuit board. This maybe acconplished, for 20
February 2004 -4 exanple, using automated apparatus which peels away and
roll's up the protective sheet as the_gty filmis unrolled froma reel. The
dry filmis applied to the surface of the circuit board with the
phot0|nagéablerl@ﬁmngrauﬂmmﬂmedcmpparatmﬁthhuhh bead Hwdwcend Then using

corbi nag on ol SEE YA c P EOSHESE AR LR BRYC sdurl (e, RIS 7 °
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this tine, the PET cover s IS renbve esseio t he
exposed-B¥RE o%?ra@@ﬁlﬁﬁéﬂt@léﬁ Iyninaksdpes . tmpsnmfag:eupcth thtehe conposition

of {he 150kel Teegeble vl ahedtir ol ol gRaESgl £l Ryer | devel oped with

organi c .sol vent aqueous evel oper, or sem ous devel oper. The

phot oi RAEDIBRTESE lené@xﬁnﬁuﬁrqﬁﬁ@ﬁﬁmq|bb6aphphg;mageahiaﬂia¥sm t he
expos e gl éQHEsArE £eMD ﬁi‘ﬂgeﬁi’ HRY o PR %angﬂngeaahh\é%oactr . In whi ch

case the uneégosed pertio are renove evelfoper st ‘phot oi mageabl e

| ayer s VFeT piRpaki 5B Pegil G ey PR ek oﬁ@lﬁl sempaagedoltdedarasks
laid directly on top of the dry film for contact printing,

if contact printing is to be used (as is usually preferred
from the standpoint of obtaining optimal image
resolution). The dry film is exposed £o patterned actinic
radiation through the PET cover sheet, At this time, the
PET cover sheet is removed, permitting access to the
exposed photoimageable layer by developer. Depending upon
the compositioﬁ of the photoimageable layer, the
photoimageableflayer 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 layers for
preparing primary imaging photoresists and solder masks
are negative-acting. Subsequent to development, primary
resists, in particular, are subjected to either
electroplating oxr etching, as previously described, to
form the circuit traces after which the remaining
photoresist is stripped away with organic solvent, agueous
stripper, or semi-aqueous stripper, Whereas, in the case
of solder masks which remain on the board permanently,



are negative-acting. subsequent to devel opnment, primary resists, in
particular, are subjected to either electroplating or ef@kehyaryd04
previously described, to formthe circuit traces after which the remaining
photoresist is stripped away with organi c sol vent, aqueous stripper, or
sem - aqueous stripper. \Wereas, in the case of solder mask's which remain
on the board permanently, 20 Februarys2004 . -5 nost photoi mageabl e
conposition | ayers require sonme cure subsequent to devel opnent to render

t he | aymrsthaphbbotinageabdee comg st tan skayerasragsdrdesomaskuirBependi ng

t L t4 | ' b ffected
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therefore desiiralie® EPabudfYpleydtl Wnc dafvdiedo APPhLPd hietBa board be

i
able to conform aroun e upstanding. circuitry traces to mnimze the
ri sk offuiferees swhigknhpassensr didificvklenfenedsyhéilmand, during

Pri Mar Yool dt AORL | COLESNg SUAMNRERNNGISpLIPUA L¥n, alhses when creal | ng

circuitry on thin outer surfaces of | ayered circuit boards which
cont ai PEHHIERIHERIT , cCERBBNERETCIEES SHridt rurd by 2ebvEbhBPe$Si 6h€ on the

outer syridacerry ttiscd8Skhakhe aritalr APt U EStStedaBpbiregnko such a
board be able to_conformto such_irregular surface contours to mnimze

the fosvathiasie #f Heecbpardsgdh electhipi Gl i iR nE@REVCtaRIshorts. There
has ah@adel 2 depvdd eRefefoiid dwalhybaUflagt UsRY, dgye fiom the current

trend Lo aturee ol ectron ¢reayl pIenty, 1, £ SPUCE gL Lethd" ' M e
the upstanding. circuitry traces to minimize the risk of
defects, such as short circuits. On the other hand,
during primary resist application, such unevenness usuvally
arises when creating circuitry on thin outer suxfaces of
malti-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 confoxm 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. &s
more circuitry needs to be fit onto smaller surfaces, the
circuit lines and spaces therebetween on the circuit board
have continued to shrink. The creation of this fine line
and closely spaced circuitry can be achieved only with
difficulty and only if the primary resist fully adheres
and completely conforms to the contours of the printed



their functional capabilities which presents other -difficulties for dry
film photoresist application. As nore circuitry needs t@Odeblidry 2004
smal l er surfaces, the <circuit lines and spaces therebetween on the circuit
board have continued to shrink. The creation of this fine line and

cl osely spaced circuitry can be achieved only with difficulty and only if
the primary resist fully adheres anggconpletely conforms to the contours
of the printed 20 February 2004 -6 circuit board. O herw se, voiding of the
m nute circuit Homnes amthereasépnvefddngcoinehiks mdnshorésramit occur. A
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photoimageable layer. The intermediate layer of the dry
film is selectively more adherent to the photoimageable
composition layer than to the cover sheet, allowing the
cover sheet to be removed after the photoimageable layer
is laminated to a printed circuit board to assist
c¢onformance, with the intermediate layer remaining on the
photoimageable composition layer as a "top coat." The top
coat is of non-tacky material and can be placed in contact
with other surfaces, such as artwork for contact printing.
The top coat also serves as an oxygen barrier, allowing
the photoimageable composition layer to remain unexposed
on the printed circuit board, after cover sheet removal,
for some length of time. The use of dry film having the
"intermediate layer" or "top coat"™ make possible the
processes described in these patents.

In each case, to form a more conforming dry film, the
protective polyethylene sheet is fizst 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
ig laminated to the surface of the printed circuit board,
partially conforming the photoimageable layer thereto.



for sone length of tinme. The use of dry filmhaving the "internedi ate

| ayer” or "top coat" make possible the processes descri R8drebruanh2cis
patents. In each case, to forma nore conformng dry film the protective
pol yet hyl ene sheet is first peeled away and the exposed surface of the
phot oi mageabl e conposition |layer is applied to the surface of the printed
circuit board. Using vacuum heat and?mechani cal pressure, the dry film is
| am nated to the surface of the printed circuit board, partjally
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is much thinner than a cover sheet or support film and is, '
therefore, much less a deterrent to good resolution than a
support film, _
In U.S. Pat. WNo. 4,946,524 (Stumpf et al.), there is
disclosed an applicator and process for applying a
conforming dry film material to the surface of a printed
circuit board allowing for, at the same-time, the removal
of the protective sheet, subsequent handling of the board
with the applied film, and the draw-off of air enclosed
between the film and the board. The draw-off of air
enclosed between the dry film and the surface of the
printed circuit board is facilitated when, before vacuum
lamination, the surface of the board is covered with a
loose sheet of film. To that end the applicatox of U.S.
Pat. No. 4,946,524 is operative to tack the dry film to a
board at the leading and trailing edges with the
intermediate portion of the film loosely applied thereto.
The film is tacked to the board as a discrete cut sheet
within the confines of the perimeter of the surface of the
board. For convenience, a printed circuit boatrd having

such loose application of a dry film sheet to the surface



encl osed between the dry filmand the surface of the printed circuit board
Is facilitated when before vacuum |am nation, the surfa@® Rebrudne2d®ard is
covered with a | oose sheet of film To that end the applicator of U S

Pat. No. 4,946,524 is operative to tack the dry filmto a board at the

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

| oosely applied thereto. The filmis8tacked to the board as a discrete cut
sheet within the confines of the perineter of the surface of the board.
For corffen$@héaces fhiemeaf dis cipfepvaddtaabiengingdtier eesdadmd i cation of
a dry fihpesh@ehated,ive surface 20 February 2004 i. a or surfaces thereof
is referred to hereinafter, as being "prelarninated. " In order to adapt
the processes® dREEEELER ARlafHe The deeereRsPat @nssribed dantihRuous automatic
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conveyorized vacuum 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 preccding prelaminating equipment. The

vacuum laminator, in particular, comprises a vacuum

chamber defined by heated upper and lower platens, and an

endless belt conveyor disposed between the platens for

movement of the printed circuit boards into and out of the

vacuum chamber region. The endless belt conveyor, in

particular, comprises an endless belt having one section

upon which the board can be placed and an aperture therein

such that, as the board is moved on the sndless belt

conveyor into the region of the first vacuum chamber

- between the upper and lower platens, the aperture is moved

.into wvertical alignment with the lower platen, In

operation, the prelaminated circuit board (i.e., having

the dry film ﬁhotoimageable material loosely applied to

its surface} to be vacuum laminated is transferred from

the input roll conveyor to the endless belt conveyor which

moves the board into proper vacuum lamination position

between the heated upper and lower platens. Thereafter,

the lower platen is raised up through the aperture in the



particul ar, conprises an endl ess belt having one section upon which the
board can be placed and an aperture therein such that, 9 Rebaidno200 i s
noved on the endl ess belt conveyor into the region of the first vacuum -
chanber between the upper and | ower platens, the aperture is noved .into
vertical alignment with the |ower platen. In operation, the prelam nated
circuit board (i.e., having the dry9&l m photoi ragaable material |oosely
applied to its surface) to be vacuumlam nated is transferred from the

i nput refdlesnveedE £otoheaaiding ergtgenenyeybdEhwhheh uppsre ldteboar d
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pl atens. Thereafter, .the |lower platen is ralsed up through erture in

the 20 3 the yProdamigates,daand geren restsngl PRgtBRgsyETEse Wi h the
upper M efelt ONERE,! @ GaRhite 19 dBASwNacHUTheNdEBRnD tandde belt  and
the prel am nated board then resting on the surface of the belt. Next, a
vacuum9Erehntia Phateasuda &ﬁﬂf%%ﬁte b%H\/e%ﬁr'tahﬁtHla§Peﬁ§19c KX acuat e al |
ai r betmERn dM¢ Sa¥fabll Branthes urdacraminibedPpehan), N&oad daedl Gy fol | oned

by application, of h%abgand mechani_cal gressure to conformthe ry filmto
c

the. bGHRLIGREICRNBICPERE PR MAFARICRhcPredfkEeplet EREO T hidIed and
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vacuumdamrepdd cawayche. thief biedid tobriwsydeeno esabyatieead, however, with the
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Difficulty has been encountered, however, with the

operation of the conveyorized vacuum lamination apparatus,

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

premature tacking of the dry film to the board surface

prior to chamber evacuatior has been a problem. The

problem is particularly prevalent with thin boards (e.g.

