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*Berlin Method and device for regulating the netal ion concentration in an
electrolyte fluid as well as application of said nethod and use of said
device a 2 Method and device for regulating the nmetal ion concentration in
an electrolyte fluid as well as applikation of said nethod and use of sai d
devi ce Description: The invention relates to a nethod a

regulating the netal ion concentration in an electrolymammmm mm mm nethod
and the device may particularly be used for regula

concentration in a copper deposition solution that serves td
electrolytically deposit copper and that additionally contains Fe(ll) and
Fe(l11) compounds. Wien the el ectroplating process is performed using

i nsol ubl e anodes, it nust be nade certain that the concentration of th

ions of the metal to be deposited is kept as constant a ”Wﬂwm"m th| n
the electrolyte fluid. This may be achieved by conpensat | oss of
the netal ions in the electrolyte fluid, which is caused bycobdee

el ectrolytic deposition of metal, by adding the correspondi ng netal
conpounds for exanple. However, the supply and disposal costs for this

nmet hod are very high. Another well-known nmethod for conpl enenting the netal

ions in the electrolyte fluid consists in dissolving netal directly in the
fluid with the help of an oxidi zing
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Agent such as oxygen for exanple. For copperplating, netallic copper can be
-dissblved in an electrolyte fluid that has been enriched wth atnospheric
oxygen. In this case, ballast salts, resulting anong others fromthe _
conplepentation with metal salts, do not enrich in the electrolyte fluid.
However, in the process of electroplatd ng, oxygen is produced in both cases
at the insoluble anodes of the electrolytic cell. This oxygen attacks the
organic additives in the electrolyte fluid, these additives being usually
added g%hg elect[olé;e fluid for controlling the physical properties of
the deé@ hod andedeyicecfor regyating dhe megal ipy copeentratianein 2n elscralyte fuidyas
anode We‘ileis'a%r?litc&imof’&?& m&%&m 8¢ 40P Pevibd Order to avoid the
formati on of "Nnoxi ous gases such as e.Q., oOXxygeh at the insol uble anodes and
by using typical sulfuric acid copperplating baths that additionally
contain chloride ions, as well as of chlorine, DD 215 589 B5 proposes a
nmet hod for the electrolytic deposition of netal with 3 insol uble anodes

t hat cqﬂg&gggmin addi ng substances of an el ectrochem cally reversible redox
system as J Ifives to the electrolyte fluid, Fe(NH4)2(SH)2 for exanple,

t hese substances being brought, by means of an intensive forced convection
with the electrol¥te fluid, to the anodes, where they are

el ect r SRR dmcaton Elaeriparmetiodhynd hdeviteclor ragulating thametahion agpomtmatipe in an

conver §j A ns. of intensjve.forc conyection, away
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el ect r eshescetdtionGRA\BpH& UePduitior DIt thatlehits Reblest Al Bc AR debSIEpRt | ON
metal contained in said generator while, concurrently, "the“regener tion

netal aad gxibpddionglytrontainsHie(Hparl Bf(lIBcompoahdeurrent and, in their
original state, they are returned to the deposition tank by nmeans of
i ntensive forced convection. The netal ions resulting fromthe dissolution

of et qhdH hE Rectrbplabify PRIAs ik Bafaﬂ{ear@fnginaﬂ@olggfgae@;ﬁgl 8t I%Jn]r%?%e certain

el ectropl ati ng pl ant ogether with the ectro IS process,
noxi oushdbyhepeatentratioarad the enswif ¢l metahtd be dépogited istkept ancmistant &s poveibixs .
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appr opin feeelEBoR e PRE $hicH fsltahde@ b3URS ERBESYAL dbfRition of metal, by adding the
corresponding metal compounds for example. However, the supply and disposal costs for this
method are very high. Another well-known method for complementing the metal ions in the
electrolyte fluid consists in dissolving metal directly in the fluid with the help of an oxidizing
agent such as oxygen for example. For copperplating, metallic copper can be dissolved in an
electrolyte fluid that has been enriched with atmospheric oxygen. In this case, ballast salts,
resulting among others from the complementation with metal salts, do not enrich in the
electrolyte fluid. However, in the process of electroplating, oxygen is produced in both cases at
the insoluble anodes of the electrolytic cell. This oxygen attacks the organic additives in the
electrolyte fluid, these additives being usually added to the electrolyte fluid for controlling the
physical properties of the deposited metal coating. Additionally, the oxygen also causes the

anode material to be destroyed by corrosion.

In order to avoid the formation of noxious gases such as e.g., oxygen at the insoluble anodes and
by using typical sulfuric acid copperplating baths that additionally contain chloride ions, as well
as of chlorine, DD 215 589 B5 proposes a method for the electrolytic deposition of metal with



Lelectrochemcally reversible redox system by causing the netal pieces to
"oxidize wwth the oxidized substances and the netal ions to form DD 261
613 Al describes a nethod that uses, for the electrolytic copper
deposition, substances of an electrochenically reversible redox system
such as Fe(NH4)2(SOX4) 2, wherein it indgy cates that organic additives which
are customarily utilized in the deposition fluid for the deposition of
smoot h jraathbid efodsh @5 c6RNRNSin 6QALE IPstaicEs Bpan epebﬁlb&ﬁﬁu@éllytﬂaeerm@&oxleaéi e
anodes while conducting the nethod. DE 43 44 387 Al al so’describes a

met hod SYsem ehadditivastte teyal¢atrolidp Buid; Fthbz(%@pp@r ewirnple, thesedebsantesibang
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copper ion generator serving as a regeneration space for the I ons
and cotheyiaie tagl, by oaans of intensiverforced comdiction,esvayhadm tthearmdgamite a acktil tioy es
contained in sition uid hav been ogser ed to deconpose whi | e
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period time, deconposition products of these enric
said ldssscbivesTmthnmrchnh@ offdxserpal cbtremhant], inulygestgindlGtass ehdyluee ﬁauhﬁécﬁm&hbé of
t he el ct roche | | reversi hl e redox system.in a concentration that
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| i f e ofogetler mothshetletinalyterfinidr si bl e converti bl e substance that have been
formed by oxidation at the anodes of the electrolytic cell is solimted
intime in the overall electroplating plant that these ions are prevented
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electrochemically reversible redox system by causing the metal pieces to oxidize with the

oxidized substances and the metal ions to form.

DD 261 613 Al describes a method that uses, for the electrolytic copper deposition, substances
of an electrochemically reversible redox system such as Fe(NH,),(SO,), wherein it indicates
that organic additives which are customarily utilized in the deposition fluid for the deposition of

smooth and high-gloss copper coatings are not oxidized at the insoluble anodes while

conducting the method.

