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pRoéESS AND ARRANGEMENT FOR THE ELECTROLYTIC DEPOSITION

OF METAL LAYERS

The present invention relates to alprocess and an
apparatus for the electrolytic deposition of uniform metal
layers, pfefegably of copper, having given physical-
mechanical properties.

The electrolytic metallization, for instance with
copper, of workpieces which are electrically conductive at
:least on their surface, has been known for a long time. For
lthis purpose, the workpieces which are to be coated are
connected as cathode and, together with anodes, brought into
contact with the electrolytic plating solution. For the |
deposition, a flow of electric current is produced between
anode and cathode. N E

ordinarily, anodes of the material which is deposited
ﬁrom the plating solution are used. 1In that case, the amount
orImetal deposited from the solution is returned to the
plating solution'by dissolying at the anodes. 1In the case of
copper, the amount deposited and the amount which is
anodically dissoclved are approximately the same for a given
charge flow. This process is easy to carry out since, at
least in the case of copper, only sporadic measurement and
control of the metal-ion concentration of the plating

solution is necessary.
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pr.eferably nade of copper, with specific physical- mnechanical properties.
The electrolytic plating, for exanple with copper, of at |east

superficiqgt SEATFONY conductive workpi eces has been known for a |ong
time. For t purpose, the workpieces7te be coated are connected as
cathodes-ﬁﬁﬂ are brought into contact together with anodes in the

However, disadvantages have been encountered when
carrying out the process with these soluble anodes. If the
thickness of the metal layers deposited is to be very uniform
at all places on the surface of the workpiece, then the
-soluble anodes are only conditionally suitable for this
purpose, since the latter change shape with time due to the
dissolving, so that the disﬁribution of the lines of force in
the electrolytic bath also changes. The use of smaller, for
instance spherical, pieces of metal as anodes in insoluble
metal baskets is also only con&itionally suitable for solving
the problem, since the metal parts frequently wedge against
one another and as a result of the dissolving process gaps -
are frequently formed upon the sliding down in the pile of
metal parts. )

Therefore, atfempts have frequently been made to use
.insoluble, and therefore dimensionally stable anodes, rather
than soluble metal anodes. As materials, titanium or high-
grade steel, for instance, enter into consideration for this.
By the use of these anode materials, gases, such as for
instance oxygen or chlorine, are formed dpon the electrolytic
deposition since the anodic dissolving of metal no longer
takes place. The gases produced attack the anode materials
and gradually dissolve thenm.

German Patent DD 215 589 D5, describes a process for the

electrolytic deposition of metal with the use of insoluble
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electrolytlc deposition solution. For the deposition, an electrical

current* flow is produced between the anode and the cathode. Anodes nade
from met alFRANSLATIONs  ted fromthe deposition solution, are nornally
used. In this case, the quantity of «m@a in the deposition solution
which i's ﬁ” ~ .

metal anodes in which reversibly electrochemically
convertible substances are added as addition to the plating
solution, they bging transported by intense positive
convection with the plating solution to the anodes of a
plating apparatus, converted electrochemically there by the
electrolysis current, conducted, after their conversion, by
intense positive convection away from the anodes into a |
regeneration space, returned electrochemically to their
initial condition in the regeneration space on regeneration .
metal present in it with simultaneous electroless dissolving
without external current of the regeneration metal, and fed
in this initial condition again to the separation apparatus
by intensive positive convection. By this process, the
above-indicated dlsadvantages with the use of insoluble
anodes are avoided. Instead of the corrosive gases, the
substances added to the plating solution are oxidized at the
anode, so that the anodes are not attacked.

The dissolving of the metal in the regeneration space is |
in this case independent of the process of the deposition of
metal on the ﬁaterial being treated. Therefore, the
concentration of the metal ions which are to be deposited is
controlled by the effective metal surface in the regeﬁeration
space and by the velocity of flow in the circuit. In the
.case of a deficiency of metal ions, the effective metal

surface and/or the velocity of flow from the deposition space
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deposited fromthe solution is supplied again to the anodes by dissolving.
In the ‘case of copper, the deposited quantity and the anodically dissolved
quantity "FREANS Eqsane when the charge throughput is _ _
predeterngggd This method can be car<iged-out sinply since, at least in

t he case Mopper, only intermttent neterlng and adjustnent of the netal
I on concgnirati ons In the UepUbl tTomr-sotottotr—t a'IEqU| redh

to the regeneration space is increased or, in case of an

excess of metal ions, correspondingly reduced. This process
therefore presupposes that a high concentration of the
reversibly electrochemically convertible substance is present
in the plating solution. This has the result that the
| oxidized compounds of the addition substances (redox system)
are again reduced at the cathode, so that the current
efficiency is decreased. )
In German Unexamined Application for Patent DE 31 10 320
Al, a process is described for cation reduction by anode-
supported electrolysis of cations in the cathode space of a
cell, the anode space containing ferrous ions as reducing

agent and anodes being moved relative to the anolyte which

surrounds the anodes.

-

In German Unexamined Application for Patent DE 31 00 635
Al, a process and an apparatus are described for
supplementing an electroplating solution with a metal to be
precipitated in an electroplating apparatus, wherein the
metal which is to be galvaniéally precipitated is provided in
an electroplating solution which is contained in an
electroplating container ahd a supply of the metal to be
precipitated is provided within an enclosed space, the gases
produced in the electroplatihg container upon the advance of
the electroplating process are conducted, together with the

electroplating solution, into said enclosed space and applied
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2 However, disadvantages have cone to light in the execution of this
met Hod whi l e using these sol ubl e anodes. If the

TRANSLATION
from: | - 10 -

there to said supply of metal in order to dissolve the

latter, whereupon the dissolved supply of metal is again
added to the electroplating solution in the electroplating
container. The apparatus required for the carrying out of
the process is, however, very expensive, since, among other
things, it must be gas-tight.

Said processes have the disadvantage that the plating
solutions to be regenerated contain no addition compounds,
which, however, are ordinarily required in order to control
the physical-mechanical properties of the metal layers to be
deposited. Such substances are predominantly organic
substances. _

It is only by these addition compounds that the required
physical-mechanical properties of the layers such as, for
instance sufficient brightness, high elongation upon rupture,
and resistance of the layer to cracks upon soldering shock
tests are obtained. Without the addition of these compounds,
the layers are dark, dull, and rough.

DD 261 613 Al describes a process for the electrolytic
deposition of copper from acid electrolytes with
dimensionally stable anode using certain additions for the
production of layers of copper having spécific physical-
mechanical properties, the plating eléctrolyte also
containing the aforementioned electrochemically reversibly

convertiblé addition substances.
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t:hi ckpess of the deposited netal |ayers on the surface of the workpiece is

to be totally uniformat all points then the soluble anodes are only

suited td SEATION purpose in a limted manner since they change
their shﬁ%ﬁr in time by dissolving so &hat the field |ine distribution
| i kewi se’’chan

exanpl e
al so onl

ges in the electrolytic bath. The use of smaller, for

spherical netal pleces as anodes 1T n I nsorupre nMeral DasKers
y sui tKel has beenifqund that, although the quality of the

metal layers precipitated from such plating solutions
initially satisfy the requirements, in particular with regard
to the physical-mechanical properties, nevertheless, after a
longer period of deposition, layers of poorer guality are
obtained even if the substances in the plating solution whose
concentration was decreased by consumption upon the
deposition are supplemented. Copper coatings which are only
poorly ductile are obtained from aged plating solutions, so
that such layers tear on printed circuits in the region of
the holes when they are subjected to a soldering shock test.
Furthermore the surface of the metal layer then changes in
disadvéntageous manner, in that it becomes dull and rough.
The present invention thereforg proceeds from the
problem of avoiding the disadvantages of the processes and
arrangements of the prior art and of finding an economical.
process, and suitable apparatus, for the electrolytic
deposition of layers of metal, particularly 6f copper, in
which the metal layers deposited by the process and the
apparatus have predetermined physical-mechanical properties,
in the manner that addition compounds are added to the
plating solution in order to control the properties of the
metal layers, and the properties of the metal layers do not
change in disadﬁantageous manner even after a lengthy period

of deposition. Furthermore, the thicknesses of the metal
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manner to solving the problemsince the netal parts frequently becone
wedged toget her and, as a consequence of the dissolving process,
frequent | ' RANSEATION being | owered during stacking of the netal
parts. rrg.gg)_zeral attenpts have therefot? been nade to use insoluble and
hence di nensionally stabl e anodes instead of sol uble

layers are to be approximately the same &t all places on the
surface of the material treated, and the deposition is to be
possible with high current efficiency.

This problem is solved by Claims 1, 8, and 16.

Preferred embodiments of the invention are set forth in the
' dependent claims.

In order to obtain sufficiently uniform layer
thicknesses on tﬁe surface of the material béing treated,
insoluble, dimensionally stable, anodes are used. Iﬁ order
to supplement the metal ions consumed by deposition, naméiy
in a preferred use copper ions, a metal-ion generator is used
in which parts consisting of the metal to be deposited are -
‘contained. The plating solution contains, in addition to tﬁe
metal ions, compounds of an electrochemically reversible
redox system. For the regeneration’of the plating solution
which has become impoverished by consumption of metal ions,
it is passed by the anodes, whereby the oxidizing compounds
of the redox system are formed. Thereupon, the solution is
conducted througﬁ the metal-ion generator, the oxidizing
compounds reacting with the metal parts, with the formation
of metal ions. At the same time, the oxidizing compbunds of
the redox system are converted into the reduced form. By the
formation of the metal ions, the total concentration of the

metal-ion concentration contained in the plating solution is

maintained constant. From the metal-ion generator, the
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anodes. For this purpose, titanium or speCial'éteeI for exanple may be
considered. By using these anode material s;¥:gases are fornmed such as for
exanpl e oXTRANSLATIONe during electrolytlc deposition since the anodic
netal dis ing no longer takes place. 1¥he resultant gases attack the
anode materidl s and dissolve these gradually.

plating solution passes back again intokﬁhe electrolyte space
which is in contact with the cathodes aﬁd anodes.

The solution furthermore contains addition compounds for
controlling the physical-mechanical prdperties of the layer.
In order to maintain the properties of the'layér.even after a
lengthy period of deposition from the plating solution, means
are provided in accordance with the invention by which the
concentration of the oxidizing compounds of the redox system
in the direct vicinity of the cathode can be minimized,
preferably to a value below about 0.015 mole/liter.

Obviously, the addition compounds can be decomposed by
the oxidizing compounds of the redox system. In this way, 3
the concentration of the addition compounds would, on the one
hand, be reduced in uncontrolled fashion. Since the
determination of the concentration of these compounds is in
.general very cumbersome, while the content of the compounds .
is very sensitive to the physical-mechanical properties of
the layers, only layers having varying properties could
necessarily be debosited, since a sufficiently rapidly acting
and precise technique of analysis for such requirements is
not available.

This problem would furthermore be intensified by the
fact that upon the decomposition of the addition compounds
reaction products are formed which have a detrimental effect

on the properties of the layer, so that, after lengthy
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In the German Patent publication DD 215 589 B5 a nethod for electrolytic
met al deposition is described where

ON
from: - -

duration of the eléctrolysis, even if thé content of the
addition compounds is maintained by enrichment of the
injurious reaction products, only layers the properties of
which would not éatisfy the requirements made could still be
deposited. |

The means in accordahce with the invention by which the
concentration of the oxidizing compounds in the vicinity of
the cathode can be minimized, preferably to a value less than
‘about 0.015 mole/liter,_are described below:

The total amount df the compounds of the redox system
added to the plating solution is so determined that
substantially the entire amount of the oxidizing compounds of
the redox system fed to the metal-ion generator with the
plating solution is required for the dissolving there of the
metal parts with the formation of m;tal'ions.

The amount of metal ions provided by the dissolving must
just supplement the portion which is lost in the plating
solution by the deposition. In order to maintain the metal~-
ion concentration and for the complete reduction of the
-amount of oxidizing compounds introduced into the metal-ion
generator, a minimum size of the surface of the metal parts
in the metal-ion generator is therefore'required. This
surface can ;e increased in upward direction as far as

desired and, in particular, however, need not be variable.

Thus, the further filling of the metal parts into the metal-
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i nsol ubl e nmetal anodes are used and in which reversible electrochenmcally
repl aceable naterials are added to the deposition solution as a

suppl enentfRANSIATIONsported by intensive forced convection with the
dep05|t|hg solution to the anodes of—-al%eposition device, are replaced
el ectrochfffal ly there by the electrolytic current, are directed after

‘their refpracement by neans Ol TNUensive orced CTUNVECtT Ul [ Lo tiTe_anodes
into a ion generator can bé effected in a techniddlly simple manner

in any desired amounts above said minimum amount.

The spatial distance between the anodes and the metal-
ion generator must be small, and the connections for
transferring the plating solution Which has reached the
| anodes to the metal-ion generator and from the metal-ion
generator back into the electrolyte space must bé short. 1In
this way, the result is obtained that the dwell time of the
oxidizing compounds in the electrolyte space is short; By
the rapid transfer of the plating solution containing the
oxidizing compounds into the metal-idn generator, these
compounds also have only a short life until they are
-converted into the reduced compounds of the redox system.

Furthermore, the velocity of flow of the plating
solution must be as high as possiblé, particularly upon the
transfer from the anodes to the metal-ion generator.

In order to keep the concentration of the oxidizing
compounds as éﬁall as possible, it is furthermore possible to
introduce another oxidizing agent directly into the metal-ion
generator. Atmospheric oxygen is particularly suitable for
this purpose. Upon the reaction of oxygen with the metal
parts, only water is produced, it having no effect on the
deposition process.

For the introduction of air into the metai-ioﬁ

generator, means for the blowing-in of atmospheric oxygen are
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regenerating chanber, are returned electrochemcally to their initial
condition in the regeneratlng chanber on regenerating netal |ocated in

sai d chantERANS

IHDNineous external electroless netal dissolving of

t he regegﬁ&atlng nmetal and, in this 'ni®i &l condition, are conducted back

to the de
met hod,

sition device with intensive forced convection. By using this

tr]provzl.ded in the lower region of the genetrator.

Another possibility for supplementing the metal ions
removed by deposition from the plating solution consists, in
principle, of adding the metal ions in the form of their
‘compounds or salts to the plating solution. However, in this
| case, the concentration of the anionic portions of the
compounds or salts necessarily added with the metal ions
cannot be ﬁrevented from increasing continuously due to the
continuing addition of the compound, so that, after a certain
amount of time, the solution must be discarded. If, in the
present case, only a small part of the métal ions to be
supplemented by addition of the corresponding compounds or
salts, then the time until the discardihg of the solution cén
be rather long. By combining the supplementing of the metal
ions by addition of the salt with tﬁe regenerating of the
‘solution in the metal-ion generator, the addition of the
compounds or salts can be decreased to a few per cent of the -
necessary supplementation.

