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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 .that 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 coppetitlyadoxoachveyhsy pnd of orgapplgingnpasinimn Hesatexpas@d to
acti ni one pAGhILLI" piUsHhdS PEIEFINELSPL: TRADE Bha3J T i)
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



20 February 2004 -2 artwork. Subsequent to exposure; the photoi mageabl e

| ayer 1s developed in an organic sol vent, aqueous, or se&fiFebacined

sol uti on whi ch washes away either exposed or unexposed portions of the

| ayer (depending on whether the photoinmageable: material is
positive-acting or negative- acting). Thereafter, the circuit traces are
formed by either electroplating or etzching. In a typical plating
procedure, the. areas devoid of photoresist that becone the circuitry are
bui |t upTtvsmk he Hoasegsentate exposhant,r diatphgohmpeabl beLagar After
prot ect i;Rg dhR t yopkat e o t remai ning_photoresist is
strippe&%awayi%é%ﬁ?o%ga%ﬁcgggﬁggﬁfFqgﬁﬁaﬁkaggheégﬁﬁ-6%q%§%ﬁ§ sol ution,
and t he 2REWRIOR S §soei on cubich weshlesamavayt hedrttsst ectpomed oenoved in an

et chi ngyg@hitld | hi t tter d..cqpper. ci.rcuit Iines.
In a t;/lﬁi cal_%ﬁ: i‘ﬁﬁ%‘?%%eggr lg,ﬂgt %Iégfr?e&?éla%lﬂr% rﬂﬁ{ir%%ﬁ&g%é%éﬁ Eﬁ?

phot or eBPetoifagsalete i Hetyriadpied posidd veradtiqg sot wiégativeavi ng behind
the resipe@udhqgort ifgsx h sl J%¥§; ' I traces
after t ﬁguRr iggrrar y r es%#'?g' sﬂli%pg:e5Izia‘jell\t/\lgl:y.tl s,osl S%ré g%%é%;%%he ot her

hand, i§l% ﬁ&r@}eﬁiﬁQE%éﬁiﬂga9§re&ﬂhﬁ@@;co@muﬂiﬁMPiﬁﬂkﬁplﬁtimmch covers,
t he surfv@@@e@tfur@,prﬂﬂﬁé%@aépa&ro%ab%t gjgllo]‘;t‘:fdl%;s&%ltbstfk{dagﬁr SecGliedppU! ating

:the traces Qf the pri:nted circuitry i e Sso mask s patterned

to ful |l FrEEPEEh&E iyttt yur Exemptheoborrsk swdiadeoty i ntended to be
eXposedelecgroplfaftrixﬁfl@tﬁsﬂa@ﬁ tRe@BOhNEr p¢RRO ed‘éﬁ?}rgq spgei fically,
' f of p ol na -

sol der nisks, t pligi_ , are formed froma |ayer nmageabl e
conposi ! 1S a Z1sew s board.
onposi E+BRTHRPCRGEY GRRPEBJLEBE! shPasereining phokaxezistuls board
Si m | ar steippediwdyToic Nen r6848hsc kBevahe! OimRAeAR e 011l ay&hiLs exposed to
actinic_radiation Ich |%H53t er ned means of a tenplate or artwork.

b.
SubsequBRtePyS Q13 phet B?W&Qgﬁﬁpé’sle%/éer@ v el 2¥e an

then selectively removed in an etching solution, leaving
behind the pattern plated copper circuit lines. 1In 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 & 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



organi ¢ sol vent, aqueous, or sem -aqueous solution which 20 February 2004
3, washes away either exposed or unexposed portions of 20tesbriamy 2004 agai n
dependi ng upon whet her the photoi mageable material is positive-acting or
negative-acting). The portion of the | ayer which remains on the surface is
then cured, e.g., with heat and/or W light, to forma hard, permanent

sol der mask intended to protect the pgnted circuitry for the life of the
board. One prior art nmethod of applying a layer. of primary resist or

sol der rs¥he® awayr editheboaxpanud ane mseztpos@@p%wrtm@ngab@r kdle in liquid
form a n Lt he | t. 10 dr r partia cure the material to
form a Q§g¥$§§§% ?%H|Q?@%heﬁ%%ié”%?b‘Q*ﬁﬂ%ﬁgrt%? B%§59%563§?%1ﬁ0mever, to
appl yi n§at 9t bi kégpaBisiveyerctiing wi rmegdtibeandt #agh, dr ¥hii | m rat her

t han as ppdi Ty I P L.gul ar., .dr. | J re . free_of_organic,solvent and
thereforpg) elﬁr%g%fee?ﬁ'i' ga §§alr”3‘ crhorﬁétr%a{elr\gfx%r%bla%% %‘ﬁ’&tfa‘é?i n&PEDt he need
for app&tdiefy t®-$r ot Wetht heatmandi/ae Uwdrighenyi tonfienm anHarde nore

gener al RPHITUWEN . ani i 1 SSions,., Typically, such a dry
filn1conpri§£§ a c%%%?eghggggb?&ﬁfﬁl5%fﬁa%§¥%?g%ﬁtmﬁ?%th%n£8ﬁemhat

f1 exi bl EXFiihi e hfemstheulfifei enft thiegidiandt o provi de structure to a | ayer

of photoi mag P OsiL i lCh £O i one -syrface.of .the cover
sheet. The .cgsfeélr %)s heet'%ngé Iggtp/glrimgg \éﬁ’%’lﬁg@e%{ elralyrﬁaﬁ'e?$ AEBRER. a
pol yet hyFEAE Tt &eptR-Heeht BASKPED) 2 T4 pondttedtoat sof acevfisabbe | ayer and
to enabhkeplvhaHl F ey VS I A S L on exposed
surface,g?tﬁahg%%?iglﬁgb?g Fg erg'at gotgéd’cggg?\é%{g% t%i%ﬂg‘rén%@;Bwe P

e

protect - ¥ Qﬁgf§§%9§ﬁé¥tcﬁﬁe Boley MatE gl thhefemerhad of use of such

a dry fsemi-stessles dldyeas ’rﬁblrewareT%enlih&r@}e%_ﬁtcif/eac?@é%%&%e”e sheet is
ate

renoved, fromth hot oj mageabl e. conposi tion | ayer | medi
however, %A)appiylgg a photggmageable fgyer to a cirguit

board as a dry film rather than as a liquid. TIn
particular, dry 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



prior to application of the dry filmto the surface-of the printed circuit
board. This maybe acconplished, for 20 February 2004 -4 &ddmgbhery 28Gag

aut omat ed apparat us which peels away and rolls up the protective sheet as
the dry filmis unrolled froma reel. The dry filmis applied to the
surface of the circuit board with the photoi nageabl e | ayer in direct
contact with the board surface. Then.gsing either heat and mechani cal
pressure (in the case of roll lamnators) or a conbination of vacuum

heat , aﬁ&amﬁéhanM@mnqnauﬁmmate@|mppheatasewh&cha@wﬁndéﬂﬁdyﬂ&m@) t he

hot | f he

boar 0. ThErS,0p, B R AT SLBode B8 PR ko ditgenatito et
protectfﬁ@mtﬁerﬁﬁdt0|ﬂhﬁ%ﬂﬂw fnymrlsfappim&dotor&h@osmmﬁﬁmeamﬂ from
handl h i | at t
o 1 o P ERe Eo bod B g oo Ao BERBLLALT P BRVEN i AL IR 70, o
printi rgPREAEH Héthsé‘éil@( dwaxd ssualage preThenedsn.hlgoml.tU’nmast}wmpm nt of

bt h tt d
ot i 5 HEEHRLACBRIDd RAULLL AR e d1EAdEY oF! i aZHRARRCL 4 P Lo e
cover sheed ¢@mbéﬁ§¢@@n|ﬂﬁwﬁamwwmpahe@ts andtmechanp@aijgﬁﬁﬁ&ummgeable

| ayer bMuﬂeﬂﬁéOEEEe Berend ‘Eﬁmhn%ﬁ gﬁétbﬁgt%f :&%%ﬁ#’o'”ageable

| ayer,-the phot ol na Qable er I's eve organ vent
aqueousl%éf\%lb%e%mm@ igdsl; 3(%1 bl%@et@p’@he Fnefagikood dgeabl e | ayer may

el ther 1 iR9si 1THE- B6RH0 sHdbr Wil £856yLRey£XGORRA POrLions are removed

by devel oper, - negati ve-acti ng, € unexposed portions

are reﬁmﬂﬁP%Wa3%§Eﬂ6péﬁYQMxHPRQRﬁQﬁh@@e@bﬁephayéﬂmag@ﬁbha%ﬁﬁyemg pri mary
| magi NFRRRt Ok BEEE S apd gcgq.{ aﬁ?&kﬁrorﬁ”l]? H&ﬂi‘h a@gg Ng. mgibsequent to
subj ec

devel opnment, prinmary_.resists, in particula ted to either
el ect r PR %‘Fteﬁéﬁpn@er&bltpﬁ é/l%%t%r@eé@??l Bémplﬁdie)f dromlkiehe circuit

traces lafidrdibéediyhen @y WiNGhe 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,



