33 "NVETHOD AND APPARATUS FOR MAKENG PRI NTED Cl RCUI T BOARDS" This.in;gﬁs 3Q+
rel ates to new procésses and equi prent for neking printed circuit b d? °l3
More#parttcularly, this invention rélates to photoresist 3;3 ocesses and

rel ated equip: nment which utilize I'iquifl polynmer conpositions cur ‘abl e by

the appli cati'on of non-coherent collimated |ight. There are various ways to
~apply an inmage to the surface of a netal. clad board when neking printed

L ONLGUi t boards These faII |nto t he fou,r, broad categories of wet fi I m

't echni ques, ' PRARATUS EOR; AR ALNG N PR Bk (L oV "-:_'.J_A_w-
‘The 10 wet fil minmaging techniques general | y consi st of applying a
photoresi st conposition in a liquid state-to a ci rcu1t board bl ank, drying
the filmand i magin t..' Thed. f|| tec ni t of I
dry photoresist co r‘:t SQL)& 631@5 ?“@’t

The band screﬁa_ d%lrgxgl]*&ed s‘pir t”%cfa‘}rﬁ st ﬁg et %glfﬁe_.@‘ ?vwljsonal

. Screen pl’lntl applyling. a resi st conposition I n

particul ar %n 3 GRS pHYE S Ht (Prodisiits bl Gelldt@ equip-

screening- |s u I mted nunber of boards are required. 20

_The techni queﬁerpé WHECIP I OSETE 2¢ MViRfiid® Pdimer dompded tiving iduvabdiecduy v,

“but differ fromthe prior wet filmtech- niques in that the filmis not
dried prior tghex@sslicativn fof mdm-ddhetenthicollinatedildghthduces a change
in the part of the filmwhich is exposed. That is, al t hough -t he varlous '
prior art techni quesThere care [eaxious iwaym £l apRdi an timage |f¢ﬂu the gpxface

filmwas usuall:y dried prior to the subsequent ste ryin f the
filmto harderfia ’Bﬁ)f%l oekagd %P?’é‘%]lﬂh%’hé?ﬂq"s’?ﬁcﬁr”&ed c:'.hrcm ¥’°a%é) '

These ‘fall 1nto the four broad categories of wet film techniques,
dry lem technlques, hand screening, and machine screenzng. The
?'_10 wet film imaglng technlques generally consist of applying a_
photores;st com9051tlon in a liquld state to a c1rcu1t board
blank, dryzng_the film and imag;ng it. The dry film technlcues
Jeonsist-cf laninating a dry phctoresist composition ontc the
circuit board blank and imaging it. The hand screening and
' machine screening consist of the use of conventional screen
_ printing technlques for applyzng a resist composition in a
partlcular deszgn onto the copper surface of the blank board.
Hand screen;ng is used when a limxted_nnmber_of boards are
required. ) _
-;. 20 The techn;ques of the present 1nventicn fall into the

wet film category, but d;ffer from the pr:.cr wet f;lm tech-

L}]

niques in that the film is not dried pr:Lor to exposing the film
to the 1ight source wh:.ch induces a change in the part of the
lem which is e:posed. 'l'hat is, although the various prior art
techniques coated _the circuit board b;ank with a liquid, this

. £film was usnally dried prior to the subseguent steps. T_his

drying of the film to harden is. considered a requirement since



34 - 2 - the mediumfor applying a circuit design to a blank -board (usually
called a photo tool) is placed in contact with this coating. It has been
Sgildered necessary-to place the photo tool in contact with the coating in
o] r to get good defini- tion in the final printed circuit.” ALso, the
.~present processes do not require aﬁy conplex devel opi ng agents or
. techni ques d af I hat necessary_| t, the uncured #
l'i qui d® BBI?ﬁaFuﬂe PEnﬁP@gY;gﬁoﬁdF rcp} gs% g §c€%§$€db?ﬁ5? liquid ™S4
pol ymerjic 10, _ ) CkLC board C €. maged whil e
undrieé 5H89§§t Zie §y8§8§é g&gfh.§ #igcgﬁ'ég' ﬁﬁéégaggtgvehlfhough an
arr gap gg hgbe HE'HLQ'QSQﬁgéﬁﬂEEBe&QB HQB&Qs& t&hbfﬂcﬁeéﬁé RE¢p"1 nted

ci rcui n i mage an urd polyneric c at Ing. This coating can

range E&e!1§ﬂ gefithyt! Worh ahéecbaaﬂhg A éraéﬁkingéﬁogéohlEéfﬂnl-DUV'ng
i magi ng, light fromthe non-coherent -collinmated |ight source passes through

t he trefepaganther €anadf prhstelotdrtadt, saAlsépsthécpresent pobyessesand
cures the liquid polyner to a solid. Wiere.no light passes through the
phot o @oohott keqghinei anpotomplexcdeveloping agqntd ountiechniguescandromthe =
printed circuit board blank to expose the underlying netal.- Al though the
||qU|dasbeynémaeangbellehbetdzgynqugsaay iactha ubbesuEGuagdahzep;dknlfe
or ing, jt is nost effective to remove the liquid polyner by nmeans of =
a I|unB YﬂeﬁhPEhr?HBV?ﬁqU|d pol-ymer is at | east partlally sol ubl e, but in
whi ch the cur has essentially.no,sol ubi he primry
“advantage is ﬁﬁ? iXChgg g@ihﬂ?ﬁﬁe ﬁ??veﬁﬁéogﬁit éq“ﬁ% ffﬁlng t he.
'iB”' dCBQLxHB.L, bepEbY 8" Bt EbLEY eogyaebﬂi,ﬁstexs ﬁé%&geafwmé o

undr;ed and yet get very good deflnltlon. Th;s is the case

even though an air gap must be-ma;ntalned between the phote

tool which bears the printed circuii'deeign image and the quuid_..

polymeric coating. This coating can range from an easily flow-

able liquid to a tacky viscous llquzd. During imaging, light’

“from the non-coherent collimated llght source passes through

the transparent areas of the photo tool, strikes the lxqu;d

polymer, and cures the llquld polymer to a_solld. Where no

light passes through the photo tool, the liquid polymer remains
20 1liquid, and is removed from the printed circuit board blank

to expose the underlying metal. Although the liquid polymer

can be removed by physical techniques such as an air knife or

by wiping, it is hbSt'effeC£ive to remeﬁe the liquid polymer

by means of a liquid in which the liquid poiymer'is at least

partially soluble, but in which the cured solid polymer has

- essentially no solubzl;ty. The pr;mary advantage is that such
“a technique fuliy'éxpdses the metal underlyzng the lxquzd

‘polymer thereby'permiiting'e more effective etehing of this



35 -3 - netal "in & subsequent step. As discussed above, one of the
drawbacks of imaging a liquid coating is the necessity of an air gap
bet ween t he -photo tool and the liquid’ coat i ng. The use35 an air gap _
usually results in a loss of definition in the printed circuit. However, in
the presSent processes this is not a proklgm. This is at least in part the
sgé; of the use of a non-coherent collimated |Iight beam for |nag|ng, t he
pr oce&ss- ingmed@iniiques subseguemtalsteP.t he uncured liquid polyner, 10 the
good adhesion of the cured polyner to the underlying nmetal, the resi stance

of the cured |iquidasoldiasoased abiovey mmfor@e &r@wmékeaeé dmagidnsyal

.of the cured liquid polyner after etching. ,That e solutio
used to renove ignifhafakdng ¢& Fhsol sti Ye?&o?@ @H?e%?"ﬁ&nnﬁp'ﬁl

?ﬁife”b’;!?“a‘iéo e, Sl i ot bl "R il B Sfe‘e%ZkFSss
o "ass1 o0 Gl g WPy oW TS e ks of

adhesi on - V\DU € excess rre e renove ur| ng

However, 20 cqahan e S(ﬂdﬂéﬁ}.c%i Un R esehitOPTolisswad thigMis RbkoRy base
cont act s the cured polymer, it is effective inrenoving the cured liquid

pol ymer wi t hgifoblleéniCkimg d s Wtldeastndnplazit thee restultesd thesuskabina
d?ganlc containing solutions are required in processing the i maged printed
cireuit boar chonHucheemti cesl Jigma teid) liifghta e amo fors dwagings thee progesses
are nore expensive, are fire hazards, and create fumes and odors which
under gover nd@g dechnjguas dier wexayalaes ttéﬂebémlc@rmﬁediﬁluéﬁl PRdYREL ar ea.

It is, therefore, very useful to be able
- 10 the good adhes;on of the cured polymer to the underlying

metal, the resistance of the cured ligquid polymer to etching
solutions, and the ease of removal of the cured liquid polyher
after etching. That is, the solution which is used to remove
the uncured liquid polymer to expose the underlying metal
does.noﬁ ettaok{the cured polyher. lIf the cured polymer is
also attacked, there will be a loss in.defihition in the final
circuit and a possiole loss of adhesion of the cured polymer
to the underlying metal."Any'lose of adhesion would cause
excess metal to be removed during the etching step.l However,

| 20 . when a solution containing cations derived from a strong base
contacts the cured polymer. it is effective in removzng the

cured liquid polymer w1thout attacking the underlyzng metal._

1

The net result is that no organic containing solutions are

0]

required in processing the imaged printed circuit board. This
provides for significant cost savings since organics are more
expehsiVe, are fire hazards, ano create fumes and odors which
under governmental regulaﬁions would have to be removed

f£rom £he work area. It is, therefore, very_ﬁseful to be able



4- to use aqueous solutions in the comrercial production of the circuit
b ?,ﬂs The term non-coherent collimated |ight' neans |ight having a half
angle of not nore than:3 degrees, and preferably 5 not nmore than 1.5
degr ees. By contrast, laser light T¢ coherent light. Li ght is collinated
(formed igLo,q Qsﬁmusbxoima $110P 8hE R e diGh| SIREEI A o¥OUS
arrangerrents of mrrors. rief summary, the present Rvention consi st
of new et chrarid¢ pboatds. reS| st processes to produce printed circuit boards

using liquid poly, a jiew process t el masks using liquid
pol ymers, .and si n'g'le %gf%t "SR gﬁ?&'ﬁﬁ t?qsg“gﬁteg | PHRARE t4985erf orm t hese
- processeshavimaCh 01t BRSK BEOTAS WG IVRBHIES deht4d tab@agfzdfbémys whi ch have

a liquid- polynmer coati ng and each only requires agueous sol utions to
procéss t ARt MOAPGthaM &r> Figarees.i nByiqRgtrasky Aatarsdight He Sehezeetui pnent can

 be used tg;plal eL{g of oAt k{5 FeBdi ) doKediBShS endbls versatility |

provi des many cost™ advantages, and particularly to wer vol une producers
of the vapamkpltypafle«f:tq:tm Ot SthrdPus Mirt atgemenss of Mizdogisonal SN 2151519

Appl i cation (Appl 0 444 di.rect e | ti

chanber vacuum pl ia'f% Tgrsuﬁ?)?? ngh? @gegf%werbtggpdcmsggg "ffpﬁf)‘él tion
during thetdt @aesglatedr ésilstl prviesbdy/ itsi producdgd intad i dRcGAPRoaedd | On No.
1 8504266) is directed to a non-nmagnetic platen having countersunk hol es
cl 03@bl e B§inadh@tid PRLyMeLsy| & GV R ITEEE| (R Reke SOLAeLiMask® H8dnS| ank in

posi tion. 125%;5 polymers, and th&1@esé§éihna£nﬁ Rhf%fistg§i5ﬂ:e95fpﬂgﬁ es of the

‘present invention, the circuit board blank is first coatéd wth the liquid

- polymer. ta E[FHGPU‘ tthebe irochssegdesi Bah of rihese procehses phagsd in

r egl strat !::Q:Dcu Qol\aloeardbg{anqcs wl'luch gg&eaCt 1¥\éu1|3 gﬁeymerqcoadtmg and each

only requires agueous solutxons to process the board after

15 - imaging. As a result the same eguipment can be used to_plate
_resist,,etch resist and~soldet'masks; This versatility provides
many cost advantages,.and particularly to lower volume producers

B of the various types of printed circuit boards. A Divisional
Apphcation {(Application No. 8419444)L1': dJ.rIescg:éd,Zo a multiple

20. chamber vacuum platen for holdlng the circuit board blank in
-posxtxon during the process and a further vaxsional Applxcation'
"(Application No. 8504266)L§yd&'e?:%edsfg a non-magnetic platen
having countersunk holes closable by magnetic balls also for
holding_the_circuit board blank in position.

25 In the etch and plate resxst processes of the present
invention, the circuit boazd blank is fltst coated with the
ligquid polymer. A photo toocl of the desired circuit is then
placed in registration above, but not in contact with the liquid':
polymer coating. The blank is then imaged Qhereby under the

30 - transparent areas of the photo tool the polymer cures to a solid,
while that under the opagque areas temains liquid. This liquid
polymer is then removed, preferably by use of solution in whlch
it is at least partxally soluble. After thxs step the processes

for making plate resist and etch resists differ. 1In makxng

35 etch resists, the exposed metal is etched

\y

w



pol ymer ‘coating. The blank is then i naged whereby .un t he 30 ,
transparent areas of the photo tool the polynmer cureS to a solid, mhlle S
t hat under -the opaque areas remains li'quid. This liquid polynmer is then
removed, preferably by use of solution in which it is at |least partially
soluble’ "After thi.s step the processes for naking plate resist and etch
resisis-differ. In making 35 =~ _etch weSists, the exposed netal is etched
37 athay using an aqueous acid sol ution and the cured | i quid polyner then
renoved usi ngBWAY MSERY AN SAAUAPWH i Aok vl emanshdheequrag dGwid st rong

base. In mk%e re’i:‘%’ﬁ‘tﬁﬁ‘% ni ckel ,o&%%]%rnem m ar, net alfé:'jar%ﬁgl at ed
th
_(r)_gm)v:de)ljg?fl aI kaé%fvﬁ tlogg (%repeq}‘ ly,ng cat |18 @'&“ v%gtfro:gg% ﬂ)ﬁ[}
base, and the I Qﬁ%@% Seder
masks are prqéﬂfe ag t&ﬁ 4 tg r}o ﬁate@%fnd tile exbdsedi d
oard.to cr

pol ymer, imaging the coate a e cure on certairn parts

of the ci rCU'ﬁeEE?'Qﬁei“"li@ai Pl N Fnd 1 refUVETE] tHEE BN iGN pléal%%:
The uncured l'1quid polyner Ts thenrenmoved using a solution in which'it

at |east particidved aisine @Il e euxhtivmlcomaliedng tdatﬁ(ﬂuierden.m

cured polyner is usually not. renmoved, but left on the board as an

i Asul ati ng | afom ail'mtmnglmgﬁatam the imetat Yayex whdich hasf Heem exposed
practicing these processes consists of a device for holding a printed

circuit boar dremoved by ®tehings board blank in-a set 20 position, a

retractable roller coater for coatln%>one side of a hoard, photo tool .in
reglstratlon with tReisex masks, roduced by coatlng a pr;nted clrcuzt

- 10 board with a liquid polymer, imaging the coated board to
create cured polymer on certain parts of the circuit des;gn,
-while-ieaving the'pélymer'ungﬁred on other parts. The uncured
iiquid polymer is theﬁ-removed using a solution in which it
is at least partially soluble and the exposed.metal coated with
. solder. The cured polymer is usually not removed, but.left:on
the board as an insulating layer.
'7The single station equipment féund very useful in
practiéing these processes consists of a device for holding a
printed circuit board or printed circuit board blank in a set
20 positioh, a retractable roller coater“for'coating one_side_of'
a board, a photo tool in registration with the circuit board
blank and bearing an image of a circuit and which can be
retractably moved to a point abové, but in close proximity to,
the coated board, and a non-coherent collimated light source
positionéd for passing light through the photo tool to cure
liquid polymer.. Various arrangements for these units are -

possible. BHowever, the preferred arrangement is to have the



bl ank am@® bearing an image-of a circuit and which can be retractably noved
to a poi above, but in close proxinmity to, the coated board, and a
non- coherent collinmated |ight source positioned for passing |ight through
the photo tool to cure-liquid polsyem . Various arrangenents for, these
~wunits are possible. However, the preferred arrangenment is to have the -6
- bodbohid dilardic held jn plads bipareans of \acwagsnum twith roltehleanacater , .
horizontally retractable to coat the board. The photo tool assenbly is ™
ver t iheFizontally ixevrackable tocRat thrkoard. pdthe iRhREP d9ol msseniviatd -
bl ank, and in, the ath_oT'téEenon- erent collimated light fromthe |ight
sour @ VERHISI Y retractand

%rP’!‘-'ﬁQ FeIFHE D ARONS R R rioned e d
d actiyvat _ am hol di T, t i ih |

coat dratt Bednd JaaE a1 A AR vor (oY oA S faked

. E gl | . | :
ol ackis, R g ik NGBrdd RSSO, W0 PRt A ohd MaRHIEC, o
s adderdesk fPds fridd® QR IKhE® 4l adtBrdUy 'Ble VG HoldHY 06,
of f, tthe photo tool assenbly retracts upwardly-and the board noves on a
convepherd£fte s stefidide / the arsdier odter WK WeEkhvated i IpdBtes Bier

equi prent for the subsequent steps consists of a state-of-the-art' etching,
met althe didawd ancbatd dehe dugrasd tand) recstractss . TIRoXldwing sthals atem theent
consi sts of S%Earate coating and exposing units, but otherwise is sinlar

to tiphetodteoktassemblyigers imte glese e lationatup aritleiheoreontitd |

be discussed in nore detail with reference to the follow ng draw ngs: 20

1¢ gurand yhen, in RN dietights Suunge diagqtifaiad £9% 2 kifag |
Pt sk £d o R0 e IR 2 e SHRPL S GSTA, R RS TesT
tool assembly retracti upwardiyvand.the board moves on a conveyor
.'_7tofa spray bath for removal of the uncured liquid polymer. The
eqguipment for the subsequent steps consists of a.state-oi-thé-art'
etching, metal plating and solder deposiging devices. The hul;i-
station eguipment consists of separaté coating and exposing units,
but otherwise is similar to the single station equipment.
. The present processes and equipment will be discusged
in more detail with reference to the following drawings:
20 © - VFigure 1 is a stepwise diagram of the etch resist
process for making printed circuit boards.
Figure 2 is a stepwise diagram of the plate resist
process for making printed circuit boards. |
‘Pigure 3 is a stepwise diagram of the process for
making solder masks. -
Figure 4 is an elevqtional view of a circuit board

blank positiocned on a vacuum holding plate.

