WO 03/ 038159 PCT/ EPO2/ 11764 1 Method and Conveyorized System for

El ectrolytically Processing Wrk Pieces Specification: 5 The invention
rel at es twoa3metisod and to a conveyori zed systemfor el eecmalrpriicad |y
processi ng work pieces, nore specifically to a nethod and to a
conveyori zed system for processing electrical printed circuit boards and
other electrical circuit carriers. 10 Cbnveyorized systens as they are
utilized in the printed circuit board technique for exanple substantially
conpri se a Medlied @nd-Grnypyerzed SysteadorElectsalytisallytRrocgssinthMork whi ch
anodes and ﬁﬂkg%des are arranged. A transport device conveys the work

pi eces to be processed through the plant, the work pieces 15 being held in
a vertical or horizontal orientation in the case of board-shaped work

pi eces. The transport device nay be a device using transport rolls or
transport cPBAPECABY el ectrolytic etching, the work pieces are anodically
and the counter electrodes cathodically polarized. For electrolytic

netal -plating, the work pieces are cathodically polarized; the counter

el ectrodes anheinventianodiates ©20a Aethdd ahyttd @ convesotized systemwark pi eces may
be made thr ou%h contact wheels or contact clanps. DE 36 32 545 Al
di scl oses f8ECEQNHERIY Rrogessieg Wask piegese MaspsReFigaiintammginedfNdde awneel s

Cd . o Y . . 't boar d
conveyed i oA yoRis R SUHERY o cFORL SR BcirRaPBhisEtcRt R BhiEdr poar &
transport téleotrighl aercoheayiers.zed system Further, DE 36 25 45 319 C2

di scloses a plant for electrolytically processing electrical printed
circuit boards in which the boards are electrically contacted by way of

oot o ccuCORICIHZER SYchiing A8, bre iU #, bARR ARfuithdarl Ronifigae. 1

wor k pieces nmay, or may not, have e work preces
may al so beforeixaniplé substpntialiy conprdsdg ptatingdank vdiitls is filled With @ase of

BT e R0 A8 5w St Bk S St R e=Rb AL ©
el ectrical gomicdgithe Work pictleSqo RO CESsdFhrough the plant, the work pieces

15 being held in a vertical or horizontal orientation in the case of board-shaped
work pieces. The transport device may be a device using transport rolls or
transport clamps. For electrolytic etching, the work pieces are anodically and
the counter electrodes cathodically polarized. For electrolytic metal-plating, the
work pieces are cathodically polarized; the counter electrodes are the anodes.

20 Electrolytic contact of the work pieces may be made through contact wheels or
contact clamps. DE 36 32 545 A1 discloses for example a device for
electroplating in which contact wheels are provided for electrically contacting
electrical printed circuit boards conveyed in a horizontal orientation and in a
horizontal direction of transport through a conveyorized system. Further, DE 36

25 45 319 C2 discloses a plant for electrolytically processing electrical printed
circuit boards in which the boards are electrically contacted by way of contact
clamps which also convey them through the plant. In this case, the work pieces
may, or may not, have the shape of a board. The work pieces may also be
electrically contacted by contact rolls. In the case of board-shaped work pieces,

30 contact rolls extend over the entire width of the work pieces transverse to the
direction of transport. To make electrical contact, it is also known to use
segmented and non-segmented contact wheels that roll off the border of the



segnent ed and non-segnented contact wheels that roll off the border of the
WO 03/038159 PCT/ EP02/ 11764 2 board-shaped work pieces, such as electrical
printed cwoamalssibpards for exanple. For easy operation byCriPompgsat or
staff and for reasons of construction a 5 conveyorized systemusually
contai ns several separate counter electrgdes. During etching, the counter
el ectrodes nust often be renoved for strfpping in order to renove the
metal deposit. Wien sol uble anodes are used in. electrolyti tal -plating
met hods, |t HSPTRREPERMTKlerEnsYER SRR ol pRetREe, mor o
speci fi cal legdn@piecl eaning and netal replacenent. Viewed in 10 the direction
of transport, insoluble anodes often al so consist of discrete portions.

For econom cal reasons, the counter el ectrodes |ocated opposite one side of

the work pigeces are in.practice supplied w electric. current by means of
one 15 si rﬁ?cfeeﬁ's?c‘%eﬁ%r?%‘sﬂ 8*%’_@8 888?‘#5'} S@%ﬂ#%&éga?%‘?f&)wuﬁ%ﬂ ét her side
of the wor keapivegeszéd Sysiupilidirily Wonfaify e08kal Bpatad canfich@lectReksfier. In
the printed circuit board technique, boards and filns of various sizes are

el ect r ol yt il2&INg etohings dae saunter sipdiragesdnusiyaftery be reyovedfortagpiagdn
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o event t o ER7femoyt HeREE SERES Ry B8R HrbBeB ik i eces
(edge- ef f eddlectrolgticartal-shing meathdds|tHey it oflensid eradvédr pdgassesfoft he

printed circujt boards) it has become known to use technically very

conpl i cat edNARENANCEL MOre Spseticatufancleainaendgneial epriacerpent. Migwedir pose,
WO 98 A9 3%ﬁ?%¥refcﬂén %F?rgﬂéﬁorg'iﬁ%l%%saﬁod%fs\’bﬁ& LR .c?qr%s%t%?rdfs%l'é‘cé' cally
processing electrical printed crrcuit boards in ich screenr'ng” shields
are provi degbrbetsveen t he plane of transportation of the electrical printed
circuit boards and the counter electrodes. Each shield is configured to
format |east two substantially paralleled flat parts, the one shield part

being arr it tiat. th hield
part (30" oppan oreRIEA! Babdts. TaTBuRtor JARRRSIBLHER GRRSIS R of " e
subst ant i althg wark aisoesr are in eradteecaupptigdvgitideleettd currenfiyy meahs ofwnéved i n

ust NG uch sslr%lg lrgcsztiffesr. Trqé %ghntterr]%'ljeqcr%fodes located on the other side of the work

pieces are supplied with current through another rectifier. In the printed circuit
board technique, boards and films of various sizes are electrolytically
processed in such a conveyorized system. They are transported a short
distance apart or closely together in a column. To prevent too high a current
20 density at the edges of the work pieces (edge-effect: increased electric field
line density at the edges of the printed circuit boards) it has become known to

use technically very complicated, adjustable, electrically isolating shields.

For this purpose, WO 98 49 375 A2 for example discloses a device for

25 electrolytically processing electrical printed circuit boards in which screening
shields are provided between the plane of transportation of the electrical
printed circuit boards and the counter electrodes. Each shield is configured to
form at least two substantially paralleled flat parts, the one shield part being
arranged opposite the plane of transportation and the other shield part

30 opposite the counter electrodes. The shields are slidably carried substantially
transverse to the conveying direction. The cost involved in using such shields is
high, though.



WO 03/ 038159 PCT/ EPO2/ 11764 3 Anot her di sadvantage of these shields is
that, although these shields permt to achieve uniformcoating thickness
di stributwor3esam i n the | ateral border regions of the elPettRPOD&EI764r i Nt ed
circuit boards during electrolytic nmetal-plating, the l|eading and trailing
edges of the printed circuit boards extg?ding transverse to 5 the direction
of transport cannot be protected by shietds since they are conducted

th h the t t ol yt [ 1 d
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t her eof which cannot be avoi ded using the slidable shie escribed in WO
98 49 375 Apnguciesy throughiheeplanbinaveontinueesadgenart beirtg electrblyticalydi ng and

trailing e nted circuit boards conducted through the plant,
a pl ant fogﬂgé%éc){ rod't\%{ei%é}al ly nmetal 20 plating printed circuit boards nust
in practice be filled with dunmes first (dummies: printed circuit boards

unsuited for production that are used instead of the material for
product i onyAtt 5"976“"1t ﬁéthecrar@dumomwith@r@r@efrmp@mt@mqwcng hoardeint thebe put

into er at r |1, ow. S wa S
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25 avoi ded cnraumbmgar@betﬁrmlmtalmarrt&é prodelsatd 2@ todHighsa teaent GeMRfONs & 0
powder - | i ke deposits. They are occasioned by a current dénsity which

is too hi gﬁe?‘éﬁ ’fhetrﬁ@f éh%etheélr%l@na@étiﬂs first printacheir¢whbeardpand @oss®hnhot

desired in t g of
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past the ddmmawm&snttdmbsltw'éhl@(bea:dmmmldgtthrc&ugés tikeriltnt flawsodeh@ched
fromt esurf t hereof and i carrleéjdalntothe el ectraolyte of the

wor kig ar @H%Eﬁﬁ@‘?reofw q%gee%vqhqi $igg the shidaple Sﬂ’dﬁ'@%é%@ﬂb%@ of
the pr oductwgng@qgr%Ajtéﬁhgﬁ_ they are co-deposited,

In order to avoid the edge-effect at the leading and trailing edges of the printed
circuit boards conducted through the plant, a plant for electrolytically metal-

20 plating printed circuit boards must in practice be filled with dummies first
(dummies: printed circuit boards unsuited for production that are used instead
of the material for production). Only then can the rectifiers for supplying current
be put into operation and the production boards may follow. In this way burns
at the leading edge and coating thickness flaws on the production boards are

25 avoided. During electrolytic metal-plating, burns lead to porous to powder-like
metal deposits. They are occasioned by a current density which is too high for
the electrolyte used. This formation of powder is not desired in the case of
dummies either since, during the metal-plating of the dummies, a metal powder
thus forms which, due to the turbulent flow past the dummies as they are

30 conducted through the plant, is detached from the surfaces thereof and is
carried into the electrolyte of the working area. Later, these particles are also

brought to the surface of the production boards. There, they are co-deposited,



WO 03/ 038159 PCT/ EP02/ 11764 4 which results in a disadvantageous surface
roughness. Al though this roughness nay be reduced using conplicated

el ectrol ywe oBiosg18r s, it cannot be avoided altogether. ThecefEPor117burns
must conpl etely be prevented from occurring during the electrolytic

metal -plating of printed circuit boards in the fine 5 line printed circuit
technique in order to avoid the producti%n of scrap. At the end of the
production run, in the case of gaps in the col um of i nt circuit
boards or vW%'ﬁhtrﬂ%Vlé N2 §'S@H¥ﬂ@@959%§88‘68% oy %ﬁscﬁ‘%ﬁlégﬁgri”ﬁt ed circuit
areas and/@ughRess HiyY rélRRedisI 809PIcatBE JUERBIOR MRS, ifbatdied r eat ed
the same way as described for the start of the production run since in
this case avoed aliogether.bidiatefore doyiroasniast aomeplptainbedrevertedtiraroar ds
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pl ants. Therefore, the coating thickness is usually nmuch greater than the

initial coa/t/%asﬁﬁﬁ@ﬂ'%@@rdhe%tamp&w%prp@uptiO%w gincedn heispesa@sadelso 20

t hat | t M . ti
i ghert ¢ hart e or il TR i hiit B5ahs SRS YRk 8lleceat ayer
on the prodiicgdtion of remsgert wisuld begsrecessdibatat indrbesstlionirest derssity and

el ectrolytically processed, i excess to the di sadvantage of the production
boar ds. Nbsqq??c,grltﬁ%g'ﬂ’ﬂﬁﬁrb@eg?%‘ré%ﬁ\f%kiE’Pé’;ﬁ%@%ﬁﬁ%’e@i q F%ﬁlqeidsqwf%‘tdarmge t he

pl ant becaysssithedla avy |; f \(;%%
coating thi cknegs or t o@ﬁ'grgg\feﬁggﬁecg%égg' ?%‘) ﬂﬂﬁ%?&?ﬁt%lﬁ] @%mmgs gia | e. For
t he reasonsunesonpotical especially whenotherprodlctinde paxessed ssibftet brargdd
undesjrabl e, .for the operator a copveyorized sysftemto have to work
with dummi d¥tte Eﬁa&gfe ¥ %pa%%a &PE‘&H%’F‘EHHE&&{@% BleSMEgtbe 30 During a
conti nuous HuzRgyetdidne P&t FbsERERAs JRBS0MSe BUhRY é}bgféé'dtsé%ﬁél%nﬁ the
following in a colum of identical printed circuit boards nust be small. In
t he so that metal layers of increasing thickness form thereon when they are used in
metal-plating plants. Therefore, the coating thickness is usually much greater
than the initial coating thickness on printed circuit boards to be produced so
20 that the electrical conductivity of the metal layer is 10 to 1000 times higher than
the conductivity of the electrolytically to be processed layer on the production
boards. As a result thereof, the dummies are electrolytically processed in
excess to the disadvantage of the production boards. Mostly, the dummies are
only scrapped when they risk to damage the plant because they have become
25 too heavy as a result of the great coating thickness or too sharp-edged due to
metal nodules for example. For the reasons mentioned, it is uneconomical and,
as a result thereof undesirable, for the operator of a conveyorized system to

have to work with dummies in order to avoid the disadvantageous edge-effect.

