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boards and providing electrical contact with the circuit boards in
Electroplating processes are used to produce circuit boards and

conductive foils in order either to deposit metal or to implement other
electrolytic treatments, for example metal etching methods. For quite a
number of years, so-called continuous systems have been used for this
purpose, the material being transported through said systems in a
horizontal djrection and, during transportation, being brought in contact
with treatment fluid.

Such a continuous system is described for example in DE 36 234 481 Al.
This system has anodes, current supplies to the circuit boards to be
coated and conveying means. The conveying means are configured as a
continuous, revolving actuated row of individual clamps which hold the
lateral edges of the circuit boards securely and move in the conveying
direction. Current is supplied to the circuit boards via these clamps. For
this purpose, the clamps are provided with current via brush

arrangements.

Another type of electric contact and way of conveying circuit boards in a
continuous system is described in DE 32 36 545 C3. In this case, contact

wheels are used instead of clamps, said wheels rolling on the moved



this way. Both systens nust be el aborately constructed in order to be able
to transfer the at tinmes large netallising currents to the cir M\
boards. In the case of very high mata#lisi ng currents, there a?[gj Blzqm'no
satisfactory solutions since fundanentally contact resistances occur at
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t he conttﬁg%%}met al surface can be damaged. This di.sadvantage is reveal ed
in particular”in those materials to be treated, which have, as in the

case of circuit boards and conductive foils, a very thin conductive
| ayer, usually of copper, on an insulating core layer. This thin | ayer
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W res, insulating core layer. This thin layer can easily "burn through" when
sufficiently lmée currents are used. The device of DE 36 32 545 C3 has
the further disadvantage that metal is also deposited on the contact
wheels, and the metal layer, especially on the bearing surfaces, can
present probllems. Only by dismantling the wheels and subsequently

removing the deposited metal layer can this problem be resolved.

A fundamental disadvantage of this device resides in the fact that only
whole-surface conductive surfaces can be electrolytically treated but not

electrically mutually insulated structures.

As a solution to the latter problem, a method has been proposed in WO
97/37062 Al for electrochemical treatment of electrically mutually
insulated regions on circuit boards. Accordingly, the circuit boards, which
are brought in contact with the treatment solution, are brought in contact
successively with stationary brush electrodes, which are supplied from a
current source, so that an electrical potential can be applied to the

individual electrically conductive structures. An electrical potential is



and the anodes, which are disposed between the brushes. This device has
t he di sadvantage that the brushes are gonpletely covered wth netal
within a very short tinme since approxihately 90% of the metal [$ MAR 2004
deposited on the brushes and only 10% on the regions to be netallised.
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devi ces need to be provided which help to remove again the netal on the
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proceed into the bath and into the holes e circuit boards and produce
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regi ons Sﬂhucmﬂﬂseobeth@mcwéstmmﬂﬁg ildkewigescthebrush material thereby
wears qulckl_y, the finest particles being rubbed off and getting into the
bath where they lead to damage during metallisation. Especially for
metallising \;cry small structures, for example those with a width or length
of 0.1 mm, there must be used brushes with very thin wires. These wear
especially quickly. Particles which come from the worn brushes then

proceed into the bath and into the holes of the circuit boards and produce

significant defects.

In other known methods for metallising electrically insulated structures
on circuit board material, currentless metallising processes are used.
However, these methods are slow, difficult to implement and expensive
since fairly large quantities of chemical substances are used. The used
substances are frequently environmentally damaging. They therefore
incur further significant costs in disposing thereof. In addition, it is not
ensured that only the electrically conductive structures are metallised. It
is often observed that, in this case, the metal is also deposited on the
electrically insulating surface regions which lie between, resulting in

rejection.



2 3 MAR 2004 Methods are known for electrolytic etching, pickling and
netallising of netal strips and netal, wres which nethods are eféected

wi t hout electrical contact of the st rdf ps and wires: A nethod i of MR 200hed
in EP 0 093 681 B 1 for continuous coating of wires, tubes and other

sem -fini shed products made of alumniumw th nickel. In this nmethod, the
sem -finished product is firstly conveyed into a first bath container and
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el ectrode. A netallising bath is situated in the bath containers. As a
consequenteact of tiee Strdps tamat whtes: semi - fi ni shed product is electrically
conductive and, at the sane tinme, is in contact with both netallising
baths, the circuit between the el ectrodes, which are connected by a

current source,. is,conpl efed rast .to the negatively. polarised
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al um nium or nickel, the electrical current being directed through the
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or its alloys, wth a netal, the substrate being guided successively

t hr ough As\va anderjueeice, obtlze faddthatOfife semi-finished product is electrically
conductive an-d, at the same time, is in contact with both metallising
baths, the circuit between the electrodes, which are connected by a
current sou;:ce, is completed. In contrast to the negatively polarised
electrode in the first bath container, the semi-finished product is
anodically polarised. In contrast to the positively polarised electrode in
the second bath container, the semi-finished product is on the other hand

cathodically polarised so that metal can be deposited there.

A method is described in EP 0 838 542 Al for electrolytic pickling of
metallic strips, especially special steel strips, strips made of titanium,
aluminium or nickel, the electrical current being directed through the
bath without electrically conducting contact between the strip and the
electrodes. The electrodes are disposed opposite the strip and polarised

cathodically or anodically.

A method is known from EP 0 395 542 Al for continuous coating of a
substrate, which is made of graphite, aluminium or its alloys, with a

metal, the substrate being guided successively through two containers,



whi ch are connected to each other and contain an activation bath or a
netal lising bath, a cathode being di spised in the first contai n@d MARAEN
anode in the second container. Using this nmethod, rods, tubes, wres,
strips and other sem -finished products can be coated as substrates.
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surfaceS of nutually isolated sheet 6 2 3 MAR 2004 and foil materi al

pi eces, especially for producing circuit boards and .
The problem underlying the present invention is therefore to avoid the
disadvantages of the known electrolytic treatment methods and in
particular to find a device and method with which a continuous
electrolytic treatment of electrically conductive surfaces of mutually
isolated sheet and foil material pieces is possible at low cost, especially for
producing circuit boards and conductive foils, it also requiring to be
ensured that the equipment costs are low and that the method can be
implemented with adequate efficiency. In particular, the method and the
device should be suitable for treating electrolytically electrically insulated

metallic structures.

This problem is resolved by the method according to claim 1, the
applications of the method according to claims 15, 16 and 18 and the
device according to claim 19. Preferred embodiments of the invention are

presented in the sub-claims.

The method and the device according to the invention serve for electrolytic

treatment of electrically conductive surfaces of mutually isolated sheet



conductive foils, the electrically conducting surfaces not being directly

in electrical contact. It is possiblﬁ as a result to treat botQ3 004

whol e-surface regions on the material” pieces and structured regioﬂ@a%glch

are electrically nutually insulated. Both externally situated regions and
in the.citcuit boards..cap be treated. ln or
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to be an arrangement is implemented in so-called continuous systems which
are commonh; used for example for producing circuit boards and
conductive foiis. For this purpose, the material pieces are transported by
known means of circuit board technology, for example by rollers or

cylinders.
The device according to the invention has the following features:

a) at least one device for bringing the material pieces in contact with
the treatment fluid, for example a treatment container into which
the material pieces can be introduced, or suitable nozzles, with
which the liquid can be supplied to the material surface;

b) suitable transport devices for transporting the isolated matenal
pieces through a treatment unit, preferably in a horizontal
conveying direction in a conveying plane, for example rollers,
cylinders or other retaining elements such as clamps;

c) at least one electrode arrangement, comprising respectively at least
one cathodically polarised electrode and at least one anodically

polarised electrode, at least the one cathodically polarised electrode



brought in contact with the treatnment fluid; the el ectrodes can be either
di sposed for one-sided treatnent of t mat eri al pieces on onl ¥ ﬂﬂ?lﬁﬁfi de
of the conveying line or, for two-sided treatnent, also on bot'h sides;

the el ectrodes of an electrode arrangenent are orientated on one side of
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el ectrodes. current/voltage source for producing unipolar or bipolar current

pulses'béing able to be used as the current/voltage source.

In order to ifnplement the method according to the invention, the material
pieces are b-rought in contact with the treatment fluid while being
transported through the treatment unit and guided past at least one
electrode arrangement, which corhprises respectively at least one
cathodically polarised electrode and at least one anodically polarised
electrode. The cathodically and anodically polarised electrodes are also
brought in contact with the treatment fluid and connected to a
current/voltage source so that, on the one hand, a current flows between
the cathodically polarised electrode and an electrically conductive region
on the material pieces and, on the other hand, a current flows between
the anodically polarised electrode and the same electrically conductive
region on the material pieces if this region is situated opposite both
electrodes at the same time. The electrodes of an electrode arrangement
are disposed in such a way that they are orientated on one side of the
material pieces. At least one insulation wall is disposed between the

electrodes.



8 2 3 MAR 2004 If a two-sided treatnent of the material pieces is desired,
el ectrodes must be disposed on both gides of the material. 'nlt;f@yfzﬂﬁf of
one-sided treatnent, it is adequate to have el ectrodes on one t he
material. The el ectrodes are electrically connected by for exanple a

gal vano-rectifier. |If a plurality of electrode arrangenents is used then
all of the electrode arrangenents can be connected to the sane
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As a consec_{uence of the fact that an electrically conductive connection
exists by means of a conductive layer to be processed on the surface
regions of the material pieces, which are situated opposite the cathodically
polarised electrode or the anodically polarised electrode at the same time,
these surface regions are polarised respectively anodically or cathodically
relative to the electrodes. As a result, electrochemical processes are set in
motion at these places. An electrical contact of the material pieces is not
required to produce a current flow in the material pieces. The material
pieces operate as intermediate conductors. An electrode and the surface
region situated opposite this electrode on the material piece can be
regarded as an electrolytic partial cell. One of the two electrodes of this
partial cell is formed by the material piece itself and the other by the
electrode of the electrode arrangement. As a result of the fact that the
material piece is disposed opposite a cathodically and an anodically

polarised electrode, a serial connection of two electrolytic partial cells of



9 2 3 MAR 2004 this type is effected, said partial cells being ?qubﬂﬂﬂ%
froma current/voltage source, for expnple froma gal vano-rectifier. e
advant age of the nethod and the device according to the invention
conpared to known nmet hods and devices used in circuit board technol ogy
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t hese :
The method and the device according to the invention therefore make
possible the electrolytic treatment of electrically mutually insulated, metal

islands (structures) at low cost.

