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Met hod and device for regulating the netal ion concentration in an ! 2P 2004
el ectrolhyte fluid as well as application of said nmethod and use of said
device 6 SEP 2004 2 Method and device for regulating the netal ion
concentration in an electrolyte fluid gs well as application of said

nmet hod and use of said device Description: The invention relates to a

nmet hod and a device for regulating the nmetal ion concentration in an

el ectrolyte fluid. The nethod and the device nmay particularly be used for
regul ating the copper ion concentration in a copper deposition solution
that serves to electrolytically deposit copper and that additionally
contains Fe(ll) and Fe(ll1) conpounds. Wen the el ectroplating process is
performed using insoluble anodes, it nmust be made certain that the
concentration of the ions of the netal to be deposited is kept as constant
as possible wthin the electrolyte fluid. This may be achi eved by
conpensating for the loss of the metal ions in the electrolyte fluid,

whi ch is caused by the electrolytic deposition of netal, by adding the
correspondi ng netal conpounds for exanple. However, the supply and di sposal
costs for this nethod are very high. Another well-known nethod for

conpl ementing the nmetal ions in the electrolyte fluid consists in

di ssolving netal directly in the fluid with the help of an oxidizing agent
such as oxygen for exanple. For copperplating, netallic copper can be
dissolved in an electrolyte fluid that has been enriched wth atnospheric
oxygen. In this case, ballast salts, resulting anong others fromthe

compl enentation with nmetal salts, do not enrich in the electrolyte fluid.
However, in the process of electroplating, oxygen is produced in both cases
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t he.i nsol ubl e anodes of the electrolytic cell. This oxygen attacks th3%§ b
‘organic additives in the electrolyte fluid, these additives being us I¢y2%4
added to the electrolyte fluid for controlling the physical properties of
the deposited nmetal coating. Additionally, the oxygen also causes the

anode material to be destroyed by corrgsion. In order to avoid the

formati on of noxi ous gases such as e.g., oxygen 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

met hod HRithéd'8n8'RVice Tby Fégul P el ¢n BRt@htrdhibf i J‘meeh%tf:ol tedfid a3

I nsol ubl e anodes that consists 1n adding substances of an electrochemcally

r ever si wekk as epiplicatinsifanidometndi anidnese of @aiidndevideect rol yte fl ui d,

Fe(NH4) 2(SO4) 2 for exanple, these substances being brought, by neans of an

I ntensi ve forced convection with the electrolyte fluid, to the anodes,

where they are electrochemcally converted by the electrolytic current,

upon which conversion they are |led, by neans of intensive forced
convectbgﬁﬁpﬁ@@y fromthe anodes into a nmetal ion generator in which they
are electrochemcally converted back to their original state on

regeneration netal contained in said generator while, concurrently, the

regenergtion netal, dissolves without the help of external current and, in
their ofieinNentiosglates tq papthodand adgyige doriregulpens the Fissal iomepncsHkation IAdBns of

| ntensi \{gcp IoZy(rr:tg Zlqlmﬁ ‘i’?g g%m&a dmede%cte%a t@a?ﬁcdla%fyu%emﬁgg é%rr?%nul%{i]@ thg icggp%lr ution

of neta metal” 1"on gener are -c

el ect r oph@bhd¥atralienin a tdpgeF dupositioh Rolutién Bla€ §dri@ thteectrbliitidally Bedobit SopfepCeSS,
noxi ous by-products are prevénted fromform ng at the insol'ubl’e anodes.

Addi t i ondithat additionaily edntaionEeland FeflH) berapowsled up in the el ectrolytic
deposition of netal are subsequently produced by the reaction of the
appropriate netal pieces with the substance of the electrochemcally
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met hod thitathe espeentihiion vhthedbmwscfi the wieital t6 bp deposited dskdpt am corutdift tag possible of an
el ect rp%c]réhem cally revglru%! %Iliemraedgécﬁiy‘ft em such as Fe(NH4) 2(SA4) 2, wherein
it indi 13 the electrolyte smay b eved by compensating for the Joss of the metal 1ons
in the electrolyte fluid, which is caused by the electrolytic deposition 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,
resﬁlting ameng 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 B35 proposes a method for the electrolytic deposition of metal with



