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for El ggphobygdiseal |y Processing Work Pieces Specificati onpchefiaiéwvention
relates to a nethod and to a conveyorized systemfor electrolytically

processi ng work pieces, nore specifically to a method and to a conveyorized
system for processing eI ectrical printed circuit boards anld
electrical circuit carriers. 10 Conveyorized systens as they are utilized in

the printiadtivod Qmd Coagedotige s witem for EctivlydicallisPedddstlihg WeRRr i se a
plating tank which is filled with an electrolyte and in which anodes and

cat hodes Rie€e&rranged. A transport device conveys the work pieces to be
processed through the plant, the work pieces 15 being held in a vertical or
hori zontal orientation in the case of board-shaped work pieces. The
transpor tggeyfieftidRy be a device using transport rolls or transport clanps.
For electrolytic etching, the work pieces are anodically and the counter

el edrodes cathodically polarized. For electrolytic netal-plating, the work

pi eces are cat hodi cal | ari zed; counter el ecérodes re the anodes. 20
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orientation and in a horizontal direction of transport through a
conveyor i ¥eetriepbEEGHIL GRIFIERRr | DE 36 25 45 319 C2 discloses a plant for

el rolytically processing electrical printed circuit boards in which the
boards are electrically contacted by way of contact clanps which also

convey t heomidyarizgd systernk antthel mrehitfizeasethd panisa KirqUiebesrd teehinique nay
not, have the shape of a board. The work pieces may also be electrically
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conveys the work pieces 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 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 ci.iscloses 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



direction of transport. To nake electrical contact, it is also known to use
segnent Qp- segnent ed contact wheels that roll off t )of t he '
WO 03/ O%QE}BB%?EPOZI 11764 2 2 5 APR 2006 board-shaped m?@@%zg@z” such as:
el ectrical printed circuit boards for exanple. For easy operation by the
operator staff and for reasons of constrpction a 5 conveyorilZefPRsygs em
usual Iy contains several separate counter electrodes. During etching, the
counter eliReiriodRhHdGbropiceBsbutIe BRGECTHREI BihidPtRAIT BoarPsd8F tO renove
the metal deposit. When sol uble anodes are used in electrolytic

met al - pl atéxagnpfet hods, they nust often be renoved for purposes of

mai nt enance, nore specifically for cleaning and netal replacenent. Viewed in
10 the direction of transport, insoluble anodes often al so consist of *
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on the other side of wor k g eces are su&gl ied with current through

t he [
anot her ré%w@"?‘éil giching, Wﬁeﬂ%ﬂtﬁﬁ_ cHodesimuseen b@é@mﬂvﬂﬂepr%@m&g dhd films
of varl OU%raleFﬁ?réFﬁSvé'tﬁé?ﬁé(}%)’&ég@éi't.MhBW&ﬂéB%dah SUSR Gs&Ppyeyorized
system They are transported a short distance apart or cloSely together in
a col um. electpolgtientetabpldtinghmatmds, eéhey Plustesfiart e abmidvedddgpsrpoket log wor k

pi eces (edge-effect: increased electric field Iline density at the edges of
the print dBaEiteranee, yparaishesicalbsfossieaning ahdhmetal replacesiei ¥igwsd ier v

co i cat j I L A Ly, 1 j i : LS purpose,
w0 89 a0 396 FPHSh U EansPorbisaBuielan R IbABR A2 Bufget SRYISHRE 1T Y0
processi ngpatiess.rical printed circuit boards in which screening shields are
provi ded between the plane of transportation of the electrical printed
circuit boards and the counter electrodes. Each shield is configured to
format | qast ial r I ' ield part
being arr ang%%ﬁ'{égf{%%{oﬁg’ g?/eag@u@*elrt% rleg%g%dor g@?é%@gﬁégﬁkeggﬁ? %@re (!')sfﬁl el d

part 30 ophesvdrik gibees armireprastiectsuptied Witre ekduitet darrenebgimetaty of orar ri ed

substantially trapsverse to the conveying direction. The cost involved in
usi 1§ suctsiRBlipdeglfigrs The counter electrodes 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 eiectric field
line density at the edges of the printed circuit boards) it has becorﬁe known to

use technically very complicated, adjustable, electrically isolating shields.

For this purpose, WO 88 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 substantiaily paraileled fiat 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 substantiaily
transverse to the conveying direction. The cost involved in using such shields is
high, though. '
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di sadvaffd F’these shields is that, alt hough t hese shi élrlr%at to

achi eve uniformcoating thickness distribution even in the |ateral border
regions of the electrical printed circgit boards during ellécARRojgg i c
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at too low a current density. This |leads to coating thickness distribution

flaws on €o¢rdugeddhraugd thedrlent inhtentirumisomapaeavesitgelestirolyticaly sl i dabl e
shi el ds descri i WO 98 49 375 A2 either. In order to avoid the

edge- effeﬁgrtocgtsggﬁéh%éegéﬁ ng and trailing edges of the printed circuit boards
conducted through the plant, a plant for electrolytically nmetal 20 plating
printed circuit boards nust in practice be filled with dummes first
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on the production boards are 25 avoided. During electrolytic nefal-plating,
bur ns | eagsudt therenfs theooihenegions loé thiadirst prirdpd sirceit briasg, ane pessiblyl oned by

a current, densi ich. is too high faor he electro|lyte used. Thi

For mat | ortGegd e OId g sesBBeitey 2nut BReld 5 Well A aro8Fssmbr aCioce,
during t hewatalrditdengly of hit Madi ot eftin Pthidkrls SRAYEBUtioh TaSvd 1 e Whi ch,
due to the turbulent flow past the dunm es as they are 30 conducted through
t hel Dl antsurface ieiepbwhichoeanned beuavaided using ihersligable shiedds deseriiastio t he

el ectrol y\w;\o(g‘s 25%7%0'&5%&96@ ea. Later, these particles are al so

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,
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initial coating thickness on printed circult so 20
t hat the direction oditranspdaovovidthe pfoddssedettan inayesasaedclfenbdafdity andres
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boards. Mbds nmes are only scrappe ey risk to darmmge the
pl ant becamseohbmjcdl aspdoaiiymehed the prddrmt Yo be processed inbftehehgngatd coati ng
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order to avoi d the di sadvant ageous edge-effect.
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 thé production
boards. As a result thereof, the dumfnies 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
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be small. In the ideal case, the distance should be zero. knj@ractice, at
mean current densities WO 03/ 038159 PCT/4EP02/1176; 5 2 5 APRIZB86€0lf6 A dn?
for exanple), distances of up to 15 nmare tol erable when the useful area

on the verny AbhPied ekbffple), dRAAESs BNLY t88F Men ate Boldfati@RaRrthedisefun f rom

the border thereof. Today's requi reman?s to higher current densities (12
A dn2  f orerea ampthe) vemdrivded oweuit boandsisaly kegios ¢dra disterseaefG @M fEMpr obl em
arising 5

f h dge-ef fect. Th fare, he- ' ; i nt.ed
o100 S L gnATeedge slacl. Tuerehare. e spacing rom e ped
681 Al di gg} Qﬁé‘r‘?\Pger?r?ﬁcf‘ﬁerBWerFﬁﬁUL@EblehSortc%g dré8s 'a@FCtBQHé?g?bléﬁparisigg