30 During a continuous production, the distance from one printed circuit board to
the following in a column of identical printed circuit boards must be small. In the

ideal case, the distance should be zero. In practice, at mean current densities



i deal case, the distance should be zero. In practice, at nmean current
densities WO 03/038159 PCT/ EP02/11764 5 (6 A/dm(err) for exanple),

di st anceswofo3psiso® 15 mm are tol erabl e when the useful arPea/EP2/11164 very
printed circuit boards only begins at a distance of 20 mmfrom the border
t hereof. Today's requirenents to higher §urrent densities (12 A/dn2 for
exanpl e) and narrower, non-usable borderYareas add to the problemarising 5
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line density is approxinately the sane in | of the regions of the
print ed cir%auﬂh@quatbeEsnﬁengadsn@@nyecbné/mkﬁtance bet ween t he
successive printed circuit boards. If there is an excessive spacing in the
successi on of boards, those |ower and upper anodes are always turned off

that are atDEMBd 3988RM1 HREREY PRHWDfor cBRPYEING hRe 8@P i BortR§oREEgESSi ON
of boards during the transport of the printed circuit boards through the

pl ant. Fi ellectroriation oants &t whishdhe spreingdimeenslogricalgrideégiradiposi t s on

the |.eadin raili es. of . i i reuj to be
avor i as ot ds et fSTFe e bebE e b gfidhk o o235
be easily uwittersiireety bhoyginyt bitthe mssitidheofaneqeingsd escwit Bodndsngd iaf f one
after the other, not only the edges of the printed circuit boards conducted

past the tWnifBdheelediiieilcsments Adtheanadesdrptiegd 9n aeoliacsprtinglio et the
entire Feg'@eugéf% .tsl%ﬁsiﬂp'iﬁ'tsﬁeh%' ﬁﬁﬁhér ﬁ%ﬁﬁge%ﬁtr}’éﬁﬁ fie@4ftle @er’sﬁg% h,
viewed in the |rec?| on o transport, that corresponds approxinmately to

t he anodes apmbxinaatelytbersame meall obmwb.re@tmse:ffdhe,prihtwf dr@.ﬁ&bc}g&frd&he plri nt ed
circujt boards | ocated behind a | eadin edge and in front of a trailing
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upper anodes are always turned off that are at that moment located below or
above the gap in the succession of boards during the transport of the printed
circuit boards through the plant. Field line concentration and the resulting

20 increased deposits on the leading and trailing edges of the printed circuit
boards are to be avoided as a result thereof. In practice, this is also the case. It
will be easily understood though that, as the anode pairs are turned off one
after the other, not only the edges of the printed circuit boards conducted past

. the turned off anodes are not electrolytically metal-plated, but the entire region

25 of the printed circuit boards as well over a length, viewed in the direction of
transport, that corresponds approximately to the anodes that have been turned
off. Therefore, the areas of the printed circuit boards located behind a leading
edge and in front of a trailing edge are not electrolytically metal-plated or too
high current densities are generated at the front and/or rear edges. Moreover,

30 when the anodes are turned off in this way, the current of the turned off anodes
is deviated to the turned on anodes so that metal-plating is carried out at an

accordingly undesired higher current density. This method still permits to avoid



is deviated to the turned on anodes so that metal-plating is carried out at
an accordingly undesired higher current density. This nethod still permts
to avoi d W0 0883038159 PCT/ EP02/ 11764 6 burns and the res®CriEPg2/10ghness
of the metal deposited. It is also used for this purpose. However, this
techni que cannot prevent the at |east t printed circuit boards | ocated
in front of and behind a gap in the printed circuit board colum from

bei ng scra ri circuit b ds_are becomi ng .5 jncreasingly
expens ve S AdinB bl fitle Rolditiass e FoRelodhidie hiS el ee Bha the
SBU-t echni dh fiepasentbwevenithid téehniqlidicanAst greviht thetatliedfiabetingsd her. In
t he SBU-t echni an all-over |ayer of electroless copper of a thickness

of e.g., (ﬁl@uglrjﬁedﬂﬁﬁi%lmaﬁed'tmfb@nfe@f&ftdwynd@e@a@irw@eannrﬁe@c@wit@oargled. As
d t ti Vel t i nt ed
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a hi gtb ohmincreesirsfypegeensive agdesesubedthefies in@pavtad éfcditastinipasanaf t he
pl ant rmust Eet%él led with dummies before the printed circuit boards are
al | oned t o BREFURCKHHAES (seysatial buildep), dhis scran ipindt trierated gither.ng of t he
production boards w thout scrap. As conpared 15 to the SBU | ayer nmade of
el ectrol ess copper, the dunm es have an approxi mately 1000 ti nes higher

el ectrical [odhe&BU-echniqud, ZBall-bver ldgenokelectrblced wopder of @ tHitingysasit af ter
dummies or if t gy exit. the in fr ummi es, the electrolytic

pl an ropt of d !
current of $¥%e XAJHBIVRICH fRpio t?ﬁ?ierc?frﬁ?mt'ééﬁbmﬁﬁélr@'?ﬁﬁ%'ﬁlLSSedV\ﬁﬁWOF"GF@?&?’@ to the
surf ar | i | : i rent
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SBU boar ds aathicknessself éct t bbbyt cthiid thimtztyar hpkat leidh diimicmesiktgnce. Aanodes are
used in a chem.cally etching e]ectrolyt nore specifically when the
el ectrol yt e@gﬁﬁgﬁ F%Br?f?&\f%déé l&ps p?%&’%ﬂ"%@(ﬁ’ﬁi u I.bﬁ.fﬁ'eﬁé"”theﬁ“ﬂmm'%(err)
conpounds, hdibR el i [ i ' : far from
the contacts are S Ier?%%ke:g{_sw% Eg%rc{sgﬂFgé@ﬁdco%tﬁl Q%%Egt%%@gg&%it best,
t he second eectralylicimeB-plaidag df thehpraduotion hoardsnwithidutascdapAs campsieal e

scrapibd 20§36 S BYBL Y a987 el BaPDRL TR ER TAIBAN manner ¢ he
el ectrol yt iappregialatell A000diraes hiyher bfictacdlicontucBRyWIrdBRiRerdd Arer sed into
an electrolyte, Patent Abstracts of Japan to
introduced into the plant after dummies or if they exit the plant in front of
dummies, the electrolytic current of the anodes is not distributed proportionally
with regard to the surface area onto the various neighboring boards. The
20 electric current substantially flows onto the highly conductive dummy boards.
Virtually the SBU boards are not electrolytically metal-plated. If insoluble
anodes are used in a chemically etching electrolyte, more specifically when the
electrolyte contains compounds of a redox couple, e.g., Fe*"/ Fe** compounds,
there is a risk that regions of the SBU boards located far from the contacts are
25 etched, that is to say completely destroyed. At best, the second or third SBU
board behind or in front of a dummy is usable under these conditions. That

these expensive SBU boards have to be scrapped is not accepted either.

In order to adjust in ideal manner the electrolytic metal-plating current for a first
30 work piece immersed into an electrolyte, Patent Abstracts of Japan to
JP 61133400 A suggests an electroplating device provided with an elongated

plating cell for work pieces to be processed containing plating liquid and with



JP 61133400 A suggests an el ectroplating device provided with an el ongated
plating cell for work pieces to be processed containing plating liquid and
wi th WO 08003838699 PCT/ EP02/ 11764 7 anode pl ates arrayi ngPCa/EPe2/1864 and
separately supplied with current. The work pieces are sunk into the
plating liquid at one end, the supply current of the rectifiers being
gradual ly increased with the speed at whi ch the work piece is sunk into
the plating liquid, Burns are thus avoided. 5 In order to avoid the point
ef fect duri#pPdnplaigsarayngin sanes apd separataly spplipdavitheeyreentt The a6 on

1 oo ol  TEbE Bt ChIEH HROBEARG AL BRI &5y Ik Y MR feR e, 11 %

line density to resu I'n l'oc erent” processi ects on” circuit
traces of vectiBersvhaind gradtialig idoted5dd Gththggpetd dtaviiee the apsk piricetibe 10

di stance bet ween t&éﬁr%_nt Ed circuit boards and the anodes by using

el ectri cal ISHN% 18I §URY d9WHCc BUMRSHrEr BUS YPHIEE st ance bei ng maxi mum 30
times ghe nomnal width of the narrowcircuit traces. It is therefore the
obj ect of the present invention to provide a nethod and a 15 conveyori zed
syst em by nipaordenfo andidlihe peind effebbdiringithecelebiedlytiesilyberocaysinded finkt i s

nore specifi.cally an object.of the invention to rmt electrolytic
pr pcesgi n;g é‘B?J'tJY%Q%C%E‘%&h'CéI p(AB‘ieQI Cﬂ%lcggéiqar%yv@? ERIFSSRANVRYIG IeI ectri cal
printed cirgubtricalidladndicrRly & F@ulﬁh%éll‘ygﬂﬁer‘é'n'i g%ées%ﬁf%{ c'%f?t% s o

conveyorized systens, that are spaced any~“distance apart eir
successi ve @raiérirageshiuariedevidis & Bdd 7etlyt C2eSiggestotockeep ognstadt thist hout

bur ns, bei ng,. erated during.the electrolytic, netal-platin rocess. 25 It
i's m)ugoverd'g%%ﬁ??]ﬁzwe%%jt%%g”%tle%t%@uﬁrb@?é# apﬂ\;l%?\laPBHgf yﬁ@%_@p E%§§i°@”¥‘that
these probligomitiAg dEnES AMEMIMENsl HSBRES HeimakreaR VtiFRsehds are not

used, above all while the work pieces are entering and exiting the system
and duri ngh@niehwiEhsr the sauew, cikgyérirades. el ect ropl ati ng conmand data, for

the current density in particular, are being changed during processing. 30
It is another object of the present invention that occurence of processing

fl aws It is therefore the object of the present invention to provide a method and a
15 conveyorized system by means of which the drawbacks described may be
avoided.

It is more specifically an object of the invention to permit electrolytic processing
of a succession of work pieces, more specifically of electrical printed circuit

20 boards and other electrical circuit carriers in conveyorized systems, that are
spaced any distance apart in their successive order without the described edge
effect occurring and without burns being generated during the electrolytic
metal-plating process.

25 It is moreover a further object of the present invention to make possible that
these problems do not occur even if dummies and screening shields are not
used, above all while the work pieces are entering and exiting the system and
during a change of product, when the electroplating command data, for the
current density in particular, are being changed during processing.