Relative to the methods proposed for circuit board technology for
metallising mutually insulated metal islands with brush arrangements,
the method and device according to the invention have the advantage that
only small quantities of metal are deposited needlessly on the cathodically
polarised electrode. The frequency with which the metal must be removed
from the cathodically polarised electrodes again, is in the region of a few
days to a few weeks. In addition, there is no problem of the brush
electrodes becoming worn during contact with the surfaces to be
metallised and hence of abraded particles contaminating the treatment
bath.

Since the electrodes of an electrode arrangement, which are polarised
oppositely to each other, are mutually screened in such a manner that

substantially no electrical current can flow directly between these



10 2 3 MAR 2004 el ectrodes, the efficiency of the method relatiﬁ% to known
met hods and devices is increased by gonultiple since the current MARe0B, i s
very much greater. Only when, according to the invention, an insulation
wal |l is provided between the oppositely polarised electrodes in the
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| arger structures, the spacing can, also be |arger. By neans of the

i nsul at Psavided  betweene thec gppesitely dplpsiseg, slesiredes Har dby 15l t he
opposi tel ol ari sed el ectrode haort- circuit, current) _ .and likew se a
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wi thout the electrically conductive surface |ayers of the material pieces
bei ng heffeetlevehdf theagethod ieweairtemedydd thencasenof smalhstruntanes, ar e

required. Circuit board and conductive foil material usyally has external
metal  SEMhSPREHS hrequinadein thecasgoilasger structures, dhepspasingfal y 18

Pm Recently, ,materigls hay nused f r | gV ex
clectr 6570 e IATRE By el B, B "SUIAIRT wEh. BLAREC) Sy Eiy B8Ry
metal, fREvEXRIP ther@lyf BeMlddh 21 pSsfelpf paRaise] "BketrsdlsS (gRorthi |
these | ayers are easily "burnt through” wt onvent i onal contact

t echnol efienit busredsthaerd liRewide ardiseutt@drrent flosv fimirh abeamoo etiotpdotd he
invention as a uniformcurrent distribution can be set up within the

| ayer. thecmgienoin tthe syubsigate doches trerteds wineh rigt situatedoppositeotipe

coat ed %EP electrode and vice versa.

The option 1s also advantageous that very high currents can be transferred
without difﬁéulty to the material pieces to be treated without the
electrically conductive surface layers of the material pieces being heated
and damaged or even destroyed since no contact means- are required.
Circuit board and conductive foil material usually has external metal
laminations which have a thickness of for example approximately 18 um.
Recently, materials have also been used for producing very complex
electrical circuits which have very much thinner outer layers made of
metal, for example layers with a thickness of approximately 0.5 pm. While
these layers are easily "burnt through" with conventional contact
technology, this danger is not presented by the method according to the
invention as a uniform current distribution can be set up within the layer.
Because of the effective cooling of the material pieces to be coated by the
surrounding treatment fluid, the specific current loading in the metal

layer to be treated can be set very high, for example up to 100 A/mm?2.



surrounding treatment fluid, the specific current l'oading in the%ﬁﬁhgl

| ayer to be treated can be set very hgg for exanple up to 100 0041
2 3 MAR 2004 The nmethod and the device can be used for inplenenting any
el ectrolytic processes el ectropl ati ng, etching, OX|d|sing, reducti on,
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time, togethef with other nethods, for exanple netallising processes or

ot her elsmmhemumhﬂqssanesﬂhsmgApmssf Bpplekaaiplengases bannasbdske or
t he device accordln to the invention are anong others: deposition of
t hi n mepapduged sucfaops ef shermaterinhpietess tnamely dryydrogennin a
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removal ogRer hidthoidRy fof e%ﬁi;ﬁe%ﬁéfzﬂﬁ@ﬂé‘}ﬁ?éées@és%xcbﬂﬁ elfe@froeheﬁﬂbm t he

renoval of a |ayer of several mfromthe surfaces of circuit board

mat er i alprbedsses. i npl ementi ng through hol e plating (sinultaneous
electrolytic stripping of the borings); selective etching of structures
(i sland etching); whol e-surface or selective pulse etching; deposition

of metaly o L iR pifeatitn SF the TneBldHf of th Hekic he&rdilg th the invention

are among others:

¢ deposition of thin metal layers;

* selective eléctroplating of structures (island electroplating};

¢ transference of surface layers made of metal within a sheet or foil from
one sacrificial region to another région, for example in order to
reinforce surface layers with the metal which is obtained from the
sacrificial region;

* thinning of structures by etching;

» removal and thinning of whole-surface layers by etching, for example
the removal of a layer of several pm from the surfaces of circuit board
material before implementing through hole plating (simultaneous
electrolytic stripping of the borings);

+ selective etching of structures (island etching);

» whole-surface or selective pulse etching;

e deposition of metal with pulse current on large surfaces or on small
structures,;

¢ electrolytic oxidation and reduction of metallic surfaces;

s electrolytic cleaning by anodic or cathodic reaction (for example, by

electrolytic formation of hydrogen or oxygen};



structures; electrolytic oxidation and reduction of netallic su(rj?ces;
el ectrolytic cleaning by anodic or cathodic reaction (for exanpl el J AR 2004
el ectrolytic formati on of hydrogen or Oxygen); 12 2 3 MAR 2004 +
etch-cleaning with electrolytic assistance; and further processes in which

el ectrol yti.c, assi ' 0 The met hod and the device can be
used pa?tieéﬁpé(ﬁ%ﬁéﬁﬁg%%le}%@%ﬁsgﬁgwc%’rret al layers, for exanple
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I s too expensive when using conventional ~“continuous systens since these
systens are very el aborate because of the required contacting. The

foll ow ng conditions anong others can be set for inplenenting the nethod
accor di Thet methedi andnthedevieecheanype asedrepasticallatlyowelhfarh depesiting c
conductive layer of the _ material Fﬁiyeces to be treated is _forned; _the

type of tRBntmepiniayers, fomexamplealayerfcupatmetbidasss pt 2Bt r iR i ¢
process,, for. exanphe the rrent density. the copposition of th
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el ect r okgduirediropaitaetingcan be controlled. For exanple, by choosing a

specific metal depositing bath it can be effected that the already
deposited netal is not etched off again since the nmetal dissolution

Dy appTer lolfvicigo FEBAiFon, TMORR QUISTSHCRR A0S (956 (061 AMPICRERRDEOIG n -
this method according to the invention:
e the type of material from which the basic conductive layer of the
material pieces to be treated is formed,;
» the type of coating metal;
+ the type and the parameters of the electrolytic process, for example the
current d'ensity;
e the compd-sition of the treatment fluid;
¢ the geometry of the treatment device, for example the width of the

electrode spaces in the conveying direction.

By optimal selection of combinations of the above-mentioned parameters,
the electrolytic treatment can be controlled. For example, by choosing a
specific metal depositing bath it can be effected that the already deposited
metal is not etched off again since the metal dissclution process is
restricted in this case. At the same time, it can be achieved by
appropriate choice of an etching bath that the metal deposition in this
bath is restricted.

In order to implement the method for etching metal surfaces on the
material pieces, the material pieces are guided firstly past at least one

anodically polarised and then at least one cathodically polarised electrode.



bath is restricted. In order to inplenent the nethod for etching netal
surfaces on the material pieces, the,gaterial pieces are gui dedZfi MR 100
past at |east one anodically polari sé and then at | east one cathodically
pol ari sed el ectrode. 13 2 3 MAR 2004 The nethod and the device can be used
for metallising whol e-surface netal |layers, the material pieces being
guided firstly past at |east one cathodically polarised and then at | east

ane. anoghigabhetriopl ¥l WheckiRhicOtEn peNusaR! I IndABBAY WIANE. JRTAGLS. and

devices, it 1s al'so possib osit netal on na pl eces provided
with el gedtal qa?bys,rru&el amlaYeria Piecds beiff aguidelangstiyi paautt dichbt Gd V.
Preferably, material pieces are used for electrolytic netallising, which
pi eces eathqdicailgepblarisedaarsd theneat shist bnesanodichiil| poldmsedelettrodeol yti c
nmetal lising. For exanple, final layers nade_of netal can be fornmed on
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processiydgd forCélestolyth® détalBditl avhivhi pleces aﬁ‘év?f&ﬂdé@ rwitBXailrfacd th a
copper layer of only 3 to 5 mthickness Is emnently suitable for
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boring and_etching in the circuit board production process is . [fuc
r educedmage of omﬁgali gangbe Jorred oR; W%%p‘é?al{dailép%?ﬂgtlﬁ@vﬁépﬁﬁd ?O%md

possi bl ST TGuE dif POAHTE. R ratmdr BTE i yelRodosbel A% pper
layer, wWebeRiip@StcPtH@invehtigige |ayer thickness, can also be qualitatively
and econom cal 'y neaningful. By formng the fairly thin copper |ayers, the
A further advantageous application of the method and of the device
consists in the fact that the outer copper layer on circuit board material,
which layer ,normally has a thickness of approximately 18 um, is thinned
before further processing. A circuit board material which is covered for
example with a copper layer of only 3 to 5 um thickness is eminently
suitable for producing the finest conductive circuits. As a result, the cost
of laser boring and etching in the circuit board production process is
much reduced. The formation of such a thin copper layer with the method
and the device according to the invention by means of metallisation is
possible without difficulty. A removal by etching of copper from a copper
layer, which has a fairly large layer thickness, can also be qualitatively
and economically meaningful. By forming the fairly thin copper layers, the
copper structures are prevented from being under-etched during the
subsequent etching process. This method and the device offer significant
advantages relative to conventional technology, since materials of this type
are difficult to produce with conventional methods and devices. In this
case, correspondingly thin and very expensive copper foils must of course

be implemented.



copper structures are prevented from bei ng under-etched during the
subsequent etching process. This nmethogd and the device offer si %m@ﬁqmﬁ
advant ages relative to conventional technol ogy, since materials [
type are difficult to produce with conventional methods and devices. In
this case, correspondingly thin and very expensive copper foils nust of
course be inplenented. 14 2 3 MAR 2004 A further application of the
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conductive foil material after boring by neans of electrolytic etching.
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container 1 is illustrated in Fig. 1 and is filled up to the level 2 with
a suit abteattreedt nent fluid 3. A circuit board- or conductive foil materi al
piece LP, for exanple a multi-layer lam nate (multilayer) which is already
metal lized and provided with conductive track structures 4 and with
fEction

5" or s, phticsieo Bt ) g e acertid8 b J8r BRLAonl 8
roll ersﬁgg,@%a@%sg (epk1 |}c‘ﬁe‘l€h&d§j tion, there are two el ectrodes 6

and 7 i ath coﬁt al nér are connected to a current/voltage
Fig. 1 schematic illustration of the device according to the invention,

and
Fig. 2 schematic illustration of the principle of the method according

to the invention.