photoresist is stripped away with organi c sol vent, -aqueous stripper, or
semni - agueous stripper. Wereas, in the case of solder m@8kebruahi 204r enai n
on the board permanently, 20 February 2004 . -5 nobst phot oi mageabl e
conposition |ayers require sonme cure subsequent to devel opnent to render
the | ayer hard and permanent so as to serve as a sol der mask. Depending
upon the conposition of the photoi raEgeabl e | ayer, curing may be effected
with heat and/or UV light. Printed circuit boards al nbst invariably have
uneven masalt frizeso Whaghapiles ewmpdififtiicon tlageforradgyitel somapplireat i on.
Durin ' ' [ | , e Ss 1s usual
attrigjﬁg%9$%u§ﬁgk%??@é?§?§b@@g§égﬂﬁﬁﬁgkhgggéﬁéj%%gggrﬂgﬁévgggd over the Y
sur f ac@emanenbos® dasf tel eemviecals ya reml denduesk ngDepandingl upon i s

t her ef desh £: Lhat rany, .d i a ' t oard be
abl e tgﬁg%nforéfgégtﬁg %ﬁe@ﬁﬁgggﬁiﬁégaéqgéﬁﬁﬁt$€§%¥égggk§§gn@ﬁ&2?§£ t he
ri sk ofeffrgted swikhcheas §ﬁ@ﬁ9ﬁﬂqﬁihl§ht(h the other hand, during

primary T esigi el | C2EANE BUARIUNBURRAGS S A AN y ARk seSHBFaACT eal | Ng
of nulti

circuitry on thin outer surfaces -l'ayered circuit boards which

cont ai FUfReRR dvhiehpbrerestt Mad fimiktiaes ofer | davefidpr essions on the
out o1 Sysfiaceatidn| S B8RRADGICA Yk Pl PI €8 3bn, PRI [ ed Lo such a

board bé able to conformto such irreguldr. surface contours to mnimze
the foPfEtile AL, dBRERt yreypamesss Mmitryaki g cohheebytedr tohdhes. There

has alSadeanr@ €e488d RRieh @d RO LN U BETHEES, odEe khe the current

trend to mniaturize el ectronic equipnent, to reduce the site of printed

ci rcui SUFRER hi Foei Repeds Phg e keehirl gakl | RART CRRPBEFLREI es whi ch
presenm@mtidies) , difi ¢yl thesefrdideditapnhotigsesasyy appl feak on. As nore
11U R ASESe P BenLLoOBho SIRLET Sl agep HheccChiedl L Lines and
creati gheofugdiizndimg. tireuitry 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



and cl osely spaced circuitry can be achieved only with difficulty and only
if the primary resist fully adheres and conpletely conf @0febreary Be04
contours of the printed 20 February 2004 -6 circuit board. O herw se,
voiding of the minute circuit traces and creation of disconnects or shorts
wi |l occur. A nunber of inproved photoinageable dry filns and vacuum

| am nati on processes have been develpged to try to inprove the conformnce
of the dry filmto the irregular surface contours of a printed circuit

board, asrtadtexwmpd., astikseiespdvbiding. oEattheNﬁﬁmfteB%ﬂc&Qlt:?oos eth
oet _al.), The

procéssesgéeé 8&§?F?P¢+%%egBaP%ﬁFSHPﬁﬁngSraﬁBP§%ﬁ cﬁ%ﬁ%%fst f or mi ng
| ayer to a pAlnuw®anruﬁu1mpimmmd phonglmageybieldrynﬁMimﬂ1&nd

(1 oxi bi T Fgufh 1368 66 S GCbL8te . have, BRAR UEVRAaE L 04 0Pt and the
phot oi negpabie Itheercomfernaee nedi the Hayefidfi the tivey ifrdgulsr
select|¥§£¥ﬁg§r%dﬁﬂgﬂfgn % tgg%ggga gggﬁggl 8a%‘”p%§tf | ayer than to

the cover™s t oW ‘h foved after the
phot oi nagemplle,l @werdlscsmm nated. 8o Rapri Nbed di Bc&ﬂ,ﬂﬂibat&bcbs) @ssi st

conf or npyic nERL di at ye e My n Jol geabl e.
conpos{? oﬁ \QA rsJg}zta{tsg%ad "{optgggoé'{'i ngﬂé %mfi gaggtél ?gcao LFgfky %terl al
and cardbe) pl 5.‘ progeanetdistiosedhén thaﬁacpgtem JasV(ahW\ork for

cont actaBbLYLAY, pHNAd00e £ORL £oLaen5C1 UG8 o802 meadwaéﬂﬁalta' | owi ng

t he phot sition [ayer nmai n une on t printed
ci r cui tPpdELdUsifge R rEsHaeinrehbohl an Péﬂt§6ﬁﬁ h-a¥exi me. The use

of dry fitarhaw Fed htecs ﬁfﬁﬁ%ﬁ&ééﬁ&?e'néi%ng% ahep fl‘?-:-%hbi@f‘@prés' bl e

t he Processes descri b I n t each case, to forma nore
conf or ni-REeEPySEd #aei'ﬂfﬁ;en e e%tlpp@rbolfgféfnhyreﬁ@@%@t gat 13341 thRel ed

avnay anghbheimeyReifk SitHysee ofhéhenpBohetABERaAN LG GOMPPSEHS airy ayer is
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.



applied to the surface of the printed circuit board. Using vacuum heat and
mechani cal pressure, the dry film is lam nated to the s@bffebaianf 2004
printed circuit board, partially conform ng the photoi nageabl e | ayer
thereto. 20 February 2004 -7. Wthin about 60 seconds and before
substantial cooling of the printed circuit board and dry film has
occurred, the cover sheet of '"the dfJ=filmis renoved, whereupon the

phot oi mageabl e conposition |ayer and overlying top coat fully conformto

the contiéGRdnorbORE RQ nteecrfscand beirge swdpsd@yddadt icaaliehc@bsul ate

the tragpe prdntdd atercePhtBYAEdbghAr Brgomant ihakalodReRsS) Nehe Because
the cover sheet is renoved prior,to,the final conform ng step, better

conf or nER¥EYr saestcnfartie AEY &ppiyifigteRPYedshsGLSRAD| 1€ conposi ti on
layers pRbechadi@sid he&l9selyiofP269dr! bageHvdrd Ay Gﬁéfeﬁi-c@&ii ter
I G

FESO|UtIOTlIS al’s achi evabl e because e top coat di rectl

th

contactgﬂ Wi €R W&HEPfEPECEﬂFEQFrErPﬁtﬁﬁ&.&ﬁ& : topAtdat s
nuch t hpndesubkamni i Sheghs Al aseppak! thidd@sangd surtdws efore, nuch
| ess a deterrent 2§§%%$ resolgtlon than a su%Por film IQIU.S. Pat. No.
4, 946, 5@2#?@9&@# OL§ GINYHRFLOPE! BFOERESeddan HRHAUH or@and process
for aPDb%v&@d@hle@Qfll fiqy rﬁ.;ét@oﬁé& f:giarrrebethél ﬂi@ﬁtlh&cﬁiﬂ_ dm@al i qf')fstﬁepfl nt ed
circuit rd a i N or, at e sane ti t he .renoval, , of the
br ot ect POb e 5N LGRS Tent BREFUFRIBTOF FHEPLGRRFYIIA FRHE applied 1ilm
and t hepHoawisbiyeahla rcansbosedonbetyees bhed idoaraird witeh hobssk 1¢¥he
draw of f _of gir encl osed be$meen t he d%ﬁ filmand.t.he surface of the
pr i nt o BRFEGT CIHGHY 1 £ (2 Prafled RRSHSBer6Ie Wit 4t ¥ti on, the
sur f aceachitkebieatkdzsuoevenedtopt boat megsdeskbateddfl f idontdotedat end
the appligator. .of U S _ Pat. 4. 946.524 is erative.to tack dry
i mtovh B B dor | aniage Rt REARR, Agt BN AR S et feai bt e
porti onisf mukd fihlimreosehynapptowdrt bbeetoor 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 circult board is facilitated when, before vacuun

lamination, the surface of the board is covered with a

loose sheet of film. To that end the applicator of U.S.

Pat. No. 4,946,524 is operative to tack the dry 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



The filmis tacked to the board as a discrete cut sheet wthin the
confines of the perinmeter of the surface of the board. RorFebamredi®nce, a
printed circuit board having such |oose application of a dry filmsheet to
the surface 20 February 2004 i. a or surfaces thereof is referred to

herei nafter as being "prelarninated. " In order to adapt the processes
described in the preceding patents §8er continuous autonatic operation i.n
an in-line systemthere is disclosed in U S. Pat. No. 5,292,388 (Candore)
an aut cat$RrEBREEy fhicteP K douure fenedator happanafiter Bive beyiper at us of