DE 43 44 387 Al also describes a method for the electrolytic deposition of copper with
predetermined physical properties using insoluble anodes and a copper ion generator arranged
outside the electroplating cell as well as substances of an electrochemically reversible redox
system in the deposition fluid, the copper ion generator serving as a regeneration space for the
metal ions and containing pieces of copper. It indicates that the organic additives contained in
the deposition fluid have been observed to decompose while conducting the processes described

in DD 215 589 BS and DD 261 613 Al so that, as a result thereof, in a deposition bath being in



.of tthe causes for the nodification of the netal content in the electrolyte
“fluid is that the netal pieces in the netal ion generator are not only
formed under the influence of the substances of the electrochenmically
reversjble redox system but also, in the case of a copper deposition bath
using Fe(ll)/Fe(lll) conpounds as subsgances of the electrochemcally
reversi bl e redox system by the oxygen fromthe air contained in the
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narrow limts in order to keep up enough good physi properties of the
deposi tREevensasiariat dgasiodrastisay hinGentrdirogn destreyinigrihie edditivsss, WD 9910564 A2
asserts in this connection that it is not possible to Iovver the netal ion
concentration in the electrolyte fluid in an additional electrolytic
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the electrochemically reversible redox system, but also, in the case of a copper deposition bath
using Fe(II)/Fe(IIl) compounds as substances of the electrochemically reversible redox system,

by the oxygen from the air contained in the electrolyte fluid.

Moreover, it has also been found out that the oxidized substances of the electrochemically
reversible redox system are not only reduced in the metal ion generator but also at the cathode

in the precipitation tank, so that the cathodic current efficiency merely amounts to

approximately 90%.

On account of the reasons mentioned above, a stationary condition between the formation of
metal ions in the metal ion generator and the consumption of the metal ions by way of
electrolytic metal deposition does not arise. This effect is still reinforced, specifically when
using a higher temperature. Therefore, the content of the metal ions to be deposited in the
electrolyte fluid increases continuously. However, the content of the metal ions has to be kept

within narrow limits in order to keep up enough good physical properties of the deposited

coatings of metal.



Thedocunent nentioned additionally indicates another approach in
"overcoming the problem that involves diluting permanently the electrol yte
fluid. But since this would entail that large quantities of the fluid

woul d continuously have to be discarded and di sposed of, this procedure,
which is also known under the nane of 5feed and bl eed nethod, is said to be
unsatisfactory. According to this document, the solution of the problem

consi stamény sHagiadicatighsg WO1990gs6INg2 assedteVa B85 Etebt@sithat it fondt 'ib%sé“[ﬁ&% ion
concentration. According to this solution, at |east one portion of
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current being so high that the current density at the 'surface of the anode
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constant over a longer period of tine by al low' ng part of the oxidized
speci esowfnt ingheklectrolyehituii cahtinues teviee so thactheadmnl gy haningantavering ther t he
el ectrol tle fluid to.be reduged at the cathode of the auxiliary cell. In
adj ust PIFF I HLCONEENTAtioN 18 fUSSlr r ent densities at the anode and at the
cathode in the auxiliary cell by selecting for exanple the suitable

rel ati onshi p between the surfaces of the anode and of the cathode, the
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to directly influence the rate of “formation ohs Vice

descri lndich is ald0 ko dAmderthe pame of . frodaneé bleed nrthody istRidermel inkatigactsrynce the
precipitation tank has to be provided with several secondary cells. It is
question of the auxiliary cell nentioned and of the netal ion generator.
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device for regulating the metal ion concentration. According to this solution, at least one portion
of the electrolyte fluid contained in the electroplating plant is guided through one or several
electrolytic auxiliary cells provided with at least one insoluble anode and at least one cathode
and a flow of current is set between the anodes and the cathodes of the auxiliary cells, said flow
of current being so high that the current density at the surface of the anode amounts to at least

6A/dm” and the current density at the surface of the cathode to no more than 3 A/dm 2 The ratio

of the surface of the anodes to the surface of the cathodes is set to at least 1 : 4.

By means of this arrangement the metal ion content in the electrolyte fluid can be kept constant
over a longer period of time by allowing part of the oxidized species of the electrochemically
reversible redox system contained in the electrolyte fluid to be reduced at the cathode of the
auxiliary cell. In adjusting the ratio of the current densities at the anode and at the cathode in the
auxiliary cell by selecting for example the suitable relationship between the surfaces of the
anode and of the cathode, the reduced species of the electrochemically reversible redox system

at the anode of the auxiliary cell are oxidized merely to a minor extent or not at all so that the



~depesits onto the cathode in the auxiliary cell so that the efficiency of
“the reduction of the oxidized species of the electrochemcally reversible
redox system continuously decreases at the cathode, thus requiring an

i ncreased el ectrical power. The rectifiers used for the purpose of
supplying the auxiliary cell with curréent have to be provided with an

I ncreased rated capacity, which adds to the prine costs. Mreover, the
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of the anode material. Furthernore, the copper deposited on the cathode of

t he auXpgilateq. which ppmritste directleinduenesshe rate of foymatomefalie fmetahiotisne to time
whi ch inplies additional consunption of energy and non availability of the
device for this period of tinme. Accordingly, several such auxiliary cells
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being utilized for regulating the netal ion concentration while In other
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the cathode has to be repl ace y a new one after sonme Stripping
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withis tﬁ)q%vercorre éhé dr awbacks of ttfe known mnet hods and devices and to
more s PEETFSASREGISS it geerochenically varsibleredgy syvem cominugusinidecragserdidh®ni cal
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systemin the electrolyte fluid. The nmethod is intended to be capable of
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The m%@koﬂr@ﬁv&%ﬁ%ﬂtﬁ?d&ﬁe }nﬁteﬁilaﬁi electrolyte fluid in particular has to

be kept constant 7 wthin narrow [imts over said period of tinme. The
I nvention is above all directed to permt to keep the netal ion

concenﬁ:r ahi on constant wth sinple neans perely requiring | ow consunption
of enefy¥t aweprp,o\qu)rqo%ercggpgs_lted on the cathode of the auxiliary cell has to be

electrochemically removed from time to time which implies additional consumption of energy
and non availability of the device for this period of time. Accordingly, several such auxiliary
cells have to be provided to ensure continuous production, some of these cells being utilized for
regulating the metal ion concentration while in other parallelled auxiliary cells the copper is
being removed from the cathode. The particular disadvantage thereof is that the cathode material
that is customarily employed is damaged in the stripping procedure. As a result thereof, the
efficiency of reduction is reduced on one hand. On the other, the cathode has to be replaced by

a new one after some stripping procedures.