30
It is another object of the present invention that occurence of processing flaws

due to too high or too low local current densities applied to the work pieces do



due to too high or too low local current densities applied to the work

pi eces do WO 03/038159 PCT/ EP02/ 11764 8 not occur under the production
condi t i orwormansdioned. The solution to this object is achi @ece®pPby1t7he net hod
described in claim1 and by the conveyorized system according to claim 16.
5 By conveyorized systema device is nmeant in which the work pieces are
conveyed in a horizontal direction of transport while being el ectropl ated.
Hori zontal conveyori zed s%st ns, desi gnate devjces, in which the work pieces
are orient 8@t ﬁ%@‘%’z‘m&%lﬂi‘? WGHQN: GORREYRIS MERECRRS- t i cal conveyori zed
systens 10 devices in which the work pieces are oriented vertically. By
electrical printed circuit boards such electrical circuit carriers are
meant t hat The@oditiin tf thisoaljdcsisagmnieeahbyn Hieemettand describeddo rpEimet aoé

several di El gﬁt ric and netallic | a?_/ rs.an .ma,é}have hol es (through hol es,
burried hoP¥dNRANKRYHEFeESYripmSceordigg to ¢ m may al so include such

configurations that have not the shape of a board and that serve for the
el ectrical connection of electrical conmponents that are fastened and
el ectri cal By aanweylotized systenes eleyiaedainneantan whichs theTwpdepigcasass onal

fi [ vi ded .wi t.h, Gi ' . I b
thor eby. - NP B4 BadeL B el BARBSTRE 1380 el et 11 ca

circuit caHorigbhtaAcOnIBPSHzeASsYdins Heiyritte HeUices MPhecHAeRVERIPiE S8
including hybrid systens. In principle the termwork pieces is not only to

be const r a&glodeniglddrarizoniallypdunnguassparupnd yeHicas comvgyorigad systeams pr oduct

o ot 107 ¢ *HESToaB L NG rRSw O breg8s et BEEHER BT ngea opposi te ¢ he
counter electrodes, it is neant that the counter electrodes and the work

pi eces are _arranged a_ determ ned di stance apart, preferably in paralleled
pl anes i n RiYilectfiral piduiat SircHitdosrdysdchalgctical Risewt Cairieceareameanbihat ed
when bot h : e ' aped.
' ot her o 200y SEU bR AR el el odth S Bf ForttaRARIEEY

conf i gur edahd rhetedlicdlagersnd atsgchdve lesledi(tneosglohalessbapied hdles and iadt

ther g8y tnabids) .8 2t frm may aIso melids such contigurhtions that hsve nof ¢ 2
shape of a board and that serve for the electrical connection of electrical
components that are fastened and electrically contacted on these circuit
carriers. Three-dimensional configurations provided with circuit trace structures
may also be meant thereby. Moreover by electrical printed circuit boards other

20 electrical circuit carriers are meant as well such as for example chip carriers
including hybrid systems. In principle the term work pieces is not only to be
construed as electrical printed circuit boards only, but as any product serving

other purposes as well.

25 Inasmuch as herein after and in the claims it is indicated that the work pieces
are arranged opposite the counter electrodes, it is meant that the counter
electrodes and the work pieces are arranged a determined distance apart,
preferably in paralleled planes in which the counter electrodes and the work
pieces are located when both the counter electrodes and the work pieces are

30 board-shaped. In other cases, when the counter electrodes and the work
pieces are configured to have a complicated three-dimensional shape, it is

meant thereby that the counter electrodes and the work pieces are arranged a



WO 03/ 038159 PCT/ EPO2/ 11764 9 predeterm ned di stance apart, certain
surfaces of the counter electrodes and of the work pieces facing each

ot her andwbeBfngsispaced a nean di stance apart. |nasnmuch a®CItEPVE1i76ddi cat ed,
herein after and in the clains, that the electric 5 currents originating
fromthe various counter electrodes are get to values in function of the
electrolytically to be processed surface”areas of the work pieces, as far

th tarjly) |ocated disectl ite th i
o1 ect r ados. PEOCTE iR ¥ance ahart sl st et ng obBer ot Sis S b |y
be represenhgdvak dededakirledth bher 8h8 Uiy ¥pacl & Ynddh BRtAHRCAHEd

|
surface 10 areas of the work pieces that (nonentarily) lie directly
opposite the respective one of the various counter el ectrodes. This does

not preclu t, the variou urr.ent, val ues my, additional | epend on
other i | JOREMRGN Gt rbuieih. REriBANS S a 1S CielBesr B sbeiur 1 ace
areas #re farmes Byiginagng!iesh the dhfidus EONKIEE bietBolEs apd8e P VdlgesH face of
t he work pi eces. Electrlcallé non 15 conductive regions do not constitute

el ect r ol yt ifHBFligN phtheeclpelselyticrily toler prosessed awfage ataasi of¢he warke

corr espond Mt el e aL &R GliaMihlathd BEfRotneuiRbbests FE AR o
fraction th@uetér el@btrbdes nismesntithai el viictist@erent 9BRIE Ay eubstadtiaNy t he
clainms, that the relative overlap between work pieces and a counter

el ectrode i€ wRATEPPRIRE@S @ ftnctippof itheyplesiredicallolp be proressedsugiace! ect r ode

. . ' . vor k
o ecelOng” ireBE B He Wof BRicEsRAATRdrie A IEMIEEDY ool indeshatyye’
met hod of tdre ofthentarionsawdintdreslectrotsso Thiedosy sdiepheefudeithat theevdricus ar e

directed to the electrolytic, processing of work pieces, nore specifically
of el ect riCHIEHVAMESINEY Adgit n@ﬁbﬂageg%@n&th@rrmﬁ%@@lngé%lcptoes-ﬂp&@it

carriers. @%étmgﬁ@aslgg?Wproﬁ@@sd@é@ﬁé’éeeﬁ%%saérﬁ fSHﬂ%&J()?qhQ%?e%éﬁﬁl the

ot her throug emin one direction of trans e pi eces
are el ect r aloyductivé yegipn® cadbedulfpcepbtie wbriepieces.i Electricainnenori gi nati ng
from ,f:é)unter el ectrodes 03/ 038159, PCT/ EPO /JﬁL?GAb

conductive regions do not constitute electrolyfically to be processed surface

areas. Accordingly, the electrolytically to be processed surface area of a work

piece may correspond to the overall surface area of the work piece or to only a

fraction thereof.

20 Inasmuch as it is indicated, herein after and in the claims, that the relative
overlap between work pieces and a counter electrode is determined, the
vertical projection of the counter electrode onto the surface of the work piece is
meant thereby, as far as the work piece and the counter electrode are
substantially paralleled.

25
The method of the invention and the conveyorized system of the invention are
directed to the electrolytic processing of work pieces, more specifically of
electrical printed circuit boards and other electrical circuit carriers.

30 In the method, the work pieces are conveyed one after the other through the

system in one direction of transport. The work pieces are electrolytically

processed by means of electric currents originating from counter electrodes



10 | ocated one behind the other in the direction of transport as the work
pi eces are conducted past the counter el ectrodes. The electric currents
ori gi nat iwg 0B/8s159 t he vari ous counter el ectrodes are set, pat@EPUirIgH t 0 t he
invention, to values in function of the electrolytically to be processed
surface areas of the work 5 pieces, as far as they are located directly
opposite the various counter el ectrodes!O Moreover, it is made certain that

the work pieces are conducted past the counter electrodes at a distance of
50 nm maxi n@RRtegr@Tepahing the other inshegliregtiorpeiransR@y asithe avosl piesesiae
accordance L avent | ' ' of;: . LGe:

E anspor U1 ng e P PR G orelBORaS lt e el bfiGineSh from

t ranspor t at thenvariodisicouniter electecdeareodet! accrding to the iaverteasto Valesfunt er
el ectrodes éyoc?t ed_hehi nd each %tsher in the 15 direction of transport and
arranged al BRgiemef Bleplechpiviicallsiohe Riqcsssed gurfags @eas obinecWeddes bei ng

spacedsf r omykhss 531%‘? f ' ' ; maxi mum
pr ef er abl ynﬂt))|$E 2 IOA 1 %th%&%ﬁ?%&% Hgﬁg%orr%ﬁes@gpp lf/ﬂ%rﬁ%'(tan or a
respecti ve epetrodes.hdorsmyer gt is mbde ceddimstha thedwonkepieset aire icoddwdtddal | y

controlling every single cyrrent supp unit, said neans bejng configured
in such a W%@Stﬁ'ﬂépot‘ﬂ@ral%%m%é o 8@%{”509 erfiogmﬁ'&{ri‘q’iﬁmfmbrﬁr?#ﬁég@élo éus
counter el egtppdes are respectively settable to values in function of the

el ectrolytically to be processed surface areas of the work pieces, as far
as they are (nonentarily) located directly 25 opposite the various counter

el ectyodes. -Moreover the conveyorized system prefergbly. conprises a device
f or L(?ect rT%%FP@V%y@ﬁ'Lzﬁgﬁyﬁ mw&aﬁB?fﬁ'ané%%@'] tg‘ﬁdnﬁgg‘f%y BSOTYYIFELAl ng t he
processing fluid with the work pieces and the counter electrodes. 30 As

contrasted to the nmethod described in DE 39 39 681 Cl, the current of the
various counter @&lagevieader iranspartice s wodt piecesnkwughfthatsyatapeimone

conducted WO 03/ Q38199 1 2HLHERIRT A48T ofd direction of transport,

b. at least two counter electrodes located behind each other in the

15 direction of transport and arranged along the plane of transportation, the
counter electrodes being spaced from the plane of transportation by a
distance of 50 mm maximum, preferably of 2 - 15 mm,

c. at least one current supply unit for a respective one of the counter
electrodes,

20 d. means for individually controlling every single current supply unit, said
means being configured in such a way that the electric currents
originating from the various counter electrodes are respectively settable
to values in function of the electrolytically to be processed surface areas
of the work pieces, as far as they are (momentarily) located directly |

25 opposite the various counter electrodes.

Moreover the conveyorized system preferably comprises a device for
electrically contacting the work pieces and means for contacting the processing
fluid with the work pieces and the counter electrodes.

30
As contrasted to the method described in DE 39 39 681 C1, the current of the
various counter electrodes is not compietely turned off when being conducted



past the gaps between the work pieces and turned on again once it past
them Here, the current of every single counter electrode is individually
control | edoan@381set, the electrolytically to be processedPsuriravel7sd ea of
the work pieces noved past the respective one of the counter el ectrodes at
t hat nonment being taken 5 into consi derqqi on for the control thereof. As a
result thereof, the current is accurately adjusted according to need as

the bor der 35T NAREPEERARDE Tdhsrlitiis 4T 1 HhBRECR A8 SR PR fh or "
transport ieraythaeutremiasi@vdnnghyle dduntsr elbetrb@8 geindneg@aBdohttcled S d
dunmm es when V\ﬂl’k pi eces are entering or exiting 10 the plant or in (gaps

e

bet ween t h&ShofR St AYiqally t@ Ramspecssrdestriacg. areaoiiithe wask @iecasanove

L . ) e
recor ai gl L d Riepblf QR or U E0LHEE LREEREDEY fld Mo B Bligdaken
condué& ed dmie dueisidedatidrefartthe cohtrolihgledfhas systsamiméicon the anyrepdie  ef f ect

even with no dunmm es, pl.aced in these gaps. The currents are conmputed 15 in
t he controIaCW@@%W%?Fﬁﬁ agcgrdu)gtqrzle%q‘,agélpﬁ WOk PigREseHE raeYRd P9St S0 area) .

I'n that thenhguhe&dsivantlgddif RS orBL RS tﬂg%or?r %8é§0 set

individually and only accordin ef[-o the surface areas A 0 e work pieces
bei ng condextenting frensvérsmto tine dilestamvaitragspaat issavaideh excooadingiyni i©ut t he
nmet hod described in 681 C2 can be overcone which is that the

20 39 3 |
el ectric C&DrIQHQe%’&?Qﬁi;&?REQ YSe a‘rﬁ'@@%g‘é@e&wﬁf PCEDAM BNIEENgQNTHEY when
the cigrrenihabplier iflggé'lﬂé gét\/@ééﬁlﬂ"l'ééwggrlé ob STk aMpIN] GRel %r.i.gwom. order to

permt the individual ™ setting o electric currents at t vari ous
count er el &iggasore tadeoprdicagsadone ket theeotheonndeheaous prodsichbn al | of t he

For i s pePBRBERS. Abcertiiond Hank b BB S 2 iy 5 BrMCR potkan Wethnt or
el ectrode pisbasrsuRiuctid bislb¥hdahb btsaRIdihe SRMMAAIHANY g%\g%bo@? ting

every single current supply unit are provided. In‘a preferre I ment of
t he i nvent i€HigCt even witbdta demaies placedrin herst gaps. fhencursgnte mee somgiuted ount er

or occesea SMTERAMRIBER ORI LATE cUBEFF LBt bbAShe A Rerba i rect

opposite a respective one of the counter el ectrodes are determ ned and t hat

WO 03/ 0381?9 PCTAEPOZ/ 11764 12
n that the currents I at the various counter electrodes are also set individually

and only according to the surface areas A of the work pieces being conducted
past them, the disadvantage arising when carrying out the method described in

20 DE 39 39 681 C2 can be overcome which is that the electric current
automatically increases at other counter electrodes when the current at one
counter electrode is reduced or vice versa. In order to permit the individual
setting of the electric currents at the various counter electrodes according to
the invention, the currents of all of the counter electrodes are set and

25 controlled independent of one another. For this purpose, at least one current
supply unit for each counter electrode and means for individually computing,

controlling and setting every single current supply unit are provided.