U S. Patpr&Pamiha®84d,388 provides an inproved and efficient means for
automatical ly conveying and applying vacuum heat, and  nechanical pressure
to prel ani natedPrBEENTEd agiariyi i) GFeEES 39S sabsErabed and theer cones t he

di fficubtdesdengopRiened Mz hodiiei hbhs Zaht 8Ra ol ca operildiPnal Aat ch

vacuum, |l am nator in at automgted in-line_system The autonatic
conyeydrr?“;g}cfl?laﬁﬁﬁﬁﬁ“am 5 1S Lhiptesed of Pws-nBRt- frts, a vacuum
| am nat®r2end3as i(Caudor®) @onveysfatds cbRedybgipedl aEdwingd circuit
boards jnto the vacuum |lamnator fromthe pre odln%ﬁgrelan1nat|ng

equi pretAUIARECTy 2ERAHATHS n ARPAFALESF caf al s Scokpti-sé®-a vacuum
chanber5 492 ne8iBbyrbedded wppeimpsnsyedVeridpkaEeasendntheams it ess bel t

conveyar,. . di sposed.between the platens for, novenent of the printed circuit
boar 45 AHEREEhEToESATE Y AR (AR CRbE g et B betal 2ol ber ¢ © ' "
conveyaechanipalt peekanrec aprpsebaainendiepsihebtl hdvicnd tomaaeid i on
upon which t.he board can be placed and an,aperture therein __such,that, as
e bodr T E0RRCE, PR it Eute s ate “ELREECHT R Rbo SPROUASRR of t he
first wadiuntlcdanbed i zhetweerof e capesntbdnébwbatphatrersunt he aperture is
nmoved .J tical .al_ign i & he | laten. In ration, the
preIam%é§%éF%$%cEﬁthogp% %Ef%“+ébi%%e $ﬁ§£ﬁﬁy f&ﬁﬁlﬁﬁgFﬁﬁﬁﬁdéable
mat er | &onvger yzedpiaetiwn 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



its surface) to be vacuum |l am nated is transferred from the input rol
conveyor to the endl ess belt conveyor which noves the baarfebruaw2@idoper
vacuum | am nati on position between the heated "pper and | ower platens.
Thereafter, the lower platen is raised up through the aperture in the 20
February 2004 .g. endless belt into sealing engagenent with the upper
platen in order to capture in the wa#@uwum chanber both the belt and the
prel am nated board then resting on the surface of the belt. Next, a vacuum
i s dr a#Rdkes pebedtudmton aardrinpavgrgement pratbnsheh uppscualatan air

bet weenif herdisy tbi kALAMGeS U agf Oéaé@&upéﬁéﬁﬁfbﬂab%hb%ﬁ{ed ,b(ﬁleﬂ } owed by

applicati of heat and nechanical pressure to conformthe ilmto

t he. b@d}fg.t%ear@ﬂaémw@rt@d doainhIidren rastingwer phat smuf@deowd ed and

the |arﬁH@t}@@|lﬁ’QarNtek'ﬁ,d%?h'%\é@(ﬁg? aﬂ@y%ﬁ?ﬁgﬁh_@nbe{aé eagﬁtwprqr{a%b%ibts_eqrent
procesgl equl phen an e,en ess e IS returne (0] Its. tnitl a
pOSi t | Z?F%ﬁ’—ﬁqﬁ‘ e&eﬁepﬂré%@nﬁom SR gAY Rl AL AnPREVESDa S 65 Y or the next

vacuum lth ngld osug¥ske. o fﬂﬂeculﬁyeraﬁiﬂﬁﬁeaensayat,ePf@d,lda@&e\t%r, with the
operation of the con§e oriized vacuym | am pati on ggparatus, as scribed in
8

U S. PaPPNFakionr05g8ea, AR MOFIGNLICHE REERFRIBAER FEFFOFNE Ry il m
to the doarfl Bir£8cthepPbolird.0 Giltberhevagydei 98 Ramphetr ,a teobl em The

problemis particularly. preval ent with thin, boards. (e.g. . <0.25 mm), since
t hey ageo%‘?fgc% Fheftelfol a’ﬁr@dﬁ@éﬁm 18 ‘?'F‘%??ig?gt Bg§§gur1él conpl et e
con;ormmnmeyédtﬁﬁagrbyfth@ yldunsbihey st r coi subsagesngnd substrate
surface_contours

our{aCe SO By ot ERCRSCaRRFd el 0 2P Shesbi ooyl I
surfaceltd imetpal npedictionyi widay e mextebasudt €d bef enewappl yi ng heat
and ne qﬁiﬁéﬁ @rgssgge t% 0%1%Nrgthe féln1tg t he goard. Yet, with the
above L T RE VPSS RFa- ety vERCOE: HPRBTANH ¥ et of the
endl ess bel tDidofveybtyj has bEeer cmdungaonp) dtederer, 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

%



prior vacuum |l amnation cycle has a tendency to cause premature tacking of
the filmon the next board entering into the vacuum chagé&ebpanc2004o
commencenent of the vacuum |l am nation cycle.. Premature adhesion prevents
air fromescaping fromcertain areas along the filmduring vacuum

| am nation, which, in turn, prevents film 20 February 2004 -10-
conformance. In the 'case of solder nags, lack of film conformance
results in | am nation defects, such as unwanted puddli ng caused by

pr enat ur ECBFEIIBICE i n Iltnetheas:asef o Ismﬁ_l‘dé;f Qﬁ,ﬁ&§ 1286 ?rl%m

conf or rraa@gfb%\gﬁl ng ort ons of e circuit

traces caused élegc%éﬁfﬂ%e a heg‘h‘gh %udﬂl“? Jgaas previously

descri bet™ ‘?‘ﬁ‘é Jflm’/emulaadwhy @e\enﬁtdlﬁeo acBdiRss. t his prabl em

Wi | e theageha$ haSQ e ddre th| s rerrature t acki ng

probl em g%l sfact qr ansmgg%asigcg g% %3 ¢ kerdpceo |t has

been pro’f)%gg PééééQ 1;Jlﬁil pertmouanmefnttu-mailﬂmli?@ ordease

vacuum | ecahpadi by g@@oﬁ@@té)ugéﬁégfgn Q &ﬁrﬁ)@vabl e ;?lpper heat shi eI ds
"I'he r 8novabPe TH A%s are

bet ween the u | O at ens.
manual | yIE If%gjegﬁﬁg‘y bgﬁﬁgg\ﬁ%qﬁe %eﬁﬂr@ﬁﬂntommptavﬁnwam&@i yedef ore
pl acemeraddoésshehbeapeobleifle vacuum chanber. Evacuation is then

comenced V\ntﬁh}afe at S ieI s serving to insulate thée resist from
el evat ed t enperat ur e2°Fgnge 5P aliempE ote eaddeeals! thfist he air

bet ween Rﬂﬁ;namrettanﬂlhbep&wl%m,beg Oéje?tf@f’ép] gogn Qvet}__egﬁ ari/d mechani cal

eslr cause it

pressur atc W Se _pr.ocessin
S enUﬁxi ﬂ_%)oo s#%ﬁqu or Hhsd rt(?dlﬁﬁrl $¢meﬁr@pp@mdt tlwoar ds and
extrenePWQQﬁﬁﬁ thﬁedsyvﬁllﬁﬂ dm<aﬁn¢gnﬁi5hapw&gﬁégnokgenEQ refore, to

provi de ¢4y of. and appar tus or, appl yi ng er vacuum
heat and nec Eanl cal pre‘ég g qp‘ﬁ:l Ci)r“é’s"r%tr?’égvébllﬂer mask) to
prel ani W%rﬁﬁ%cﬁhi%hdstbetween the upper and lower platens.

The removable heat shields 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
photore51st.(egsolder mask)to prelamlnated printed circuit
boards or other substrates, thereby to remove all of the
air entrapped between the dry film and the surface of the
printed c1rcu1t board or substrate to assure complete
conformance of the dry film around the raised cirecuit
traces and the substrate surface contours.

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




boards or other substrates, thereby to renove all of the air entrapped
between the dry filmand the surface of the printed cirQoiRebheay 2o®r
substrate to assure conplete conformance of the dry filmaround the raised
circuit traces and the substrate surface contours. Another object of the

i nvention is to provide an inproved nethod of and apparatus for vacuum

| am nating 20 February 2004 -11- prelgmnated printed circuit boards and -
substrates, which nethod and apparafal'prevent premat ure tacking of the

| oosel y mfpl 4180h REEHARH v 0 surface of _the printed

circuit bq%rd or ugs rg?%#%%f%£&€4%€;£§?ﬁéﬁgdﬁnéoﬁ&%fFrﬁFe?heaéﬂF bet ween
the dry TSR AAEhaPEB&RFUST Prewails rans surd aoceckBegl bFanheher obj ect of
the i nvérid=dl y Sah®l P&EV| j { f d ratus for vacuum
| am nat iR [%I a}?winatgdpg?ilr??ggaﬁdgﬁlﬁ?y %a%%%nﬁu%@??gﬁso ich are
bot h opé?%bl INEeR PRErpAE Spersnomeubstrdts |prioer obat evacuatinnous
manner . ofn =cc anpl tledi §art be thy@egoi her . .obi ' he

i nventign, there i 5161? ovirded an i npﬁfll%vggilng% % %ﬁﬁ%}/}gﬁ?%gog
prelaniﬁﬂﬁﬁfﬁﬂ??ﬂ% AFBuit board or other substrate which prevents

premat ure tadising efnd el ynf L ophOQ! S8ERTHOAINI AUSEod pathe board
conpr|S|Eg.the fo Iow&gggke features: (a) placing a prelan1nd%ed board

or subsPFat®PHP Gt B nCéf 2ad) gnpE radien g aievacwunvbyming bingovement

i'nto a paelamichardierpregted ef rauidudloeld éﬁﬁ“&ﬂBééﬁ? qﬁh%ﬁﬁ the
appllcagE%nb%% va uuq¥% heat and,nechani cal pressure thereto, e |lower
bel t conveyorkbéﬁﬁﬁr' 1P alPePz éd-lAnen S VRde b @tkh dghd eB81bElI t  havi ng
two di saiiiomatect icnmstLupaoughinghnkie board can be placed, the two sections

bei ng so poskt.i ch.that,,, when one section of the |ower belt conveyor
islnngd 3ﬁf%klg%% e the gaﬁﬁﬁﬁpéhéﬁbePtggﬁi&&JQQﬁ%Yﬁﬂmﬁf segtyon

i s novetheulnykenddiah r eghenef bs pookiidgdans g2 oved 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



versa; (b) indexing a section of an upper belt conveyor spaced above said
| oner belt conveyor into the vacuum chanber region, the20fFebruabe?@04
conveyor being characterized in the use of an endless belt having at