Accordingly, the basic problem the present invention is dealing with is to overcome the
drawbacks of the known methods and devices and to more specifically discover a device and a
method that permit an economical way of operation of the procedure of electrolytic deposition.
More specifically, the process of electrolytic deposition is intended to use insoluble anodes and
substances of an electrochemically reversible redox system in the electrolyte fluid. The method
is intended to be capable of being performed under constant conditions over a very long period

of time. The metal ion concentration in the electrolyte fluid in particular has to be kept constant



The:solution of this problemis to provide the nmethod according to claim1,
“the device according to claim11l, the application of the method according
to claim22 and the application of the device according to claim 23.
Preferred enbodi ments of the invention are recited in the subclainms. The
met hod according to the invention serves to regulate the netal ion
concentration in an electrolyte fluid serving to electrolytically

preci pivtithie nareswa lindnstbvae ¢iill iperiad by timenTied itiveftionSid Rbbwgle dir€dtedtd permit to
el ectrochem cal ly reversible redox systemin an oxi dized and reduced form
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bei ng p an 1’nsol ubl e auxiliary anode and with at | east one
auxi liary cathode, b. producing a flow of current between the auxiliary
cathodes and the auxiliary anodes of the auxiliary cell by applyin
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concurrently or, if need be, subsequently through the plant and the cells

at | eastbdlziomtime to time. After the fiuid has flown through the
auxiliary cells it is brought back to the plant over and over again. For
el ectrolytic deposition of the nmetal, said netal is deposited onto the work
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causing the netal pieces ? di ssolve. To this effect,

a. having at least one portion of the electrolyte fluid guided through at least one auxiliary
cell, each cell being provided with an insoluble auxiliary anode and with at least one
auxiliary cathode,

b. producing a flow of current between the auxiliary cathodes and the auxiliary anodes
of the auxiliary cell by applying a voltage and

c. using pieces of the metal to be deposited for acting as auxiliary cathodes.

For this purpose, the electrolyte fluid is continuously conducted through the plant in which metal
is electrolytically deposited and through the auxiliary cells in such a way that the fluid flows
concurrently or, if need be, subsequently through the plant and the cells at least from time to
time. After the fluid has flown through the auxiliary cells it is brought back to the plant over

and over again.

For electrolytic deposition of the metal, said metal is deposited onto the work from the
electrolyte fluid using at least one insoluble main anode which is preferably provided with
dimensional stability. For this purpose, an electric current is passed between the work and the

main anode. The metal ions are formed by the substances of the redox system in the oxidized



t he: substances in the oxidized formare converted to the reduced formin
*prodUC|ng correspondi ng substances such as netal ions. The thus produced
substancés in the reduced form are oxidized again at the nain anode in
produci ng the correspondi ng substances in the oxidized form The device
according to the invention therefore igs a nmetal ion generator serving as an
electrolytic auxiliary cell a. which can be filled with pieces of the
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per nea J)e nmeans between the anode spaces and the cathode spaces nay al so
be reli nlalhl shed, though. In this event, the auxiliary cathodes are
accomodated in a section of the nmetal ion generator in which the fluid has
been peased in order to prevent at |east as far as possible the
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el ectrol yt.e |d in the anode space. Froma constructional point of view,
the twg" ’Qﬂﬁ may be separated from each other in such a manner for
exanple that m xing hardly occurs. The netal pieces are preferably
accomodated in a conmpartnent of the netal ion generator that has a very
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c. wherein the metal pieces can be used as auxiliary cathodes.

Preferably, the anode spaces surrounding the auxiliary anodes and the cathode spaces
surrounding the metal pieces are separated from each other by means that are at least partially
permeable to ions. If necessary, the at least partially ion permeable means between the anode
spaces and the cathode spaces may also be relinquished, though. In this event, the auxiliary
cathodes are accommodated in a section of the metal ion generator in which the fluid has been
appeased in order to prevent at least as far as possible the electrolyte fluid contained in the
cathode space from mixing with the electrolyte fluid in the anode space. From a constructional
point of view, the two spaces may be separated from each other in such a manner for example
that mixing hardly occurs. The metal pieces are preferably accommodated in a compartment of

the metal ion generator that has a very good through-flow.

With the inventive method and device, which more specifically serve to regulate the copper ion
concentration in a copper deposition solution serving to electrolytically deposit copper and
additionally containing Fe(II) and Fe(III) compounds, the metal ion content in a metal deposition

solution can be kept constant within narrow limits so that reproducible conditions can be



_considerably |ower. Furthernore, the deposition solution does not cone into
contact with an inert auxiliary cathode as this is the case with the plant
described in WO 9910564 A2, so that a potential deposit of netal onto the
auxi l'i ary cathode cannot cause the problens discussed herein above.
Accordingly, the nethod according to ife invention does w thout substantial
mai nt enance works such as e.g., the internediary stripping of the netal
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electroplating plant is improved. The correlated gain of production capacity amounts to up to
10%.

A further advantage of the invention is that the anode slime known from electroplating plants
with soluble anodes does not occur. In parts, a ,,feed and bleed operation of the plant may
nevertheless be useful. This is particularly true when organic and/or inorganic additives in the
electrolyte fluid are to be exchanged in the long run. As a result of the partial discard of
electrolyte fluid, the content of the oxidized metal ions of the redox system is lowered
proportionally. The capacity of the metal ion generator may be reduced by this portion.
Accordingly, the metal ion content can also be kept constant by having substances of the redox
system in the oxidized form reduced in the metal ion generator and concurrently, by having part
of the electrolyte fluid removed from the electroplating plant and replaced by a fresh electrolyte
fluid.

Inert metal electrodes that have been activated with precious metals and/or with mixed oxides,



flutd. Inert netal electrodes that have been activated with precious netals

“and/or with mxed oxides, 9 maintained for deposition. The netal deposition
solution’is continuously conducted fromthe electroplating plant, e.g., a
precipitation tank into the netal ion generator of the invention and from
there back again into the electroplating plant. The substances of the redox
systemthat forned in the oxidized format the main anode in the
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electrochemical reaction taking place there.

In regulating the flow of current in the metal ion generator, the production rate of the substances
of the redox system in the reduced form and thus subsequently the rate of formation of the metal
ions in the metal ion generator is set to a value which is so large that the quantity of metal ions
produced per unit time by oxidation with the redox compounds plus the quantity generated by
the dissolution of the metal on account of the oxygen from the air entered in the electrolyte fluid
equals the quantity of the metal ions used up at the cathode in the electroplating plant. As a
result thereof, the total content of ions of the metal to be deposited in the electrolyte fluid
remains constant. In using the method according to the invention the desired stationary condition

between the formation of metal ions and their consumption is achieved.