A bath container 1 is illustrated in Fig. 1 and is filled up to the level 2 with
a suitable treatment fluid 3. A circuit board- or conductive foil material
piece LP, for example a multi-layer laminate (multilayer) which is already
metallised and provided with conductive track structures 4 and with
borings, is guided through the treatment fluid 3 in a horizontai direction
5' or 5" by means of suitable conveying means 3, such as for example
rollers or cylinders (not shown). In addition, there are two electrodes 6
and 7 in the bath container which are connected to a current/voltage
source 8. The electrode 6 is cathodically polarised, the electrode 7
anodically polarised. An insulation wall 9 (for example of plastic material)
is disposed between the two electrodes 6, 7 and screens the two electrodes
from each other electrically, transversely relative to the conveying

direction. This wall 9 is preferably introduced so tightly against the



source 8. The electrode 6 is cathodically polarised, the electrode 7
anodi cal l'y polarised. An insulation wgld 9 (for exanple of plasti@3 MAR 2004
material) is disposed between the two el ectrodes 6, 7 and screens the two
el ectrodes fromeach other electrically, transversely relative to the
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at | eastmpeasiESicdR E}D“a—férdpaggﬁ-@bﬁj pi ece LP when passing by. Wile the
material piece LP is being noved past the electrodes 6, 7, it is

pol ari sed, and indeed anodically in the regions 4*a, which are situated
opposite the cathodically pol arised electrode 6, and cathodically in the
regi ons Whide the spaterialspiegatld?d ipfningtmoved pasidthe elesttodaie67.7,1it ishe

material piece LP is .quided past e.electrodes 6,,7 for. exanple in  the
i rect | dPiaTIsedy and HBHEFgu%‘gﬁalé‘éﬂﬁ’ il dh EREEnS) A rPRicR M sHuated
regi on 4: ; S * dj | arj sed. J . I tign
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st ruct urregionia*y,iwhicH 88k eftuhtéd dppolite Bl AEbdicCelditiode PN the ot her
hand, orientated towards the anodically polarised electrode 7 and hence

I's negatively polarised. If the treatnent fluid 3 contains no further
el ectrochem cally ., active_redox pairs, hydroglen is generated in this

regi on 4% the maserighpjece ke i guifad,past 3he ¢lengpdesi®.of Ioiccxampls imes 4.
This pr dyr .conti nyes in_t e o a.single structure 4 far as.|ong
as thi sq‘g't%r ﬁg?ﬁpéal §’n§1e§héﬁgasq§‘l§ﬁﬁe§néo%rﬁ ?Pﬁq}?q'helne Betie ﬁéegﬁl%fﬁs of
bot h opRegidiely. BPtRE] C4¥ 'c%ﬂﬂr | jsMioR! Pis
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case, a inefigl I1i s hhabahdtal 9s escltedawayefione nhe fdosidhiclive friacktdtyuctipe. ri ght
edge of the material piece LP enters into the region of the cathodically

pol ari s rightregson Hnoh Hup struetunee4t dgi on Bre pteer hand, orientated
towards the anodically polarised electrode 7 and hence is negatively

polarised. If the treatment fluid 3 contains no further electrochemically
active redox pairs, hydrogen is generated in this region 4*. In summary,
metal is therefore removed from the structures 4. This procedure
continues in the case of a single structure 4 for as long as this structure is
situated simultaneously in the effective regions of both oppositely

polarised electrodes 6 and 7.

If the material piece LP is to be metallised, it must be transported in the
direction S". In this case, a metallising bath is used as treatment fluid 3.
Firstly, the right edge of the material piece LP enters into the region of the
cathodically polarised electrode 6 and then into the region of the
anodically polarised electrode 7. The right part 4*: of the structure 4* is
situated opposite the anodically polarised electrode 7 in the position
shown in Fig. 1 and thus is polarised cathodically. On the other hand,
the left part 4*; of the structure 4* is situated opposite the cathodically
polarised electrode 6 so that this part is polarised anodically. If for

example a conductive track structure, which is made of copper as the



anodically polarised electrode 7. The right part 4*k of the structure 4*
Is situated opposite the anodically Fi%l arised electrode 7 in the]hpq,@ktmwn
shown in Fig. 1 and thus is polarisedcathodically. On the other nd,

the left part 4*a of the structure 4* is situated opposite the

cat hodi gal |. 0 Lse | ectr, t hi s t i | ar.i .
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other hand, tin is deposited on the right part 4*k. To sumup, tinis

t hus depuglhit pariof*i. hfocapparp stinustthussdefositechon ther coppenstrugturisscr i bed
in Fig. 1 is shown in Fig. 2, provided wth a bath container I wth
electrolytic fluid 3. The level of fluid 3 is . designated by 2. In
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wal I 9 '\ﬁi*tkloﬁaﬁﬁﬁl Reh L eEferc?ﬂﬂ?tié ﬂﬁPﬂi 3. TR Wl Auidts ystures
4*a and 4*k are connected together electrically. Anore positive

pot ent i aledignftedllbgeX]! B addetioR!tal Fige 15 the @ffect of the elduteiral Sietd bbahed
opposite the cathodically polarised electrode 6 so that this re?i on of the

st r uct uredectsodes &,i arh ghedhaterial pieceokR isagprodeced sehematicallyr ddiuced
at the structure 4*k by the qppositely situated anodi |y pol ari sed

of ect r od@sulagen all 9 5 dogaigrlo e%eegb?éaﬁ% lerirade dore Ia+y.T}E‘i"| mpaliic
illustrat r e taw t S c *k IS i se .
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electrolytic fluid Is atin bath and the structures are nmade of copper,
copper icppagitelithe otatbddi¢aldt palarsed telectrode eo tlsatgtms regidnaof the
structure 4*a. Duri ng the electrolytic process, both sgluble and insol uble

el ect r oc¥EUEHITe ePolsipegsanpdivallyddsmass| pegatier petenfdekisaPEOHFethALly
used in rﬁ'ﬂ:estructure 4*, by the oppositely situated anodically polarised electrode

7 so that 'this region is polarised cathodically. In the illustrated
arrangement',' the structure 4*; is metallised when the electrolytic fluid 3 is
a metallising bath. At the same time, an anodic process takes place at the
anodically polarised structure 4*.. If the electrolytic fluid 3 is a tin bath
and the structures are made of copper, copper is not dissolved. Instead of

this, oxygen is generated at the structure 4*..

During the electrolytic process, both soluble and insoluble electrodes can
be used as electrodes. Soluble electrodes are normally used in the
metallising method so as to reform again by dissolution the metal used in
metallisation in the metallising solution. Thus, electrodes made of metal,
which is to be deposited, are used. Insoluble electrodes are also inert in
the treatment fluid during the current flow. For example, lead electrodes,
platinised titanium electrodes, titanium or noble metal electrodes coated

with iridium oxide can be used.



metallising nethod so as to reformagain by dissolution the netal used in
metal lisation in the metallizing solutjpon. Thus, electrodes nmade @3 gt 2004
which is to be deposited, are used. Insoluble electrodes are also inert in
the treatment fluid during the current flow For exanple, |ead el ectrodes,
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el ectrodes. On the other hand, if_insoluble electrodes are_used, then the
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arrangenment in such a way that they are orientated on only one side of

t he mat grdin| whiieheons| areocdatainedawoititeameatatissing chathentlnf thuw tasd,has case
between the two electrodes,_ it is . advantageous to dispqse at | east one

i nsul at if6A (Be1" 9F arothes rgdax paddssontaingd yn thg coppenRathéh is 50 m

t hi ck) between the electrodes and to nove said wall very near to the
materi al pieces. The insulation walls are preferably disposed in such a

way thatnt Bey, feiraghribhe SRitBE! fhethiodC @hd MiRAcQCtRG dikeftoaest eant Beough
the electrolytic bath or that they reach at least directly up to the

sur f acesiisposdde mutani elecpreaie arrdngentesstulih, saoh aspesy athat ghes are
screening of the anodic electrode fromthe cathodic electrode is
achi eved®rieiased som| onigt pnetdidesot sheangseral ipiecesrudn prden toAawid a

OPpos| tedixbgéth c%}rrept flow in this case between the two electrodes, it is

advantageous to dispose at least one insulation wall (for instance made of
a polyimide film which is 50 pm thick) between the electrodes and to move
said wall very near to the material pieces. The insulation walls are
preferably disposed in such a way that they contact the material pieces
when being transported through the electrolytic bath or that they reach at
least directly up to the surfaces of the material pieces. As a result, an
especially good screening of the anodic electrode from the cathodic

electrode is achieved.

Since small structures to be metallised must be situated opposite both at
least one cathodic and at least one anodic electrode for electrolytic
treatment, the spacing between the electrodes, given an established size of
the structures, must not exceed a specific value. Consequently, a top
limit is also established for the thickness of the insulation wall. As a rule
of thumb, it can be assumed that the thickness of the insulation wall
should correspond at most to approximately half of the extension of the

structures to be metallised, preferably comparing the dimensions



| east one cathodic and at |east one anodic el ectrode for electrolytic
treatnment, the spacing between the el ggtrodes, given an establis @3@3
of the structures, must not exceed a specific val ue. Cbnsequentl M %
linit is also established for the thickness of the insulation wall.
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case of instlatitrrwallwishbudd whodt hexdeedp GO ximat elry 0O case nd nhrodwess of
the insulation wall shoul d not exceed 50 gm [In the case of_ narrower

st r uct ustBictuses copmrapondinglyithin iagukatiarh wedls shewlsbe us€dused. Furt her

i nsulation walls can be provided in addition between the i ndividual
el ectrode arrangenents in order to avoid a direct current flow between
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that they are orientated on different sides of the material pieces. In

this cabetwebr theecelaitrgdecesf ftindrereleledtrodecainamgenentyu | whicdn aed | s
bet ween the el ectrodes so that the wuse of other insulation walls between
t he el e€isperes eneliehindcthesatherar r angenent, can be di spensed with when
the el ectrodes do not protrude beyond the- material pieces. This nethod
and device variant can be applied when the electrically conductive
regionsy ﬁr}:]ﬂ%i{]éﬁﬁhﬁ% ALBES arlPHECE a5 ThR'AeCRBAES (dTthr QIRAFUOL her
el ectrical IS arrangenent 1S suita for exanple for the treatnent

of thr ougmmg)émenltafaeﬂamd buidispbeed dn sanch eowdyctliatetHey hee ohiethatad
functional on one side. As a result of the fact that for exanple materi al
pi eces win differens|sides of #be material pieces. In this case, the material pieces

themselves function as insulation walls between the electrodes so that the
use of other insulation walls between the electrodes of an electrode
arrangement. can be dispensed with when the electrodes do not protrude
beyond the- material pieces. This method and device variant can be
applied when the electrically conductive regions on both sides of the
material pieces are connected to each other electrically. This arrangement
is suitable for example for the treatment of through hole plated circuit
boards and conductive foils which are functional on one side. As a result
of the fact that for example material pieces with a whole-surface
electrically conductive layer are used on the side situated opposite the
functional side, the cathodically polarised electrode can be disposed
opposite this conductive layer and the anodically polarised electrode
opposite the functional side, in order to deposit metal on the conductive
structures of the functional side. At the same time, metal is removed from

the oppositely situated conductive layer.