| east two distinct sections, the at |east two sections being so positioned
such that, when one section of the upper belt is noved into the vacuum
chanber region, at |east one other spgfion is noved out of said region for
20 February 2004 . 12.. cooling and vice versa; (c) stopping the novenent

of the coolemdelrid cetweypersnge (he shedrdne HHY qebddthdnPr 9PeEhaPOSi tion
in the é&@ﬁ%p1cq§$ber of the vacu%g#L n1ngtqr; (ég%%dramnqg a vacuumin the
vacuum ePGr SORYREOT SORFEC] G eV dcu bt et PEPPFYal | of the
ai & f r oposhgtivwee : I’]'Idlt Hd}}@llrvaq‘:ﬁhi_m aghdnbee of frare \ﬁa‘c%ﬁ@hm:’@iﬂ?@ér;s?bsarate
and to c y. filmin intimate contac t e surface of the

boar d oﬁhguggﬁé%%g 3 o1 FOWEY B tﬁ%pWPERFFbﬁ 5 Mt tHBRt to cause

t he dryshiffrbcientf Itow evakcsatéi sibstamedadniycall lpressitie ot heckoard or
substra h yif.oree th eated | am nate conf or closely to the
surfaceb%gﬁlgghr g:rhg%) C%%ig %%%é‘ﬁ%? ghﬁsﬂ%%‘@;ce rﬁd%h(ee;%%‘—tn%r?rt he vacuum

| ani nat Euhsprétss xrid wonplace, theodvyyifidnt He dniciesses do@tgcor substrate

new pr ol B natSt oA orf nitle: RarHobr: SABsb R 1o 5E1 % convayor
whi ch habpPBéeatdldnwet switboientt bedt the causeuwhnd ahiynafdimdosi ng t he
new pr o aac Uty dhdphdREcniPBRsI9 R BR R ROLRRE ) Vacuum
| ani nat EBPEETBES Aia ithesehy sposed thet heatedulandmatiserto ampytasnween coo
ecti onepRCtRe Rt M8 rantplzy Of th AoAREE: Mbi@Eall ! (he
dry fil®Rdsr /) héditaty the teecrunt lananptdent prelopsadter iepbetee

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.



board, when exposed to residual heat given off by the vacuum | am nator
which is still hot froma previous vacuum | am nation cy@OdebheirpE@04 he
filmcan be conpletely evacuated of entrapped air. The aforesaid steps are
preferably perfornmed in-line and in a continuous automated nmanner, -so t hat
the nethod can be adapted for use in an fully automated in-line systemfor
manuf acturing printed circuit boards 0 February 2004 -13- In
acconpl i shing these and ot her objectla § of the invention, there is also

provi ded an|1ﬁNé&@55§qysﬁhh§1tﬁ@g&pr ureéﬂgéﬁﬂgsk v%c%ﬁn1laninati0n

appar at us ri sing :the: Iomnng (y e p?OVISI H of a
vacuuml%ﬂﬁ%ﬁﬁ N havhEget be ﬁﬂ@@péﬁﬁ@m;%d an ,inpadyedetivy Eddweyor systens

aSSOC|at@@ﬂdﬁﬁéﬂﬁtherSQSEH@EIﬁd%ﬁ‘%%ﬂuuﬂxiémfﬁlve¥ rpggggggﬁggpfgrbdt

conveyor; the |ower b conveyor being. opera
nnvenenf’&W?*ﬁ?n%rEm%nfﬁ&@@&lﬁﬂaﬁfkwf%ﬁﬂﬁﬁe$neﬁhﬁtbrandsaun off she vacuum

| ami nat eadnm dphlgatbenhak i vec $ws ﬂﬁﬁﬁpéﬁ&hﬁ@chfqécalguﬁﬂ?sﬁgl% to the

board and belqgﬁcharacterlzed |n its use an endl ess t "having two

di st i ncEEEG ThSYPbAInREROCiRE Shite tam By Hrretplileat hewesct i ons
bei ng sbelptosnctnmm sanadi ahaudeiermem:e AR Of thdelrbguer phgkt s

Rt SRR TR L R (R MR TN R R
conveyopraélang.rmjmxbdaoabdverssuﬂasPtQWQfe belto conveyof 68 the vAESHUm region
gLaﬁggterlgé%@ fﬂg éﬁ?%fcaﬁléﬁgP T ?ﬁlhéﬁgﬁée Or5$§égﬁnﬁﬁéldlstlnct
sectlonPrEBaunﬁtuﬂrtheabmandaaddobbng dﬂkraﬂﬂﬁﬁﬂ&@@aﬂ@eitgegg@n of said
vacuur BETRSALHIMED A 1y AR 05, ASRSLER e LE BRSOl U over
of saldthégb@ﬁnﬁutanchﬁV@laaedsuthetm&b|amunmﬂuﬂlhﬁun@ss@ne section of
t he |0“§6$Q%£bd@&”kd@ﬂ‘%héée PA8LI A 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



substrate to be vacuumlam nated is placed is noved into the vacuum
chanber region of the vacuum | am nator, one section of Adebuape20lfelt is
noved into the vacuum chanber region, and the other sections of the |ower
and upper belts are noved out of the vacuum chanber for cooling and vice
versa. The aforesaid apparatus is preferably further characterized by the
capacity thereof for autonated contlﬂgous operation. It is also preferable
to provide 20 February 2004 -14- such conti nuously operatlve conveyori zed

vacuum sapl 0 e 1 RBbuL 2y OBBERKI G A ARIIAAI AL an. | automet ed

I nput roll .caonve 5%% ee Ing prela CIrCUIt boards or
substra@gf%ﬁﬁ%F'%e ?oﬁﬁt@HeréﬁﬁV@yoﬁnb@ﬁﬁﬁcha¥¥ﬂnﬂW%¢h@§nas to allow at

| east ometchmared Qtnpwbsi*dsmecbﬁvéﬁroh:@. tos: REMMd 3 é‘?%d% yle the
ubstrate to vacu ugblan1nated s~ sta E03|t|on on an

next boar
i nput gan%5ﬁ€é§Hﬁ 9%5d9°?555t3§ S ﬁFraEﬁﬁuﬂﬂﬁQﬂﬁnﬁuﬁ%FP@§ ed to begin.
Upon cosphebivor deltde ﬂ@cguﬁhlanwagta@nt@y@ygoﬁtgt[IéiggdoﬁérCU|t board

br i nt ecbRFRuRE OTAE BEDE0aBaUH Ehf NACHE I oMty | Weblehe f1rst
vacugn1thenhext'Enﬂﬁdnmwm@mbsﬁﬂatéyeblb@dVW@Hﬁmﬂﬁﬁﬁﬂﬂéﬁéﬁrlgas
acuum RegEa ROl Y BR P BU Eo T i e e e BB aE 06 LRBT have
been preexli watednwitanipdiot onesysleotosbkgdn . msip dif)t:cfmﬁallétﬂoﬁlcéﬂr dance
s Uhnapigiess, CoprTelin 1 5 B, Binglt g kS
4,992, 36utoaﬁal§a@&¥ZEHHVG?EdcouVeyﬁrthedvdcmumIhamﬂnatmf$|§mdor sol der
IRk 208k SSRGS L RO AL IR AT COMETE |1 (e ot
prOcesslﬁ@l@ﬁtgﬂylﬁh@ﬁﬁﬂ@@?@d ppto 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.



sol der mask filnms requiring vacuum | am nation during processing. The

i nvention provides the neans to automate the vacuum appRki&abivary 20dcess as
an in-line system while at the same tine 1) reducing common | am nation
defects, such as premature resist adhesion, and 2) substantially
elimnating the need to repair or rework finished printed circuit boards.
20 February 2004 Wth this descriptigoRsof the invention, a detailed
exenplary and non-limtative description follows with reference being nade

to the acgprrwa_rtgi rig_li% Weserdbtdloiid ¥he kool b dlddiYe

specifig R ch ki re_desigpate e sane reference
nunbers?gngﬁé?fgh%@ﬁ: EbG#gTE?éEgvgigggsféaﬁﬁ?nafggﬁ?ﬂﬁtw%??uﬁ?ﬁ?ﬁe?ﬁemhich
t he conVe¥Bfipadedtal thel acoawpany appl Fiatoes obft ieawpnesenich nFerhi on i s

housed; pit6. o tBe' 8pdkagiaguRbhCiRELERERT | YEe Vi N; Ao S§8L Eqnd ALPSS, L han
p t he dual bélt convey%}(rge %%%\%%n?%? (g%l %ar'1€6e§39¥zed

of FIG, 1 illustratin
vacuum %%Ii%%T%rr?hegﬁﬁﬁ?dﬁﬁ%Eerﬁﬁ?Hdtﬁﬁ ¥reslht invention;, FIG 3 is a

fragmented d i1 qvig f r | t anveyor, of the applicator of
FIGS. 1 and g;&élfl &féﬁ‘% %%ggc#ggg gggtai Sl e%v%tlétfcéu’&%cgﬁnf’&lé’% nat or
t hat adbtBft egesevorimsd bduadebelitt vacham appkyeataedofachem appl i cat or
and‘MﬂﬁfeﬁéhHSEh@éhﬁioﬁ!féeﬂoagéﬁgti0” sequence thereof; and, FIGS. 8-13

are di agrammtic Eenspectlye views that illustrate the function cycle of
the conveyor¥%€d ¢addu dbpyremmatics pErSpectiared Clawheon eaptogdd to feed
pri nt edl aé euthaboydsas, 51'b§iiﬁ§%§a%!1‘?1§f‘ttr?e td ey Fﬁéfggl% h@%y acuum