that-organic additives which are customarily utilized in the deposipkgﬂﬁ
fluid for the deposition of snpoth and hi gh-gl oss copper coatings a ot
oxi.di zed at the insoluble anodes while conducting the nethod. DE 43 44 387
Al al so describes a nethod for the electrolytic deposition of copper with
predet er mi ned physical properties using I nsol ubl e anodes and a copper ion
generator arranged outside the electroplating cell as well as substances
of an electLthegic |1y reversible redox systemin the deposition fluid,
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vary, thus rendering it inpossible to achieve reproducible conditions for
the electrolytic deposition. One of the causes for the nodification of the

met al Ln.the.electrolyte fluid is that fhe,nmetal pieces in the
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the case of a copper deposition bath -

subsequently produced by the reaction of the appropriate metal pieces with the substance of the

electrochemically reversible redox system by causing the metal pieces to oxidize with the

oxidized substances and the metal ions to form.

DD 261 613 A1 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 tons 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
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using Fe(ll)/Fe(lll) conpounds as substances of the electrochemcally
reversi bl e redox system by the oxygen fromthe air contained in t|1’| SEP 2004
el ectrolwte fluid. Mireover, it has also been found out that the oxidi'zed
substances of the electrochemcally reversible redox systemare not only
reduced in the metal ion generator but also at the cathode in the
precipitation tank, so that the cathodic current efficiency nerely anounts
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met al deposition does not arise. ffect is still reinforce
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is well-known.,in conventional electroplating plants utilizing soluble
anodes PRYFRH opft H%‘Q‘?‘%’Bag’b]?‘@d% Hew Espanetherdddiveshe probl em

herewi th, according to said docunent, is that the substances of the

el ectrochemcally reversible redox systemare oxidized at the anode of the
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substances rises in the fluid. It naintains that, as a result thereof, the
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since this would entail that large quantities of the~“fluid wou
cont i nupses/intibe meta) 1gregatiesaterr e totamlly flirspd sederdhe influescepofabesbistances of
the electrochemically reversible redox system, but also, in the case of a copper deposition bath
using Fe(ID)/Fe(Il) 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.



which is also known under the nane of "feed and bl eed nethod, is said to be
unsatisfactory. According to this docunent, the solution of the probéﬁm
consists in suggesting a method and a device for regul ating the net HM4
concentration. According to this solution, at |east one portion of the
electrolyte fluid contained in the electroplating plant is guided through
one or several electrolytic auxiliary cells provided with at | east one
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for the purpose of
device for regulating the metal ion concentration. According to this solution, at Jeast 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? 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



supplying the auxiliary cell with current have to be provided mﬁth1ﬁ§
increased rated capacity, which adds to the prine costs. Moreover,! hleP 2004
duration of life of this device is limted on account of corrosive attack
of the anode material. Furthernore, the copper deposited on the cathode of
the auxiliary cell has to be electrochemcally renmobved fromtine to tine
whi ch inplies additional consunption of energy and non availability of the
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be kept constant 1 6 SEP 2004 7 within narrow limts over said period of
time. THOPHAYEheiaskiliasy egbwith guirerdihpectody: provided wiith anoncrkaseq ratbdcapatiag, i on

concentration.constant with, sinple ns,. nerel ujring lLow consunption
o oner Bl A G e g o MoreBhet SRR I o PE dsvit Pbmited SAEPU o
t he netfRdrsive afthdof tle Shdehaeridihe device according to claim11l, the
application of the nethod according to claim?22 and the application of the
device according to claim23. Preferred embodi ments of the invention are
recit eden‘rt.LegTrﬁgre, the copper deposited on the cathode of the auxiliary cell has to be
electrochemically removed from time to time which implies additional consumption of energy
and non avatlability 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



subcl aims. The nethod according to the invention serves to regulate the
nmetal ion concentration in an electrolyte fluid serving to 16 SEP 2004
el ectrolwytically precipitate nmetal and additionally containing subsfances
of an el ectrochemcally reversible redox systemin an oxidi zed and reduced
form It conprises the follow ng steps: a. having at |east one portion of
the electrolyte fluid guided through at | east one auxiliary «cell, each
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voltage and c. using pieces of the netal to be depoSited for acting as

auxi | i apiengemranddew rFune ¢ostss pur pose, the electrolyte fluid is continuously
conducted through the plant in which netal is electrolytically deposited
and through the auxiliary cells in such a way that the fluid flows