In this case, the possibility of controlling the metal-
ion concentration in the plating solution in a simple and
rapid manner from a control standpoint constitutes an
advantage.

By the reduction in‘the life of the oxidizing compounds
of the redox system which are formed on the anode which is

obtained by means of said measures, and the minimizing of the
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d}§adyantages present ed when using insoluble anodes are avoided. | nst ead
of usi ng the materials added to the deposition solution
are OX|d|§ﬁgA§§%ﬁ§€E€ﬁ§§g so that the Qﬂes are not attacked. “The

di ssol vi ngof the metal in the regenerétlng chanmber is hereby i ndependent

of the p position on the itemtao he troated.—The ‘
Concentra&bﬂ@eﬂ%rhﬁ&oﬁ?h@'the compounds, possible decomposition of the

addition compounds is avoided, or at least definitely
reduced. _

The metal-ion concentration in the electrolyte space can
also be controlled by a special manner of circulation of - the
| plating solution. The reduced compounds of the redox systém
which are converted electrochemically at the anodes by the
electrolysis current back into the oxidizing'compounds are
present in the cathode space. The quantity of the oxidizing
compounds and thus the metal—ionlconcentration can be reduced
if only a part of the plating solution is conducted from the
space present in the vicinity of the cathode to the anodes
and from there into the metél—ion generator. The other part
of this solution which does not contain the oxidizing
compounds is, on the other hand, conducted directly into tﬁe
metal-ion generator. For this purpose, separate outlets are
provided for the plating solution, they being located in the
vicinity of the cathode. The solution which is branched off
~over the outlets passes through suitable pipelines into the
.metal-ion generator.

The surface of the metal to be dissolved is, in its
turn, dimensioned so amply that all oxidizing compounds
introduced into the metal-ion generator can be converted

electrochemically.
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ions to be deposited is therefore regulated by the effective nmetal surface
in“the"“regeneration chanber and by the flow velocity during circulation.
I f there 'FRANSTLATION netal ions the effective metal surface and/ or

- 18 -
Jrom:

By this measure, a simple control of the metal-ion
concentration in the plating solution and thus an automating
of the control which is simple technically to achieve is made
possible. By contfolling the volumetric flows of the plating
solution from the cathode via the anode into the metal-ion
generator, on the one hand, and from the cathode directly
into the metal-idn generator, on the other hand, the metal-
ion concentration can be easily adjusted.

For the control, the velocity of flow of the plating
‘solution in the circuit and the voltage between cathode and
anode can also be adjusted.

The conditions of flow in the electrolyte space are to
be such that, on the one hand, a flow of the plating solution
is directed from the cathode to the anode and, on the other
hahd, the plating solﬁtion, however; first acts directly on
‘the cathode. This latter is necessary in order to be able
economically to produce uniform layers with sufficiently high
| current densities and predetermined physical-mechanical
properties. These flows are produced by direct flow against
the cathode by means of nozzle assemblies or surge nozzles
and by subsequent deflection of this flow towards the anodes.

The preferred arrangement for the carrying out of the
‘process of the invention comprises, in addition to the
cathodes, insoluble, preferably perforated, dimensionally

stable anodes, devices for the flow of the plating solution
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4, the flow velocity fromthe deposition chanber to the regeneration
chanber is increased, or if there is a surplus of netal ions,
correspon m E?ﬁffé)NTh' S procedure assunes therefore that a high
concentration o e reversible electrpghem cally replaceable materi al
cont ai nedffPM:the deposition solution. This leads to the

against the cathodes and anodes (nozzle assemblies, or surge
nozzles), means of deflecting the flow to the anodes and
connecting lines for transferring the plating solutibn which
has been fed to the anode to the metal-ion generator as well
as for transferring the plating solution emerging at the

| metal-ion generator back into the electrolyte space. 1In a
preferred embodiment, means for drawing off the plating
solution can also be provided in order to increase the
velocity of flow upon the transfer of the plating solution
from the anodes to the metal-ion generator.

In order to avdid the mixing of the parts of the plating
solution which are located in the vicinity of the cathode
and/or the anode, the electrolyte space can also be
subdivided into several compartments by ion-pervious
partition walls (ion-exchanger, diaphragms).

The metal-ion generator is preferably a tubular device
which can be filled from above and which is provided with a
bottom and, for the entrance of the electrolyte, with at
least one pipe socket with lateral openings and also, in its
upper region, with an overflow which debouches into an
eleétrolyte contéiner. In one particularly favorable
embodiment, oblique, preferably perforated, plates are
arranged within the metal-ion generator.

The process is particularly suitable for the metallizing

of circuit boards. In this case, copper in particular is
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oxj di sed conpounds of the supplenented materials (redox system) being
retluced again on the cathode so that the «current efficiency is decreased.

In the Gbgpp?gpgsg A tent application DE 31 10 320 Al  a method for
cation reduction anodﬁpsupported el got~ol ysis of cations in the cathode
chanber offoHtcel |

deposited on their surfaces and on the walls of the holes.

Ordinary'dip devices can be used in which the.circuit
boards are dipped from above into the plating solution, or
else horizontal installations in which the circuit boards are
grasped horizontally and moved by suitabie means in
horizontal direction through the installation.

In addition to copper, which can preferable be deposited
-with the process of the invention from the arrangement which
is also described,'other metals, for instance, nickel, can
also, in principle, be deposited in accordance with the
method of the invention.

The basic composition of a copper bath can vary within
relatively wide limits when using the process of the
invention. 1In géneral, an agueous §olution of the following

composition will be used: -

Copper sulfate (Cuso,.5H,0) 20 - 250 g/liter
preferably 80 - 140 g/liter or

180 - 220 g/liter

Sulfuric acid, concentrated 50 - 350 g/liter
preferab}y ' 180 - 280 g/liter or

| '50 - 90 g/liter

Ferrous sulfate (FeSO,.7H),0) 0 0.1 - 50 g/liter

preferably 5 - 15 g/liter

Chloride ions (added, for

instance, as NacCl) : 0.01 - 0.18 g/liter
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I s, deseri bed, the anode chanber containing iron (I1)-ions as reductiaon
nmeans and the anodes being noved relative to the anol ytes surrounding the
anodes. ubl i shed Patent application DE 31 00 635 Al, a

met hod anérggeﬁgglsggﬁggggnerating an-ebgctroplating solution with a netal
to.-be dep d9med in an el ectroplating device is described, the netal to be
el-ectrol ytrecatty

preferably 0.03 - 0.10 g/liter.

Instead of copper sulfate, other copper salté can also
be used, at least in part. The sulfuric acid can also be
replaced, in whole or in part, by fluoboric acid, methane
sulfonic acid, or other acids. The chloride ions are added
as alkali chloride, for instance sodium chloride, or in the
form of hydrochloric acid, p.A. The addition of sodium
chloride can be dispensed with, in whole or in part, if
‘halogen ions are élready present in the additions.

The active Fe?*/Fe’* redox system is.formed from ferrous
.sulfate heptahydrate. It is excellently suited for the |
regenerating of the copper ions in aqueous acid copper baths.
However, other water-soluble iron salts can also be used, in
particular ferric sulfate honahydrate, provided that the
sales do not contain biologically no;rdegradable (hard)
complex formers in the compound, since the latter result in
problems in connection with the disposal of the flushing
water (for example, iron-ammonium alum).

In addition to iron salts, compounds of the elements
titanium, cerium, vanadium, manganese, chromium and the like
are also suitable as further redox systems. Compounds which
can be used are, in particular, titanyl sulfuric acid, ceric
sulfate, sodium metavanadate, manganous sulfate, and sodium

chromate. For special uses, combinations of the above redox

systems can also be used.
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deposi.ted being provided in an electroplating solution contained in an
el-ectropl ati ng contai ner and a supply of the netal to be deposited being
provi ded WRANSLATION chanber, the gases produced in the el ectroplating
cont ai ner .during progress of the el ectraplating process being conducted

t oget her &?Pﬁ the el ectroplating solution

With the process of the invention, the other elements
which are known and have proven themselves in electrolytic
.metal deposition can be retained. Thus, ordinary brightening
agents, leveling agents and surface-active agents can, for
instance, be added to the plating solution. 1In order to
| obtain copper precipitates having predetermined physical-
mechanical properties, at least one water-soluble sulfur'
compound and an oxygen-containing high-molecular compound are
added. Addition compounds such as nitrogen-containing sulfur
compounds, polymeric nitrogen compounds, and/or polymeric
phenazonium compounds can also be used.

The addition compounds are contained in the plating

solution within the following concentration ranges:

ordinary oxygen-containing -

high-molecular compounds 0.005 - 20 g/liter
preferably 0.01 - 5 g/liter
ordinary walter-soluble
organic sulfur compounds 0.005 - 0.4 g/liter
preferably 0.001 -~ 0.15 g/liter

Thiourea derivatives and/or polymeric phenazonium
compounds and/or polymeric nitrogen compodnds as addition

compounds are used in the following concentrations:

LAWYERS' AND MERCHANTS’ TRANSLATION BUREAU INC.

Legul, Financiul, Scientific, Technical and Patent Translations ~—

Tel: (212) 344-2930/293) 11 BROADWAY, NEW YORK, NY 10004 - Fax: (212) 422-6877
Consultant : Founded in 1903 by
WM. BERTSCHE, J.D., CH.E.. ACS. CARL V. BERTSCHE

This Sheet Has Been Replaced:

BT

THIS SHEET HAS BEEN
REPLACED




5, into the seal ed chanber and being applied there to the netal supply to
di ssolve it and subsequently the dissolved nmetal supply being added again

to the MMﬁdﬁ ution in the electroplating container.
- 23 -
Jfrom:

0.0001 - 0.50 g/liter

preferabiy 0.005 - 0.04 g/liter

For the preparation of the plating solution, the
addition compounds are added to the above-indicated basic

composition. The conditions for the deposition of copper are

indicated below:

pH <1

Temperature: 15°C - 50°C
preferably 25°C - 40°C

cathodic current density: 0.05 - 12 amp/dm? -
preferably 3 - 7 amp/dm?

A few oxygeh-containing high-molecular compounds are

listed in the following Table 1: -
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The device required for the execution of this nmethod is however vefy

demandi ng si nce, anongst other things, this nust be carried
condi ti ons. The nentioned nmet hods have the advant age t hat

out in seal ed
t he

deposi t i (FRANSLATIONve regenerat ed contain no additive conpounds whi ch

are normgldy. required however for - 24

Carboxymethyl cellulose
Nonylphenol-polyglycolether
Octanediol-bis~-(polyalkylene glycol ether)
Octanolpolyalkylene glycol ether

Oleic acid-polyglycol ester
Polyethylene-propylene glycol + polyethylene glycol
Polyethylene glycol-dimethylether
Polyoxypropylene glycol

Polypropylene glycol

‘Polyvinyl alcohol

Stearic acid polyglycol ester

Stearyl alcohol polyglycol ether
B-Naphthol polyglycol ether i

ngle-Z: Sulfur Compounds

3-mercaptopropane-l~sulfonic acid, sodium salt |
Ethylenedithiodipropyl sulfonic acid, sodium salt
Bis-(é-sulfophenyl)-disulfide, disodium salt
Bis-(w-sulfobutyl)-disulfide, disodium salt

Bis- (w-sulfohydroxypropyl)-disulfide, disodium salt
Bis-(w-sulfopropyl)-disulfide, disodium salt
Bis-(w-sulfopropyl)-sulfide, disodium salt

Table 1: 'Oxygen—é&ﬁtaining, High-Molecula¥ Compounds.

3-benzthiazolyl-2-thio)~propylsulfonic acid, sodium salt
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control ling the physical -mechanical properties of the netal |ayers to be
deposited. As far as these materials are concerned, organic naterials are
predoninaﬂ§é¥¥§§§ﬂzgylgﬁge requi red physi cal - nechani cal | ayer properties
are only ns of these adgitive conmpounds, properties such

as for exfropte, adequate sheen, high fracture elongation and resistance of
the | ayef

Methyl-(w—sulfopropyl)-disulfide, disodium salt
Methyl-(w-sulfopropyl)-trisulfide, disodium salt
O-ethyl-dithiocarbonic acid~-S-(w=-sulfopropyl)-ester,
potassium salt

Thioglycolic acid

Thiophosphoric acid-0O-ethyl=-bis-(w-sulfopropyl) -ester,
disodium salt

Thiophosphoric acid-tris-(w-sulfopropyl)-ester, trisodium

salt

A few sulfur compounds having functional groups suitgble
for the production of water solubility are set forth in the
above Table 2. |

By blowing air into the electirolyte space, the.plating
solution is moved. By addition action of air on the anode
and/or the cathode, the convection iﬁ the region of their
surfaces is increased. 1In this way, the mass transport in
the vicinity of the cathode and/or anode is optimized, so
that higher current densities can be obtained. Corrosive
oxidizing agents which are possibly produced in a small
amount,such as for instance oxygen and chlorine, are thereby
led away from the anodes. Movement of the anodes and
cathodes also results in an improved mass transport on the
corresponding surfaces. In this way, a constant diffusion-

controlled deposition is obtained. The movements can take

place horizontally, vertically, in uniformly lateral
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sol deri ng shock tests. Wthout supplenent of these conpounds the Iéyers

are dark, matt and rough. In the publication DD 261 613 A, a met hod is
descrlbedqgéghgﬁgﬁﬁgfﬂbéhic copper deposition fromacidic electrolytes
with a di | e anode Mhl|€§&5lng specific additives to

produce cfomer | ayers with defined

movement, and/or by vibration. A combination with the action
of air is particularly effective.

Inert material is used for the anodes. Anode materials
which are chemically and electrochemically stable to the
plating solution and the redox system used are suitable, for
instance titanium or tantalum as base material, coated with
platinum, iridium, ruthenium, or their oxides or mixed
oxides. Titanium anodes having an iridium-oxide surface
which are blasted with spherical bodies and thereby compacted
so as to be frgg of pores were sufficiently resistant, and
therefore had a long life. By the anodic current density or
the anode potentials adjusted via the voltage between cathode
and anode, the quantity of the corrosive reactions produced
on the anode is determined. Below 2 amp/dm’ their rafé of
formation is very small. 1In order,itherefore, not to exceed
this value; large'effective anode surfaces are desirable.
Therefore, in the case of limited three-dimensional
dimensions, perforated anodes are preferred, for instance,
anode nets or expanded métal having a suitable coating are
used. In this way, the advgntage of a large effective
surface is combined with the simultaneous possibility of
intensive flow through the anode by the plating solution, so
that any corrosive reaction produced can be led away. Anode
nets and/or expanded metal can, ih addition, be used in

several layers. In this way, the effective surface is
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physi cal - mechani cal properties, the deposition electrolyte
6 ° also containing the already nentioned el ectrochemcally, reversibly
repl aceabl e suppl enent materi al s.