| am nat or . The conyeyorized vacuum applicator according to P e 8 esent

i nvent i TP HER Par theuIGANVRYPTLjern VEFE W RPRidatinhalh oacobrdanoeed

circui twbgar gheapeetlehst ral®sneionvaryi ng thicknesses and si zes, typically
'narange PN 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
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71.cm, which boards or substrates have been "prel am naRédebmanh2@04 oose
sheet of dry filmprimary photoresist or. solder mask, with or without a
"‘top coat” layer, as hereinbefore described. The specific function of

t he conveyorized vacuum applicator is to automatically apply a conbination
of vacuum heat, and nechanical pressure, in that order, to conpletely
renove all of the 20 February 2004 1 6 air between the dry filmand the
surface of the board or substrate andlé® assure positive confornmance of
the dry filmaround etched or electroplated circuit_traces and irregular
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support sEhEUGHEEL id Fl@EBsJ@ranphhi ¢hvies cERYhatide FOMIRY hyed  vacuum
applicator, designated 12, according to_the _1nvention. The conVveyori zed
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| over bektruohuepoir?2Erexientd i onewHith- éadmoanaeidonhe monvestomirakeat , t o
defi ne N pat:h. f or ot »a ' l,anj nated into and
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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



novenent is froma "down" or non-blocking positionto an "up" position to
bl ock the transport to the next succeeding conveyor of &a0febnaed2i4r cuit
board being transported on the input conveyor 14 from precedi ng equi pnent
indicated at 30. As seen in FIG 2, a photocell 32 is provided for sensing
t he approach of a printed circuit board to the exit end of the input
conveyor 14 and for initiating the aefldati on of individually associated
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the 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
foxmed therein that extend for the full width thereof.



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 oile @Rdebsarha0dhai n 38
and at the "Qther end to the chain 40. Carried by bar 56 and securely
attached thereto by suitable bolts 0): rivets are bar nenbers 58 and 60
of shorter |ength between which the end of each belt section is captured
and -retained. As best seen in FIG 24gdividing the belt 48 into its two
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of the phputideshysyan ldlantrical 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



the | ower belt conveyor 20. The notor. 66 is a variable speed notor, being
selectively energizable froma source of direct current 20febrignpde)4

t hrough notor speed control potentionmeters 80 and 82 and a selector switch
84, as shown in FIG 1, to drive the input conveyor 14 at a speed of about
three (3) neters/mnute:(mMmin), and to drive the input conveyor 14 and

the |l ower belt conveyor 20 at a speed 19~ about nine (9) mmin, as further

descri bed hereinafter. The _ arrangenent is such that the input conveyor 14
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| am nati o prp%géé %g gyogéghs tizre IS (ggv?%eﬁéﬁégu%g%ﬁ EgFt section 50
and 52, Txtdekensbenarianged fo dashifidm shevbpdistangestpwardd2. Cam
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frame 163gF @Rl i 88tor 12. when the printed circuit board travelling on

one of the Ipyersditingerheans prelamifatedMEhids (O M PP Soard
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 seen 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



position relative to the vacuum | am nator 18 for the vacuum | am nation
process to proceed, one of the apertures 62 or 64 in the0FetrarbilOd
conveyor 20 i.s positioned imrediately, that is, vertically, belowthe
vacuum |am nator, as :best seen in FIG 2. This allows the |ower platen
94 of the vacuum |l am nator to be lifted up through the aperture into
cooperative relation with the upper _qjaten 96 of the vacuum | am nator 18
for effecting the vacuumlam nation of a printed circuit board then
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DL, T HBPEREOEh SO O 22 el e pelr ol |
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
geal when drawing a vacuum in the vacuum laminator 18.




up roll 102, both of which rolls extend across the width of the applicator
1' 2. Mounted adjacent to each take-up roll 100 and 102 26 Febumop2¢tdt i ng
guide roll 104 and 106, respectively, -as well. Wund around the take-up
rolls and secured thereto by suitable neans (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 figgerglass reinforced rubber or Teflon
coated fiberglass. A total thickness of the belt in the range of 0.013 to
0. 025 dihrissidesbrahe treasaurthdthathé heppersrancofpltiee bedgalloghen
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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



invention is illustrated in FIGS. 4-7. Referring to FIG 4, the |am nator
18 includes a | ower novable platen 94 and an upper st atRORebyapl 200dn 96.
Associ ated with the upper platen 96 is a resilient silicon rubber blanket
114 at fornms a ceiling for the vacuum chanber region indicated at 116.
The |l ower platen 94 has a well 118 into which a prelam nated printed
circuit board or substrate to be vaggumlam nated is positioned on a
silicon rubber insert 120 for vacuum | am nation. Sealing neans 122 in the
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22 i s APSHUTbSIFTHIREOL gfPed HSy Ai&ﬂY%ﬁ tHIHIAS i n the vacuum chanber
as (1) The board .to be vacuum laminated is 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.



shown in FIG 5 (2) The lower platen 94 is noved upward, as shown in FIG
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phot or 88fstt QQPQEHP%®EQEf95n1tﬁuﬁbnﬁéﬁm dﬂ“ﬂﬂﬂpnlkﬁ$alsed el-ectri cal

Ci I CUl nebh3@dTaAN hrSai s fé oﬁoﬁh@UPiinﬁéh %ﬂg%uﬂﬁaﬂﬁﬁi&’ﬁé f&f@%ete the

vacuum in the vacgtm C S rel ease oW ng at nospheri c air

fo entée bﬁ@h§d1PHQF%%@ﬁl@haﬁﬁeEQlﬂsﬂ mﬁsﬁhéﬁimmﬁo E®rm4  wher eupon
the | owebublakenR %J‘[@é’db@l@Eﬂﬁﬂcgﬂ‘ﬂ’@%&ﬁl%u%r%fcesc%H&Céuz‘_“féﬁethe upper

platen 96. It is noted that I n accord the i nvention
preIanFHHFgﬁrﬁoards to be vacuum |l aminated by the conveyorized vacuum

appl i caggr waew ltwamp@efsc(% 18€e, Pyher @aeduRd i@qWHIBH cidin t he
in-line s ern 1aétho rgel aseddﬁméfgowgg u%ﬁ:?n%'sehgez.l dces ,(]glotoshown) may be
pr ovi dEB e y g pheric ai

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



that purpose in association with the input conveyor- 14, The function cycle
of the conveyorized vacuum applicator 12 with one boar d28tFebruanh20tdei ng
vacuum lamnated is illustrated by FIGS. 8--13. In step |lof the sequence,
as shown in FIG 8,.a prelamnated circuit board 136 is shown arriving on
the input conveyor 14 from precedi ng equi pnent 30 running at a speed of 3
m mn. The adjustable barrier 26 is g4 the "up" board bl ocking position.:
In step 2 of the sequence, as shown in FIG 9, the board 136 is stopped by

barri erc@btanddi dynmpredddimy ed;'hgpjfﬁsﬂt bbﬁby\ghﬂbustbhﬂ.e: @uiﬁl‘é@ﬁr ed gp with
respect ;. thpe t el n e, the board,136 rea as een
centeregn%g %ﬁé%F%Q§§%§§¥§§§§ %ﬁ?ﬁhgé?nﬁoﬁggxoﬁoqﬁebrE@Fy £Y{

cent er ed bysprecopiedy eguipnemttoatidy aflj aseabremgyndedc olndichshown)
associ | he .c e . e:; Go 4.1 ped,, as by
actuat?gﬁqagné 8§t§§n§g%%¥?%a%¢u%%ﬁ l%BQ%§¥§§oﬁ%agh§h§&g§a93d136 | s-sensed
at t he @¥eefdbyt fbeephafyoadkl pBdt ocel | 32. As controlled by a

Per ot ance nie SpByERNLER K a (il R PRog PO COBbL BRI : 1Y i iy, by
act uat i diber ardiegkeAdechematicabhy Iyfthaerebguence, namerafoddsi n Pl G
10, to inelepse tbetﬁeabgryﬁér'2@“&%EHEﬁ%ﬁ?%@e&S@ﬁﬁﬁggiggbb'int conveyor

14 and tqf | oper belt-, conveyor 20 are starte ropriate

ener gi 2ATHC1GR Pheddir 65tlinideems it ovtam 3 orf opbeaskgientea speed of 9
mnin tghdwpadihhpraoand, 136 qtepae of tﬂ@?f be L9g S0 of -the
bel t cgg*; or_20 and Ihéreby into vaqu%1 c éﬁggéﬁllgﬁ%?a?ﬁgbggcuun1 )

| ani nat 1%3‘:5%?%%% REPUSH STONERYPY oltbrand akmslovarsbepta of the

B oVt o e e P e h b o yor 14

when tﬁg?é%éléarect current motor é% 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



board 136 is in the vacuum chanber 116 at a position directly vertically
above the well 118 in the lower platen 94. The barrier 20 Februzmyvaabiup 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 chanber 116 in order to release the tension of the
sectioned belt 48 of .the |ower belt giopnveyor 20. In the neantine, the

i nput conveyor 14 starts to run at a speed of 3 mMmn while the | ower

bel-t congepsed20yr dim EhctateDNaBy. t OMEEGRhYGed BEOW 1RHRIAHNALLH printed
circuit a, a : | am pated. The new hoard 136a arrives from
t he precggi%g Eé%uf%%%ﬁﬁlg%ﬂﬁ#%%ﬁ%glgafstﬁﬂvﬁgrV?gﬁlﬁg%ﬂﬂ(HPW%?qr1the up
posi'ti onP¥nd RBREMaANicymeent (ndier svewh) . ThEhNPUerC PYEES pidek t hen

st opped 8Pd40 e Jew I s 20, February. 20 -25- sensed by the
photocel?pgz. NEE%%#FPE, thégpﬁ%%%rg%?gF%ﬁesggﬁant%QeviEWﬁﬁiﬁﬁﬁﬁhator 18

i s+ moved“YRYeVeEr | Yhighampedyize pheutiaein cinavethdtaihaliynmEne | ower

pl at en paBSIeSEhEPTBY F of apertur 62 in the. | bel t
conveyor mhiéh a%gngaiglgé t_gﬂfin‘$%$§$%a?ugPigaﬂeﬁF aﬁkpﬁtﬁﬁﬁﬁi%her

pl at en G4 PREAGLEFBIREAL 2imes actaua st ovacuampstdgteoti thd vihmaum a
first vastowesépderebrt B ivRCU r Lch, f.or a set period, a
sl ap down._ , act{aon, a:g gg%??i'tqelf?ﬁ %%ﬁ%‘%?%ﬁ&w %\ﬂéﬁ—ﬂ’i d?f'mi's appl i ed.
During tHEEARRUURS paserihedoda caedsiomartch ByGt hd, hésters 128 and