L4



process for pekiRg printed circuit boards.- Fiagure 3 is a stepw se di agram
of the process for nmeking sol der nasks Figure 4 is an elevational view of
a circuit board blank positioned on 8 vacuum hol ding plate.- -7- Figure 5
is an el evatianal "view of the circuit "board bl ank being coated by a
retractable roller coater. Figure 6 is ama ®levational view of the photo
tQot l.owered into a close relationship with the coated circuit board bl ank.

LFitgdte 7 is an el evat ippghrei SViofanié Tavdt il Wileanlofiitte tdirquint dbdaa
Tetracted showing certain area of cured liquid polynmer. Figure 8 is a

schemati c di agrpbank | beitigtcoated coynam- -réffractablenmilan|doatend | | ght
which is used. Figure 9 is a front elevational view of a single station .
appar atus whi ch cont ai Rbgute §ohposmeralevitionalk csiew afl the Rk tAPl s a
side view of the single station apparatus, of Flgure 8. Flgu i S a front
el evational vi elpeeredcintota -clese Felahionghip (with ﬁﬁﬁql

oper ati ons of the Epa atus of Figures 8 and 10. Flgure 12 is a planar Vi ew
of the photo t 0P mhich is in air gap relationship with the circuit

kRoard bl ank 20 durl. . i [ W
platen assenbly whi chrﬂ e CI fe‘%goargcf‘% eé%os%%’?,v agzhér]g’llzf‘k
''s a sectional Ni@ﬂ’Qﬁetﬁﬁbtﬁatggiaﬁéf¥EEQEd show1ng certain area of cured

*»

liquid polymer.
F;gure 8 is a schematic dzagram 111ustrat1ng the non-
10 coherent collimated 1zght whloh is used.
Figure 9 is a front elevational view of a single station
apparatus which contains the components of Figures 4 and 7.
Figure 10 is a side view of the single.station appnratus
of Fzgure 8. | | A -
Fzgure 11 is a front elevational view of the mult1~statlon
' apparatus to stepw1se perform the operatlons of tne apparatus
of Figures 8 and 10. | |
| Figure 12 is a planar view of the photo tool surfaoe
ﬁhich is in air gap'relationship with the circuit board blank
20 during imaging. | |
Figure 13 is a perspectzve view of the platen assembly
wh;ch holds the circuit board blank in pos;t;on.
Pzgure 14 is a sect10na1 view of the platen assembly

-of Pigures 13 along line 14-14.

Figure 1 sets out the steps for producing_a printed
circuit board using etch resist techniques. The process starts

with an electroconductive clad blank. Such blanks consist of



of Figures 13 along |line 14-14. Figure 1 sets out the steps f.or producing a

printed circuit board using etch resist techniques. The process starts with

an_el ectroconductive clad bl ank. 8uch bl anks consi st of -8 - a

non- met 8l i c substrate, usually a plastic containing rein- forcing fibers,

- havi ng nonemetalllict substirate,nesaallyyarplastie ¢dntxiwhsy afesabout 0. 001
to 0.003 inches (0.025 to 0.076 mm. The substrate can be of any reasonable-.

t hi ck #essingufibergs ubavinghent one0o8 both. gides cadsetal olayemm to 6. 35 My

" oi i WAEBA FPAEKPBER P EEBIRE o) - 00 £al rRORcinrres (GIRSHakal ol adding i s
I di h . ,
'he nBra7SCRE) - SR FuBHsEREE San RS & ﬁ%"%ﬁ#‘%ﬂ?ﬁé R

thlckgggsigfuﬁ §E1¥03£°ﬁe éQ?ﬁE'Eo(Q 992§n&9e9 g@ wh £®re. Preferably

the coating t ness Is unitormover the entire blank, and in a thickness

of abguBs50mia)t EhEcKlL! SCHEMEARY, t €hdsd 2dub@iratde sﬁstpmdsmto be

sufficiently thick to insure that there are no voi ds, but not so thick that

t he IoqueﬂcaylpmnstlcsmsebﬁforbededgﬁhOfibémgbiamKonranfeqniﬂalén&;Wany _ »
smal | hol es' which traverse the bl ank. Coating can be by any conveni ent
technmqnerla&eh ﬂbesmetglnglaédusglng usually |eeppemi i ng. However, roller
coating is pre- ferred since it deposits a_nore uniform wet polyner filmon =
the board, ak8 makipg ﬁﬁeﬂﬁ@%t§G$§SBe%ﬁF9%@#R9t¥euth¢lP%ﬁ#%ﬁtzo coatlng

e bEedeRC IR b0k etk L) i8R ok odd Sl 52 P ard.
- This bél?ﬁbﬁaéb'X %ﬁi&k&&&@béf 4858 0.1 to 10 mils (0.0025 to
0.25 mm) or more. Prefera.‘bly the coat:.ng thickness is uniform
- over the entlre blank and in a thickness of about 0.5 to
-5 mils (0 0127 to 0. 127 mm). The coatlng has to

be suff:c:ently thick to insure that there are no vo;ds, but
not so tthk that the liquzd polymer flows off the edge of the
blank or through the many small holes wh;ch traverse the blank.
COatlng can be by any convenlent techn;que, such.as spraying,
brushing, or roller ccacing. However, roller coating is pre-
ferred since it deposits s more unlform.met polymerzfilm on
the board, and it hss unexpectedly been found that in roller
20 coating the liquid polymer tends not to flow into any of the holes
throcugh the blank even though a vacuum is being drawn on the
underside of the board | This is pr;mar;ly attributable to an
linterplay between thzs mode of appl;cation and the surface
tenszon of lxquzd polymers. These holes are used later in con-
nect;ng c:rcuit components to the flnlshed boards. 1If polymer
flowed into these holes, it would have to be removed before

c1rcu1t assembly.



interplay betmeerr this node of application and the surface tension of

i quid polynmers. These holes are used later in con- necting circuit o
conponents.to the finished boards. |If polyner flowed into these holes, it
woul d have to be renoved before circuit as8embly.. -9- In the next st ep,

a photeo tool which bears the circuit design is placed i Bnoair gap . )
relaticonshi p with theIPjfliedngstyRtePecottPRGto| topl Wakch sbears theeirpuit

_ % . . . . . . .
et SR oTe RSNt Aot E B9 AL LRt FUAR B P
Wth the- por yrBpiynaf 3ahifiaP " 1E 18°%es e RBTe LTMANE Lo 'BEEE  E000 as
held in positigioly EB2PSseibfe MEhat ﬁes? aedceiﬂgw S.f’i@&‘fﬁoﬂc %&gesfda@ating.

of the photo tool. When the phofo 10 ool 1s an ion“on a g

plate, the gl a5 MAldad SRR 5 ¢ Isoohalidsl ToRh2geto! 12t Hem) NEEaGERErally

-where the photo'tool 7s an enulsion on a plastic film such as a pol yester

filmof about Jedd®. 1Anidsednbly Holds’ e phbitek toalglinspoplieieni andbine .

the filmto assure that the filmis nmaintained in the sane plane. -

Regar dl ess of »dtpidtaratdioremiltdi dheopodygiexs copltatdebdank.pl Ant thef prefexred

used as the photo tool, the enulsion side is what is in air gap '

rel ati onshi p wethade theuhetsoitpedr isodeldy inTpesisinn PomeangoPt asmetal frar

o1 I'ver | ess emARs oh VAR (GRAMEUGD. G8, SOSRICE The. PRRES ERAke, BHepafpg cPhots
SuPPOr oy B0 208 VEE L LABAERSEE SRS GR0 S TR HFY e s ghfhan-
circuit boarq P&foyiﬂefdngﬂngiaég.thﬁﬁ {0 instances where the photo tool
' is an emulsion on a plastic film, sﬁéh.as_a_polyester £film of
about 4 to 10 mils (0.1 to 0.25mm) thick, a glass_plate_is.above
the film to assure that the.film is maintained in the same plane.
Regardless of whethér an emulsion on a glass plate or a plastic
- film is used as the photo tool, the emulsion side is what is in
air gap relationship with the.liduid polymer coatiné.
- The term 'photo'tool"_is broadly used to mean any image
. 20 ° bearing medium and can be any silver or silverless emulsion.
This includes diazo émulsions. This emulsion can be supported
on a polymer £ilm, gla#s;cr_any othe:'convenient medium.. The
term "registration® is used to denote ﬁhe placement of the
A photo tool over the circuit board blank in a manner so that the
desired circuit is;p;acéd.on predetermineé areas of the blank. .
After the photo tool is in place, a non-coherent colli-
mated iight source, which is preferably a source of 2000 to
5000 Angstrom rédiation and which is located to pass light
through the photo tool, is activated. Convenient light sources

30 include carbon arcs, mercury arcs, mercury Xenon lamps, tungsten



desired circuit is placed on predeterm ned areas of the blank. After the

photgf
br ef

tool is in place, a non-cohepent colli- mated |ight source, which is
rably a source of 2000 to 50 Angstrom radi ati on and which is |ocated

L L0 Pang1Baakl ougha! BPabR OGS0k OPhmps S PLéYEEEO1y CORMCTIGRE I O

--sources

.'tunQSLSGrce 140a aé&bﬂsylafaSoxandreﬁspnxahaﬂ/iﬁgms bednef ernbl y the ||gh.u
source Is a nmercury arc or nercury xenon |ight beam The |ight passes <

Gde car mercury.-arcs, nmercury xenon | anps,

t hr ouybghbepassaspeheaughr the tfahspapént cateas, oftthéephobe toglijd pol ymer
and cures the liquid polynmer to a solid. The | i quid polymer which is not
contastrﬂkb; the lighidrpoiymer| andi cures therliguidi polyrenbbatas to 120
seconds i s usuallxisuff|0|ent to cure the liquid polynper. However, where

necess@lid.| oEher

awid jRelyrerwhishnis ael. cﬁmte¢t?ﬂeb¥|andlﬁsbyner i s

'-33!LE¥%é§9v§n§$a3§3PfZﬁtﬁfmégdvga%%éE 3 e&sBEQ?tﬁécﬂéﬁgfééﬁﬂé LRal | T s
can pbg_ac

cur t BEOSBEY pRT RECLPRE, PaoPuBl e iR FobPa bRIVhEF, ' leErReL HHBELL P LTC
'eaStn2@££§$£¥¥0%8£ﬁ3£et;ﬁ@eﬂﬂﬁ?éféﬁEd Lﬁcgglggg ais to use an aqueous

al kaki ne so

which t urd ymer i s at |east partially

sol ubl e. Sui japks ﬁﬁéU11§uQaSpa19mekk£§I§61§aisieenﬁheeetebﬁtaetéadlun1
pot assi um or ammoni umions such as sodi um hydroxi de, sodi um car bonat e,

100di UwibhcRigneat Ehesancureduliguid polimerbwhitchi has pemasaedm hydr ox- 20

i de,

pot assi um car bonat e, potassi um bi carbonate, potassiumsulfite,

potasliquxﬁysﬂbfremovednbn|enphgdrbhednndanigﬁngnmet;bonarh;Sandn
. conbi nations of these materials. Alkaline

be accomplished using an air knive to blow the 1;quid polymer

" #rom the surface; by wiping or by using a liquid in which the

liquid’polymer is at least partially soluble. The preferred

‘technique is to use an agqueous alkakine solution in which the

" 1iquid polymer is at least partially soluble. Suitable solu~

20

tions are alkaline solutions containing sodium, botassiumg or

ammonium ions such as sodium hydroxide, soaiﬁﬁﬁcarbonate;'SOGium
bicarbonate, sodium sulfite, sodium bisulfite, potassium hydrox-
ide, potassium carbonate, potassium bicarbonate, potassium

sulfite, potassium bisulfite, ammonium hydroxide, ammonium-

' carbonate, and combinations of these materials. Alkaline

detergents or even organic-agueous mixtures can also be used
s0 long as they do not attack the cured polymer.

Subsequent to the removal of the uncured liquid polymer,

| the exposed metal is removed by etching. Usually this metal

is copper and the etching solution can be any commonly used

copper etchant, such as an acidic chloride solution. Commonly



detergents or- even organi c-aqueous m xtures can al so be used so |ong as
they do not attack the cured polymer. Subsequent to th 3rennval of the
uncured liquid polymer, the exposed netal is removed b etching. Usually
this netal is copper and the etching solution can be any comonly used
copper. etchant, such as an aci.dic chloride solution. Commonly used
“copper etchant solutions are ferric chloride or hydro- chloric acid
JSth(ions whi ch may al so contain sone othgg conponents. After the

‘conpl etion of this step, there remains the blank with the netal |ayer now

only present %&@%FcBQE Eué%éhhhqubﬂlﬁekﬁﬁﬁrarzhfek§§& ShPPr£8EP6L SRyaro~-

renmoving the cured pol ynmer. his is acconplished by contacting the

cured |iquid palvHec ‘dct:.h ealaltkahsnehsthhaynameet abhtagnCebhanetReri ved
froma strong base. Sodi um or potassium containing conpounds 10 are

preferred al kaompenents.i akftear thekcoppietionobdt this. steppveheret temains -
reagents which will yield strongly. basic.cations can al so be used. Figure 2
sets out the shspblﬂnkpﬁéﬁbcthg aep#lnﬁemecungu|onbmapueagnhgupda:ethe5|st :

techniques. The first four steps in plate resist processing are
“essentially tﬁ@’§5n§18§19h393YPSF°etch resi st proce55|ng AS a result

?{f S;pta?? efltneipdgfm c :' ¢ oehoptHp ShEceingt EePo ¥vsdggégﬁu§e§2ffgna”$tn3'ef )
or odluci ng a pP‘?’EEQ* B Lo, 45, BUCGReARRKER. by fontacting, (HE, BEkba%) thul s
Conbi nat ons, Bp1vpgeewIRNeLh ABkaIhe SKRGRSUNTELALasThh L3efORYCALENLLY

done by el ect Ss or ctrop atln onto expose e cured
- from a strong base. Sodium or potass;um containing compounds.

10 are preferred alkaline materials for making such solutions.
-However, Other.reagents'whiéh will yield strongly'basi¢'¢ations
can also be used. . R
FPigure 2 sets out the steps'in producing afﬁrinted
circuit board using plate resist teéhniques. The-firsé'four'
steps in plate resist processing are essentially the same as
. those for etch resist proceésing. As-a.resulf after the step
”of :emoving the uncured liquid polymer,'the:éxposeﬁ metal is
in a patterm idehtical to that of tﬁe final.circuit design.
The remainder of the metal is covered by the cured polymer.
20 The next step in”produéing'a:plate resist consists of
a ' plating tin, lead, nickel, or combinations of these metals
onto the exposed metal. This is convenigﬁtly done by electro-
less or electroplating onto the exposed metal. The cured
.polyme: is removed in the same manner as in the etch resist
techniQnes. ‘That is, the board is washed with an alkal;ne
- solution contaan;ng eatxons derived from a strong base..
The final step in making the plate resist consists of

etching away the metal, usually copper, which has been exposed



.polymer is renoved in the same nanner as in the etch resist t.echni ques.