concurr il , hr oygh,t he. t .and the cells
2t oas Y somuRnortls Btk 1o REREUERLIN IR ANRR 10 OFiR 1 1P6 acs deESeali

auxi | i atoyclaied Il 5, the applittionITtthd afekhddoaccbRlinYd f&N¢laRY @2 an@NHe Q¥RcaBBRbN theFOr

el ectrolytic deposition of the nmetal, said netal is deposited onto the work

f r om t héeviegl acording tte claimi @3.uBtefryredt erhbedimentseofi the cnuértimnnare nreaitaidm viei ch
i's preferbgﬁwseprovi ded with dinensional stability. For this purpose, an

el ectrit nt is passed between the work and the nain anode. The netal

lons are fornmed by the substances of the redox systemin the oxidized 1 6
SEP 2004 8 formin at |east one netal ion generator through which the

el ect r ol imethiot icderding eathe ipeentibmiséryes fd maglate chewherhidesomRentadiodin an
auxi liar | n,causing the netal pieces to dissolve. To this effect,
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a. having at least one portion of the electrolyte fluid gu}ded 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 thrbugh 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



form The device according to the invention therefore is a netal ionT F
generator serving as an electrolytic auxiliary cell a. which can be ﬁﬁ fd&”
wi t:h pieces of the nmetal to be deposited and b. which is provided with at

| east one insoluble auxiliary anode and at |east one power supply,
preferably a source of direct current, ;jfor generating a flow of current
between the auxiliary anode and the ngtal pi eces that can be filled in, c.
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with thgrgl ectrolyte 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 exanple that mxing hardly occurs. The netal pieces are preferably
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specifi&ﬁmayyﬁg[ve to regulate the copper ion concentration in a copper
deposition solution serving to electrolytically deposit copper and
additionally containing Fe(ll) and Fe(lH) conpounds, the netal ion content
in"a metal deposition solution can be kept constant within narrow limts
so that reprbdihithtaa bedilEdtwighpicessrofiths metsHRARGIpositediantlai ned f or

deposition. ,The.netal d Siti solutiop.is continuously conducted from
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el ectropl ating p1 ant . X -system
auxihary anode and the metal pieces that can be filled in,

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
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formed in the oxidized format the main anode in the electroplating plant
are reduced again at the netal pieces in the netal ion generator, tﬂé&fb¥
form ng'netal ions. Due to the fact that the rate of formation of ﬂ P 2004
substances of the redox systemin the reduced formin the netal ion
generator can be varied by having the tal pieces provided with a cathodic
polarity relative to an auxiliary anode, the rate of formation of the

| i || . -egul at ed.. Anot h i dat |
of the {intafiah 3% AREbBtioh TheFRET BlaihisB ol ion rEitREsy PR e iy "
subst ane&atrqs]aﬁﬂcrjgeplams blgl arpre@pRARnitsnK ﬁ&gﬁle)me}m%ﬁgé&%tﬁf Sftht ?Avggﬂ?rpkﬁc?e 'n

having the anode space surrounding the auxiliary anode separat romthe
cat hode fropatheresbackmgaiti mgp theecleamephting ipbme sTheThubstahetsdst the rédos symedethapace

and in the cgathode .gpace are largely prevented from mxing so that the
r educed%%rﬂﬁgt‘% e%’“@‘fze'f ﬁlé'mraé&]ﬁxmé}ys"‘ﬂl@ﬁ? dethe elegeplating plant are agdpcedhaghin o a

iyl : -onl ' ubst ances can,reach the ayxil.i ar
Snode onlyor ER iERemeT6P e sEa RURBXT0GHRe TR AR Do el iR | o
the anotfe 8pfsmatien b tHeSsuitanes O Me Riok Bfsterh i Hlel RANGH 6ah if BRCHEQDN dn2ki NY
pl ace there. In regulating the flow of current in the netal 1on generator,

t he proBensratgrrandeaaned bhbadnghthe arata pieces prohzied edibva cayistdinpdlarityhelatiedieced