el ectroplating plants 1 n which the spacing between electri printe
circéit 10rdmdhe edge-eifectofeyefdregrire lsphicing) from ondierintdd ciuglit bderdpgbant are
sensed either di rectby or by way of the position of the printed circuit
boar ds andn® @Ihehneist PRSMgsTantmore We@ReY Bett he anodes are turned on or
of f according to the result of this sensing in such a manner that the
electrical field line density is approximately the sane in all of the

regi ons ofDE 3@ 3¢ 68t et discingds danstied fdocoetnsiiing thense in benvlyetriasde bet ween
t he successive printed circuit boards. If there is an excessive spacing in

t he succe$i¢@roriatingRlas in Méueh thenepacing baliwpen eleetdea! piirtedickeyd t ur ned
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t hrough t kgthek airectiirioelby wayef tanpesitioatof ehe dridtdd eircifs bbaidagarkPini ncr eased
deposits on the leading and trailing edges of the printed circuit boards

are to be méhmeﬁctagal@metntﬁ RétkeaNOdas @radyings on ar effiaccarding tnthe ase.
It will ' t. ' o d of f
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conduct ed gppsdxintdtelyt therszmef ahiod des regiens of thed peihtad gitdcuitbdardset al - pl at ed,
but the entire re%i on 25 of the printed circuit boards as well over a

I end@h_, viRaRsers sepae tae distanes bgpween R peFeeSSYRIPrIRIRG @EpbiRpards. If
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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-piated 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
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or too rent densities are generated at the front and/or rear edges.
Mor eover, 30 when the anodes are turned off in this way, the current of the
turned off anodes is deviated to the tGrned on anodes so 2ZhaAPRngpgl - p! ati ng
is carried out at an accordingly undesired higher current density. This
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copper layers of the current printed circuit board technique of a thickness

of 5 - 17.5 pm this thin layer has a high ohmc resistance. As described
her ei n abbvthe aBU-teghniqug, tarcall-oner lslyanof gleatraless coprer afia thicknessaf before
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approxi mately 1000 tinmes higher electrical conductivity. |If SBU boards are
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conductive dummy Dboards. Virtually the SBU boards are not electrolytically
met al - pl aelegtrolytici metalubating ahtbhwasrosiustias dards withlosirserp. Yseaamhpargd

el egtrol yie i1.flca he elegtrolyte nt ai_ns conpounds of a
redgé coutﬂ @engégl E@ggiéalce He%’?%@%ﬁ%tﬁ?@ﬁer' e&‘iﬂ'@egﬂwgﬁnt hat regi ons of
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conpl etely destroyed. At best, the second or third SBU board behind or in

front of @tdwepdiistaibemplantalier dumeyes asidheysud. thermfant 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 insbluble
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
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rectifiers being gradually increased with the speed at which the work piece
is sunk ireeliarpdemnauerasyally duereased with Kieespeed ahwdiielthe wark PiRGRelS t o
avoi d the | - QU h ti.cally processing of fine
circuit tﬁ%@"égﬁtgﬁ%%ﬁg%?wg Hﬂgpﬁuﬁ?ié%&%‘%u Yé@gérds whi ch causes a varying
elecerical field line density to result in locally different processing
effects on circuit traces of varied width, DE 44 17 551 C2 suggests to keep
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process. 25 It is noreover a further object of the present invention to nmake
possi ble that these problens do not occur even if dunm es and screening

shi el ds angisnpérefoeethe @cﬁ@c‘!t_eoﬁhls prasERt thBnHeR o Previas AhfetBod eindne and
exiting the system and uring a change of product, when the electroplating
comt@nd d&oaveyeorzachsystem 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



current \9@’?}%)0%%%?” particul ar, are being changed during pr}%ﬁﬁﬁdzﬁ%ﬁﬁo It is-
anot her object 0f the present invention that occurence of processing flaws

due to too high or too low local current densities applied to the work
pi eces do WO 03/038159 PCT/ EP02/ 11764 8g 2 5 APR 2006 notngpﬂuwﬂﬁnder t he
production conditions nmentioned. The solution to this object is achi eved by

the net hodofgsaid heder theradicoRendRbnsReffdyeyori zed system according to
claim16. 5 By conveyori zed systema device is neant in which the work

pi eces are conveyed in a horizontal direction of transport while being

el ectropl ated. , Horizgntal.conveypriz syste desi gnat e, devi ces i n, which
The vor k. ShecioutS IS Bk Bhickd aRisaa T iy Srarais i dhi et cal
conveyori i { A k pieces are oriented
verticallé?q%§£§ gg??%%%?§%$?ﬁfggagﬁggﬁp%EE@Q&@% such electrical circuit

carrpers are neant that consist of board-shaped | am nate that may be
conposed %f several dielectric and netallic |layers and may have hol es

(through BYIGEVeygrized SYRIraS davceiis means imyhicy the werk pigges@em nay al so

| ncl ude SH@E\(@&%%HE Lr?é’?h%ﬁgB@PalHﬁ%%ﬂBﬁ‘b?gfé&%g@ Swhi BBﬁlgoéleéterl;‘é'Ee?qia”d that

serve for rrca onnection o rrca canponen at are

f ast ened Hodizehtal toonvaly byized BY sieihesidesighbes gegices i hichatié @8k pieces
Thr ee-di nensi gnal configurations provided with circuit trace structures nay
al so be nBEhPrIEREERYTIZHHAR, GBFiNG frasnsper areG Vepicehteaveyqrizat SS6IP8s ot her

20 b ect rhERLeClA Gitlitn G ok HaE FRAetBaWRHicaleh as Tor exanpl e chip
carriers ~rncluding Aybrid systens. I'n principle tHé termwork pieces is not
only to be construed as electrical printed circuit boards only, but as any

product serving . other purposes as well. 25 I nasnuch as herein after and in
the cl ai nBYiglestsicahpripiadearauitboands sushelgrisicatcireiibcalriesn gee Mt dnak t he
counter e : [ . wor k
o eces. ar 05 eE0EBaarshandt Rithint?nartiaf B oo e EEE SR BtfecthE, 10l o
pl anes i napiimétalilitelagersnérd rede bbve tetes(tirdlyh Molek, bofriseeisolas @nlddsiridced when

bot q‘ 5t he ﬁ8|‘é25.elr.a.?'tr?ec ;[err?ndr%sayaglgotirwc%u\é\grsﬁc Iceocn%séu?art?ons that have not the
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 6nly 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 paraileled planes in which the counter eiectrodes 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 tc have a complicated three-dimensional shape, it is