<0.25 rmm.}, since they are suscteptible 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 for all air enclosed

between it and surface of the printed circuit board to be

evacuated before applying heat and mechanical pressure to

conform the f£ilm to the board. Yet, with the above

apparatus, the residual heat given off by the endless belt

of the endless belt conveyor just after having completed a-

prior vacuum lamination cycle has a tendency to cause

premature tacking of the film on the next board entering

into the vacuum chamber prior to commencement of the

vacuun lamination cycle. . Premature adhesion prevents air

from escaping:from'certain areas along the film during

vacuum lamination, which, in turn, prevents film

%



In order to assure conplete conformance of the dry film around the circuit
traces and substrate surface contours, it is necessary PA&ebtuag 200dse
sheet of dry film prelamnated to the board allow for all air encl osed
between it and surface of the printed circuit board to be evacuated before
appl yi ng heat and nechani cal pressure to conformthe filmto the board.
Yet, with the above apparatus, the regggdual heat given off by the endless
belt of the endless belt conveyor just after having conpleted a- prior

vacuum | &RPFSTsnes cl elhasha teasderdy Md&u%sﬁ,e%gkeokaﬂ?ﬂg of the
filmon thefeertafaarsh. [ Lot he v m chanber_ prior to
nr £esates) 1 léTGﬁaglﬁtt&fa ?e%uqﬁi%t’?}i@g@ﬁesi on prevents

comrencenent of the vacuum|lamn
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conf or mapce. Lr'nn ?ﬁé ',c%e&osfféggﬂgé'gﬁ%sﬁ?, %S‘&Ek C&F&r‘*)l%ﬂi‘ﬁn%n?%?%n‘é@
resul ts ThoPaki A&t VO HeXe Q% ertiteaporbinast ed foingd |G et Segh Bys

pr enmat ureaasds ben i nicdid@ t € a5 oL 1 L vy Lesists, lack of film

conf or %e tendQntlg F{gs} Iteci n v%%%i?fﬁ n%% 19é"ﬁﬁr 8‘Sp§’rutqal 15°%f%% he circuit
traces %‘?e‘auﬁél’i ESHI adie i presestwihvent ipoddidsnglesi sgit ey ousl y
descri beatidAbes pthsenpriobdesni,i on was devised to address this problem

Wil e there ifee some attgnpt to address this prefmture tacking ‘
probl em a sartstlctBriCaheveP sl spme atsiempiieto seddrBes ithditance, it has
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copper heat shields between the upper and lower platens.
The removable heat ghields are mapually inserted between
the upper and lower platens immediately before placement
of the board in the vacuun chamber. Evacuation ig then
commenced with the heat shields serving to insulate the
resist from elevated temperatures long enough to be able
to remove all of the air between the resist and the board
before application of heat and mechanical pressure.
However, 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 applying under
vacuum, heat and mechanical pressure a dry film
photoresist (egsolder mask)to prelaminated printed circuit
boards or other substrates, thereby to remove all of the
air entrapped between the dry film and the surface of the
printed circuit board or substrate to assure complete
conformance of the dry film around the raised cireuit
traces and the substrate surface contours.

Another object of the invention is to provide an
improved method of and apparatus for vacuum laminating



resist fromelevated tenperatures |ong enough to be able to renove all of
the air between the resist and the board before applicao®ebafarheeds and
mechani cal pressure. However, batchw se processing is highly undesirable
because it is entirely too S|Ole0r mass production of printed circuit
boards and extrenely |abor intensive. An object of the invention is,
therefore, to provide an inproved ne hod of and apparatus for applying
under vacuum heat and mechani cal Fddsure a dry film photoresist (eg

sol der mRsk) a S t her ub trates,
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appar at y r.ev repat ure tacking of
dry film qﬁ?%ﬁﬁa?né) EBCSF the printed circuit board or substrate prior to
evacuation @ftialll dﬂoﬁﬁ@rabbaééimﬁfnthﬁe# thﬁ%ﬂdﬂffgjéﬁ] é@ﬂ&%or »
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substrate surface. Sthééﬁanot er object I nventl provi de an

i mpr ove @ ndtiRd® G I ﬁapgtﬁﬁdféppﬂﬁﬁﬁﬂﬂIﬁﬂﬁrﬁﬂQHﬂp kﬂmiantnaged
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the forgorng a%ﬂ %J%Etﬁ9e§n 1nen & VishEEh@tsh, in rer@allyprovi ded an

i npr ovedukemadddbiconammnats ngaanpiel am nated printed circuit board or
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the invention, there is provided an improved method of
laminating a prelaminated printed circuit board or other
substrate which prevents premature tacking of the dry £film
photoresist-forming layer to the board comprising the
following key features: (a) placing a prelaminated board
or substrate on one section of a lower moving belt
conveyor for movement into a vacuum chamber region of a
dual belt vacuum laminator for the application of vacuum,
heat and mechanical pressure thereto, the lower belt
conveyor being characterized in the use of an endless belt
having two disiinct'sections upon which the board can be
placed, the two sections being so positioned such that,
when one section of the lower belt conveyor is moved with
the board into:the vacuum chamber region, the other
section is moved out of said region for cooling and vice
versa; (b) Lindexing a section of an upper belt conveyor
spaced above said lower belt conveyor into the vacuum
chamber region, the upper belt conveyor being
characterized in the use of an endless belt having at
least two distinct sections, the at least two sections
being so positioned such that, when one section of the
upper belt is moved into the vacuum chamber region, at
least one other section is moved out of said region for



followi ng key features: (a) placing a prelam nated board or substrate on
one section of a |ower noving belt conveyor for novenentCifeboiasy 2EHEUUM
chanber region of a dual belt vacuum | am nator for the application of
vacuum heat and nechani cal pressure thereto, the |lower belt conveyor
bei ng characterized in the use of an endless belt having two distinct
sections upon which the board can be_q4laced, the two sections being so
positioned such that, when one section of the |ower belt conveyor is noved

wth tmadmﬁﬂg{aﬂdOvih@ Véﬁﬂaﬁ‘Q@@”%%bpﬁﬁﬂqﬂhhéfﬁb#&ﬁéﬁt SECEHhAN IS moved
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vacuum polsdrdiem riggitdee vaeuuppehabdelr oFteorvaing 1ahekacseri zed in the
use of %H two distinct_sectionps, the at |east
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belt i ssmf\fé@iimﬁo ﬂmeamua?ecbabbtagltégild.ly atl dedde Cm:Erl of A6k ZeCt i on
IS nove ' L0k .0 20, February 20Q4 ... 12.. cooling and vice
versa; ggﬁ%ﬁg‘p&%ﬁ%dﬁ%%ﬁ%@%éﬁﬁ gpet it F\é\ﬁero e %&%@o?ro%ce t he board
i s novedupstaafeopard posplaoce thet Heyvddlumichdmieimeafe tdmnivactum
| am nat g# ; ' ' he_v anb f.or _a.tjne
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by application of*suf.ficien dset . ow and
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board or éubs rate; and, . he vacuum'l'am nati on process’is
conpl et 829/ c RV etien Hiorvreuuidl sBanataons processe iof fcampieies hot

conveying the processed board or substrate off of the hot
belt section of the lower belt conveyor while loading a
new prelaminated board on the other section of the lower
belt conveyor which has besen allowed to cool outside the
vacuum laminator during the previous lamination cycle; (f)
and repeating steps (a) through (e) with a new
prelaminated board.

The aforesaid steps enable the board being vacuum
laminated to be initially disposed in the vacuum chamber
only between cool sections of the upper and lower belts.
Since the upper and lower belt sections in the chamber aze
cold, they act as heat shields to prevent the dry film
from heating up too fast and prematurely adhering to the
board, when exposed to residual heat given off by the
vacuum laminator which is still hot from a previous vacuum
lamination cycle, before the film can be completely
evacuated of entrapped air.

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



belt section of the |ower belt conveyor while | oading a new prel am nated
board on the other section 'of the |ower belt conveyor \&0iFshrisms20@en

all owed to cool outside the vacuum | am nator during the previous

| am nation cycle; (f) and repeating steps (a) through (e) with a new
prel am nated board. The aforesaid steps enable the board bei ng vacuum

| am nated to be initially disposed ig1§Qe vacuum chanber only between cool
sections of the upper and | ower belts.”™” Since the upper and | ower belt

sections in the é&&%ﬁﬁg : c el ds .t revent the
dry film_ from heati]gglﬁgf,ltglc}g ?ggseta@d ?dégr%la ur%?@é%%gisnaft ghghe board,
when expdSElttPRestREER ASaplgiov@raiidesy ameimybeved) Hay ddfler which is
still hehdtormsi $F enio }gg%é e the filmcan be
conplet?lt1 eyapuatgﬁ o?ééﬁgggg%%ﬁégﬁ%. e %@%%%gé?ﬁ é§é§§a§P8 preferably
per f or E@HHEATIRY Bag fRlaowdma deolfentwres edcherpeovissonhatf she net hod

can be zdapfied Iafins€ornhakihy | LR G&HAAE | [P SYS 0
manuf act urin rin%ed-circui% gggﬁggg'ZOIgﬁﬁééﬁytggﬁhy-QgglPnBElt
acconpl I~ ﬁ%?#%mﬁ%ﬁ%ﬁ%so?ﬁﬁpc&ﬁqﬁﬁiqhﬁfﬁﬂlﬁhnaﬁﬁﬁ@h@léﬁ,atﬁ@W§ris al so
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bei ng sbhe board can be placed, the two sections being so

positioned such that, when one section of the lower belt

is moved into the vacuum chamber region of the vacuum

laminator, the other section is moved out of said region

and vice versa, and the upper belt conveyor being spaced

above said lower belt conveyor in the vacuum region of the

vacuum laminator, and, the upper belt conveyor being -

characterized in its use of an endless belt having at

least two distinct sections that alternate into and out of

the vacuum chamber region of said vacuum laminator such

that, when one section of the upper belt is moved into the

vacuum chamber region, at least one other section is moved

out of said region and vice versa; such that in operation

as one section of the lower belt upon which the board or

substrate to be vacuum laminated is placed is moved into

the vacuum chamber region of the vacuum laminator, one

sectlion of the upper belt is moved into the vacuum chambeyx

region, and the other sections of the lower and upper

~ belts are moved out of the vacuum chamber for cooling and
vice versa.
The aforesaid apparatus is preferably further
characterized by the capacity thereof for automated
continuous operation. It is also préferable to provide



positioned such that, when one section of the lower- belt 1is noved into the
vacuum chanber region of the vacuum |am nator, the: othed Febotanp®0d4s noved
out of said region and vice versa:, and the upper belt conveyor being
spaced above said |ower belt conveyor in the vacuumregion of the vacuum
| am nator, and, the upper belt conveyor being’ characterized in its use of
an endl ess belt having at | east tmp_ﬂ%stinct sections that alternate into
and out of the vacuum chamber region of said vacuum | am nator such that,

when oneuckedl icn Oinkbes UPPEHeREkl ves JIM(RY diliAbd A ciyguum chamber
reglon,ggbﬁﬁgiﬁ ong ol her”section i s nove out of said region and vice
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oper 2t ESEERY SOYSEEL KEPUUT 8PP GEL oL el L Speratle el
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conveyobnBebiouh SIERAIY 8718, Lheval Leart ong, Poate ory subet rate
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of the {@@iunatpdnisatamveyrtl into the first vacuum chamber.
' The automatic conveyorized vacuum applicator has
particular utility in conveying printed circuit boards and
applying vacuum, heat and mechanical pressure to printed
circuit boards that have been prelaminated with
photoresist or solder mask dry film 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 film photoresist or solder mask
applicator of the invention is an important component in
the total arrangement of an automatic continuous flow of
material in in-line processing of dry photoresist or
solder mask films requiring vacuum lamination 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, and 2) substantially
eliminating the need to repair or rework finished printed
circuit boards.



the staged new printed circuit board to be vacuum 1am nated is conveyed
into the first vacuum chanber. The automatic conveyori ze@0Vvabwany 2004l i cat or
has particular utility in conveying printed circuit boards and applying
vacuum heat and nechani cal pressure to printed circuit boards that have
been prelam nated with photoresist or solder mask dry filmin accordance
with the process described in U S Pak._No. 4,946,524 and fabricated in
accordance with processes described in U S.- Pat. Nos. 4,889., 790,
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the vaguum.applicafion €
tinme 1)° %du%%ﬁ% o %ngﬁn?H%P?Bﬁ BefeefsWhiiglh as premature resist

adhesi on, an ) su t Yoselimnating .the need tpo repair or. rework
fini shed priﬁgéd %cﬁgiﬁ?téﬁ%érgéghégkggbfﬁgpﬁugbditVV?ﬁuFﬁi%ndgg&Fﬁbtion of
t he i nveRei ANVEY@stigddddualebplir waanbmapplidasdi verdeheri ption fol | ows

wth rqﬁg@g@ﬁg 1PSINE- fmde; ohbggeggconpanying figures of drawi ng which
form part of the _specification in @hich | i ke parts are designated by the
sane ref er en€EGnugbdies aardtiagramnghicrperspeaatiysiviewi ew af saatabi net
struct Wargrsbheh dJiherrorvey el astriangiaile \AMLHAPE! LOALRLLQ! Lhe
present_invention s housed; FlIG I's "a“diagrammatic perspec V& view on
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of thejﬁnﬂyeygéiEggsggﬁnghﬁggtigﬁgor in accordance with the present
| VENLIOM:  p1G. 3 is a fragmented detail view of the lower belt
conveyor of the applicator of FIGS. 1 and 2;

FIGS. 4-7 are cross sectional views of a vacuum
laminator that advantageously may be used with the
conveyorized vacuum applicator and which illustrate a
platen operation sequence thereof; ahd, .