Th I's, the board is washed with an al kal i ne sol ution containing cations
~derived froma strong base. The fipal _step in nmaeking the plate resist
consists of etching away the netal, usually copper, which has been exposed

¢ - 12- upBANrefBVEdl off théecareadppdimer.. TRisSeethhhggissthbesamae as for
- etch resists with the plating nmetal protecting the under- lying netal. The,
fi naaspfoguetchsraspstst wiithi thei plating metalaprotectingethgnundared wi Khvs
the plated netal. Figure 3 sets out the steps for applying sol der masks to-
pri nipdingi metal.boThesfinad productnisaasprinteduchrcunt beardi witbubstrate
is a conpleted printed circuit board. _In the first step the printed.
circ@i cireuit fesign: epatednwikh thguPdapefyPetalsing any of the
- techniques. as disclosed in the Figure 1_10 __etch resi rocessing. A
phot o t ool mﬁ?gﬁrﬁaé 5ﬁgﬁu8“§r§5§ ggﬁ?é FﬂE~&P@_giﬁﬁeﬁﬁiéﬁgd@Fs?§.to be
- depogjted. _sath . ac LR.exagti Ledkskrat] o] he ated printed
ciropiBhsabRo REteRAR BinrBe . ih DRpRORIRY 1 SRTeRR MRSk COEBET T s o
a solLigd.io-al omtagt ' B ; . O are ining. -
o, Sokkdrbing buBLE2scpORbag! Ecniiekln birlikell BiehobREal 15 LRI N1
et cheg 3¢ SEtBpOERESPRIntedneiguiftcBodRPHAk sak8atedl QiEANLAL! 28gwiih sol der

whi ch remai'ns on the exposed netal. Wave sol dering nethods can be - .
convpelgnekyusing. anyhefsehdetechnigeee ael giscliosedaini shehPiguredit o
connect various 20 electronic conponents and wires. These are the three
- 1pr i netghpresésteproboessingi zi Agphbtopteednwhichuhdspopague preessses in
~printed circuit board manufacturing. Figures 4 through 7 broadly
i | | usbpyecthpeareas where solder is to be deposited, is then placed

in exacting registration above the cbated printed circuit board
and the 1ight_50ur¢e.§¢tivateq,__The_1iqu;d'pplyme:_cures to a
solid‘in_all.areas contﬁcted by the light with all other areas
remaining liqui&,_ The uacu:ed_liquid polymgr is then removéd
'in_the_same manner as etch resist pfocgssing. The-gxpose# metal
areas a:e_conta:ted_yitb_soldgr which remains,on the exposed |
metal. _wavé solée;ing-mgthods can be conveniently used. The
'solder in these selected areas is then used to_conngct.vgrioué
20 elect:onic_cqmponentg.andzwi:esﬂ

-These are the three primary processgs_fofzutiliging :
the present liquid polymer processes in printed circuit board
manufacturing. Figures 4 through 7 broadly illustrate the :
prefe;re§,me:hanismé.usedlin gccomplishing these steps_th:ough
the curiﬁg of the liquid polymer. 1In F;gure 4, the.pr;nted o | .
ci;cuit bqar§ b;énk lp.is.ﬁositioned on platen 11, by means_of
guide and registration pins 12 which pass through holes 13 in

the circuit'board blank. This platen hgs a series of small



preferred mechani-sns used in acconplishin these steps through the curing

of the liquid polymer. In Figure 4, the @@ med circuit board blank 10Q i @
posi tioned.on platen 11, b ns. of guide and registration pins 12 whi ch
pass throlugh heles 14 i’ﬁl%i%acf—?%%‘?ih behe PIrtem. AhHvac k5 drawm QR es

T o 2of ey B ok L L e o s 806
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“helow the bosFhe RefE. fgﬁﬁé&“ e n?{idt@ e R T 1SR
in position, f ?ggfg éhéﬁ'i"éifﬁé@édt!g{l&? |ca i, roﬁhﬁfgr% ol ymer. The

retractable roller coater consists app and doct or

roller 16. A supply Ofiowi eha€ €K5¢ VFRInf&dBENScdit [HFard bXdnk s rméﬁ& -in

Each roller is at least as long as the 10 width of the circuit board

bl anks. The positionpl Figure | Hvbl bupt £aleé £ 1 the osb #tin twith | 1iguil R Wimdr,
to be picked up by the application roller. This predeterm ned feed

regul at es t heThé cetrastable heollemi cbypidy neondists efhapplidatiod txoller 15
coating, the roller coater_retracts. Figure 6 shows the |iquid polymer
board bl ank vi®é @mt%omll%min ph BRPPl¥ice® liguid polyrer senains at
coated with a |ayer 17 _of qui:begol yner. Alr gap 18, which is in the

range of 5 totBRHPHRIQE (%hﬁ 7rﬁﬂ°hs"é‘b]a}%'c'e’§tﬂfe leafk eHAnR2S A
B e K AP SR SRS T el R o
5 o g spston i B ol S 4o A )
activated. Vﬁiﬁ’éﬁé&ﬂfﬁn Si-éli‘é’f This predetermined feed regulates the
| _thickness of the lzq\ud polymer 17 on the blank. -.Aﬂ_:er' coating,
the roller coater retracts. |
Figure 6 shows the lzcuzd polymer board blank with the
photo tool in place. Here the blank 10 is fully coated_mth a
| layer 17 of liquid polymer. Air gap 18, which is in the range
of 5 to 500 mils.(0.127' to 12.7mm), separates the liquid polymer
from the photo tool. The photo tool assembly is comprised of -

20 negative 19 and planar maintaining glass plate 20. 'I'he neg’ative'

is directly above air gap 18 and preferably the emulsion side-of the

film is adjaceht the-air gap. With the photo tool in place, a -light

source above the.photo tool is activated. Where light strikes
- . - the liquid polymer. ii: oures to a solid. This is illustrated
in Figure 7, where 21 designates cured solid polymer areas,

- while 22 designates the uncured’ l;q\ud polymer areas. The board

is now ready for removal of the uncured -polymer.. The board can SCi

veniently be conveyed from the platen by means of ‘a series of



- the liquid polyner, it cures to a solid. ThIS Is illustrated.in Figure 7
. ZQ esignates cured solid polymer areas, while 22 designates the
' uncﬂred\lqu|d pol yner areas. The board is now1ready for renoval of t

wher e

uncured pol yner.

© by neans of a series of - 14- rollers 23 which carry conveyor belts
for transport of the board. Conveyor belts 23(a) are inset into »
platen and raised when the board4is to be transported. The non-coherent jﬁwé

23(a)

collimated Ii

refere*R%QQFi

angl e

nore t

egr ees

aht which i's used for 5 these rocesses is defined with

RevhighCagry | PANREPE Beiks 2dHe) sian #EanERTHhot or esi st .
% iy gggrd.a t&hﬁre%ﬂ b%les Qﬁa)marr% Egé&: 310t RESp AL Pr ef erably not

uce a photo-" resist which has

he

‘The..board can con- veniently 'be conveyed fromthe platen

thew

Thi s

an angdu&i Qfaldeﬂlﬁ’iéxﬂlth‘el‘bﬁarﬂ?rﬂsl ealbe)ftxraaspmen.lo than + 3 degrees and

preferably not nore than 1.5 degre

| us devi ati on designates a

shoul der on Fhe WWPSSF%‘E WP-@aﬁefhéQ»zS!"rE-v\éhb‘@\nlét Pﬁﬁdd&ﬂ gnates an
underc

e B30 2 6O S 1 SRR 1,2 o

i | s( GRHESRE) 1idht strixédd andephotdraribe OnMrHAY bhend S'Houh.aebé mage di mension
devi ati on exceeds these anmounts, there will result a lack of accuracy

and/ or a hakfopnply 4t nPhem%ﬂWoﬁsdwe?Heaﬂ%mlfPWJm I‘CUI t.

:)gf:‘“oﬁ rrané%rgpé?%‘e ma%ggég cfr%ﬁ?‘%tﬁﬁg& %fhf%auﬁégg a¢tors which

def i neyddiist WhOl Ise ahl dng3d ot @dvist idn! Frbmi veltiigdleoB not Mokbi s figure,
the i-ncident light i's designated as L. The photo tool is designated as 19

_t he 16i ¢han t+ Bodegress and B¥RfeTRLY (hqtoimprer tiamtli.fgdagrdes. aAdplus

devzatlon des;gnates a shoulder on the photoresist wh;le a
negative devzatlon de51gnates an undercut. Also, this l;ght

should not have an zmage d;mens;on dev;atzon of more than +

Thi s can
ral |

“ 1/2 mil (0. 0127mm) and preferably not more than + 1/4 mils(0. 00635mm).

lSIf the deviation from vertical or the image dimension dev1atlon :

exceeds these amounts, there will result a lack of accuracy and/br

uniformity in the dimensions of the resulting circuit. This can

‘result in a change in circuit resistance which can affect the

‘overall performance of the final electronic item.

20

25

These factors which define this light are illustrated
iu,detail in Figure 8. In this figure._the incident p_

light is designated as L. The photo tool is deszgnated as 19,
the circuit board as 10. the liquid polymer coating as 17. and
the air gap between the photo tool and the llquld polymer as

1l8. Area Zl(a) of the photo ‘tool is a transparent area, whlle

.area 22(a) is an opaque area. After exposure to light, in

area 21 the lzquld'polymer-has solidified, while in area 22 it

remains a liquid. The light strikes the photo tool in a.sub-

stantially perpendicular condition. However, since this is an

*



the air gap between the photo tool and the liquid polyner as 25 18. Area
21(a) of the photo tool is a transparent area, while area 22(a)"is a =
opaque area. After exposure.to light, in_area 21 the liquid polyne S
solidified, while in area 22 it remains a liquid. The light strikes th
-photo t'6ol in a sub- stantially perpendicd#%r condition. However, sinc
thiss is an - 15 - ideal condition, and since all non-coherent_]light
i | have soifeadyi epnditien; sand siincecalbnermecherentdight whil dave]
the light. This half_ angle Awll_ prodyce angl e of deviation_in the
bhotor 9o st PuBe| Srriarion,  HEts .5 €IS iied by Means, ph he HATT Ahgis A

phot or esi st . _Thg, angl e, of i aty i ot presis ich | e angle
of the shoulﬂgrgla? gig?ﬁé Sﬁ%égciﬁ?ffsg?éggaﬁg‘f-’ef{)yp%é%%@tﬂbe *ﬁe?ﬁlc f si de
of the. photo k SLsdeviat fr é?ggg | : ' | Ol kol isoN
factor is al §§§ﬁfﬁsﬁr%§e ‘3“ té?ml #ge eggérl‘téie&%é &%3%@%&%%%?
i's the maxi ngf gADURBePEutel? aih Othe! dhtPRd QUESI S'I'hé-r&f%ﬁ‘eoﬂ'mﬁbxpf
the circuit Iine on the photo tool. The light, itself, or the Iight '
striking theigdgRe Ophdbborepiste Wideh Ois tEite PAwgYe teP! titegdulderiadt ast ed
or otherwi se affected to an extent where the dinension of the polynerized
pol ynmer 21 wthé undérecutribsn the anghesbywhich hthe prexrkicaksilld of orhe he
photo tool 13 by not nmore than + 1/2 mi| (0.0127 nmm) and preferably not’
nmore than + phateresistoodesiatgs fremopheelnte verticabye the width

di mensions of area 21 tgQ,as nuch as possible be identical to that of_area
21(a). This is shotRepGimeRsicr deylation factqris|alfr LhRFtFaLR with

ubst ant i al t of jt in the ultraviolet and visible bands, fhat
s, imhe rEgFerenFe bBOFERTEELE: it FREECHLE, L ma i WHBH G Hhve

' an'intenSitydeviation of the photoresist_ from the dimension of the circuit

~ line on the photo tool. Thellight, itself, or the light striking .
_ ﬁhe:edge oZ the opaqué area or. the photo tccl,:gnnot be dgflectea
'_o: 6#herﬁise affected to an extent where the dimension of the
§olymerized ﬁoljmer 21 ﬁili differ from the dimension of_the
oﬁﬁque area.z;(a) on the photo tool 13 by not ﬁo:e than'i 1/2 mil
(0.0127 um) and preferably not more than + 1/4 mil (0.00635 mm). The
bbjective is to ﬁave the wid#h dimensions of area 21 to as.ﬁuch as
possibie be identical to that of'areé 21(a); This is §hown by angle ¢
20 This light should have a substantial amount of its energy
in the ultraviolet and visible bénds, that is, in the region of
2000 ﬁo 5000 angsfroms. Also, thié light should have an intensity
of about 4 to 30 milie wa_tts/cm2 at the surface of the liquid
s . polyher;_ this is not a critical feature since at lower inten-
sites, a longe: exposure time can bg uséd ﬁb achieve the same
resulﬁ. 3:;ight soﬁrce of ihis kind is at times désignated as
an acﬁinic light source. | | N o
| The other parameter.of impértﬁnce with regara £6'the

light source is its placement with regard to the object which



2 of about 4 to 30 mlle watts/cmat the surface of the |iqui-d poelyner.

Thi at .a critical feature since at |lower inten- sites, a |onger
exdo \t e can be used to achieve the sane result. A Iight sour ce of
t hils is at times designated as an actinic |ight source. The other
/o.par 8 of i nportance with regarﬂsto the light source is its placenent

wi th Tegard to the object mhlch |s to recelve the light energy. _=

-tTEE % ecﬁ#% | 2&{ %el ve %W’I i g ener gy l{tﬁe tcgl ][ Pﬁaflegnew

|| ghigniisd Be N4 et G 3 azt.ﬁi;% Y Afife QiﬂxiéﬂBf VHd Dbe received

perpendi cul ar to the plane of the object ich 1s receiving the |ight.

Thi s dpyestewhit idacnbddivalithaMidghe aidsgyt dmais) the tdsl Phpiged ool

are identical. |If this orientation. is not maintained, the circuit |ines
wi | | Yaghotf fedtelticH ricsTi ettt tend perperdiculamlto tHe spl/arle af ckdghtpr obl ens
where 10 a board is to. carry a different circuit on each side. Figures 9

and Mi}Y hestnegedvwsd @erpandioulam iphihe pldnsh ohdhe objest shidaf the
unit operations of Fiqures 4 through.7. By single station, is nmeant_that
each i# nefeiving the Hightes Fhis; ipsuxes that gthe and ipizewit and.  The

e S B e A i 4 o e 1 SR %5 o
et e cap 4o fn(a%.'ﬂé&l‘;}eafp%ﬁg Brrele A4 PO 38 el CUTY

arc- or ‘mercury zenon lanp, i ohar y an T n any.

mnnefraeglm@wrﬂe "Bl ebql . Them 1Ry 139 crea%‘é%x‘&i:l%@né’fwﬂé?e cabinet

houses the vacuum punp.29 anc inter- _
10 a board is to carry a d;fferent c;rcuzt on each side. ' '

Flgures 9 and 10 illustrate single station equipment
whiéh incorporateS'all of'therunit:operations'of:Figures 4 through
7. By aingleNStation-ié'ﬁeant'tnat each of-the-steps of ?igures
.4f--7-are'earried out at"the'aame'area.' The preferred arrange-
~ ment of the" indiv;dual units is shown in each fzgure. The upper
" part of the cablnet houses llght source 27 and has a vent 28 for
._ventlng heat and fumes from the apparatus. The light source
~is:a.mercury arc or mereuryﬁzenon'lamp, is stationary and, thus,
can be mounted in any'manner'which“aSSures.rigidity. The lower
20  section 26'of'the'cabinet'hbuses the vacuum pump 29 and intexr-
connecting tubing 30 and 31, the motor 47 which drives the
conveyor sYsten'for:renbVing'imaged boards to the uncured pblymer
removal statzon. and polymer pump and storage tank 48 with
delivery tubing 48(a). The m;ddle area of the cabznet is at the
oﬁerator.uorking levei and contazns the partzcular equlpment
for the unit operat;ons as shown in Flgures 4 through 7.
In place of a light source mounted in the upper part of

the cablnet 25, the light source can be located in the lower part

*



connecting tubing>30 and 31, the notor 47 which drives the conveyor system
for renoving i maged boards to the uncured pol yner renoval statidh, Zapd -
pol ymer purip and storage tank 48 with delrvery tubing 48(a). The mYddl e -
area of _the cabinet” is at the operator woiRki ng | evel and contains the .
partlcular equi pnent for the unit operations as shown in Figures 4 through
I n place gf &hki ghbinetr etthounsedies dfemipporspintthé tpperapanttofs,

ﬁghe i ght source can be located in the | ower part - 17 - of the cabi net
with a seri eshef cabinets | Theke mpprorpaarecposhticnednto. chahgecthérpath
are positioned to change the path of the light so that it will pass down

through the pfotbet 33phtTaPsthat bt ﬂ%éénﬁ?$§h@ﬁ"@ythﬁ%uﬂkethﬁ Pbﬂtanﬁ?%h

mrrors which will each reflect .t I d I t hat t
direction of Thi& FPQhPebGSEPEﬁ&hgg dfﬁﬂniaﬁeﬁ8€£9hcﬁv3r %dtﬂfﬁ?ﬂﬁﬁh"hICh

boar d bl ank FALHI RAEH FELRECHBR, ReouRoPhrePPREREAEEN?, %% Phbf sfareiffehion
(mder ordo of OF she, 1158, phanbHshas et 2. uiss A1 ‘Z‘F?%ﬁvn%%??nggﬁ"'

tubi ng 30. IQaEﬁ' aﬂb@efmhhﬁnaokh%usaaesé ?ﬁoﬁbo’é\ﬁol” the position it is
I'n when applying litquid polynmer to a“circuit ‘board blank. The roller coater

application roller ih mbded@et@il;ohfeerls siectbunbedranbbankkes placddein
—application roller is nounted forward of the doctor roller. Each roller

turns in a cehpamakhdnenandr pesitbonedi onFther rebradbablecpibst (@snshoen in
rollers receives liqui'd polyner frompunp and tank 48 by neans of tubing
48(a).. 10n el detmddi insFagurgsndcandi Sin i vaghns iscénavanen2the underside
T quid polynﬁ% Lgaggg Qipbgfméggsr8¥'3a2¥ui“£ﬁﬁg'93 and interconnecting
| tubing 30. In this view, the roller coater is shown in the
position it ié in when applying liquid polymer to a circuit board
blank. -The :611er coater application rqlle: 15 and doctor roller
16 are mounted on bracket 32. The application roller is mounted
‘forward of the doctor roller. Each roller turns.in“a compatable
manner as shown in Figure 5. The area between the rollers
receives laquld polymer from pump and tank 48 by means of tubxng
48(a). An electronic sensing mechanism maintains a constant
20 level of liguid polymer in the nip of the rolls by switching
" the liquid polymer pump or actuating a valve to flow the polymer
‘back to the tank. Drive mechanism 33 §perates the rollers. This
drive mechanism is mounted on the moving carfiage_and-is an
'electric motor with chain or gear drive to each roller. Drive
mechanism 34 moves the roller coater mechanism forwardly and '
rearwardly on fixed screw tracks 35. This drive mechanism 34

consists of a stationary_:eve:siblefelectric motor which is

connected to each rotating screw by means of a chain drive. That



the liquid pol ymer punp or actuating a valve to flow the pol ymer-back to

-the tank. ﬁpive'nechanisn133 operates the rollers. This drive nmechanismis

mount gd 3ﬁ-fhe novi-png carriage and is an electric notor with chain or gear
drive to each roller. Drive nechanism 34 noves the roller coater nmechani sm

“forwardly and rearwardly on fixed rew tracks 35. This drive nechani sm 34

cach 1ot ahe, ot HAFY abl Sabh st e & TlBiextt! Gha rielinec B LOS

shaf tch%ﬁly‘ig@éssﬂv@f Qighasi%%@. apdelfadabiyi B Bpidhgliadeach sprocket.