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



30 board-shaped. In other cases, when the counter electrodes and the work

pi eces wWoa303SPgured to have a conplicated three-di nensi RGHEP&HIADE, it is
meant thereby that the counter el ectrodes and the work pieces are arranged a
WO 03/ 038159 PCTJEP02/ 11764 9 2.5- APR §006 predeterm ned digshEngg apart,
certain surfaces of the counter electrodes and of the work pieces facing
each other and bein aced a nean distance a t. Inasmuch as it i

hd cat edbrenBtamings ESBRR dhart RereineHdscengl heieo e Flectodss and et s

ori gi nat i g [ 5ADLREs YAk 52544 QPSSR Lemash ditakeb upsri n
function o% t{%g&él ectr%?y %ﬁwﬂ%gégg pr o%ggse%@suréace %?eas ?% t he work
pi eces, as far as they are (nonentarily) located directly opposite the
various counter electrodes, it is neant that the various current values may

subst ant | BRS{IUAREAT Ept BXdrRied. Agrainflies Anshindhe clims, &atibeAeErFl y to be

i ot 1y BeeE R e RonPine A CophEr BRSSP SRR AN I O
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depend on other influencing factors. The electrolytically to be processed

sur;ace a@iéags,aa%faroa‘awMyo@ret(rnreoraeetarrur)clapaged dead gmp@iteetgemiouﬁ t he
i tr 15 ti i . t
const ¢ ur e UIEE FRToReSa TS Ml ot o et iR el iR By AR 1 ¢ e

el ectrol yihé eahredehfed8s Br RAEESE Of e ERGEoRiRAIIPT0 BeWbkessiLs@Ta®RY
correspond to the overall surface area of the work piece or to only a

frddti on aneesadithe xprkmisees thai{mamentarihilieadiastly ppoisitedhe éespedivien t he
cl ai ns, that e relative overl et ween ,wor k pi eces, and count er

ol ect r odeo oA LB un " iR J7H e BrPbreie B PABPEE ¢ oce
onto the gitrémomloés it ¥88iKoREREBepENd BRthef fh*ﬁbéh&inga\‘iélcfoﬁ*é. Pt he work

piece and the counter electrode ‘are substantially paralleled. 25 The net hod
of the i releatrplyticalidta he processeast suréare gezasnarefforredibyvibet ¢leetrigally direct ed

to the electrolyti rocessi ng of i eces, nore specifically of
el ect 11 cato it eaCaRr BT tb g deod Rhthst HEF BiestR: FEHR VM varriers. 30
I n 1dhe megdiflictivBeewRins db ABLEoRstRUEOANEHBR B B behrédsseldhflifddy ough the
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



system igoQ3Rasliss ection of transport. The work pieces are ph@dghRixyi cally
processed by neans of electric currents originating fromcounter electrodes’
WO 03/ 038159 PCT/ EPO2/ 11764 10 2 5 APR 2006 | ocated one behind the other in
the direction of transport as the work ppeces are conduct ed #8Rygpshe
counter electrodes. The electric currents originating from the various

counter el 06 i i ; i | i
function ol?) Etéﬁe el ee?’%J fﬁgﬁflﬁeca Igs ‘f%ﬁgpﬁtygg@sﬂgﬁﬁﬁéfggéhg%ﬁg lﬂﬁ; Q[sﬂaeremr k 5
pi eces, ascdratucad phsytre eolnteatbtimidescThyg ebegtdsiduerariie oviginating fowant er

el ectrodes, Mreover, it is made certain that the rk pieces are cqnducted
bast 1 he. cbEMAOW wBreEoHOES re SahEscdr JI5g W el S 10 SPEIEStRy of 2
- 15m 1 i i i AV jon is
corpr1 sed i SR ElRAIER) T e brBCeat ettt Shead SLURTBILE" he |
systdémn i n piecesdsafer a¥ tHeyanedoctedi drectindppositeehdivieeioUsaountert r ansport, b.
at | east two counter el ectrodes | ocated behind each other in the 15

di rection %‘ﬁcirﬁ(é@u%-dﬂpfe%\fﬁ!, hrs may&jcqt%ﬂgh%f@eﬁwaﬂ%p@fseﬁ reéﬁ§66¢tlﬁﬁerjon, t he
counter el r i r i

di st ance O{?&%éﬂ%&%Hﬁ% r%ﬁqépgg%?gi é%gg& glf %B%Mﬂpﬁé)@ﬂﬁgﬁ Ffrg%aésfgg'é{ﬁ‘%f Zz'ur rent
supply unit5t@h. a respective one of the counter electrodes, 20 d. neans for
individually controlling every single current supply unit, said nmeans being
configured in such a way that the electric currents originating fromthe

of 1o ohty Py e i P Bh p SRREEP St R o B PR & i oces, -

as far as they are (nmonmentarily) located directly 25 opposite the various
counter el ectrodes. Mreover the conveyorized system preferably conprises a
device for el e2t2 deniceyfor fimnaperting heevorsKepee droughdhasasten dn 086nt act i ng

the processing Ehul & ikddboafio®is B GieSirdtthi BPu&RYRLG ©f ect rodes. 30

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 completely turned off when being conducted



As con to the nmethod described in DE 39 39 681 d, Lrent of the
aRa g

vari ous el ectrodes is not conpletely turned off el ng conducted
WO 03/ 038159 PCT/ EPO2/ 11764 11 2 5 APR 2006 past the gaps gﬁﬁﬁeen t he wor k
pi eces and turned on again once it pasfithem Here, the & rir 8 0bof every
single counter electrode is individually controlled and set, the

el ectr ol yiis¢ #id yaps betweew taswedk piodsaard areadain thainorde fipasethemyed
past the respective one of the counter electrodes_ at that nonent bei Hg t aken
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current i C | e i d t [ i are
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wor Kk pi egest trexteypdictige ohanshvee s untert dlectibtes bt datoholiait g takeravoi ded.
Accordingly, it is no longer necessary to use dunmm es when work pieces are

ent &ri ng P eorsidergtian femideptanirol dherapfghpa insulidbaradiethioewrgntdées f or
exanpl e, en . rk ieces are to be processed one after the other
inder vaALaEtEMe Rreclbifitie Hrd fe it WG et s ARt 3 my be
provi ded_t@ﬁtﬂ%@%sw%ta@éméd?@% of PBSDAEBHEf IfewBHOBlecelr ough the
system wi t hout any edge effect even with no dunm es placed in these gaps.

The curr @éxtending tepspatsedioltbediradioncfrirandpay ist amidednfccerdingly it is:

current, J:, current densi,[tﬁJs gt“ area%. I n thakt the currents | at l{t.he vari ous
count er SOJOPBGHEECEFEMKIQYSE QUMM IVAER WO RIRGCS ATG SR PhE Gt he
surpace fi ; i p tHhem
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el ot r 0N SRR ACRORINGY GRE PEERY RiF TRy, OF Bt an LeTESR NTH: cual

setting geddiecaiafiéd bns e habiidiankaudiPie SRiBhPhiEbaeshPageaccor di ng

to the invention, .the currents of a_I of the counter electro re set and
25 cont r @fffestievean gptntie dunmshics mdaced irhtheseFgaps.hlse purrpotseareatorhpatsd one

current .s ly unit for each _counter electrpde an ans for _individually
ot gt W GHREl prstgn R et v Ay el ERt R dRERl Anpis uni ¢ ar e
provided. In a preferred enbodi nent of the invention, the electric current

originating from 30 one single counter electrode is set in such a manner
t hat t he lefkattthelcuriasds Il gt the various counter electrodes are also set individualily