130 of sl 18ger BALLhOBRGPLEAR ILASPSChI Yibdea PGPS AL \Ng sequence

S shomg)iq:Flgﬁ 12. Thlé Is after g%e vacuumT am nha has been
conpl et &F thhAeAEEEH €48t Rady dPumic Herppas and r bdwaserlayenagt uat i ng
a val ve dezpaddioled g, i ntroduction of atnospheric air into the vacuum
chanber . Theéﬂomer platen 94 is then_ |owered by the pneunmatic ram down
through the 25%het Ohpeh® F@IBEDFR LFe ShewdY iBelHIGork@yorTi2zhs e i nput

roll 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.



34 of the |lower belt conveyor 20 is then noved back-toward the exit end of
i nput conveyor 14 by the two-position air cylinder 88 t@0febriane2glde
tension in the belt of the |ower belt conveyor 20 for novenent of the
processed board 136 out of the vacuum | am nator 18. The barrier 26 is

al so noved down to | oad the new board 136a waiting in aligned position at
the barrier 26 onto the |ower belt coyeyor 20, By energization of the

not or 66_as ontrolled by the PLC,_ both the input conveyor 14 and | ower
bel t conVEPOWHoley LReEgzatapnaofpeag 6ff ¢he mMopexr delt avotonsi d

unt oadi n10f cuhd 48 anessest PONELALRG e Phe Minsactinn 0 phec! over
belt con 8§gr 20 and the em/gaael 136a i s conveyed by t cold"section 52
of the ?[o Fh AV R & FOBBAT At 8t KB VeassuMiassiian 1% ofethe vacuum

| ami nat oinomemertheccc amaldd #ngitapper at tBIdS @Rs¥iod X ¥ oMide,&, signal to
stop the ngﬁ ar eyar.- 20, 20.Fegﬁuar¥ 2004 _26- Meanwhile, energization of
one of tRg Upper Beld- ot dtE +1 1656 V3¢5l cClismbed 1y e terldleekbuses
the uppesebslion 508 td!lxmm&eal ianf@::%@amardc@u]g:l:ese;v<—:.:l[1 %@migﬁéiéx%hé%%@ne

i ncremne avaj | £ a4 Cco section for the new ,.board 136a arriving
in the C%%%ggrgﬁgﬁbé%;é?%%ﬁ?%%l%rﬁﬁlfﬁesBE?F8H1§9l%ﬁy%ﬂﬂﬁﬁﬁoresaid
occurs, a newiprekepi faiodd tHoarahuside ) saqr shewAgihr emd.har erpdidg

equi pne nsst ¥ equence, _as..sho in FIG 13, board 136a is
fntrodug%%eén%g_ﬁﬁg§§§%ﬁ%%fc 8 P PR, hAmPe i na Eihce is then
start ed hiBiBapsant sequspere mdchenestatatdneh8teapdro4ind agpdoget her and
a vacuum 4 i C 11 T upper, and | ower belt
conveyo;%%égc%lgg%}semﬁ%%tfe%%t %%@?@f@s?eggg%gﬁf Eh% & FRRHR shSrt of
the | amifEavBnipr sbesyacawve duvodrel nl§, Theyuppkrasndsidwai ng:ighi el ds
to prev ; t f | O e_hoar Li.Qr .to c | eti on of
o1 o o P PETE! HEELIbAS é’ld“{nhigg @wé Nibs Bca P! 5%&%5&%%’ G i or and
makes al3grratt SERELe®itt FheTHamymbion poecess, 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



fromstep 5 as illustrated in-FIG 12. The sensing sw tches conprising cam
90 and sensor 92 nmy be of the type known in the art as2pFekiuart 3004
switches, a non-contacting switch. Mre specifically, the cam may
conprise a netallic object with the sensor, in each case, conprising an

el ectronic device which is fixed in position and is responsive to the
novenent nearby of the netallic camgnd is operative to generate an

el ectrical signal in response to novenent and hence sensing of the

met al | i ®roghjcsst birhisher pgohoueblle 3Rogind tontuhe lefod38i wyi kirzednt o
| i i o A i zed [ 12
or vachom o i AinBEEA B, Pand CohdRr S BT A ot PRI b o a1

for vacuum | ani nating oné™  prél ani pr.el am nat ed
boards &fntyali Hatmythe. seneradpeossdsgr comituedl [famafieng ype avail abl e
comrer Ck akh hdfir@MiSGieng b E SHRLSHI ot.bers. controller_ 138 responds
to the ¥ﬁriou§J§?5nals %0 Feggﬁa?écgEHAEng 55b§%§§ B FheS ot Decel | 32
and by tHESgr gankngl sfirekioneninelodet thenaotaedriom oondest with

repr ogpa (o8 SR e \Y; : i I f tions
PncPud?EgaFFning ofI?%zq%ggﬁ%%1%?gcgggipgﬁiﬁa??néggiég%5ﬁﬂﬂ%hese control

funct i oRESPRgtdde Tk TR% Uhe ohOVaTrt Rdatpnepbhes edesticmmEgndis ai r
cyl i ndegsug8hang,8&hd %l&ﬂ@@ﬁ&ﬁft&ﬁnﬁEOEQEhﬁlog:%‘ﬁ?{)sﬁn%c! géb%%{@d’ cont r ol

el ect ro.maagg%i c_ clutch é& the selector swtc .

“Lnd t he ot BPs Me6e EL (P tndt B4 2n%ol L onvERFeroavenicanganifation in FIG 2

the contlphspatbiodst weerridie Plehe 13Snepd1t stﬁslvgrezdwé‘éa{'tﬂfé i ces Just
W €

ment i on hayv een shown in-dotted |lines. Tt > under st ood” t hat,
althougﬁg%p?néhgaﬁ,%ﬂ“?ﬁ%;t?RP¢¥%%sd?ﬁéFﬁﬁeJuﬁﬁem@nﬁﬁﬁﬁﬁﬁxhﬁﬁe _
andappriegen ashowas ineldo i 119e4 NOSEL ki ki eBe LAdRR RIdq (GRver sion
deV|ce§a§#$gu§ electrically., op ra%%g ﬁneunatlc val ves to control the
vari ous élpﬁ efs Q¥Hjtqﬂ?r§hﬁl i t1R8f LBRdUERec IS rel ay _
necessary and;appropriate, as well known to those skilled
in the art, conversion devices such as electrically
operated pneumatic valves to control the various air
cylinders and the pneumatic ram, and -electrical relay
means to control the motor speed control selector switch.
Furthemmore, 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 aveid complication of the drawing since
such circuitry is also well known and understood by those
skilled in the art.



means to control the notor speed control selector switch. Furthernore the
el ectrical circuit connections to the several input ter@Dkrabsia(n2i04shown)
of the PLC 138 from the photocell 32 and fromthe sensor 92 have not been
~shown in order to avoid conplication of the drawing since such circuitry
is also well known and understood by those skilled in the art. 20 February
2004 28 CLAIMS: 1. An automatic conv28yori zed apparatus (12) for vacuum
lam nating a dry filmphotoresist-formng |ayer onto a prel am nated

printed cirguiirgpoard (136) or other substrate which prevents prenmature
t acki ng of tcgﬂi'e—d'ry filmto the board or substrate, conprising: a vacuum
| am nator (18) having a vacuun1chanber regi on (16) for application of

heat, vacuu an mech nlc pres pr Offq
substrate pl ceddzf“'hergl Oma iLSV\e %g{e?o%gr%\%g oreir'éig%); per atl ver p03| tioned

for WDVEWEHtV&ﬁl‘iutﬁrhElamﬁhaﬁlﬁgt ad dwar i bf phbSbraB&stl—lﬁbmmulng dutyeof t he
regi on of the vacuum chanber, sajd | ower belt conv ancgﬁﬂ%ﬂg an
endl ess bel tOf4B) 2 hRREAGTERG TGt PREATEECt FOHRSIESO, %% up H the

board can beo@@fegubébfawowﬁeehlaeeveﬁtggp§ema99§bt iraRed ngUQT tha, when
one section the Tower Dbelt 1s noved into the vacuum chanber region, the

ot her sectidryifiboved b hﬁaséjﬁrrﬁgb%mIQM%rv¢@@P¥e$B%§ an upper beIt
conveyor (22) spaced above sai d r yar, URREM sl

conveyor including ‘& belt ?‘.‘fa%‘)la%%%\?n(& e‘g@&t\%p gli%‘g%ﬁrr[fct sect | ons t hat
alternate i ntggamd oytepf the vappmﬁrcahaaber ofegheatof vsaiihmvac e

| am nat or such that, when one section of the upgﬂ_ beI é noved into the
vacuun1chaMﬁﬁC¢%%¥%% RLYS8IE onkCot Her BESRIATAL Sy elOBEE 0f°%ai d

region and ¥iGe YEESa1 888 therein;

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



a controller (138) for controlling the novenent of - the upper and | ower
belts such that, as one section of the |ower belt upon w@liFebruahe2@@ard or
substrate to be vacuumlamnated is placed is noved into the vacuum
chanmber region of the vacuum | am nator, one section of 20 February 2004 29
t he upper belt is noved into the vacuum chanber region, and the other
sections of the | ower and upper beltfgare noved out of the vacuum chanber
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
| oner pl at enti®@4yppast bpétadapieyeto WEC fhved ‘1“ht"fc)l1 5 " Egigenent

with said “pgﬁﬁa?hgtSPheEOségiﬁbﬁav%%u%méﬂfﬁngy dnkb)upptr APRIAtdi%e

according to ¢ 2 turther 1ncluding: heater neans (1128, 130) controlled
by said contmeleér outl38) tbe heatiumy thembpperfqs acenling) amdd ¥¥ee | ower

pl aten (94) of the vacuumlam nator (18) to a tenperature at which the

| ami nate on YReSBoard (136) or substrate has a high flow characteristic.