form and thus subsequentl| e rate qof fornmation of the netal ions in the
met al i%a‘gﬂﬁ@?aﬂné}ﬁe’i‘ e?é%/ 0?20@%119 theimetal jops 4y thegmglal tovagenerptorqaarkei t y
of net ajel ' ' Ldatd on with the redox coppounds
pl us t h}éagg%gb?]lf i%g%g%ggjgp §‘f§ og;;h ¢ ﬁ?g@ g}s{)g%{:%oé# tg]f: i3 %Oex PerAR rg]ﬁt?‘éecioogﬁt of

t he oxygedizéd eubstaneesait Ihee!ﬁkﬁfae)daﬂdﬂeﬁd”lﬁr%l)eﬁﬂeﬁr@ité’d frofnl tikiflg pREE B Bavifiethe
quantity of the nmetal ions used up at the cathode in the electroplaiing

pl ant . #10ds space syreunding e puxilizry anedesepamsteddrom tie dathode space serrawtding the be
deposi t ' e te fluid remi,ns gonstant. In using the t hod
accor di ‘Elg“”{ @eng'e Tiﬁ%\?}l ﬁl S?’l’)%hctaﬂgécasggfer 8 tﬂ%ﬁ(iaBWQF YPAEE At lﬂ'&?ﬁ’ PIGYS 0P he
for mat i mixind soreiatthel resced RbdtdiREd of @B FUBX dyQfdni Sindehd 12 8’: gd 1o
t he invent?éon descrei bed ei n WO 9918564 A2, hd'tyﬁﬂgn# upﬁﬁghe%g\%g}rﬁta emc;@@ttﬁg

i nvent i V&Y Hlereatentonly giage thesd sibsthrges nar rekch the ewdliary evedsdn]y by diffiaion aad! | s

have toiltPcee rovi de t’iogl g@fe“@n to t.he el ec rg | ati ng pl ant and not one or

sever al > aux i Gy Stgpces ) dhg | anodg gpace depietr 0B acpeit of the

gener at glé@&rochémieal R8ctidn tmgé ﬁl%f:e tHehe expenses for plant engineering are 16
SEP 2004
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 jons 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 ceils 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



10 considerably |lower. Furthernore, the deposition solution does not cone
into contact with an inert auxiliary cathode as this is the case wiithS§gmhey
pl ant described in WO 9910564 A2, so that a potential deposit of neta

onto the auxiliary cathode cannot cause the problens discussed herein

above. Accordingly, the nmethod accordifng to the invention does w thout
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fresh enefier lrfce of the work. As a result thereof, the cathodic current efficiency in the

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 1s 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 jon 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,
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in the metal ion generator does not easily cause hollow spaces acting as bridges to form when
the metal pieces are dissolving so that it is easier to fill up with new metal pieces. By using balls
baving an appropriate diameter, the bulk volume in the metal jon 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.

Int 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 spectfically preferred, above all

a ratio of at least 100 : 1. Such a high surface ratio can be adjusted in selecting for example



one auxiliary anode is set to a value of at least 4: 1. As a result
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preferably the water of the deposition solution oxidizes, formng oxﬁé&ﬁlm4
in the process, and the substances of the redox systemin the reduced form
only oxidize to a mnor extent. A surfpace ratio of at least 6: 1is
preferred, even nore preferred being a surface ratio of at least 10 : 1.

Ratios of at least 40 : 1 ar re i.ficall ferre abgve al,l .. a
ot o ofnalt melal Bieqio grore Spetically iend Bl fasdll fteter Taw Al vacitiodid
sel ecti 6 s3940 : [ AR 2
speci fi (F:,]‘glT %@Bﬁgﬂ%&g{&pgglﬁ}@mhgﬁﬁg a ?ﬁéﬁ%ﬁ?ﬁéﬁﬁ%ﬂ@hﬁwgg??y a?%g(% ﬁé(gpc
current edewesi Aythete GonbitrdPirtual Do by geh divhe antbrmed antdi odel Subnhndae ity of
20A/dn2 to 60 A/dn2 ensues. At these conditions, virtually oxygen alone is
formed ERdox EESIGRyYdbe reaiised rpapsyblytpmesent iadbsanogs spaseiare YiRvalbeorlexifizask m
possi bl Xttﬁés%:slcﬁ%itiions the anode space are virtually not oxidized at these
condi tions. e netal ion generator can preferably be shaped |i ke a tube.
In this case, an advantageous enbodi nent consists in having the auxiliary
anode accommodat ed above the space that can be occupied by the netal