FIGS. 8-13 are diagrammatic perspective views that
illustrate the function cycle of the conveyorized vacuum
applicator of FIGS. 1 and 2 when employed to feed printed
circuit boards or substrates one at a time throﬁgh the
vacuum laminator.

The conveyorized vacuum applicator according to the
present invention has particular utility in the vacuum
lamination of printed circuit boards and substrates of
varying thicknesses and sizes, typically in a range from
between 0.1 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 film primary '
photoresist or. solder mask, with or without a "top coat"
layer, as hereinbefore described. The specific function of
the conveyorized vacuum applicator is to automatically
apply a combination of vacuum, heéat, and mechanical

- pressure, in that ozder, to completely remove all of the



FIG 3 is a fragnented detail view of the |ower belt conveyor of the
applicator of FIGS. 1 and 2; FIGS. 4-7 are cross secti onab Febraiasy 2004a
vacuum | am nat or that advantageously may be used with the conveyorized
vacuum applicator and which illustrate a platen operation sequence
thereof; and, FIGS. 8-13 are diagrammati c perspective views that

illustrate the function cycle of the conveyorized vacuum applicator of
FIGS. 1 and 2 when enployed to feed printed circuit boards or substrates
one at a tinme through the vacuum|lamt®tor. The conveyorized vacuum
applicator according to the resent invention has particular utility in

t he vacud#r bafwesn dheofdpyihida andcline svafgeaant diwsdamss @ varying
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and in a_range from between 25 x_~38 and 60 71.cm., which boards or
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mechani catruptessue, firandal0 ooﬂewhlt:h tembentleg mm\cmmalelyaﬁmdte 20
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n whi ch VeyorT ze vacuu i'cator, designated 12,
accordungecblohe16|mhmmh<mnchu@eeoavﬁgcuume&ama@a@mnnﬁﬂ|m%&dnm&2 is
conpr i Sefn §p8RakBRUbedt (At EPBYEY Obplti #1823 1YAGBeICHIN 16 which -

I ncl udes cuum I"am nat
conveyor -20 and an upper belt conveyor 22.

As shown in FIG. 2, the input conveyor 14 and the
lower belt conveyor 20 extend in end-to-end relation, in
that order, to define a continuous path for movement of a
board to be laminated into and out of the vacuum section
16 of the conveyorized vacuum applicator 12.

The input conveyor 14, in particular, comprises a
plurality of chain coupled rolls 24 that extend for a
substantial distance across the width of the applicator
12. Positioned for vertical movement between the exit end
of the input conveyor 14 and entrance end of the lower
belt conveyor is an adjustable barriexr 26.

The barriér 26 extends across the width of the
applicator 12 and is movable upwardly by an individually
associated air.cylinder 28, 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 next
succeeding conveyor of a printed circuit board being
transported on the input conveyor 14 from preceding
equipment indicated at 30.

As seen in FIG. 2, a photocell 32 is provided for
sensing the approach of a printed circuit board to the
exit end of the input conveyor 14 and for initiating the
actuation of individuwally assoclated air cylinder 28 for



I ndependent belt conveyors, specifically a lower belt conveyor-20 and an
upper belt conveyor 22. As shown in FIG 2, the input cod0é&gbruaiyl2Gidd t he

| ower belt conveyor 20 extend in end-to-end relation, in that order, to
define a continuous path for novenent of a board to be |lamnated into and
out of the vacuum section 16 of the conveyorized vacuum applicator 12. The
i nput conveyor 14, in particular, conmpfA¥ses a plurality of chain coupled
rolls 24 t t extend for a substantial distance across the width of the

appl i cat %FlW%thﬁoW@UeF@@ﬁMQﬁ|Qﬁﬂ hvvehent 2bcbabenenhdhexit end of

the. i _npmmy@iréélﬁnﬁo@w HHE-1king Nend MBSk PR g@&‘é‘i}é I's an
adj ust abl ?“%%g er 26. The barrier 26 extends across the WP t'he
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appllcat Y is novable upwardly by an individually associated air
cylinder 28, &heshHoweinb&LE c3nveyolr 200Versinidds & i oﬁoﬂﬂllgr
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: i i
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circuit boar I ng an I ons er eo
belt conFbpém A9 |1rﬁ:IQlHe‘§h(a pﬁhferosldel erenfoci thiaimyB&rﬂnaabes roll 34

and an OHERH! of a:.3642 bﬁi‘@VlﬁEd\A’BhClﬁthl Sl ﬁ‘é‘iﬁﬁl@%&fﬁ sheapgdLh of the

appl i cat or und, around the rolls 34 an al r “of "spaced

end| ess SﬁéFn Profdled nt hhenengped P@eb@ut@%cnpl ad6, as

shown in FIG. 2. Similarly, chain 40 meshes with gears

" provided on the other ends of the input roll 34 and the
‘output roll 36. Thus, as shown in FIG. 3 chain 40 meshes
with a gear 46 on thé end of the output roll 36.

Positioned between the chains 38 and 40 is a

sectioned belt 48 under tension for movement of a printed
circuit board into and out of the vacuum laminator. The
sectioned belt 48, as shown in FIG. 2, is divided into two
sections, speéifically a first belt section 50 and a
second belt section 52. Bach belt section is securely
attached to the chains at each end by a suitable gripper
54, as illustrxated in FIG. 3, and extends about one
quarter of the distance around the loop formed by the
chains 38 and 40. The gripper 54 at each end of each belt
section 50 and 52 includes a bar 56 that is securely
attached at one end to the chain 38 and at the other end
to the chain 40. Carried by bar 56 and securely attached
thereto by suitable bolts or rivets are bar members 58 and
60 of shorter length between which the end of each belt
section is captured and retained. As best seen in FIG. Z,
dividing the belt 48 into its two respective belt sections
50 and 52 are two spaced apertures or openings 62 and 64
formed therein that extend for the full width thereof.



one chain 38 is on one side of applicator 12 and the other chain 40 is on-
the other side thereof. Chain 38 neshes wth a gear 42. 20Mebrused2@H t he
end of input roll 34 and a gear 44 provided on the end of the output rol
36, as shown in FIG .2. Simlarly, chain 40 neshes with' gears provided
on the other ends of the input roll 34 and the .output roll 36. Thus, as
shown in FIG 3 chain 40 neshes wth4g.gear 46 on tMend of the output
roll 36. Positioned between the chains 38 and 40 is a sectioned belt. 48
under t ehf ohepeithnofemeh cipariniat 8d abbueuit qhaated Mo @ngd out of the
vacuum |l @ik pahee. 370en | ébb 48,, as,_shown i.n FI 2t 1s divided
into two sections. sl?éétéﬁﬁéqglr}f a§+]|'LIP%$ B Fﬁge%ﬂ%ﬁ%é arfh%h 4&econd bel t
suction 52. Bm®hpheitssectden S&end 3 may t e hagddé ooff! verghaihiy at each
end by gEaédaplBegr HERSE ' st in FLG, 3r,and extends about
one quarter. of. the di.star?cI?eadr %@%ﬁﬁe&fgﬁgg’?o‘?%ﬁeﬁyrw ®Ichaiths 38 and
40. The Jipherhbgknessaef dhe dfeldacin tohe rasegeioff 800and ta2 §.peinides a
bar 56 tdidl is Sesur8hYe 2 %%*ip: teynid g to.the chain.38 and at the
'Ot her end tf? t he chain 40. ,rrlé’gc}:kg%/é ﬁ%t?é'g% g%ﬁs%@ﬁ?&ﬁ‘fea ed

t her et o BB UFTABIRIbS| Yacypm diny dthe sfacwm bambeatoB818nd ThA.sofisshort er
| engt h Hetmedre weg8ohhenand +0fe %?ﬂé cdd | a d_and
5retain%§i As, bgii.seen in FIG 2 5?3#%%ﬁ%ﬁt%%gge¢§lﬁ8gkﬁkgopts t wo
respect i Ve bettt 2t YoRWums ghapmbpesy raad anwl s peaeldusedr betwsear openi ngs

652 anduperd agmkd oberephath f if . dih:th . 20
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di st anc& S SR L FEHBAFSPReBTOEESKe chai ns 38 and 40. Each belt section

50 and 52 maold vegmwdr vEoY 8Riging s Wihen rc%'d;ﬂ%&eﬂoi ngg or PTFE
n the range of 0-013 to -

0025 TS nenylyi o eYeE Lhoand tha: lomeme hell conpeEse d0ats
provided by an electrical motor 66. Motor 66 may comprise
a direct current electrical motor and is provided with
separate drive gears 68 and 70 for driving the input
conveyor 14 and the belt conveyor 20, respectively.

As shown in FIG. 2, motor 66 is coupled by gear 68
and chain drive gearing 72 to input conveyor 14. Motor 66
is also coupled by gear 70 and chain drive gearing 74 and
76 to the drive shaft of the output roll 36 of the lower
belt conveyor 20. an electromagnetic clutch 78 positioned
between chain drive gearing 74 and 76 provides for the
selective or conjoint drive of the input conveyor 14 and
the lower belt conveyor 20.

The motoﬁ 66 is a variable speed motor, being
selectively energizable from a source of direct current
(not shown) through motor speed control potentiometers 80
and 82 and a selector switch 84, as shown in FIG. 1, to
drive the input conveyor 14 at a speed of gbout three (3)
meters/minute :(m/min), and to drive the input conveyor 14
and the lower belt conveyor 20 at a speed of about nine
{9) m/min, .as further described hereinafter. The
arrangement is such that the input conveyor 14 can be
driven independently of or conjointly with the lower belt



when drawing a vacuumin the vacuumlam nator 18. This is for the reason
that the upper run of each belt section when in the vac@ihebhmmp204 egi on
is captured between upper and | ower platens of the vacuum | am nat or
t he vacuum | am nati on process. Mtive power for driving the chain
coupled rolls of the input conveyor 14 and the |ower belt conveyor 20 is
provi ded by an electrical notor 66. MiBor 66 nay conprise a direct current
el ectrical notor aﬂp is provided with separate drive gears.68 and 70 for

during

driving tREVFEBE

18

conveybrlanlyndthpelpier behtegonveron @dhaar dedy. As
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conveyortim ctinderiB&e, however,, when driven at the same tinme, can the

speeds

of t herO WY 8y 1¥hand a2 A sl Hfa® R brinted circuit board
has been movedfby the lower belt conveyor 20 to a proper
position relative to the vacuum laminator 18 for the
vacuum lamination process to proceed, there is provided by
each belt section 50 and 52, as best geen in FIG, 2, a cam
90 and a cooperating sensor 92. Cam 90 is mounted on and
moves with the endless chain 38 around the loop of the
bell conveyor 20. Sensor 92 is mounted in any suitable
manner on the frame 10 of the applicator 12, '
When the printed circuit board travelling on one of
the lower belt sections 50 or 52 is moved in the proper
position relative to the vacuum laminator 18 for the
vacuum lamination process to proceed, one of the apertures
62 or 64 in the lower belt conveyor 20 is positioned
immediately, that is, vertically, below the vacuum
laminator, as best seen in FIG. 2, This allows the lower
platen 94 of the vacuum laminator to be lifted up through
the aperture into cooperative relation with the upper
platen 96 of the vacuum laminator 18 for effecting the
vacuum lamination of a printed circuit board then resting
one of the lower belt sections 50 or 52 within the
confines of the vacuum laminator 18, while the other of



For the purpose of enabling the tension of the sectioned belt, 48 of the

| ower belt conveyor 20 to be relieved at a desired poi n€0iFebiuaty 200duum
process, as .shown in FIG 2, a bearing 86 in which the shaft of the input
roll 34 of the belt conveyor 20 is nmounted for rotation is arranged to be
shifted a short distance toward and away fromthe vacuum | am nator 18 by a
two-position air cylinder 88. For sefsing when a prelam ndted printed
circuit board has been noved by the lower belt conveyor 20 to a proper

posi t i ohheellatiere Hel it heeyaionm kamanakobutd iker otfhethevaféﬁ’l{ﬂgllbam nation

process : . |.S..p i ded b each belt section and 52, as
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of t hePFoRERTHSITAE iknrrdonr sBRstEaksvad - tise convegred magi ti on

rel ati vgft hthe sya ¢4 3 n c I nat.j on ‘process to
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posi t i oREHRtRANEditaugity baawd ¢x, sylstraiel yasbebosethby semsor 190 nat or
as : besingeendieakkd - i I t he. en :Qfs vacuum .
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out si devafuthel sméntmed.am nator for -cooling between vacuum | ani nation
cyctes, Alst;aSe’ SHQIn0rE G 2 b AT SN 98 1S

prelaminated printed circuit boards being vacuum laminated

have high flow characteristics in the temperature range of

30°C. to 150°C., the vacuum lamination prdcess may be

carried out within this range.