As compared to the invention described in WO 9910564 A2, the further advantage of the
inventive method and device is that merely one or several secondary cells have to be provided
in addition to the electroplating plant and not one or several auxiliary cells and one or several

additional metal ion generators. As a result thereof, the expenses for plant engineering are
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the metal pieces are dissolving so that it is easier to fill up with new metal pieces. By using balls

having an appropriate diameter, the bulk volume in the metal ion generator may be optimized.
Again, as a result thereof, the flow resistance or, when the pumping capacity is given, the
volume flow of the deposition solution is determined by the formed bulk of the metal balls.
However, the metal pieces may also be substantially cylindrical or cuboid in shape. It has to be

made sure that the flow through the cathode space is sufficient.

In order to further diminish an oxidation of substances of the redox system in the reduced form
entering the anode space, the ratio of the surface of the metal pieces to the surface of the at least
one auxiliary anode is set to a value of at least 4 : 1. As a result thereof, the current density at the
auxiliary anode is increased so that preferably the water of the deposition solution oxidizes,
forming oxygen in the process, and the substances of the redox system in the reduced form only
oxidize to a minor extent. A surface ratio of at least 6 : 1 is preferred, even more preferred being
a surface ratio of at least 10 : 1. Ratios of at least 40 : 1 are more specifically preferred, above all

a ratio of at least 100 : 1. Such a high surface ratio can be adjusted in selecting for example
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In an alternative, advantageous embodiment, the metal ion generator may be vertically
partitioned into two compartments (anode space and cathode space), the metal pieces being
accommodated in the one compartment and the at least one auxiliary anode being arranged in
the other compartment. In this case too, oxygen originated at the auxiliary anode emerges from

the deposition solution without further contacting the metal pieces.

The bulk of the metal pieces preferably rests on an electrode that has the shape of a sieve and
consists of an inert material such as titanium for example. The power can be delivered to the
metal pieces by way of this electrode. Thanks to the sieve shape of said electrode, the deposition
solution can be passed through the sieve to the metal bulk through which it can be delivered.
Reproducible flow conditions are thus set in the metal bulk. The deposition solution entering the
cathode space can be exited out of the cathode space by being caused to overflow upon flowing
through the metal bulk in the upper region of the cathode space. Thanks to the high flow rate set
by the bulk, the efficiency of the reduction of the substances of the redox system in the oxidized
form at the metal pieces can be increased since the concentration overpotential for these

substances at the pieces is reduced.
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| nvent in@inbranes used as at least partially ion permeable means are particularly advantageous from a

technical point of view. However, these materials are more expensive and mechanically more

sensitive than the woven cloths that are permeable to liquid.

The metal ion concentration in the deposition solution can be regulated by adjusting the current
conduction between the auxiliary anode and the pieces of metal. For this purpose, the current is
controlled by way of the electric power supply. A sensor may be additionally provided for the
automatic control of the metal ion content, the metal ion concentration in the solution being
measured continuously by means of said sensor. For this purpose, the extinction of the
deposition solution may be determined by photometry in a separate gauge head in which the
solution is circulated and the output signal of the gauge head can be brought to a comparator.
The thus obtained regulating variable can then be converted into an actuating variable for
adjusting the current to the power supply. This current serves to influence primarily the content
of substances of the redox system in the electrolyte fluid. This content again influences the rate

of dissolution at the metal pieces.
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nmetal ion generator. This reservoir serves to store the electrolyte fluid
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the purpose of maintaining the concentration of the copper ions. On principle, the invention can
also be utilized in regulating the metal ion concentration in baths serving to electrolytically
deposit other metals such as e.g., zinc, nickel, chromium, tin, lead and the alloys thereof and
with other elements such as e.g., phosphorus and/or boron. In this event, other substances of an
electrochemically reversible convertible redox system have possibly to be used, the redox
system being chosen in dependence on the respective precipitation potential. Compounds of the
elements titanium, cerium, vanadium, manganese, chromium for example may also be used.
Suitable compounds are titanyl sulfuric acid, cerium(IV) sulfate, alkali metavanadate,

manganese(II) sulfate and alkali chromate or alkali dichromate for example.

The method and the device according to the invention are particularly suited for use in
horizontal through-type electroplating plants in which plate-shaped work, preferably printed
circuit boards, which is horizontally or vertically positioned, is conveyed in a linear manner in
horizontal direction while being brought into contact with the electrolyte fluid. As a matter of

fact, the method can also be used for electroplating work in traditional dip plants in which the




cycle in order to renove inpurities fromthe electrolyte fluid. On
““principle, the metal ion generator may also be placed in the very
precipitation tank in order to achieve the shortest possible flow paths.
The invention is preferably suited for regulating the concentration of the
copper ion content in copper baths us$fng inert anodes of di nensional
stability in the precipitation tank, said baths containing Fe2+ and Fe3+
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pur pose of maintaining the concentration of the copper ions. On principle,
the invention can also be utilized in regulating the netal ion

cuch it BB e B iieB B ol f AR ableu s neREetEhs BRNSher cof and

Wi th other elenents such as e.g., phosphorus and/or boron. In this event,
other substances of an electrochenically reversible convertible redox
syst em haveFi®dsshows 2 diagmmssit, viewef ne doangenysit fon dhesitroglacihgsen i n
dependence an the respect.iv reci.pi tation potential. Conpounds of the
el ements ti @’ éﬁ‘litzuﬁ?o%se%)?fif nsé'ﬁ%f’ ﬁﬁe %i‘l‘g‘%gg‘é‘?m@ﬁ?‘bﬁiﬁwm&dlgﬁaﬁpl e may
al so be usegjg, 354hdRDL j WeRr-Tol j
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sul fate, alkali nmetavanadate, nangan ate an chromate or
al kal i di chr omat embodinengnpl e. The net hod and the device according to the

i nvention a*g particularly suited for use in horizontal through-type

el ect ropl at Fig 4prhowsa pestignal views phithe motaljen gorarator by aseserdepbedimentd
circuit boards, which is horizontally or vertically positioned, is conveyed
in alinear manner in horizontal direction while being brought into

cont acFigyi 1 hshohe &l disgramimatie View of abS eRcHBSlhGNg hranfdfiént Hlo0ideBIRAH £an
al so be used for electroplating work in traditional dip plants in which the

15 wor Rrerpitphionigsk loametal derbganerpser 2 and/eraseryalr 3oThe prezipitation tanktlheay be

foll ow i i.on.s explained, in.nore detail wi.th.the help of .the
i gur ot O lr06et- BRR M ChelyE o BBEl obftal b enkfrerbi prangged out of
el ect r apicht dlagrolyte Fluidis ERAVG B pREhE®BALprIyRMoMb of BRouRt ko L@ eRERAL OF
ina first enbodi ment; Fig. 3: shows a sectional view of the upper region
of t heother Wy with theaprinted aircuitiboards andto which it is returned after contact with the printed

circuit boards. In this case, the tank 1 shown in Fig. 1 is the sump.