When implementing the method according to the invention, care must be

taken that a direct current flow cannot flow between the cathodically



el ectrically conductive |ayer are used on the side situated opposite the
functional side, the cathodically pol agi sed el ectrode can be dig?9§@§2m4
opposite this conductive |ayer and the anodically pol arised el ectr
opposite the functional side, in order to deposit netal on the conductive
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this purpose, either the above-nentioned insulation walls or the materi al
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arrangenent, | ectrodes ar€ orientated on one side the materi al

pi eces, statable ricdizidd.y Idithienase, thd inswlation halls betvearethorelectrbded are
in contact with the individual electrodes, are not in contact with each

ot her. Af a3 elaotperde arramgement, which eleplrogdes pagdedentated en enagital |y
to the i rection i.n which the teria iece t t i Nath
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of the cehestt @litH eachl®BkfeNnt. Long el ectrode arrangenents can be used
for whole-surface treatnent. On the other hand, very short el ectrode
arrangenents nust be used when treating very fine structures.

An electrode arrangement can extend perpendicularly or diagonally to the
direction in which the material pieces are transported in the treatment
unit, preferably over the entire treatment width of the conveying plane.
The spatial extension of the electrode arrangements, observed in
conveying direction, has a significant effect on the duration of the
electrolytic treatment. Long electrode arrangements can be used for
whole-surface treatment. On the other hand, very short electrode

arrangements must be used when treating very fine structures.

This can be explained in more detail with reference to Fig. 1. If the
material pieces LP are moved from left to right (conveying direction 5",
case: electroplating), the front right edge of a structure 4* is electroplated
longer than the rear regions of the structure. As a result, an irregular
layer thickness is obtained. The maximum thickness of the layer depends
substantially upon the length of the electrode arrangement in the
conveying direction 5', 5" and, furthermore, upon the conveying rate, the
current density and the dimensions of the structures 4 in conveying

direction 5', 5". Long electrode arrangements and, at the same time, long



This can be explained in nore detail wth reference to Fig. 1. If the

mat eri al pieces LP are noved from | ef 0to right (conveying direction 5";
case: electroplating), the front right edge of a structure 4* is 73 MAR 20
el ectroplated |onger than the rear regions of the structure. As a result,
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conductive track structures, for exanp 1 nm pads or uctive tracks

of 50 mpud¥ br ededhetigehtratkshef &0egin oatdthyr flendengtt ofstillededieode t he
sub-mllinetre region. In order to nultiply the effect of the nethod, at
| east t worangewsenddshaulddrjimthe sudnmibimgtrevtegieni n one treatment unit
and the material pieces can be guided past said el ectrode arrangenents
successively. The electrodes of these el ectrode arrangenents can have an
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the conveying direction. Said el ectrodes extend preferably over the

entire widtés cint he guided gyastgsaidaelectmder atrangenhen tsasecdedsiydleceEhe
electrodes of these electrode arrangements can have an extended
configuration and be disposed substantially parallel to the conveying
plane. The electrodes can be orientated either substantially perpendicular
to the conveying direction or to form an angle a # 90° to the conveying
direction. Said electrodes extend preferably over the entire width of the

conveying plane covered by the material pieces.

With an arrangement in which the electrodes form an angle a # 90° to the
conveying direction, it is achieved that electrically insulated metal
structures, which are orientated both parallel to the conveying direction
and perpendicular thereto, are subjected longer to the desired electrolytic
reaction than when a = 90° (+ 25°). If the angle were a ~ 90°, then the
conductive tracks, orientated in the conveying direction and at a given
conveying rate and given electrode length, would be electrolytically treated
for an adequate length of time, while conductive tracks orientated
perpendicular thereto would only be treated in the electrode arrangement
for a short penod of time. This is due to the fact that electrolytic

treatment is only possible if the structure is situated at the same time



Wth an arrangenent in which the electrodes forman angle a # 90 to the
conveying direction, it is achieved tr@f el ectrically insul ated rie} &R 2004
structures, which are orientated both ‘parallel to the conveying direction
and perpendi cul ar thereto, are subjected |longer to the desired
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of struc%yL ,+2?éﬁr are orientated parallel to the el ectrode arrangenent
and hence" T dh "ectrodes, this contact tinme is short. The reverse
applies when the electrode arrangenents are orientated parallel to the
conveying direction (a 00 ( 25)). The device according to the invention
can al soThaevichotatdihyg tof thal eoieneitn canralsgdnesd s pluralisl eCeleetierie n an
extended configuration, the electrodes of the different el ectrode
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el ect r odeleatrosteganmenmtgemensiseandl the ¢ddveungaiirection of the material pieces

in the treatment unit being a # 90° and the electrode arrangements being

disposed approximately perpendicularly to each other. Preferably, a; ~ 45°

(first electrode arrangement), especially 20° to 70°, and a2 = 135° (second

electrode an‘éngement), especially 110° to 160°.

In an especially preferred method, the electrodes are moved in an

oscillating manner substantially parallel to the conveying plane.

Furthermore, there can also be provided a plurality of electrode
arrangements, which are disposed parallel to each other and adjacent and
have electrodes in an extended configuration and insulation walls
disposed respectively between said electrodes, and adjacent electrodes can
be supplied respectively from a separate current/voltage source. In this
case when for example a metallising solution is used, metal is firstly
deposited on the insulated structures of the material pieces. Since the
regions of the structures which are at the front during transportation are
situated for longer in the metallising region than the rear structures, the

thickness of the metal layer on the former is greater. If the material pieces
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Furthernore, there can also be provided a plurality of electrode
arrangenents, which are disposed parallel to each other and adjacent and
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In a further preferred method, after being guided past at least one
electrode arrangement, the material pieces can aiso be rotated by 180°
about an axis which is perpendicular to the conveying plane and be
delivered to the same or to a further electrode arrangement. As a result, a
more uniform layer thickness distribution is effected during electrolytic

treatment of structures which are orientated in any manner.

In a further preferred method, the electrode arrangements can in addition
be surrounded by insulation walls. If a plurality of adjacent electrode
arrangements is used, these insulation walls are disposed between the
electrode arrangements. Openings, which are orientated towards the
conveying plane, are formed through these insulation walls, which
surround the electrode arrangements, and through the insulation walls,

which are disposed between the electrodes.

These openings can have widths of various sizes in accordance with the

existing requirements. For example, these openings have, regarded in the



delivered to the sane or to a further electrode arrangenment. As aZﬁWH'ZﬁU’l.
a nore uniformlayer thickness distridgution is effected during

el ectrolytic treatnent of structures ich are orientated in any manner.
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met hod for etching nmetal surfaces on the material pieces is applied. It
is achieved with this enbodi nent that the current density at the regions,
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Hence, it is possible for exanple to speed up the deposition of

_ regions which are situated opposite the anodically polarised electrodes.
Due to these differences, potentials of different magnitude can be set at
these regions to favour specific electrolytic processes and to repress
others. Hence, it is possible for example to speed up the deposition of
metal relative to the competing dissolution of the metal in order also to
deposit metals at a greater thickness on the material pieces in this
manner. Because in the above-mentioned case the current density, and
hence the potential, at the region on the material pieces, which is situated
opposite the cathodically polarised electrode, is increased, there occurs
there as a competing reaction, the decomposition of water (generation of
hydrogen). As a result, less metal is dissolved than is deposited at the

material surfaces which correspond to the anodically polarised electrodes.

The reverse is of course true for an application in which metal is etched.

In order to prevent metal deposition on the cathodically polarised
electrodes, these can be screened with ion-sensitive membranes so that
electrolytic spaces are formed which surround the cathodically polarised
electrodes. If ion-sensitive membranes are not used, deposited metal on

the cathodically polarised electrodes must be removed again on a daily or



netal relative to the conpeting dissolution of the netal in orde?éqjﬁ%&o
deposit netals at a greater thicknessogn the nmaterial pieces in i
manner. Because in the above-nenti oneg case the current density, and
hence the potential, at the region on the material pieces, which is

situate Lhe t i p ri | ec - 1S ,

t here og%el??q?? %1?.(.3 2@"%%%3%?. %yer’eg‘%?i on, e%dtgégﬂngglsdla?yogﬁciﬁq%@gr
(gener agupface! elétiibaectan He Aispssed foreserippiid thesd ek@tveded hdRel s
deposited at the material surfaces which correspond to the anodically

pol ari sedetellised oelestrodEse heingr anodscally genlasisedr ie tlois aasappl Thaseon in
which netal is etched. In order to prevent netal deposition on the

cat hodi SHIPpPIng | elecyodescrant bedkrrodueed tHp theselestiods @wrrangement
ion-sensjtive nenbranes,so that  electrolytic spaces ar or med iC

sur  oundUrRE STPRGRHST byoaks anpuds oL e matedal Preaed fa bRcERE. A
menbr an -de [t : -fihe i ol ar ised

el ect rogggﬁénﬁs%ﬁ%o\}gda%ai n g%‘ﬁ’é‘??‘;"%? #Eﬂ%ﬁ@ﬂ%ﬁ@ v?geEl%§
basi s- Egth@@icaﬂg?agmedfaecﬁmgm e a cathodically polarised surface

el ectrode can be di sposed for stripping these electrodes, the netallized

el ectrodes being anodically polarised in this case. These stripping
el ectrodes can be introduced [nto the el ectrode arrangenment . during
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uni pol asequebicpdlows tortherdlegmbdes. sequence flows to the el ectrodes. The
subsequent Figures serve to further explain the invention and show in
detail: '

The subsequent Figures serve to further explain the invention and show in

detail:

Fig. 3: -a schematic illustration of the construction of an electrode
arrangement;

Fig. 4: the layer thickness cbnﬁguratjon of a structure after
treatment in the device according to Fig. 3;

Fig. 5: a schematic illustration of two electrodes of an electrode
arrangement,

Fig. 6: a schematic illustration of a plurality of electrodes which are
associated with various electrode arrangements;

Fig. 7: a special arrangement of a plurality of electrode arrangements
along a conveying route for the material pieces in a
continuous system:;

Fig. 8a: a section through a continuous system with a vertical
conveying plane;

Fig. 8b: a plan view of a continuous system with a vertical conveying

plane;



Fig. 3. -a schematic illustration of the construction of an el ECt{P?@R 2004
arrangenment; Fig. 4: the layer thicknggs configuration of a structu

after treatnment in the device according to Fig. 3; Fig. 5: a schenmatic
illustration of two el ectrodes of an electrode arrangenent; Fig. 6: a
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plurality of el ectiaeeriar Fieesdedtes trashopgrtadconvay hogizopithe doiveyineg
material pieces in a continuous system Fig. 8a: a section through a
continuous systemplanie; a vertical conveying plane; Fig. 8b: a plan view

of a continuqus systemw th a vertical conveying. plane; 25 .2 3 MAR 2004
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t he el ectrodes froﬁn{déééptll%rla fty of e ectrgde arraﬁ%ements; Fig. 12: a
further special argmaggseintef a plurality of electrode arrangenents
al ong the conveying route for the material pieces in a continuous system

An el ectifigdéd2ar r argefusthencspeaiahgamrangement] afn@ Plusakit nehwelectsadeabl e

for treating | arge-surface netal surfaces. The | engt t el ectrodes in
g 9 arrangements along the conveying rgupe Offor %e materi

pieces in a continuous system.