Further, as illustrated in FIG. 2, the upper belt

conveyor 22 is spaced above the lower belt conveyor 20 and

"extends through the vacuum chamber region of the vacuum

laminator 18 between the upper and lower platens. The

upper belt conveyor 22 includes a pair of take-up rolls,

specifically an input take-up roll 100 and an output take-

up roll 102, both of which rolls extend across the width

of the applicator 12. Mounted adjacent to each take-up

roll 100 and 102 is a cooperating guide roll 104 and 106,

respectively, -as well. Wound around the take-up rolls and

secured thereto by suitable means (not shown) is an

endless belt 108 that extends across the width of the

take-up rolls.

The upper belt 108 may be made of very thin

fiberglass reinforced rubber or Teflon coated fiberglass.

A total thickness of the belt in the range of 0.013 to

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

seal when drawing a vacuum in the vacuum laminator 18.




provi ded for sensing the tenperature of the processed printed circuit
board or substrate as it- is conveyed out ¢ the |am naR0FebBiaryThE04
tenperature of the processed printed circuit board or substrate, as sensed
by sensor 98 and indicated -or displayed by suitable neans,, facilitates
control of thed heating neans in the vacuum |l am nator 18 thereby to

precl ude overheating thereof and posgihl e damage to the -printed circuit
board or substrate being vacuum |l am nated. Since the. sheets of dry film
appl i edthbsthe fprelthm nateecbrprilniedtioe rappérbeands fbehrg beaguurng anm nat ed

h hi ISt ' t 30*C. t
1500c, 3 heeb el AR 1R et g PRV aE P TREER e Ru TR n i o
range.V@ﬁ@%@nlamégatbmuéﬁrdmxinglﬁhéiv&cumm?lammaatﬁehtpmmmmﬂyor 22 is
e, LouIhOeLE Opelahotl SUMPHFOANAN br SHELIPShR! SRR oY oL

chanber regjon e vacuum | am’nat etwe € roand | ower
pl at en€Napte opgpsechdon ednvdbobt i telbeeinathai vasuumkbamba| | s,
speci f iadd dn a8Fi PREL 3 ] puf, ot - rol I 102,
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adj aceHOHRY cathteRRevhiler @0 lEFFaRna OZther asesbpenacitnghgubedtrol | 104

and 106,08 resRechs Vel sidas obeldas M Olnah oMisnbase t:é.g%ﬂpfb@ |'s and

secured thereto, by suitable neans (not shown) is_an ndl ess belt 108 that
ext end SRS InebaiuerIo Ao Jamingtien | e¥cl¥he upper belt 108 may be

made of verwdthive poRergkassdraiviiey eak nupherysrrJeitongpoahgd
fibergl Atota thhckness of tHe belt 1n the range of 0.013 to 0.025

am is i+ 0PECY BAefs Ve ONRat ARt jadh QRApTRVETSEcBPtIAEN drawi ng a
vacuume I d el ¢2T udstbaninat ahdl8.1 2GsHeH sy 2008ne2heThi 30BS thor- the

reasonégggeffE%}ﬁggﬁ_%ggwggdtg% (¥évé¥§% directions for indexing
selective portions of the belt incrementally into and out
of the vacuum chamber region of the vacuum laminator 18.
Each motor may. ¢omprise a constant speed direct current
electrical motor which is selectively energizable from a
source of direct current (not shown) to drive the take-up
rolls 100 and 102 at a speed of about nine (2) m/min in
the desired direction and for the desired increment.
' A vacuum laminator 18 that advantageously may be used
in the conveyorized vacuum applicator 12 of the present
invention is illustrated in FIGS., 4-7. Referring to FIG.
4, the laminator 18 includes a lower movable platen 94 and
an upper'statibnary platen 96, Associated with the uppex
platen 96 is a resilient silicon rubber blanket 114 at
forms a ceiling for the vacuum chamber region indicated at
116. The lower platen 94 has a well 118 into which a
prelaminated printed circuit board oxr substrate to be
vacuum laminated is positioned on a silicon rubber insert
120 for wvacuum lamination. Sealing means 122 in the form
of an O-ring surrounding the circumference of the lowex
platen 94 is provided for hermetically sealing the well
118 for the evacuation of air therefrom by a vacuum pump
124 when the lower platen 94 is moved upward into contact



I s captured between the upper and | ower platens of the vacuum | am nator 18
during the vacuum | am nation process. .The belt 120 is aPk8é&ebmam 2004 of
sufficient length to enable one section of the belt to be in the vacuum
chanber region of the vacuum | am nator 18 between the upper and | ower

pl atens while at |east one other section of the belt 108 remains outside
of said vacuum chanber region for cgpking in between vacuum | am nation
cycles. Mdtive power for driving the take-up rolls 100 and 102 is provided
by one widihwdrlte amppenepi etens ® oot iCore @t entre cahimpineeitd a86& 112 which

enablen&ﬂe I avel..in :hot orpnar qg?: o directions for
I ndexi ng " st%eeé:f%‘egd%gft%%n\séﬁg hlgl bigﬁ idlrfvirig?rren aéfmié@{i%?g and out of the
vacuumpdiiaving ¢igrentoboakdsy adudhiifanantt dthigknessed, nbhat ady. conprise
a constant 3PRee fh§eeheC Pk 64 r L hobisglectively
ener gi zabl e jron]g#ésgh$c§&%§%§9kggt cdf$2%%£§%%tt§ﬂ%mno?té E#ive t he
t ake- uposidiian 190 Bhe ¥e2lafld Lewedastt iR FBUBITAPRI n in  the
dgsi r te‘épﬂﬂa&?idﬁﬂ aﬁéﬁh%&h&;@m@e?d ehd g ei_rf%mdudé\ N@&’ééﬁ‘b'ram {lat or 218f t Pﬁt
advant ageous] y e.used in_the caonveyorized vacuum appli,cator 0 e
present qqﬁé%ﬁ%ii&i%-ﬁ??ﬁ@?r&?gdHQ1qhQE§PHﬁ5hP¥% %?Pbﬁggpé BIG 4, the
| am naheiatEl i 180 utigsthel OWRerPIAYeh Faten 94 and an upper stationary
pl aten 96. soci ated, with tBe ug er %L ten 96 is ar silieEt silicon
rubber bl ank&t e FLXFYthsbRageh| the S Havien SSATE R tHEHBRFSfegi on
ind: Caﬁzeﬁtagts,l?l@av%' hgallodety Eliahg@h%dmb jastnedt éd:Bdb ent pawki ?:h a i
prel am nat ed pr,jnt citcuit hoard,or substrate.to vacuum l.ani nated is
posi t i Bﬁ@&’lcﬂ\fsai&f?gﬁﬁi?{uﬁﬁg iefs & onB Y g?ov&c ‘ﬁ‘??aﬁf‘ﬁﬁ?%n. Seal i ng
means 22 dasdhibé@rierelnbe forel, ng reurvayungs nigamiveacedcinf ehence of the
| ower | aten 94 is_provided f h tically sealing ,the well 118 for the
evacuaW%&?qﬂ kﬂWlQﬂg?Efignﬁﬂy%bevigﬁiﬂqiﬂﬁ)s%ﬁﬁ?%ﬁéh the | ower platen 94
is_nnvdd)upmhajbd&mdcbothetvﬁ&uﬁmbdamimaﬁaﬁ1is placed in the

well 118 of the lower platen 94 on top of the silicon

rubber insert 120. This is facilitated by relieving the

tension on the sectioned belt 48 of the lower belt

conveyor 20 on'the surface of which the board has been

conveyed to thé region of the vacuum chamber 116. The

belt 108 of the upper belt conveyor 22 is also positioned

directly overhead of the board in the vacuum chamber as

shown in FIG. 5. :

(2) The lower platen 94 is moved upward, as shown in FIG.

6, to seal, by means of the O~ring 122, the well 118 which

together with the blanket 114 forms the vacuum chamber

1116. Note that the one of the belt sections 50 or 52 of

the lower belt conveyor 20 on which the board being vacuum

laminated rests along with a section of the belt 108 of

the upper belt conveyor 22 are also captured between the

upper platen 96 and the lower platen 94.

{3) 'The vacuum process cycle is started by the
energization of the vacuvum pump 124 thereby to evacuatle
air from the vacuum chamber 116 and from the region
between the upper platen 96 and the blanket 114.



-22 with the upper :platen 96. One or nore shiminserts 126 may be

provi ded, as shown in FIG 4, to accommbdate printed ci E@lebruana2Gd of
different thicknesses, that is, for adjusting the printed circuit boards
to an optimum position in the well 118 for best vacuum | am nation
operation. Both platens 94 and 96 include heaters, specifically a:heater
128 in the upper platen 96 and a hegger 130 in the lower platen 94.
Printed circuit boards that have been prelam nated, that is, have had dry

fi ljm phdt)or Eirsta cnre(-.jtso@@ei.oﬂaak théﬁé?ﬁuﬁﬁy al gageity saﬁml & aﬁft@%@ne OL bot h
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whi ch PRetssartf Hes dbbevw asbwoepbdaric ehe negmﬂmnﬁeﬂﬂﬁdv@xnuhecbanber 116.

The bl o188 lid hor JPBREebeLhoCORUBLOLAdch R0 Doslkdenedy direct!y

over head of the board jin e vacuum chanber as (2) The
| ower EPQt@#Q%ﬂHB@¥mE%@t@§mﬁﬁd gychhedRD domrcapme.ie® seal, by-means of

t he C>ﬁb&%aﬁ%%aﬂﬁF&éE%ﬁrélénmﬁh prﬁﬁ%@?h%&f@u e R apkekqddd forms the
vacuum chanber te that t one o sectli ons 5% or 52 of
the | ofBe beateshihglerrosish aki snlirs woskd fidmgo enfermani nated rests

al ong wirbnd S8 I Mt Beebelt cA08:9kculiRe tiRRes %ﬁdd SOPFEYQT 22 are

al so captured between the wupper platen 96 and the Iower platen 94. (3) The
vacuunfpR&O¥LE cycle is started by the energization of the vacuum punp 124

t her ebxsyo AraaUahR Bdld rpm é&ﬁ%yéﬁauntﬁeavaeﬁuﬂalﬁrﬁ%é B d@e T egi on
bet weeq tm%elzj:p&elrﬁ p:ll_sat_ggleg.gse &‘ff}%g a}:%n%spherlc air to
enter therein. through channels 134 in the lower platen 94
whereupon the lower platen 94 may be moved downward out of
contact with the upper platen 96,

It- is noted that,. in accord with the invention, the
prelaminated boards to be vacuum laminated by the
conveyorized vacuum applicator 12 will have been centered
by preceding equipment in the in-line system, although, if
desired, adjustable guides (not shown) may be provided for
that purpose in association with the input conveyor 14,

The function c¢ycle of the conveyorized vacuum
applicator 12 with one board at a time being vacuum
laminated is illustrated by FIGS. 8-13.