4. Apparatus according to claim3, further including an infrared sensor
(98) at the exit of the vacuum chanber (16), for measuring fhe tenperature
of the |ami Aat edRbpardtegi BFRGTALBA tRRe Sidddunt cHRR™ 4 o¥ac n‘Feri di ng

a signal to Egﬂfg&?g ﬁh%@e'ﬁa@e%t e 1RANR 1 128t 13NH ry Oudéqﬁ@feﬁﬁgt@rﬁ
decrease the I'am natio enperature. b. paratus according to any one of
clains 2 to 496f urdrder ai nbbwelt ngplademechi8Al calhalr eds compiord edobybesaid

controller (138) for causin he upper. pl at n‘élq_i of thé% C I?anber
(16) to exerTPOHBENHRI ¢&) %%&éﬂf‘é«! a[qqeé“eﬁbar 9? 14 %igt#gﬁag 0 cause
the dry filmot @oeRNEOKALGARPLBEALYt Q1he surface of the board or
substrate.

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.



20 February 2004 30 6. Apparatus according to any one of clainms 2 to-5,
wherein said | ower belt conveyor has its endl ess belt (48)Febnder20®nsi on
-with two apertures (62, 64) therein that extend across the w dth. of the
belt and divide the belt into said two distinct sections (50, 52), the two
apertures being so positioned such that, when the board is noved into the
vacuum chanber regi on, one aperture 30s noved into said region into
alignnent with the lower 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 of the | ower
belt conveyo6.(20kpparabue awicolrddnigoara phyucedet st eohaims o2pdsi tdon in

t he vacuum chanber region of sajd.vacuum.| am nator.and t th ection
to nmove out BRETREDVEE &mrﬁc%%ebe}ﬁgi%ﬁl,veg%ec Hd Aotor ,Slii%lgper abl e

to cause one(sgectin@Brofdntg elwifH 08yo Okpteunpper(dgl t6nonsleyosin (22) to
i ndex into the. vacuum chanber region (16) and at |east one other section

thereof to ihbek extend pREOSPatBHEMWE ﬁb@ﬁ g Gl FhsShvy )t%$erable
to serse the,pos 1hag! A% rddieaboarfot ns%ggixaguq@oqhaﬁqeﬁ {1891 Qo and

provide a srgnal to stop irst notor ) and novenent of the belt
(48) of the hpaetubebktbedngepor posdd ithed carah ithatwwehien ntlee proped

o d belt of LEnSBHbrtuhvEPSr AR CRUBRAr AoPE Hov el rReCErORe
position in thepvasyuRhtehamher dgican;im® Rebidraien2004cBltke | ibkepper abl e
tolift the lower platen u t hrough the aperture in the belt of thg | ower
bel t platen, and the other aperture 1is moved out of sail
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;



conveyor into sealing engagenent with the upper platen thereby to capture
the board and at |east a portion of the belt of  the | owen Feshianczungeyor
upon which the board is positioned and at |east a portion of the belt of
t he upper belt conveyor within the vacuum chanber; and a vacuum punp (124)
to evacuate the vacuum chanber; said controller (138) being responsive to
the signals provided by the sensor 3nd operable to control said first and
second notors (66, 110, 112), said upper and |lower belt conveyors (22,

20), said tension j st e 8)r said 44 ftypand sald AGUHUR p
(124). 7. Apparaf%s%ggggr|3éf%%%%l&?§\€gﬁﬁ%réiﬁgthe uppe#ﬁ'plateﬁﬁ?QG) of

t he vacuum ctiawdesh ( e | apbrtdesea ini abler ged t 11o) that lewsubsteddtially

inmpervious to air and forms the ceiling of the, vacuym chanber ., _and
further inclSRFWRY A }PthSﬁ§§§ e?ﬁﬂﬁé%ﬂ%ﬁﬁiWiF%e eﬁgﬁﬁﬁjgﬁéﬁﬁﬂnpunp

(124) and sajeVasy Uy ChapbateCenle’ HdAd hsahd leabtr el lrirt(ibaB)oif or
evacuating said vacuum chanber; a second passage (132) commruni cati ng
bet ween sai dthyak@li pafip el tiewedpabel bet RBIEERF d WCAbhY R artd®€ t he

PPE Bl ol ohdaPd | 9NhEALLESAR SRk LOMLIRLL o4 bELLIBUACHA RS 19l Space:

a third passage comuni cating between the ~space between said

di aphragm anelf t hReuppererpl Bé et apdvegior caittiriol | edebwasaiuth commtegd er at
the end of a first stage of a vacuum | am nation process to allow air at 20
February 200342 at nospheri c pressure or conpressed air to enter such

space, before atnpsphgeiigmai purp al (ed tecenkehachiige Vatiwmehanier, to
cause the di aphragmto slap down and agg;y mechani cal pressure on the
board or subshamiperosatdr contrelylen nekEB )t oPebhg| ERSPPESATE (1@ tHe sur face

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



contours of the board or substrate; a fourth passage communi cati ng between
said vacuum chanber and atnospheric air controlled by sabDdebrant 264 er
when the vacuum | am nation process is conplete allowing air at atnospheric
pressure to enter the vacuum chanber; said controller then being operative
to actuate said |ift to |lower said |ower platen (94) down through the
aperture in the lower belt, to actuape 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 régg

a hamhgre.andyppve the
cool sectioR P TGP T BRP T S p6ditton ‘f‘% Ca!ri:ak(r:ne}gve anot her
prel anmi nat edaear,d wersedsheabephaptct @iracisiandleard decoemtent 6heto nove
one section of the wupper belt out of the vacuum ch nbgiaéegi on %ﬂg a cool
t c

section of MeeUBHeThaRIRT /i D FBHIP ' 2R T2IRAFY 8rdi Aig to any

one of the pr i LB, UL HBE bACkUE Nha@d éRpPytbeepueyorto( 14)
arranged. t%pggxe%%ﬂ%ﬁe% prelamnated circuit boards (136) or
substrates dowcet Bhei neromadet heo | owafiryel ¢leseleyde (PB§. SYTXLAGSar at us

according to claim$8 rein said inpyt._.conveyor (14) is positioned in
end-t o- end G W he’s%"d';1 SRS atGr (18) and arranged to be
driven 20 February 2804 B3pasdeget bemaanicating baikdeennsrdld eaculds), the

apparatus further including: a novable barrier (2 t.he exit of said
i nput conveydrambes d Bafdri eR LRRSPHET B bo &' bl Si(:’fi‘?%?ﬁﬂﬁgsl t%n asﬁag'%a boar d

Bfn'b!OCkianﬁ&%&ifgkvw%HeﬁaiQhebaHﬂdﬂhﬂrﬂiéﬁ&ﬁatﬁ@hngpkﬂcbhe_bd&rd
ocki ng position; and an exit sensor (32) for sensing a prelam nated
board (136) cdmphetexallewntngf adai dti rppurosiineierpressure to enter
the vacuum chamber;
said rcontroller then being operative to actuate
said 1lift 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



sai d photocell producing a signal in response to the presence of a board
to cause the controller to stop the novenent of said i nR0tFeboaned@d4 and to
adjust said barrier to a non-blocking position, follow ng which said
controll er causes both the input conveyor (140) and the |ower belt
conveyor (20) to start, to |load the board onto the entrance end of the

| oner belt conveyor. 10. Apparatus g@gcording to claim9, wherein said exit
sensor is a photocell (32). 11. Apparatus according to any one of the

preceding LAl wierei b, st dr el |l e0MRdi e 1A 0! def3gipsk phe a
primary i maging resist. : met hod of vacuum l'am nating a dry film
phot or esi st appariangsl &yethert dnelprkdhg nated printed circuit board (136)

or other substrate which prevents pr ure tacking .qof the dry filmto the
board or substr &t é?o%%tthéji aﬁé‘_lteﬁg Zggi)sag'f:é@%) egﬁlg:ciﬁﬁgtﬁ’ pr@t%ni nat ed
board or sulgikal EcOvOPSr, SeGlIONLeEr Be ADHAG P! bdiald BLBYRYRg (20)
for novenent into a vacuum chanber region (16) of a 20 February 2004 34