SLATION

- 27 =-
Jrom:

correspondingly increased, so that the anodic current density
with a predetermined electroplating current is reduced.

Metal is supplemented in a separate container, the
metal-ion generator, which is passed through by the plating
solution. 1In the case of.copper deposition, metallic copper
parts, for instance in the form of pieces, balls or pellets,
are present in the metal-ion generator. The metallic copper
used for the regeneration need not contain phosphorus, but
phosphorus is not disturbing. Upon the additional use of
soluble copper anodes, the composition of the anode material,
on the other hand, is of great importance. In that case, -the
copper anodes must contain about 0.05% phosphorus. Such
materials are expensive, and the addition of phosphorus
causes residues in the electrolytic cell which must be
.removed by additional filtration. -

since, in accordance with the method of the invention,
it is also possible to use metallic copper parts which
contain no additions, electrolytic copper, including copper
scrap, is as a rule used. An interesting variant consists
therein that the circuit board waste which is coated with
copper, such as obtaiﬁed in large quantities upon the
production of printed circuit boards, can also be used for
this, provided that it does not contain further metals. This
waste, consisting of the polymeric base material and the

copper layers applied thereto, can be disposed of in
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It has enmerged that the quality of the netal |ayers which are deposited
from depositing solutions of this type firstly indeed correspond to
requireng , I ' respect to the physical -nechani cal properties,

however,

| ong depositi time, layers with reduced quality

are obta{ﬁQﬁ:even when the materials in"the deposition solution, the

concentr

ati-on—of—shi-ch—has—besn

traditional manner only at high expense due to the firm bond
between the two materials. After the profitable dissolving
of the copper of this waste in a metal-ion generator suitable
for this, a sorted disposal of the base material is possible.
In similar fashion, reject circuit boards can also be used.

Furthermore, filters for the removal of mechanical
and/or chemical residues can also be inserted in the
circulation of the plating solution. However, the need for
theh is less than with electrolytic cells having soluble
| anodes, since the anode sludge produced by the mixture of
phosphorus to the anodes is not present.

For the further explanation of the invention, and
further préferred embodiments, reference is had to the

following diagrammatic figures.

Fig. 1 shows the principle of an apparatus for the dip
treatment;
Fig. 2 shows the principle of an apparatus without and

with diaphragm;

Fig. 3 shows the principle of an apparatus with serial
conducting of the plating solution;

Fig. 4 shows the principle bf an apparatus for the
horizontal transport of the material being treated;

Fig. 5 shows a metal-ion generator on an apparatus for dip

treatment;
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reduced during deposition by usage, are regenerated. Only slightly ductile
copper: |l ayers are obtained fromageing deposition solutions so that |ayers
of this type on the circuit boards tear in the region of the bores, if

t hese af%%kA&WSﬁJ&TI N sol dering shock test. In addition, the netal

| ayer surj;.@ﬁe changes di sadvant ageoust y2%y- beconmi ng matt and rough.

Fig. 6 shows a metal-ion generator on an apparatus for the
| horizontal transport of the material being treated.
In Fig. 1, the process of the invention is shown on
basis of a diagr;mmatically shown apparatus. The electrolyte
space 1 is located in the container 3. The metal-ion
generator 2 is so constructed and arranged with respect to
the container 3 as to result in short paths for the feeding
of the plating solution from the anodes 5 to the metal-ion
generator and from there back again into the electrolyte
space. For this reason, in the present case, the metal-ion
generator is divided into two parts arranged in the vicinity
of the insoluble anodes. This division in two is, however,
not necessary. Thus, for instance, it can also be arranged‘
as a single unit to the side of or below the bath container.
The copper parts to be dissolved are introduced in a loose
pile into the metal-ion generator in order to permit easy
passage of the plating solution through the generator. On
the other hand, however, a minimum loading with copper parts
must be maintained therein. The pump 11 pumps the plating
solution in a closed circuit through the arrangement. It is
essential that the material 6 being treated, which is
connected as cathode, be acted upon by the plating solution
which is enriched in copper ions, as indicated by the arrows
14, via nozzle assemblies or surge nozzles, not shown here.

In this way, the result is obtained that the copper layers
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Therefore the problemunderlying the present invention is to avoid the

di sadvant ages of the nethods and arrangenents according to the state -of
the art and to find an econom cal nethod and device suited to that purpose
for the ARANSHATIONosi tion of netal |ayers, especially those made of
copper; 2% tal |ayers deposited actodfling to the nethod and by neans of
t he devic avi ng t he .

are deposited on the surface of the matefial'being treated
with the necessary quality and the necessary speed.
Furthermore, a further flow takes place within the
electrolyte space from the space 15 present in the vicinity
of the material being treated in the direction towards the
space 16 present in the vicinity of the anodes. ' The plating
solution which has been brought to the anodes passes through
them, in the case of perforated ;ﬁode, and arrives, with the
advance of the flow, into the outlet 4 which leads to the
metal-ion generator. In this way, the result is obtained
that a'transporﬁ of anodically formed oxidizing compounds of
the redox system (ferric ions) into the cathode space 15 is
minimized. This, in turn, prevents the injurious
decomposition of the addition compounds, with simultaneous
“increase of the cathodic current efficiency.

Along the transport path from the anodes via the outlet
into the.metal-ion generator, the addition compounds are
probably decomposed via a chemical decomposition reaction
with the participation of the oxidizing compounds of the
redox system. Therefore, the shortest possible connection
with high velocity of the plating solution to the metal-ion
generator is desirable outside the electrolyte space 1.

The minimum loading of the metal-ion generator with
copper parts provides assurance that the oxidizing compounds

formed are completely converted within the metal-ion
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prescfibed physi cal - mechani cal properties, by adding additive conpounds
t'he deposition solution to control

TRANSLATION

- 31 -
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genefétor and the ¢oncentration of these compounds at the
outlet of the metal~ion generator is lowered to a value of
about zero. This means that the copper surface which is in
contact with the plating solution in the metal-~ion generator
leads to the complete reduction of the oxidizing compound to
the reduced compounds (ferrous ions), with simultaneous
electroless dissolving of copper with the formation of copper
.ions. The reduced compounds of the redox system do not
contribute to the decomposition of the addition compounds.

By targeted flow onto the cathode surfaces, the anodes,
for a given total circulation, are subjected to less
electrolyte exchange. 1In this way, the corrosive gases
possibly produced at the anodes are led away correspondlngly
slower, so that, on the one hand, the corrosion of the anodes
increases while, on the othef hand, it is limited by the
.following measures:

-- low ancodic cufrent density

-- inert base material of the anodes

~=  inert coating of the anodes

- surface compacting of the anodes

- liquid-pervious anode geometry.

By these measures, the result is obtained that the
addition compounds which are added to the plating solution in
order to control the physical-chemical properties of the

layer of metal can be used also in arrangements with
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the netal |ayer properties and no changing the netal |ayer properties

di sadvant ageously even after a fairly 1long deposition tine. In addition,
the netal |ayer _thicknesses should be al nost identical at all points on
the surfadRANSEATEONo be-treated and deposition should be possible
with a highseurrent efficiency. The $foblemis resol ved by the
characterlstics of Clains 1

insoluble, dimensionally-stable anodes. Special mixtures of
the addition compounds are not necessary for this. A high
.cathodic current efficiency and a long life of the insoluble
anodes is obtained.

Fig. 2 shows another apparatus in accordance with the
invention. It differs, on the one hand, from the arrangement
shown in Fig. 1 by a difference in the guidance of the
plating solution within the electrolyte space, which consists
of a space 15 présent in the vicinity of the material being
treated, namely the cathode space, and of the spaces 16
present in the vicinity of the anodes, namely the anode
spaces. These spaces are separated by the dashed lines 17 in
the drawing. The plating solution, which was enriched with'
'copper ion in the metal-ion generator 2 upon the reduction of
ferric to ferrous jons, flows separately into each space'and
passes'through nozzle assemblies or surge nozzles (not shown)
as shown by'the arrows 12 and 14 to the anodes 5 and the
cathodic treatment material 6. Mixing of the plating
solution in the anode space 16 with the solution in the
cathodé space 15.can take place only to a slight extent, in
particular for the reason that the plating solution has its
own outlets 4 from the anode space and, separately therefrom,
the plating solution has an outlet 18 in the cathode space.
In this embodiment, the ferric ion concentration is kept |

small in the cathode space, which is connected directly with
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and 8.: Preferred enbodi nents of the invention are given in the sub- d ai ns.
In" order to achi eve adequately uniform |l ayer thicknesses on the surface of
the itemto be treated, insoluble, dinensionally stable anodes are used.

and

For regenTRIANSHEATION®t al i ons, mhggh have been depl eted by deposition

Sfrom:

the inlet to the metal-ion generator 2, so that a short

conduction path from the anode space to the metal-ion
generator results. On the other hand, the transport paths
from the cathode space via the outlet 18 to the generators
can be long, since there are no injurious interactions
between the reduced compound which is contained in the
plating solution present in ﬁhe-cathode space and the
addition compounds. In order to avoid even a slight
electrolyte mixing of the plating solutions in the cathode
and anode spaces, these spaces can be séparated along the
lines 17 by, in each case, an ion-pervious partition wall-
(diaphragm) which, in'its turn, is not chemically changed by
the plating solution. The partition walls are pervious for
the plating solution only to a very'slight extent, if at all,
so that they permit possibly only a -slow equalization of
different hydrostatic pressures in the spaces 15 and 16.
Polypropylene fabrics or other mémbranes with a permeability
.for metal ions and their corresponding gegenions (for
instance the Nafion of DuPont de Nemours, Inc., Wilmington,
Del., USA) are, for instance, suitable. By separation of the
spaces by partition walls, assurance is had that the plating
solution cannot pass, for instance, by eddying from the anode
space into the cathode space. This measure leads also to a
further decrease in the concentration of the oxidizing

compounds of the redox system in the vicinity of the cathode.
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whi ch, ina preferred application are copper ions, a netal ion generator is
used i*n which parts of the netal to be deposited are contained. The
depOSItloﬁQ§E£E&$§p¥ €ﬂ$alns in addition to the netal ions, conpounds of
an el ect '¥f ersible redax gystem For regeneration of the
deposi ti gfromol uti on, which has been depleted of netal ions by usage, said

deposi t i pA~setdtteA—-S5—passed—over—t-he—anodes. . oxidising -conpounds._af the
Therefore, advantageous effects with respect to the '

resistance to aging of the plating solution result also from
these measures.

The plating solution which is present in the anode space
and which contairis the ferric ions formed there is, in its
turn, transferred, over the shortest path, into the metal-ion
generator and enriched there again with copper, with the
formation of ferrous ions. In practical operation, a
condition of equilibrium between the copperlsolﬁtion in the
metal-ion generator and the deposition of copper on the
material being treated is established.

Fig. 3 shows another embodiment of the invention, having
a two-part metal-ion generator. The plating solution which
is enriched in copper ions in the metal-ion generator 2, is
introduced only into the cathode spéce 15. This solution
contains, furthermore, only ferrous ions and no ferric ions.
The plating solution is conducted in succession from the
cathode space 15 to the anode space 16. The ferrous ions
formed in the metal-ion qenerafor therefore, after passing
through the cathode space, enter with the plating solution
via a pump into the anode space. The feeding of the plating
solution into the cathode space is effected by another pump
11. A hydrodynamic constancy and the constant transport
conditions resulting therefrom are advantageous for the

electrochemically active additions of the redox system.
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redox system bei ng fornmed. Subsequently, the solution is directed through

the nef'al ion generator, the oxidising conpounds reacting with the netal

parts by forming netal ions. At the sanme tinme, the oxidising conpounds of
LATION

t he
- 35 -
Jrom:

Furthermore, this serial conducting of the plating
solution permits a dividing up of the plating solution
'withdrawn from'thé cathode space. In order to control the
concentration of the copper ions in the electrolyte space 1,
comprising the cathode and anode spaces, a part of the
solution is conducted via the lines 43 indicated in dashed
line, directly into the metal-ion geneéerator. This partial
quantity contains practically no oxidizing compounds of the
redox systemn, so that the copper dissolving rate is reducead
by admixture of this portion into the stream of solution
which is introduced from the anode space into the metal-ion
generator. By control and/or regulation of the partial
quantities of the two streams by means of three-way valves
‘(not shown), the copper.ion concent;ation in the plating
solution can be adjusted. 1In the arrangement shown in Fig.
2, these possibilities are not used, although, in that case
also, two separate outlets 4 and 18 are presént for the
plating solutions from the cathode and anode spaces. The
solutions of the two spaces are brought together there and
conducted jointly into the metal-ion generatdrs. The
regenerated solutions coming from the metal-ion generators
are fed to the spaces 15 and 16. The manner of procedure in
accordance with Fig. 3 is advantageous when the plating
solutions of the anode and cathode spaces cannot be mixed

together in the electrolyte space, but a complete separation
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r edox systen1are transforned into the reduced form By neans of form ng
metal i‘ons, the overall concentration of the nmetal ion concentration
contained in the deposition solution is kept constant. Fromthe netal ion
gener at or TRANSEATIODh sol ution proggeds back again into the

el ectrol ytgm-chanber which is in contact®with the cathodes

of the dischargirig solutions is not assured in the outlets 4
and 18 from the anode and cathode spaces.

In Figs. 1 to 3, the introduction of the plating
solution enriched in copper ions into the container 3 is
shown, by way of example, to by effected from below and the
-introduction into the metal-ion generator from above. 1In
corresponding manner, the off lines from outlets 4 and 18
from the container 3 are shown at the top and those from the
metal-ion generator 2 at the bottom. Circulation of the
plating solution in other directions is also possible, such
as, for instance, the introduction of the solution into the
metal-ion generator from below.

Another embodiment of the invention, particularly for
the electrolytic metallizing of plate-shaped treatmént
material, preferably circuit boards,  in horizontal péssage
through the arrangement, is shown in Fig. 4. The system,
part of which is shown in side view, consists of the
electrolytic part 20 and a metal-ion generator 21 filled with
copper, shown below it. The electrolytic part 20 consists of
a pluraiity of individual electrolytic cells. Four of these
individual cells are designed by the reference numerals 22,
40, 41, 42 in Fig. 4, with an insoluble anode 23 in each case
for the top side .and the bottom side of the treatment
material 24. The treatment material is electrically

connected to a rectifier (not shown) and is cathodically
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and anodes. The solution also contains additive conpounds for _ _
cohtrolling the physical -nmechanical |ayer properties. In order to maintain

the | ayer after a fairly Ilong period of deposition from
t he deposﬂﬁk&gﬁéstdﬁliﬁ) ans are prgvggeg, according to the invention,
W th mthhan

polarized. It is transported through the installation, in
the direction of the arrow 25, by means of rollers or disks
26. The transport elements 26 are uniformly distributed
along the entire installation. For reasons of simplification
of the drawing, fhey have been shqwn here only at the
beginning and end of the transport path. Surge nozzles or
flood pipes 27, 39 are also present, uniformly distributed in
the electrolytic cells. They correspond to the nozzle
assemblies already mentioned above.