pi eces. The metal esnigeneriter ewf prefdnablp by gbapesidikef a tibebin thiecasaoah edvantageous

deconposition of the er. at. the auxiliary anode can escape fromthe
deposi CabeBBethacsRsio i heving @4 liphyAngdR arcomppodiiedAhere disripaca thacanths
met al pj a | t t ] NG 1,N I ' e tJ Qp: SO

t hat it‘b(%iqa %gl esﬁ%l rgﬂl? ep%gggut!?sor? ?ér%ugptgﬁlggﬁa F:&’éﬁgﬁ%ﬁ?i%% b?ﬁhg irngg]é:hi ng
t he mede@bmpsitionof thawatenat the gexitinty adbdeosun ebeapp fievethe depusitontsalutiphes e from
di ssol'ving faster under the action of the oxygen. In an alternative,
advant JgeB8longepeatonadthout epntaciing the metaljripces and withayt esaning intp ¢lose gontact
partiti | . Rpart 1 space_a cat hode ace)... the

ot al  pr i the ifioh 4B (8 LS TR i PRI REAGTr Ae RRAIRET BTERng B,
one auxmktabpigcedNOKiE akidhdeehent slRwad prévent the n2td) Plece OB disRNing fastet Rhdercase
t oo, oxygen originated at the auxiliary anode energes from the deposition
sol ut i oHe@FR tthe OXX8¢8r contacting the netal pieces. The bulk of the netal
pi eces preferably rests on an el ectrode that has the shape of a sieve and

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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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 bemg
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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concent éoppbrobathy udile ifePPRRIded NEGRALIBALI sidbility in the precipitation tank, said baths
containing Fe** and Fe** salts, preferably FeSO,/Fe,(SG,), or Fe(NH,),(S0O,), or other salts for
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., zihc, 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,

manganesc(Il) 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



copper baths using inert anodes of dinensional stability in the

precipitation tank, said baths containing Fe2' and Fe3+ salts, prhﬁ&&PaEﬂﬂS/
FeSO4/ Fe2(SM) 3 or Fe(1lVH4)2(SX4)2 or other salts for the purpose of

mai nt ai ni ng the concentration of the copper ions. On principle, the

i nvention can also be utilized in regating the metal ion concentration
in baths serving to electrolytically deposit other netals such as e.g.,

zi nc, nyg#al in &Bﬁ%é&%bwe%d'iﬁ%gnﬁ%ﬁéﬁ?n%k! oys thereof and with other

el ements such as e.g., phosphorus and/or Boron. In this event, other
substances of an electrochemcally reversible convertible redox system
have pgssi bl% to be used, the redox system being chosen in dependence on
the redpdls following theinyertions gupleime at moGodgailiwith tné helpef thel Ripmes. s
titanium cerium vanadi um nanganese, chrom um for exanple may al so be
used. Suitable conpounds are titanyl sulfuric acid, cerium(IV) sulfate,

al kal i met avygpag @%%ﬁﬁ kali, chromate or alkali
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el ectropl ati_ng :PI ants in which plate-shaped work, preferably printed
circuit boarkdg,3:6hrwh ajssctinpal yism off thy uppervegipn ofitheymetakiohigenedior iirsa Gespveyed
in a linear mannef gré hq_ri zontal direction while being brought into
contact with the CIEPHYte fluid. As a matter of fact, the method can
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the followi ng, the invention is explained in nore detail with the help of

t he Figures. Fiwg. 1.. shows a diagrammatic view of an arrangenent for
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preci pyindf ¢v9§' wtltﬁ%(e &m@&l ciR:%it boards and to which it is returned afier 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 1on 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



of the through-type for treating printed circuit boards, a sunp being
preferably provided out of which electrolyte fluid is taken to beiggrashrd
or sprayed onto or brought into contact in any other way with the printe
circuit boards and to which it is returned after contact with the printed
circuit boards. In this case, the tank i} shown in Fig. 1 is the sunp. The
di screte receptacles are filled with the electrolyte fluid. A sulphuric
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the netal deposited. The netal ion generator 2 contalns an au Irary anode
20 and pPideces 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
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to prevent the convective transport of fluid between the spaces an 35.
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liquid cycle: electrolyte fluid is drawn fromthe upper region of the
precipitation tank 1 through the pipeline 4 and is transferred to the
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metal lon generator 2 in the lower region undemeath 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
1on 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