In a preferred embodiment of the invention, the electric current originating from
30 one single counter electrode is set in such a manner that the electrolytically to
be processed surface areas of work pieces, as far as they are located directly

opposite a respective one of the counter electrodes are determined and that



the electric current is derived froma direct correlation of the current
with the sumof the determned electrolytically to be processed surface
areas. Fowotoniossispur pose, neans for individually controll ipcg/Emziigetti ng
every single current supply unit are provided, said nmeans being configured
in such a manner that 5 the electric ciérent originating froma respective
one of the counter electrodes is set a function of the electrolytically

to be processed surface areas of the  work pieces and the relative overlap
of these Wﬁﬁ'%ﬁré‘c@é”wtt'ﬁd%!y@d@@Gﬁ?&‘recépeg?%@@.oﬂ%e?H@eﬁtf‘gﬁ%t nti oned

direct coLi o hAHAbrhRIRIEGHAN ficdlytb Bl SroRELed S bicall FbAmiyar | ous

counter e rodes an e sumo surfiace areas of the work pieces, as
far as theyrpose, nemiseibr dpjivdually cortroling and seting everylsingle edgent s  nore
specifically the electrigc, currents bein roportional to_the

el ectrol nyPéB'lyl‘if“t( e MQV&%@@%GJ%?P&@@D%Q@%"%&Q RCRBreIesdiat as far
as they a %&%ﬁ ' #ing RBRCS ré$Hddive RBRIThE tBURRE eRfctidiiescount er
el ect@r odegﬁe% e efg%%‘?%ﬁ/tgﬁﬁéélrlby to be %)rocessed surface area of a work

pi ece, asid set asaifundtion dfdbatedecttilytinallyyo deproressashsurdacapeassiiier

| ectrod .be det ' i th I trol vitd call b
or ocesseq W R T Talyel B SbeaRoncik SBRcsg i S8t ety or e
wor k pi ecejatidyd he counter electrode. The relative overlap between a work

piece with one single counter electrode is nore specifically determ ned by
determ ning the actual position of the work piece relative to the counter

Shand of - ThE alate i EiboBl dieh SRR S ¥s BRI Rurte AR iR i
ascer t ai n thégafchsabunes icldovdet dritetheasin oF gresiadeareasaitiey ardriz ed

system the instant of time may be determ ned first at which the. work
pi ece is QigrAscESdapasthey piedgeaiedRrRasiisdbe tveHRVaCOLRIET SRAIOPSSIS ed

system T } i : L cal i i

Svatom 30TQEERS T ShE elctE CAFLAS Doid PRI HGHS b 1o ERRMENACLEL®
wor k pi ecéd srocksged slittsicd nesdeeof thenveorkrecds, @sl fhy abyhai ateclocalteder mi ni ng
the di stance covered, by int e%r ati ngég(]a nonent aj&ﬂconveyor speed of the

wor K i ecdiggly oppraite ihe)(eapech? 63 PEFURBHSISCIPERS- 13 addi ng i npul ses

of an increnmental or absol ute displacenent encoder. One

The electrolytically to be processed surface area of a work piece, as far as it is
located directly opposite one single counter electrode, may be determined from
the total electrolytically to be processed surface area of the work piece and a

20 relative overlap of the work piece with the counter electrode.

The relative overlap between a work piece with one single counter electrode is
more specifically determined by determining the actual position of the work
piece relative to the counter electrode and by calculating therefrom the overlab,
25 considering the shape of the work piece and the shape of the counter
electrode. To ascertain the actual position of the work piece in the
conveyorized system, the instant of time may be determined first at which the
work piece is conducted past a predetermined position at the conveyorized
system. The work piece is then logically tracked in the conveyorized system,
30 starting from this position. In the conveyorized system, the work piece is
logically tracked more specifically by either determining the distance covered

by integrating the momentary conveyor speed of the work piece over time or by



i mpul se of a displacenent encoder corresponds for exanple to a distance of
1 mmcovered by the work pieces in the direction of transport. 5 To
ascert ai rwDhg/opgase ti on of the work pieces in the conveyor PEEFEPSYsL764M
means for sensing the position of the work pieces in the systemare

provi ded. The means for sensing the position may be conprised of at | east
one sensor for determ ning the instant 18f time at which a work piece is

duct ed . id .and of f | pgi.cal | Kj id k
o1 oco, ot artadigs RBWEERS! 20 IGURTEN A ARSI te HIPIAGERENT GRS QP y
tracking t iU oPh BRpIAMENIRI0ABE ¥orr8B3eIRdd @ exBhRNE & hrsthhé gpAENnt ary

conveyor speed of the work piece over tine or for conputing and addi ng

di spl acenennm agnared bydheavorkipiecaseintthe dinectia obfranepalitspl acenent encoder
15 The actual position of the work piece in the conveyorized system nay be
determ ned preferably in time intervals of up to 20 sec maxi mum or after

the v®rk preescérasiniegposrivans ete W@)rR?ie@:@sﬂﬁ‘th@ébﬁv@drﬁeﬁhﬁs@rﬁﬁﬁi on of
transport. More specifically when the transportation speed i's slow, at a

speed of ONSans MANrtensingGinengRsition akthei werki picees il Blergyptare are pgoviged. n

ol cotric ol HRERsIBrSpATRE e Poaflbh bl P bttt e ek 38br t e
fact that tfoederinipgeee sty diamse bt whivhve work pes ielceatinetedlpast said
conductivities, for exanple because the work pieces are nmade of an

el ect ri cal |SPN%OR2BE A ReFVEOTAGHEI tragking saidavors Bieeni stadingdtaméheret al | i ¢
coati g suclidr BOLRBATTA Hithds 1%?%ﬁgqlggfécnkgﬁqethe"%ﬁﬁ@%%«g AEppaidig Lo the

SBU net hod, fic currents or rom varil ots” coun

el ectrodes raeanafishiihtegnaiingy tredinosierdadyyconvegor esdéédof thaolork piede buact i on of
the electrigc conductivity of the work pieces conducted past the respective
one of the WBAMN & @raRYingiasd pAdNgHisRlaramest iMPWEes of AB iRgremanial 3o

deposits a.rﬁ’os%YlﬂEQﬁ%%I??%gFP{ EnddYes. condition were not taken into

consideration, ele y less conductive work pieces could not be
processed satisfactorily since e.g. a thin netallic coating |ayer would be

Samags by 4 o3 e e o S R TR A o™
determined preferably in time intervals of up to 20 sec maximum or after the
work piece has been advanced up to 60 mm maximum in the direction of
transport. More specifically when the transportation speed is slow, at a speed
of 0.3 m/min for example, the time intervals may be long.

20
In order to take into consideration, during controlling and setting of the electric
currents originating from the various counter electrodes, the fact that the work
pieces may possibly have various electrical conductivities, for example
because the work pieces are made of an electrically non-conductive material

25 with a very thin electric metallic coating such as printed circuit boards that are
processed according to the SBU method, the electric currents originating from
the various counter electrodes are additionally adjusted by a correction factor
in function of the electric conductivity of the work pieces conducted past the
respective one of the counter electrodes in such a manner that burns of metal

30 deposits are avoided. For, if this condition were not taken into consideration,
electrically less conductive work pieces could not be processed satisfactorily

since e.g. a thin metallic coating layer would be damaged by too high a current.



factor less than 1, gentle processing conditions for the electrolytic
treatnent nay be achieved. During netal plating, this correction factor is
cont i nuouwby3m8815gr adual |y raised to 1, starting from a swalrlEPeziTe4 as the
t hi ckness of the netal 5 deposit increases. The thickness of the netal

el ectrolytically deposited onto a work piece increases in the direction of
transport and, as a result thereof, frof#t one counter el ectrode to another
past which the work piece is being conducted. Under certain conditions, a
correct i onli tatdihe safrebkisyebpectastiywpictiessed fy eatléiplicatioarbyla catiestiars t he
case for exanple when the electric current.for. a certajn rk 10 piece is
Lo be 1 ai SAPRbETE EAlb s P 150 PIRCESP NGO RUHG BT LGP EOUfR Ealmelt ror yi o
processi ngni@sb&eenicReH ! DUAREY nitaPplatihg Sthis S6medtion feRT i$ BamiruttisReér poi nt
of the current density in an effort to conpensate for the reduced prior

el ect r ol yt Geadysllygaisenrg lestaring fromn aremai vélaacas the tiickaiess 19é theometali eces

Funct con oFCORET Blcsktyac e FlokrERERE PR BE gl R hehBufed ol
exanpl e a higgk pidcecihticases i e diedtart of transpRirt atdieagth sésunCRetadf, B6m
adjusted is to be smaller than when the current density chosen is smaller.

By adj usti Rge£austeftgioergdesipnpnothes pasicuhisbitie avprk piegs iameing conducted.

6l oct Fodes UL cBrAR lilbrie! s ek BBER: A8, GESKREF ABRNIP G E0HF, o
spaci ngs bétawenTkiséstha cadd for exanthle ivheh therdlacteic auaent for d dwtalemorki eces

i's rgﬂuced. . Since i)he edge-effect is nore specifically experienced at high
curr éRt deREGEYS 1 pejraisedrabavsdherset Roiny Ofﬁ%é@@ﬁ@WQ@'W@i%&@'QW@‘ﬁﬁaci ngs
under thes 5&@% j i St r odes
and the pl EF\e 0 Intdr@%\%%%%?g?ﬁgkﬁgg%&%@ﬁt@hﬁf%séﬁgggw%g%ﬁhﬁﬁed IS
rel ativel yteralireainderisstytio aneeffatjauistrapersdte fanthextedaoed priboalectiblyéic it is
advant ageous to provide an electrical insulation perneable to electric
field Ii neeffﬁéﬁ%ﬁﬁwg{%@- pl ane of transportation 30 and the counter

el ectrodes in order to prevent a short between the counter electrodes and
the work pieces. WO 03/038159 PCT/ EP02/ 11764 15 Thanks to the nethod
accofl@i ng tTbetdistanng ehwihich thedwork pirecs arey egudiucted past the counter

electrodes is preferably selected in function of the electric current density at the
work pieces. If for example a high electric current density is set, the distance to
be adjusted is to be smaller than when the current density chosen is smaller.
By adjusting a relatively small distance between the plane of transportation in

20 which the work pieces are conveyed and the counter electrodes, the edge-
effect is reduced since the distance relative to spacings between electrically
conductive surface areas on the work pieces is reduced. Since the edge-effect
is more specifically experienced at high current density, it is more specifically
necessary to reduce the spacings under these conditions.

25
As the distance between the counter electrodes and the plane of transportation
in which the work pieces are conveyed is relatively small and is to be
adjustable to an extremely low value, it is advantageous to provide an electrical
insulation permeable to electric field lines between the plane of transportation
30 and the counter electrodes in order to prevent a short between the counter

electrodes and the work pieces.



system the work pieces may be processed w thout using dummes. This is

al so possible when work pieces that have to be processed in different ways
are to bwomsosHssed directly one after the other. In suclrCa/EPazel76d i S
possible to 5 process the work pieces in direct succession w thout major
gap in the transportation path. Since in such cases, the electric current
originating from the counter el ectroded®nust often be changed when one

type of work pieces is replaced by another, the rk pieces nust be
Sbar at el ek o i DiaHed Bucerdingile BaiBrritieg 7 KhiehoBEYPBRSS
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areas of the work 15 pieces, as far as they are |oca irectly opposite
t he respecttiansporistiof patte Sincaiint siuchetasss; duesleatrioewrent ariginating ioent i on,

it is not cessar o, us dunmi.es so that the afore nentdioned.probl ens do
ot ar se. e cpgper slatees bl e 88 ahAfoed Shed s WP RO TEF BT e
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t he conveyor speed of the work pieces as they are conducted through the
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speed, ar e thisrGasgy dugeries avauld hae &g bednacadhin thase geasd) ofdry teja@id the
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adjusting t prfocessi ng con i ons pi eces o concern to the

reference crediet irfumctiG0 of theogldetrolyticpipr foi e prubessdd alreasiptifien®wotk of the
electric currents ori 8i B?z'iéi nrg from. the counter el ectrodes,
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16 counter electrodes according to the invention, it is not necessary to use

dummies so that the afore mentioned problems do not arise.