In step 1 of the sequence, as shown in FIG. 8§, a
prelaminated circuit board 136 is shown arriving on the
input conveyor 14 from preceding equipment 30 running at a
speed of 3 m/min. The adjustable barrier 26 is in the
"up™ board blocking position. |

- In step 2 of the sequence, as shown in FIG. 9, the
board 136 is stopped by barrier 26 and is moved into
alignment therewith, that is, squared up with respect
thereto. As noted hereinbefore, the board 136 already has
been centered on the input conveyor 14, having been



20 February 2004 -23w (4) For a set.period at the end of a first stage of
the .vacuum process, there is a second stage or "slap dé@februafy 2Q04e

bl anket 114 in the upper platen 96, as shown in FIG 7_ This is effected
by opening channels 132 in the upper platen 96 to allow atnospheric air or
conpressed air (e.g. 1 to 5 bars) to enter the space between the bl anket
114 and the upper platen 96. Such slsgn down applies nechanical pressure
on the printed circuit board to force the heated photoresist or sol der

nas? f|¢anterednbgrpranaﬂmmbt@@uipméﬁd @tEEY[aaghs@ﬁbQ@'buhﬁ%%ﬁs ﬁ“d
surface n i s _conplete, ,the yacuumin the vacuum
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througHL%hhﬁnét§ppadnlaathyIammmapiameonélemheomagnathhecﬂ@w@h pl aten 94
may be V. d { o} o n.96. It is noted
thgt .T% ?gcgggﬂmg% ﬁﬂ% Hgﬁéﬁt?%ﬁ 1?m%éH%§§I3§P§§Fe§x§ 98? to be vacuum
| ani natEeBgofhby &by By ertiowsilyad2um applicator 12 will have been centered
b recedin o] desi red,
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assocuﬂ?%ﬁ M}Fﬁlﬁﬁéeﬁn§@h&ﬁﬁﬁ@§&&lﬁAbyTﬁhefuﬂﬁerenceynumemﬁltﬁéB
conveyay Z}eﬂGVaQPUHheaBQII'r‘i@PrZéZJB E&é‘t@ﬁ(‘@e@‘)&éﬂﬂ'@%r?&g be| ng vacuum

| am nat e é;ls |l lustrated b uence as shown
in FI GRELALIgRePENRAAL é?d’lclmftemt%ow s 3so§hbma aequanng,oast he

i nput gAY Ofn 1FTEL omppr [ r in ed of 3
m m n. ‘E? ad{lljst ab) eIIBar ?ﬁ%%%ﬁéltﬁ@%oa@d j;lﬂl@ aglgﬁgﬁggklé% posi tion,

In ste hRY sERfeARRUta CHNRIFOT r;l‘-“rfl@thh% thWgﬁabﬁlifc% i s stopped by
barrlebdﬂﬁéﬁ@&'ﬁﬂ”&!édbb%hpsﬁﬁrﬁﬁﬂﬁﬂy dpiF S ide LERbrhSx 8GR €d Up Wi th
respectf the direct current motor 66 for operation at a speed of
9 m/min to load the board 136 onto one of the lower belt
section 50 of the belt conveyor 20 and thereby into vacuum
chamber 116 of the vacuum laminator 18 between the upper
and lower.platens.

In step 4 of the =sequence, as seen in FIG. 11, the
.cam 90 and cooperating sensor 92 provide a signal to stop
the belt convéyor 20 and the input conveyor 14 when the
board 136 is in the vacuum chamber 116 at a position
directly vertically above the well 118 in the lower platen
94. The barrier 26 is moved up by actuation of air
cylinder 28 and the input roll 34 of the belt conveyor 20
is shifted by the actuation of the two-position air
cylinder 88 in the direction of the vacuum chamber 116 in
order to release the tension of the sectioned belt 48 of
‘the lower belt conveyor 20. In the meantime, the input
conveyor 14 starts to run at a speed of 3 m/min while the
lower belt conveyvor 20 remaing stationary'to receive a new
prelaminated printed cirxcuit board 136a to be vacuum
laminated. The new board 136a arrives from the preceding
equipment 30 and stops at the barrier 26 which is in the
up position and makes alignment therewith. The input
conveyor 14 is then stopped as soon as the new board is



thereto. As noted hereinbefore, the board 136 already has been centered on
the i nput conveyor 14, having been 20 February 2004 124 eefFebruady 2004
precedi ng equi prent or. by adjustable guides .(not shown) associated with
t he conveyor 14. The conveyor 14 is stopped, as by actuation of

el ectromagnetic clutch 78 as soon as the board 136 is-sensed at the exit

end thereof by the photocell 32. As Q%ptrolled by a programmabl e | ogic
controller (PLC) indicated schematically by the reference numeral 138 in

Fi l@ gf @ﬁgssdr biyerth26 piemtastelht e32 dOV\HLé@hdthlel?y th@ctlléﬁ-ﬁéngbﬁ | ]
cyl 1 nder n e uenc I n Pl to rel ease the
boar d 13%4 LN %a?%édﬂﬁ rghéﬁ%% lFnﬁ@?eggﬁﬁg§&FaﬁéﬁmﬂPWQﬁﬂIomer
bel t cthe?oPngquMdendmsﬁnuﬁeﬂh@wnapprmhél&bﬁegnpu@ﬁ§ﬁ| nsf the
direct oy a sp mn to. oad the
boar d 13 oﬁ?g gﬁggogﬁ'ﬁé omerlgélgpegtgf?ﬁnggolﬁfththgﬁ@Fi eyor 20
and t her€PVeXes, viBiGh a@earthure 116 dfiel hénveevtichamaldyemebd bet ween the
upper  apdch opRE, Pha t 4 he seque as_s in F]G 11,
the .cam 90 and cg ggn Eﬁggﬂiéﬁgo ‘@é %%%v?ﬂgpaféggﬁﬁlap u@FS& ke bel t
conveyor® L& %t?ﬁ@lnﬁéuft%m@ ﬂlh:&memcﬂ:nmn bbagd &E6the iaculg vacuum
chanber ghldesd pEsLL- | r VARY abov he . well 118 in the
A i %ﬁlcﬂ_ %?é S égé %@ %tgﬁéPoﬂ ¥ -air

| ower platen 94. The.barriel I S ane cyl i nder
28 and tHfEIMHuULas oflesgribed Aa mrtnmmyanm FIG, shijfied by the

actuat i idde tPErpas the vaid J@ﬁr e on of, the
vacuummppﬂI 116 in %rder to }%mféhi t %A@ﬂ%%@o%gb gg é@FFgﬁed bel t
48 of ?w&ﬁaﬁﬁﬁﬁ éRveapsr 130 af the upperiamd loweinplatenspveyor 14
starts &@spﬂbﬁﬂv@ufpeed of 3 mMmn while the |ower belt conveyor 20

remai ns statiQnary to,. r celve a new prelamnated printed circuit board
136a to be Vg%ﬁBnS e sequience is shown in FIG, 12. This is

after the vacuum lamination process has been completed.
The vacuum in the vacuum-chamber 116 is released by
actuating a valve to allow the introduction of atmospheric
air into the vacuum chamber. The lower platen 94 is then
lowered by the pneumatic ram down through the aligned
apexture 62 in the lower belt conveyor 20. The input roll
34 of the lower belt conveyor 20 is then moved back toward
the exit end of imput conveyor 14 by the two-position air
cylinder 88 to restore the tension in the belt of the
lower belt conveyor 20 for movement of the processed board
136 out of the vacuum laminator 18. The barrier 26 is
also moved down to load the new board 136a waiting in
aligned position at the barrier 26 onto the lower belt
conveyor 20, By energization of the motor 66 ag
controlled by the PLC, both the input conveyor 14 and
lower belt conveyor 20 are started at a speed of 9 m/min
to effect rapid unloading of the processed panel 136 by
the hot section 50 of the lower belt conveyor 20 and the
new panel 136a is conveyed by the cold section 52 of the
lower belt conveyor 20 into the vacuum chamber 116 of the
vacuum laminator until the cam 90 and cooperatiﬁg sensox
92 provide a signal to stop the belt conveyor 20.



| am nat ed. The new board 136a arrives fromthe preceding equipnment 30 and
utops at the barrier 26 which is in the up position and26dlebsuasy R@i#ent
therewith. The input conveyor 14 is then stopped as so on as the new board
is 20 February 2004 -25- sensed by the photocell 32. Meanwhile, the. |ower
platen 94 of the vacuum |l am nator 18 is noved vertically upward by a
pneumati ¢ ram (not shown). The | ower {2hten passes upward through one of
the apertures.62 in the | ower belt conveyor, which aperture is then in
verti cal i r SRRFIIRRLLORePLpPace# TOLhe/amper poadbt 1Ratoss act uat ed

for .a pledetreriiiets t¢¢ﬁ@tr@1£eal b§t thacwym %afiﬂs%softﬁé‘?le@&f%lerocess
ri

after 'lﬁ% for a set pe a slap down action

»
connect | o1 wich A9YE IR ?stEE%Fﬁeﬁr EﬁwﬁﬁéetﬁEJV%HUMﬂﬁdMEs@ﬂQhe board 136

i s heat emncmm Heatellse ﬁﬁaﬁndbiéBQ ebilhedtA®m and- | gyery o) at ens,
respectl 1§R§F 5 of the seq ﬁnce I S shgﬁggép FIG 12. ThIS Is after

t he vacuun1¥am G priodes - %ag BelACHEHD er pie the eedd beke vacuum
chanber gé6tienr éIZeaséﬂs bt;he aafuﬁésagdaomh\t% tfa AW ddBmitgeyct i on of
atnnsphe%bg aurth vacuu changﬁ ower platen 94 is then

| over ed FRe 13 pneunatl %ﬁﬁ%% LoH 3hpFﬁ€e§FP§h&ﬁu%ﬁﬂﬁﬁ%fe 62 in the

| ower belt cohnegtep26. ohhelismdquende, 3ds oshbha hgm@ngeug LCopeeypr 20 is
t hen nov a nd of _i.n conve 4 by 't he

t wo- po&%ﬁlo% %IEI‘ &ﬁwo(au E@ﬁ% ﬁé@t‘é‘.i"éu\lﬁecpéﬁ‘g’ﬁ H[JI'{%evyalféﬂFﬂ of the

| ower bel@mwﬁ%?nr s@@demrcmnie}menoétah’eearwhema@drpm uppeout of the
vacuum | n 1 gl S d.down, to | oad the new
boar d 13%?%??%% E'-LF’{JE&%@ an;,{% 't %Jhog Eﬂge)ﬂlﬁ?ﬁ &b @ FRADWhe-F owner
belt coHvRYBr lQOthByV@mwgl zdta:dmenfllﬁe nbhar uppeas anebniowalrd ébly t he
PLC, bm&hﬁ@@ﬁﬂpHEcﬁgﬁﬁ@’?fov}ﬁﬁ?‘%el%@?' LrEORUeLYs 2 Ag g arted at

a speed of
the start of the lamination process, and, accordingly,

they act as insulating shields to prevent premature dry
film adhesion to the board prior to completion of f£ilm
evacuation. Meanwhile, .the new board 136b stops at the
barrier and mékes alignment therewith. The cycle restarts
from step 5 as illustrated in FIG. 12.

The sensing switches comprising cam 90 and sensor 92
may be of the type known in the art as proximity switches,
a non-contacting switch. More specifically, the cam may
comprise a metallic object with the sensor, in each case,
comprising an -electronic device which is fixed in position
and is responsive to the movement nearby of the metallic
cam and is'operative TO generate an electrical signal in
response to movement and hence sensing of the metallic
object.