through a filter unit 7, e.g., taped filter candles. The filtered sol ution
is returned to the precipitation tank | via the pipeline 8. The reb&ré8ilfi
3 also communicates with the netal ion generator 2 via a second liquid
cycle: fluid is taken fromthe bottom of the reservoir 3 through the
pipeline 9 and is caused to enter the jyvetal ion generator 2 in the |ower
regi on underneath the sieve bottom 31. The fluid is drawn out of the netal

ion ge Mo ' of an.overnfl.ow i e, upper. region of the
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space 25. The cat hode space 35 contains the netal pieces 30, copper balls
in this case, that do not contain any phosphorus and that have a dianeter

of appnrgi ®1hdshimed . b forpm.a bul k.r.esting
on a ti tgﬁﬁfjm S| eveg]\% Iﬁ%tat? @%\%ﬁ&%‘éﬁgﬁgﬁldﬂﬁ%& ?&gmer ﬁw&a&@#‘&ﬁiéﬁ The
auxi | i proyidedanierR@ath she sieveBIC Thelsie e fideeOPictds\dF nictd] Br Bithe &ath dti&ushfy e
bottom 31 to the negative term nal of a direct

the pipe 9. The metal ion generator 2 furthermore 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 flnid 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’ ions 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



current supply. The place of screwed union 38 for the anodic power |ead
fromthe source of direct current to the auxiliary anode 20 and theg SEP 2004
cat'hodi ¢ pl ace of screwed union 39 for the power |lead to the sieve bottom

31 are illustrated schematically in Fig. 3. In this event, the electric
feed lines for the sieve bottom 31 arﬁ I nsul at ed and gui ded upward out of
the nmetal ion generator 2. The pipe 9 leads into the netal ion generator 2
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the si e@chifatiBfirPdtatithah) SpdthtiRClohfl nedr JeRE arrow 23 and enters the cathode
space 35 containing the copper balls 30. The Fe3+ ions react with the

copper to formCu" ions while Fe2+ ions are produced at the sane tine. The
rate of _fo tion of the copper ions can be regulated by giving the copper
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35 through the port 11 via the fluid outl'et 19. The el ectrochemn cal
r eact i doyiged with a bottom 16. The walls 15 and the bottom 16 are made of polypropylene. The

metal ion generator 2 forms an opening 17 at its top.

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 jon 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



made possi bl e by applying a cathodic potential to the sieve bottom 31 and
accordingly to the copper balls 30 and an anodic potential to the 16 SEP 7004
auxi liary anode 20 in the anode space 25. The water of the electrolyte
fluid contained in the anode space 25 is anodized |iberating oxygen, said
oxygen exiting the upper region of thejgetal ion generator 2 through the

opening 17. |If necessary, Fe2+ ions contained in the anode space 25 are
oxi di zed, t_the auxili anod 20.,.SL.hce the.exchange of fluid
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shows acatlemiersgacndfodi nent of the nmetal ion generator 2 according to the
invention. In this case, the netal ion generator 2 is a receptacle with

side walls 15 which forma rectangul ar, square or circular ground plan of
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25. Fumphartorsgivemhbersmaabese 25 and 35 are separated from each other by an
ion perneable wall 21, an ion exchange nenbrane in this case, preferably
an ani on exchange nmenbrane, which is vertically arranged. A perforated
wal |l 26 is also provided, which endows the nmenbrane with the required
stability. A sieve bottom 31 is arranged in the |ower region in the cathode
space 35, said sieve bottom being constituted by a titaniumnet. A bulk of
metal pieces 30 (shown only in parts) rests on the sieve bottom 31, the
nmetal pieces here being copper balls having a dianeter of approximately 30
mm An auxiliary anode 20 is acconmpdated 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 direct current supply (not shown). The
el ectrolyte fluid can enter the netal ion generator 2 through the | ower
fluid intake 18. The 16 S E P 2004 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
out'let 19 is arranged in the upper region of the cathode space 33%.5 Jiregfy
of operation of the metal ion generator 2 in this enbodi nent corresponds to
that of the first enbodi nent shown imghe Figs. 2 and 3. In this respect,
reference is made to the explanations given herein above. 16 SEP?OK 20