If work pieces are processed in the conveyorized system that require different
20 electrolytic processing, it may be necessary to vary the conveyor speed of the
. work pieces as they are conducted through the conveyorized system. The
conveyor speed of the work pieces is preferably varied when the work pieces to
be processed at the changed speed have already been processed in the
system during a certain fraction of the overall processing time and when other
25 work pieces, which follow these work pieces in the system and are to be
processed at another set conveyor speed, are already located in the system. In
this case, the electric currents originating from the counter electrodes must be
compensated for adjusting the processing conditions for the work pieces of
concern to the reference conditions.
30
In order to permit individual adjustment of the electric currents originating from

the counter electrodes, current-controlled current supply units such as



el ectrolytic cell rectifiers or unipolar or bipolar pulse generators are
preferably wused for current supply. The counter electrodes are preferably
arranged woa3jpstisnd the other in the 5 direction of tran®pemro2/Ttiey are
nore specifically electrically isolated to one another in order to prevent
a current fromflow ng between the countﬁ{ el ectrodes since the counter
el ectrodes may have different potentials-due to the current control. 10

5 nce the Sletiing, SUlLEnte SUPRLLSHLD IS 0L rEes Clses Rl ont

located at \geqgbealirdhss@ag. froman electric contacting location for the
wor k pi eces nmay possibl@lno | onger be processed at a sufficient process

potential so that processing these regions becones inpossible. In

segnenting -at least s f 15 the counter el ectr S I

transverse ?(Hglsﬁﬁf ?@5&0@&8@{ CPr gfﬁg%ﬂy ta,rralnlgleg 0%8593?{???% éﬁ%& 'rﬁglyeybe
conpensat edifetioRof HtinkpBHY TREPLIE hhdrBGpelRicaly BRittricdlly idifategagmit s. I n a
preferred enbodi nent of the invention at |east sone counter electrodes are

t her ef or e sngieenisdriat to pryenta aIreet fioge llewiecbetweentbe canntesl | v

of These cotnibtes REY o ohish PGS may Rafl Fitdrbfiy S4B FaR i &y, S°°°

segnent at i Ghe derehiheontrdl. vi dual control and setting of the currents
originating fromthe segnents permit to even further equalize the current
density across the direction of transport of the work pieces in the plant.
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conduct i vi tiy sofnetdiic coatingnof the work pieves, aeginswiehecobtimgricoatedcat asuppl y to
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potential drop may be compensated for by suitably controlling the current at the
segments. In a preferred embodiment of the invention at least some counter
electrodes are therefore segmented into counter electrode segments
substantially tfransverse to the direction of transport. The electric current at

20 each of these counter electrode segments may be individually settable. This
segmentation and the individual control and setting of the currents originating
from the segments permit to even further equalize the current density across
the direction of transport of the work pieces in the plant. This is particularly
advantageous when work pieces provided with a very thin metallic coating are

25 to be processed since the electrical conductivity of the coating is too low to
ensure uniform current supply to the coating without segmentation of the
counter electrodes. In this case as well, it is advantageous to electrically isolate
the counter electrode segments relative to one another in order to prevent
electric current from flowing between the counter electrode segments.

30
For simplification of the description, the invention will only be described herein

after for electrolytic metal-plating with direct current, preferably using examples



of the printed circuit board technique in a conveyorized systemthrough
which the printed circuit boards are conducted in a horizontal

ori ent at iwn.03/0881p7 i nci pl e the invention also relates to @CFmPoLIyG4 C
etching and to other electrolytic processing nmethods, though. The
following Figs. serve to describe the 5 invention. Fig. 1: is a schematic
cross-sectional side view of a horizonta conveyori zed netal-plating
system Fig. 2: is a schenmatic cross-sectional front V%GM/ f tEe SY tem
Shown [ n Ttk grinted iyt apard deehngueing PENYR AR VST 9B it hown i n
Fig. 1. Thand SHRIENGRUIBEIE St R8haalied in 8 Hdieofitdl brich@tnl epRacple
significations. In I's connection, the reader is also referred to the
appended | its¢ imgntibnralseraaies to Heditaytmosiebingranck® eiier elactolticy. | i s

provided with a platin a 1. i d | at | t ank is fi.ll with an

el ectrol yt ProCesHg m%g@é%%?‘ég@sﬁ? @"8&’&“%‘?@3' B@rveﬁgéfﬁagcg{ae gﬁu‘?‘r’ps (not

shown)s and iﬁ\%rﬂﬁni vered to the board-shaped work 3. Such conveyori zed
e

systens are preferably used in the printed circuit board 20 technique. In
the follow ng exanples, the work pieces 3 are printed circuit boards or

printed cirguit fil ns. wever, the invention.is not. |im t

printed ci r‘%‘@'r i bodt 8 SPE%H}ﬁ\{'&&éQSSr ﬁ%thoé\%fS'd% Vd‘f’WtOE@ %?rm%%#ge¥8®%dends
beyond t he upper a?ﬁ@l‘éﬁp%ﬁfﬁg(eg/sﬂem,f’- 2, 25 5.3, 5.4) that are intended to
be used for electrolytically processing the upper side of the printed
circuit bodfigs23. The dchematigravdes-séctionab front siew, ofghg systemm shewinve t o
concurrently electrqlytically process the underside of the printed circuit
boar d03. The upper '€dnd: | ower anodes 5.x, 6.x may be sol uble or insoluble
anodes. Thegqrknt e [ ' ' dHereh intig. he plating tank 1
30 thr oughe'g&é bt-g%%p%gg%aéﬁﬁggq@%ﬁr?ggﬂrnlesé%gftél?lr anspo'rntrwrgol s 7 or transport
wheel s. The transport rolls 7 are driven by shafts and gears of roll

driving motors 8. A position. sensor.9 scans the advancin (o]
printed cir mfefwr@@/@ggg@gs 5@%%%?7 %‘%@S' hav, Wﬁﬁ&'ﬁ@%@st &]e
length of eyes ¥oriddibRotHe readbt iPA36 defdr@@do thAe appeAE&H listing of numerals.

15
The conveyorized system in Fig. 1 is provided with a plating tank 1. Said
plating tank 1 is filled with an electrolyte 2. The electrolyte 2 is circulated by
means of pumps (not shown) and is delivered to the board-shaped work 3.
Such conveyorized systems are preferably used in the printed circuit board
20 technique. In the following examples, the work pieces 3 are printed circuit

boards or printed circuit films. However, the invention is not limited to the

printed circuit board technique.

The level 4 of the electrolyte 2 extends beyond the upper anodes 5.x (5.1, 5.2,

25 5.3, 5.4) that are intended to be used for electrolytically processing the upper
side of the printed circuit boards 3. The lower anodes 6.x (6.1, 6.2, 6.3, 6.4)
serve to concurrently electrolytically process the underside of the printed circuit
boards 3. The upper and lower anodes 5.x, 6.x may be soluble or insoluble
anodes. The printed circuit boards 3 are introduced into the plating tank 1

30 through a slot-shaped opening by means of transport rolls 7 or transport
wheels. The transport rolls 7 are driven by shafts and gears of roll driving

motors 8. A position sensor 9 scans the advancing column of printed circuit



thereof, the length of the gaps 10 between two printed circuit boards 3 as
well. In electrolytic nmetal-plating systems for printed circuit boards 3,
the trameposiatison speed usual ly amounts to 0.15 - 3 ni mPeT/HPnzides t he
plating tank 5 1, the printed circuit boards 3 are grasped by endl ess
revolving clanps 11 as they are enteri n‘ga’nt he system are electrically
contacted and conveyed through the syst A clanp driving notor 12 is
responsible for the transportation of the clanps placed in a row on a belt
23, cog bel bogidscayl sensasethel lpagthgpfayenaptintetdacifapit koart canthmsserasdt t o

i h i di ng, 10 contacts 13 sli
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t he correspondi ng pol e of over electrolyte cell rectifier 16.x (16.1,
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X I i cal.l t I at ed ode 5.x, 6.x gnly. An
o eot 131 yt e ol BTked iR BERdRS Brd Yiadberd hECed iliunaatpp sy an
upper or a reaiRend the syflerh, atd el&!’ri@dll?%oﬁ%ﬁﬁ?élad aﬁdﬁfdgllt&@}/ﬁcﬁe tHBOgh ©f

| oner anodes 5.x, 6.x or anode segnents when the |engt anodes 5. x,
6.x. in theth@ s¥stemoA damprdivinemoto $2és mwsponpibiesfosdhe toadpontatiom sfral | . 20
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said cells consisting each of but one Single ano 6. X an t he
print&d ci rewtactsctd slide bo@at@dmonatiidirg @il Bethawis alectritallg coheectat hode. |t

' ' dj ust 25 the |ength_of th des 5.x, 6.
 ndl vi dual 19SS BPAr BRCUPbEe PR AB (15115 oA 18 end Wb f oot

printed cirg fd%%ﬂg o '- LN J .
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regard to th@3pd6sh)bThe pitkear fade of tie plectioiyte osll rédiifief 64, Hi6lx sy and the
precision in ejeﬁtrol tic processing is thus achieved for printed circuit

boards 3 t heleckically gongeeted e greassaciatedippede &nt. GuxypaivarAn eleptplyte cell f

i mul ¥ 2 ' ; r Lpt | tkQn o
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19 segments when the length of the anodes 5.x, 6.x.in the direction of transport

(see arrow) is selected to be small.

20 In the increasingly applied fine line technique, highest precision with regard to
the coating thickness is required. This is achieved by forming a plurality of
individual electrolytic cells 21 in the conveyorized system, said cells consisting
each of but one single anode 5.x, 6.x and of the printed circuit board 3 located.
above or below, which is the cathode. It is particularly advantageous to adjust

25 the length of the anodes 5.x, 6.x individually supplied with electric current to
the length of the shortest printed circuit board 3 to be processed for example,
viewed in the direction of transport of the printed circuit boards 3. An optimum
with regard to the possibilities for the production, the flexibility and the precision
in electrolytic processing is thus achieved for printed circuit boards 3 that are to

30 be processed in different ways while being simultaneously in the conveyorized
system. Measured in the direction of transport of the printed circuit board 3, an

anode 5.x, 6.x having such dimensions may in practice be 400 mm long for



exanple. It is individually supplied with current by an electrol yte cel
rectifier 15.x, 16.x. The termelectrolyte cell rectifier is to be

const ruedwa3amsgdsy ect current source, a unipol ar inpul sePCumPe1176HUr ce oOr
a bipolar inmpulse current source. 5 When the spacings between anodes 5. X,
6.x and printed circuit baords 3 are snuall, an ion perneable insulator 17
arranged in a flat nmanner may be nmount 48 between the anodes 5.x, 6.x and
the printed circuit boards 3 to prevent shorts. Said insulator prevents

el ectric cuxesmleslt m@n@uallwge,uppge@wm @uretiby amelectnelytasetiseettiehode

. . I ; ) _ I : -0l ati
of “thin pri B G AP EEbsleG ot Eelf by it iof PhRpOea B dRA, 0 &
ot herw se hgirientisdlkrdd)at unipslaeiragiiseloytrent kourceasrsebipoler ifripufse Surtent
deviate, causing themto contact the anodes 5.x, 6.x as a result thereof.

The insul & Ceay be in the formof perforated or slotted plastic boards,
pl astig 15 nmeshes or cloths for exanple. The potential in the anodes 5. X,
6.x may differ because of the individual current supply. It is therefore

advi sabl e twhahsbe ispatiate beiecamadedes 5x, 6x antgiratted eirtoit baorisa®atder in
order to prevent nei ghbori ni; anodes 5.x, 6.x fromreciprocall 20
el ect r ol yt i 8@l amiendierpiegbieigstiadoret ¢ araggeddn arftat Reannardsewubeng strips 18

arranged bet t . r i S ctrolytic,
nor | zont al (BERURyGRsBARITE ABslies Sl FF o hC s R B RS bt & ¢ Yo
desi gnat ed srev6RINHYAs. JAd MRaRRoOprevBAtscaBtiriglsLatdrafrotabhofingl he 25 system
(transportation speed, position of the sensor 9, dinensions and position

9
of t Htl anodwstisulgrly svhen theranade-cathode shacingfis smallaMoge prrigidarly during
t o- be- d i\t i i . . i. i X ice t
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the print ed3 chegivbuldoathesnide ibe a tible thiltant elddieigerflonotausdd théFilesriptd es
t he actual, individual reference current 30 for each current source 15. X,
16. x. Aft erdeysais, eauging dherdrio coatast thg anede®S-% Gx @@ resultiberael (TR in the

racti fi e 1aegetdaidy bR A kit S Ferd@elBe BRAPhAd o P U Aot vo
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The potential in the anodes 5.x, 6.x may differ because of the individual current

supply. It is therefore advisable to also isolate the anodes 5.x, 6.x relative to

one another in order to prevent neighboring anodes 5.x, 6.x from reciprocally
20 electrolytically metal-plating and etching one another. [solating strips 18

arranged between the anodes 5.x, 6.x serve this purpose.