Plating solution coming from the metal-ion generatoé 24
is fed by pumps 29 to the flood pipes 27, 39 via the
pipelines 28. The plating solution flows through the outlet
openings of the flood pipes'or surge nozzles onto the
surfaces of the treatment material 24. 1In this connection,
copper ions are reduced to metallié-copper and deposited as a
metallic layer on the material to be treated, and the ferrous
ions, also present, are éonveyed with the discharging
electrolyte in the direction towards the anodes 23. In order
to avoid a return flow from the anodes to the cathodes,
various methods are provided the effecting of which is shown
‘diagrammatically in Fig. 4. The piating solution which is
enriched with copper is used for flow to the cathode
(treatment material). From the plate-shaped treatment
material, the stream of solution is then so deflected that,

as indicated by arrows 30, it continues in the direction
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thre concentration of oxidising conpounds of the redox system can be
mnimsed in the inmediate vicinity of the cathode, preferably to a val ue
beneat h approx. 0.015 nol/litre. Qobvi ously, the additive conmpounds can
be repladEEiAﬂ%Siﬂ\ Nsi ng conpounds of the redox system As a result,

t he congggh;ation of additive conpouhd® Woul d for one thing be

towards the anodes. In the case of perforated anodes, which
are preferably used, the solution passes through them and
then passes via suction pipes 31 and pipelines 32 back into
the metal-ion generator. The anodes can consist, for
instance, of expanded metal or netting. Openings 33 support
the flow process. In order to avoid the formation of
eddying, baffle walls 34 extending in the direction towards
the material being treated can be arranged on the suction
pipes. The slot 35 remaining between the baffle walls and
the treatment material can amount to a few millimeters. From
the standpoint of fluid mechanics, this forms practically-
closed electrblytic cells having favorable flow conditions."
The flood pipes 27 can also be providea with baffle walls 36
-in order to prevent further possiblg eddies.

‘Different flood pipes in different number are shown, by
way of example, in the electrolytic cells of the arrangement
shown ih Fig. 4. The circulation of the plating solution is
such that the level 37, which is above the suction pipes, is
present in the electrolytic part of the installation. In the
electfolytic cell 42 shown on the right, partition walls 38
are shown between each of the anodes 23 and the treatment
material 24. In this way, the exchange of the plating
solutions in the cathode and anode spaces over a direct path
is minimized. By the use of ion-pervious partition walls, on

the other hand, an ion-exchange between the chambers is made
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reduced in an uncontrolled manner. Since the concentration regulation of
t hese ¢onpounds in general is very costly, but as the content of conpounds

&Bﬁ&“§ﬁéﬂd\£ﬁhphy8i cal -mechani cal properties of the |ayers,

variable _characteristics could be deposited

has a gre
I nevi t abl

since an #oal:ysi s

possible. The solution in the cathode spate can emerge at
the end side. 1In the anode space further flood pipes 39 are
provided. The solution of this chamber passes out via the

suction pipes 31. For such a cell, the serial flow path such

_as already described on the basis of Fig. 3 is again

‘'suitable.

The leading away of the plating solution from the anode
space via the suction pipes 31 into the metal-ion generator
21 can take place oﬁer the shortest path in order to keep the
life of the ferric ions as short as possible. Therefore, the
metal-ion generator 21 is arranged here also as close as
possible to the electrolytic part 20. 1In this way, short
connection paths and short transport times result. The
principle of construction can advantageously also be so
selected that the parts 20 and 21 f;rm a complete system.
Each of several flood pipes 27 is fed by a pump 29 in the
manner shown in Fig. 4. However, a single pump can also be
used. This would lead to longer connecting paths between the
flood pipes 27, 39 and the metal-ion generator 21. The
plating solution in these connecting lines contains
practically no oxidizing compounds of the redox system.

Thus, the protection of the addition compounds is assured in
this region also.

The electroplating installation in shown in side view in

Fig. 4. The parts shown (anodes, pipes) extend in length
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t echni gue which is adequately fast-working and precise is not available
for defrands of this type. :

TRANSLATION
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into the depth of the drawing, and therefore transverse to

- 40 -

the direction of transport over the material to be treated.
The parts present in the electrical field.between anode and
cathode, such as, for instance, the flood pipes 27, consist
of electrically non-conductive plastic. Their electric
screening action is not disturbing here, since the material
to be treated moves slowly through the installation and thus
is continuously exposed to the different electrical fields.

Fig. 5 shows an arrangement in accordance with the
invention having two metal-ion generators 44, an electrolyte
space 1, and two additional electrolyte containers 45. This
arrangement is operated in the dip process. In this case,
the cell is developed symmetrically for the electroplating 6f
the front and rear sides of the treatment material 6. The
two metal-ion generators 44 shown im the figure and the
electrolyte containers 45 can in each case also be provided
individually and in such case arranged on both sides of the
material being treated. )

The metal-ion generator 44 consists of a preferably
round tubular body 46 having an upper opening 47. Aall
Imaterials used for this are resistant to the plating solution
and the additions contained in the solution. At least one
pipe socket 49 extends through the bottom 48 of the metal-ion

generator into the inside of the metal-ion generator. This

pipe socket has lateral openings 50. They form a screen
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TRi s éroblen1mou|d al so be made worse in that reaction products are'forned
duri ng- repl acenent of the additive conpounds, said reaction products

changi ng @ﬁgﬁﬂﬁéfffgﬁt ti es di sadvantageously so that, after

el ectrol ysi ﬁﬁg{ace over a fa {Iy long tine, |layers can only be
deposi t edfront h properties which woul d n6t Treet the set requirenents, even
whi |l e na_m_nmg_;_h.e_g.g.m_gnf of —additive conpounds by reconstituting the
damagi ng| ¢®3eh,0®n the one kand, prevents penetration of metallic

‘copper into the pipeline system and, on the other hand,
permits the passage of the plating solution into the metal-
ion generator. A small roof on top closes the top of fhe
pipe socket. The roof at the s#me time holds the lateral
openings 50 free of fine copper granulate which is present in
this region of the metal-ion generator. Below the bottom,
there is a mixing and collection chamber 51. Copper
partiqles and impurities which were able to pass through the
screen are collected in it. After opeﬁing the base plate 52,
the chamber is accessible fér cleaning purposes. Upon
operation, the plating solution pumped out of the anode space
.16, which solution is enriched in copper-dissolving ferric
ions, enters. In addition, air which contains oxidizing
oxygen can also be blown into the métal-ion generator via
lines 56. In this caSe, the chamber 51 serves at the same
time as mixing chamber. Through the holes 50 in the pipe
socket 49, the plating solution and possibly air enter into
the inside of the metal-ion generator. 1In the lower region
of the generator there is predominantly fine copper granulate
which has been formed by the dissolving of the metallic
copper. It has a very large.specific sﬁrface, which offers
itself immediately for the dissolving of copper to the
incoming plating solution which is enriched in ferric ions.

The ferric ions are therefore rapidly reduced to ferrous
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pr.bduct s. The means according to the invention by which the
concenfrrati on of the oxidising conpounds can be nmininmsed in the vicinity
of the cathode, preferably to a value beneath approx. 0.015 nol/litre, are
shown in MM@N |

Jfrom:

ions, with the simultaneous dissolving of copper. Within the

- 42 -

metal-ion generator, the quantity.df ferric ions decreases
rapidly towards the top. This has the result that the
‘electrolytic copper which has been introduced as granulate or
sections 53 is dissolved in upward direction to a
continuously lesser extent. The dimensions of the granulate
remain large in the upper region-qf the metal-ion generator.
Thus, the permeability for the plating solution is also
retained. Through the overflow 54, the solution discharges
without pressure from the metal-ion generator into the
electrolyte container 45. Witﬁin the metal-ion generator,
the overflow 54 bends downward in such a manner that copper
granulate 53 which slides downward from above cannot lead to
the clogging of the generator. As a fesult of the
sufficiently large dwell times, adapted to each other, of the
- plating solution which has entered into the generator, and
'which, at the same time, is sufficiently long for the
dissolving of the copper surface offered, the plating
solution which flows over the overflow 54 into the
electrolyte container 45 contains practically no ferric ions
any longef. Such an over-dimensioning of the regeneration
unit thus provides assurance that the attack of the ferric
ions on the addition compounds of the plating solution is

complete already in the middle region of the generator.
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The eniire quantity of the conpounds of the redox system added to the
deposi f'ion solution is calculated in such a way that practically the’
entire a t. O |d|5|ng conmpounds of the redox system which are
suppliedqiiaﬁﬁfsigﬁgf Dﬁlgenerator\méglthe deposition solution is
requi red frgm:the dissolving there of th metal parts during formation of
t he netalians

The £filling &hd refilling of the metal-ion generator
with metallic copper 53 is effected from above, through the
opening 47 of, for instance, hopper shape. It can be closed
by a cover. The region above the overflow 54, in which no
plating solution is present, serves for.the storing of
| metallic copper which is to be dissolved in the metal-ion
generator. The filling and refilling can be effected
manually. The arrangement is excellently suited for the
automating of the filling process due to the absence of
pressure at the filling opening 47 and the vertical or
oblique arrangement. The filling can take place_éontinuously
or batchwise. Transport belts or vibratory conveyors (not -
shown here) which are known from the conveyance art transport
the metallic copper into the openings 47 of the generators.

The invention has the advantage that copper parts of
different geometrical shape can be diséolved in the metal-ion
generator. Different shapes, however, have a different
piling behavior. In order to maintain the permeability of
the pile for the plating solution and to assure a
sufficiently large copper surface which is accessible to the
solution, additional individual measures are possible:

Downwardly inclined plates 55 within the generator
prevent too great a compacting of the copper in the lower
region. The plates are provided with holes the dimensions of

which are adapted to the size of the metallic copper parts
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10 The quantity of netal ions which is delivered subsequently by
dirssol®i ng nust exactly regenerate the portion of

TRANSLATION
Jfrom:

introduced. The holes are selected from plate to plate

- 44 -

-smaller from top to bottom corresponding to the dissolving of
the copper. Similarly, the dimensions of the plates can
increase from the top to the bottom. The angle of
inclination can also be adapted to the circumstances of the
pieces of copper introduced into the metal-ion generator.

The inclined position of the metal-ion generator itself
can have the samé result. By the blowing of air 56 into the
lower region of the metal-ion generator or into the mixing
and collecting chamber 51, a copper-dissolving substance, in
this case oxygen, can a;so be introduced. 1In addition to-
this, the eddying of the copper granulate in the metal-ion
‘generator connected therewith increases the reduction of the
ferric ions and the dissolving of the copper. At the same
time, the permeébility for the plating solution through the
copper parts is increased. With copper fillings which hook
on to each other, it may be advisable to shake the metal-ion
génerator at times or continuously. The shaking movement can
preferably be obﬁained from a vibrating conveyor, with which
the automatid filling can at the same time be effected. All
the measures described above for disturbance-free continuoﬁs
operation of the metal-ion generator can also be combined
with each other. |

| The electrolyte containers 45, 67 shown in Figs. 5 and 6

serve to reduce the dependence of the flow of the plating
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dep05|¢|on solution which is |ost durlng deposition. In order to naintain
t he nmeftal ion concentration and to reduce in total the anount of the
oxi di si ng conpounds which have been introduced into the netal ion

gener at or TRAINSIATION: is required therefore for the surface area of

t he net.al t in the metal ion generatdP. -This surface area can, if
desired, De éenlarged upwards, in particular however it does not need to be
vari abl e.

ggfggioﬁhglong the treatment material 6, 69 on the flow
through the metal-ion generator 44, 66. This has the
advantage that, in both circuits, the quantity of plating
solution and its speed can be adjusted individually. These
processes are described below with reference to Fig. 5.

The plating solution is conveyed by a pump 57 from the
electrolyte container 45 into the electrolyte space 1. The
solution flows through the flood pipes 58 arranged there onto
the treatment material 6 and from the flow pipes 59 onto the
liquid-pervious insoluble anodes 5. The division of the
stream of soiution over the flow pipes 58 and 59 is effected
by adjustable valves, not shown in the drawing. From the
cathode space 15, the plating solution flows via the outlet 8
through pipelines 60 and the outlet 61 back into the
electrolyte container 45. Closely behind the anodes 5 there
are suction pipes 62 through which the plating solution
enriched with ferric ions is drawn off by means of the pump
63 and conveyed with high speed into the metal-ion generator.
From there, the solution enriched with ferrous and cupric
ions then returns again into the electrolyte container 45.

The division of the streams over the flood pipes 58 and
59 is so adjusted that an excess results in the cathode space
15. This equalizes itself with the anode space 16. If the
two spaces are separated by a partition wall 17, as shown in

Fig. 5, then at least one opening 64 in the partition wall
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subsequent supply of the netal parts into the metal ion generator can be
achi eved in any quantities above the nentioned mininmumquantity in a

teChn'Calhﬁsﬁhggiﬁéfﬁféﬁﬁ The spatial distance between the anodes and
t he et al nust be small,,and the connections for conveying
t he deposfrpmon sol ution which has flomed agai nst the

sees to it that the equalizing of the plating solutions in
the two spaces can take place in the direction indicated by
the arrow. 1In order to a&oid a mixing of the solutions in
the electrolyte épace 1 and a convective transport of ferric
ions from the anode space to the cathode space, it therefore
need merely be seen to it that a higher hydrostatic pressure
is present in the plating solution in the cathode space 15
than in ﬁhe anode space 16. This is assured by a
'corresponding adjustment of the partial streams through £he
flood pipe 58 and the flood pipes 59 of the circuit of the
pump 57. In addition, the circuits of the pumps 57 and 63
are independent of each other.

Within the metal-ion generator, all ferric ions
introduced with the feed stream are reduced to ferrous ions.
Nevertheless, it cannot be excludedithat a very small,
scarcely measurable number of ferric ions pass through the
metal-ion generator and:enter into the electrolyte container
45. 1In order to reducé the ferric ions which have entered
into said container to ferrous ions, copper parts 65 ate
‘introduced also into this container. 1In this case, copper
scrap may also be used.

‘Another embodiment of the apparatus in accordance with
the invention for the carrying out of tﬁe process is shown in
Fig. 6. There is concerned here a horizontal circuit board

electroplating installation shown in cross section. The
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arrodes to the netal ion generator and fromthe netal ion generator back
inmo the electrolytic chanber nust be short. It is achieved thus that the
dwel | tinme of the oxidising compounds in the electrolytic solution is
short. By TRANSEAXEFONonveyance of the deposition solution containing
~ the oxi di sgpg. conpounds into the met al~i%h ~ generator, these conpounds have
only a shd{t l[ife span also until they are transforned in the conpounds of
t he

figure shows the metal-ion generator 66, an electrolyte
container and an electroplating cell 68. The circuit board
69 which is to be metallized is gripped in the arrangement by
clamps 70 and conveyed horizontally thrbugh the installation.
The contacting of the circuit board with the negative pole of
a rectifier (not shown) is also effected via these clamps.