Li st of : precipitation tank 2 netal ion generator 3 reservoir
4,5, 8, 9%‘1}'83%]?@8?{3%%5 6 punp 7 filtering unit 11 exhaust port 15 tubul ar
housi ng of the metal ion generator 2 16 bottom of the netal ion generator
2 17 front-sided upper opening of the netal ion generator 2 18 fluid

i ntake }nto the nereaipitatém tigekerator 2 19 fluid outlet out of the netal ion
generatpr 2 20 auxiliary anode 21 ion perneabl e nmeans (woven cloth) 22
fluid level 23 diPER!19EBF2Tow of the electrolyte fluid 24 wall

separ at4 ng the angdg,space 25 fromthe cathode space 35

4,5,8,9,10 pipelines

6 pumnp
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 1on 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



25 anode space 26 perforated wall 30 pieces of netal, copper balh555§p2m4
sieve bottom titaniumnet 35 cathode space 38 electrlcal contact for

| eadi ng'power to the auxiliary anode 20 39 electrical contact for |eading
power to the sieve bottom 31 40 electric feed line to the auxiliary anode
20 41 electric feed line to the sieve pottom 31 50 power supply, direct
current source f 6 SEP 2004 21 Clains: 1. Method for regulating the netal
ion concentration in an electrolyte fluid serving to electrolytically
deposit netal and additionally containing substances of an

el ectrochemcally reversible redox systemin an oxidized and in a reduced
formin which at | east one portion of the electrolyte fluid is conducted
t hr ougt-lams: east one auxiliary cell, each cell being provided with at

| east one insoluble auxiliary anode and at | east one auxiliary cathode, a
current being conducted between them by applying a voltage, wherein pieces
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the metal pjeces (30) are separated from one another by neans (21) t
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netal pieces (30) are used in the
} etween 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.

3. 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 Jeast one auxiliary anode (20) is arranged above the

metal pieces (30).



formof balls. 5. Method according to one of the previous clains, wﬂ§5ﬁ;ﬂg
the ratio of the surface of the netal pieces (30) to the surface of et
| east one auxiliary anode (20) is set to a value of at least 4 : 1. 6.

Met hod according to one of the previous clains, wherein the auxiliary cel
(2) is designed as a tubular netal ion generator and that the at |east one
auxi liary anode (20) is arranged above2Zhe netal pieces (30). 1 6 SEP
2004 22 7. Method according to one of the clainms | through 5, wherein the
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(30) vi m(ﬁm%ﬁiﬁﬁa@ﬁ_e?)(ﬁ%m%o&e? Cﬁ&ﬂ Met hod according to one of the

previous clains, wierein the at least partially ion perneable neans (21)
is designed as.a woven cloth that is perneable to liquid. 10. Method
accor dig%{tgtg gne of the claims | through 8, wherein an ion exchange
menbr an o) 3eeprding inoneef the prewicus elaes, (vehel 8ik) curreht isJey b e rittal pieces

el ectr ol 53l _‘ ositin | using an electrolyte fluid containing
nmet al ﬁgnjshgﬁék%a§ﬁgﬁe§ﬁi\?ﬁt@dg§d& ances of an electrochemcally reversible-
redox systemin an oxidized and in a reduced form the device conprising:
1. an-electroplating plant conprising at,|l east one main anode; and 11. at

| east dhMethod dccondingdelohe bEthagrevious Hfatthe] WHRPGIA e Alell g%%{i&ggggtper%q?gle

el ectropl at jng.plant, each auxiliary cell conprising:
i nsol um{ﬁ? 'Aﬁ‘ﬁna‘il\%%wob‘?n‘éi’thltbﬁswmbhm ligaly cat hode consisting of
pi eces. of the netal to be deposited; and

10. Mcthod 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 electrolytically de Sit i
€ tically depositing metal using an electrolyte fluid containin
_ remgtal ions anqaddmopa_il_ly substances of an electrochemically reversible o
I [8)4 system.:r) g_n_q_xrdlged and in a reduced form, the device comprising:
ﬁ an-glectr_opla_tmg -‘p‘!ant comprising at least one main anode; and
-.--atleastone auxiliary cell being in fluid connection with the
e!eCtroplatmgplanL each auxiliary cell comprising:
: g.-"'- -atleastione insoluble auxiliary anode:
. atleast one auxiliary cathode -consisti}l of piec '
al , nde es.
| ,‘_°, be deposited; and JeP ot the meta
.~ &tleast one power supply for conducting a current flow between

the at least one auxiliary anode and the at | ili
eathode. east one auxiliary

wherein the main anode is insoluble.