The discrete receptacles are filled with the electrolyte fluid. A sulphuric acid copper bath can be
utilized as electrolyte fluid, said bath containing copper sulfate, sulphuric acid and sodium

chloride as well as organic and inorganic additives for controlling the physical properties of the

metal deposited.

The metal ion generator 2 contains an auxiliary anode 20 and pieces of metal 30. The metal
pieces 30 (a portion thereof only being illustrated) rest as a bulk on a sieve bottom 31 made of
titanium. The sieve bottom 31 and the auxiliary anode 20 are connected to a direct current
supply 50 by way of electric feed lines 40, 41. The sieve bottom 31 has cathodic polarity and is
therefore connected to the negative terminal of the power supply 50. The auxiliary anode 20 has
anodic polarity and is connected to the positive terminal of the power supply 50. The metal
pieces 30 are also given cathodic polarity via the electric contact of the metal pieces 30 with the
sieve bottom 31, a current being conducted between the metal pieces 30 and the auxiliary anode

20 as a result thereof. An ion permeable polypropylene woven cloth 21 is clamped between the



_enbodiment; Fig. 4. shows a sectional view of the nmetal ion generator in a
"second enbodinment. Fig. 1 shows a diagrammatic view of an el ectroplating
arrangenent provided with a precipitation tank 1, a nmetal ion generator 2
and a reservoir 3. The precipitation tank 1 may be of the through-type for
treating printed circuit boards, a sunp being preferably provided out of
which electrolyte fluid is taken to be splashed or sprayed onto or brought

i Nt 0 Canb@tpacd 28YirroQhdifg WY XMidr ahb® 20 hid 8 &itﬁcﬁi@isba&oﬁé gontFRthel e Wi ch

it is returned after contact with the printed circuit boards. In this
case, tmsalipigers 30 herder torpréviegt the cosvective tramgport Pidludt batwetrethe apages 26laad ar e
filledwth the electrolyte fluid. A sulphuric acid copper bath can be
utili zg "as electrolyte fluid, said bath containing copper sulfate,

sul phuric acid and sodium chloride as well as organic and inorganic
additives for controlling the physical properties of the netal deposited.
The netlhk prempitetioertailot c@monmicates svitinthauadervair § imadie 12idogtlei detolat

met al 310. The metal pieces 30 (a EOVUQD t hereof only being illustrated)
rest adluyf BUATRVE from tegippeneigneline pergipiition tankah thipdghrthe pieking dpodiiom 31

and the. auxiliar - 2 0.8 Qirect. current |y 50 by
hay of T2 & he ARSI, T uiERRTEL 8BS T0d Sibiatiiart B MRl an

pol ar i oyerdlosy tempdritesne for @caﬁgﬁm T qthid Qorthited 80 el régervAF B1i atavhf frblagnpover
supply 50. The auxiliary anode 20 has anodic polarity and is connected to

the podeweniegioarafithereceptaglndhiovgien pipghine\s B0medimeofhaepamp 6pindcie shathelleé al so

gi ven t hadi c.pol arity via,th ectri.c contact of the netal pieces. 30

Wi th tﬁ%"“oq é‘vgﬂ?{o{‘?‘&r# 18- E?PEErfﬁL@ﬁtcaﬂﬁeﬁg?geo%@ﬁ&de@tl%‘{w\éewwlﬁé fetthe

pi ecespg&i@ﬁqoﬁ%kqu%hltﬂ@ﬁigelmqje 20 as a result thereof. An ion perneable
pol ypr opyl ene woven cloth 21 is clanped between the 16 anode space 25

surroundi ng the auxiliary anode 20 and the cathode space 35 containing the

metal pieces 30 in order to prevent the convective transport of fluid
bet weeﬂJhF ﬁ?eg’ﬁgéeaésofﬁff%‘am%%Wlﬂh@e pretad iqn genenatas 2tvami second Hiatid cxele:dbid t h

the resefaxeh froth 2 Bdtlohd S the 'rSabify (fl&rgﬁglﬂh%cﬁiﬁairpétfand is caused to enter the

metal ion generator 2 in the lower region underneath the sieve bottom 31. The fluid is drawn out

of the metal ion generator 2 again by way of an overflow in the upper region of the cathode

space 35 and is returned to the reservoir 3 through the pipeline 10.

Fig. 2 shows a section of a first embodiment of the metal ion generator 2. The metal ion
generator 2 consists of a tubular housing 15 which is made of polypropylene for example and
which is provided with a bottom 16 made e.g., of polypropylene too. On its upper front side, the
tubular housing 15 is provided with an opening 17. A fluid admission 18 for the electrolyte fluid
is provided in the lower region of the tubular housing 15. Correspondingly, a fluid outlet 19 is

arranged in the upper region. The cross section of the tubular housing 15 is preferably

rectangular, square or circular.

In the metal ion generator 2 there are located an anode space 25 and a cathode space 35. The
anode space 25 and the cathode space 35 are separated from each other by a wall 24 and by an
ion permeable woven cloth 21, a polypropylene cloth in this case, that is fastened to the lower
border of the wall 24. This is shown in detail in Fig. 3. As a result, the convective transport of

fluid between the two spaces 25 and 35 is checked to a large extent. The wall 24 forms an upper



fluid is drawn fromthe upper region of the precipitation tank 1 through
"‘the pipeline 4 and is transferred to the reservoir 3. The fluid may be
drawn fromthe precipitation tank 1 through an overflow conpartnent for
exanpl e. The fluid contained in the reservoir 3 is drawmn fromthe [|ower
region of the receptacle through a pipeline 5 by neans of a punp 6 and is
channelled through a filter unit 7, e.g., taped filter candles. The

filtereperfing arid 9fadtéhetd @b tHeNgpet Rohttdedddpe iop tHealibelar KauRihg 5\(hat sho&npi pel i ne
8. The reservoir 3 also communicates with the netal ion generator 2 via a

second liquid cycle: fluid is taken fromthe bottomof the reservoir 3

t hrou he .pipeline, O and is used,to enter t netal . ion erator 2 in
the | ont “Pulig RnbRealisdtom PRGRLT B0nt Batotos 2 FHEea RedesBres B S Guc - of
the meiRlmé@IHieRs80adopperbaBg M thiddas¥@Natfo R cOMEIn{Ing WhbephbAR aHBREE hERIT ON

of the cathode space gS and is returned to the rese:f!\}/lmr 3 through the
pi pel i adiahtterRifgpp@xihately 3 mechoi exanyfle ATHd capperetribie 3 fernt a bfilktrostingeinad i on