Prefer spring-1oaded rdler sprocket is uSed to tension the screw

- drivga1led Bprbthet 1@ Eed oK tehdioROithes gRiei drivecetadn.and nove it

forward and backward in each coating cycle. However, it is preferred to use
a Sefdvesec seeew tyacks an dothpsupporite thel lcoatexaamd moWec itol [ er 15 is
usually in contact with the blank only on the forward or the rearward pass
over forwalridaaind backwmardhdnceach ieoating cysde . HBowevexh| 44k isn bot h
passes. 10 When coating in the forward direction, the application roller
15, pxefesrede tooNise anisePagRtendeddng way 136 tos supRertd rodlesy  will

deposit a thicker film _.n.the forward directi.on, ,this.coating can
ralr[:ge?—°|°|’:G|1"1'ab3’6’6a Foidery Ip AS YSUEAdY: g”o%%ﬁ% k'\?ol’f'?"l Sfl'ﬁen%ﬁ@\?g‘r se coating, .

- OBt <o ToEME L FOBG 5 i &, SRS VR P SR ap it cat i on

rol | ey is'hWe%%@" ngd D CRREACE Yidh® ﬁga@ib?:g%élugaoﬁaoﬂn Gsew.th the blank

on thée Forward or reverse pass over t

10t Ne {Rlehelcba®ing g af PheaTsd ra ride iWRlE ioASS the 4epliedtibhe g@QQTeiﬁ”'g time 20

20

ranges from4 to 20 seconds, with about 8 seconds found to be
15, due to the positioning of the doctor roller 16 (behind

roller 15), will deposit a thicker film. In the forward’di;ection.
“this'cbating can-ranQerffdm-abou£'3 to 10 mils (0.076 to 0.25 mm),
B while in reverse coating, the coating will be thinner and range from
| 0.5 to'5 ﬁils-(0.0lZ?-to 0-1271mm);' Depending on the_thickneés-of
the'coating desired,'théﬁapplicétion roller is maintained in contact
or is raised out of contact with the blank on the forward or reverse
~ pass over the blank. Solenoids are used to raise the rollers on
the forward or rearward pass as desired. The coating time
ranges from 4 to 20 seconds, Qith about 8 seconds found to be
convenient. - The rotéting screw mechanism which moves the
roller coater, can be operated at various speeds since it uses
a separate reversible electric motor from that which controls
the rollers. This coating speed can be changed as the need
arises.
The'application roller is constructed of a polyene or

a mixture of polyenes. These materials are stable and not

enoidS are used to raise.

-«



conveni ent. The rofating screw nmechani sm which noves the roller coater, can
be operated at various speeds since it uses a separate reversible electrlc
not or from<tthat which controls the rollers. This coating: spdig can be’ -
changed as the rieed arises. The application.roller is constructed of a
polyene of a mxture of polyenes. These materials are stable .and not
-19-\gignificantly affected by the liquid polwrer. This roller is of a
length to coat the largest circuit board bl ank which can be held on the
pl-aten and i ssignificantlye affedied By ttthes Jiviiad pcllymerls GMis rodileeter.
The doctor roller can be of any material not affected by the |iquid pol yner
and i s converi®refyaslengthsto taat the dazgastpicinanis deardrikdankawhiich can be
this roller is less than that of the application roller. The degree of
clearance bethkd amehe platan and da dn ke TARIE SfeAbRRECR ﬁBI fisinfhRes

bl ank is set -

roilers hut had’fiti'@gdﬁ AT o %ﬁ&n?gﬂrﬁ'ﬁlﬁfgﬁgc OErEnY Faterial
Sﬁ‘it:ol 5 pr’vigg% fotrSrea i s LB rotimet, a%gn§§a%%v%mﬁf%§ﬁ%ﬁ§ﬁ§§ss
I's he inp 3% g?ﬁ?ﬁgagﬁlnlan Hedt.e e Eﬂﬁmbﬂﬂﬁr?f the film

IS the enuIS|on Sl carrles the 1'nage o the CIrCUIt

design.. The phoires ofd FeSLENan |thdteloRARD app G ¥ dIAFIS,. OfrHalidiYyree
bracket 38 and bearing way 39, so that it can be raised to an . upper part of

the cabi net wWhErcldwramte dietsdreties dppli datiiud! gl iamd aie plagen qui-d
20 pol ynmer, and then |owered so as to put the photo tool in close air gap
rel ationshi p witich thelds cihel inkreis et ibyy afljustgng two micrometers which
10 raise and lower the rollers but do not raise_or lower the screw
 mechanism fb::moving the rpllex'assgmbly_over the blank. -
Depicted above the roller coater mechanism is the ﬁhotO-
tool assembly 37. The photo tool assembly cohtains the'film-19
which is held in planar alignment by glass plate 20. The lower
‘side of the film is the emulsion side of the,film and caizigs
the image of the circuit design. The photo tooi aséembly is.
retractably mounted by means of guide bracket 38 and bgarihg. _
' way 39, so that it can be raised to an upper part of the‘cébinet :
when thé roller coater is in a forward position applyiqg liéuid
20 polymer, and then lowered éo as to put=the photo tool in clqse
air gap relationship with the liguid polymer coating durzng
imaging. The photo tool slideably moves upwardly and downwardly
. aligned by the bearing ways 39.. Chains_do,attach to side brackets
49 of the photo tool assembly and extend_upwardly.ove: sprquets
41. .These sprockets are rbtaﬁed by reve;sib;e‘mpgor_42 via drive
shaft §3. .Rotating these-sprockets_:aises_and_lowe:s.the photo
tool assembly about 12 inches (30 cm). Thgsé spfocke;s neéd_only

have a circumference equal to about the distance that the photo ton



i mgi ng. The photo tool slideably nmoves upwardly and downwardly aligned by

" the beari ways 39. Chains 40 attach to side brackets 49 of the photo

t ool asse y and. extend upwar dl y~over sprockets 41. These sprockets are
rotated by’ reversible motor 42 via drive shaft 43. Rotati ng these sprockets

--raises and | owers the photo tool=®&%enbly about 12 inches (30 cm). These
'sprockets neegsonl have a C|rc§nference equal fo about the distance that*

t he ﬂﬁﬁ?ﬂbixo to bg rajsed ang iovwerege rQPstheatoveBueReqof Ehzthe IoWE?
d he t h 44 wh .
o0 GhekCe RS Rps RSB &5:5 SHERRFbBLARL B PLRRcH'a1d FO" S
f 4 : the plat
surf B an§£s%§%§%?l?ﬁe RS e §E#E?gtﬁ%?ﬁﬁ€h? BBeE8 88, [ ng 517 "
connsﬁEStﬁaecabesa kaskaeaserrhkyléasthe YRCLHELEUBPns TREe VasLaM Which is

drawn on the photo tool holds it’ | ace at 1ts edges. Registration pins

can mhseebﬁiﬂsedoheabel fhel pmatéhesﬁhsaaetaﬁa suppbPUfe! PRotSt racting

mechani sm has been di scussed with respect to using a 10 chain, or a
cabl epod assembly énréngasmagédgforwhhkngosleeonneterthanphetusedol
However, it is preferred to use a chain or cable el evator-type nechani sm
for ﬂassmyahq thecvaayumnpubpet oTheovaauuemehich Ghe edraen paot the ool
lace and resting - on pins 44, the lanp 27 is activated

assenply is |
whi cnhgéﬂd§°3 bﬁ%ﬁiﬁf ifoho c%é% n?t c%‘Fﬁ edges- | | BReisbTAt PR PiRg phot o

aboueBoetge chfcused B8 he B alien R phSy 383%f§°wg§&@$33@Eéﬁéféﬁ?'y o
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chain, or a cable, a rotatlng screw as used for the roller '
coater can be used. KoWeVer;'it is preferred to use-a chain
. or cable elevator~type mechanism for razsing anﬂ lowering tne
photo tool assembly.
Once the ‘photo tool- assembly is in place and resting
on pins 44,'£hellamp 27 is activated which sends a beam of
non~coherent collimated light down onto the photc tool. This
light is applied for from 5 to lzolseéonds;'ana’preferably for
.about 20 seconds. As7a'light source ages and gets weaker, the
light'applicatiea time is extended. Light intensity can be
'measuréa manﬁally"and”the time duration adjusted or an integrator
can be used which automatically monitors the time intensity
applzcation of light energy and adjusts the light source.' The
"light source is then extxngu;shed and the photo tool assembly
ls raised upwardly to its rest posxtlon. The vacuum on platen
is tﬁen'releaSed, echvéﬁb: mechanism 45 raised, and the board
automatically removed from the apparatus for further processing.

. fThe conveybr'is raised by‘activatihg solenoids 46 raising bracket



can be used whi.ch automatically nonitors the tine intensity application of
| i ght energy and adjusts the |ight source: The |light source is then:
exti ngui shed and t he phot.o tool assenbl y-i2d rmai sed upwardly to its rest {5:2;
position. The. vaguum,on platen;is thep, rel eased, ,conveyor ngcham@am 45
raisedf"and'ﬂﬁewgbﬁpdiﬁquﬁﬁtFEéFFﬁ FRIHSER ESoﬁ??hﬁhﬁp FACIREFDr COUYEYRT
_processing. The, cggyeyoL is,raised b i yating solenoi ds.45_raising. .
- br asket -ETEXSQ§X?Xh1Pn€PﬁrﬂrF3iggsgﬁ%l¥g?g383 aﬁagg ei%sg%cg%ﬁgggane'
conveyor bel a) 4 Of A at gp. DT 4 Sgsd St~
sty act i vaPRiTs prtivhESaraEenthol ghopadt R, BRI 41 (a) PeEOAILRE Wotor
rollers 23. ab¢vegUBNBREsCAB. be operated on a nmanual or automatic basis.
I n manual operation, the operator would control each step. However, an
automati c operationThe pgeipmeat, cahecbebyperatedtbn &imaniual boarsutomatic
positioned, the steps are each sequentially performed w thout any operator
control. BesbdsisiO In papualli opefationit theqoperayorowmondd, contpel néach
saf er operation of the equipnent. The controls shown in Figure 9 depicts
some of thos&t@RrchHEWEVESedanoaubOmakEC| ePepetionohs Preferted, jeheredbyy

be desirable to have gagges,toh%iv a.constant indica- tion.of vacuumin
the platen afftBRotBe: s3FcRitchBprresis RPELhicnesyl the sHeRe aTRL8Rch

'?{‘é?fef of Efégsﬁgﬁ?iﬁé?ﬁﬂﬁe%?"éﬁgsf REFokB hay LEPERRER: SoRETEL10 SROMESS
The of P80 ¢ BEAVARERE, BBCmatelyDYkbn ey BOREREL T £, BEPRELACoq 4 PP Seton

apparLus o SE0Uhe SquipfielBl! OtfiePBbherdls EHEwRIR PIGuiE% 4451 EREPsome
of those which are used for automatic operation. It would
geﬁérally be desirabie to have cauges to give 2 constant indica-
tion of vacuum in the platen and photo ﬁool ééSeﬁblies. Switcﬁes
would include a Master On-dff switch, vacuum pumé switCh, and
}ight timer device. These are all.state-of-the-ari'items and
sﬁiil'others could be added. | |
Figure 10 shows a side view of the appafatué of ?igure
9 from the side opposite that where the'circuiﬁ board'blank
20 exits, i.e., from the left side of the appartus of Figure 9.
The various parts are the same-and'héar the same numeral desig-
nations as in Figure 8, except that this view shows the use of
an optional multiple chamber platen assembly; The uéper section
25 contains the light source 27 and vent 28. The lower section
26 which contains the vacuum pump 29, 1i§uid'§oi§mer pump, and
" tank 48 associated polymer supply tubing 48(a), and motor 47 -
with associated belt 47(a) for driving convéYbi rollers 23.

The mid-section is the'operator-working'areé, and contains the

" ah e gmeam e e



nations as in Figure 8, except that this view shows the use of an optional
mul tiple chanber platen assenbly. The upper section 25 contains the |ight
source 27 and vent 28. The |ower section 26 which contains the vacuum punp
.29, liquid polymer punp, and tank 48 associ ated pol ymer supply tubing
¢ 48(a), and notor 47 with associated belt 47(a) for driving conveyor rollers
T 28. The%d section i's the qperakow-working area, and contains the - 2
circuit board positioning mechani sm the roller coater nechan- ism and t hee?
photircuitt beaxdipgsitioningimechanisms therrebber i¢eater thechinr ence to

Flgure 9, but will be described here again with reference to_this Figure
10. iScaRg rehe thot%lﬁ$§ﬁmmm%m%t@%fbﬁﬁ %%‘éﬁgl y 61

whi ¢ a series of _holes 63 for vacuyu n the upper side of
T hev it e fonee kS IHS ) ST 10E deafitihed Hetd aslihin{ths
' Ty here are four separate chanbers in the platen
_ asgérgfﬁééc%rg%#& 5 %f&ucan e. drawn on any or all of these chanbers.

Thi s pl at é Scis&di N58a gfﬁ% tQf uced.
In use a \G/‘fa%uurr%?s only d’yév% on t e c %%%%gg%ﬁzeﬁf%ver b%n c%pt her e .

| S POSABBOPOE wiei 61 ds WS aNks HoLE£C4S | £8r [ BPawind U tvha@is bl ank,
it is first deter- mned as to the chanbers in the platéen on which a vacuum

1s éw tite dipper sidé wf €k pldtawneThie | pleted hdfe vie the muiddd d 51 are -
t hen opened for theé chambers on which a vacuumis to be drawn. The ot her

val chegmiier relaten Gﬁmblyb\faérriqm:es rtliandak4 d iThdtridy thereosition,

the roller coater is activated 20 'so that it noves forward on screws 35
andaxeafeur Reparate (Chambers|imiche tplatepiasgomier . A TVRcwppl i cati on and

doct or
10 can be drawn on any or all of these chambers. This platen_;s

-used when various sized_cigcuit bqards_arg to be produced. In
use a vacuum is-on;jidrawn:on thﬁ_chgmper or chambers ovér which
~ there is éositioped ﬁrci#cuii sgard blank.
.In.secufing thé-pi:cuiﬁ.board blank, it is first deter-
mined as to the chambers in the platen on which a vacuum_is to
be drawn. Valves 52 with connect lines 53 to vacuum manifold
51 are then openéd for the chambers on which a vacuum is to be;
drawn; The other valves 52 remain closed. After the circuit
board is firmly in position, the foller coatér is activated-
20 so that it moves forward on screws 35 and coats the circuit |
board blank with liquid polymer. The applzcatlon and doctor -
rolls cannot be seen in this vaew.. The roller coater is then _ ®
retracted and the phcto.tpol_assembly 37 lowers into position..
Member 38_guidgs_the,photo tool on bearing way 39. Chains 40
are attached to side_h;acketa 49 and raise and lower the photo
tool assemblyf The photo tool lowers until adjustable pins 44
contact the upper surface of platen 61. 1In the fully-activated
., position, the photo tool assembly is supported by these adjust-



roll's cannot be seen in this view The roller coater is then rqu act ed and
the photo tool assenbly 37 lowers into position. Menber 38 QUIdeS he phot o
tool on .bearing way 39. Chains 40 are attached to side brackets. 49 and
rai se and |l ower thé photo tool assenbly. The photo tool |owers until-

adj ust'abl e pins 44 contact the upper swurf3ce of platen 6. In the
full'y-activated position, the photo tool assenbly is supported by these
-adjwst - - able. P&BPe‘ﬂrnsBX4°dlB§taﬂ?u§P?ﬁg Phase BhRsaifngan; eEﬂﬁF“

“bet ween t he ggoto t an th # Eoé ;¥§an be changed. he
photo tool a §nﬁp9 Ps Pﬁ pPB eS8 tRPLS POHY™MEELFRR ange Vat
e oo B BHEEP BEbTSaEHLRARY, 200 pig fez%ggw?éar Laf bty 7

and the conv OoCT a actTVv

Notore 47 andsgsgegi ghedabel b ﬁ(éfzepifééhﬁes&ﬂ? fig' kEEnyB1ERLA T end3.