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 currént at one
counter electrode is reduced or vice vérsa. 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



be proc d.syctf ace areas of work pieces, as far as they are |ocated «
di rectlwggg%gf{e a respective one of the counter el ect r S4FERA1 WAt er i ned
and that WO 03/038159 PCT/EP02111764 12 2 5 APR 2006 the electric current
is derived froma direct correlation ofpgthe current with tth ﬁ”ﬂ?ﬂ@g t he

determ ned el ectrolytically to be processed surface areas. For 't
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supply unit are provided, sald nmeans being configured in such a manner that
5 t he elsunrdfdhe deteminedi eledadlytigalfy tmba presessad swiaceamdast Fer duant er
el ectrodes is set as a_fcﬁncti @n of . t trolytically to be processed
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el éct r odbe eladtricheursent afgindiing frohhaaespeativedbnt lof thecbunier efestrodss far as
they are | ocated opposite the variqus counter electrodes is nore
speci fi dalse} asmefwdieonefdhe gedrelytiealintg be pperessessuiare areas of the
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el ectrodsiectrdbe. el ectrol ytically to be processed surface area of a work
piece, as far as it is located directly opposite one single counter
el ectrode, may be determined from the total electrolytically to be

hoRk o oneS AR P BbEBeR et S e Ve D S Prp BB 2 work .
pi ece withe bW dllirter olttreides! f% fhROSumsof thBrirfbeecirebs df tye dejfrier mi ned by
determ ning the actual position of the work piece relative to the counter

el ect r oddeans, &y aracineytaredocaiadeoppraitehbeovanioufiGowset slesiredesny t he shape

of the I ‘ . el aode, X ain the
actual g6l BERERFAMNLCER MR Gulinls Vo8 Wb ROy DEf R AR Seet BV ARRE 1t ane

of time peprocegtedesurfardafdassst thb whikchictss, agvrkagrireyearedoestaduct ed past a
predeterm ned position at the conveyorized system The work piece is then

| dgt cal 19ireGtlcRRRPSIIE thegesprobyR PNec 189 souRterelesiradesng fromthis

position. In the conveyorized system the work piece is

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 biece 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 overlap,
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



| ogically tracked nore specifically by either determ ning the distance
covered by integrating the nonentary conveyor speed of the work piece over
time or by 13 25 APR 2066 addi ng i npul ses of an increnental or absolute

di spl acenent encoder. One inpul se of a3 di spl acenent encoder_ corresponds for
exanple to a distance of 1 mmcovered by the work pieces i nl & AR di0b ect i on
of transport. 5 To ascertain the position of the work pieces in the
conveyoaddireg innpssesof apangemental oe@bsolpte Hispjaasimeind enodderh©nedmpufsiesafess i n

the system are yided. The neans for ensing the posjtion ma

conpr | <88PERETeR] BT ot eERBBRE Ton StamdR e Hglee Ths R eovBred Biines

whi ch awbiK flede£ipaht glireetishiet @shdppst sai d sensor and of neans for |ogically
10 tracking said work piece, starting fromthe sensor position. The neans

for dogically tracking the work pieces are preferably means for integrating
t he momppt.ar NY.8Y QL citi f : ol L] o] i ng
and add] ag-GeLeraye Bosiarfing wirspitbee o EofiiorzbdiBerh sl o
encoder serisngT liree positiah gfothiet work pfecebenvibeksysitemn earenpolvedo Mhey meansdosy st em
may be deternjned .preferably in ti intervals of up to, 20 s Xi.mum or
after (TSR InehostBri/asy Beaemelise ik & GRSt P6° S6MHeh TRESPIRITINRE MvdngiEbet i on
of trangmghé at WHich 8RStk i€ IsycoMRBted bastidaRNS§EREdradiPor FRERE fbSlobRWy at a
speed of 0.3 mMmn for exanple, the tine intervals my be |on I n order

.2
t 0 t0akelragiing Seits Whek fiees , stadinonigomother sensargoesitibrs ethe moeais ?Ofe‘ogicé&)t ric
current | ¢H hg: i [ t the
vor k- pi L e o Hisbe s s BiaRitlP sl 18 Bledtaliio MO RRmERE, Shebl,
exanpl espechoisihet erkwsieée pivectmearrdor omdpuiidig and edeliiy displacgmentingmuiskect | ve
material with a verP/ thin electric nmetallic coating 25 such as printed

ci r cui t OThinGeerpeRial o aPSeER SUSPIRFERBIEACABe 0 t he SBU nethod, the electric

currents originating fromthe various counter electrodes are additionally
adjusted by a correction factor in function of the electric conductivity of
t hel Swor khpiasties posivaauittbe werkipieer: in dxpeenveyerized systerm eayob@tasterglingd r odes

R R Ml R R T R
wor K pi sdesmicedwipltan60 ram miaainesadd the direction of transport. More specifically when
the transportation speed is low, 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 be
possibly have various electrical conductivities, for example because the work pieces are
made of an electrically non-conductive material with a very thin electric metallic coating
25 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 deposits are avoided. For, if this condition were not taken into
30 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.



satisfa rily since e.g. a thin netallic coating |ayer ul.d be damaged by
too hi g%ﬁ“’é’%’?lﬁént. WO 03/ 038159 PCT/ EP02/ 11764 14 2 5 X%&Tg%‘%?%’”?ﬁ% that
the current is respectively processed by nultiplication by a correction

factor less than 1, gentle processing Cﬁpditions for the elggthlmkic
treatment nmay be achieved. During netal plating, this corr R0actor is
cont i nuousl I radually raised to 1, starting.froma small val.ue, as the
Ui ckness bihatie wbieN & tespEsivel Ripeassed DyartipicalioBssy Bropiegtinh: o
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proceéssi ng een perforned at a current densit € se% poi nt
of the cworkmpieateingrdasesrinahe efifeatibntaf teorspensaid dsoa rédet thedaoiedop i or

el ectrolytic processing effect. 15 The di stance at which the work pieces
are condufPEEOyRLer elRetredr te anotharaast yyush the wask piegs iy baingeprdusted.
function LG r I i il exanpl e
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be smal | ethdrhanThizds thdeasdforeataplsiwhgnthessecttic carrent fr.a c&taiadvost i ng a
relatively small distance between the plane of transportation in 20 which

t helQor k pieseds tahe @hvRibglavaite sakreibtiaf the evsentrdrnsily aflrs edegilylig fect s,

. reduced sj ' ' [ . bet ' I
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edge- ef f eftie cusenpdensineanidn efibhyto @vpiidraie dostheletilcedprionbletgmpyticy, it is
nore specifically necessary to reduce the spacings under these conditions.
25 As t hePERGassHikeBestveen t he counter el ectrodes and the plane of
transportation in which the work pieces are conveyed is relatively smnal

and is to be adjustable to an extrenely low value, it is advantageous to
provbde amheldistanicealt whitts thetWiork pirstereavel coriductedphst thef cirded | nes bet ween

t he plane of transportation . . . )
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 o'f 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.