tor.2. Th X! eperator 2 consists of a tubular housing 15
ohi ch FEnEasiegt JJoryie dRYrelgnon! Bk AHBE BRHnEART. Sgyonede 4 6 o
bot t : Ypr sicde,. e
©ubur arinebRRo fichasit ANHATRMAENES Bion 3 td Be BBy kAThaR Sk F ¢

the el emtemisuppslyf The placé of gurewed aflioh 38t fae teoaMdticr Sve el fréhahd stbbs
housi ng_ 15. Correspondingly, a fluid outlet 19 is arranged in the upper
1T

r egi ondiraghguEens s the auxiliary anpde Hband the rathodio placaief steevwed an%?f@rfablrl:y power

t | ircualar. In,the.nmetal Lo eperator 2 er e
Scnr oS 0 30EERuh 5 el s RO G, RS S5 e S,
the catihadRr 8RacvePottdmB 1580 Mshlddl {1 RACIHWALD8hit dDhémbRl loan%n@ﬂag)ﬁ By an
I on perneabl e woven cloth 21, a polypropylene cloth in this case, that is

fastened to the lower border of the wall 24. This is shown in detail in
vective transpor ween t he two

cpaces T bisi 5545 it EckeRl k5 nPRresd BAten fuid treksdbi TENSrRERAIS iper
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space #&.pif . The tmetié icpgemeraddr T finthaimcre communicates with the pipe 10 at the fluid

outlet 19. The fluid outlet 19 is arranged in the upper region of the metal ion generator 2. In

order to make certain that the metal ion generator 2 is always filled up to the liquid level 22, the

fluid outlet 19 is designed as a pipeline 10 that exits the tubular housing 15 and is provided with

an exhaust port 11 in the upper region of the cathode space 35. The electrolyte fluid can exit the

cathode space 35 through the exhaust port 11 into the pipeline 10. Said exhaust port 11 is

arranged above the level of the auxiliary anode 20, thus ensuring that the auxiliary anode 20 is

always situated within the fluid.

The electrolyte fluid that comes from the reservoir 3 or directly from the deposition tank 1 and
that contains, in addition to the copper ions, Fe** ions and possibly additionally Fe ?*ions formed
at the main anode, is pumped into the metal ion generator 2 via the fluid intake 18. The fluid
then traverses the sieve bottom 31 in the direction of the arrow 23 and enters the cathode space
35 containing the copper balls 30. The Fe** ions react with the copper to form Cu?" ions while
Fe’* jons are produced at the same time. The rate of formation of the copper ions can be
regulated by giving the copper balls 30 cathodic polarity via the sieve bottom 31: increasing the

cathodic potential at the copper balls 30 forces back the rate of formation of the Cu** ions. The



the netal pieces 30, copper balls in this case, that do not contain any

" ‘phosphorus and that have a diameter of approximately 30 nm for exanple.
The copper balls 30 forma bulk resting on a titaniumsieve 31 in the

| ower region of the tubular housing 15. The auxiliary anode 20 is

connected to the positive terninal anggthe sieve bottom 31 to the negative
termnal of a direct current supply. The pl ace of screwed union 38 for the
anodi ¢ spRYBA, Rl e (§RU r anode
20 and the cat hodle(?:wgﬂma(l(::ﬁe12 o(%as(E:}?gsv\t/qeate rrtljérﬁﬂolﬁﬁ ogot?&te powgﬁ la]llégiob‘ (?I)tx? he

si eve Isathodersigite 35ehroublishe paredll sihthethiid abilgt 190 The glecBochemitili rsactioaris, the
electric feed. lines for the sieve bottom 31 are insul ated and, gui ded

upwar d mAde PopsibisdYARP ‘ng B rathedie pategtablo the sieps pettan 34 20d aceqrdinghitohe a
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undern t he sieve St eve pr even S”pi1 eces SITié "Trom
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with the pipe 10 at the fluid outlet 19. The fluid outlet 19 is arranged
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that t t |2+0n r.at uid | ev
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housi n@ol1Sinéd e kRchahSY/d A WetiBen ﬁl@ cﬁ%h%%c@% hndlthe 'aﬂo&ekk%aéboﬂaig ske&HPn of
t he cat hode space 35. The electrolyte fluid can exit the "cathode space 35
t hr ouglimpaicede druasseppmtlpn 21, 2httbe ¥ iphpdeplete ifiGhe Taodt spabadStsopibattthdit i s
arranged above the of the auxilia anode 20, thus ensuring that the
auxi | i SP¥° Qﬁ'ﬁtﬁg‘ %ta}tlsonaxa/|q9§§p§1oglcp{51§§ ggar#rfom n the fluid. The electrolyte
fluid that comes fromthe reservoir 3 or directly fromthe deposition tank
1 and that contains, in addition to the copper ions, Fe3+ ions and

possi blFjg.alitiows arsatdnd diebddimens of dienmetal win deheratori2rcamaiiey toithe fivemtish. Tt 0

the netal ion generator 2 via the fluid intake 18. The fluid then traverses
the si &Y&Cc46t e metel 19eqnseateri% is arecsntaste witkeside malls 23 which formarrectangularat hode

space . b Fe3#, 1 ans cl h t he
coppor SrF 8F Selbf Sl P BEhepebal ol meiftar it P ERCS ko, e
rat e ofprdvadetrivithn ot 6. CiRPRAllsi 15 dhdCHRE bBRom! 1AHE id &)powpvéﬁweﬁeh gheopper
balls 30 cathodic polarity via the sieve bottom 31: increasing'the

cat hodmet'ﬁo%aﬁmeaatora% forme an oppring ARt ¥s ®D. f or ces back the rate of formation
of the Cu" ions. The

The metal ion generator 2 again is provided with a cathode space 35 and an anode space 25.
Furthermore, the spaces 25 and 35 are separated from each other by an ion permeable wall 21,
an ion exchange membrane in this case, preferably an anion exchange membrane, which is

vertically arranged. A perforated wall 26 is also provided, which endows the membrane with the

required stability.

A sieve bottom 31 is arranged in the lower region in the cathode space 35, said sieve bottom
being constituted by a titanium net. A bulk of metal pieces 30 (shown only in parts) rests on the
sieve bottom 31, the metal pieces here being copper balls having a diameter of approximately 30
mm. An auxiliary anode 20 is accommodated in the anode space. The auxiliary anode 20 is
connected to the positive terminal and the sieve bottom 31 to the negative terminal of a direct

current supply (not shown).