In another embodiment, the contacting could also be effected
by contact wheels. A pump 71 pumpé the plating solution via
flood pipes 72, 73 to the circuit boards and to the insoluble
perforated anodes 74. Via outlets 75, the plating solution
is conducted out of the cathode space back into the
electrolyte container 67. From the anode space, the pump 86
conducts the plating solution which has been enriched with
ferric ions through suction pipes 76 at high speed into the
metal-ion generator. An outlet 77, -which is developed as
overflow for regulating the level, sees td it that excess
plating solution passes from Eﬁé upper region of the anode
space also into circuit to the metal-ion generator 66 and not
into the electrolyte container 67. The metal-ion genérator
is constructed in the manner which was described with
reference to Fig. 5. Via the overflow 78, the plating
solution passes back into the electrolyte container 67. 1In
the latter, there are also contained copper parts 79 which
effect a reduction to ferrous ions of stray ferric ions which

are possibly present in this region. Furthermore, partition
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redox system 11 In addition, the flow
vel oci 'y of the deposition solutlon must be as | arge as possible

espeC|aII¥ dugl?gLATION
© from: '

walls 80 are provided between the anode and cathode spaces.

- 48 -

Openings 81 in these partition walls see, here also, to an
equalization of the streams of the plating solution from the
cathode space into the anode space. These directions of flow
‘are also established if no partition walls are present.

Horizontally operating continuous installations such as
shown in Figs. 4 and 6, and vertically operating
electroplating installations have dimensions of several
meters in length of the electrolytic cells. Therefore, in
practice, preferably several metal-ion generators are
arranged along the installation. This makes it possible to
set them up in close spatial vicinity to the electrolytic
cell or effect a partial or complete placing of electrolytic
cell, electrolyte container, and mepal-ion generator one
within the other.

During the passage of a circuit board through the
electroplating installation, the clamps 70 are also
metallized in the region of their contacts 82. This layer
must be removed again before the clamps are again used. This
is done, in known manner, during the return of the clamps to
the start of the electroplating installation. 1In this
connection, the.returning clamps 83 pass through a separate
compartment 84 which is connected with the plating solution
in the electrolytic cell 68. For the demetallization, the

clamps 83 are connected via wiper contacts with the positive
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tﬁansfbrence fromthe anodes to the netal ion generator. In order to
keep the concentration of oxidising conpounds as snall as possible, the
possibility further exists of ‘introducing a further oxidation neans
directly iTRAMSLATION on generator. The oxygen contained in the air is
particu!ag*yhﬁuited to this purpose. Duﬂ9ng the reaction

pole of a rectifier, not shown. The negative pole of this
rectifier is connected to a cathode plate 85. During the
electrolytic demetallization process, coppér deposits on the
insglating layers of the clamps 83 lose electric contact with
the current supply before they are completely dissolved.
Therefore, disturbing deposits of copper on these regions
remain back. In accordance with the invention, therefore,
the parameters fbr the demetallization, namely current and
Itime, are so adjusted that, for instance, only 70% of the
demetallization path is required for the removal of the metal
layer. In the remaining path, Fe’* ions are produced by the
electrolysis durrent on the metallic contacted parts of the
clamps. These ions are present precisely at the place wheré
contact-less copper deposits are po§sibly still present.

They dissolve this copper electroless. No noticeable
increase in ferric ions in the electrolytic cell occurs as a
result of this since, as comparedlwith the metallizing of the
treatment material, only very small curreﬁts and surfaces are
concerned.

In order to maintain an operable deposition of metal,
the copper content in the plating solution must be kept
within given limits. This presupposes that the consumption
rate and the rate of addition of copper ions correspond. 1In
order to check the copper content, the absorption power of

the plating solution can be measured at a wavelength of for
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of« oxygen with the netal parts, water alone is produced, which has no

effect »on the deposition process. In order to introduce air into the
metal ion generator neans are provided in the | ower region of the
generatorT%Rd\PJSIg§ xygen from the air. Anot her possibility for

repl enishiggg,.t he metal ions which

instance 700 nm. ‘The use of an ion-sensitive electrode has
also proven suitable. The measured value obtained serves as
actual value of a controller the control value of which is
used to maintain the copper-ion concentration in the specific
embodiments of the invention described.

For the analytical noting of the concentrations of the
compounds of the .redox system, a potential measurement can be
carried out. For this purpose, a measurement cell is used
which is formed of a platinum electrode and a reference
electrode. By suitable calibration of the measured potential
with the concentration ratio of the oxidizing and reduced
compounds of the redox system for a given fotal concentration
of the compounds, the correspondiné_concentration ratio can
be determined. The measurement electrodes can be installed
both in the anode and cathode space; as well as in the
_pipelines of the arrangement.

In order to verify the anode processes,'such as, for
instance, the oxidation of the redox system required for the
production of copper and a possible anodic decomposition of
the addition compounds, a further measuring device can be
provided with which the cathode potential is measured with
respect to a reference electrode. For this purpose, the
anode is connected via a potential measuring instrument with

the corresponding reference electrode. -
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are renoved fromthe deposition solution by deposition resides basically

I - addi*-ng the netal ions to the deposition solution in the formof their

conmpounds_or. ﬁii Efmever it cannot be prevented in this case that

the concerk TI Dhi ¢ parts of tgi conpounds or salts, which are

necessarlﬁ%”added with the netal ions, ncreases in a sustained manner by
means of _the continual

The continuous or discontinuous measurement of further
galvanotechnical parameters is advisable, such as, for
instance the determination of the content of addition
compounds by means of cyclic voltametrics. Thus, after
'lengthy pauses in bperation, temporary changes in the
concentration can occur. Knowledge of the instantaneous
values can be utilized in order to avoid improper dosaging of
the chemicals to be added. -

The following examples serve for further explanation of

the invention:

Example 1
In an arrangement in accordance with Fig. 2, using the
measures in accordance with the invention (large specific
surface of the copper parts in the metal-lon generator, high
'veloc1ty of flow in the entire arrangement, conducting of the
flow in such a manner that the oxidizing co??ounds of the
redox compounds formed by oxidation at the anode cannot reach
the cathode), a copper bath having the following composition
was used:
80 g/liter copper sulfate (CuSO,.5H,0)
180 g/liter sulfuric acid, conc.
10 g/liter iron as ferrous sulfate (FeSO,.7H,0)
0.08 g/liter sodium chloride
with the following brighteners:

1.5 g.liter polypropylene glycol
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supplénent of the conpounds, with the result that the solution nmust be

discarded after a certain tine. |If in the present case only a smal
Port on S JNEF ATION ° 2
- 52 =
from:

0.006 g/liter 3-mercaptopropane-i-sulfonic acid, sodium
salt

0.001 g/liter N-acetylthiourea

A current efficiency of 84% was determined. The
consumption was determined over 100 amp hours/liter as:

propyleneglycol 3.3 g/kaAh

3-mercaptopropane-l-sulfonic acid

sodium salt ' : 0.3 g/kah

N-acetylthiourea 0.04 g/kah

The elongation upon rupture of the deposited layers

amounted to 17% at the end of the test.
Example 2

The test of Example 1 was reéeated in the arrangement
shown in Fig. 3, the plating solution being conducted
serially through the cathode and anode spaces. A current
efficiency of 92% was obtained. The consumption, again
determined over 100 amp hours/liter, was:

propyleneglycol 2.0 g/kah

3-mercaptopropane~l-sulfonic acid

sodium salt 0.2 g/kah

N-acetylthiourea 0.02 g/kAh

The elongation upon rupture was iﬁproved to 20%. 1In
this test, the coated circuit boards passed a second

spldering shock test (10 seconds at 288°C soldering
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be reéenerated i's regenerated by adding the corresponding conpounds or
salts, ‘then the length of time until the solution is discarded can be

falrly lO&%@Aﬁﬁ ol the regenerating of the nmetal ions through
addi ng sal*t r ey ration of the lution in the metal ion

gener at or fromhe addi tion of the conpounds or salts can be reduced to a
smal | pepeert-age—oi—t-he—regeneration

‘temperature) without cracks in the region of the holes. The

deposition was uniformly shiny.

In a horizontal installation in accofdance with Fig. 4,
' c1r§u1t boards were copper-plated in a platlng solution of
the following compos1t10n:
80 g/liter copper sulfa{:.e fCuSO4.5H20)
200 g/liter sulfuric acid, conc.
8 g/liter iron as ferric sulfate (Fe,(S0,);.9H,0)
0.06 g/liter sodium chloride
As brighteners there were added:
1.0 g/liter polypropylene glycol
0.01 g/liter 3-(benzthiazolyl-2-thio)-
propylsulfonic ;cid, sodium salt
0.05 g/liter acetamide
With an electrolyte temperature 34°C, bright metal layers
were obtained on a scratched copper laminate with a current
density of 6 amps/dm?. The circuit board'metallizéd in this.
manner withstood five soldering shock tests (10 seconds at a
soldering temperature of 288° C). The current efficiency was
91.%. No problems arose in the handling (making up of the

addition substances conéumed) of the plating solution.
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requiﬁenent It is advantageous in this case that the possibility .
exi st s—of |nfluenC|ng the nmetal ion concentration in the deposition

sol ution 3ﬁ§?g§| fast manner with respect to control technique.
By neans life span of_tdg oOxidising

Example 4 (Comparison Example)

The test described in Example 1 was carried out in an
electrolysis cell. The measures in acéordance with the
invention were not used, in particular not the feedinglof the
stream to the cathodes and anode in accordance with the
invention.

At a temperature of the plating solution of 30°C, bright
metal layers were obtained on scratched copper laminate
surface with a current density of 4 map/dm’s. The cathodic
current efficiency was only 68%. The consumption of the
addition compounds without entrainment of the plating
solution by lifting the treatment material out of the bath
container amounted, averaged over 100 amp hours/liter, was:

propyleneglycol 5 g/kAh

3-mercaptopropane-1-§u1fonic a;id

sodium salt - 1.6 g/kah

N-acetylthiourea . 0.2 g/kAh

The elongation upon rupture of the deposited layers

was only 14% at the end of the test.

Example 5 (Comparison Example)

Copper layers were deposited on circuit boards in
accordance with Example 1 after a substrate of copper had
been previously deposited from the solution for a lengthy

period of time (2000 amp hours/liter).
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cénmpounds of the redox systemformed on the anode, which is achieved by
means of the previously nentioned neasures, and by nininising the

concent r af Igplqs a possible deconp05|t|on of the conmpounds is
avoi ded or ]gégnngglderably reduEsl.- The concentrati on of netal

ilons in

€l ectrolytic

?he circuit boards no longer withstood two éoldering
shock tests (10 seconds at a soldering temperature of 288°C)
without cracks. -Furthermore, non-uniform copper layers were
obtained. 1In Examples 1 to 3, copper layers with good to
very good elongation upon rupture were, to be sure,
deposited. The cathodic current efficiency and the
consumption of the addition compounds which were added to the
plating solution in order to control the physical-mechanical
layer properties, were satisfactory. The appearancé of the
copper layers was excellent.and withstood the use tests.

After lengthy loading of the plating solution upon the
electrolytic deposition of copper, on the other hand, no

suitable results were obtained'any longer.
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chanber can al so be affected by aspeciat—ei+reulatiaon control of the
deposi tion solution. In the cathoj are | ocated the reduced
conmpounds ystemvvh m wa , de on the anodes by the
el ect roI yﬁAﬂfSLAeﬁ@ n el ect roc'hem cal s back to

CLAIMS

1. A process for the electrolytic deposition of uniform
metal layers of given physical-mechanical properties, in
particular layers of copper, with high currept
efficiency.from a plating solution containing ions of
the deposited metal, compounds of a electrochemically
reversible redox system, and addition compounds for

controlling the physical-mechanical properties of the
metal layers, in which

-— cathodes;

- insoluble, dimensionally stable anodes; |

-- a metal-ion generator by means of which the metal —~
ions are formed by the dissolving of suitable metal
parts upon passage of the’plating soiution
containing oxidizing compounds of the redox system
formed by anodic oxidation; and

-- means by which the concentration of the oxidizing
compounds in the direct vicinity of the cathode is
minimized, preferably to a value of }ess than about
0.015 moles/liter

are used.

2. A process according to Claim 1, characterized by the
fact that the concentration of the compounds of the

redox system is held slightly below a value which is
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13 oiidising compounds. The quantity of oxidLsLng—eeﬁﬁﬁﬂﬁds¥-and hence
thé concentration of netal ions can be reduced ”ﬁl I w he
depositio he area |ocated in the ﬂ!ﬂ Iﬂ at hode
is di rectmos%v%&es and fromdthere into t‘ eﬂerator

necessary in order to maintain the metal-ion

concentration.

3. A process according to any of the preceding clainms,
characterized by the fact that the surface of the metal
parts is selected so large that the concentration of the
oxidizing compounds is lowered to a value of about zero

upon passage through the mgtal—ioh generator.

4. A process according to any of the preceding claims,

| characterized by the fact that the plating solution
passes to the énodes with a high velocity of flow and is
transferred from there to the metal-ion generator with

high velocity.

5. A process according to any of the preceding claims,
characterized by the fact that at least one second
oxidizing compound, preferably oxygen, is furthermore

introduced into the metal-ion generator.

6. A process according to any of the preceding claims,
characterized by the fact that a part of the solution
present in the cathode space is conducted directly to

the metal-ion generator without being fed to the anodes.

7. A process according to any of the preceding claims,
characterized by the fact that the plating solution

which is conducted through the metal-ion generator flows
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Thie other part of this solution not containing the oxidising conpounds is
conducted on the other hand directly into the nﬁm{“mm“mlué M!I . For
this purp . Smwﬁﬂjijgwovided separate outle 4 i on

sol ution Ich are [ocated in the viciknsty of t he *cathode.” The sol ution
branchingﬁﬁﬁﬁ via the outlets proceeds through'suitable ducts into the

net al | ofrgeneraror. .
directly to the cathode and then, by deflection of the

direction of flow, to the anodes.

8. An apparatus for the electrolytic deposition of uniform
layers of metal of given physical-mechanical propérties,
in particular copper, with high current density, from a
plating solution which is in contact with cathodes (6,
24, 69) and.with insoluble, preferably perforated,
dimensionally stable anodes (S5, 23, 74), comprising an
electrolyte space (1) arranged between the cathodes and
the anodes, means for feeding the plating solution to
the cathode and anode, a metal-ion generator (2, 21,"44,
66), a first means for transferring the plating solution
fed to the anodes to the metal-ion genefator, and a
second means for transferring the plating solution
emerging from the metal-ion geﬂ;rator into the
electrolyte space, said means bridging over a distance
of small space between the anodes and the metal-ion

generator.