The electrolytic, horizontal conveyorized system is controlled by a main control
unit 19, designated at CONTROL. By means of the configuration data of the

25 system (transportation speed, position of the sensor 9, dimensions and position
of the anodes 5.x, 6.x), of the set points of the data of the to-be-produced
printed circuit boards 3 (dimensions, electrolytically to be processed surface,
current density) and of the actual position data of the printed circuit boards 3 in
the plant, the control unit 19 computes the actual, individual reference current

30 for each current source 15.x, 16.x. After each calculation, said reference
current is transmitted in the form of an electrical signal to the corresponding

electrolyte cell rectifier 15.x, 16.x via control lines 20 indicated at SET. In the



el ectrolyte cell rectifiers 15.x, 16.x, respective controlling neans ensure
that the individually conputed currents flow through the respective one of
the el ecwooBsdisdocells 21 in the formof netal -plating cecr@EPz1f764 med by
the anode 5.x, 6.x formng the boundary of said cell and by the printed
circuit boards 3. 5 At a predeterninegocurrent density, the processing
current required in every electrolytiT cell 21 depends on the to be

Gl oct ol yelastianit cal resiger B 163, TeppSot e g AR el Oy el o
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circuit boards 3, this area may considerably depart from the geometrical
surface area since only the circuit traces and the soldering and/or bonding
pads are to be processed and not electrically isolating surface areas such as

20 regions coated with a solder resist. When the transportation speed is constant,
the increase in surface area per unit time in the electrolytic cell is constant
when the counter electrodes are not segmented or are segmented in the
direction of transport. As may be inferred from simple geometrical
considerations, the increase in surface area per unit time is not constant when

25 the counter electrodes are not segmented in the direction of transport but at an

angle to the direction of transport.

To track the printed circuit boards 3 through the electrolytic cells 21, the driving

motors 8 for the transport rolls or wheels 7 and the driving motors 12 for the
30 clamps 11 are coupled to drive sensors 22, e.g., to incremental displacement

encoders. Furthermore, at least one position sensor 9 senses the position of

the printed circuit boards 3 by way of the edges thereof and of the distance



21 separating themfromother printed circuit boards 3. In the control unit
19, the signals of the position sensor 9 and of the drive sensors 22 are

| ogi cal | ywopsossassed i n such a nmanner that an accurate ingcampopitbure of
the degree at which the conveyorized systemis filled with printed circuit
boards 3 is available 5 at all times. Tg calculate the actual conveyor
speed of the printed circuit boards 3,23n alternative consists in

considering their length (product data) and the tine difference of signals
measur ed atSepeeatinenberm Hony eier pentadneireuit kaards 3: Hethe exirolginddife the a
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i nst ant aneous set points of the electric current for the electrolyte cell
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t han t he ariderencs of sighals measurgdsatihesenshe ddruddie §me abwRicpribeect beyond
the | ateral, borders of., th ri.nt cirquit boards., ln. this lateral, region
of Ctho. pr ieaangiacged" ARl AR Boar A4t R 65t it Smb Heili codr ent
densities apeardiffpédgdls hbeed bakd By means eReRNEsRbURIY iNBRINMn&fdsect ) must

be avoided. For this purpose however, the known and technically
conpl 1&at edsurtadeureas) thesongehuniy 19Hoeeveryalectraytinaelb21 geseedtes| n

accordance with,the invention spal | . di st ance bet n.the . Of

Cr anspor t ac TERNANRe e PR Pr RS RErec R 56 B8 SBERabEEr LRI R « ne
25 anodes 51xx, $6.%. Tenedeisatihess sePgsintdthé girkeibaleer the pittteglcpelitol ytic
cells 21 instead. This small spacing of 50 nm maxi num permits to avoid too
high a fi éabrids 3ordbasesurfacearassttherdof that aregelevast far pdating, shonenhe
printed circuit. boards 3. parallel tq the direction of  transpor t at all
b e edgeRP SR i pita By et o pbalabhiat S iRls B A ATERRdrral e

| eadi 1@ andoprcFithe ReyBaesurtdnttdedspyi nted 30 circuit boards 3 as well. As a
result thereof, the gaps between the printed circuit boards 3 of a columm

may be any size without the nentioned burns occurring at the |eading and
trailing eqﬂepsractice, the printed circuit boards 3 are usually narrower than the anodes

5.X, 6.x. In this case, the anodes 5.x, 6.x project beyond the lateral borders of
the printed circuit boards. In this lateral region of the printed circuit boards 3,

20 burns which are due to too high current densities as a result of the field line
concentration (point effect) must be avoided. For this purpose however, the
known and technically complicated, adjustable screening shields are not made
use of. In accordance with the invention, a small distance between the plane of
transportation in which the printed circuit boards 3 are conveyed and the

25 anodes 5.x, 6.x (anode-cathode spacing) is provided in the electrolytic cells
21 instead. This smail spacing of 50 mm maximum permits to avoid too high a
field line concentration not only at the lateral side of the printed circuit boards 3
parallel to the direction of transport but at all of the edges of the printed circuit
boards 3, more specifically at the leading and trailing edges of the printed

30 circuit boards 3 as well. As a result thereof, the gaps between the printed
circuit boards 3 of a column may be any size without the mentioned burns

occurring at the leading and trailing edges.
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in the control wunit 19 and are transmitted to the electrol yte cel
rectifiers 15.x, 16.x in the

At a cathode current density of approximately 12 A/dm?, an anode-cathode
spacing of 2 - 15 mm should be set. If a smaller cathode current density of
approximately 5 A/dm? is selected, the anode-cathode spacing may be

20 selected greater, e.g., 20 - 50 mm. In these cases, the screening shields
described for example in WO 98 49 375 A2, which are used in the case of a
greater anode-cathode spacing, may be dispensed with.

As the printed circuit boards 3 enter the electrolytic cells 21, the processing

25 current is continuously increased as described so that a substantially constant
cathodic current density is always active at the surfaces of the printed circuit
boards 3. This increase in electric current is also called positive current ramp.
As the last printed circuit board 3 of a printed circuit board column exits the
conveyorized system, a decreasing electric current is accordingly required in

30 every electrolytic cell 21 of concern in order to meet the required processing
current density. These negative current ramps are also computed in the control

unit 19 and are transmitted to the electrolyte cell rectifiers 15.x, 16.x in the



WO 03/ 038159 PCT/ EPO2/ 11764 23 formof an electrical signal for setting
the electric current accordingly. In a conveyorized system anodes may for
exanpl e bwopsosdided both above and beneath a horizontal pCamPoniizes
transportation for electrolytically nmetal 5 plating printed circuit boards.
At a randomy selected time, two printeg circuit boards are to be inside
the plant: a first board A and a second %oard B. The first board Ais to

still surf e ar nsi de,an el ectr ol |c cell which is
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and a fraction of 60% of the surface area of board B with which said board

B 10 is already located inside said cell. The board Ais on the point of
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exanple. At a tr nsgortatji&log S??de)g(%ﬁ %rd/b 6n'tl;§¥%§61¥1&8? %lﬁﬁggﬁe circuit
boards A ag@cBoititesd \mmeastm boanulﬁrmedtemmgrthmowtel y 3. 3 cmwthin this
time interval as a result thereof. Having been advanced 3.3 cm
approximately 10.5 % of the board A are still inside the electrolytic cell
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Now, 30 approximately 71.1 % of boar SInce a surface area
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(the leading edge has a length of 30 cm). The electrolytically active surface
area portion of board B amounts to 6 dm? (20 cm x 30 cm), the board being
also conducted through the plant in longitudinal direction (the leading edge has
a length of 20 cm). At a set point of the current density of 10 A/dm2, the electric
20 current originating from the anode amounts to:

I=(10 A/dm?+ 20 % » 10.5 dm?) + (10 A/Jdm? « 60 % * 6 dm?) = 57 A.

For each anode, the electric current is computed repeatedly at short intervals, .

25 of 1 sec for example. At a transportation speed of 2 m/min for the two printed
circuit boards A and B, these boards are advanced approximately 3.3 cm within
this time interval as a result thereof. Having been advanced 3.3 cm,
approximately 10.5 % of the board A are still inside the electrolytic cell as
approximately (3.3 cm/35 cm =) 9.5 % of this board have left the cell. Now,

30 approximately 71.1 % of board B is in the cell since a surface area fraction of
approximately (3.3 cm/30 cm =) 11.1 % of this board has meanwhile entered
the cell. As a result thereof, the actual current at the anode is:



| = (10A/dnR2. 10.5% 10. 5dnR) +( 10A/ dnR. 71. 1 %%dnR) =53. 7A. As a result
thereof, the electric current at this anode nust be set down from 57 Ato
53. 7 A wiwbiop/oisisecond. 5 Above, there has been descri bedPCh@&Pet/erss ol ytic
processing of a colum of printed circuit boards 3 with the sanme set
points of the current density for all of_ these printed circuit boards,
said printed circuit boards being spaced24any di stance apart w thout using
dummies in front of or behind the colum and 10 wi t hout using screening
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encountered in practice which, according to the state of the art, could
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the case of a change of product, the transportation speed of the printed
circuit boahbsverdher sas beenaidsedbed tHwelectraliio préedseirgy 6ca tolnimhef 20
conveyori zed, system wi t hout charge as this was the case hereto before and
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15 dummies having to be intercalated at the transition from the first column of

printed circuit boards 3 to the second column.

Finally, in the case of a change of product, the transportation speed of the
printed circuit boards may also be varied without having before to run the
20 conveyorized system without charge as this was the case hereto before and
without having in these cases to add dummies at either end of the row of
printed circuit boards. In all of the cases, the required coating thickness is
accurately met for all of the printed circuit boards. This will be explained in

closer detail herein after with reference to the further drawings:

25
Fig. 2 is a schematic cross-sectional view of the horizontal conveyorized
system. Here, the printed circuit boards 3 are conveyed into the plane of the
drawing at right angles thereto. It may be surveyed therefrom that the anodes
5, 6 (transverse to the direction of transport) are wider than the printed circuit
30 boards 3 that have been grasped and electrically contacted by the clamps 11.

Thanks to the reduced anode-cathode spacing, no screening shields are

needed. A position sensor 9 for sensing the actual positions of the respective



one of the printed circuit boards 3 and of the gaps 10 between two printed
circuit boards 3 is preferably located in the border region of the printed
circuit Wwoas@3s158 transport path. Concurrently the sensoPC3¥/RPer/ifise€s t hat
the printed circuit boards 3 are oriented correctly so that they may be
grasped by the 5 clanmps 11. Fig. 2 shomggtmo rows of clanps 11 that

endl essly revol ve on a conveying beIt a cog belt or a chain. Every
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The clgnps C’l}émﬁgq 115 only serve to suppl y the printed circuit boards 3 with
b

electrlc curre ut also to convey the printed circuit boards 3. For
conpl eteness, an outer transport wheel shaft 7 which is offset downward in
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circuit boards 3.x of various

convey the printed circuit boards 3. For compieteness, an outer transport wheel

shaft 7 which is offset downward in the drawing is also illustrated in Fig. 2. In

practice, the wheels for supporting and transporting the printed circuit boards 3

are located directly underneath the plane of transportation in which the printed

20 circuit boards 3 are being conveyed.