At the tine at t oto t IS berhg rarse o |t storage posifion,
conveyor braﬁhéto‘léobl A85EAE1PYiSOraIGedSadd. the BbhVEPEPUSbY1ed 23 44 OF

47 and conveyor rollers.23 and the associated belts are activated so that
‘the circuit hssodiatedbbeltst cd3gaj aretsotftased. COMYEYLd4 T randt desociated
‘equi pnment to the next work station. As discussed, it is preferred.to.
oper at e t hi sbediti #7 (aknprovide aheomatlvenﬁdeceTherréblersaIBer Aﬂrthemﬁxme

the master switch an ogerator after inserting:the filmbearing the circuit
desi gn i n t hthatothet paptastend| §s heingpvaisedntehitsistorageceesiviemk on
t he vacuum pl aten and_ draw a the platen to_secure the circuit

board bl ank. SPRERYPReP FéEﬁﬁﬁ\ggcggg}g¥§?énbﬁeﬁeh%%°%§5r ssets+@ﬁtﬁan??ﬁ§1y'
901 gPOl YIgLL20 41, ohfl LohePdRE En ST R R R LA 0l e
fully activated so that the clrcuit board can be lifted off platen
61 and conveyed from the equipment to the next work statlon.
T As discussed, it is preferred to operate this eguip-
ﬁent in an automatzc mode. Therefore, after turning on the
master switch an-operator, after inserting the.film bearing
the circﬁit'design in the ohoto toolaassemhly; will'position
the circuit board blank on the vacuum plateh'and draw a vacuum
on the platen to secure the circuit boarad blank. When the
vacuum on the platen reaches a pre-set level, the licuid'polyher
20 ‘roller coater automat;cally comes forward. and reverse coats
.the circuit board blank. ‘The roller coater assembly then fully
retracts. When the roller coater is in its'stored position;
the'photoltool'assemhly lowers to within the pre-set air;gap'
distahce from the coated board" When the photo tool is in
pos;tlon. the l;ght source is automatically act;vated for the
pre-set time. The light source is then automat;cally extlnguzsh-_
ed and the photo tool assembly elevator mechanxsm razses the

photo tool upwardly about 12 1nches to its stored posxt;on.



retracts. Wen the roller coater is inits stored poéition, t he photo tool
assenbly lowers to within the pre-set air gap distance fromthe coated
board. , n the photo tool is in position, the light source is

,_autoﬁhtica |y activated for the pre-set time. The light source is then
- automatically extinguish: ed and the photo tool assenbly el evator nechani sm

" boar abgntt 2hanshesr €
t
“to rE&é&FntHé-FBEFGS. buERg-2n

rai ses the photo tool upwardly abgyt=12 inches to its stored position. -
24 - After the photo tool ‘assenbly has been raised a distance of about 2 S\
i nchagtefcthe phetootectoessenhdyi basi beehcraisedor distphgeenfis raised ~
about 0.5t0 1 inch'glz.S to 25 mm) to contact the underside of the inaged
cBlvefbe Fenveyortmachanigmsint thedarea tof nthe t he
i maged circuit bgar 't he next rk statjon. . The_equjpnent is then ready
%°}Aﬂagf‘ﬁ§, u%ré. tei gar ilt? | $RREIGE dzhe he

 prockudEsif BE HfelHegn bORrACRASCHES, SReERECHPRERIE LA gir coo and
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10, WH6uG0ahiRlstl bWEtcheGUbh £83hEyaEnk! eQLEAL '
c'onduct-eg' %%1 tﬂg ane .I-giclétai l3%; _|8n the nmu t?q'ss % ig%fgﬁn%gﬁe%eﬁ%%hee st eps
are peREUGbEN BtatsBalal Phboeghipglént TIS BhéNtreddytddfedat Nehe _
mul.ti-station-enbodi ment. over the single station enbodi- nment is that daily
pr odwoliler ceathnagdandl énagihgseyelébe result of being able to
si mul t aneously coat one board with liquid polyner-while another board is
bei ng expo¥égure Beilddmstrktesntheciiltixisietigrhenbbdiment oft &he, 80 is
the circuit board liquid polymer 20 = coating station. The sane type of
r et r appabRrsusosPepPractiget thesifpgrgoing: pspcespesat u¥hdderiguthe 9 and 10
can be used. Howyever, . _. ' . S . =

single station embodiment of Figures 9 and 10, the coating

of the circuit board and its subsequent exposure is conducted

at the same 1oc_ation.;__in_ the multi-station embo_dimént these

steps aré'conducted at separate_locationé; The prime advantage

of the multi-station embodiment over the single station embodi-
‘ment is that daily production can be dbubled. This is the
_‘result of being able tb simultaneously coat one board with liquid

polymer while another board is being exposed to the noﬁ-éoherent

collimated light. _ |

In more de;ail, 80 is the circuit board liquid polymer

coating station. The same type of retractable coater as in the

single station ;pparatus qf Figures 9 and 10 can be used. However,

a coater where the coating rolls are stationary and the circuit A

board to be coated}passés through thé rolls is preferred. This

is the_case_since thé board can be cgntinuously moved through | ' N
~ to the nonecohe:ent'collimated 1ight exposure section. _Suitable

coaters are commercially available frqm,-for instancé, the Union

Tool Company. The coater which is illustrated is of the pre-

ferred type.



a coaterwhere thé coating rolls are stationary and the ﬁ%?CUit board to be
coated passes through the rolls is preferred. This is t case since the
board can- be continuously noved through to the non-coherent collimted

| i ght exposure section. Suitable coaters-are conmercially available from-
for instance, the Union Tool Conpany. Ths coater which is illustrated is
~of the pre-"ferred type. 57 - 25 - TRe®Codter consists of | mput conveyor

-:81\hi ch feeds the/poard_into roll. 3 .and.84. R r 83,LS..a.SUpP LNng
“roller, while rol| &PegFoREeFLE° gé%F%gO?ogF@P? R *P§V°§28PswﬁﬁéﬂnggééélIer.
The supply of |l e J o ANt aisn I Ngfe i Rab e ' 82
and 84 At o, et AnkETeen3 sTRS oA 8, | TabDEER B3 0k B TRupRO-ELRS "
passes Onto GRIMRAYY" whiileModhelrs slulily tBeckeatdng FB13e@NC! REULErCORSESt S

of a sheet netal enclosure or optionally can have one or nore sides of a
‘transparent pheship rollesyor The suUPPIPOLES 1igaidopbigméd is mhdatdihedo
exposure section 90. Imediately prior to the. exposure section the board
can be pre-edimothe ndpabetweeayagiolleflrs| 82hantdo8dart Aty pebgiangi throhgh
eoating. This would be using | ow |evel, non-collimtad |ight radiation,
such as by ushese moldexscand bedhoscpakedy Sheobopyd PASSRE ONto sPRAVEYOr
range:. This pre- exposure section %ﬁ%@) I's sheqwn in_broken-line outline
since it is BroMiGhaps Faldycen r BHigcPRGdPSUERCCRBELELENPS Bl aten
89 which i-s t$§ anetga t he Blaten in t@e siggle station ag aratus.-Tha&
is, a convey8Pe e ®BEAPE TS 8XpOPFEPBA LIV FRPLB2RFPRR QR™I5® S19PF
s then retragodydownpardbt Prbleile PLahGRybReB6SURRRELLRESs the coated

10 board into exposure section 90. Immediately prior to the

‘exposure section the board can be §re-ex905ed to a low level
of light to partially polymerize the coating;' This would be
uvsing low levei, non-collimaéad light radiation, such as by
. gse'of-fluorescent'lights having an oﬁtput in the UV visible
range. This pre-exposure section 88(a) is shown in broken-line
-outline since it is an optional feature. -
Conveyor 86 delivers the board onto platen 89 which is the
same as fhe-platen in the single station apparatus. That is,
a conveyor moves the board into position over the platen and
20 it is then retracted downwardly with the platen then supporting
the board. Guide and registration pins are used to locate the
board on the platen until the vacuum is drawn to secure the
board onto the platen. . However, rather than*usihg guide'and'
u registration pins; various other equivalent mechanical tech-
niques can be used. . - - . |
When the board is in place, the photo tool 93 lowers into
place fia guideways and elevator mechanism 94. This_photo tool

is the same as that of the single station apparatus and is more



-~ platen an

the board. Quide and registration pins are used to |locate the board on the
platen until the vacuumis drawn to.secure the board onto the platen.
~ Howev rat her than using guide and registration pins, various other
egu vabent nechani cal tech- niques can be used. Wen the board is in place,
“-the photo tool 93 lowers into place via gui deways and el evator mechani sm

94. This photo tool is the sanme as that of the single station apparatus.*>,

and is nore -26 - fully descrd lpggld n Figure 12. \WWen the photo tool i s .

in place and in registration“with the board, the non-coherent collimated
['i ght £y @ebbribed tiiny Ricfhre B.S . hingy rﬁia%éhos £l SAGAP1ialkel NE
single station apparatus. |t can be |.ocated i'n the upper part &f of this
secti @hdfin hRegiRRFaAI6h wilttH RHeN DR tHee hoh>ctiHeTet (@13 imataled in
t he upper section to change the direction of the light so that atter it
passedighmarstiurcd SxNs \detivdtedl e THfd Adightn sdurceadsedhdowanRr @lsy
t hrough the photo tool. - Regardl ess of the arrangenent, this |ight source
nmust 1t thehsiangles stiabion appatatusas [Itedanudey loatied tim thed uhpecussed
~in detail with reference Lo_Fi%ﬂre 8. Fan and vent system98 withdraws

f umes PATE Bdaf tdis Rechion At sheTRPRagAtuSc GTodnothe [Lowgrs @reant ai n
t he vg{ious utilities for the. p@{atus such as a transforner, -vacuum punp,

|

el ect e WL M TTRES, Jocath &I%gé: e, FPPETe Sectdon #R. Shange nged as

2rece AR 0 A, B RORE 5, SRR A 3,

e, BRI e ) e (RGBT s e
. tool. Regardless of the arrangement, this light source must =
10 have_the'cha:acte:istics'as éreviouslyﬂset-forth, ﬁnd-discussed
in detail Qith :efe:ehcéQto Figure 8. Fan and vent sy#ﬁém 98
withdraws fumes,Qndgheét~frdh the apparatus.

The lower region 92 will also contain the various utilities
for the apparatus such as a transformer, vacuum pump, electric
‘motors, valves, switches, and the like. These are arranged as
;space_permits_in this area. -
| ~After a bba;d-is éxposed the phot6 too1-retracts-upwérdly,
the vacuum_which_hoids-the.board onto the platen ceases, the
platen_copveyor.movgs,upwardly from its rest position in the

20 platen and moves the,éxppsed board onto exit conveyor 99 which
removes tﬁe board from the apparatus. Section 88(b) thch is
outlined by dashed lines, designates an optional post-cure 6ption.
That is, there,cén be a low intensity, non-collimated light
source in the areé'which would further.polymerize the liquid
polymer on theIboard.-_Con§eyor-99_de1ivers-the'board to the

- circuit board finishing line. This consistS'ofiappﬁraﬁug 100
to remove the polymer which was not exposed to the c¢ollimated

light. Typically, this is accomplished using an alkaline wash

. (il

x)



renoves the board:fromthe apparatus. Section 88(b)59mich I's outlined by
dashed |ines, designates an optional post-cure option. That is, there ¢an
be a lowintensity, non-collimated |ight source in the area which would ~
further polynerize the liquid polyner on the board. Conveyor 99 delivers
~the board to the circuit board finishing lifge. This consists of apparatus
100\§/ renove the polyner whi ch was not exﬁ%ﬁed to the.collimted Iight

al

TYPIAl 1Y, g Be BRCOBhG SHERrESERY Bl K8 ¢0ENESI section SLILN

The board can n sectio 1 to renove exposed neta and in

section 102 tb@mévaueﬁpaeéamwm c&lnavafn Péé ¥ ZE0R bihe XPRgME @ PN yrindr

collimted light is renoved using a strong al kal i ne sol-ution. These latter

t'hree secti onghidhchas apobymeppsedcby degposyre Opsrtheé NEoThimatredi kight is
comerci al l'y available units from Chencut Corporation. It should be noted
that the boarsemayedousingcaestrongudtkahing usoluition opeThesaclattsr Ehree
renoved for sone internedi ate processing and then placed back in the.

devel oper Ii n%ecmoi‘%n%béﬂhfe?ﬂs ?Fg‘?e{%ﬂ 2 deyeierelrbine sFany. cﬂm% of

T2 AR IR S B A
B B, oy LN i BEL SR S0 08 B e
SO ;;fg?%ﬁaw e s L,%ﬁ*ﬁeet#ﬁ%ﬁ%%%%ﬁﬁ%%%'ﬁ@%n
s o FORREL T S R
optionajpy befa:ﬁeéfoﬁarwessm@tlon pi ns |
F;gure 12 shows the lower surface of the photo tool assembly'
which is in close 31: gap relationship with the liqu1d polymer
coating during imaging.' Assembly'ss; éhich is a metal such as
aluminum, hes ihner area 59.where the photo.teol.is placed{
: Around this opening is vacuum ehannelpss. Openings 57 connect
to tubipg 31 on the upper surfaee. In this vieﬁ, there'are shown-
six ad]ustlng plns 44. Items.58 are magnets'whieh are embedded
in the surface. These magnets will hold a metal frame whzch
in addition can be used to hold the photo tool (film or plate)
20 in position. _Tﬁere mey,optiohaily be e set of fegist;ation.pins
| 60 for aligning ﬁhe photo tool on the assembly; sﬁch registra—
. ‘tion pins will pass thtoﬁgh'sﬁali holes in the photo tool.. In
use, the operator places the'photo'teolleh the assembiy apd places
thin steel sttips in ihe erea of ﬁhe embedded maénets, whefeby
the photo tool is sandwiehed between'the sufface and the strips.
The vacuum sysﬁem is t‘hen act:wated and the photo tool further
secured in place. The pins 44 are adjusted to prov;de the proper
air gap betﬁeen tpe polymer coated blank and the photo tool. The

photo tool assembly is then ready for use.
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60 for aligning the photo:tool on the assenbly. Such registra- tion pins
w | | q@ Qs through snall Aol es in the photo tool. In use, the operator
pl.aces“the photo tool on the assenbly and places thin steel strips in the
area of the enbedded magnets, by the photo tool is sandw ched between

‘the surface and the strips. The vV guun1systen1|s then activated and the

Phe. pr oper FAERFER,? §e?§sei4tﬁe3'@ﬁ§nsr3?osﬁ i RERaRERRVERRS (ol ‘S

The ghgkgn! E&%@enmeﬂya LripEctive. vEBy of gees 13 and 14

are |em5 of- the nu er vacuum p ment. Figure 13 is a

per sgeateHe Vtﬁ“%ﬁist9§e9|at§8 muhﬂiLBhambeQW?lhﬁen”Hhsitﬁ@agﬁﬁé pl aten has
t he Sane appearance as the -si ngl e chanber platen 11 I n the single chanber

pl at gpp@arkhour as4the seabilegchhaberf platent d1sholhdeheldfngleochanbeihe
vacuum chanber with vacuum.line 30 attaching to:this sealing plate. It

al sopbasephefsBigurkadnchssédlihgr plake fohseyntObshogléee Lddad etiowhen not
in use. And, further, both platens -have a series of holds which
connﬁﬂ?@atbefVGﬁPPﬂecbﬁﬂbﬁrlﬂlth VQQﬂFucélﬂﬁréQgﬁtFécbheglhﬂe#héﬁanber I n

the single chanber "platep these are designated e in the
mul t Pe2hiRgeP GtﬁratEH Pﬂé? hps HE§|§H§FeﬁhB§“ei Sghgkﬁﬁei§h8 section

he, si.de_wal | | f th
ZE{?” Buklfmobedss RRiDheRhans "gsngagﬁf#n§°§§r|iagé 2ﬁ§%s%°%9%§a¥%g° and
EQEBhEQﬁF@éeap§§§§QstQEOHSEd%O gk ﬁgﬁo &L§8§té“§ 8”H§g£§d to a

vacuﬂn1nan fold €.vacuum mani I nter- connec ubl I's shown

i N FiguegcdOthrofgi seUshediahevechhiibarTU! th- chanBeh Qéa&ﬁamsaaenb'y s
nnre efficient whén various sized circuit boards are ?o be produced. That
pDatén these are des;gnated 14, while in the multz-chambered
platen they are des;gnated 63. F;gure 14 is a section through
the mult;-chamber platen. The side Walls 64 also form part of _
_the outter chamber 67.. Inner walls 65 form the walls of chambers
68 69, and 70. Openings are passed through the lower surface
and are connected to a vacuum manifold. The vacuum manifold and
.inter-connectlng tubing is shown in Figure 10. As discussed
above, th;s mult;-chamber platen assembly 1s more’ efflclent when
varxous s;zed c1rcu1t boards are to be produced. That is, for a
small board. a vacuum would be drawn only on chamber 70. whrle for
the largest boards a vacuum would be drawn on all of the chambers
.1n order to better hold the clrcu;t board blank in place.
| In place of the mult;-chamber vacuum Dlaten there can be
_used a platen where .the holes in the upper posxtzon can each be
selectzvely opened or closed. One technique is to use holes ‘having
an offset conflguratxon as shown in Flbure ll(a). The hole is off-
set and has a ball ciosure. dhen the olaten is alumanun or a sinmi-

LY

'1ar materlal.mngnetlc balls (attracted to a magnet) can be placed

-
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smal | board, a vacuum would be drawn only on chanber 70, while for the

| ar.gest .boards a vacuum woul d be drawn on all of the chanbers in order to
better hold the circuit board blank in place. In pl aceﬁd]‘ t he mul ti - chamber
vacuum pl aten t-here can be used a platen where the holes in the upper
position can each be selectively opened g _cl osed. One technique is to use
~ hol- e\s/haw ng an offset configuration as shown in Fibure 11(a). The hole is
“of f ~Fset and haselzdkakblyl ixs Whe hoVéentd dopkathe holesl whinusa wacursiisi -
l'ar material, magnetic balls (attracted to a magnet) can be placed -~ 29 -
sel ectively in dffwmo| her t|reaRve hthedtadd swhEnis SHYUBRFESSITANS ““PH@n to

renove the balls,.i.t onl e S t n e ten.

the platen is ot “?%ﬁ%n%‘t’$¥ tﬁﬁ ﬁag?a/' n&ﬁg’x 5‘-@&[ her%\séhétﬁéc.:‘%‘&b% used
with renoval 5 RGGATRNI ShEghdticABroyEndY GhD4! BaRfbalivsed WALR fdi®wdiat en.
This would blow the balls out of the hol es. Any -l'i quid pol ymer conposition
which is curabla:dompa:.sbédcbmsamngveomexmmeenf sit wititiedtheghtatemd This
strippable in liquid systens _can be used in.the present processes.