The programmable logic controller 138 utilized to
control the sequential operation of the conveyorized
vacuum applicator 12 for vacuum laminating one
prelaminated board at a time or two prelaminated boards at
a time may be .a microprocessor controller of a type
available commercially from Saia, Mitsubishi or others.
The controlle; 138 responds to the various signals



to effect rapid unloading of the processed panel 136 by the hot section 50
of the | ower belt conveyor 20 and the new panel 136a is20Febrpedddd t he
cold section 52 of the |ower belt conveyor 20 into the vacuum chanber 116
of the vacuum|lamnator until the cam 90 and cooperating sensor 92
provide a signal to stop the belt conveyor 20. 20 February 2004 _26-
Meanwhi | e, energi zation of one of thegmupper belt nmotors 110 or 112 as
controlled by the PLC causes the upper belt 108 to nove in a forward or
reverseDQQd&QQQNwathﬁephbhoce&énBZtanmah@zhhﬁIpﬁﬂgimﬁﬁplgw§g§hion for

t he new § V1 in:th m_chanber on the cold belt
sectionsgggéﬁgS%%ga%ﬁ%é%ggggebc%érg?ﬁ§%%§ww Eﬁzﬂﬁ%ﬁﬁQﬂFaTm%?d 136b

i s-arri FPRGTHoHa e theceavayadqenpminy. comtxtodp Mrnft 1dwes sequence, as

hown i i3y 108&Y 68y LS ol d it ! cuum chanber. The
Sacuun:mngggggsﬁ%n sequ H%%_?Eéfgéﬁﬁs aﬁ%@%e%%éﬁéﬁggﬁﬁgﬁﬁgu%%%gesand | over
pl at ens® ES&nE 912 bskurehbener inndudey sbeumdtsia tdramrin nthdie vacuum
chanberpiégng@%qﬁgﬁge ig@eéi9e¢§%%gagégy%@ SQG igRns {jow in the chanber

are relatively.cold at the start o m nation prdcess; and,
accordiRﬂFV@ﬁéﬂﬁé§@ﬂnf%% theulavergpriatends the plechmomremetice dry film

adhesi opltechhq shoak dxs CORPLER! f \gﬁggﬁi
Meanwhi | e #ﬁe ngm/boar ,1§%E§Etops g% ?EengahF?gFea nakggw%T?anent

t her ewi BRE ¥HE B dtrark L0 3pénlieep Bozscpnvesdemasd ah-FIG 12, The
sensi ngishixtthas 1o M 2 He 288N E8BE0paRs E@tdé%r}gftrkggeeﬁdpe known
. re

in the é as .,proximty switches, ., a _non-contacting swtc
specifigg | §d; ge

cSRVRRAL el devwieas| justhpestiongd twvsensor, in

each cdsesn showni dnn@icater] Ein@] ¢ deviyge1WBkClinke idpesl ihaosi tion and
cam an I'S oper ati ve

12 égzgggféggﬂﬁgpégfﬁggéﬁggi 'Wa$$2é$2%%€§§gg%gahggemﬁhﬁﬁﬁmihence sensi ng
of the metatsary and ;appropriate, as well known to those skilled '
in the art, cénversion devices such as electrically
operated pneumatic valves to control the various air
cylinders and the pneumatic ram, and -electrical relay
means to control the motor speed control selector switch.
Furthermore, the electrical circuit connections to the
several input terminals (not shown) of the PLC 138 from
the photocell 32 and from the sensor 92 have not been
shown in order to avoid complication of the drawing since
such circuitry is also well known and understood by those
skilled in the art.



obj ect. The programmble |ogic controller 138 utili-zed to control the
sequential operation of the conveyorized vacuum appli ca0Feb@afyo200dacuum

| am nating one prelamnated board at a tine or two prel am nated boards at
atime may be.a mcroprocessor controller of a type available comrercially
from Saia, Mtsubishi or others. The controller 138 responds to the
various signals 20 February 2004 .2728r oduced by the photocell 32 and by
the proximty switch sensor 92 to Initiater in concert with preprogramred
control datadtgyseveral ensuing control functions including timng of the
vacuum process tanrnating stages. These control functions include the
actuation in the proper sequence of the air cylinders 28 and 88, the

pneumatic r for the_| ower, plate lectr i cl h 7 t he
sel ector switch g4'fof" ?3Fggpeé%ﬁ%%$%¥§ﬁ,%'~%ﬁ§§?ﬁiﬁﬁ%to#g%26Fjﬁﬁb and
112. For convgmh@ncgaminatlihystr aldwnfimFpBotdrehé stefibrolingatiaydiet ween

the PLC 138 and the several control,devices.%ust nﬁgtionedﬁﬂﬁ%f been
shown i n- dot?®P | ihePralaminatease prdbfefoodifidtt RP2Rdug Hown, the

dotted |ines,incl udensWigre wASERSpRLYARJABPERRELREE ta@% 1R lofkRawn to
those skilled 1n the art, conversion devices such as electrically

oper at ed pnedmptftlrvatvethe doeardrof sWeshEaiouscaPpriging hders and the
pneumatic ram and-electrical_re S trol t d
uIn I%z%u?hng@gr n{?.%g e]%%v:fr? Ca&‘ VEESUHD &{an'ﬁﬂﬁe
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control sel ector 3witch. oT TOT e ctr Cireult connections to

the severalrédgpoih teie) naksr(nappihewnjioaf blfe Re@tl38 fammm,t hearghot ocel |
32 and fromthe sensor 92 have not been ~shown in order to av8id
conpl i cat | orMFhIMECHE aniPFESSHE&  §0ch i r BERLAPINEEE %S0 RRAFkn&in and

under st ood by, bosgre Skidbed {Retbenart. 20 February 2004

a lower belt conveyor {20) operatively positioned
for movement of the prelaminated board of substrate
into the out of the region of the vacuum chamber, said
lower belt conveyor including an endless belt (48)
having two distinct sections (50, 52) upon which the
board can be placed, the two sections being so
positioned such that, when one section of the lower
-belt is moved into the vacuum chamber region, the other
section is moved out of said region and vice versa:

an upper belt conveyor (22) spaced above said
10Qer belt conveyor, said upper belt conveyor including
a belt {108) having at least two distinct sections that
alternate into and out of the vacuum chamber region of
said vacuum laminator such that, when one section of
the upper belt is moved into the vacuum chamber region,
at least one other section is moved out of said region
and vice versa; and

a controller (138) for controlling the movement of
the upper and lower belts such that, as one section of
the lower belt upon which the board or substrate to be
vacuum laminated is placed is moved into the wvacuum

chamber region of the vacuum laminator, one secticn of



28 CLAIMS: 1. An automatic conveyorized apparatus (12) for - vacuum .

lam nating a dry filmphotoresist-formng |ayer " onto a pRO&Eehrianal@E
printed circuit board (136) or other substrate which prevents prenature
tacking of the dry filmto the board or substrate, conprising: a vacuum

| am nat or (18) having a vacuum chanber region (16) for application of

heat, vacuum and nechani cal pressu?§ to a prel am nated board or

substrate placed therein; a | ower be conveyor (20) operatively positioned

for nmovenent of the prelam nated board of substrate intq the out of the
regi on of theheaebpe¥chakbeds @QWGdI%ﬁﬁ%‘QQ9tv%ﬁﬂﬂ%wﬁﬂaﬁbﬁﬁtﬁﬁQ&f%m

endl ess belta£$8%h h8¥hgg tuedhakl BE SRCUIRRS (B BerRL i Lhe t he

board can be placed, € two sections being so positioned such that, when
one section mbvéde duawest bekt vacumwvedhambert Howacoohista®ber ¥igf on, the
other section is noved out of said region and vice versa: an upper belt
conveyor (22Y®8p3ced above said |ower belt conveyor, said upper belt
conveyor including a belt (108) having at |east two distinct sections that
alternate into and out of the vacuum chanber, regi on of, said vacuum

| ami nat or sudh t hAPpawAEHSopecesdingn ter clEd Jppteint F3l%oVRd Rt o t he

vacuum charbel, f 59100, (18h &k ci;ég]aﬁ:tei??é(l Sd O NG PUb1 SEesal d

region and VICeé Véersa; and a cont 38) for controlling the novenent
of the upper9gand drmen bbbisr spdlrtemat (943 dHmtsedsi omdapted h&o ower bel t

upon which the bqgard qr substrate to be vacuuml.am nated is p i's
moved into tMEVEdcHBmM NERaEE g BIFSeNHE Vikhing %éﬁ %% ﬂ)g%gg%ection

of 20 Februagy 2004 Z29vacuum chamber (16).

3. Apparatus according to claim 2 further including:
heater means (128, 130) controlled by said controller
(138) for heating the upper platen (96) and the lower
platen {94) of the wvacuum laminator (18) to a
temperature at which the laminate on the board (136) or

substrate has a high flow characteristic.

4. Apparatus according to claim 3, further including .
an infrared sensor (98) at the exit of the wvacuum
chamber (16) for measuring the temperature of the
laminated board exiting from the vacuum chamber and for
providing a signal to cause the platen heater means
(128, 130) to increase or decrease the Jlamination

temperature.

5. Apparatus according to any one of claims 2 to 4
further including: a mechanical press controlled by
said controller (138) for causing the upper platen (96)
of the vacuum chamber (16) to exert mechanical pressure
on the board (136) or substrate to cause the dry film
to conform completely to the surface of the board or

substrate.



t he upper belt is noved into the vacuum chanber region, and the other
sections of the | ower and upper belts are noved out of RO&Fepamnudd®Ghanber

- for cooling and vice versa. 2. Apparatus according to claim1l wherein said
vacuum |am nator (18)' has a relatively stationary upper platen (96) and a
| ower platen (94) that is adapted to be noved up into sealing engagenent

wi th said upper platen to forma vasmum chanber (16). 3. Apparatus
according to claim?2 further including: heater nmeans (128, 130) controlled
by said controller (138) for heating the upper platen (96) and the | ower
platen (94) of the vacuumlam nator (18) to a tenperature at which the

| ami nate on 6he bappdréids) accorsiibst rat eahys cachiqfh ¢lanehdr &6t e¥i sti c.

4. Apparatus according.,to claim urther includin an_infrar nsor
(98) at the BRPFSLR F%édvéﬁmﬁﬁ éﬁéﬁb&?nffgfﬁ(ﬂa%eggﬁrgﬁﬁﬂfﬁé ?%%%erature
of the |am pagedyheard t@fdiidy i@ the ¥pewunrebanise, @) fasergiovidi ng
a signal to cause the platen heater neans (128, 130) to_increase or

decr ease thethaﬁiﬁﬁtﬁbﬁ_aFéﬁﬁéré@@r@ﬁd$h Aﬁbé?%ﬁLR?%ﬁxRHQHQ&F% ah?eone of
clains 2 to(%gugh%f JaNY qfucﬂgai&m&@ﬁgéeah?gé)e%%ogorgzr)q' |8tk bywo sai d

controller or causing the upper platen of the vacuum chanber
(16) to exerapsrthaaschbipgessupesidhdied somtd t36) whenupst raeardo cause

the dry film to conformconpletely to the surface.af the bo I
substrat e. 26SF§E?ﬁﬁky”§564g§8 §?%§ﬂﬂﬂ%ﬁ?@b%£c5?8ﬁﬁﬁ’t6“5%y§%%59%¥eclains