9. @ An apparatus according to Claim 8, characterized by the
fact that means (31, 62, 76) are provided by which the
plating solution present in the vicinity of the anodes
is drawn off with high velocity or is removed via
outlets (4, 61, 77) and transferred to the metal-ion

generator (2, 21, 44, 66).
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The suﬁface area of the nmetal to be renpved is once

di nensi oned so that all the oxidising conpounds intr I | taI
i on gener rted electrochemcally. c1 mgl t{ ' m
nmeasur e, g']m&&w the nmetal ion concentratio

sol uti on gmeeh:hence

10. An apparatus adcording to either of &laims 8 or 9,
characterized by the fact that the electrolyte space (1)

is divided into several compartments by ion-permeable

partition walls (17, 38, 80).

‘11. An apparatus according to any of Claims 8 to 10,
characterized by the fact that outlets (18, 75) are
provided by which the plaéing solution present in the
vicinity of the cathodes is removed from the electrélyte
space (1) and brought to the metal-ion generator (2, 21,
44, 66).

12. An apparatus according to any of Claims 8 to 11,
charactérized by the fact that as metal-ion generator
(2, 21, 44, 66) there is provided a tubular apparatus
which can be filled from the tap and is provided with a
bottom (48) in its lower region and, for the entrance df
the plating solution, with at least one pipe connection
(49) having lateral openings (50), and, in its upper
region, with an overflow (54, 78) which discharges into

an electrolyte container (45, 67),

13. An apparatus according to any of claims 8 to 12,
characterized by oblique, preferably perforated, plates

(55) within the metal-ion generator (2, 21, 44, 66).
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aut omati on of . the control system which can be reangEa~T?r—?TT?Rﬁwnfﬁﬂ
sinple manner, is nmade possible. By regulating the ‘,ﬂmmﬂ‘" mo
depositioaaégkﬁﬁéfgﬁiﬁ t he cat hode via the anode

gener at or and fromthe Lat hode directl y intd the metal
i on gener fibpr: on the other, the concentration of netal ions can be

adJusted.+4L4;_s+np¢4;4m&nnef — :
14. An apparatus dtcording to any of Claims 8 to 13,

characterized by means for the blowing-in of air (56)
arranged in the lower region of the metal-ion generator

(2, 21, 44, 66).

15. An apparatus according to any of Claims 8 to 14,
characterized by means (26, 70, 82) for the horizontal
grasping, electrical contacting, and movement of the

cathodes in horizontal direction.

16. The use of the process according to any of Claims 1 to 7

for the metallizing of circuit boards.

17. A process for the electrolytic deposition of metals,
characterized by some or all of the new features or by

combinations of the features disclosed.

18. An apparatus for the electrolytic deposition of metals,
characterized by some or all of the new features or by

combinations of the features disclosed.
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14 \ For controlling purposes, the flow velocity of the deposition.
solution during circulation and the voltage

TRANSLATION
ﬁmnu

PROCESS AND ARRANGEMENT FOR THE ELECTROLYTIC DEPOSITION

OF METAL LAYERS
ABSTRACT OF THE DISCLOSURE

For the electrolytic deposition of uniform layers of
metal having given physical-mechanical properties,
particularly of copper, soluble anodes are not used, since
their geometrical shape is changed by the deposition and
therefore the distribution of the lines of force in the
_electrolytic cell are continuously changed.

In order to solve the problems occurring in this
connection, a process has been proposed in which 6ompounds 6f
a redox system added to the plating solution are converted
during the'deposition on the insoluble anodes. The compounds
produced in this connection dissolve new metal ions from a
reservoir which contains parts of the metal to be deposited,
so as again to supplement the metal ions removed form the
solution by deposition.

The present invention describes a procedure in which,

differing from the prior art, the addition compounds are not

destroyed.

Fig. 6
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bet ween the cat hode and the anode can furthernore al so be adjusted. The
‘flow conditions in the electrolytic chanber can be arranged in such a way
that, on one hand, a flow of deposition solution is directed fromthe

cat hode to the anode and, on the other hand, the cathode is however
firstly directly flowed agai nst by LHé dep05|t|on
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solution. The latter is required for producing uniform layers with
adequately high current densities and with the prescribed

physi cal - nechani cal properties in an efpgom cal manner. These flows are
brought about by flooding the cathodes"with jet connections or surge jets
and by subsequent deflection oktethiee flow onto the anodes.
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‘The pteferred arrangement for carrying out the method according to the

i nvention conprises in addition to the
st abl e anodes,

perforated, dinensionally

cat hodes,

and anodes with the deposition solut|0n3(ﬁet connecti ons,

i nsol ubl e,

preferably
devi ces for fl oodi ng the cat hodes
surge jets),

nmeans for defl ecting-t-heflowto the anodes _and connection pipes—for
solution flow ng agai nst the anode to the

transferring the|deposition
metal ion
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el ecttolytic chanber. In a preferred enbodiment, in order " to increase the
flow velocity during the transference of the deposition solution fromthe
anodes to the netal ion generator, there can al so be neans provided for
extracting the deposition solution. Iy gor der to avoid m xing of parts
of the deposition solution which are located in the vicinity of the

cat hode ©
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or- t he: anode, the el ect-'r ol ytic chanber can also be sub- divided into
several conpartments by ion-pernmeable separating walls (ion exchangers,

di aphragns) . The netal ion generator is preferably a tube-shaped device
which can be filled fromthe top and whicé/és prow ded in the | ower region

wth-a base and, for adm ssion of the
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el“ectrdlytes, with at |east one connection pipe with |ateral

in the upper region, with an overflow opening into an el ectrpl®’

container. In a wparticularly favourabl e enbodi nent, inclined

perforated plates are inserted in the interior of the netal }jo

The method is suited preferably to the plating of circuit
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98 NOV 1996

. PROCESS AND DEVICE FOR ELECTROLYTIC PRECIPITATION
OF METALLIC LAYERS

The present invention relates to a process and an
apparatus for the electrolytic deposition of uniform metal
layers, preferably of copper, having given physical-
mechanical properties. |

The electrolytic metallization, for instance with
copper, of workpieces which are electrically conductive at
least on their surface, has been known for a long time. For
this purpose, the workpieces which are to be coated are
cohﬁected as cathode and, together with anodes, brought into
‘contact with the electrolytic plating solution. For the
deposition, a flow of electric current is produced between
anode and cathode.

Ordinarily, anodes of the material which is deposited
from the plating solution are used. 1In thét case, the amount
of metal deposited froﬁ the sqlution is returned to the .
plating solution.by dissolving at the anodes. in the case of

" copper, the amount deposited and the'amoﬁnt which is
anodically dissolved are approximately the same for a given
charge flow. This process is easy to carry out since, at
least in the case of copper, only sporadic measurement and
control of the metal-ion concentration of the platihg

solution is necessary.
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In this case, copper particularly is deposited on tHeREPCAGEMENESSHEET

16 NOV 1996

However, disadvantages have been encountered when
carrying out the process with these soluble anodes. If the
thickness of the metal layers deposited is to be very uniform

at all places on the surface of the workpiece, then the

.soluble anodes are only conditionally suitable for this

purpose, since the latter change shape with time due to the
dissolving, so that the distribution of the lines of force in
the electrolytic bath also changes. The use of smaller, for
instance spherical, pieces of metal as anodes in insoluble
metal baskets is also only conditionally suitable for solving
the problem, since the metal parts frequently wedge against
one another and as a result of the dissolving process gaps -
are frequently formed upon the sliding down in the pile of
metal parts.

-

Therefore, attempts have frequently been made to use

.insoluble, and therefore diménsionaily stable anodes, rather

than soluble metal anodes. As materials, titanium or high-
grade steel, for instance, enter into consideration for this.
By the use of these anode materials, gases, such as for
instance ongen or chlorine, are formed upon the electrolytic '
deposition since the anodic dissolving of metal no longer
takes place. The gases produced attack the anode materials
and gradually dissolve them.

German Patent DD 215 589 D5, describes a process for the

electrolytic deposition of metal with the use. of insoluble
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Ndrnal plunglng arrangenments in which the circuit boards are~sthme
the deposition solution fromabove nay be wused or also horiz RERLA @ﬁ“ﬁﬂg SHEET

which the circuit boards are gripped horizontally and transpprfed through

in a horizontal direction using appropriate neans. _
whi ch can be deposited preferabl_yaig a A9 g'Rov 996

the unit
copper,

metal anodes in which reversibiy electrochemically‘
convertible substances are added as addition to the plating
solution, they being transported by intense positive
convection with the plating solution to the anodes of a
plating apparatus, converted electrochemically there by the
electrolysis current, conducted, after their conversion, by
intense poéitive convection away from the anodes into a

regeneration space, returned electrochemically to their

initial condition in the regeneration space on regeneration .

metal present in it with simultaneous electroless dissolving
without external current of the regeneration metal, and fed
in this initial condition again to the separation apparatus
by intensive positive convection. By this process, the
above-indicated disadvantages with the use of insoluble
anodes are avoided. Instead of the corrosive gases, the
substances added to the plating solution are oxidized at the
anode, so that the anodee are not attacked. |

The dissolving of the metal in the regeneration space is

in this case independent of the process of the deposition of

metal on the material being treated. Therefore, the

concentration of the metal ions which are to be deposited is
controlled by the effective metal surface inh the regeneration
space and by the velocity of flow in the circuit. In the
case of a deficiency of metal ions, the effective metal

surface and/or the velocity of flow from the deposition space
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other netals also can be used basically for deposition,. suc e

exanmpl e nickel, in the manner according to the invention. The basic

" conmposition of a copper bath can vary within relatively larg odhﬂéu”6§n5 |
when the nethod according to the inventigpn is used. In general l an agueous ]
sol ution of

to the regeneration space is increased or, in case of ah
excess of metal ions, correspondingly reduced. This process
therefore presupposes that a high concentration of the
reversibly electrochemically convertible substance is present
in the plating solution. This has the result that the
oxidized compounds of the addition substances (redox system)
are again reduce@ at the cathode, so that the current
efficiency is decreased.

In German Unexamined Application for Patent DE 31 10 320
Al, a process is described for cation reduction by anode-
supported electrolysis of cations in the cathode space of ‘a
céll, the anode space containing ferrous ions as reducing
'agent and anodes being moved relative to the anolyte which
surrounds the anodes.

In German Unexamined Application for Patent DE 31 00 635
Al, a process and an apparatus are described for
supplementing an electroplating solution with a metal to be
precipitated in an electroplating apparatus, wherein the
metal which is to be galvanically precipitated is provided in
an electroplating solution which is contained in an
electroplating container and a supply of the metal to be
precipitated is provided within an enclosed space, the gases
produced in the electroplating containef upon the advance of
the electroplating process are conducted, together with the

electroplating solution, into said enclosed space and applied
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preferably
90 g/litre

250 g/litre preferably 80 - 140 g/litre
220 g/litre sul phuric acid, conc. 50 - 350 g/litrp
180 - 280 g/litre or | | 16 NGV %996
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there to said supply of metél in order to dissolve the
latter, whereupon the dissolved supply of metal is again
added to the electroplating solution in the electroplating
container. The apparatus required for the carrying out of
the process is, however, very expensive, since, among other
things, it must be gas-tight.

Said processes have the disadvantage that the plating
solutions to be regenerated contain.no addition compounds,
which, however, are ordinarily required in order to control
the physical-mechanical properties of the metal layers to be
deposited. Such substances are predominantly organic
substances.

It is only by these addition compounds that the required
physical-mechanical properties of the layers such as, for
instance sufficient brightness, high elongation upon rupture,
and resistance of the layer to cracks upon soldering shock
tests are obtained. Without the addition of these compounds,
the layers are dark, dull, and rough.

DD 261 613 Al describes a process for the electrolytic
deposition of copper from'agid electrolytes with
dimensionally stable anode using certain additions for the
production of layers of copper having specific physical-
mechaﬁical properties, the plating electrolyte also
containing the aforementioned electrochemically reversibly

convertible addition substances.
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preferably 5- 15 /litre chloride ions (added for exanpre —as

NaCl) 0.01 - 0.18 g/litre preferably

g/litre. ?0N8V]1996
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It has been found that, although the quality of the
metal layers precipitated from such plating solutions
initially satisfy the requirements, in particular with regard
to the physical-mechanical properties, nevertheless, after a
longer period of deposition, layers of poorer quality are
obtained even if the substances in the plating solution whose
concentration was decreased by consumption upon the
deposition are supplemented. Copper coatings which are only

- poorly ductile are obtained from aged plating solutions, so
that such layers tear on printed circuits in the region of
the holes when they are subjected to a soldering shock test.
Furthermore the surface of the metal-layer then changes in
disadvantageous manner, in that it becomes dull and rough.

The present invention therefor% proceeds from the
problem of avoiding the disadvantages of tﬁe processes and
arrangements of the prior art and of finding an economical.
process, and suitable apparatus, for the electrolytic
depdsition of layers of metal, particularly of copper, in
which the metal layers deposited by the process and ﬁhe
apparatus have predetermined physical-mechanical pfoperties,
in the manner that addition compounds are added to the
plating solution in order to control thé properties of the
metal layers, and the properties of the metal layers do not
change in disadvantageous manner even after a lengthy period

of deposition. Furthermore, the thicknesses of the metal
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fluorobaric acid, methanosul phonic acid or other acids. The chiofide ions
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layers are to be approximately the same at all places on the
surface of the material treated, and the deposition is to be
possible with high currént efficiency.

This problem is solved by Claims 1, 8, and 16.

Preferred embodiments of the invention are set forth in the
dependent claims.

In order to obtain sufficiently uniform layer
thicknesses on tﬁe sﬁrface of the material being treated,
insoluble, dimensionally stable, anodes are used. In order
to supplement the metal ions consumed by deposition, namely
in a preferred use copper ions, a metal-ion generator is used
in which parts consisting of the metal to be deposited are
‘contained. The plating solution contains, in addition to the
metal ions, compounds of an electrochemically reversible
redox system. For the regeneration—of the plating solution
which has become impoverished by consumption of metal ions,
it is passed by the anodes, whereby the oxidizing compounds
of the redox system are formed. Thereupon, the solution is
conducted througﬁ the metal-ion generator, the oXidizing
compounds reacting with the metal parts, with the formation
of metal ions. At the same time, the oxidizing compounds of
the redox system are converted into the ‘reduced form. By the
formation of the metal ions, thé total concentration of the
metal~ion concentration contained in the plating solution is

maintained constant. From the metal-ion generator, the
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formof salt acids. The addition of sodiumchloride can be 1IRE%mSEMENWEWEET
whol Iy or partly if halogen ions are already contained in the oupplcnUuLa
The effective Fe[err]/Fe[err] Redox systemis formed fromirpn 9 h

sul phate heptahydrate. It is exceptionally suited to regenarati waﬂgﬁ
I ons in aqueous, acidic copper - 13 -

plating solution passes back again into the electrolyté space
which is in contact with the cathodes and anodes.