Sti tabl e |iqui d’%ﬁ-deWY’re?h%Bﬁ'H%Pt‘Fo?é % bRLESn be used are those set
forth in US. Patentgng, #’uiodg% nal o’i\ﬁ:oﬁgm HNWEAE 15 Buf eertroe‘i

p0| yner I s a urethane turati on on one en

pol ymer nol ecul g1a=d ualiu?rﬁ%oh@&éb@%l]ﬁ.ﬁxﬁ%ﬁdonzéﬂw a@i&irﬁrl(@@damé 1TnhQ1un.d
pol ynmer nol ecule. The term nal unsaturation 15 is curable by free radical

pol yneri zati on syssimgisngﬁndumgxss@t igothe myesenti precesgesl. e Shttalglariliguid
Concent  at ed LyHETRE SORRTANENS” RAGH B PRAUF 1fo SBOEHATSh (e fBs
and useful in the PpgIeRts P5ERS988 At 419573209 téb%vefvakl owageéémul a
polymer is a urethane -hev1ng terminal unsaturat;on on one end
of the polymer molecule and a terminel carbokyl Qroup on the
other end of the polymer molécule. The terminal unsaturation
15 is curable by free radical polymerlzatlon using non-coherent
collimated lzght, while the terminal carboxyl group prov;des
for st,nbpab::.llty of the cured polymer using concentrated alkallne
solutions. A polymer having these characterzst*cs and useful
in the present processes is one hev1ng the following formula:
20 v o om HO . OHHO
CH =C-C-O-RI-O-C-N-32-N-c—o-4?=+—o-c-c=c-c-oa
wherein Rl is an alkyl group of from 1l to 6 carbon atoms, Rzl
is the organ1c moeity of a dzlsocyanate and is an allcyclio,
. aryl, alkyl or arylalkyl_group, and (PE)x is a polyester or
polyether extending chain unit_whete X is an integer of from
- 25 2 to 50. o : |
This polymer can be used alone or 1n conjunctlon w1th.a v;scoszty

mod;fler such as a carboxy termznated hydroxyethyl methacrylate



20 wherein [err] i§ an al kyl group of from1 to 6 carbon atons, [err] is

the organic noeity of a diisocyanate and is an alicyclic, aryl, alkyl or

yW§kaI group, and [err] is a polyester or polyether extending chain unit

ar
 Shere Xis an integer of from25 2 to 50. This polyner can be used al one or

in conjunction with a viscosity RBdFfier such as a carboxy term nated
hydr oxyet hyl methacryl ate -30- having the formula: [err] By adding e
varyi njagiparithe FerPRatar boxy terminated hydroxy- ethyle methacryl ate thws
viscosity of the I|qU|d pol yrner cogp% Rf sition can be changed. O her '
Vi scosity nDdlfers also be use useful in the liquid polyner

conposi tion |s gngktlégw dugﬂ@.@scobyt not limted to, benzophenone,
acet ophenone, eneqﬁlndﬁe o- met hyoxybénzophenone, di‘benzosuber one,

ant hr aqui none, hexanop enone, or 2,2-dimethoxy- 10 2-phenyl aceto phenone.

These §9b§%[a£&?€%a%l§ﬁaacsméﬁ&@s iadiaal cgAnaiAitegni sated tydrospeed the curi ng

process phot o- sensitizers can be used. -These are the prine
addi ti eeayl® ﬁéuhaﬁr?ﬂeteedhé|vanOSpbeq@wthﬁaﬁpayﬁﬂ|EﬁiYmQHOWEVEP‘ t hese
conpositions can also 15 contain crosslinki bng term nal

n ents_contain
unsat Bisdtdanapen he coAAPRdt (FHhGT JrBERRTTY T‘ﬁ’gégeﬁﬁacﬂ 8 °p8Esi bl e
ﬁgggﬁ]'e‘éﬁigp' gl %gdcile,l E%.{‘se%%?Wn atfﬁ{%' u@. %ﬂ.d?}%% df %%b?i‘@io:ﬁqrsy ljat e such as

such as
pent aeryublbb bR 1€ Bidralsiush (&er rﬂummamiﬁmwlmabeummmenol ic 20

stabilizer such as hydroqui none-nono-net hyl ether or
acetophenone, acenaphthenequinone, o—methyoxybenzophenone,
dibenzosuberone. anthraquinone, hexanophenone, or 2, 2-d1methoxy-
10 2—phenyl aceto phenone. These substances enhance free radical
generation and, thus speed the curing process. Other phcto- _
senSitizers can be used. )
" These are the prime additlves in the preferred liquid
polymer composition. However, these compos;tions ‘can also
15 contain crosslinking agents containing'terminal unsaturated
and/or terminal thiol groups. 'These and other possible
additives include an epoxy acrylate, a multifunctional acrylate,
- such as hexanediol diacrylate, a multifunctional thiol such as
pentaerythritol-tetrakis-(5 mercaptopropionate) and a phenolic
20 stabilizer such as hydroquinone-mono-methyl ether or
trihydroxy benzene. These additives stabilize the compcsition
and also provide means for bridging the polymerized carboxy
terminated urethane to itself and also to the carboxy
terminated hydroxyethyl methacrylate. Bridging*provides.for'
.25 a harder cured polymer, and one which generally has higher
thermal stability. ' For instance, when solder masks are to
be made a bridging agent is used so that the polymer could
better withstand the 400° or 500°F, (204 or 260°C) temperature

of tin-lead solder sprays.



tri hydroxy benzene. These additives stabilize the conp05|t|onséhd al so
provi de neans for bridging the ponnerFZéﬂ'Carboxy term nated urethane to

B dgi ng. pr ovi des. . FREsoaLEEK4shER hER flen! Sl RpLebbr RARRES tS foprer,
has N gher !QfRERLISLARE! bbiza E@ﬁﬁgpé{aggcsrfvggaséﬂéfg tH8 S Pedbfiihente

made w=bri dgi'ng agent is used so t r cou ter wthstand

the [err] orpkghtka £i8éust Bea&h) pi:eaaﬁtayues:nﬁéxéianyaﬁlaaeLdenoeavers
63 -31- This dlsclosure has been directed primarily to copper clad circuit

board since theypgoeepsescareyopbéeabledwithcotheri nétdlceladdingsaand,
presently comrercially nmade. However, the processes are operable with

other netal fhrtlengswenlid ber operableuviithenopemebadlicttondnctival |ic
conductive coatings. Therefore, wherever netal cladding is used, it is
under st ood t ©oRkingae eﬂbﬁ#ﬁf@ﬁ?vc?hﬁ§¢ﬁ3§ metal oladdingrisiused)citedsto

t heuse of non-cgoherent coll i Ali V|ng the specifications
set 10 8 FH‘H@P& ﬁ°h§§gEB§ﬁ o %VB%%Btfgg‘ﬁﬂ 8SHresent use by the

[ ght beam and cannbiiBetasERoPRER 1R CdtrecheR £ theRr SHE AeRTeRReEtRe
90 Ve Lo aRteal ke AOEARYHbtloY 8 BEIBIECASGHE etoY" (0
PEoTHE) T STEERETRANELS Mhe Beogolefelspen 0 LMW plelial nal bp k0
require a | opgeicdlr RhELALiONt OSMPARNPSUr R F&EéLOlight beam is a coherent
collimated light beam and cannot be used iﬁ'place'of the non-
| coherént colliméted'light was to be used, the laser beaﬁ-would,
via.a.compq;er-system, have to be set to scan the design of
the desired.circhit; Such a laser system would be much more
'.expensive than the non-coherent collimated light and photo .
tool arrangements discussed in detail in'thi§ appliﬁation, -
and would requiré a longer duration in the exposure section
leading to a losé-of_production. Aiso. a laser system would not
20 meet the image deviatioﬁ factor of not more than 0.5 mil {0.0127mm).
The following examples disclose the invention in more
detail. |  _
. EXAMPLE 1
This example setslforth a procéss-for making one of.
thé preferred liquid'polymer cbmpcsition.
A resin kettle is fitte& with a stirrer, thermometer,

drying tube and an addition funnel. 185 g of toluene diiso-



| eading to a loss of production. Also, a |laser systemwould not 20 neet

truaégfge devi ation factor of not nmore than 0.5 mil (0.0127m). The

fqdl ng-exanpl es di'scl ose the= 32ertion in nore detail. EXAMPLE 1 This.
vékanple sets forth a process for making one ‘of_the- referred Irggrd pol ymer. - .

‘coniEAnatR) » 01639 %tlﬁ@?%“’f’?‘?’!%d“%?’wfé’@u?? dryi ng
R B wﬁm ?Qre%m@%&r St Efsudil 05 q g
ot A O AR, plod gt rregréﬁr%%%ﬁzerﬂsrﬁée%;g'a o
of W{&yﬂw&éw&@& 2189y e”,f&fo HoEl tﬁcf}?ii@”%i:ﬁ;“ne The -

tenperature i s malntalned | etmeen hour's at

' substraterd i A dre Tt NExoRIEER ST 63, Arthe OpspEsat@rsl 14amdGR £oMent

reaches 1.77+ 0.1 neg/g-as determ ned by titratiaon with dibutyl- am ne.

Thensativesn. 68565 ¢ fai-tben./pmmmﬁrls cdthwieiely| yime sibstamtially with

anol ecul ar weight . of 1000 is - added.al-ong with 0:15 g of di.butyl -tin

di | aklataf damll;asd:oxyr Igroups ta0m eonsumed sand|theNGRregntent = :
~ approxi mat el hours until 't he |socyanate groups - are. consuned .385 g of

hy dregaches, fl-r%?ra%ﬂym%/%rhﬁ (Beeynin ethylaar titxatisn with (dibutyked to
Eﬂhffa%é;‘ée%e ttd 166 tRIGh TeA 199 2al o(Sretnrieneaterel anhydr i de and
lqeaacf RO %ﬁlé'm%é'a%?&%ﬁ %‘%g%é?&fd}%oﬂi :‘é%o#ﬁé"%ﬁ%l%iﬂ%% %?déhe: |
g of dzbutyl-t:.n d:.laurate catalyst._ 'I'he react:.on mixture is
held at 65°-70°C for approximately 6 hours unt;l the isocyanate
groups are consumed.;,,;ﬁ - o '_ | _ .
385 - of hydroxyethyl methacrylate and 0. 42 g of hydro-f
 guinone are then_added to_th;s.mzxgure. When the ;eactlon
mixture has become uniform and the temeeretu:e has dropped to-
below 65°C, 248 g of solid maleie anhydride and 8 g of.dibutyl-
tin dllaurate are- added. Slowly (over about an hour) the reaction
mixture is heated up to 55°C to dlssolve the maleic anhydrzde.
20 The-heat;ng is continued and held at 75° - go°c for approxlmately
6 hours until the maleic anbydride is completely reacted, es
indicated by the absence of'1845'and 1975 ecm - 1 peaks ih an IR
spectrograph. The f1nal pzoduct thus obtained is a viscous
liquid having viscosity of 5700 cps at 25°c and ac;d group -
contents of 1.4 meq/a.

- The prepolymer has the followxng composition-'



20 The heating is continued and held at- [err] for approxinggfly 6 hours.
until the maleic anhydride is conpletely_ reacted, as indicat by the

absence of - 1845 and_ 1975 cm - 1 peaks Tn3én'IR spectrograph. The final -
product thus obtained is a vgscous liquid having viscosity qé 5700 &pPs at v
[err] and acid!ggifp cont ents of -.Qﬂgiq/a. The prepol yner has tge E o : .
f ol Kkow ng ARSI UTR ~C B & NH NA-C0HE W TR, Ci;+P = X@hPL B 2CT

fﬁblﬁﬁﬁr@ gﬁhpomtiéisﬁ%.prepar-d fjomthe rgg?%bpr%du%t of ExaﬁpFe 1 a%d
is-used in etch resist pwcufssrno o make a printed circuit board:

Conmponent _ N W. % 20 The resin product
of Exanpl eeLn B 9 "~ 79.93 Epoxy acrylate (Epocryl 370) '

6. 93 | r gaceg-aCH>IC~0K _ - 0. 92 Benzophenone

2. 76 Hydroqui none anownﬂ¢y§fether ©o.HO 0. 046 Pyrogal | ol
0.0230Level i ng-agent (Mdaflow) e By w 2.30 Chronophtal Blue
0.64 (G bao3e: ot +IC+0OCHICR O - B+6=C~C~0H 6.46 30

([err]- Mercaptopropiorfat e) ahis cbnpbsiti on has a Brookfi.eld viscosity of
37450 centi poi ses _ '
EXAMPLE 2
- The following composition.is prepared from the resin product
of Example 1 and is used in etch resist processing to make a printed

‘circuit board:

Component . S o WE., &

20  The resin product of Example 1 _  ~79.93
Epoxy acrylate (Epocryl 370) ' - 6.93
Irgacure 551 | __ S - 0.92°
Benzophencne _ ) | o 2.76
Bydroguinone Mono-methyl ether . 0.046
Py:ogalipl _ , _ - Q.023
Leveling agent (Modaflow) . | - 2.30
Chfomophtal Blue . 0.64.
{(Ciba-Geigy) =~ = -
Pentaerythritol tetra-kis- - 6.46
30 (£ ~ Mercaptopropionate)
. This éomposition has a Brookfield viscosity bf 3,450 centipoises
at 24°C. . L “
= A copper clad-epoxy fiberglass printedcircuit boazd blank

was cleaned by wet scrubbing_withtpumicepsing a Scotch Britg pad
to remove corrosion and foreigh material. The blank was then coated

with the above composition to about 2.5 mil (0.0635mm).fo: GQ seconds
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- phot 5°r.EBestiguig cPRARLRI PR NERE JRORTS

at [err]. A copper clad-epoxy fiberglass printed circuit board bl ank was
cl eaned by wet scrubbing with pum ceusing a Scotch Brite pad to renove
corrqgsion and foreign material. The blank was then coated with the above
-'nﬁSiition to about 2.5 m| (0.0635m) for 60 seconds - -34- .through a
phot ographi ¢ negative with a 25 m| (0.635m) -air gap to the liquid coating
on the board using a medium press3&e=nercury vapor |anp.at a distance mhgsp
the radiation intensity is about 25 ml-watts/cnR. The exposed board is ™~
t hen thgonghnas Photographi conegative witbomas BaAuLLQ 33} Gokr tgarper at ur e
for 10 seconds fall owed by mater-rinsiqg fnd-air grﬁiag-leavlng~the_cured
NF1R9 A ELETT REFEYUT e washed

board with th ' ' - ' hen subj Iaric ..acid- '
chi oPPEUEY RRRGE | bR Ect cthetapte nes e ATYHSE iasaseifine "' ©

. PRSI SXOTH dreS v e tofbe Ny
 good BPHrCZE AL PEREVERT, e BRUER BERR 1t T e 0T 07O

t henygihiPReS%USbATuR SXeBohate OBoDhtFOR! AN Fosth OrdmiSe Al tud Idor About 30

~ seconds s required for stripping. The copper renmaining on the board is

f oundot gebondscEotlibved Beiwateprdinsingrand . aihadryimyiledaiaig dHanes are
wel | shaped w th sharp edges and have sidewal | s which are essentially '

- per peutdeduphotoerehibstubst ant tmade with i nigh yfidelityiandimmsalettiony, it is
- found that there are no short circuits and the resistance of simlar
_circuit i's Shecwashedyboexdt with theocimondtopatherni 4si henl gubjeett er ed
~any of the hol es through the board. EXAMPLE 3 This exanple illustrates -