2 to 5, wheggi fogahdihewesahel tre?awﬁMp&@li¢mam|mhbeulé 1648} under
tension with two apertures (62, 64) therein that extend across the width
of the belt phdtéhyi gand hehe other aperture is moved out of saild
region and vice versa; and said apparatus further
comprising:
a first motor (66) operable to cause one section
of the belt of the lower belt conveyor (20) to move
with a board placed thereon into position in the vacuum
chamber region of said vacuum laminator and the other
section to move out of the vacuum chamber region;
‘a second motor (110,112) operable to cause one
section of the belt (108) of the upper belt conveyor
(22) to index into the vacuum chamber region (16) and
at least one other section thereof to index out of the
vacuum chamber region;
a sensor (92) operable to sense the positioning of
the board in the vacuum chamber region and provide a
signal to stop the first motorl(66) and movement of the

belt (48) of the lower belt conveyor once the board is

moved into proper position;

a tension adijuster (86, 88) operable to relieve
the tension of said belt of the lower conveyor after
the board is moved into proper position in the wvacuum

chamber region;



belt into said two distinct sections (50, 52), the two apertures being so
posi tioned such that, when the board is noved into the ypa@abmagh2odaer
region, one aperture is noved into said region into alignment with the

| ower platen, and the other aperture is noved out of said region and vice
versa; and said apparatus further conprising: a first notor (66) operable
to cause one section of the belt ofzthe | ower belt conveyor (20) to nove
with a board placed thereon into position in the vacuum chanber region of

sai d vacuum | am nat of dnoéa%]ﬁO rSectiAn t%]émv&vggg HPrdthe vagium

chanber region; a second 112) operable to cause one section of
the belt (108)r@figh hanmppapebehtecmweme ¥ery taof | nbex Lovert Heltvacuum

chanber region ast one other sectji.on hereo to | dex out of
t he vacuum%%\g@é% ré’@Fane i&@ﬁsc?rng(a@ﬁmed’&er%ﬁ}é EBes HREET pnc03| ti oni ng

of the anrQﬁéfbl%%eté!a@HEEhQEa%%r WGP kandapr dehgde a prirgian tof stop
the first notor novenment of the belt (48) of the | ower helt

conveyor onciehgh eti(taréfl sthepdewemt BepE o AN HRIETE | SBOTa vR#SP ot BRj ust er
(86, 88) opelabig 19, pBLLEYSnetNSr PN ofk Ll S2 go!eehtmo bt ad ayer:

conveyor after i SROVEd 1 nto pr oper sition in the vacuum
chanber regief; tBe kglpararlyePO04&oBegolri fitltdper ablhe tvaduuin  ¢heberwer
platen up through the aperture in the belt of the |ower belt conveyor
i'nto seal i ng®&hgagenent with the upper platen thereby to capture the board

and at |east a pogtigAcAhm t RRunel t(1fa)t herdonerrabakiteCoritry orvapaum whi ch
the board is positioned and at | east a ort| on of the belt of tthe upper

bel t conveyothsibérn saddvseonircdH@mett being responsive to

signals provided by the sensor and operable to control
said first and second motors (66, 110, 112), said upper
and lower belt conveyors (22, 20y, said tension
adjuster (86, 88) said 1lift, and said vacuum pump

(124) .

7. Bpparatus according to claim 6 wherein the upper
platen (96) of the vacuum chamber (16) includes a
diaphragm (114) that is substantially impervious to air
and forms the ceiling of the vacuum chamber, and

further including:

a first passage communicating between said vacuum pump
(124) and said vacuum chamber controlled by said
controller (138) for evacuating said vacuum chamber;

a second passage (132) communicating between said
vacuum pump and the space between said diaphragm and
the upper platen (96) controlled by said controller for
evacuating said space;

a third passage (134) communicating between the
space between said diaphragm and the upper platen and
air controlled by said controller at the end of a first

stage of a vacuum lamination process to allow air at



and a vacuum punp (124) to evacuate the vacuum chanber; said controller
(138) being responsive to the signals provided by the seffebruand2Gder abl e
to control said first and second notors (66, 110, 112), said upper and

| ower belt conveyors (22, 20), said tension adjuster (86, 88) said lift,
and said vacuum punp (124). 7. Apparatus according to claim®6 wherein the
upper platen (96) of the vacuum chapber (16) includes a diaphragm (114)
that is substantially inpervious to air and forns the ceiling of the
vacuum chanber; and .further including: I age cgpani HNg

bet ween sai&tmﬁﬁﬂﬁﬁﬁﬁﬁnpr?iiﬂfeaﬁﬁ?s%?%sgé%%§%1c gibgg control%gghby sai d
controller @%@@%“fq5e@ya§uatmagpﬁakdcvaﬂuunighammewedatseo@mUEpa§§§ge (132)
comuni cati ng between said ‘vacuum punp and the space bftme nwsaggd

di aphr agm av@&cuie dgFie | £ Fy3ws) ?ﬁﬁHQ%ﬁPQﬁﬁ%ﬁ £Qi 3T2BnP8P 1% or

evacuating sai varft 4 rgrPassAgechl3e RN €At BaBsbekveerct he
space betme%ﬁ*gafgﬂ%?ggﬁiagn1gﬁd t he ugper platen and air controlled by
sai d contr olfloarceat thae lemdnettea £¢r sonfdragecbpsalyadQuntPaniSHELRSS process

to allow air at 20 Feb ry,2004, 32 at §BQ |C pressure or conpressed air
to enter su&?n%,o%ﬁ\%&oﬁ soﬁgsrl}%g Al ‘re'{e}'s allowed to enter the
vacuum chanber, tp £austh thesshgphtagmuhdcat apgdbenward sapgdl wamseimani ca

pressure on the board or substrate to force the |anipate to confi.r
closely to tdiemher acandcond BeEPRETtRe Kodr d SPngﬁgégﬁﬁlt e:P% fo%t?rl’t{]

passage COMMUNCALI 1 PELHEAEN $AL] VAR Chaibeic26d abrospber | d.air
ed by sai controll er when the vacuum | am nation process is
complete allowing air at atmospheric pressure to enter
the vacuum chamber;
said rcontroller then being operative to actuate
said lift to lower said lower platen (94) down through
the aperture in the lower belt, to actuate said tension
adjuster (86, 88) to restore the tension of the belt
(48), to actuate said first motor to move the processed
board out of the region of the vacuum chamber and move
the cool section of the lower belt into position to
receive another prelaminated board or substrate, and to
actuate said second motor to move one section of the

upper belt out of the vacuum chamber region and a cool

section of the upper belt into said region.

8. Apparatus according to any one of the preceding
claims, further including: an 1input conveyor (14)
arranged. to sequentially feed prelaminated circuit
boards (136) or substrates one at a time onto the lower

belt conveyor (20).

9. Apparatus according to claim 8 wherein said input
conveyor (14) is positioned in end-to-end relation with

said vacuum laminator (18) and arranged to be driven



conplete allow ng air at atnospheric pressure to enter the vacuum chanber;
said controller then being operative to actuate " said |i 20 Rebrlaop2i04sai d

| ower platen (94) down through the aperture in the lower belt, to actuate
said tension adjuster (86, 88) to restore the tension of the belt (48),
to actuate said first notor to nove the processed board out of the region
of the vacuum chanber and nove the3gool section of the |ower belt into
position to receive another prelam nated board or substrate, and to

actuate sai d second ot of 1o pve,one Segti Qi 3f dihe. » UPpeigpel tygut of the

vacuum chanber regi on and 2 cool “Sectron of the upper belt into said
region. 8. Apparatus dFaecaherndnicduariyigone of the preceding clains, further

i ncluding: an input conveyo 14) ar ged. to sequentially feed.
pr el ani nat ed cir@uﬂ?ovﬁ%5¥déa%f§@f OFEQ b§ﬁ%a§%§ éﬁﬁﬁéteﬁdtf’ oD t he
lover  belt j¢on¢eY@intPdr, 9-saARPAbAEHSe ACEHAINY 40 Kdaaidn Blebriggn said

i nput conveyor (14) is positioned in end-to-end relation with said vacuum
| ami nat or ( P®pidi¢narzndiged Poabé ddnydn oxkimehr ast 2004 BFhunddidt he

control of i.d.cont.rall.er +( . i udik ng. a
novabl e bar ?’%5%1(%%6)1% tﬁ%%é%%ﬁlnggle%fag{gﬁ%gégﬁp%#%g%gyg%Hgggg' barrier
havi ng a boamnd bl ocking position and a board non-bl ocking position with
said barrier initially being int board bl ockj ng position;.an n exit
sensor (32) for §€hs?ﬁéta.$ﬁ i ﬁgﬁgd %Bﬁar%ﬁ?ﬁ_ & PhE QQFPagﬁ of said

i nput  conveylarg S@l gls Ph@koCeht RLAAUCEAE &fSi §RAN iinp@spenseeyorfhe
presence of a board to cause the controller to stop the novenent of said
i nput conveyeridarphetoee] sprogiuging a signal in response to the

presence of a board to cause the controller to stop the
movement of said input conveyor and to adjust said
barrier to a non-blocking position, following which
said controller causes both the input conveyor (140)
and the lower belt conveyor (20} to start, to load the

board onto the entrance end of the lower belt conveyor.

10. Apparatus according to claim 9, wherein said exit

sensor is a photocell (32).

11. Apparatus according to any one of the preceding
claims wherein said dry film comprises a solder mask or

a primary imaging resist,

12. A method of vacuum laminating a dry film
photorésist-forming' layer onto a prelaminated printed
circuit board (136) or other substrate which prevents
premature tacking of the dry film to the board or

substrate, comprising the steps of:

(a) placing the prelaminated board or substrate on one
section of a moving lower belt conveyor (20) for

movement into a vacuum chamber region (16) of a



barrier to a non-bl ocking position, follow ng which said controller -causes
both the input conveyor (140) and the |ower belt conveyQD FeBfiant 200t art,
to load the board onto the entrance end of the | ower belt conveyor. 10.
Apparatus according 'to claim9, wherein said exit sensor is a photocel
(32). 11. Apparatus according to any one of the preceding clains wherein
said dry filmconprises a solder mask or a primary imaging resist. 12. A
met hod of vacuum |l am nating a dry fi34n photoresist-fornmng |layer onto a
prelam nated printed circuit board (136) or other substrate which prevents

premat ure tacki ngy9fuiher Saynktbm (08h heokoane applsuhaiicat exf ¢mgy,i si ng
the steps of: (a) placing the prelam nated board or substrate on aone

section of a novi vRcwenerndhanechamieybr PE2GSEr W%Jv/%‘_heﬁpwﬁﬁt P vacuum
chanber region (164, 9Ly8y 2q SFeDLVALY. 2008634 AN AGMORL Qi delficd or the

application of hea acuum an ani cal pressure, which | ower belt
conveyor is charast¢etiaes ifEhavisdg twpodi sthixch tdect beasd(50an5Xe upon

whi ch the board can be. placed, the two sections bheing sqQ .position such
that, when one séE%?%%doftgﬁquﬂMﬁe?ﬁﬂqn%oﬂ9é9%rSoi§Qﬁ§3@§Qﬁ4rF?ﬁg boar d

into the vacuum chRgber wheR0ioRR ddie idhest seaki Qowes BBlad esivefosai d
region for cooling and vice versa; (b) indexing one section of an upper

belt conveyor (22§ spased ebohe tha doeaver B ERAYFPE Wt FAHIF vacuum
chanber regl on, VOLGRHPPY,PeblneFOVENOlon S sEhahaehar Idfd bR hawidg at

| east two distinct-sections, at [east two sections being so positioned

such that, when onegsestfon obolhrg apgevibel versamoved into the vacuum

chanber (b) indexing one section of an upper belt confeyor
(22} spaced above said lower belt conveyor into
the vacuum chamber region, which upper belt
conveyor is characterized in having at least two
distinct sections, at least two sections being so
pesitioned such that, when one - section of the
upper belt is moved inte the vacuum chamber
region, at least one other section is moved out of
éaid region for cooling and vice versa;

(c) sensing the positioning of the board in the vacuum
chamber and stopping the movement of the lower
belt conveyor;

(d) sealing the vacuum chamber to capture the board
therein;

(e) vacuum laminating the prelaminated board within
the vacuum chamber; and, '

(f) when the wvacuum lamination process is complete,
opening the vacuum chamber and moving the lower
belt until the one section carrying the laminated
board is moved out of the vacuum chamber region
and the board is unloaded and the other section
which has been allowed to cool is moved into

position to receive another prelaminated board or

substrate.