30 and . ter electrodes in drder to prevent a short n.the
counterw}gf)gg#?%des and the work pieces. WO 03/038V~9 PCT})EE’%%%??& 1525

APR 2006 Thanks to the nmethod according to the invention and to the
conveyorized system the work pieces may be processed vvittigukp :Z?l g
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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



30 In order to permt individual adjustnment of the electric currents

origi nat‘;vﬁ 303%5 the counter electrodes, current-controlled current supply
units suc 03/ 038159 PCT/ EP02/ 11761 16 2 5 APR 2006 ErEEYROMA ¢ cel |
rectifiers or unipolar or bipolar pulse generators are preferably used for
current supply. The counter electrodes age preferably arrangédPargggbehi nd
the other in the 5 direction of transport. They are nore specifically
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coating of the work pieces, regions of the coating |ocated at a great
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counter eltgetoupdmtseaments substantially transverse to the dlrectlon of
transport. The electric current at 20 each of these counter el ectrode
segnents may be individually settable. This segnentation and the individual
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Pr e\qesnt the counter electrodes substantially transverse to the direction of transport, this
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 transverse to the direction of transport. The electric current at
20 each of these counter electrode segments may be individually seﬁable. This
segmentation and the individual control and setting of the Currenté originating
from the segments permit to even forther 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 eiectrode 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
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boar d- shaped work rﬁetal?\mm&@)mtéwri zed systens are preferably used in the
printed circuit board 20 technique. In the foll ow ng exanples, the work
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upper side Of the printed circuit boar ower arnodes 6.x (6.1, 6.2,
6.3, 6.4) serve to concurrently electrolytically process the underside of

the print e‘ﬂwec iréfg}rgr{ce numerals indicated in the Figs. have the same significations. In

this connection, the reader is also referred to the appended 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 rolis 7 are driven by shafts and gears of roll driving

motors 8. A position sensor 9 scans the advancing column of printed circuit
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electrolytic cells 21 in the conveyorized system said cells consisting
each of bugleetically agneeccirdde Mmeaswmciataddnsida H, H:x Ny A etegtroiegell 3
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circuit board 3 to be processed tor exanple,

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 electroiytic 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 iong for



vi.emdmw%bpﬁsgqggection of transpdrt of the printed ci rcui;ﬂ?}gﬁrﬁg%& An

optimu regard to the possibilities for the producti
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current by an electrolyte cell rectifier 15.x, 16.x. The termelectrolyte
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i mpul se current source or a bipolar inpulse current source. 5 Wen the
spaci ngs BBE{%en anodes 5.x, 6.x and printed circuit baords 3 are snall, an
ion gernmeable insulator 17 arranged in a flat manner nay be nounted: between
the anodes 5.x, 6.x and the printed circuit boards 3 to prevent shorts.
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pl astic boards, plastic 15 nmeshes or cloths for exanple. The potential in
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arranged between the anodes 5.x, 6.x serve this purpose. The electrolytic,
hor i zont aldey@tecgausing dhepdoaantactdbatansidesd.sybx aaarresolithereof.uhie 19,

desi gnat e?n@x}lamg)gb'e irlw3 Xh LTSS of Ee;fg%tgg rgr's%ﬁeaé b%%tig%}o%rgg, 6lgsetic
15 meshes or cloths for example.

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 §.x, 6.x from reciprocally
20 electrolytically metal-plating and etching one another. isolating 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 (fransportation 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
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copsed Wsiface febdThet8Ah %urfa‘é@%?ebh@ alWwaps RObE 2bhSuéd@8dhes constant, the
increase in surface area per unit time in the electrolytic cell is const ant
electrolytically to be processed surface area. Durmg the patterning of printed
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 motaors 12 for the

30 clamps 11 are coupled to drive sensors 22, e.g., to incremental displacement
encoders. Furthermore, at least one stition sensor 9 senses the position of

the printed circuit boards 3 by way of the edges thereof and of the distance
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in practice, 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 celis
21 instead. This small 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.



concentration (point effect) nmust be avoided. For this purpose however, the -
known al® $¥BRhYcal | y conplicated, adjustable screening SEEE/IEHQZ/W@ not made
use of. In accordance with the invention, a small distance between the plane
of transportation in which the printegocircuit boards 3 ggq\pgqmﬁeyed and
the 25 anodes 5.x, 6.x (anode-cathode spacing) is provided'in the

el ectrol ytd 5clﬁ]i{§glre]9tge %%lirlieel'?gtol%?ﬁity-&miéh RBVIGRR I Bh PEfRIE ATBNRE! dRtfPer m t s

to avoid too i ne"concentration not only at the lateral side
of the prsunizee, the cuirenboarst be3pemearadriilyl caloulated dnd eotsisiinly afljustethsport but

at all of the edges of .t rinted circuit_ boards 3, nore specifically at
the | eadiDf524RE qﬁf@@f@wé@dg&e erocassegrsiacessesize of WHShERRNeESS vl |

As f ' i rcui 3 of
Cot um’ i B0 due RE OIS SEHIRER S0 MO ofe [dtg BRI O] emai ng
and & r ai ldri@eatiifs 6. XNT HB5888 A D NGE/ JHROEY i$ 14 @bndtardiydodicBilv a6k tiee achi eve -

the current density which is provided for and efficiént on the entire
surf ace, prinded gircetttbomnds 3bas @dreadyatascyibed| tulhet eahvaydriged siybtem adidust ed

b lectrolytically tq b L eurf nyorigod siyblem adius
per mnendPy oSl Saleubie s Sulaes e o he PieseHl BroesSedealifl bel ow t he
Pran ' ' | Sy @bl REL | i cal |
Crack t nades k620 TIRPLASI 16 R itont Sl ARG, 00! o' Y

conveyor icziclistest e, aaxla résult drereaf) ideymeanlentlly algicksthe Hotli@icet poi#ts of o be
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set. If a smaller cathode current density of approximately 5 A(dnR is
sel ected, the anode-cat hode spaci ng nay be

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



20 selected greater, e.g., 20 - 50 mm In these cases g shields
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of the electric current originating fromthe anode i s based on
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el ectrol ytically active surface area portion of board B apounts to 6 dnR

(235cm x *38° €R)); thenkogshbeing songuciadshreegiythe atant ip ngitudinal slirgstionn
poi mt  of (e iR RHOg Kes PIonE T b 90 RaR0 THENeleBroffignt Bbidstifhce A1 & SE1
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/dm?, the electric
20 current originating from the anode amounts to:

I=(10 A/dm?+20 % + 10.5 dm?) + (10 A/dm? + 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:



20 current originating fromthe anode anounts to:

| =( 10A/ %@02/93%%99 5dn2) +( 10A/ dnR. 60%6dnR) =57A. For each an?%%mﬂol?/?n%h ectric
current '1s conputed repeatedly at short intervals, 25 of sec for exanple.
At a transportation speed of 2 mmn for the two printed circuit boards A
and B, these boards are advanced approxpgately 3.3 cm w t higfi APRHI08E ti me
interval as a result thereof. Having been advanced 3.3 cm approximtely
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30 approximately 71.1 % of board Bis in the cell since a surface area
fraction of approxi matel% (3.3 cmM30 cm=) 11.1 % of this board has
meanwhi | e Ahadredit thereotdhe eleetria qusrant @t e esede mHst besehHowirfremt at the

anode is: / EE/E / 6-1 24 2 5 APR 2006 | = (10A/dnR2. 10.5%
10. 5dnR) +(51:0ﬁ/q§r§2\%@ di)%)%géé.a7A. As a result thereof, the electric _
current at this anode nust be set down from 57 Ato 53.7 Awthin 1 second.