The electrolyte fluid can enter the metal ion generator 2 through the lower fluid intake 18. The



18-solution, enriched with Cu" ions, exits the netal ion generator 2 in the
" upper region of the cathode space 35 through the port 11 via the fluid
outlet 19. The el ectrochenical reaction is nmade possible by applying a
cathodic potential to the sieve bottom 31 and accordingly to the copper
balls 30 and an anodic potential to the auxiliary anode 20 in the anode
space 25. The water of the electrolyte fluid contained in the anode space
25 is gnarintke 18 iPFALENInRINERThe SiBVdbotdkY IE TGS b£4 86t thE fretiP R och&@lopn Of
the netal ion generator 2 through the opening 17. | necessary, FeZ2+ ions
cont ai Bexgaimthrdvghaanogpes flatkeoet 49 cTloxoutler 48 iasravet imthet Uppentegidn ¢fftiie anode
20. Sinc% he eXﬁgange of fluid between the cathode space 35 and the anode
space SDPLCRWABAY y  inpaired by the separation 21, 24, the Fe2+ ions
deplete in the anode space 25 so that their concentration in stationary
operation cones near zero. Fig. 4 shows a second enbodi nent of the netal

i on gefTie atagrof dparation of thg metal idregdneratdttl i@nhis kmboliticht €ifedporidio that &t the on
generator 2 is a receptacle with side walls 15 which forma rectangul ar,
squar e 5§t empedimgnt ghoyymdn pheFigs 3 pad detlal thisoresgedierefersnce is Made rtedbet acl e
is fur [ ith a bottom 16. The walls 15 and the bottom 16
are ma gﬁ%@%glF 55{‘3@\5‘;‘?@%&& he netal ion generator 2 forns an opening 17

at its top. The netal ion generator 2 again is provided with a cathode
space 35 and an anode space 25. Furthernore, the spaces 25 and 35 are
separated from each other by an ion perneable wall 21, an ion exchange
menbrane in this case, preferably an ani on exchange nenbrane, which is
vertically arranged. A perforated wall 26 is al so provided, which endows
the nenbrane with the required stability. A sieve bottom31 is arranged in
the lower region in the cathode space 35, said sieve bottom being
constituted by a titaniumnet. A bulk of netal pieces 30 (shown only in
parts) rests on the sieve bottom 31, the netal pieces here being copper
bal | s having a dianeter of approximately 30 mm An auxiliary anode 20 is
accomodat ed in the anode space. The auxiliary anode 20 is connected to
the positive termnal and the sieve bottom 31 to the negative termnal of a
di rect



_ current supply (not shown). The electrolyte fluid can enter the netal ion
‘generator 2 through the lower fluid intake 18. The 19 fluid intake 18 is
arranged underneath the sieve bottom 31. Fluid can exit the nmetal ion
generator 2 again through an upper fluid outlet 19. The outlet 19 is
arranged in the upper region of the gmthode space 35. The way of operation
of the netal ion generator 2 in this enbodi nent corresponds to that of the
first giiofnaRitralshown in the Figs. 2 and 3. In this respect, reference is
made to the explanations given herein above. 20 List of nunerals: 1
precipitation tank 2 netal ion generator 3 reservoir 4,5,8,9,10 pipelines
6 punp, 7 filtering.unj.t 11 exhaust port 15 tubul ar housing of the netal
ion geﬁerator T%I%@FP%HW%f the netal ion generator 2 17 front-sided
upper apeni ng of dhg isf@lerdi@n generator 2 18 fluid intake into the neta
ion generator 2 19 fluid outlet out of the netal ion generator 2 20
auxi li &ry anode 2kervoir per neabl e means (woven cloth) 22 fluid |evel

4,5,8,9,10 pipelines

6 pump

7 filtering unit

11 exhaust port

15 tubular housing of the metal ion generator 2

16 bottom of the metal ion generator 2

17 front-sided upper opening of the metal ion generator 2

18 fluid intake into the metal ion generator 2

19 fluid outlet out of the metal ion generator 2

20 auxiliary anode

21 ion permeable means (woven cloth)

22 fluid level

23 direction of flow of the electrolyte fluid

24 wall separating the anode space 25 from the cathode space 35
25 anode space

26 perforated wall

30 pieces of metal, copper balls

31 sieve bottom, titanium net

35 cathode space

38 electrical contact for leading power to the auxiliary anode 20
39 electrical contact for leading power to the sieve bottom 31
40 electric feed line to the auxiliary anode 20

41 electric feed line to the sieve bottom 31

50 power supply, direct current source




23-direction of flow of the electrolyte fluid 24 wall separating the anode

" “space 25 fromthe cathode space 35 25 anode space 26 perforated wall 30

pi eces of nmetal, copper balls 31 sieve bottom titaniumnet 35 cathode
space 38 electrical contact for |eading power to the auxiliary anode 20 39
el ectrical contact for |eading power 2b the sieve bottom 31 40 electric
feed line to the auxiliary anode 20 41 electric feed line to the sieve
bottom 31 50 power supply, direct current source 21 Clains: 1. Method for
regulating the nmetal ion concentration in an electrolyte fluid serving to
el ectrolytically deposit netal and additionally containing substances of an
electreﬁg jcally reversible redox systemin an oxidized and in a reduced
formin ich at | east one portion of the electrolyte fluid is conducted
through at |east one auxiliary cell, each cell being provided wth at

| east one insol uble auxiliary anode and at | east one auxiliary cathode, a
current. Bésthed dondestlating thet mstah iphespnbgntegtiohyinngn zlactrotysg dluidvserving tpi eces

cat hoaslecutikt R otrde Srdfig s SRicRefly £ GindR Fpsafinee S EFophargiell
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the netal pieces (30) are separated from one another by ne at
are at eleetsglytefhuid issohguqbet themigh @t keastioom suxiBaryldell feach eelClorinl mrgvided otk aof t he
previ opys cl ai.ns ereiln inert tal electrodes that have been activated
with pf Rl Sy aRodnandat Bart o6 i Dan callogs 3 HERTUIIE SO F y

anodes petween them by applying a voltage,
wherein pieces of the metal (30) to be deposited are used as at least one auxiliary cathode.

2. Method according to claim 1, wherein anode spaces (25) surrounding the auxiliary anodes
(20) and cathode spaces (35) surrounding the metal pieces (30) are separated from one another

by means (21) that are at least partially permeable to ions.

3. Method according to one of the previous claims, wherein inert metal electrodes that have

been activated with precious metals and/or mixed oxides are used as insoluble auxiliary anodes
(20).

4. Method according to one of the previbus claims, wherein the metal pieces (30) are used in the

form of balls.

5. Method according to one of the previous claims, wherein the ratio of the surface of the metal

pieces (30) to the surface of the at least one auxiliary anode (20) is set to a value of at least 4 ; 1.

6. Method according to one of the previous claims, wherein the auxiliary cell (2) is designed as
a tubular metal ion generator and that the at least one auxiliary anode (20) is arranged above the

metal pieces (30).