The solution furthermore contains addition compounds for
controlling the physical-mechanical properties of the layer.
In order to maintain the properties of the  layer. even after a
lengthy period of deposition from the plating solution, means
are provided in accordance with the invgntion by which the
concentration of the oxidizing compounds.of the redox system
in the direct vicinity of the cathode can be minimized,
preferably to a value below about 0.015 mole/liter.

Obviously, the addition compounds can be decomposed by
the oxidizing compounds of the redox system. In this way,
the concentration of the addition compounds would, on the one
hand, be reduced in uncontrolled fashion. Since the
determination of the concentration of these compounds is in
-general very cumbersome, while the content of the compounds .
is very sensitive to the physical-mechanical properties of
the layers, only layers having varying properties could
necessarily be deposited, siﬁce a sufficiently rapidly acting.
and precise technique of analysis for such requirements is
not available.

This problem would furthermore be intensified by the
fact that upon the decomposition of the addition compounds
reaction prodﬁcts are formed which have a detrimental effect

on the properties of the layer, so that, after lengthy

-
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sul phat e nonahydrate, can also be used as long as the salts jcgntain no
bi ol ogi cally non- degradabl e (hard) conpl exing agents in thsg OWWGWWGV‘Ent
since the latter present problens during waste disposal (e.dg. Jiron

amoni um al unm) . Besides iron salts,. ggnpounds of the el engnts—trtaftHd

duration of the eléctrolysis, even if the content of the
addition compounds is maintained by enrichment of the
injurious reaction products, only layers the properties of
which would not éatisfy the requirements made could still be
deposited.

The means in accordance with the invention by which the
concentration of the oxidizing compounds in the vicinity of
the cathode can be minimized, preferably to a value less than
‘about 0.015 mole/liter, are described below:

The total amount of the compounds of the redox system
added to the plating solution is so determined that
substantially the entire amount of the oxidizing compounds of
the redox system fed to the metal-ion generator with the
plating solution is required for the dissoiving there of the
metal parts with the formation of m;tal ions.

The amount of metal ions provided by the dissolving must
just supplement the portion which is lost in the plating
solution by the deposition. 1In order to maintain the meﬁal—
ion concentration and for the complete reduction of the
amount of oxidizing compounds introduced into the metal-ion
generator, a minimum size of the surface of the metal parts
in the metal-ion generator is therefore required. This
surface can Le increased in upward direction as far as

desired and, in particular, however, need not be variable.

Thus, the further filling of the metal parts into the metal-
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cerium vanadi um manganese, chromiumand others are |ikew se] SREFLADENMENT SHEET
further redox systens. Conpounds which nmay be used are in parji ¥ :
titani um sul phuric acid, cerium (1V) sul phate, sodi um netavanpdhpt e,
manganese (1) sul phate and sodi um chromate. Conbinations of fhp 16 NOV 1996
previously nentioned redox systens may Qgsa be used for . specipl
appl i cations.

ion generator can be effected in a technically simple manner
in any desired amounts above said minimum amount.

The spatial distance between the anodes and the metal-
ion generator must be small, and the connections for
transferring the plating solution which has reached the
anodes to the metal-ion generator and from the metal-ion
generator back into the electrolyte space must be short. 1In
this way, the result is obtained that the dwell time of the
oxidizing compounds in the electrolyte space is short. By
the rapid transfer of the plating solution containing the
oxidizing compounds into the metal-ion generator, these
compounds also have only a short life until they are
.converted into the reduced compounds of the redox system.

Furthermoré, the velocity of flow of the plating
solution must be as high as possiblé, particularly upon the
transfer from the anodes to the metal-ion generator.

In order to keep the concentration of the oxidizing
compounds as small as possible, it is furthermore possible to
introduce anothe? oxidizing agent directly into the metal-ion
generator. Atmospheric oxygen is particularly suitable for
this purpose. Upon the reaction of oxygen with the metal
parts, only water is produced, it having no effect on the
deposition prdcess._

For the introduction of air into the metal-ion

generatdr, means for the blowing-in of atmospheric oxygen are
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provided in the lower region of the generator.
Another possibility for supplementing the metal ions
removed by deposition from the plating solution consists, in

principle, of adding the metal ions in the form of their

‘compounds or salts to the plating solution. However, in this

case, the concentration of the anionic portions of the
compounds or salts necessarily added with the metal ions
cannot be prevented from increasing continuously due to the
continuing addition 6f the compound, so that, after a certain
amount of time, the solution must be discarded. If, in the
present case, only a small part of the metal ions to be
supplemented by addition of the corresponding compounds or .
salts, then the time until the discarding of the soiution ca\.niT=
be rather long. By combining the supplementing of the metal

ions by addition of the salt with the regenerating of the

'solution in the metal-ion generator, the addition of the

compounds or salts can be decreased to a few per cent of the
necessary'supplementation.

In this case, the possibility of controlling the metal-
ion concentration in the plating solution in a simple and
rapid manner from a control standpoint constitutes an
advantage.

By the reduction in the life of the oxidizing compounds
of the redox system which are formed on the anode which is

obtained by means of said measures, and the minimizing of the
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which are actually known and trusted in electrolytic netal d
be retained. Thus, for exanple normal brighteners, |evelling
agents can be added to the deposition solution. |In order to
deposits with the prescribed physical - mechani cal- properties,
wat er sol ubl e sul phur conpound and ope,gxygen-containing co:
nmol ecul ar ~
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concentrztion of the compounds, possible decomposifioﬂ of the
addition.compounds is avoided, or at least definitely
reduced.

The metal-ion concentration in the electrolyte space can
also be controlled by a special manner of circulation of the
plating solution. The reduced compounds of the redox systém
which are converted electrochemically at the anodes by the
electrolysis current back into the oxidizing compounds are
present in the cathode space. The quantity of the oxidizing
compounds and thus the metal-ion concentration can be reduced
if only a part of the plating solution is conducted from the
space present in the vicinity of the cathode to the anodes
and from there into the metal-ion gener#tor. The other part
of this solution which does not contain the oxidizing
compounds is, on the other hand, conducted directly into the
metal-ion generator. For this purpose, separate outleté are
provided for the plating solution, they being located in the
vicinitf of the cathode. The solution which is branched off
over the outlets passes through suitable pipelines into the
'metal—ion generator.

The surface of the metal to be dissolved is, in its
turn, dimensioned so amply that all oxidizing compounds
introduced into the metal-ion generatof can be converted

| electrochemically.
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conpounds, polyner nitrogen conpounds and/or pol yner phenazonjy um conpounds
may al so be used. The additive conpounds are contained in the| dqgoNOVi 1996
solution within the foll ow ng ranges: nor mal oxygen contpi hi ng

conpounds of hi gh nol ecul ar - 18

By this measure, a simple control of the metal-ion
concentration in the plating éolution and thus an automating
of the control which is simple technically to achieve is made
possible. By controlling the volumetric flows of the plating
solution from the cathode via the anode into the metal-ion
generator, on the one hand, and from the cathode directly
into the metal-ion generator, on the other hand, the metal-
ion concentration can be easily adjusted.

For the control, the velocity of flow of the plating
solution in the circuit and the voltage between cathode and
anode can also be adjusted.

The conditions of flow in the electrolyte space are to
be sudh that, on the.one hand, a flow of the plating solution
is directed from the cathode to the anode'and, on the other
hand, the plating solﬁtion, however; first acts directly on
the cathode. This latter is necessary in order to be able
economically to produce uniform layers with sufficiently high
current densities and predetermined physical-mechanical
propertiesl These flows are produced by direct flow against
the cathode by means of nozzle assemblies or surge nozzles
and by subsequent deflection of this flow towards the anodes.

The preferred arrangement for the carrying out of the
process of the invention comprises, in addition to the
cathodes, insoluble, preferably perforated, dimensionally

stable anodes, devices for the flow of the plating solution
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5 g/litre nor mal water sol uble, organi ¢ sul ghyr-—compourmds
0.0005 - 0.4 g/litre preferably 0.001 § Q. igébv%
Thi ocar bam de derivatives and/ or pol yner phenazoni um conpounds P

pol ymer nitrogen conpounds are used as. 19 -
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0.005 - 20 g/litre pr ef erlaREPLACEMENT SHEET

against the cathodes and anodes (nozzle assemblies, oflsurge
nozzles), means of deflecting the flow to the anodes and
connecting lines for transferring the plating solution which
has been fed to the anode to the metal-ion generator as well
as for transferring the plating solution emerging at the
metal-ion generator back into the electrolyte space. In a
preferred embodiment, means for drawing off the plating
solution can also be provided in ordef to increase the
velocity of flow upon the transfer of the plating solution
from the anodes to the metal-ion generator.

In order to avdid the mixing of the parts of the plating
solution which are located in the vicinity of the cathode
and/or ﬁhe anode, the electrolyte space can also be
subdivided into several compartments by ion-pervious
partition walls (ion-exchanger, diaphragms).

The metal-ion generator is preferably a tubular device
which can be filled from above and which is provided with a
bottom and, for the entrance of the electrolyte, with at
least one pipe socket with lateral openings and also, in its
upper region, with an overflow which debouches into an
electrolyte container. In one particularly favorable
embodiment, oblique, preferably perforated, plates are
arranged within the metal-ion generator.

The process is particularly suitable for the metallizing

of circuit boards. 1In this case, coppér in particular is
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addi tive compounds in the follow ng concentrations: HEPLACEMENT SHEET

0.0001 - 0.50 g/litre,

16 NOV 1996
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deposited on their surfaces and on the walls of the holes.

Ordinary dip devices can be used in which the circuit
boards are dipped from above into the plating solution, or
else horizontal installations in which the circuit boards are
grasped horizontally and moved by suitable means in
horizontal direction through the installation.

In addition to copper, Wwhich can preferable be deposited

with the process of the invention from the arrangement which

is also described, other metals, for instance, nickel, can
also, in principle, be deposited in accordance with the-
method of the invention.

The basic composition of a copper bath can vary within
relatively wide limits when using the process of the
invention. 1In géneral, an agueous solution of the following

composition will be used:

Copper sulfate (CuS0Q,.5H,0) 20 - 250 g/liter
preferably 80 - 140 g/liter or
180 - 220 g/liter
Sulfuric acid, concentrated 50 - 350 g/liter
preferably 180 - 280 g/liter or
50 - 90 g/liter
Ferrous sulfate (FeSO,.7H,0) © 0.1 - 50 g/liter
preferably 5 - 15 g/liter
Chloride ions (added, for

instance, as NacCl) 0.01 - 0.18 g/liter
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preferably | 0.03 - 0.10 g/liter.

Instead of copper sulfate, other copper salts can also
be used, at least in part. The sulfuric acid can also be
replaced, in whole or in part, by fluoboric acid, methane
sulfonic acid, or other acids. The chloride ions are added
as alkali chloride, for instance sodium chloride, or in the
form of hydrochloric acid, p.A. The addition of sodium
chloride can be dispensed with, in whole or in part, if
halogen jons are already present in the additions.

The active Fe?’*/Fe’* redox system is formed from ferrous
'su;fate heptahydrate. It is excellently suited for the
regenerating of the copper ions in aqueous acid copper baths.
However, other water-soluble iron salts can also be used, in
particular ferric sulfate nonahydrate, provided that the
sales do not contain biologically négrdegradable (hérd)
complex formers in the compound, since the latter result in
problems in connéction with the disposal of the flushing
water (for example, iron-ammonium alum).

In addition to iron salts, compounds 6f the elements
titanium, cerium, vanadium, manganese, chromium and the like
.are also suitable as further redox systems. Compounds which
‘can be used are, in particular, titanyl sulfuric acid, ceric
sulfate, sodium metavanadate, manganous sulfate, and sodium
chromate. For special uses, combinations of the above redox

systems can also be used.
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With the process of the invention, the other elements
which are known and have proven themselves in'electrolytic
metal deposition can be retained. Thus, ordinary brightening
agents, leveling agents and surface-active agents can, for
instance, be added to the plating solution. In order to
obtain copper precipitates having predetermined physical-
mechanical properties, at least one water-soluble sulfur
compound and an oxygen-containing high-molecular compound are
added. Addition compounds such as nitrogen-containing sulfur
compounds, polymeric nitrogen compounds, and/or polymeric
phenazonium compounds can also be used.

The addition compounds are contained in the plating

solution within the following concentration ranges:

ordinary oxygen-containing

high-molecular compounds

0.005 - 20 g/liter
preferably 0.01 - 5 g/liter
ordinary walter-soluble
organic sulfur compounds 0.005 - 0.4 g/liter
preferably 0.001 - 0.15 g/liter

Thiourea derivatives and/or polymeric phenazonium
compounds and/or polymeric nitrogen compounds as addition

compounds are used in the following concentrations:
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0.0001 - 0.50 g/liter

preferably 0.005 -~ 0.04 g/liter

For the preparation of the plating solution, the
addition compounds are added to the above-indicated_basic
composition. The conditions for the deposition of copper are

indicated below:

pH | <1

Temperature: 15°C - 50°C
preferably 25°C - 40°C

cathodic current density: 0.05 --12 amp/dm? -
preferably 3 - 7 amp/dm?

A few oxygeh—containing high-molecular compounds are

listed in the following Table 1:
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oct andi'ol - bi s- (pol yal kyl enegl ycol ether) oct anol pol yal kyl eneg

ol ei ¢ aci d-pol ygl ycol ester pol yet hyl ene- propyl enegl ycol +
pol yet hyl enegl ycol :
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Table i: Oxydgen-Containing, High~Molecular Compounds.

Carboxymethyl cellulose
Nonylphenol-polyglycolether
Octanediol-bis-(polyalkylene glycol ether)
Octanolpolyalkylene glycol ether

Oleic acid-polygiycol ester
Polyethylene-propylene glycol +'polyeéhylene glycol
Polyethylene glycol-dimethylether
Polyoxypropylene glycol

Polypropylene glycol

‘Polyvinyl alcohol

Stearic acid polyglycol ester

Stearyl aléohol polyglycol ether
f-Naphthol polyglycol ether

Table 2: Sulfur Compounds

3-benzthiazolyl-2-thio) -propylsulfonic acid, sodium salt
3-mercaptopropane-i~sulfonic acid, sodium salt
Ethylenedithiodipropyl sulfonic acid, sodium salt
Bis-(p-sulfophenyl)-disulfide, disodium salt
Bis-(w-sulfobutyl)-disulfide, disodium salt
Bis—(w—sulfohydroxypropyl)-disulfide, disodium salt
Bis-(w~sulfopropyl)-disulfide, disodium salt

Bis-(w-sulfopropyl)-sulfide, disodium salt
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Methyl-(w-sulfopropyl)=-disulfide, disodium salt
Methyl-(w-sulfopropyl)-trisulfide, disodium salt
O-ethyl-dithiocarbonic acid-sS-(w-sulfopropyl)-ester,
potassium salt

Thioglycolic acid

Thiophosphoric acid-O-ethyl-bis-(w-sulfopropyl)-ester,
disodium salt

Thiophosphoric acid-tris—-(w-sulfopropyl)-ester, trisodium

salt

A few sulfur compounds having functional groﬁps suitable
for the production of water solubility are set forth in the
above Table 2.