5 Above, there has been described the electrolytic processing of a colum of
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w ¢ hout | heATGT BT Gles ol Ko PrRRESI08 WGyt Fe & uTEn CHRTRUEE ClRd ge as
this was i r883enHEEN RS RBJAYtem with various current densities without

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 ailso 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



wi t hout having in these cases to add dumm es at either end of the row of
pri nt edW& BWIB¥poards. I n all of the cases, the requiredPEHEPHY Phi ckness
is accurately met for all of the printed circuit boards. This will be
explained in closer detail herein aft with reference to7thgppfsd her
drawings: 25 Fig. 2 is a schematic cross-sectional view of the horizontal
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anode- cat hode sgac' ng, no screening shields are needed. A H%g/l S'li on sensor 9
for sensi®EFHHE %rdﬁgﬁr%egﬁm%gora Ctivheo FraldBeY ey We ¥8pes8 Rydhe
PCT/@POZ/(}%E_@)% £p 2 5 APR 2006 one of the printed circuit boards 3 and of

t he gaps etween two printed circuit boards 3 is preferably located in
the border region of the printed circuit boards' 3 transport path.
Concurrently the sensor 9 verifies that the printed circuit boards 3 are
ori ented EighrZeshoys swotrnws afdgmpay! Tolbag easirasibievdiee onad aapeeyving beity. 2
shows two,5ows of clanps, 11 at endl essly revaol ve on onveying belt 23,
a cog bel t')'5 7 ngct??gﬁ %{TQE{)EP&%{%FE‘% 5 Iil"e‘i 'S %P&@iegg‘ﬁﬁmatﬁﬂénil i di ng
contact 1 it i1a L dhie i 11.
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circuit belangs13. Theltlahpstirli epeegaread oplthedkf®ide® holtbAY exintde cpeuint ed
circuit boards 3. For conpleteness, an outer transport wheel shaft 7 which
i s of f set beRiswhPARdiaTetRever auf Atthesplans ®fithe dsawiiged Nenclemyps 31 nok
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whi ch t hec@iveyt 8@ printed circuit boards 3. For completeness, 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).



20 circuit boards 3 are being conveyed. Fig. 3 is a schematic top view of a
hori zontal conveyorized system For sinplification 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 a2eystemis conpri sedzg @&8
upper and 20 | ower counter electrodes 15.x, 16.x, i.e., OA e pal rs.
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I ntervals of 500 ns - 20 s. The sum of the surface areas Ax presently
| ocated within the region of an anode nmnultiplied by the set point of the
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in smal hcebrMly, thahtrﬁff@dcbrﬁé{@n@dééd' @ft.? ‘Pr'ifn'flﬁ aIII & thbSechRsdUptedts Bre to be
continuously vary the electric current. In this case, the electrolyte cell

20 rect HPdeled agpreximately chiiMmesoasiseondi Jhisr e@yvie riealizedr @l lome sostuwiteibe val ue
signal . 5@l d\¥iemd Bl Siidote. 3rheP QAT VaBkESh small steps. With previous calculation it

is also possible to continuously vary the electric current. In this case, the electrolyte cell
20 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 and A3
are located directly opposite the anode 5.3. The areas A4 and A5 are located directly
25 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 disadvantage. The printed circuit boards 3.2 and 3.3 are
conveyed separated by gaps that are smalier than the iength of the anode. Due to the
30 small gaps, the current density for these printed circuit bards 3.2, 3.3 cannot be varied
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A2 and Ogdr}lgyﬁ)ocat ed directly opposite the anode 5. 3. T%g%é}?‘)é)gfsuig and AS

are located directly 25 opposite the anode 5.2 and the areas A6 and A7 are
| ocated under the anode 5.1. The printegg circuit boards Z51ARAmgyg3. 2 are
spaced one counter electrode length apart in the direction of transport.
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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
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.



bet ween ums of printed ci rcuit boards is controllably net when the
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densities. 25 Again, the conveyorized system needs no | onger be run w thout

charge. Unpl anned gaps 10 between the pragited circuit boardsl 3AR 288 they
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i || ustr at edeseritgchperain abgyecase of a segnented anode, each anode segnent
Is allocated to an individual electrolyte cell rectifier. The nonentarily
correspondi ng surface areas of the printed circuit boards 3.x are al so

cal cul at edThadinodégahby Heotorffitftiteano de faoeBHinentéd bHEdbe Iskgmetfiedpoi nt's of
the electric current values for the electrolyte cell rectifiers are 20
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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



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

el ectrolytically metal -plated that are provided with a very thin copper

cl addi ng bof a thickness ranging from0.5 5 pm the invention may al so be
used to limt the initial current density in order to avoid burns for
exanpl e. By nmeans of the data stored inpgthe control unit 19, 7§ReRizgeti al
current density can be set to a reduced value by neans of a 30 correction
factor. As nmetal -plating progresses, the current density may be dynamcally
adj usB¥RI NnorgRe te PesmidAst an é*n@;h-gualémhullﬂum@éu@yam qrbthewéuﬁam élthe poptasht
densLé%:Bg ?ﬁﬁprdance with the increase in thickness of the conductive 29 2
5 APR'20 ayer in order to permt fast and high-quality buildup of |ayers
on the surface of the printed circuit boards. Position sensor 9 may be

I ted d t th t [ f t 9
| ner dESTHE BT Sy Tekie 190416 e b Bulsilk wpipting et of e seaispe 8 RB6gted
it Snﬁﬁ@é'thboﬂs%g rﬂanmom mdsv Bé)réé?ﬁaﬁpltd‘tthéf"fé@é&rdlﬁé G3edTP$ 928 Bsifidied in

pl‘l nted circuit boards 3 X, he sensor 9 also senses errors In transport
t hat nfaylnbtvdgrth@@pmévhqraéha@iﬁr@m praspfthe lsingad eireadt I@cbardauatx barsgssort >a150n

the C%‘é%ié%’r}cﬁ?% FYALSOR %Lﬂ E&?r%twgeﬂfthézgﬁm% ?ﬁe Awt(éﬁquve gB%

I Ve sensor ubs

t he d3.xvm (e oot\@ysridechagstéd ammMeaohmb@f Hnegslampan’m 3\ commidm motmsentvvim
control, neasures_for synchroni ZIZB% the roll drjvin not or and the cl ago

dri vihgHesERsSA2%H A8 Bt"’ndﬁpﬁ i0cAUNRY aPRePs ﬁ‘&‘éﬁ?‘i’tﬁﬁgfpéthf‘oﬁr"dﬂg ynadgis: &andd
the edrsir Pl MEIFgBOSRE 3! NPt cA4E thé %BHtrrbﬁﬁéasRFrbgtf&d?ﬁichFéHﬁun WfdﬂsdrP/H'Igh

al so for proceSS| ng work that is to be electrolytically metal ated et

or pnotEdsand the ciamp strikieg Matpr d@d aseingt epelicsbiel ace side. Further, it is also
unrestrictedly suited for vertical conveyorized systemin which the work is
transported and processed in a vertical orientaion and in a horizontal