(20). 4. Method according to one of the previous clains, wherein the netal

" pieces (30) are used in the formof balls. 5. Method according to one of

the previous clains, wherein the ratio of the surface of the netal pieces
(30) to the surface of the at |east one auxiliary anode (20) is set to a
value of at least 4 : 1. 6. Method acgarding to one of the previous clains,
wherein the auxiliary cell (2) is designed as a tubular netal ion

gener atoMeakst %b&ﬁiﬂgot)@ oﬁg of%i@%lairﬁ@? tbdH S,Qf%r@iHQH@aﬁ)gﬁ%ryicﬁlé ?{){igﬁ&ﬁ.‘fﬁfﬁbove

the netal pieces ( 2 Met hod according to one o _
t hr ougl#s® meiakionigenetator and id paatitjored|ty Yefical dividen gnedn aﬁ@deaspagé éls) laﬁdla( 25)

i iti ti.cal division into an anode space
and o BioAseeS S35k oot pioes (3B beips amesc Jofhaseatbeecionen b an s
cat hod t t xiliary anode (20) in the anode
space ?3%?6&2&}%%%@&&(22}%‘ﬁt}ﬁ%hlﬁf‘%&gﬁg&&zgﬁhe previ ous clains, wherein
current is fed to the netal pieces (30) via a sieve-shaped ﬁl ectrf)de (31).
9. Method according to one of the previous clains, wherein the at |east
parti alrél- Wwo ?féPﬁSg%toeonerﬂféhf‘spl(em)JS clairge yheyein qureat isdodto theandtalttiegesi s

per nea 0. J QUi according to one of the claims 1 through 8,
wher ei Eb n‘%?gﬁlegggﬁ%?ﬁégieﬁe%ngggﬂ&' is used as an ion perneable neans (21).

11. Device for regulating the nmetal ion concentration in an electrolyte
fluid serving to electrolytically deposit netal and additionally _
cont ai ifi Mythadpceerdingso ene a%the Ipegyviqus shednms,cwhérgin the utlesst lphﬂiatlydkmxpamisalgr in
an oxidized d in.a reduced fo conprising a., at_ |east one insoluble
auxi | i gl?%?n%@gés, desjgned as p gioven Sff?gj‘ %&grwa??b%aioﬂt?d‘é‘i-as well as c. at |east
one power supply for conducting a current flow between the at |east one
auxiliary anode and the at |east one auxiliary cathode,
10. Method according to one of the claims 1 through 8, wherein an ion exchange membrane is

used as an ion permeable means (21).

11. Device for regulating the metal ion concentration in an electrolyte fluid serving to
electrolytically deposit metal and additionally containing substances of an electrochemically
reversible redox system in an oxidized and in a reduced form, comprising

a. at least one insoluble auxiliary anode,

b. at least one auxiliary cathode as well as

c. at least one power supply for conducting a current flow between the at least one

auxiliary anode and the at least one auxiliary cathode,

wherein the device contains pieces of the metal (30) to be deposited acting as auxiliary

cathodes.

12. Device according to claim 11, wherein means (21) are provided that are at least partially
permeable to ions, said means separating anode spaces (25) surrounding the auxiliary anodes

(20) from cathode spaces (35) in which the metal pieces (30) may be filled.

13. Device according to claim 11and 12, wherein the insoluble auxiliary anodes (20) are inert

metal electrodes that have been activated with precious metals and/or mixed oxides.



wherein the device contains pieces of the netal (30) to be deposited acting

" -as auxiliary cathodes. 12. Device according to claim11l, wherein neans

(21) are provided that are at |east partially pernmeable to ions, said
nmeans separating anode spaces (25) surrounding the auxiliary anodes (20)
from cat hode spaces (35) in which the2petal pieces (30) may be filled. 13.
Devi ce according to claim 1l and 12, wherein the insoluble auxiliary anodes

(20) ang Dewté acdvedial t6bE bf griesaiiat] RN REhDER WiRebinRE Bt pidbeP (5D 241S

netal s and/or m xed oxides. 23 14. Device according to one of the ¢lains 11
t hr ougket@d balllherei n the metal pieces (30) are netal balls. 15. Device
according to one of the clains 11 through 14, wherein the ratio of the
surface of the netal pieces (30) to the surface of the at |east one

auxi | i 35 DS corNg PIBREBE thelcPaifts 1h §aShett14, wlher%lﬁ tha%‘(l %?xlé%gﬁgésmgé o one

of the clains 11 through 15, wherein the devi ce e5|gne

t ubul ametad pices G8) tpethe satfawe odtie: asthensicone aukiiaat adoda$20)@nﬁmats>tb bt lasigf 4anode
(20) is arranged above a space containing the netal pieces (30). 17.

Devi ce according to one of the clains 11 through 15, wherein the device (2)

h . . oo cat hode. o
(35 Wiareade ackbiiih dnElof e Vi Y uRRRE £ ooy e e B IURIARRA &7 occ
(35) andthbube rmdtalllﬁagénem andxiHetdiii theald a6t dne Qhxiligrydnb@d@eYisi afrah ab@O@de
space (25). 18. Device accordi ngﬂto one of the clainms 11 throug

wher ei A SpACsicopRInRg hednetplnieses d %31) is arranged in the cat hode space
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¢ 1184 1nfS the cathod esp e(35a dthe at least one auxiliary anode (20) is arranged in the

anode space (25).

18. Device according to one of the claims 11 through 17, wherein a sieve-shaped electrode (31)

is arranged in the cathode space (25) in such a way that the metal pieces (30) can be supplied

with current via this electrode (31).

19. Device according to claim 18, wherein the sieve-shaped electrode (31) is arranged in the

lower portion of the cathode space (35) in such a manner that the metal pieces (30) can rest upon

said electrode.

20. Device according to one of the claims 11 through 19, wherein the at least partially ion

permeable means (21) is designed as a woven cloth that is permeable to liquid.

21. Device according to one of the claims 11 through 19, wherein the at least partially ion

permeable means (21) is an ion exchange membrane.

22. Application of the method according to one of the claims 1 through 10 for regulating the

copper ion concentration in a copper deposition solution serving to electrolytically deposit



per neabl e neans (21) is designed as a woven cloth that is perneable to

" liquid. 21. Device according to one of the claims 11 through 19, wherein

the at teast partially ion perneable nmeans (21) is an ion exchange
menbrane. 22. Application of the nmethod according to one of the clains 1
through 10 for regulating the copper24on concentration in a copper
deposition solution serving to electrolytically deposit 24 copper and

addi t i eoppernd addidibndliocdneihing F@(lm and (Fel1iD) compbondads. 23. Use of the device
according to one of the clainms 11 through 21 for regulating the copper ion
concentration in a copper deposition solution serving to electrolytically
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concentration in a copper deposition solution serving to electrolytically deposit copper and

additionally containing Fe(II) and Fe(III) compounds.