Fig. 3 is a schematic top view of a horizontal conveyorized system. For
simplification sake, the plant has been represented with only four upper
counter electrodes 5.x (5.1, 5.2, 5.3, 5.4) and with the associated electrolyte

25 cell rectifiers 15.x (15.1, 15.2, 15.3, 15.4). In practice, such a system is
comprised of up to 20 upper and 20 lower counter electrodes 15.x, 16.x, i.e., of
20 anode pairs. In the system shown in Fig. 3, there are three different kinds of
printed circuit boards 3.x (3.1, 3.2, 3.3), i.e., columns of different printed circuit
boards 3.x. Another printed circuit board 3.4 is just in front of the plant. The

30 printed circuit boards 3.x are conveyed through the plant in the direction of

transport (shown by the arrow).



board formats spaced different distances apart inside the conveyorized
system i.e., the gaps 10 between the printed circuit boards 3.x have

vari ous swoe3/038ike respective electrolytic effective surPer®Erar/edss Ax (A,
A2, A3, A4, A5, A6, A7), 5 which overlap with the respective one of the
anodes 5.x, are shown in hatched Iine. Iﬁese surface areas are the surface
areas Ax which presently are |ocated bé%w t he anodes 5. x. These
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may be realized at | ow cost with the control systens avail able. The current
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presently Iocatel O?Egsr the node 5.4. The areas A2 25 and A3 are |ocated
directd y~ oppi§sydie U8$eCThe areas A and A5 are |ocated directly
opposite the anode 5.2 and the areas A6 and A7 are | ocated wunder the anode
5.1. The printed circuit boards 3.1 and 3.2 are spaced one counter

el ectrode I'dregsbmapdhe sUrfaCeereﬁsAmpreaemﬂly locategpwithin theiregiparofians to set
various current de s ties for d circuit boar an

wi t hout anyP €4y 'H qﬁgééese 80}5‘5 Clyire Qn%é/ﬂ%gsﬁ%bﬁm%r@tare
conveyed SeRatiarblyBIAFRE 81 53K ﬁgéér% S8f 3t g nbhient qag}rQ%tR,fe it he anode.
Due to the snmall gaps he current densit or ese circuit
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these pri ntoef%p%ircgﬁrlh'attelyq%rmm Aczco%llgg Y, gt grtreangggﬁghgh Islp (lj%?gtn?/?hin, all
of the rectifier currents are to be updated approximately 3 times a second. This
may be realized at low cost with the control systems available. The current
varies in small steps. With previous calculation it is also possible to
20 continuously vary the electric current. In this case, the electrolyte cell rectifiers
15.x are continuously triggered with a reference current value signal. Usually,

this is an analog value.

In Fig. 3, only area A1 is presently located under the anode 5.4. The areas A2
25 and A3 are located directly opposite the anode 5.3. The areas A4 and A5 are
located directly opposite the anode 5.2 and the areas A6 and A7 are located
under the anode 5.1. The printed circuit boards 3.1 and 3.2 are spaced one
counter electrode length apart in the direction of transport. This permits to set
various current densities for the printed circuit boards 3.1 and 3.2 without any
30 disadvantage. The printed circuit boards 3.2 and 3.3 are conveyed separated
by gaps that are smaller than the length of the anode. Due to the small gaps,

the current density for these printed circuit boards 3.2, 3.3 cannot be varied



bel ow or above the sane anode 5.1. Position sensor 9 senses the size of the
gaps. The gaps are taken into consideration in the instantaneous

conput at iwo 0308816he surface area in the control unit 19. PCIEPOALI7T6US
printed circuit board products are to be processed at the sane current
density for different |lengths of ti rre, t transportation speed of the
printed circuit boards 3.x is varied. practice, this is carried out when
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printed circuit boards 3.x, as they occur in practice are not foreseeable,
t hough. Pri ntl@’@dcﬁlmumhoamda&&(thaye bemgeacﬂamlcedbrefronénﬁtkmjbcbwrmﬂary he col um
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PCT/ EPE2/ 113wstenpig which the printed gerF:JI’[ boards 3.2 are Io%ated until there are only
trailing printed circuit boards 3.3 left in the conveyorized system. If the speed is
reduced, the current density of the corresponding anodes 5.4 is automatically
temporarily reduced accordingly. It is hereby no longer necessary to run the
conveyorized system without charge, as this was the case hereto before.

20

In practice, a change in product during the charging of a conveyorized system
is foreseeable. Therefore, a gap 10 of at least one counter electrode length
between two columns of printed circuit boards is controllably met when the 4
printed circuit board products are to be processed at various current densities.

25 Again, the conveyorized system needs no longer be run without charge.

Unplanned gaps 10 between the printed circuit boards 3.x, as they occur in
practice are not foreseeable, though. Printed circuit boards may for example be
removed from the column for test purposes or there is a jam in the plant

30 occasioned by disturbances, the boards 3.x being shifted over each other as a
result thereof. In realizing the present invention, the printed circuit boards 3.x

located in front of or behind a gap 10 are no longer scrap.



When the sequence of the printed circuit boards 3.x does not change after
they have entered the charging station of the plant, the correspondi ng
(over | appwogp/o3sanode and printed circuit board (cathode) PamfERomiEpr€as in
every electrolytic cell are known at all times. These data are cal cul ated
and stored at all tines in 5 the main ¢ Egrol unit to conpute the actual
electrolyte cell rectifier set p0|nts of“~'t he electric currents and the
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that are provided with a very thin copper cladding bof a thickness ranging
fromo0.5 5dpagritasehereieabovh nay al so be used to linit the initial current
density in order to avoid burns for exanple. By neans of the data stored
in the control unit 19, the initial current density can be set to a
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cell rectifier. The momentarily corresponding surface areas of the printed circuit

boards 3.x are also calculated individually for each anode segment. In turn, the
set points of the electric current values for the electrolyte cell rectifiers are

20 formed therefrom. As the number of electrolyte cell rectifiers in a conveyorized
system increases, it is appropriate to provide the electrolyte cell rectifiers 15.x
with a control link to the main control unit 19 via a serial bus system such as
Profibus or Ethernet.

25 If printed circuit boards 3.x are to be electrolytically metal-plated that are
provided with a very thin copper cladding bof a thickness ranging from 0.5 -
5 um, the invention may also be used to limit the initial current density in order
to avoid burns for example. By means of the data stored in the control unit 19,
the initial current density can be set to a reduced value by means of a

30 correction factor. As metal-plating progresses, the current density may be
dynamically adjusted in one or several steps or continuously up to the nominal

current density in accordance with the increase in thickness of the conductive



| ayer in order to permt fast and high-quality buildup of layers on the
surface of the printed circuit boards. Position sensor 9 may be | ocated

i nsi de orwouws®ssl® t he plating tank 1. If the 5 sensor 9 PSTIEROHIEM i nSi de
the plating tank 1, it nust be resistant to the electrolyte used. If it is
positioned in proximty to the point where the clanps grasp the printed
circuit boards 3.x, the sensor 9 also sefdes errors in transport that may
occur between the adm ssion of the printed circuit boards 3.x in the
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control neasures for synchronizing the roll driving notor 8 and the clanp
driving notgr 12 are nof a i cable. 15 The invention i.s not only suited
for the el e@p?lﬁpg}tspesgrr%g@%@%_@o@te@w@ Peavtsiqs herlatieg il 1- & ds but
al so 18" PreGRapidg 1904tsd ko ke bRRG EBhRA! i il fAldsiaffPlcaher ated.
etched or processed In any ofher y On onl'y one surface side. Further, it
i s al so unrelscirolyteedbgd.diiit ispdositionee it praximity ty theopoinedhsys thentiampshi ch

the work is tragsgorlgﬁ? and processed in a vertical orientation and in a 20
hori zont al @iaSEAN? ARG EiFGiSheRds 3., theigenser Armiee §BR%RE BKALS Mhe exanpl es

ri zontal . . nser Brel P
hat “vari UL Al Parg el BABRE te Bl of e S PULARER ks °"

conbi nat i on3.xdh theabovewriressyiskad dnd theireaeipipyicfaihé efanps H1ba cdmravggest ed
to persons skil in the art and are to be included within the spirit and

| . I nc .
pur vi i of Wﬁéorcfggg MR drive SeNFen2ARE ShoWR iR RiBe 248y alser be Rebstiptesded

hereby | oSt S dfidhbgfisre 8.4t T2 A3 B FREE L SRLRONT i b 4BECL o ng
of nuner al scorftradina¢asiges &orksynchroreriag the kot €riing Indtor 8- zhd thelslampd, 3. X

wor k, work pi eces, e.g., printed circuit boards 4 level of the electrolyte
driving motor 12 are not applicable.

15 The invention is not only suited for the electrolytic processing of electrical
printed circuit boards but also for processing work that is to be electrolytically
metal-plated, etched or processed in any other way on only one surface side.
Further, it is also unrestrictedly suited for vertical conveyorized system in which
the work is transported and processed in a vertical orientation and in a

20 horizontal direction of transport.

It will be understood that the examples and embodiments described herein are
for illustrative purpose only and that various modifications and changes in light
thereof as well as combinations of features described in this application will be

25 suggested to persons skilled in the art and are to be included within the spirit
and purview of the described invention and within the scope of the appended
claims. All publications, patents and patent applications cited herein are hereby
incorporated by reference.



5 5.1, 5.2, 5.3, 5.4, 5 x upper anode, counter electrode 6, 6.1, 6.2,
6.3, 6.4, 6.x |lower anode, counter electrode 10 7 transport roll, transport
wheel shaWD 0383816491 driving notor 9 position sensor 10 gapChgtPregeriopri nt ed
circuit boards 11 clanp 15 12 clanp driving notor 13 sliding contact 14
sliding rail 15, 15.1, 15.2, 15.3, 15.4, 65.x upper electrolyte cell
rectifier, current source 16, 16.1, 16.%, 16.3, 16.4, 16.x | ower

el ectrolyte cell rectifier, current source 20 17 ion perneable insulator
18 isolating strip 19 main control unit 20 control lines 21 electrolytic
cell 25 22Lgmthﬁ$@n&g@E23 conveying belt, chain A, A2, A3, A4, A5, A6,
A7, Ax electrolytically active surface area WO 03/038159 PCT/ EP02/ 11764 31
Clainms: 1. A method of electrolytically processing work pieces in a
conveyorizeq system in which the mogﬁ @ieﬁfi are conducted through the
systemin one direction of - 5 transp ¢ Mn which the work pi eces are
electrplytigally processed by neans Qfie@tfiGri c currents originating from
counter electrodes |ocated one behind the “other in the direction of
transport a8 3fe Jvdrdk3pdde8sx are conduwkewopapiecesee.gcquinted cietidtboardss,

wherein the,respective electric current riginagi from the various
counter el edtrodes are set to val ues? ﬁPEHEQgP@ﬁhBM% he 10 el ectrolytically

to be processsd, sw fmgesar gas of the ik 5pi they are
| ocated directly opposite the various ouﬁt le)rsé’g?%eucrﬁ?rodlgétrgﬁ% wherein the

6, 6.1, 6.2, 6.3, 6.4, 6.x lower anode, counter electrode
10 7 | transport roll, transport wheel shaft
8 roll driving motor
9 position sensor
10 gap between printed circuit boards
11 clamp
15 12 clamp driving motor
13 sliding contact
14 sliding rail

15, 15.1,15.2, 15.3, 15.4, 15.x  upper electrolyte cell rectifier, current source

16, 16.1, 16.2, 16.3, 16.4, 16.x  lower electrolyte cell rectifier, current source

20 17 ion permeable insulator
18 isolating strip
19 main control unit
20 control lines
21 electrolytic cell
25 22 drive sensor
23 conveying belt, chain

A1, A2, A3, A4, A5, A6, A7, Ax electrolytically active surface area



wor k pi eces are conducted past the counter electrodes at a distance of 50
mm maxi num 15 2. The nethod according to claim1l1l, wherein the electric
current owogBfatisng from one single counter el ectrode isPdatEPomiried by
determining the electrolytically to be processed surface areas of work

pi eces, as far as they are |ocated diregily opposite the respective one of
the single counter electrode and by der¥ving the electric current froma
direct correlation of the current with the 20 sum of the determ ned surface
areas. 3. The@R¥thod according to one of the afore nmentioned clains,
wherein the electric currents originating fromthe various counter

el ectrodes are set proportionally to the electrolytically to be processed
sur face ar eds Aohethad Qbﬂelkcizalytid:zdb/empca&im@wcmls piduep inrechoeyoeded isye’em y

opposite the v r| o S CO el ectr s..4. The net hod accor

oPRCaf ore mntIrotR S es SrE R RRES tiroudP TS Evaiam o8 Bubidtelocy”
surfaceg ar eara%Parthlqnmmeﬁ théfl%i/ofrI@Ple%és Iake 'e%ct%tlc@ﬂ%?&céysba%y Me@RBOSI te
one Si ngI e counter el ectrode erm ned det er m ni ng

el ectrol yti @élelqptm@cmerpﬁsmr@@aimgsfu@mmnareeieotfocﬂeaelomted pn@behmairﬂjea

relative ov WO k said counter el e

b7 055100 petidindhe HiEGHEL 5r Bafgir! ﬂé@?ﬁ)WOgEB@FEF%e%” 9%9?5% rein
the rel ati veogreslebtaides, vmféfe.mtr@c@sbe@ﬁvé)én@cﬁlc@rﬁerﬁ@wbrﬁ*gﬂratmb%rhode i's
determ ned by determ ning the actual position of the work piece relative

to the countlee verieds codrienatecpdealacasat ioraluehin fnmetloapfcﬂmsu dering the
shape ,of th i e _shape.of the 5 unt el ectro 6, The
et hodCaccorti Bl T REOURREale diefa 2f R BhTK BFcGR. Fhimas oY ece
in the convey@ldczest giretigopsodiet enianieds RYubRireddtridis Ahe whesdiathe of

time at which the work piece is conducted past a predeterm ned position at

the 10 conv@kiPiecessiret@ndaptedigastdiae caunigr elegiiadeg atiredintancediddemina t he
conveyori ze ﬁ\hfﬁn starting fromthe predeterm ned position. 7. The

met hod according to claim®6, wherein the actual position of the work piece
in the conveyorized systemis determned in tine intervals of up to

15 2. The method according to claim 1, wherein the electric current originating
from one single counter electrode is determined by determining the
electrolytically to be processed surface areas of work pieces, as far as they are
located directly opposite the respective one of the single counter electrode and
by deriving the electric current from a direct correlation of the current with the

20 sum of the determined surface areas.