region, at |east one other section is noved out of - said region for cooling
and vice versa; (c) sensing the positioning of the board20 krebhuarpwz2i®dum
chanber and stopping the novenent of the |lower belt conveyor; (d) sealing

t he vacuum chanber to capture the board therein; (e) vacuum | am nating the
prel am nated board within the vacuum chanber; and, (f) when the vacuum

| ami nation process is conplete, opé¥ ng the vacuum chanber and noving the

| ower belt until the one section carrying the lam nated board is noved

out of the vacuum chanber region and the board is unI oaded and the ot her
section which has been allowed to cool |s rmv]:%r 05|t| qn {.0 receive
anot her pr ellan ndt dBEHRRA da6Fordipg: t&r £13id u P§t 64l§§ PING et hod
according tqg @ﬂ@ﬁgLogurther including the steps of: (g) placing on the
cool section of thé |ower belt conveyor (20) another prelam nated printed
circuit board (136) or other substrate; and, (h) repeating steps (a)
t hrough (f). net hod accprdin fuy Hel¢ udi ng, ;
before step (é) ﬁr‘?‘c”t‘:‘]e Onofgfl |)(‘gcc):(§)fn)ve el%rggoojnzn g% }ﬁ?)%t ulc(%)"!{.ll:'\%'[eyorri 14) a
pr el am nat ed boafdiw(elg,aﬁ:) @osubsbtiase pr:enrammaeddngreqmeamcm t he _
| ower belt conveyor (20@{3}%} )qurow di ng a barrier (26) at the exit end of
the input conve bFrath BY#td or substrate and to -
align the b qx{d YerhhistiAt & edief Qe 41 [ onto the |ower belt :
conveyor; (k) sensing the presence of t he oa or substrate at

14. A method according to claim 12 or 13, further
including, before step (a), the steps of:

(i} conveying on an input conveyor (14} a prelaminated
board (136) or substrate from preceding equipment
to the lower belt conveyor (20);

(j) providing a barrier (26) at the exit end of the
input conveyor to stop the movement of the board
or substrate and to align the board or substrate
before proceeding onto the lower belt conveyor;

(k) sensing the presence of the board or substrate at
the exit end of the input conveyor and stopping
the movement of the input conveyor;

(1) adjusting the barrier to a non-blocking position;
and,

(m} starting the input conveyor and the lower belt
conveyor to load the board or substrate into the
vacuum chamber region {16) of the vacuum laminator

(18).

15. A method according to any one of claims 12 to 14,
wherein the wvacuum laminator (18) has a relatively
stationary upper platen (96) and a lower platen (94)

that is adapted to be moved'up into sealing engagement



the exit end of the input conveyor and stopping the novenent of the input -
conveyor; (1) adjusting the barrier to a non-bl ocki ng po20FeBRiary 2008 (M
starting the input conveyor and the | ower belt conveyor to | oad the board
or substrate into the vacuum chanber region (16) of the vacuum | am nat or
(18). 15. A method according to any one of clains 12 to 14, wherein the
vacuum | ami nator (18) has a relativeB§ stationary upper platen (96) and a
| ower platen (94) that is adapted to be noved up into sealing engagenent

20 February gQof 38:W Lppeai g1upRRer ) atdm taiforvasaid vaetber chagper (16)
between them said belt conveyor including an endless belt (48) under

tensi on havi hgtwaenapdrenur esai@2beds) camierwen ingludingndmceddseshe width
of the belt ?gggsd@@)deuﬁggr bggbsagho f?aQ}J%lgt }[I\ﬁggl g&ﬁ@ghrggcteé)ﬂs 64530, 52),

the two aper €i'ng SO posIitioned suc en the board 1s noved
into the vacuusrehanigiat regtendbealcreers tilee uppdthans | oher beldt easd one

aperture is npved into said region into alignnent wth, the |ower platen,
and the othePlXﬁQFtUFQQESQﬁN%q bﬂ?o_oFa%Qidﬁ%%ﬁ(ﬁgéﬁﬁp%ﬁce59§€§3$8mher¢in
sai d_upper bq!sb,GQFVGVQHe(%%)o ! Q?E%h’i@sanbeﬁ@?' a%s PRt taHR@) hawbng said
distinct sections that index into and out of the vacuum chanber region of
sai d vacuumthati nathem thel hbherdi is vieved hénbeatd e 188 HasChaBBeked t he

vacuum chanber, .t he Lam i 0 oc in h de %QﬁTSt Pse s (Nyne
relieving thgepéﬁgio#eghgﬁ%% gﬁ%%esgségft % g o?i)t e I%mer elt conveyor);
(o) lifting tberktawer ipl atered YQ¥ntdpskhhdoughyivhne irstlo gaktigmpent uweth62, 64)
in the belt of the | ower .

the lower platen, and the other aperture is moved out

of said region and vice versa;

wherein said upper belt conveyor (22) including an

endless belt (108) having said distinct sections that

index into and out of the vacuum chamber region of said

vacuum laminator, and wherein, when the board (136} has

reached the vacuum chamber, the lamination process

includes the steps of:

(n) relieving the tension on the endless belt (48 of
the lower belt conveyor);

(o) 1lifting the lower platen (24) wup through the
aligned aperture (62, 64) in the belt of the lower
belt conveyor into sealing engagement with the
upper platen (96) and thereby capturing within the
vacuum chamber the board and at least a portion of
the belt of the lower belt conveyor upon which the
board is positioned and at least a portion of the
belt of the upper belt conveyor;

(p) evacuating the vacuum chamber (16) of the vacuum
laminator (18) for a time sufficient to draw off
at least substantially all of the air_between the
loosely applied prelaminated dry film and the:

surface of the board or substrate and thereby to



belt conveyor into sealing engagenment wth the upper platen (96) and

t hereby capturing within the vacuum chanber the board arRf Februaga2i04a
portion of the belt of the |lower belt conveyor upon which the board is
positioned and at |east a portion of the belt of the upper belt conveyor;
(p) evacuating the vacuum chanber (16) of the vacuum |am nator (18) for a
time sufficient to draw off at |eas3’/ substantially all of the air between
the | oosely applied prelam nated dry filmand the surface of the board or

substrate and thepehyet @hd0 &epr wan 2004i3¢iphdee ddicdbiyy fitm ivhd ntimate
contact with the board or substrate surface; (q) heating the upper platen
(96) and | ower plke2Rd Pu45ubstrpevaRuf@Feani nator to a tenperature at

whi ch the dr i1yl and hat n b S hi fl ar, j stic;
(r) causing ¥ L uppé?f%€aﬁgﬁ9(8% %qug%%T€ﬁne@ﬁ2nig§F %@%ﬁguggﬁ%ééihe
board or substrat €94b bdr déhd heachent ddmiaaitpat &d oa corfipemathaselat to t he

surface contours ,of the_board or_.substrate;, 16. A pethod according to
claim 15, furt herw%b?r}f)ri%g)iengdr¥hefl§'ﬂ'[bp£?m%\ﬂ§ﬁet frét vggﬁu%qaiﬂ né?@ |g‘as
conplete, of: (S)hahorisg ahapseberistatf to enter the vacuum chanber;
(t) lowering the lower platen (94) down through the aperture in the belt

of the | ower (Bl tC¥ePiRgoFhe UpPretisttiany {He) t BAsPORLvn Mamhariidl bel t
(48); (V) Convey'gﬂeéﬁ?ré?o%d %Sp@%&&at& Oghggfcrgles V@&“E&ckamﬁ@tor?
g the i t

and, (w) continui novenent o e | ower belt such at the cool
section thereof ibeawddlentoatpogict icamifoorm ackeptincecofthe rawface

rel am nat ed
P contours of the board or substrate;

16. A method according to claim 15, further comprising

the steps, when the vacuum laminate is complete, of:

(s) allowing atmospheric air to enter the vacuum
chamber;

(t} lowering the lower platen (94) down through the
aperture in the belt of the lower belt conveyor;

{(u) restoring the tension in the lower belt (48);

(v} conveying the board or substrate out of the vacuum
laminator; and,

(w} continuing the movement of the lower belt such
that the cool section thereof is moved into
position for acceptance of a new prelaminated

board or substrate.

17. A method according to c¢laim 15 or 16, wherein the
upper platen (96) of the vacuum laminator (18) includes
a diaphragm (114) that is substantially impervious to
air and forms the ceiling of the vacuun chamber and

wherein the mechanical pressure is applied by:



board or substrate. 17. A nmethod according to claim15 or 16, wherein the
upper platen (96) of the vacuum | aminator (18) includes 26 FdbaRRy 2009 (114)
that is substantially inpervious to air and forns the ceiling of the
vacuum chanber and wherein the nmechanical pressure is applied by: 20
February 2004 38 (x) evacuating the space between the di aphragm and the
upper platen; and, (y) allow ng atnoggheric air or conpressed air to enter
t he space between the di aphragm and the upper platen thereby to cause the
di aphragm to | ap_down_and |y _nmechani.cal . pr.essug. or
substrate to(?‘gr Cgv?ﬁga‘&wgf %F’% ?ég 'Cr?a{%éatq"t%c?nc&nséokgrﬁ% orsat y at%hptaﬂge surface
contours of the Qaﬁég pgasghstaaae. 18. A nethod according to any one of
clains 12 to 17, erein the dry filmis,a solder mask or .a primar

i magi ng resi $¥) 20ltepingr yaspnesPBSTEONVEYOR 2ED %%Wi\%‘%u%ﬁ&%\m
VETHCD OF APPLY! NGt £ DR LIBSES! Hechideh PRINTERGLREUE BRARD fhst r act
An inproved nethod of and apparatus that is continuously automatically
operative in an i npbeme syastem tilemEucr ithedcdwse applsi AgaBRFEIThek?
vacuum and nechanical pressure.a _dry fi] si st - i ng ¢l to
printed circuit bﬁgfaﬁs 998) 95kt 2k rézadr&g%lggrgigéegn pﬁ%ersfeslqgfrﬁ ngtfegylg%/ t he

| oose applicationpbheretor updergity tbi Forcesichie akryi STiret banimabdeet s

within the confines of the surface of the boards vvherera.y a Ian%ng%e
Wi thout ent r appedCaidorfgsBl ¢l affil €1 beeffec APt b THE rar set®

circuit traces ang irnegyl arsynfaee contours of the

18. A method according to any one of claims 12 to 17,

wherein the dry film is a solder mask or a primary

imaging resist.



printed circuit board is obtained. Featured is a conveyorized vacuum

| am nator (18) conprising heated upper and | ower pl ateng0Februad)2tdapt ed
to be noved into sealing engagenent to forma-vacuum | am nati on chanber
(16), and disposed between the platens are two i ndependent belt conveyor
systens (20,22) that act as heat sh%;lds to prevent the printed circuit
board and the |l oosely applied dry Tilmfrombeing heated up too rapidly in
t he vacuum chanber by the residual heat given off by the upper and | ower

Blgthﬁrgetacmliyﬁgﬁ%ﬂ19§eugﬁ wnto %gggaﬁ%ﬁgogn§glégkﬁ 1 tsthe air

ent r apped betmeénDBHéFﬁﬁM TH@ObbaPBIEEEDaCHEwmIEambnnn of f before
the application of heat and nmechani cal pressure, so as to ensure conplete
conformance of the dry filmaround the circuit traces and surface
contours. Fig. 2 Abstract

An improved method of and apparatus that is
continuously automatically operative in an in-line system
is described for applying under heat, vacuum and
mechanical pressure a dry film photoresist-forming layer
to printed circuit boards (136) 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
entrapped air bubbles and closely conforming to the raised
circuit traces and irregular surface contours of the
prlnted circuit board is obtained. Featured is a
conveyorized vacuum laminator (18) comprising heated upper
and lower platens (96,94) adapted to be moved into sealing
engagement to form a vacuum lamination chamber (16), and
disposed between the platens are two independent belt
conveyor systems (20,22) that act as heat shields to
prevent the printed circuit board and the loosely applied
dry film from being heated up too rapidly in the vacuum
chamber by the residual heat given off by the upper and
lower platens before the film can be completely evacuated.
This prevents premature tacking of the dry film to the
board and enables all of the air entrapped between the
film and the board surface to be drawn off before the
application of heat and mechanical pressure, so as to
ensure complete conformance of the dry f£ilm around the
circuit traces and surface contours.

Fig. 2