10

‘maki §8 pyarechdorics egﬁﬁgcpggipi&aﬂeride etching for 60 seconds at

52°C to dissolve the copper in the uncoated areas. The ¢ured
polymef resist remains intact and pfovides good protection'of
, thg:copper against the etchant.  The éﬁfed'pclyﬁér'is5£ﬁén stripped
uéing af§%_sclﬁtion of sodium hydroxide at 55°C. About 30 seconds
- is réquired for stripping. The copper remaining on the board is
found to have excellent detail and integrity. The circuit board
lines are well shaped with sharp edgés and have sidewalls which

are essentially perpendipular to the substrate. On continuity '

and resistance testing, it is found thaﬁnthere'éreﬁnc short

circuits énd the resiétance of similar circuit is essentially
constant. Also, none of the liguid polymer entered any of the

holes through the board. ' ' |

| © . EXAMPLE 3
| This example illustrates making plate resistS'using the liquid

polymer of Example 2. A circuit board blank(copper cladding of

1. ounce/sq. ft. of .305g./m?) is then coated with the 1iéuid.polymer
'compositibn'used'in Example'z by reverse éoating.' The coatinhg X
‘thickness was nominally 1.9 mils (0.048mm). An Optical Radiation

Company collimated meréury#xenon light was used as the energy

"



pol ymer of Exanple 2. A circuit board bl ank(copper cladding of 2 1 .
ounce/sq. ft. or 305g9. /[err]) Is then coated with the |iquid pol yner
conposi t-i-on used in Exanple 2 by reverse coating.pdhe coating thickness. was
nom nal-Fy 1.9 nils (0.048m). An Cpticdl Radiati Conmpany col | i mat ed '
nercury xenon |ight was used as the energy 67 35 source. The photo tool
J gﬁpg pins were set to produce an air gap of about 30 mls(0.76mm the
—gpho t ool was opaque areas in the sane_dessgn as the desired circuit).
The liquid polyner was exposed to the nercury-zenon source for 30 seconds.
The board was sicduxet.r affheopheta cowlCspacings ping weskesethépeprodnee anair gap
contacted with sodi um-carbonate -at a pH of 10.5 for 10 seconds. The exposed
copper.is the@ferboutopPamddshps Aémmy - thedphatiot Heok was| ?Eﬁqnﬁnaﬁﬁﬁﬁeﬂﬂnﬁhﬁ
in a spray bath using.a 5% sodi um hydr Qxi

e solu
.Stripping i s288@pRAeEdgPnasothe BRALTY dc%ﬁgugﬁbrd é 4éi¥HB‘The

d | addi t d t chi hi
e a: Soupr o AR Axnerbd Fe AR, RREREY #@%ﬁﬁaor@ceo%rea B0d8econte
and the b d d
Short oi rout ¢ FOEhMAE YR e diERone b’ e o g?%%k%%?éo “‘f‘ ahegd et
using the |iqyad RENETREted WRtNRI0di%m ég‘}b%ité daeoapg E &be§ 2oCY !
board was secured onto 20 a pltaten and a rol coa y reverse rol

coating a con@gﬁuwug | ayer of the liquid polyner conp05|t|on of Exanple 2
onto the The exposed copper .is then electroplated with tin-lead and t
‘cured polymer is removed in a spray bath using a 5% sodium hydroxid
10 solution-at 136° - 140°E.'(549-60°c).3tripping.is-complete
. in 30_eeconds-and-the board is water rinsed. The exposed copper
':clad&ing is then removed by etching with a 3N hydrochlorio acid-
.ecupric-chloriae solution at 52°C. ‘Etching is complete in 60
seconds and the board is then water rinsed. 'The:circuit had’
high resolution and no short circuits.
| EXAMPLE 4
. This example illustrates making solder masks us1ng the
lzquid polymer of Example 2.
A finished copper printed circuit board was secured onto
20 a platen and a roller coater by reverse roller coatzng a cont:.nuous
- layer of the 11qu1d polymer comp051t10n -of Example 2 onto the
clrcult board. The coatlng was about 1.5 mlls (0. 038mm) thick on
¢ the circﬁit, and about.h to 5 mlls (0.1 to O.l3mm) thick in the
hone circuit bearing areas, A photo £001 which ie transparent,eXUE
for the circuit areas ‘where ‘solder is to be deposited, is placed in
exact registration with ‘the circuit board. -The air gap used was 20
m;ls (0 Smm) An thlcal Radiation Company mercury-xenon collimated

light source was used to cure the polymer. The light was extin-



circuit board. The coating was about 1.5 mls (0.038mm thick on.the
circuit,. and about 4 to 5 mils (0.1 to 0.13nm thick in the none circuit
be(ﬁl n&&lreas. A photo tool which i$ transparent, for the circuit areas

e solder is to be deposited, is placed in exact registration with-the
circuit board. -The air gap used was 20 mls (0.5m). An Optical Radiation
~Company nercury-xenon col limated_|light source was used to cure the polynmgses.
The light was éextin- -36- guished after 60 seconds and the board -’QC

spr ay- y@sdied Wiekd ragoesesondslidHa anehoBata sprayiviitiia WQth agheo&w ay
‘washi ng was contin- ued for  30. seconds.- -The board was renpved and dried.

The cisedidm aabdnate sdbbutidracid lion SapHaveSprdylordashgngppasatastivrer e
sol der -5 was applied to the:‘exposed copper area. There was no damage to

the cuved fmyaﬁeuseeeédﬁo cHift Raang rﬁsmemeﬁeéo@%ﬂneﬁae heeaipeniter was
left t d t ect | 5 _Th d f
v Boat e Het, BIERHR T e R S phaY chumtr bhe: MPRGh SARLPEy wher o

~ th |

- (Oelgnﬁylipcélﬁg% g‘?\rf\ggﬁoec?é\%%én% ﬁg} EL?HEie p'ﬁh%{%éj%f%\%a?aggpglgbester film =

havi ngtlte sAide®s p@flyﬁem 8ué Otd SRt a0itd @1 G RGO EL ér el gacedhapantedy 6 m |
(0.15m) wide transparent areas. An Optical Radiation Conpany colli nated

15 nerpekymeewas Reght opothe ccimmiits bgakdr ag nagpratectioeotltp¥erst eps were
the sane as in Exanple 2. The resulting circuit board had well defined
copper circuit |ines which hEXREIE 2al s perpendicul ar to the board. None

TS ol She SRR R el athhe BRI ppiBERIET 0T T
- Wi deo Midtd nREA’ & trbhet RIS R QheteatReObi POLMTEN fhedadl to be '
6 mils (0.15mm) in width and with 6 mil (0.l5mm)spacing between
" cirauit lines. | The photo tool. wae ‘a polyester filin-'having-- a series
- of 6 mil- (0.15mm) wide opaque "areas spaced apart by 6 mil (0.l5mm)
wide transparent area,-s_._. -An Optical Radiation Company collimated
15 mercury-zenon light source was used for imaging. The other
steps’ were the same as in Example 2. The resulting circuit
board had well defined copper c1rcu:.t lines which had side walls
perpend:_.cular to the board. None of the c:.rcu:.t lJ.nes had a
short circuit. The circuit lines were nom:.nally 6 mils (O.lSmm)'
20 w:.de w:.th the spac:.ngs also ncm:.nally 6 mils (0 15mn') wide. |
W:Lth regard to the preferred class of polymers whxch
can be used here:.n, we refer to our Appllcatlon No. 82/01144 .
Publ::.cation No.2091278 f:.led on even date herewith and entitled
| _ ."Polymer Composition Hav:l.ng Term:.nal Alkene And 'I'e:r:minal

-25 Carboxyl Groups n



can be used herein, we refer to our Application No. 82/01144 Publication
No. 2091278 filed on even date herewith and entitled "Polynmer Conposition

- Having Terminal Al kene And Termi nal 25 Carboxyl C}oupﬁ' . -37- CLAIMS 1.
A process for nmaking a circuit board which conprises: FL) providing a
circuit board substrate; (b) coating at |least a portion of said substrate 5
wi th a |iquid polyner conposition curable to a solid polynmer by neans of
‘noneodher ent col | i mat ed l'i ght radiatiop;g4cl projecting a pattern-of.
substantially collimted non-coherent light radiation patterned by
patterning neans out of contact with said liquid polyner 10 coating and
having a half angle of not nore than about 3 degrees; (d) exposing said
coating of [iquid polyner conposition cpagasd projected pattern of
substantially collinmated non-coherent Tight radiation and curing the 15

pol ymer conposition to a solid polynmer in said pattern of substantially
col-limated non-coherent |ight and maintaining said |iquid polynmer as a
substantial |y uncured ﬂFqu%dPEQP?ﬁErf@EtBFGEn%fas&iﬂcﬁbﬁthﬁiF fwhich
-substantially collimted non-coherent light; and 20 - (e) renoving
sai d subst anCPBPLYS88c¢ured |iquid polyner |eaving said solid polyner in

S?'d paptern on sald Ck%?u'%rgggéghg a circuit board substrate;

(b) coating at least a portion of said substrate

5 with a liquid polymer composition curable to a solid polymer
by means of non-coherent collimated light radiation;

(c) projecting a pattern of substantially
collimated non-coherent light radiatioh patterned by
patterning méans out of éontabt with Said'iiquid'polymer :

10 coating and having 5 half angle of not moré than about 3
degfees; ._

(d) exposing-said3coating'of liquid polymer
composition to said projected pattern of substantially
collimated non-coherent light radiation and curing the -

15 polymer composition to a solid.polymer in said pattern of
substantially collimated non-coherent light and maintaining
said_liquid polymer as a substantially uncured liquid
polymer outsidg of said pattern of substantially collimated
non-coherent light; and

¥ 20 (e) removing said substantiaIIY“dncured liquid

polymer leaving said solid polymer in said pattern on said

circuit board.

I



.-38- 2. A process according to claim1 wherein the angle of the .

substantially vertical edges of the solid polyner produced is wthin about

+ 3 degrees of thaéyerthcal. 3.. A process according to claim1 or 2

“wherein 5 proceduddd (c) is carried out by placing a photo tool .out of

- contact with, but in close relationship with, said liquid. polynmer coating

and contacting said photo tool

w th non- coherent substantially colllnateigi

|l ight radiation;, passing a portd @8 ef said non-coherent substantially 10
collimated light radiation through said photo tool which -porticon of said
non- coherent substantially collimted |ight passing through said photo tool
forns said projected pattern of non-coherent substantially collimated |ight

radiation. 4. 2A plo@resesscactiording doaichadmBewbeneineths i mage

di mensi on deV|at|on factor, i s not nmore _than about 0.5 ml (0.0127 nm).
A pr
not nor.e than a degr, [Ges nd sal d ijtage deV| on is not nore than
aboutpq}@f‘?(? %O"'ﬁﬁ’ld'(% °Rtpf"'oge g&?@r 8i né} oclaim3, 4 or 5,

mher J}éﬁk ir gap is nalntalned bet ween the photo tool and the liquid

5.

he Ry ﬁf%ﬂﬁ}ﬁﬁlﬁﬂW%rﬁ§°P1tGdﬁeﬁheﬁetﬁetﬁ@légld hal f angle is

polyner coa ed surface of about 5 to 500 mls (0.127 to 12.7 m).

M

5

10

15

20

3.. A process according to claim 1 or 2 wherein
procedure (c) is carried out by placing a photo tool out of
contact with}.but in close relationship with, said'liquid,
polymer coating and contatting_said photo tool with_
non-coherent substantially co11imated light radiation,
passiné.a portion of said non-coherent substantially
ccllimated:light-radiation through said photo tool which

portion of said non-coherent subétantially collimated light

paSsing througﬁ said phbto tool forms said projected pattern

of non-coherent substantially collimated light radiation.
4. A process according to. claim 3 wherein'the.
image dimension deviation factor is not more than abou£ 0.5
mil (0.0127 mm). | |
5. A process according to any of claims 1 to 4

wherein the said half angle is not more than_about 1.5 .

degrees and said image deviation is not more than about 0.25

mil (0.0063 mm) .

6. A process according to claim 3, 4 or 5,

- wherein an air gap is maintained between the phoﬁo.tool and

the ‘liquid polymer coated surface of about 5 to 500 mils
(0.127 to 12.7 mm). |

o* € L M 5 x
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- 39 - 7. A process according to any of clains 1 to 6, wherein the sald
coatlng (b) has a thickness of about 0.1 to 10 mils (0.0025 to 0.25 nm).

A process according to any of clains 1 to 5 7 wherein the sald coating
procedure (b) is carried out by roller coating. 9. A process according to
claim9 wherein the said coating (b) is carried out by z ver se ro]ler
CO&R&ﬁ? in a thickness of about 0.5 to 5 mls (0.0127 t06+0.127nm.

: process according to any of clains_1 to 9 for nmaking a prlnted
cifcuit board wherein the said CIFCUIt boﬁ?d'substrate has a met al cl addi ng

on at |east one side and 9he d Uld % é i ch ha nalne liquid
after the exposure to said’ |I§hP Pgﬁ 8t POROFE* 8n59¥d° ing with

A 2aueous o0 U80S, IwhlkBinoEhd BRLUTELalIng! d-og pgr&ﬁféﬁxegg'g@ e

thereby partly exposi'ng sal BcBss AT eor ng to any

of claims 1 to 9ai>eﬁtrrbk1naoa19rfnmsd(él oéysttQOé}rstm;e' n after the 20
uncured liquid has been renpved to leave a solid cured pol ymer on. at | east

portlons of the substrate8theaapeaaeggta@@ug@gﬂgbyosamﬁ SEI€Taimg Ul Geo
p6l yner are treated to produce a defined circuit, and the cured |iquid

pol ymer is rerfovédwheoeinatlessaifravatify procedurelb) s praresed

according to claim11l wherein the said circuit board substrate has a netal

clFaddi ng on -90t by redderoeeating, - said |iquid polynmer which has

r emai-ned .

- 9. A process according to claim 9 wherein the
said coating (b) is carried out by reVerse roller coating
in a thickness of about 0.5 to 5 mils (0.0127 to 0.127mﬁ).

10 10. A process according to any Qf claims'l to
9 for making a printed circuit board wherein the said
circuit board substrate hes a metal c1adding on at least
one side and the said liquid polymer whlch has remalned
llquld after the exposure to said llght radlatlon is

15 removed by contacting with an aqueous solution in which
said polymer is at least partially soluble thereby |
partly exposing said metal cladding. N

11. A process according to any of claims 1 to

9 for making a printed circuit board wherein after the

20 uncured liquid has been removed to leave a solid cured

® polymer on atlleast pertione.of the subetrate the areas
not covered by said cured liquid polymer are_treated te'
produce a defined circuit, and the cured’liqﬁid polymexr -
is removed from'said substrate.

25 _ 12. A process accerding to claiﬁ 11 wherein

the said circuit board substrate has a metal cladding on
-

N O O



liquid after the step in which said photo tool has been contacted with said
light radiation is renoved by contact with an agueous solution in which the
liquid 5 polyner is at least partially soluble, and said cured polyner is
renmoved by contact witfQan aqueous sol ution containing cations derived from
a strong base. 13. A process according to claim12 wherein the said
cations derived froma strong base are sodium 10 potassium or anmoni um =
- cations. 14. A process according to any of clains 1 to-9 wherein, aftew*
t he uncured liquid polymer has_ q%gn removed | eaving a solid cured polyner
on at |east portions of the substrate, ' a metal is pl ated onto areas of 15
the sai sltcuéssttoaeaéﬂdéubéﬁatfu{;ﬁwwl hed RPh 5@ thd & Gbdsth N4y Mer has
been renoved,. the cured f|qU|d polymer i s renoved, and the areas not
cover edlbguilicasted phat eteprinlwhichtseid ephdto ptwtucms ¥edén-ned circuit.
15. A process according to any of clains 1 to 20 14. wherein the said
| i qui d pohbactedowitt sapdi hight yradiationt hamcemaved by havi ng a termi na
- unsaturation at one end and-a term nal - carboxy group on the other end. 16.

A pr oce%%n"aé‘é‘érﬂ-'!-% 2B AAUSPNY SSGHF LR %Ihé%-‘eﬁ}éi *FI'F%] -'Eﬂlb%ﬂyrrer consi sts
primaril

- group of ng#"Bﬁ’F 112 2% ’c%?%%@%{ﬁéllxe#ﬂul?@e %%@F fyagf agky'
_d| i socyﬁgﬁrﬁeﬁnfs@eﬂ&r@é ﬁy%é,‘&ag{ ywj.tl?'éﬁylafﬁeé‘ﬁé/ls%ﬁu&{ oup, and [err] s

jcontalnlng cations derlved from a strong base.

1

13. A process accordlng to claim 12‘where1n the
said catlons derlved from a strong base are ‘sodium,
.10 potasslum or ammonlum catlons.

' 114; a process accordlng to any of claims 1 to
9 wherein, after the uncured 1iquid@ polymer has been
remoﬁed leaving a solid cured polymer on at least
portions of the subStrate; a.metal'is plated onto areas of

15 the sai& circnit board substrate from which the-said liguid
polymer has been removed: the cured liquid polymer is
removed; and the areas not oovered by the”said'plated
metal are treated ro produce a defined circuit.