vacuum | ani patséitieng)amdr at Heoapd! ineat 0w dinteaPositvaenuiiddy feéfani cal

pressure, ich.l r_.hel_t V. r.1s ry EH h gggg-gﬁo
di stinct 22%%F&ﬁémﬁéﬂggéﬂfdﬁggﬁﬁﬁﬁi%% %%%a%gﬁ%ﬁ %%ﬁgge gp?aced} the two
sections beiamg so positioned such that, when one section of the |ower belt

conveyor is noved with the board ﬂiio t he vacuum chanber lregigg t he
Gther section is3fovBdtbutSHS i d S4legtBh fETLY i iy RAG OTE8 vsgsa; (b)
i ndexi ng ong36¢t i N3O &R UPREr held eAAVeOr safd2)igpacedoabeyersai d
| ower belt conveyor into the vacuum chanber region, which upper belt
conveyor i s seliar apherogetl i privakicigioata| sdgnaduwoln dreEPREEeset | BRE, at
least two S%%:te's%@lscebeo'fn% $Hard 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



posi tioned such that, when one section of the wupper belt is noved into the
vacuum chanber region, at |east one other section is noeg@ebuianofoossai d
region for cooling and vice versa; (c) sensing the positioning of the board
in the vacuum chanber and stopping the novenent of the |lower belt
conveyor; (d) sealing the vacuum chanber to capture the board therein; (e)
vacuum | am nating the prelam nated board within the vacuum chanber; and,
(f) when the vacuum |l am nation proce¥ is conplete, opening the vacuum
chanmber and noving the lower belt until the one section carrying the

| ami nated board {Sca®yelaRihabrt Resyaguemelaanyey ifegiionh @Mdhddt board
is unl oaded and the other section which has been allowed to cool i s noved

into position tovalfé@émvénéndﬁwa%i@hnpﬁﬁﬁé&rﬁoar‘ﬁ’%?h %HU@Er eﬁeel.fj 20
February 2004 35 égnvé%ggtggp QQ%Egé%é@HQéﬁcg?%ggéginiUEEanjiggﬂdggng t he

steps of: (g) placing on the cool sectron of | ower conveyor (20)
anot her prel am nasedtponst eb@,i r 62t uponr dwiiidE) tdre obleerdsubsnr 2&; and,

(h) repeating steps (a) through (f). 14. A nethod according to, claiym 12 or
13, further irmlgh?%%%'bEESrgWﬁegF?Eﬁ?nﬁh%eé?%p§°0@°?ﬁ5ﬁ%%ﬁ%é§Fﬁg]on an
i nput conveyor (1ldgaf, PRBEbANMORRL efbcdioH dof 186 QowstbWdlal ecdnwepqr ecedi ng

equi pnent to the lower belt conveyor (20); (j) providing a barrier (26) at
the exit end of the mowegst Chileyde tRC3EBp RS nBRRNTRCUSM tFRAPRRY d  or

substrate and to align the hoadyor subst{ghe : befgveapraneedings oMo the

| ower belt conveyor;
region for cooling and vice versa;

(b) indexing one section of an upper belt conveyor
(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 into 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 wvacuum 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.



(k) sensing the presence of the board or substrate-at the exit end of the

i nput conveyor and stopping the novenent of the input cad¥epomrry Z004
adjusting the barrier to a non-bl ocking position; and, (m starting the

i nput conveyor and the |lower belt conveyor to |oad the board or substrate
into the vacuum chanber region (16) of the vacuumlam nator (18). 15. A
met hod according to any one of claim® 12 to 14, wherein the 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 20
February 2004 36 with said upper platen to formsaid vgcuun1c anher (16)
bet ween” t herh3 -saifd MRFROL oAGEYEALRHC EQdi T idh Ehal ERELDEE R4S 0 Fder

tensi on havilg tMe@Apgydures (62, 64) therein that extend across the width
of the belt and divide the belt into said two distinct sections (50,52),
the two apertures being so positioned such that, when the board is noved

into the vacuym chanher Bgagiﬁ’ﬂebeéoo N 41§ pper, s éo"féwe& agRly, one
aperture is vedinto sald régiron’ifito "alignnment ~wi t'he T'ower pl at en
and the other apeydrite/drs (MVedawdthedf pgaldmirgted gprdntiede odarsdt wherein
sai d upper belt conveyor. (22) including an endless belt (108) having said
di stinct section®d 33fes PSPPI e cuum chamber regi on of

said vacuumyyamalars i fPGMR el Mhedudihe(poard (136) has reached the

vacuum chanber, thé | am nation process includes the steps of: (n)
relieving the tension on the endless belt (48 of the |lower belt conveyor);

(o) lifting 1télfh.et :@“ﬁ%\x@@t e0.(3%4: 4R through fthe,Hal L gnefh apgrfing (62, 64)

in the belt
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




belt conveyor into sealing engagenment with the upper platen (96) and
thereby capturing within the vacuum chanber the board andFebria@psdo4a
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 |easB6substantially all of the air between
the | oosely applied prelam nated dry filmand the surface of the board or

substrate angithecghy Lppé? FeRLUA 203 %l BGe dllen deladibém (D6j ntimat e
contact with the board or substrate surface; (q) heating the upper platen

(96) and | oweetpkanerihegs)saidt beliaccrRimie¥rd nahetugdéng tadhperdiese at
which the d il mlam . hi h tgpistic;
) CCaust ng PR EupSD oG PebR ol A S Bl E BT AT A P

(r) causing u o0 apply ani pressure to
board or subsheabeént aHair cextded heatoad | @ne natidtho abntbemisdldsedndt o t he

surface contoqurs of the bhoard or substrate; 16. A nethoqfaccor lgﬁgto

claim 15, fuPENéRecofps siiftt t hEnkPepSaifhedthe VARG anPRGEE

conpl ete, of :(56%2@1','%@gﬁwgga@th&e@i rbé@n%ntﬁf baeitaomed shanber;
(t) lowering the [ower platen (94) down through the aperture in the belt
of the |ower thekt odereydre beardr dst onoved t heteendicorVa¢ymechaReerbel t

(48): (v) conyexing ine Roard glo SURSELAL e gt louddle Vacsls| anbagt or

and, (w contt arng e novenment o € | ower belt suc t he cool
section therapkricsraoved noedl PEsSHt Eandf argdonepireire ea bf gamemty with

prelaninatedthgo%g%ég g}gﬁgéftghd the other aperture is moved out
of said region and vice versa;

wherein said upper belt conveyor (22) including an

endleés 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



17. A method according to claim15 or 16, wherein the upper platen (96) of
t he vacuum | am nator (18) includes a diaphragm{(114) th20 Februamp2@®intial |y
inpervious to air and fornms the ceiling of the vacuum chanber and wherein
t he nechani cal pressure is applied by: 20 February 2004 38 (x) evacuating

t he space between the di aphragm and the upper platen; and, (y) allow ng

at nospheric air or conpressed air to37 enter the space between the di aphragm
and the wupper platen thereby to cause the diaphragmto slap down and

apply mechani cal prgssur@eofdtfie ribaarih oinsihsteat@diador gechhayyy film
|lam nate to conformclosely to the surface contours of the board or

substrate. 18. A hedHddoncedbathayteoSanfaene of clainms 12 to 17, wherein

the dry filmj pr.i i in esy 20, - ary
2004 30 COWE m?%%%%i%u[ﬁgwgqf?%ﬁcg%w% %EHAAD%&;T’RIG%:LE FI LM
RESI ST TO A PRI NTEDA Cl BEUItheBOARDawhslrachafApri ripr ov edempelraduet aid
apparatus that is . continuousl tomatically operative.in jn-1ine
segten1 is descri‘tﬁlyd‘(:)ki‘th%;‘f'pp‘af/g;ng:u e aﬂ%%?¥evgﬁhuh$§nJXEﬂggh AP c 4t
pressure a dry fihigwphpieweshstatoepiggiéayer to printed circuit boards
(136) that already have been prelam nated gg the | oose application thereto
of the dry f{F] m¢¥3s58gakhgi sepere Rhatagheb?®) wEphiapPlie mesHfaHeslof  the

surface of the bgﬁfélésﬂ‘ﬁé’r%t&y énd agnake éM'tQBBEtrSg%F a&pe@ngg | es and

closely confornming to the raised circuit traces and irregular surface
contours of the kpeandddlemicace hoarabrifombtaloeely Feat hed swface

conveyori zed vacuum | am nator.  (18) conpri Si heat ed upper
y contours og tﬁe %oargpor sggstrate; PP

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:

— SR



and | ower platens (96,94) adapted to be noved into sealing - engagenent to
forma vacuum | am nati on chanber (16), and disposed bet ®edrbiley pd®t ens
are two i ndependent belt conveyor systens (20,22) that act as heat shields
to prevent the printed circuit board and the | oosely applied dry film
frombeing heated up too rapidly in the vacuum chanber by the residual
heat given off by the upper and |oweg platens before the filmcan be

conpl etely evacuated. This prevents premature tacking of the dry filmto

the board a d enabl es of .the air r d ,pet faﬂﬁn Jid mpand the
board surfacé®lo Bgaa}laﬁhngf FPBePEPES: hettw%%g’l i catlacl)%%g} at” and
nmechani cal pressufigpegOpdatka; Qpsyre conpl ete conforrrance of the dry film
around the <circuit traces and surface contours. g
(y) allowing atmospheric air or pressed air to

enter the space between the diaphragm and the

upper platen thereby to cause the diaphragm to

slap down and apply mechanical pressure of the

board or substrate to force the dry film laminate

to conform closely to the surface contours of the

board or substrate.

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.