di r ecThelinvehtidn aspoohly $dited fdr the ale@gicondcessing tdﬂ&hewmh@ p&mded circuit

enbodi nents descriped herein are for illustrative hat
Var R 2501 GRERASTRGAUTE et 7 g be rieeay Befarpaaiated nichat ohs
of fe@r’b@é@s%odﬁsaﬁ{y' cﬁﬁér Way bh'o‘-hl;a&ﬁ’é 'sGﬁééé)&d\é‘ ﬂfurﬂl?@r ﬁlr'sggl%tlﬁ‘fi'eétﬂct%@rysém&d for
skilled in the art and are to be included wthin the scope of the appended

cl ai neerticad @Bvepsiy §y§emng1 whighuthe ok is transported and processed in a vertical
orientaion and in a 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 suggested to persons skilled in
the art and are to be included within the scope of the appended claims.
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16.2,16.3, 16.4,16.x 2017 18 19 20 21 2522 23 A, A2, A3, A4, AS. A6, AT. AX
30 PCT/ EP02/ 11764 2 5 APR 2006 plating t3nk electrolyte %)rlﬁ wor k pi eces,
e.g., printed circuit boards level of the electrolyte APR 2006

Listing of numerals:

1 . plating tank
5 2 electrolyte

3,3.1,3.2,3.3,3.4,3x work, work pieces, e.g., printed circuit boards
4 level of the electrolyte
5,51,5.2,5.3,54,5x upper anode, counter electrode
6, 6.1, 6.2, 6.3, 6.4, 6.x lower anode, counter electrode

10 7 transport roll, transport whee! shaft
8 ' roll driving motor
9 A 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



upper anode, counter electrode |ower anode, counter electrode transport
roll, transport wheel shaft roll driving notor position sensor gap between
printed circuit boards clanp clanp driving notor sliding contact sliding
rail upper electrolyte cell rectifier,gfurrent source |ower electrolyte

cell rectifier, current source 1ion perneable insulator isolating strip

mai n control unit control lines electrolytic cell drive}seppqQryg conveying
belt, cOmims: el ectrolytically active surface area 31 Cains: 2 5 APR 2006 1
A nmet hod of electrolytically processing work pieces in a conveyorized system
in which the work pieces are conducted through the systemin one direction

O s ANSROTA floh or W8I BrdecRLABFoRGoGLEA & Qokib by HeaFsped by

means of el ectric currents ori nati ng“from counter el ectrodes I"ocat ed one
behi nd t he owhieh thenwoike pigiceecareotorgfuctechtiypugh the syséemoinkons eliresticir of

conducted p the counter. el ectrodes, wherei e respective electri
currents. of (SRR RoftienEns HrofeRes S BrTeh it aRBEsssa R fr8shs of
propor ti onal di¥cttie cufengl eaginating fréml dounter disctiydeeasssidd oher berigd aieestpept the
wor k pieces, as far as they are located directly opposite the various

count er el edirtBaclirestion whdéiaasport @S tRerwonsi Rieess are Cenddried Q@shig cowter
electrodes, wherein the respective electric currents originating from the various

counter electrodes are set proportionally to the electrolytically to be processed
surface areas of the work pieces, as far as they are located directly opposite the
various counter electrodes and wherein the work pieces are conducted past the

counter electrodes at a distance of 50 mm maximum.

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 sum of the

determined surface areas.

3. 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
located directly opposite one single counter electrode, is determined by
determining a relative overlap of the work piece with said counter electrode.

4. The method according to claim 3, wherein the relative overlap of a work piece
with one single counter electrode is determined by determining the actual
position of the work piece relative to the counter electrode and by calculating the
overlap considering the shape of the work piece and the shape of the counter

electrode.



counter electrodes at a distance of 50 nm maxi nrum 2. The met hod accordi ng
to claiml1, wherein the electric current originating from one singl e
counter electrode is determ ned by determning the el ectrol%/% @2@/
processed surface areas of work piecesgpas far as they are é‘ t di rectly

opposite BherHeRRAMDd dechBglb ddlf &' \DRer8iCPB LctliaIPRfioh W tnaMerb hiee i v! Nd

the electric current from direct ‘correlation the current w
of the detdheicnnyveyarizedt systesnds deteriredndyhdeteaningliting instaohef dime ht

Curt ace. ar edVBenclriomers; BEEE' B 'BRougeS bRl i foahBerCoBhISEatts o one

si ngl e countsynveletigdosistemandet elogicany traking ehe Work biR@edn tifd 8bhegop¥&d | ap
of the work piece with said counter electrode. 4. The nethod according to

claim 3, whePV&lam:HartingfEaM Jke pradatepiagd ROSIEPK piece with one single
counter electrode is determ ned by determ ning the actual position of the
work piece relative to the counter el ectrode and by cal culating the overlap
consi deri g ThHemetrqeacdording taci&mpd, exteeraimdthetectisdl position aftiee awupiece in

el ectr ode. 2 5 APR 2006 5. met hod.accordi ng to,cl 4 wherel n the
actual posi tﬁSr‘FOBf’e)chge\gosryI??eﬁV éscgetfaﬁmn?ﬁén ﬁ%ﬁv‘@i‘?ﬁqli%ug R¥em®Cs det er ni ned
by determning the instant of time at which the work piece |s conduct ed
past a predeterm ned position at the conveyorized system and bi/ e} |caI |y

tracki ng t'helomethed @ecpidingéo epRvelyerimsed-6, syrarein ther aettiahgositiem

predeterm n K | VEIR

actual posi ﬁp%ﬁr% o?ééim e iJH%g@RJz'&Bds C%H§%§®ﬁe?e§ﬂé£yt§eem I s&%&t erm ned
in tinme interaen adwEncep i mézmremlon o'irtra'ﬁlspomyrﬁmdnacmwﬂnwrg to one of clains
4-6, wherein the actual position of the work pieces in the conveyprozed
systemis determned after the work piece has been advanced in the

di recti ongofTHe ARG tacbwro% PBTOoRB X f Bl s85-7 T efdih tAE \AerkQsieed1 & b@ldéﬂ)e of
claims 5-7, wherein the work piece is logically tracked within th

conveyor i zedr%ﬁéﬁhﬂbﬂ} tB%tCé’f‘M?)‘ﬁrli@dtWétQm @ﬁﬁ?@”ﬁ'ﬁlﬂ@r@@ ®§tanpﬁt6@gefﬁd BY the
t |
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adding impulses of an incremental or absolute displacement encoder.

9. 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 pieces
conducted past the respective one of the counter electrodes to avoid burns of
metal deposits.

10.The method according to claim 9, wherein the correction factor is set smaller or
greater than 1 and wherein, during metal-plating, it continuously or gradually
increases to 1, starting from a smail value, or drops to 1, starting from a high

value, as the thickness of the metal deposit increases.

11.The method according to one of the afore mentioned claims, wherein the
distance at which the work pieces are conducted past the counter electrodes

ranges from 2-15 mm.