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 msoluble auxiliary anodes (20) are inert

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



c. bt least one power supply for conducting a current flow bet ween %]Egﬁ ﬁ#}
| east one auxiliary anode and the at |east one auxiliary cathode, Zeﬂ
thé main anode is insoluble. 12. Device according to claim 11, wherein
nmeans (21) are provided that are at |least partially perneable to ions,

sai d means separating anode spaces (25)3 surrounding the auxiliary anodes
(20) from cathode spaces (35) in which the netal pieces (30) may be filled.

13. Devi£HeRrecbidhd @ rr@[ gr%fnfh{a ica?]?gééghroﬁg\frl ﬁ | Ihdidh | h@srﬂv%th'lb].g?ceg%%j[ ey

anodes (20) are inert )ave been ac

pr eci ousetaebalss and/ or m xed oxides. 11 6 S E P 2094 23 14. Device
according to one of the clains | 1 through 13, wherein the netal pieces
(30) are netal baIIs 15. Device according to one of the clains 11 through

14, wh re nthe ra of su.rfac of t tal] pieces (30

sur f acd oPRrRE Sesorgingisfong:d Tag sl Bensh 4 Whgrein B i aidpeduriogeetiva 1
16. De RE& e deV| ce
(2) i S\‘Béeig gnegmjg qgﬂk%uggfe Gind ?@F‘%l %@#k&%@égﬁmgﬁ@ﬁn 3§tgt I east

one auxi li ary anode (20) is arranged above a space containing the netal

pi eces (30). Devi ce according to one of the clains 11 through 15,

wher ei Péwe@W@édl{lg)O ong qfdhe ¢laims i thmughdéd“’hmm tﬂmdewan@t?é isderignedas) and

t he cat wher t.h i ece: C be fillJed into
the cat %O'aliafsfﬁ%%‘em% §§%CT%% ‘ﬁﬁ%‘fm%&a@ SR ‘F”i(y d%??@é@ AEpge Hove
arranggcg héd M@almﬁgg%%pﬁl%cés?éb 18. Devi ce accor d| ng to one of the

cl ai ns 1 through 17, wherein a sieve-shaped el ectrode (31) is arranged in

t he cat hode space (25) in such a way that the netal pieces (30) can be
suppl i ig wth current via this electrode (31). 19. Device according to
cl ai m 18; DGRes arserding tQ pas et drsfaas di é@wa‘aéﬁi,(m‘)rensthardmsgéa ip wentigally | ower

por ti Oﬂl\ﬁécclt F&) tﬁg m&%p§&a(§§) én%%e Cth ecsgaéie (g‘gﬂﬁ n%ereas € me :?l prlrg:tesa& Icgnces

(30) can res
be filled into the cathode space (35) and the at least one auxiliary anode (20) is arranged in the

anode space (25).

18. Device according to one of the claims 1] through 17, wherein a sieve-shaped electrode (31)
1s 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 raeans (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 10on concentration in a copper deposition solution serving to electrolytically deposit



sai d el ectrode. 20. Device according to one of the clainms 11 through,ég,
wherein the at |east partially ion perneable neans (21) is designed SEB 200
woven cl'oth that is pernmeable to liquid. 21. Device according to one of the
clainms 11 through 19, wherein the at |least partially ion perneable neans
(21) is an ion exchange nenbrane. 22. Application of the method according

to one of the clains 1 through 10 for regulating the copper ion

concent &l : r 1 L 43k on _serving to electrolytically
deposi t @%EE%%%@%ﬁﬁﬁﬁ@@Sﬁg@ﬁgﬁ%Fggﬁ?P?gﬁgﬁ?§°%B%w5¥hing Fe(l1l) and Fe(ll11)
conpounds. 23. Use of the device according to one of the clains | 1 through
21 for éfggkating the copper ion concentration in a copper deposition

solutio wif iy dewicelageardinizye prcadf the diefmas] t thowigh @i fandgulatiog theanppdryon
containin% FeQJI) and Feglll .con??unds. ) : .
concentration’n a copper deposition solution serving to electrolytically deposit copper and

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