An electrode arrangement according to Figs. 1 and 2 is eminently suitable
for treating large-surface metal surfaces. The length of the electrodes in
conveying direction determines, together with the conveying rate, the
duration of the electrolytic treatment with an electrode arrangement. In
the case of large surfaces or large structures to be treated, a large
electrode length in conveying direction is chosen, at least if this concerns

the process-determining electrode.

If care is taken by means of appropriate process parameters that the
treatment effect achieved firstly at the first electrode is not reversed again
or at least not entirely by treatment at the second electrode of an electrode
arrangement, then a plurality of electrode arrangements according to the
invention can be disposed successively in conveying direction, i.e. a
material piece is guided past a plurality of electrode arrangements
successively. The respective treatment results, which are achieved with
the individual electrode arrangements, accumulate. The length of the
electrode arrangements in conveying direction must be adapted to the size
of the structures to be treated. When treating small structures, this
length must also be selected to be small. The number of electrode

arrangements must be chosen to be correspondingly greater when a
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treated in as.uniforma manner as possi ble. For hi rpose,, t .
bosal bt 145/ OR BRETHEEHDERT 1B 2 1 BePel Fpanner T apey BdvataBessay. Wit
reference to Fig. 3, the very uniform electrolytic treatment of even the

smallest structures (width 0.1 mm) is described.

In Fig. 3, an arrangement with two electrode arrangements is reproduced
which have respectively anodically and cathodically polarised electrodes
6', 7', 6", 7". A material piece LP with the structures 4, for example
conductive track structures made of copper, is guided in  conveying
direction 5 through a not-shown electrolytic fluid. A tin bath is used in

this example as electrolytic fluid.

The cathodically polarised electrodes 6', 6" are screened by ion-sensitive
diaphragms 16 from the surrounding electrolytic space. As a result, the
deposition of tin on the electrodes 6', 6" from the electrolytic fluid is
prevented. Insulation walls 9' or 9" are located respectively between the
electrodes 6" and 7' or 6" and 7". An insulation wall 17 is disposed
between the two electrode arrangements. The diaphragms 16 can also be
dispensed with. In this case, the cathodically polarised electrodes need to
be stripped from time to time.
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Wth reference to Fig. 3, the very uniformelectrolytic treatnment of even
the snmallest structures (width 0.1 mm) is described. In Fig. 3, an
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respectively anodically and cathodically polarised electrodes 6', 7', 6",
7' A mifles satudtuses A Trerdlalivedsin thed BrsSelbctiole LxampemertoRuticNe
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tinme. 2735%@3 MRrQsoztomnmnaetmabéeastamepm fom thisdac the
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the netal layer is greater than on the |eft edge. In order to conpensate
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structures 4 respecnvely is subjected for a longer time to the

electrochemical (electroplating) effect of the electrode 7" than the
respective right edge. The right edge of the structures 4 is anodically
polarised when passing the cathodically polarised electrode 6" and hence
is subjected for a longer time to the anodic reaction than the left edge of
the structures 4 so that, in this case, metal is preferably removed again on
the right edge. As a result, a substantially uniformly thin layer of tin is
deposited.

This result can be understood with the help of the diagram in Fig. 4 in
which the obtained metal layer thickness d is reproduced as a function of
the length extension a of the structure 4 to be coated. This diagram was
drawn up with the condition that the current in the second electrode
arrangement is half as great as in the first electrode arrangement and that
the current yield of the electrochemical reactions (metal dissolution, metal

deposition) is close to 100%.



sequence of the cathodically polarised el ectrode 6" and of the anod} §aMARM(04
pol arised el ectrode 7" is changed rel agive to the polarity of the

el ectrodes 6' and 7' in the first electrode arrangenent so that the |eft
edge of the structures 4 respectively is subjected for a longer tinme to
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nmetal is deposited (partial process, displayed by curve Il). Thus, the
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only netal .is.renpved. at the right _edge (partial process, displayed by
curve | (digtribution is indicated in curve IV.

By opﬁmising the treatment bath, the metallisation can be improved even
further: by using a bath for metal deposition, which does not permit metal
dissolution;é. greater metal layer thickness can be achieved in total. In
this case, the currents of the first and of the second electrode arrangement
must be of equal size. The curve III shown in Fig. 4 coincides in this case
with the abscissa since no metal is dissolved. Therefore, a thickness D of
the layer is obtained which is constant over the total surface of the metal

structures (curve IV').

A further simplification of the arrangement according to Fig. 3 is achieved
in that the central regions with the electrodes 7', 7" are combined so as to
form one region with one electrode. In this case, two current/voltage
sources are alse required to supply current to the electrodes with which
the different currents to both partial electrode arrangements, comprising
the electrode 6' and the electrode 7', 7", on the one hand, and the
electrode 7', 7" and the electrode 6", on the other hand, can be produced.



Thus, the layer thickness at this location is reduced from ori gi nal deﬁAR:ZUUﬂ
D tod=D2 The internediate regionggon the structure |ikew se h
substantially a layer thickness of d = D/2. The resulting |ayer thickness
distribution is indicated in curve IV. By optimsing the treatnent bath,
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current/voltage sources are also required to supply current to

el ect r odeganigetent (he sfitictnfderesituatéd i sheouhaersigardfi Ble ehagirsde
arrangenments, conprising the electrode 6' and the electrode 7', 7", on

t he one pignd LR age tehectrelytivallydaezted by arstcohd eeetriodederréhgenrenithenot her
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Fig. 5 (CAeho@icprdarad ’P'ciﬁ.ﬁ%did)!:’ Wetlvelehe tiBé rdleétbaes %6 iand |7 Usleratigdan
underneath the el ectrode arrangenent (the structures 4 situated on the
under si dasvflatibs walle iwhiclpiscsituftedrim ¢hisctasé yiri thé Imateréal pibdey LR
second el ectrgde arrangenent on. the underside of the materjal piece). The
mat er i a|a.%qieggeg,s ian g@,ﬁf%@zq,ne}q@nca] screening of the field lines whic

emanate from the electrodes 6 and 7. The electrodes 6 and 7 are

surrounded by the cathodic space 10 and the anodic space 11 in which
the electrolytic fluid 3 is located. Both spaces 10 and 11 open towards the
conveying plane in which the material piece LP is guided. Focussing of
the effect of the electrodes on a small region of the material piece LP is
achieved by two small openings 12y and 12, which are formed through the
lateral insulation walls 13, 14 and the insulation wall 9 between the
electrodes 6 and 7. This is advantageous since, as a result, the electrolytic
treatment of the small structures 4 is evened out. In contrast thereto, the
electrolytic treatment of small structures, when large openings 12. and

12k are chosen, is irregular.

As can alsc be detected in Fig. 5, the electrolytic fluid 3 is fed into the
electrode arrangements from above (shown by the arrows 15). The

electrochemical reaction can be speeded up because of the high flow rate.

In Fig. 6 there is shown a further arrangement according to the invention

with a plurality of adjacent electrodes 6, 7', 7". The electrodes 6, 7', 7" are



conveying direction 5. The el ectrode arrangenent conprises el ect roq;sMﬁq 2004
(cathodic) and 7 (anodic). Between thgoel ectrodes 6 and 7 there is
insulation wall 9 which is situated inthis case on the material piece LP
and effects an effective, electrical screening of the field |ines which

emanat e r es r
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arrangenents from above (shown by the arr ons 15). The el ectrochem cal

r eact i osizzaaré set pentbdngp disoatiffererit potertiajs 41 tve regions| 4, #F@n ehéehere
is shown a further rrangenent accoeal ng to the invention_ wth a

pl ur al | thatNAPIece kP wleh aggsitunted oppositerhe opepingyd2=6127 | 7" are
30 2 3 MAR 2004 connected to the current/vol tage sources 8, 8", for
exanpl e gal vano- rectifiers. Insulation walls 9 are | ocat ed bet ween the
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direction 5 in the conveying plane. The respective electrolytiC spaces,

whi ch sus toeatedtinea mémd idepdsitidn solutiene the dolloing Riuatitin avisesh are
orientated towards the conveying plane and are fornmed by the insulation
wal I s 9. These openi ngs 12a, 12k are of different sizes. As a result,

current seglsli'ets'u'“:ll"cS o?f Ifac% 2t the opening 12x on the cathodically polarised
electrode 6 is smaller than the opening 12., on the anodically polarised
electrode 7, a higher current density and hence a higher potential is set at
the regions- 4*, situated opposite the cathodically polarised electrode 6
than 1s set at the regions 4*c of the treated region 4* which regions are
situated opposite the anodically polai‘ised electrodes 7', 7". -Consequently,
the competing oxygen generation will take place also, in addition to metal
dissolution, during the anodic partial process in the region of the
cathodically polarised electrode 6 so that less metal is removed in this
region 4*, than the amount of metal deposited in the regioh 4*.. In

summary, a metal layer is thus formed.

In Fig. 7, a special arrangement of a plurality of electrode arrangements 18
along the conveying route for the material pieces in a continuous system
is reproduced in plan view. The electrodes in the arrangement of Fig. 1
are schematically illustrated by the continuous and broken straight lines.
The electrode arrangements 18 are set slightly diagonally in the conveying

direction 5 and extend at a corresponding length in the electrolytic unit.



size are set and hence also different potentials at the regions 4,22§’Mfgqgm
the material piece LP which are situahed opposite the openings 12a, K.