3. The method according to one of the afore mentioned claims, wherein the
electric currents originating from the various counter electrodes are set
proportionally to the electrolytically to be processed surface areas of the work |

25 pieces, as far as they are located directly opposite the various counter
electrodes.

4. The method according to one of the afore mentioned claims, wherein the
electrolytically to be processed surface area of a work piece, as far as it is

30 located directly opposite one single counter electrode, is determined by
determining the electrolytically to be processed surface area of the work piece

and a relative overlap of the work piece with said counter electrode.



15 20 sec. 8. The nethod according to one of clains 5 - 7, wherein the
actual position of the work piece in the conveyorized systemis determ ned
after thewamsl3gisece has been advanced in the direction @®CTiRPANSPest by 60
nm maxi mum 20 9. The net hod according to one of clains 6 - 8, wherein the
work piece is logically tracked within gge conveyori zed system by

determ ning the distance covered by int&grating the nonentary conveyor

d of th . ddi f t al
o “absol ut e il BB BEREACEhEdRg o G 4 thSFran ik IR Soeinmel 3 Woke of ¢ he
afore menti opag witRoRe, sn*!@]érc%bﬂtér@ectﬁio@"srdé%eﬁhihéé AR hBGdiiam the

various counter electrodes are additionally set wth a correcCtion factor
in function p@ﬁlt@ﬁ@fém@&wk@lm@mwe\ﬁottpe@buntee akmtltoctet)ar]ﬂ by eslculatidgct ed

past the re counter. el ectrodes i ner t hat
burns of rretﬁﬁ?%}ﬁé%%% &Ss@%réﬁ% § laePe IEEPIEeR ﬁ@‘# 65?&%3@ €33 11.
The nmethod aeagntediesttitgelec! ai m 10, wherein the correction factor is set

smal ler or greater than 1 and wherein, during netal-plating, it
continuously or gradually increases to 1, starting froma small value, or

gtragg:i :OI ﬁcrzzgétsrhé]@ g?f%g?ﬁ&ngregE@ﬁa%&?%%ﬁ'&qﬂ%ghﬁékgg& %Ogﬁﬁr‘é{ n![l oned

cl ai ms, whepgice ihitke cdnsémdaéysmhqﬁdtefbemm&bpug@mmhg 6O Hhushtes past
the counter electrodes is selected in function of the el éctric current

density at #HRE JowRichitae yeork piecesis Cﬂﬁ\@umt@c@@dateﬁmm@ position apthe

of 1 ndaf or SORETERASRRIN A Boloall b ine Wi e R B8TC b0 *° O

el ectrol yti cahVgyqrizedesystsini stadiﬁg‘ﬁomﬂhe\mééet%rmlr@@ms?ﬂi@ﬂ 15 from each
other by a gap extending in the direction of transport as they are

conducted through the conveyorized system said gap being at |east as |ong

as the ext engh@mhokRRcBRHRG S cRIRE, Wisreif tid Scill 554ilidN oPinel WaRSPOr t -

piece in the conveyorized system is determined in time intervals of up to
15 20 sec.

8. The method according to one of claims 5 - 7, wherein the actual position of
the work piece in the conveyorized system is determined after the work piece
has been advanced in the direction of transport by 60 mm maximum.
20
9. The method according to one of claims 6 - 8, wherein the work piece is
logically tracked within the conveyorized system by determining the distance
covered by integrating the momentary conveyor speed of the work piece over
time or by adding impulses of an incremental or absolute displacement |
25 encoder.

10. The method according to one of the afore mentioned claims, wherein the
electric currents originating from the various counter electrodes are additionally
set with a correction factor in function of the electric conductivity of the work

30 pieces conducted past the respective one of the counter electrodes in such a

manner that burns of metal deposits are avoided.



15. The method according to one of the afore nentioned clains, wherein the
20 conveyor speed of work pieces that are to be electrolytically processed
in diffewons/osays and are |l ocated within the conveyori ze@CIEPIEMTbE
changed as said work pieces are conducted through the conveyorized system
and wherein a resulting difference int effect of the electrolytic
processi ng on various work pieces is conpensated for by adjusting the

electric currents oriqgi,nating fromthe 25 various counter el ectrodes as the
wor k pi eces 1dr ih‘éé‘ﬂ%ltﬁgf’@_cﬁ:cﬁﬁg?g {[918_ im 1£§.W'7@r86'ﬁ_ 3 GPITgElPTy %rn‘?js@?
el ectrol yti epddinér BF GFS! HANVOEKD RIHRFEH, duRR ét_%l-B%tiﬁg ﬁ-coﬁtir?\%ds‘h‘?o?or

transporting the work pieces through the systemin a [ ane o
t ransport at gsadugllyl ingreases tedt staning fromamspw@iltvalbe, ertdrbpase 1t starimufroar

el ectrodes | ehi h oth in the WO 03/038159 PCT/ EP02/11764 34
di rection ofao'ﬁ@éﬁgl%%r Esgﬁ%?@ﬁrﬁs&eﬁrtgp%%tafﬂgpgqslgwgrgﬁse[sr ansportation, c.
at least one current supply unit for a respective one of the counter

el ectrodes and_d. neans for individually controlling every single current
suppl y unit12. Bhatestbpd asgpeding inene of thenafore doantionadosiaines, | wineredn éhe

single curr [ [ onfigured in such a way that the electric
currents orlﬁgpsitt %@#&g\)&?&gﬁb?@&@gﬁ% ¢ W@Feipﬁ%ﬁpgﬁégngﬁr@?‘gg%gﬁ'Fvely
settabl e toswrictsbin fantlsre b B slbctriBeureinteehsly bit &7l Wyrk Gicbes pr ocessed
surface areas of the work pieces, as far as they 10 are located directly

opposite the various counter electrodes, and wherein the distance between

170 TRE" condd T ERARRIERLRIdHT B} ARy e, WIRERRY i blahhes ereRs Fsdes for

15 i ndivi dudblmmcontrol Ii ng every single current supply unit are configured
in such a manner that the electric current originating froma respective
one of the counter electrodes is settable as a function of the

el ati ve ovar te seiRIBiceaRARTfy o3oh B e BierlosiafutiNis b TR vOIR 11
pieces that are to be electrolytically processed in different ways are separated
15 from each other by a gap extending in the direction of transport as they are
conducted through the conveyorized system, said gap being at least as long as
the extension of the counter electrode in the direction of transport.

15. The method according to one of the afore mentioned claims, wherein the
20 conveyor speed of work pieces that are to be electrolytically processed in
different ways and are located within the conveyorized system is changed as
said work pieces are conducted through the conveyorized system and wherein
a resulting difference in the effect of the electrolytic processing on various work
pieces is compensated for by adjusting the electric currents originating from th.e

25 various counter electrodes as the work pieces are conducted past them.

16. A conveyorized system for electrolytically processing work pieces,
comprising

30 a. a device for transporting the work pieces through the system in a
plane of transportation and in a direction of transport,

b. at least two counter electrodes located behind each other in the



20 18. The conveyorized system according to one of the clains 16 and 17,
wherein neans for sensing the position of the work pieces in the systemare
further pwowsssglso 25 19. The conveyorized system accor di n@CTEPOY/&i76 18,
wherein the means for sensing the position conprise at |east one sensor
for determining the instant of tinme at 3ich a work piece is conducted
past said sensor and neans for logically tracking said work piece,

starting from thgaqgir boRaripdiand aRaAbed AbriPtheTiians oneyoportatibrsy st em
according to claim19, wherein the nmeans for ogically tracking the work

pi ece are neans toat leasteyrencimgnt $uppioHBIbfelry respesliey epe s deRIceRNiehe wor k
pi ece over tine o.{r? ﬁn i ncr;ment al or absolute WO 03/038159 PCT/ EP02/ 11764
35 displ acenent &R 888??” 1. The conveyorized system according to one of

clainms 16 - 20, wheiehs fohRdividsdligemttingesrery kinglovotrent supdy uades and
t he plane of transportation 5 ranges from2 - 15 nmm 22. The conveyori zed

systenbaccording to one of clains 16 - 21, wherein the current supply

units are current-contr . i i to
cl'ai m 22, wAeEPIn £R0 rogryERy M yER)Y EanFamE EIEhr AL EREROBIAE, | )
adj ust abl e giaebhfitiirtd aisQcaupay thaa theeohdd camemtsririgirtingemdbeaveyor i zed
system according to one of clains 16 - 23, wherein the

1
el ect rodes ¥a@ows eewntet glaojrodes|ase sesnastivaly saiedirio valges 15!‘]1@‘?‘(%%8@8?&? zed
t . . . t t
system accof %&@%@éﬁfﬁ%&é rg)%@éégéd]&rfac%dare%‘?gﬂﬁségaﬁnféknpi%%@gu%ssms%éyyer

el ectrodes & to counter electro stanti al
transyerse hfe ideatell diesdtiyooppdsiterthespoious aodntdreiestroddse apt edtarein e

current originating fromevery counter electrode se t is i,ndividually
settabl e. zggstamree 8%?!‘(%@‘192%1@9@ @Fﬁr%‘g%%qjﬁbe p%n%@&;ﬁ@gp QP& n the
counter el %B%R%a%ﬁﬁﬂﬁf‘ts are electrically isolated to one another. 25

17. The conveyorized system according to claim 16, wherein the means for

15 individually controlling every single current supply unit are configured in such a
manner that the electric current originating from a respective one of the counter
electrodes is settable as a function of the electrolytically to be processed
surface areas of the work pieces and the relative overlap of these work pieces
with said counter electrode.

20
18. The conveyorized system according to one of the claims 16 and 17,
wherein means for sensing the position of the work pieces in the system are

further provided.

25 19. The conveyorized system according to claim 18, wherein the means for
sensing the position comprise at least one sensor for determining the instant of
time at which a work piece is conducted past said sensor and means for
logically tracking said work piece, starting from the position of the sensor.

30 20. The conveyorized system according to claim 19, wherein the means for
logically tracking the work piece are means for integrating the momentary

conveyor speed of the work piece over time or an incremental or absolute



27. The conveyori zed system according to one of clains 16 - 26, wherein an
el ectrical insulation which is perneable to electrical field lines is
provi ded wbetmesam t he pl ane of transportation and the coumC&EPe}/eUs4 odes.

35

displacement encoder.

21. The conveyorized system according to one of claims 16 - 20, wherein the
distance between the counter electrodes and the plane of transportation
5 ranges from 2 - 15 mm.

22. The conveyorized system according to one of claims 16 - 21, wherein the

current supply units are current-controlied.

10 23. The conveyorized system according to claim 22, wherein the current
supply units are continuously or gradually adjustable starting from 0 A up to a

nominal current.

24. The conveyorized system according to one of claims 16 - 23, wherein the

15 counter electrodes are electrically isolated to one another.

25. The conveyorized system according to one of claims 16 - 24, wherein at
least some counter electrodes are segmented into counter electrode segments
substantially transverse to the direction of transport and wherein the electric

20 current originating from every counter electrode segment is individually
settable.

26. The conveyorized system according to claim 25, wherein the counter
electrode segments are electrically isolated to one another.

25
27. The conveyorized system according to one of claims 16 - 26, wherein an
electrical insulation which is permeable to electrical field lines is provided

between the plane of transportation and the counter electrodes.