- 15. A process aocording to any of claims 1 to

20 14. wherein the said liquid polymer consists primarily of

[ V)

a uretnane moleonle haViné a terminal unsaturation at one
end and a terminal carboxy group on the other end.
16; a process accordlng to clannl5 wherein

the sald llquld polymer consists prlmarlly of:

25 H 0 f H ' © OHHO
0 i o u BN
CH2-C—C—O-R1—O-C-N-Rz-N-C- ——-fPE}—-—o-c_c- ~-C-0H

—_—
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a pol yester or polyether extending chain unit where X 5 is an integer of
from2 to 50. 17. A process according to claim 16, wherein the said

| i quid pol yner conposition contains a carboxy term nated nethacrylate and a
phot osensi ti zer.- 18. A process according to claim16 or 17, 10 wherein
the said liquid polynmer conposition contains.a cgggslinking agent.”
contaipi ng ternminal unsaturated groups.419- A pr ss according to claim 16
or. 177 wherein the said |liquid polynmer conposition includes a crosslinking
ageﬂt-containingwbéﬁﬁinaﬁltﬁBoPngaghﬁt.gngup of from2D.to @ qExiowmsafanis,
sel ectively depogiting, solder onto certain_parts of a printed circuit board
conprising: (a) Tprd® GPRgOEIPRLIAL BAiety cof ta pdbisrevanaie anrd risian | ayed

out on at |.east e _side thereof; b) ,coating said ciycuit board
with a liquid po$§ﬁ€¥° 5fipod $0na£g¥%595 %éy o 'PKNﬁQQWéRQQx-ls-
collimated |ight_radsaki oLk u at e, .capabl e, of .w t hgt andi ng
the tenperature gf %%?%éﬁg’éo?gg‘?}’ﬁ(%?ﬁe% %’gg‘%‘g&’a"%hﬁ%ﬁ? JBHY ﬁ”}iﬁﬁfs?

rel ationship 2% yst SnSghte§ent S8 f*gﬁaﬁet sghd photo tool being opaque to
sald light radiation over areas onto ich nolten solder is to be

deposited, (d) contactind7sai dAppabeeseohcobirtdingnteobiagt 16, whéZein
collimated |light radiation having a half angle of not nore than about 3

dégrees and an ithegeadiddigidid golymerorofiposétioh gonteinst Aanazboxy 0.5

_nil (0'0127 rm)"t:e:':mina'l:ed methacrylate and a photosensitizer.-

18. A process-according to claim 16 or 17,

lowherein the said liquid polymer composition contains a
crosslinking agent containing terminal unsaturated gioups.

19. A process according to claim 16 or.17'
.wherein the said liquid poiymer composition includes a.
érosélinking agent containing terminal thiol groups.

15..- g - 20. A process for selectively depositing
solder onto certain parts of a printed circuit board
cdmprising: |

(a) providing a printed circuit board having a
circuit layed out on at leasf one side thereof:; _

20 (b) coating said circuit board with a liquid
polymer composition curable by means of a non-coherent
collimated light radiation, and in thé,cured_state,'
capable of withstanding the temperature of molten_soldei:

(¢) placing a photo tool in close relaﬁionship

25 with said coated surface, said photo tool being opagque
to said light radiation over areas onto-which_mglten
‘solder is to be deposited: |

(d) contacting said photo tool with non-coherent

_—

O g



“whereby said |ight selectively'passes t hr ough non-opaque 5 parts, of said
. photo tool, contactssaid |iquid polyner coating, and causes said liquid

" polynmer to cure to a solid polyner where contacted by said |ight radiation;

- (e) discontinaﬁ g the application of said |light radiation, renoving the
uncured |iqui ol ymer and 10 | eaving solid cured polynmer on at |east a

portion thereof, and (f) depositing solder onto areas from which uncurede~
| i qui.d pol yner has been renoved. 21. A process for selectively _hgf

deposi ti ng sol der 15 onto cerd@ m parts of a printed circuit board as
clainmed in _claim2Q wherein the alr ap bet ween_ t he photo tool and the
@ty meia tign achald eRe

liquid sQifeR no¥ol with said

| h d 500 | 0,127 . 20 22.

AI grt)cregr?lrrae{)lr%?a @éo‘&ell%/ %@tﬁ%fst i3y ?gﬁ &ag&p&n@wgpn parts of a printed
t

circui 1 (#I o T8 t’q}s&f”n eﬁQha‘PP%ﬁ:%h‘E %a'sdmia,r ?'T:Ut bak %y%s)t'ep -

copper; ner as remal ned I er th

whi ch s ibritiiet Galieols s %%q@c%q%few %Qs%‘ésvv'tb&o%ahd nthBFaa&ﬁ@ ation is

removed by contact with an aqueous sol ution in which said l'iquid polymer is
at | egstpaityd icH |98 i IpHotd ‘tool]S cohtacis saidA1AbRGEs pollgmesel ectively
dep05|t|ng sol der onto certain parts of a printed circuit board as clained
in cl ai me2ting)eand) camisbsagaddd igolidt podlymer to cure to a

solid polymer where contacted by said light radiation;
(e) discontinuing the~ap§lication-of.said 1igh£'l
radiation,-remoVing*thé.uncured.liquid;polfmer and

10 leaving solid cured polymer on at least a portion thereof:
and’

(£) depositingWsoléer onto areas from which o
uncured liquid polymer has been removed.
21. A process for selectively depositing solder

15 onto certain parts of a printed circuit board as claimed in
claim 20 wherein the air gap between the photq tool and
the liquid folymer coated surface, while contacting the
.photo tool with said light radiation, is about 5 to
500 mils (0.127 to 12.7 mm). -

20  22. A process for selectively depositing
solder onto certain parts of a printed circuit board. as
‘claimed in claim 20, wherein said circuit layout is
copper: said-liquid polymer which has remained liquid
after the step in which said photo tool has been contacted

25 with said light radiation is removed by contact with an
aqueous solution in which said liquid polymer is at least

partially soluble.

A
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consists primarily ‘of water and a conponent selected from5 the group
consi st.iing of sodi um hydroxi de, sodi um carbonate, sodi um bi carbonate,
sodium sul fite, potassium hydroxide, pot assi um car bonat e75pot assi um

bi car bonat e, pot-assium sul fite, anmmoni um hydr oxi de, anmoni um car bonat e and
m xtures thereof. 10 24. A process for selectively dep05| ting
solderonto certain parts of a pr| nted circuit board as clained in claim
22, Werein said |i qui d pol ymer conpgﬁét ion is coated onto said conductive
n'etal | ayer in a thickness of about™ To 10 mls (0.0025 to 0.25 nm by

roller coatin 15 SS l.ectivel epositin

sol der onto cgrtal n- s o% %ro?%]é) %l?%% 1-':'b %%»36 cﬁyjﬂ%’r&j in clgai m
24, wherein 0 v, | i.d coatin
Thi clnose | < SPLA=EOPhES SOPLATN bartS S B2 flitda GO BRI )
26. A proceggadfied! #h"8Taifn séalvméfemrﬁmseaiﬁbm gaharen col | mat ed

Iight radi ati on has a half anglé& of not nore than about 1.5 degrees and an

i mage devi at consbétaoprimerihprofibeater). s nd lodmpdidit B9lected fidar OCESS
for selectively depositing 25 solder onto certain parts of a printed

circuit bofrtheasgrbupneonsisting noR4sodiwn diydsakilld, gadiyml yner consists
-44- primarily of a urethane nolecule having a term nal unsaturation at one

efd and a t efa¥hanatear bexdiyrovicarbenater Radiam sudfite A portaasdant or

sel ecti vel d ositing 5 solder ontqQ certain parts, of rinted circuit
board y grox:Ede,g potassfum carbonate, tassium b%.cp rbonate,

potassium sulfite, ammonium hydroxide, ammonium carbonate
and mixtures thereof. | |
10 24, A process for selectively depositing
solder onto certain parts of a pr:.nted circuit board as
claimed :Ln cla:.m 22, wherein sa:l.d l:l.quid polymer composition
is coated onto said conductive metal layer in a th:.ckness
of about 0.1 to 10 mils (0.0025 to 0.25 mm). by roller coating.
15 25. ' A process for selectively'depositing
solder onto certain parts of a printed circuit board as
claimed in claim 24, wherein said rollexr coating is
reverse roller coating and said coating thickness is
from about 0.5 to 5 mils (0.0127 to 0.127 rm).
20 26. A process as claimed in claim 24 herein

said non-coherent collimated light radiation ‘has a.

1 ¢4

half angle of not more than about 1.5 degrees and an

e

image deviation of no more than about 0.25 mil (0.0063 nm).
27. A process for selectively depositing
25 solder onto certain parts of a printed circuit board as

claimed@ in claim 24, wherein said liquid polymer consists

_—
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as claimed in claim27, wherein said |iquid polyner consists._prijarily of:

[err] wherein [err] is an alKkyl group of from1l to 6 carbon atons, 10 [err]
is the organic noiety of a diisocyanate and is an alicyclic, aryl, alkyl or
arylal kyl group, and [err] is a polyester or polyether extending chain unit
where X is an integer of frgﬂ%z to 50. 29. A process for selectively
deposi ting 15 sol der onto c ain parts of a printed circuit board as . .~
claimed in claim28, wherein said |iquid polymer conposition contains a w
car boxy term nated nethacrylare‘&hd‘a photosensitizer. 30. A process for

sel ectively deppsiting 20 sol der to certain parts of, a printed circuit
boar d :B.\S/p ’Fr'gﬁy !‘# ’ga‘i"’ﬁ?t Og?‘FPJs%lrba"lﬁ i3 RRaL cl)rrposi t : onUI
contains n | |

r Dcoss s LIPSO 40 %9%0%% UL (LR rlinf gl O O

. printed ££r£%%toéﬂéfqa§§ -45- claimed in. claim28, wherein said liquid
pol ymer conp05|t|on contains a crossllnklng agent containing terminal thiol

groups. 32.°An appag@} Us A Qrdddsllcfdl $¥lddervély Qidohidxady ds conpri sing:
(a) means to coat at least a portion of one side of a printed circuit board s
bl ank S sdldert ioptal qettadn pfbs efins printed diadouity Bdexd i qui d pol yner

as claimed in claim 27, wherein said liquid polymer - e

consists primarily of: . -

CH2—C- -O-Rl-o-c-ﬁ-R -N—é—O-—+PE}—-O- = -E—OH
, wherein R1 is an alkyl group of from 1 to 6 carbon atoms,
10 R2 is the organlc moiety of .a dllsocyanate and is an

allcycllc, aryl alkyl oY arylalkyl group, and (PE)
a polyester or polyether extending chain unit where X is
an integer of from 2 to 50. |

| 29, A process for selectiveiy depositing

15_solder onto'certain parts of a p;inted circuit board és
claimed in-claim~28;~wherein'said liquid polymer
composition contains a carboxy'terminated methacrylate .
and a photosensitizer.
30. A proceSS-for.selectively_depositing

20 solder onto certain parts of a printed circuit board as

LY

claimed in claim . 28 wherein said liquid polymer -
composificn contains a crosslinkihg agent containing é
terminal unsaturation.

'j31. A process for selectively depositing

25 solder onto certain parts of a printed circuit board as

(T



coated circuit board blank in a set position; 10 (c) a non-coherent
collimated |ight source having a half angle of not- nore than about 3
degrees-and an i nmage.di nension deviation factor of no nore than about 0.5
ml (0.0127 nm) disposed so that the |light therefromcontacts said circuit
board bl ank mai ntai ni ng neans; 15 (d) a photo tool as® ly | ocated
above_said circuit board blank positioning neans and in the path of the
nOn-Gﬁﬁerent collimated |ight beam and ge).neans for activating said |ight
source for a selected period of tim. 285 = 33. - An apparatus for

produci ng. pri nt gl Ghigdish BAAGS 22 Ghalaed i 34m.3R MAsheln said

[ |g§
printed circuit boar I"ank 1S posi‘tione g& neans | e gui de

pins and said selonpRsdildith Fantadn 39 hRidgPhd ' lurality
‘of holes in the 25 upgé# surface t%rouggeﬁﬁgéﬁﬁéﬁgaégﬁﬁgiEaéfgaﬁg?g hol d

said printed ci rgatirinadarthielageonpsQ sai d upper surface. . -46- 34. An
apparatus for producing printed circuit boards as clainmed in claim33, -
wherein said platen has mi2. plaa iapparazizsc farbptredubéngbprinteducireaitbe
drawn selectively on the plurality of holes which traverse the 5 upper
surface of sai5d Bsagden copprisinggpar at us for -producing-printed circuit.
beards as claimed in cgsin132h wherein said _coating neans is a roller
cGater. 36. An appar d4@ds FERDS SQUEPARS Bti AeeatcAr partion BEapRe adde

claimed in claimsy hereld §3edit0hhsra®BIb8k with a liquid polymer:
- (b) means for maintaining the liéuid polymer
. ~coated circuit board blank in a set position:

10 -(e) a non-cocherent collimated light source having
a half angle of not more than about 3 degrees and An |
image dimension,deviation.factor of no more than about
‘0.5 mil (0,0127'mm) disposed so that-fhe light therefrom
contacts said circuit board blank maintaining means:

15 | (d) a photo tool assembly.locéted above said
circuit.boaid blank positioning means and in the path of
the non~coherent collimated light beam; and |

{e) means for activating said light source for a
selecﬁed period of time.

20 33, An apparatus for preducing printed

= circuit boards as claimed in claim 32, wherein said
printed circuit board blank is positioned by means of
retractable guide pins and said set position maintaining
meané is a platen having a plurality of holes in the

25 upper surface through which a vacuum is drawn to hold

said printed circuit board blank onto said upper surface.
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. retractively passes over said printed circuit board blank. 37. A
...apparatus for producing printed circuit boards as clainmed in claim 35,

‘An

wherein said roller coater 15 is stationary and said printed circuit board

bl ank passes through said rolhqer coater. 38. An apparatus for producing
d in claim32, wherein said photo tool

printed circuit boards as clai
20 in position.

- assenbly contains 'vacuum neans to hol d said photo tool

An apparatus for producing prin _ _
whi ch includes neans for noving Sald photo tool assenbly into and out of a

cl ose relati onshi g1 t RySapbathkGyi kobOprAalkanl BeIhtkANL

C
An apparatus for producing printed circuit boards”as clalne% In claim 32,

“wher ei poazidd @eaclRGmEaAs claifh 3347whekein kaldeplatahehaketractably

.39

inped_circuit boards as claimed in claim 32, s

ggtneans. 40.

| ocat ed adj acent to said circuit board bl ank coating neans and which coats
sai d pmultdple datetrnhdactiabhberls wherebguahvihkani canhbeddrawa set

position. 5 41. An apparatus for producing printed circuit

boar ds sedectivedy pn ‘tbeaphugalitiepi hodesdwbdghi hyamexse tbest ationary

and said

. boards as clalneé3bq chg|n132 @ggr%ln sai

10

15

20

25

appakra or progucing printed circuit

is a roller coater.

36, An apparatus.for-p:oducing-printed;ciréuit
boards as ;laimedfin claim 35, wherein said roller coater
retracﬁively passes over said.printed circuit bqard_
blank. | S
| 37. an apparatus for producing printed circuit
boards:as'claimed in claim 35, wheréin_said roller coater
is stationary and said printed circuit board blank paéses
through said roller coater. .

. 38. An apparatus for producing printed circuit
boards as claimed-in claim'32,-wherein said photo tool
assembly contains vacuum means to hold said photo tool
in position. - |

.39. An apparatus for producing printed circuit
boards as claimed in claim 32, which includes means for
moVing'said photo tool assembly into. and out of a close
relationship with said circuit board blank positioning
means. |

" 40. An apparatus'for.producing printed circuit

boards as claimed in claim. 32, wherein said coating means

_

0 0
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‘boards as claimed in claim 32, wherein said coating means

printed circuit board bl ank passes through said coating means in
“ordeb bBPEE syxfage 2f spAdappars&Pus for producing printed 10 circuit

il
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light source isfa nercury arc source. 43. An apparatus for producing
printed boards as clained in claim32, wherein said |ight source is a

mer cury-xenon source. 15 ' 44, A process for making a circuit
board substantially as described in any one of Exanples 2 to 5. 45. B9
process for making a circuit board substantially as hereinbefore described
MAth,reference to any one of Figures 1 to 3 of the acconpanying draw ngs.
207 = 46. Apparatus for nmaking a circuit board substantially as
her ei nbef ore descri bed. 47. Crcuit ggards when produced by a process as
defined in any of claims 1 to 31, 44”0

is a roller coater retractably located adjacent to said
circuit board blank coating means and which'coats said

printed circuit board blank while such blank is held in

(

a set position.

5 41. BAn apparatus for producing printed circuit

oL

boards as claimed in ‘claim 32, wherein said coating means
is stationary and said printed circuit board blank
passes throuéh said coating means in order to be coated.
42. . An apparatus for producing printed
. 10 circuit boards as claimed in claim 32, wherein said
light sourée is a mercury. arc source..
| . 43, An apparatus for producing printed
boardé.as claimed in claim 32, wherein said light source
is a mercury-xenon source. |
15 : 44, A process for making a circuit bgérd '
subsfantially as described in any one of Examples 2 to 5.
- 45, A process for making a circuit board
substantially as hereinbefore described with.reference to
any one of Figures 1 to 3 of the accompanying drawings.

20 . 46. Apparatus for making a circuit board

oy

substantially as hereinbefore described.

£

47. Circuit boards when produced by a

g

process as defined in any of claims 1 to 31, 44 or 45.
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