In the situation where a material piece LP provided with netallic regions

4 is treated in a netal deposition solution, the follow ng situation
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treatnment tinme 1s significantly increased. If the electrolytic unit has
for exarpker thickmgiss miiltiplidd witlante awndich offel€ctZodes.t hen, in the
illustrated arrangenment with four electrode arrangenents 18, there

results an increase in treatnent time of 1400 mm x 4/200 nm = 28. In the

case of A"ton tﬁﬁlgulsesri%ttgmoﬁ A lustrated in section in Fig. 84. The material

pieces LP are transported in this case by a gripping mechanism 19, for
example a clamp or by cylinders which are not shown here, and held
vertically. The material pieces LP are introduced into a container 1 from
the side, said container containing the treatment bath, for example a
metallisation solution 3. This solution is continuously withdrawn from
the container by means of a pump 21 via suitable pipelines 20 and guided
over a filter 22 before said solution is fed back into the container 1. In
addition, air can be introduced via a pipeline 23 in the container 1 in

order to add turbulence to the solution 3.

In Fig. 8b, the unit shown in Fig. 8a is reproduced in a plan view, the
fittings only being illustrated in part. The material pieces LP are guided in
conveying direction 5. The treatment fluid 3 is situated internally of the
container 1, in this case a solution which is suitable for electrolytic
etching. The material pieces LP are introduced via the opening 24 and
through squeeze rollers 25 into the container and between squeeze rollers

26 and through the opening 27 once again out of the container.



el ectrode arrangenent 18 of 1 mm there results hence a treatnent tine of
approxi mately 17 sec, at a conveying pate of for exanple 0.1 m m p3 MRt 2004
an aver age dep03|t|on current density at the level of 10 A/dnR, the |ayer
t hi ckness of deposited copper is approximately 0.6 gm If a pl urallty of

el ectrodes is used to treat partial regions of the material pieces, then
the layer thickness nultiplies with the nunber of electrodes. A
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Fig. 8a is reproduced in a plan view, the fittings only being illustrated
i n part.mike pedsibleatopipdetes streeaing @fi tiedelectricainfieldsngf (ﬂheanﬁuudu&l The
treatment fluid 3 is situated internally of the container 1, in thjs case
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cont ai ner”’ there’is a ura Ity of ectrode arrangenents, which are
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material pieces LP, said el ectrode arrangenents being fornmed respectively
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polarised el ectrodes 7', 7, 71", .... Insulation walls 9 are situated
bet ween Separate rectifiers.

When the material pieces LP are guided for example first past an
anodically pé)larised electrode and then past a cathodically polarised
electrode, metal is electrolytically deposited.

In Fig. 9, a horizontal unit (continuous system with a horizontal conveying
plane) is illustrated in lateral section. The container 1 contains the
treatment fluid 3. The material pieces LP to be treated are guided in the
treatment fluid 3 past the electrode arrangements in a horizontal
conveying direction 5. The electrode arrangements in turn comprise
respectively cathodically polarised electrodes 6', 6", 6", ... and anodically
polarised electrodes 7', 7", 7", ... The electrode arrangements are
disposed on both sides of the conveying plane in which the material pieces

LP are guided.

In the present case, insulation rollers 28 with sealing lips are used to

insulate the electrodes 6', 6", 6™, ..., 7', 7", 7", ... from each other.



the electrodes. These insulation walls 9 have elastic seal fil ”Ezf’hmhﬁh
make possi bl e conpl ete screening of tﬁg electrical fields of the

i ndi vidual electrode spaces fromeach other in that they contact the

mat eri al surfaces when passi ng the material pieces LP. The el ectrodes 6',

6", 6" Instead of sul tior? rollers arlﬁﬁ 149 %Q?'s&ﬁﬁﬁiﬁﬁcﬁﬂfdﬁ 8,
the connections o e el ectroded shown on the right in Fig to the
rectifiglsdbk pdddg illustrated. Each el ectrode arrangenent can al so be

supplied fromseparate rectifiers. Wien the material pieces LP are guided
for exanmple first past an anodically polarised electrode and then past a
cathodically polarised el ect rode netal is eQ§Ct rolytically deposi
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treat negy,, % 3 past the electrode arrangenents in a horizontal
Ire

conveyi ng ction 5. The el ectrode arrangenents in turn conprise
respectively cathodically polarised electrodes 6', 6", 6", ... and
anodically polarised electrodes 7', 7", ... The el ectrode
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arrangemgnt the electrodes 6"', 7" relative to the insulation walls 9

and sealarfsd Iater’h]lly so the Ipassireg eifcuit board LP.

Fig. 11 shows a plan view of a structured material piece, which is
conveyed in a continuous system, for example a circuit board laminate LP
which has metal sacrificial regions 29 and regions 30 provided with metal
structures féﬁ'uctures not shown) which are connected to each other
electrically. This material piece LP can be treated for example in a
horizontal unit by being brought in contact with the treatment fluid and
being guided past the electrode arrangements according to the invention.
The electrodes 6, 7 of the electrode arrangements are illustrated here in
projection on the material piece LP. The anodically polarised electrodes_ 7
are orientated on the structured regions 30 and designated by "@" and the
cathodically polarised electrodes 6 are orientated on the sacrificial regions
29, which are made of metal and are designated by "9". Insulation walls 9
are disposed between the electrodes 6 and 7. The insulation walls 9 and
the electrodes 6, 7 are only indicated in the illustration of Fig. 11, this
detail concerning a section representation through the plane of projection

of the Figure 11.



In Fig. 10, a detail of insulation between the el ectrodes of an el ectrode

arrangement is illustrated in front eégvati on. In order to achi eve) {MAR 2004
secure seal during treatnent of thicker circuit boards LP, the seal film
31 can be spring-loaded on the insulation wall. Gaps are thus avoi ded
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9 and the electrodes 6, 7 are only indicated in the illustration of Fig.

11, thi A fenther poefesred ndevicseecrordingpriosdheatinyantinfodsh ilnetptede of
e N Ry o E L F ot e
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on the Qigifiprisaig re?ﬁ&:tﬁ%‘lﬁ'eki:@ﬁbd& eleerddey6', &' 60yi.desn@a®) 7t he™, ...
anodi cally polarised electrodes 7. By neans of this arrangenent, it is
possi bl €Thiorelectredal atrangeneysswitid thai elactrodeddormc an @sgle ve #EtaF from
which t haengllérolﬂzc}'eulg%ge rtggtih%ngor?gey?xrlg drlrragcetion 5. As a result, the effect of the
treatment time of structures which are orientated differently relative to the
conveying direction 5 is compensated for. Since, in the case of circuit
boards, the conductive tracks usually extend parallel or perpendicular to a
lateral edge of the boards and hence parallel or perpendicular to the
conveying direction 5, a treatment time of equal length is achieved for
conductive tracks of both orientations by means of the illustrated
orientation of the electrode arrangements, as long as these conductive

tracks of both orientations have the same length.



A further preferred device according to the invention is illustrated
schematically in Fig. 12. The materi al Epi eces are guided past the 23 MAR 2004
el ectrode arrangenents in conveying d?f rection 5, said electrode
arrangenments conprising respectively extended el ectrodes 6', 6", 6"", ...
and 7', Heferénce symbol he el ectrode arrangenents with the el ectrodes form
an angl e aﬁe or an” angle a2 relative to the conveying direction 5. As a
result, the effect of the treatnment tinme of structures which are
orientated differently relative to the conveying direction 5 is

conpensat ed for. Since,baththetaimee of circuit boards, the conductive
tracks usually extend parallel or perpendicular to a |ateral edge of the
boards ahd hence par al |l@web¢fﬁe¢ pesdmantafluidb3t he conveying direction 5,
a treat rr‘gnt time of equal L‘ﬁf@%{tﬁléiﬁ achi eved for conductive tracks of
both orientations by ne fig I Justrated orientation of the el ectrode

v Che same Tength. 30PRSI/ i lace B Belnarlhal BIREULE, . °12

4*k 5, 4% 5" 6, 6,, 6"trefted mEtallic éfruétured 81, 8 9 10

4*, anodically treated metallic structure 4

4%, cathodically treated metallic structure 4

5,5, 5" conveying direction

6,6, 6", 6" cathodically polarised electrodes

7,7,7", 7" anodically polarised electrodes

8,8, 8" current/voltage sources

9 insulation wall

10 cathodic space

11 anodic space

12 opening of the electrode arrangement to the bath
container

12k opening to the cathodically polarised electrode

12, opening to the anodically polarised electrode -

13 insulating lateral wall of the electrode arrangement

14 insulating lateral wall of the electrode arrangement

15 flow direction of the treatment fluid 3

16 diaphragm

17 insulation wall between two electrode arrangements

18 electrode arrangement

19 clamp

20 electrolytic line

21 pump

22 filter

23 air supply



11 12 bath container level of the treatnent fluid 3 treatnment fluid
metal lic structure/ surface on the naggrial pieces LP treated netallic
structure 4 anodically treated nmetallic structure 4 cathodicall yzj rmgtzﬁsag
metallic structure 4 conveying direction cathodically polarised

el ectrodgs anodically iﬂ@étaéali,éﬁqllgﬁl ectrodes current/voltage sources

i nsul ation wall cathodic space odi ¢ space opening of the el ectrode
arrangerpgt to the bat hsquistakaioller opening to the cathodically polarised
el ectrode opening to the anodically polarised electrode insulating

| ateral 2l of the el esguesde ralleangenent insulating lateral wall of the
el ectrode arrangenent flow direction of the treatnent fluid 3 diaphragm
i nsul at 2 wal | bet weerPHi@t @PeRINde arrangenents el ectrode arrangenent

cl anp g§Ct rol ytie H r}%suﬁ)gt[{gn roller

29 sacrificial region
30 structured region
31 seal film

LP sheet/foil material piece



filter air supply Il 36 24 inlet opening 25 squeeze roller 26 squeeze
roller 27 outlet opening 28 insulatiggn roller 29 sacrificial 1 8giARR00430
structured region 31 seal filmLP sheet/foil material piece 2 3 MAR 2004
37 2 3 MAR 2004 Clainms: 1. Method for electrolytic treatnent of
electrically yctive surfaces (4) of mutually isolated sheet and foil
materi al pieces (LP), in which the material pieces (LP) a) are
transported through a treatnment unit and brought thereby in contact with
treatment fluid (3); b) during transportation, are guided past at |east
one el eck.r odéMethod fge redextrolpticc treatmenitsefselestmneally wonduativee surfases
cathodically polarised e]ectrode (6) and

t. |l east one, anodjcal] .
pol ari sed el déi odgeytpallyisolaigs; shegs %@%egt%@%%f P&ﬁcﬁﬁld(!rﬁi’s which
el ectrode (6),,and at .l east t ne anodi cally pol arised el ectrode (7)
bei ng broughtmenn@gﬁpﬁﬁpiﬁePﬂipﬁe' treatnment fluid (3) and being
connected to a current/voltage source (8) so that A current flows through
the el ectrodes (6, 7) and the

a) are transported through a treatment unit and brought thereby

in contact with treatment fluid (3);

bj during transportation, are guided past at least one electrode
arrangement, which comprises respectively at least one
cathodically polarised electrode (6) and at least one anodically
polarised electrode (7), at least the one cathodically polarised
eléctrode (6) and at least the one anodically polarised
gléctrode (7) being brought in contact with the treatment fluid
(3) and being connected to a current/voltage source (8) so that
‘a current flows through the electrodes (6, 7) and the
-electrically conductive surfaces (4),

c) the electrodes (6, 7) of an electrode arrangement being
disposed in such a manner that they are orientated on one
side of the material pieces (LP), and that at least one

insulation wall {9) is disposed between the electrodes (6, 7).