9. The nethod according to one of the afore nentioned clains, wherein the
electric currents originating fromthe various counter el ectrodes are
additionally set with a correction factor in function of the electric
conductivity of the work pieces condwagted past the respectidePBridliof the
counter electrodes to avoid burns of netal deposits. 10. The nmet hod
according to claim9, wherein the correction factor is set smaller or
greater thadhe maihesacsordingiuei oge raft thie- ploag i megntianed slaimauwdersin owork

dtart ng 1 r GRS gh 240 e R REAR IR eSRop oo Seddtata
i ncreases. ¥bmkachesthed bycaajah Bgtendingnm te HiRectRINOBE triaRBp o Rd tHelyakies
wherein the distance at which the work pieces are conducted past the

counter el e€PPEdeEd theayghstnercanveyaizathsystemp saidgaR being atdeastias leag rasd
according t‘?hé’@?teﬁgiomﬁltﬁé %Gnt’@?@fe‘cgeﬁg ir?{rﬁd’ifemi%%rfﬁ‘aﬂs kK pieces that

are to be electrolytically processed In different ways are separated from
each other by a gap extending in the direction of transport as they are

conduct ed ough .t he conveyorjzed system said bei ng.at | east. as | ong
2ethe exedtl Gipthed AR b Soectl 1BRepie Meffindd. BRRt T e aer

13. The net hednasgst dpded téf @Bfk Piederetitose BENHd enadroptieblip prodeysednint he
conveyor speed of work pieces that are to be electrol ytically processed in

di fferent walfieranawaye anst atepcatach withinhthec 6pRNEYOFzo@ SYSiRM dinchanged@§ed as
flerent ways $ .
sal d - wor p's%fogx%ﬁ( &eEQ@%h%EQﬁ%@%&"})@BPQQ‘?%c@fgé'r;(\f‘%@y?lé@@%&%ﬁ{ SRy Apdrherein a

resul ting di rence rnt Focessi ng on various
work  pi ecesesutingujffsneadesdh tioe effgcadf tred elegtrolyéc elrecéssing our varitus work

originating fromthe various,cqunter electrodes as the wark pieces are
Conduct ed pATCRHEROMBENSARA Rl Rloralunas e g cugieals Papyeliag o e
processi Nng WRKKkuPBGRRr ekRIBHES BEThe HorildpidBds afe ESRdUCtERpaSY theRd t he work
pi eces through the systemin a plane of transportation and in a direction

of transport, b. at |least two counter electrodes |ocated behind each other
transpor t 51 BironeR e S o e RIS, Smer 08 one of
the counter ebee dodesfarncansporting 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 direction
of transport and arranged along the plane of transportation,
c. at least one current supply unit for a respective one of the counter
electrodes and
d. means for individually controlling every single current supply unit,
e. means for sensing the actual position of the work pieces,
wherein said means for individually controlling every single current supply unit
are configured in such a way that the electric currents originating from the
various counter electrodes are respectively set proportionally to the
electrolytically to be processed surface areas of the work pieces, as far as they
are located directly opposite the various counter electrodes, and wherein the
distance between the counter electrodes and the plane of transportation is 50

mm maximum.



d. nmeans for individually controlling every single current supply unit, e.
nmeans for sensing the actual position of the work pieces, wherein said neans
for individually controlling every single current supply Umﬂ5AﬁWﬁ%
configured in such a way that the elec34ic currents originating fromthe

various cegntHy cﬁirﬁ@%bm Fterh eapestingety Qg PI@PWHerdRatHe rheakd&or
electrolytically to be {;rocessed surface areas of the work pieces, as far as

they are | dedividdaty ceptreNingsvesi siegieheurieiti sswdlycenihees centigureddesuchriy
wherein th ' nt er. gl
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syst em accoralectppdes © aetrpidportidreigito theeelgetolgtidaily toi bdi prodesdddy surface
controlling every e current unit are nfigured in suc

i ngl S ly.. a.
ranner ¢ hat 58S Bf e ok BlicS NP BTRLHF e of dhasedatt pises HANGRIY he
counter el eguntsiesedtbodeet proportionally to the electrolytically to be
processed surface areas of the work pieces and the relative overl ap of

these work pieces with said counter el ectrode. 16. The conveyorized system

accordi ng f | a 14 . ' : r in .
position 3%9{}%2%\(Rﬁ\r’?();%?gge%’gcg%mrp??%gglgéstlo\ggﬁé %Eﬁgers@%gisrwf%ﬁ&gg’t\g 'ean
the i nfStanlt méanhs rm mnswfkg tHe positiork opihecworkspiecssl voinpris P as teastiothe sepisepr and
means for |ogica _tracking . said work piece, starting fromthe position of
The sensor . 197 eleamiti By MR )ikt BEKD 41K AP i GRIES OSBRSS he
means for | aginsdl b réafddonthdidtly Watking i sakPwBFEPIBBA NSt aftil frdth @9 pbsifiéh t he
nmonent ary conveyor speed of the work piece over tine or an increnental or
absol ut e di fitee &8BHOr. encoder. 18- The conveyori zed system according to one
of clainms 14 - 17, wherein the distance between the counter el ectrodes and

t he plane of transportation ranges from 2-15mnm 19. The conveyorized system

accor di ng17oTleonfeyoriaedsydtem adéhrdingetoatiaint e, wheretmthe sigapk Youloglcaliyr e
current-controlled. 20. e conveyori st.em

Th d [ di t | ai 19
wher ei n t he TEARSEHINEQHRR RIS PERMeaPs feranBBrAIBELNS MormepaLSeTYPRtFRR
starting fromiRe dvorR plededVeP fhitddr fHintRMental or absolute displacement encoder.

18.The conveyorized system according to one of claims 14 — 17, wherein the
distance between the counter electrodes and the plane of transportation ranges

from 2 - 15 mm.

19. The conveyorized system according to one of claims 14 — 18, wherein the current

supply units are current-controlled.

20. The conveyorized system according to claim 19, wherein the current supply units
are continuously or gradually adjusted starting from O A up to a nominal current.

21.The conveyorized system according to one of claims 14-20, wherein the counter

electrodes are electrically isolated to one another.

22.The conveyorized system according to one of claims 14-21, wherein at least

some counter electrodes are segmented into counter electrode segments



21. The conveyorized system according to one of clains 14-20, V\/ner ein the
counter electrodes are electrically isolated to one anot her The
conveyori zed system according to one of clainms 14-21, wherei r“a R %t some
counter el ectrodes are segnented into 3punter el ectrode segnents 2 5 APR
2006 35 subgibatntialy yratnrsae@,\éefo%é QlireBforfliof Qﬁéds‘bar’toén@ NARSTBRY theaBfbcyter ei n
the electric current or|?| nating fromevery counter el ectrode segnment is

i ndi vi dual | yugent opgnating r@mﬁ/\@ybppu@@r sigstrede seeoent isgndiyidsiedy 8et22, wherei n
the counter electrode segnents are electrically isolated to one another.

24. The conveyorized system according to one of clains 14-23, wherein an

el ectri cap3. Thescibratgyorizedisgsteins apesnairgbloecibim eethereial thei cludtdri electrace

provi ded between the gl ane of t[ansPortatl on and the counter el ectrodes.
segments are electrically isolated to one another.

24.The conveyorized system according to one of claims 14-23, wherein an electrical
insulation which is permeable to electrical field lines is provided between the

plane of transportation and the counter electrodes.