2. Method according to claim 1, characterised in that at least the one
insulation wall (9) is disposed in such a manner that it contacts the
material pieces (LP) during transportation through the treatment

unit or that it at least reaches directly up to the material pieces (LP).

3. Method according to one of the preceding claims, characterised in
that the material pieces {LP} are guided successively past at least

two electrode arrangements.



electrically conductive surfaces (4), c) the electrodes (6, 7) of an

el ectrode arrangement being disposeds Pn such a manner that thzyj Plrg 0l
orientated on one side of the material pieces (LP), and that é &5{ one
insulation wall (9) is di sposed bet ween the electrodes (6, 7). 2. Method

accor di '219 t° éﬁ{dﬂ E&rdrfeeﬁf'tﬁe ceilin e@ﬁ.{mgh%ﬁﬁ?ﬁc teribed Fﬁi on

(%ncc g?é
wal | (9) spose I'n su a manner th It cOntacts't materi a

pi eces (LP) dHat RHelthabema) pirces MLPhaRY s ridioriéd & REodnvelihg difedtidy it
at | east reaches directly up to the material pieces (LP). 3. Method

accordi ng t o (Bhandfint Aeomveyif pland andsin Gledr dst ellectr@dlesr(ﬁ f7hdaveran

mat eri al pieces (LP) are_guided successively past at a,gi; | ect rode
ar r angenent s .exgended coufigacyion amd nake é’é‘éléf?%%ds'%hﬁtéﬁél y Pﬁéalg‘f’ t@di ng

cl ai s, char terlsed |n that the material pieces (LP) are transported in
a conveying dPESATEHINERIAUTd in a conveying plane and in that the

el ectrodes (6, 7) have an extended configuration and are di sposed
substantially parallel to the conveying plane. 5. Method according to

cl ai m 4,5 chanaettesd aedordinigh@t clblve 4] eharastesiséd, in thatettieccldcapdesboat el y
over the entire width of the material pieces (LP) and substantially
per pendi cul ar7)textend appragimaieli pver the epiire widtheohte a@%‘iﬁftﬁlr@eﬁgs claim

4, characteri at the Iectrod f 0Ot
t he conveyi ndiﬁfﬁﬁgﬁ"g‘ﬁ S o%ﬂ%\%cgrﬁg]ﬁﬁ‘g‘go‘% ?Wémal ‘s 2 to

6, characterised in that the materlal p| eces (LP) are guided past at
| east two el ectrode arrangenents with el ectrodes (6, 7) in an extended

confi gurgt i onvietid® aRt8Fdin@dRSclabm 4) cRarabitbtigearih factHeodleciiodeegenent s
formng different angles to the conveying direction (5). 8. Mthod

accor di ng t o Yrierof ahhengikal #90F toothe coheevdogatireduon HS). hat

7. Method —according to one of the claims 4 to 6, characterised in that
the ma;terial pieces (LP) are guided past at least two electrode
arranéements with electrodes (6, 7} in an extended configuration,
the electrodes (6, 7) of different electrode arrangements forming

different angles to the conveying direction (5).

8. Method according to one of the claims 4 to 7, characterised in that
the electrodes (6, 7) are moved in an oscillating manner

substantially parallel to the conveying plane.

9. Method according to one of the claims 4 to 8, characterised in that
the electrode arrangements are surrounded by insulation walls (13,
14), in that openings (12k, 124) to the electrode arrangements, which
openings are orientated towards the surfaces of the material pieces
(LP), are formed by the insulation walls (13, 14) and insulation walls
(9), which are disposed between the electrodes (6, 7), and in that
these openings (12x, 12.}, observed in conveying direction (5}, have

respectively such a width that the openings (12x), which are



the electrodes (6, 7) are noved in an oscillating manner substantially
parallel to the conveying plane. 9. Meggod according to one of t he 3 dMAR| 208
4 to 8, characterised in that the el ectrode arrangenents are surrounded
by insulation walls (13, 14), in that openings (12k, 12a) to the

el ectrode arr%gﬁq@{gd- St} | @F{g'e Hod r

surfaces of the mterlmﬂgpggggm?ﬁgg, iaﬁ% ordr?e(gbgy tegqiwﬁ’su a%%levrval S
(13, 14) and hgdlthei _Mﬁighes(lza% whithchreé agsdtizped ewitbe the enddieally

el ectrodes (6, 7), and in that these openings (12k, 12a), observed in
conveyi ng di rpolarised( Slecttogies (7espheni the ynetioid foridépbsiting mitalopani ngs
(12k), which are 39 2 3 MAR 20Q4 associatfed with the cathodically .

pol ari sed e|eféxerswé§n@éple%%&3?}éﬁ|@phq R e pPegangs b, Whieh are

associated with the anaqdical. ol ari sed ectrodes . (7 n e net hod
for depositi n%ren&sgpc edtﬂ'%h?fra riG djﬁﬁéccagié' (H_q!’?nﬁgdaﬁ%fspggﬁ’soﬁg‘[ﬂ t he
openi ngs (12 | M@ .a I i { h C ogli : ol ftHl

el ectrodes ( (?i‘\rege&L Cﬂglfaéﬁttglr‘e t%?g%t %d(&\géiii r‘?;g}ge?l%g ,géﬁéﬁyﬁe assgléigat ed
with the anoghédicallyppbhirisall eteegbidesey)( Whenhere trhethied hfott &hiagchi ng
metal surfaces (4) on the material pieces (LP) is applied. 10. Method
according to m@@a.zwurfaee% (4)i o thetmaterighpieses ékPkisdappliedat, after

passi ng at | east one el ectrode arrangenent, the material pieces (LP) are
rotated by 180 about an axis which is perpendicular to the conveying

| ane. 1 ' - ' L O i sed
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parall el to eafbr phisingafladt airhblectfctiePaaniRehot, ihel @eteddepidces 7)
in an extended configuration and that electrodes (6, 7), which are

adj acent to efdd) areretatest by ddiifeabedt assaxist whitly is pespendicndar 19 dheage
source (8).
(8) conveying plane.

11. Method according to one of the preceding claims, characterised in
that a plurality of electrode arrangements, which are disposed
para.llél to each other and adjacent, are provided with electrodes (6,
7) in an extended configuration and that electrodes (6, 7), which are
adjacent to each other, are connected respectively to a

current/voltage source (8).

12. Method according to claim 11, characterised in that the current
density at the structures (4), which are situated opposite the first
electrode arrangement, is set approximately twice as great as the
current density at the structures (4), which are situated opposite the

second electrode arrangement.

13. Method according to one of the preceding claims, characterised in
that electrolytic spaces (10}, which surround the cathodically
polarised electrodes {6), are screened by ion-sensitive membranes
(16).



12. Method according to claim1l, characterised in that the current
density at the structures (4), which e situated opposite the EBrMaR 200

el ectrode arrangenent, is set approximately twice as great as the current
density at the structures (4), which are situated opposite the second

el ectrode arrangenent. 13. Method according to one of the preceding
clains, characterised in that electrolytic spaces (10), which surround

the cat hpgi C%Emod’o.i&rdrﬁﬁ% ebesié Aehe BrecélifigSel a%@e%ﬂéfab%h%'%ht Ive
menbranes (16). 40 2 3 2004 14. Method accOrding fo one of the

precedi ng cl ahz, théaeketdcals edirrent tisamadwelatedcin | sadh car weiyt that a
nodul ated in such a way that a wunipolar or bipolar current pulse sequence
fl ows t hroughmipelasg| @ttbmﬂ%@r(@Jrrﬁptamlsmssqucm@sﬂowp thsoughpltheat i on
of the method  accor.di ?g %F ae of t ms 1to 14 for the electrolytic
treatment of SIEEHAES (Psd) aPddhes aﬁﬁ%l Joi| material pieces (LP) which
are provided with nutually electrically insulated, electrically
conductive structures (4). 16. Application of the nethod according to one

of the cigi madpli€atidn didthe Hﬁﬁﬁéﬂtéd‘tﬁ)rﬂﬁi%ﬂto%é SEtHE i 1PieeasiorLP)
the material pi'eces (LP) being guided firstly past at |east one

cat hodi cal | y thel dectedytet txtatonnt tﬁi&)ua:ual]yhsolataéts}ma lagrak foib neaterial

anodi cally pol ari sed el ectrode (7) Wﬁpl i cati on according to_claim16
for depositi rRjeces (bR @dysbraresarwééé hglestrigally; inssdatads) |

18. Applicati nof. 0 one of the clains 1 to 14 for
et chi ng net al® q‘éﬁfﬂc C?ﬂé ﬁ éﬁé‘ﬁ&?‘l@??i "pi eces (LP), the nmateri al
pi eces (LP) being guided firstly past at |east one anodically polarised

el ectrode (7) and then past at |east one cathodically polarised
16. Application of the method according to one of the claims 1 to 14, for

depositing metal on the material pieces (LP), the material pieces (LP)
being _gliided firstly past at least one cathodically polarised electrode
{6) and then past at least one anodically polarised electrode (7).

17. Applieation according to claim 16 for depositing tin on copper

surfaces (4) on the material pieces (LP).

18. Application of the method according to one of the claims 1 to 14 for
etching metal surfaces (4) on the material pieces (LP), the material
pieces (LP) being guided firstly past at least one anodically polarised
electrode (7) and then past at least one cathodically polarised
electrode {6).

19. Device for electrolytic treatment of electrically conductive surfaces
(4) on mutually isolated sheet and foil matenal pieces {LP), which

have the following features:

a) at least one device for bringing the material pieces (LP} in

contact with the treatment fluid (3);



el ectrode (6). 19. Device for electrolytic treatnent of electric ky
conductive surfaces (4) on nutually kol ated sheet and foil mat ? a1AR 2004
pi eces (LP), which have the following features: a) at |east one device
for bringing the material pieces (LP) in contact with the treatnment fluid

(3); 41 2 3 R 2%@1.«.8%(@%@&:.5&%@6&@@ BBV itfRSspHtin a'ﬂﬁé‘og&bﬁge@ he

I solated material pieces In a conveying direction {5) and in a
conveyi ng plane thhhatehiah pieess MER] inniat cotveping elisdctivre (@) eahdoile a
arrangenent, which conprises respectively at |east one cathodically

pol ari sed el ect r od®I@ying plane theesgh enreativgnt ainiy; pol ari sed el ect rode
(7), at least the Onfﬁ cat hodical ly pal ari sed el ectrode (q%) and at, | east
the one anodical I3t plfast s@e o eEtBEE (ITAREEMER DI VHiFhe IFBRFSRESI n

clectrodes (6) and SRECENE; phiIFaSt e kalGaaP PafiRisan Ricctrbig e)
el ect rode arrangerggd ek oﬂéisﬁﬂicﬁélﬁﬂ% Foionged dectobaéd 7, Gyt D

pl ane; e) at |east one insul ating wal tween the oppositely 1

pol ari sed el ectrodsse (cartheditally) polarider] elettods¢6panahaenieass theaoxe at
| east one current/voltage source (8) which is electrjcall ¥)p -connected to
I

the el ectrode arr afedisally pelasisgdrelestripded(fd beingcablectn bel brpughioiah t he
Clai m 19, char act dASBE Mtk AP SeevBRel THHb tane o eerdinate
d) the cathodically polarised electrodes (6) and the anodically
polarised electrodes (7) of an electrode arrangement being
orientated on one side of the conveying plane;
€} at least one insulating wall (9) between the oppositely
pc;lan'sed electrodes (6} and (7} in the electrode arrangements;
and
f) at least one current/voltage source (8) which is electrically
-connected to the electrode arrangements in order to produce a
current flow through the electrodes (6, 7) of the electrode

arrangements.

20. Device according to claim 19, characterised in that at least the one
insulation wall (9) is disposed in such a manner that it contacts the
material pieces (LP) during transportation through the treatment

unit or that it at least reaches directly up to the material pieces (LP).

21. Device according to one of the claims 19 and 20, characterised in
that the electrodes (6, 7) have an extended configuration and are
disposed substantially parailel to the conveying plane. '

22. Device according to claim 21, characterised in that the electrodes (6,

7) extend approximately over the entire width of the conveying plane



insulation wall (9) is disposed in such a manner that it cont acti t he
materi al pieces (LP) during transportgbi on through the treatnent 3dMRtZUEMr
that it at |least reaches directly up to the material pieces (LP) . 21.
Devi ce according to one of the clains 19 and 20, characterised in that

the el ect rod%ogﬁg?@e;i @f}%% Pergal @ﬂé&_@g (Eppwéabg%ﬁaﬂwf firngagd

substantially par the conveyi ng plane. 22. Device according to

claim 21, chqb@@&fdmﬁgihg difdtidrh¢s)el ectrodes (6, 7) extend
approximately over the entire width of the conveying plane 42 2 3 MAR 2004
adopted by the material pieces (LP) and substantially perpendicular to
the conveying direction (5). 23. I ce according tqQ claimZ21,

char act @3- sed¢¥ice ﬁi&fzom@get%@agﬁi,eﬁara#nﬁs Ansthatieelectrages; 6, he

conveying dir, ion (5). .24. | ce.according t ficthe clains 19 to
23, charact erﬁgtgﬁmi "f‘ll(‘t%%ﬁle qﬁﬁﬁ rgrgaeppg{}y%}gggaﬁr?@i%ﬁ (ﬂt/vo el ectrode
arrangenents with electrodes (6, 7) in an extended configuration, the

el ectrodes (6, 7) of different el ectrode arrangenents form ng different

angl es tmt.t haDewos wirofdind teohewt the) clatns TR0 A3, adrnadieriséd inrthasf t he
claims 21 to 24, characterised in that the el ectrodes (6, 7) have an
ext ended confthgge agiren providechaat t leapt twe Iwleagodd iarangeREnts atyithy

manner substantiall ragllel to th conveyi ng. pl apne. .26 vice
according to ﬁ%treﬁg% E@ 0 AR %"Pge%‘?‘) Pé?@gl‘g'f’laﬁ'ﬁde]l%ﬁt‘i”%ﬁ (%t? Ha of
el ectrode arr t u%;%f%g_ﬂ [ At S 4 I n
t hat openi ngs&i?(%g%pﬁ%?ﬁ?gét e el®c ?lgye fgr%#}éﬁ eﬁeﬂ?]%hltvﬁ'lﬁéﬁés (}g))e)rﬂ]ﬁgs
are orient at egrvevai s ditddeiorP(Bjeyi ng pl ane, are formed by the insulation
wal I's (13, 14) and insulation walls (9), which are disposed between the
el ectrodes (6, 7), and in that these openings
25. Device according to one of the claims 21 to 24, characterised in that
the elqéﬁodes (6, 7) have an extended configuration such that they
can be moved in an oscillating manner substantially parallel to the

convei,zing plane.

26. Device according to one of the claims 19 to 25, characterised in that
the electrode arrangements are surrounded by insulation walls (13,
14), in that openings (12x, 12.) to the electrode arrangements, which
openings are orientated towards the conveying plane, are formed by
the insulation walls (13, 14) and insulation walls (9), which are
disposed between the electrodes (6, 7), and in that these openings
(12k, 124), observed in conveying direction, have respectively such a
width that the openings (12x), which are associated with the
cathodically polarised electrodes (6), are smaller than the openings
(12.), which are associated with the anodically polarised electrodes
(7), when the device for depositing metal on the material pieces (LP)
is used, or that the openings {12x), which are associated with the

cathodically polarised electrodes (6) are greater than the openings



(12k, 12a), observed in conveying direction, have respectively, img @

wi dth that the openings (12k), which gre associated with the Z: (} tal |y
pol ari sed el ectrodes (6), are snaller than the openings (12a), which are
associated with the anodically polarised electrodes (7), when the device
for depositin : AQN b@!withe addical I e
openi ngs (12&??$M%ﬁﬁa?£@%ss§§%%$gd W tﬁ??he c%%l?‘??)(]j’iéz%ﬁﬁ&p%%ﬂ??ggﬂ

el ectrodes (6(3')’,azvneﬁrthét@éviwmé@@g%b@%ﬁﬁa&ﬁ(%%' (12a), which
are associated with the anodically polarised electrodes (7), when the
device for etching netal surfaces (4) is used. 27. Device according to one
of the clains 19 to 26, characterised in, that | ectrolytic.,s 0),

whi ch s@r ourREVRRE BCSPFMREL Ppemﬂtglﬁi @eanseh%gs Pzdfséla(reyt%ﬁ’%épff ﬁi@%ﬁd by

i on- iti 16) . . S\ i i 19
Lﬁ”zzf”i'hé'r é%é%ﬁr”‘é’%%%?%p el odf i Sy 6hRd E‘e‘?r%ﬁlgfﬁis‘?%ai%'gé%&{?éiﬂm”ﬁi ch
2Ir th'riggie(é, 7?6?% g@%gi?%%ggSH?gnﬁ}gg?gFl on ar?éﬁ?hat ée)rqe@?ro\(ljme; (6,

7), which are adjacent to each other, are connected respectively to a

separate current/voltage source (8). 44 2 3 MAR 2004 Met hod and device
for el e@8.ol ;Emcma@apn%mgtqoaeeﬂt ecclpims 1o @t icharegteraged ipithat

mutual Iy isolated sheet. gnd fqil material @ pieces and,.applications. of the
met hod Abst r & PIUTRIY dHlGPr BPYEi AT EREsTIvale: BIICH AhidisBBsrdParalel &) s
LP, a nethod [ ed,.| I t\bﬁhs did o
transported te%;&glugﬁjgle%gﬁggf{cr#ﬁu%#n%%hﬁg%ug t %ﬁg‘r‘@bd%%i @’czin??igétﬁw th
treatment fl wixfeBdedh@onfiguration and that electrodes (6, 7), which are
adjacent to each other, are connected respectively to a separate

current /voltage source (8).



sheets and foils are guided during transportation past at |east one

el ectrode arrangenment, which conpriseggrespectively cathodical@% MAR 2004
pol ari sed el ectrodes 6 and anodi cally pol ari sed el ectrodes 7, t'He 4
cathodically and anodically pol ari sed el ectrodes al so being brought in

cont act MétRodheahdcaligbide f Ifor d. elbleersRiti€ Ui Gt indiot aldfs edledteicdIpgies

and the anodically polarised el ectrodes "are connected to a current/voltage
sour ce gomiuctive surfacestof | matuallyuigiolated esheet camd $oil7 matieriad

el ectrically conductive surfaceg 4. (Fi 1) 45 2 3 MAR 2004 Translator's
note 1. H‘ﬁcﬁfﬁqfflf@l’lﬂ?é“&‘ﬁr“ila&%ﬁ?é’c‘!g‘iMateri al stucke" appears with a
singular verb "...... gedreht wird". This verb has been translated as
plural. 2. Inclaiml12, inthe last line "... an den der zweiten

El ekt r oggpapsetdnungen” has been transl ated as singular as appears earlier
in the sane claim

For electrolytic treatment of circuit boards and foils LP, a method and a
device are used in which the sheets and foils are transported through a
treatment unit and brought thereby in contact with treatment fluid 3. The
sheets and foils are guided during transportation past at least one
electrode arrangement, which comprises respectively cathodically
polarised electrodes 6 and anodically polarised electrodes 7, the
cathodically and anodically polarised electrodes also being brought in
contact with the treatment fluid. The cathodically polarised electrodes
and the anodi‘cally polarised electrodes are connected to a current/voltage

source 8, so that a current flows through the electrodes 6, 7 and the

electrically conductive surfaces 4.

(Fig. 1)



45 23 MAR 2004

Translator's note

In claim 10, the plural subject "Materialstiicke" appears with a

singular verb "...... gedreht wird". This verb has been translated as
plural.
In claim 12, in the last line "... an den der zweiten

Elektrodenanordnungen” has been translated as singular as

appears earlier in the same claim.