By blowing air into the electrolyte space, the plating
solution is moved. By addition action of air on the anode
.and/or the cathode, the convection iﬁ the region of their
surfaces.is increased. In this way, the mass transport in
the vicinity of the cathode and/or anode is optimized, so
that higher current densities can be cbtained. Corrosive
oxidizing agents which are possibiy produced in a small
amount,such as for instance oxygen and chlorine, are thereby
led away from the anodes. Movement of the anodes and
cathodes also results in an improved mass transport on the
correspondihg surfaces. In this way, a constant diffusion-

controlled deposition is obtained. The movements can take

- place horizontally, vertically, in uniformly lateral
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movement, and/or by vibration. A combination with the action
of air is particularly effective.

Inert material is used for the anodes. Anode materials
which are chemically and electrochemically stable to the
plating solution and the redox system used are suitable, for
instance titanium or tantalum as base material, coated with
platinum, iridium, ruthenium, or their oxides or mixed
oxides. Titanium anodes having an iridium-oxide surface
which are blasted with sphericai bodies and thereby compacted
so as to be free of pores were sufficiently resistant, and
therefore had a long life. By the anodic current density or
the anode potentials adjusted via the voltage between cathode
and anode, the quantity of the corrosive reactions produced
on the anode is.Qetermined. Below 2 amp/dm’ their raté'of
formation is very small. 1In order,itherefore, not to exceed
this value, large effective anode surfaces are desirable.
Therefore, in the case of limited three-dimensional
dimensions, perforated anodes are preferred, for instance,
anode nets or expanded metal having a suitable doating are
used. In this way, the advantége of a large effective
surface is combined with the simultaneous possibility of
intensive flow thfough the anode by the plating solutién, so
that any corrosive reaction produced can be led away. Anode
nets and/or expanded metal can, in addition, be used in

several layers. In this way, the effective surface is
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correspondingly increased, so-that the anodic current density
with a predetermined electroplating current is reduced.

Metal is supplemented in a separate container, the
metal-ion generator, which is passed through by the plating
solution. In the case of copper deposition, metallic copper
parts, for instance in the form of pieces, balls or pellets,
are present in the metal-ion generator. The metallic copper
used for the regeneration need not contain phosphorus, but
phosphorus is not disturbing. Upon the additional use of
soluble copper anodes, the composition of the anode material,
on the other hand, is of gfeat importance. In that case, -the
cobper anodes must contain about 0.05% phosphorus. Such
materials are expensive, and the addition of phosphorus
causes residues in the electrolytic cell which must be
removed by additional filtration. -

Since, in accordance with the method of the invention,
it is also possible to use metallic copper parts which
contain no additions, electrolytic copper, including copper
scrap, is as a rule used. An interesting variant consists
therein that the circuit board waste which is coated with
Copper, such as obtained in large quantities upon the
production of printed circuit boards, can also be used for
this, provided that it does not contain further metals. This
waste, consisting of the polymeric base material and the

copper layers applied theretB} can be disposed of in
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traditional manner only at high expense due to the firm bond
between the two materials. After the profitable dissolving
of the copper of this waste in a metal-ion generator suitable
for this, a sorted disposal of the base material is possible.
In similar fashion, reject circuit boards can also be used.

Furthermore, filters for the removal of mechanical
and/or chemical residues can also be inserted in the
circulation of the plating solution. However, the need for
them is less than with electrolytic cells having soluble
anodes, since the anode sludge produced by the mixture of
phosphorus to the anodes is not present.

For the further explanation of the invention, and
further preferred embodiments, reference is had to the

following diagrammatic figures.

-

Fig. 1 shows the principle of an ‘apparatus for the dip
treatment;

Fig. 2 shows the principle of an apparatus without and
with diaphragm; | |
Fig. 3 shows the principle of an apparatus with serial
conducting.of the plating solution; |
Fig. 4 shows the principle of an apparatus for the
- horizontal transport of the material being treated;
fig. 5 shows a metal-ion generator on an apparatus for dip

treatment;
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Fig. 6 shows a metal-ion generator on an apparatus for the
horizontal transport of the material being treated.
Tn Fig. 1, the process of the invention is shown on
basis of a diagrammatically shown apparatus. The electrolyte
space 1 is located in the container 3. The metal-ion
generator 2 is so constructed and arranged with respect to
the container 3 as t§ result in short paths for the feeding

of the plating solution from the anodes 5 to the metal-ion

generator and from there back again into the electrolyte

space. For this reason, in the present case, the metal-ion
generator is divided into two parts arranged in the vicinity
of:the insoluble anddes._ This division in two is, however,
not necessafy. Thus, for instance, it can also be arfanged.
as a single unit to the side of or below the bath container.
The copper parts -to be dissolved are introduced in a loose
pile into the metal-ion generator in.order to permit easy
passage of the plating solution through the generator. On
the other hand, however, a minimum loading with copper parts

must be maintained therein. The pump 11 pumps the plating

solution in a closed circuit through the arrangement. It is

essential that the material 6 being treated, which is .
connected as cathode, be acted upon by the plating solution
which is enriched in copper ions, as indicated by the arrows

14, via nozzle assemblies or surge nozzles, not shown here.

In this way, the result is obtained that the copper layers

\
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By additional stream ng of air against the anode forf t he cat hode,
the convection is increased in the region of the respectivg qur{aagy 199% 2
result, the transportation of material in the vicinity of tihg cathode or

anode is optimsed so that greater cur+ed@ -densities can bg attmeved:

necessary,

aggressi ve

are deposited on the surface of the material being treated

'with the necessary quality and the necessary speed.

Furthermore, a further flow takes place within the

'electrolyte space from the space 15 present in the vicinity

of the material being treated in the direction towards the
space 16 present in the vicinity of the anodes. ' The plating
solution which has been brought to the anodes passes through
them, in the case of perforated anode, and arrives, with the
advance of the flow, into the outlet 4 which leads to the
metal-ion generator. In this way, the result is obtained
that a transport of anodically formed oxidizing compounds of

the redox system (ferric ions) into the cathode space 15 is

minimized. This, in turn, prevents the injurious

decomposition of the addition compounds, with simultaneous
increase of the cathodic current efficiency.

Along the transport path from the anodes via the outlet
into the metal-ion generator, the addition compounds are
probably decomposed via a chemical decomposition reaction
with the participation of the oxidizing compounds of the
redox system. Therefore, the shortest possible connection
with high velocity of the plating solution to the metal-ion
generator is desirable outside the electrolyte space 1.

The minimum loading of the metal-ion generator with

copper parts provides assurance that the oxidizing compounds

formed are completely converted within the metal-ion

\
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vertically, in a uniformy |ateral novenent

~ generator and the concentration of these compounds at the
outlet of the metal-ion generator is lowered to a value of
about zero. This means that the copper surface which is in
contact with the plating solution in the metal-ion generétor
leads to the complete reduction of the oxidizing compound to
the reduced compounds (ferrous ions), with simultaneous
electroless dissolving of copper with the formation of copper
ions. The reduced compounds of the redox system do not
contribute to the decomposition of the addition compounds.

By targeted flow onto the cathode surfaces, the anodes,
for a given total circulation, are subjected to less
electrolyte exchange. In this way, the corrosive gases
possibly produced at the anodes are led away-correspondinglf
slower, so that, on the one hand, the corrosion of the anodes
increases while, on the othef hand, it is limited by the
_followihg measures:

- low anodic current density

- inert base material of the anodes

--  inert coating of the anodes

- surface compacting of the anodes

- liquid-pervious anode geometry.

By these meqsﬁres, the result is obtained that the
addition compounds which are added to the plating solution in
order to control the physical-chemical properties of the

layer of metal can be used also in arrangements with
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insoluble, dimensionally-stable anodes. Special mixtures of
the addition compounds are not necessary for this. A high
cathodic current efficiency and a long life of the insoluble
anodes is obtained.

Fig. 2 shows another apparatus in accordance with the
invention. It differs, on the one hand, from the arrangement
shown in Fig. 1 by a difference in the guidance of the
plating solution within the electrolyte space, which consists
of a space 15 présent in the viéinity of the material being
treated, namely the cathode space, and of the spaces 16
present in the vicinity of the anodes, namely the anode
spéces. These spaces are separated by the dashed lines 17 in
the drawing. The plating solution, which was enriched with
‘copper ion in the metal-ion generator 2 upon the reduction of
ferric to ferrous ions, flows separately into each space and
passes through nozzle assemblies or surge nozzles (not shown)
as shown by the arrows 12 and 14 to the anodes 5 and the
cathodic treatment material 6. Mixing of the plating
solution in the anode space 16 with the solution in the
cathode space 15'can take place only to a slight extent, ih
particular for the reason that the plating solution has its
own outlets 4 from the anode space and, separately therefrom,
the plating solution has an outlet 18 in the cathode space.
In this embodiment, the ferric ion concentration is kept

‘'small in the cathode space, which is connected directly with

—_—_—
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the inlet to the metal-ion generator 2, so that a short
conduction path from the anode space to the metal-ion
generator results. On the other hand, the transport paths
from the cathode space via the outlet 18 to the generators
can be long, since there are né injurious interactions
between the reduced compound which is contained in the
plating solution present in the cathode space and the
addition compounds. In order to avoid even a slight
electrolyte mixing of the plating solutions in the cathode
and anode spaces, these spaces can be Separated along the
lines 17 by, in each case, an ion-pervious partition wall-
(diaphragm) which, in.its turn, is not chemically changed by
the plating solution. The pa:tition walls are pervious for.
the plating solution only to a very slight extent, if at all,
so that they permit possibly only a -slow equalization of
different hydrostatic pressures in the spaces 15 and 16.
Polypropylene fabrics or other membranes with a permeability
'for metal ions and their corresponding gegenions (for
instance the Nafion of Dufont de Nemours, Inc., Wilmington,
Del., USA) are, for instance, suitable. By separation of the
spaces by partition walls, assurance is had that the plating
solution cannot pass, for instance, by eddying from the anode
space into the cathode.space. This measure leads also to a
further decrease in the concentration of the oxidizing

compounds of the redox system in the vicinity of the cathode.
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Therefore, advantageous effects with respect to the
resistance to aging of the plating solution result also from
these measures.

The plating solution which is present in the anode space
and which contairns the ferric ions formed there is, in its
turn, transferred, over the shortest path, into the metal-ion
generator and enriched there again wiﬁh copper, with the
formation of ferrous ions. 1In préctical operation, a
condition of equilibrium between the copper solution in the
metal-ion generator and the deposition of copper on the
material being treated is established.

Fig. 3 shows another embodiment of the invention, having
a two-part metal-ion generator. The plating solution which
is enriched in copper ions in the metal-ion generator 2, is
introduced only into thé cathode sp;ce 15. This solution
contains, furthermore, only ferrous ions and no ferric ions.
The plating solution is conducted in succession from the
cathode space 15 to the anode spaée 16. The ferrous ions
formed in the metal-ion generator therefore, after passing
through the cathode space, enter with the plating solution
via a pump into the anode space. The feeding of the plating
solution into the cathode space is effected by another pump
11. A hydrodynamic constancy and the constant transport

conditions resulting therefrom are advantageous for the

electrochemically active additions of the redox system.

_—_

This Sheet Has Been R

.

THIS SHEET HAS BEEN
~ REPLACED




or expanded netal are used with a correspondi ng coati ng. ,OHMGEMEME/ SHEE'E
advantage of the large, effective surface is conbined wt € possrprt
at the same tine of intensively flooding the anodes with fh q%gﬂgytbgg
solution so that possibly occurring aggressive reaction pfofuct n
renoved. Anodi ¢ networ ks and/ or expanded? nmetal may be usef
several places. Consequently, the effec ?ve surface I s coyrespondi ngly

=)

Furthermore, this serial conducting of the plating
solution permits a dividing up of the plating solution
withdrawn from the cathode space. In order to control the
concentration of the copper ions in the electrolyte space 1,
comprising the cathode and anode spaces, a part of the
solution is conducted via the 1ines 43 indicated in dashed
line, directly into the metal-ion generator. This partial
quantity contains practically no oxidizing compounds of the
redox system, soithat the copper dissolving rate is reduced
by admixture of this portion into the stream of solution
which is introduced from the anode space into the metal-ion
geherator. By control and/or regulation of the partial
quantities pf the two streams by means of three-way valves
'(not shown), the copper ion concentgation in the plating
solution can be adjusted. 1In the arrangement shown in Fig.
2, these possibilities are not used, although, in that case
also, two separate outlets 4 and 18 are present for the
plating solutions from the cathode and anode spaces. The
solutions of the two spaces are brought together there and
conducted jointly into the metal-ion generators. The
regenerated solutions coming from the metal-ion generators
are fed to the spaces 15 and 16. The manner of procedure in
accordance with Fig. 3 is advantageous when the plating
solutions of the anode and cathode spaces cannot be mixed

together in the electrolyte space, but a complete separation
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of the discharging solutions is not assured in the outlets 4
and 18 from the anode and cathode spaces.

In Figs. 1 to 3, the introduction of the plating
solution enriched in copper ions into the container 3 is
shown, by way of example, to by effected from below and the
introduction into the metal-ion generator from above. In
corresponding manner, the off lines from outlets 4 and 18
from the container 3 are shown at the top and those from the
metal-ion generator 2 at the bottom. Circulation of the
plating solution in other directions is also possible, such

, .for instance, the introduction of the solution into the
metal-ion generator from below.

Another embodiment of the invention, particularly for
the electrolytic metallizing of plate-shaped treatmént
material, preferably circuit boards,  in horizontal péssage
through the arrangement, is shown in Fig. 4. The systen,
part of which is shown in side view, consists of the
electrolytic part 20 and a metal-ion generator 21 filled with
copper, shown below it. The electrolytic part 20 consists of
a plurality of individual electrolytic cells. Four of these
individual cells are designed by the reference numerals 22,
40, 41, 42 in Fig. 4, with an insoluble anode 23 in each case
for the top side .and the bottom side of the treatment
material 24. The treatment material is electrically

connected to a rectifier (not shown) and is cathodically
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polarized. It is transported through the instéllation, in
the direction of the arrow 25, by means of rollers or disks
26. The transport elements 26 are uniformly distributed
along the entire installation. For reasons of simplification
of the drawing, fhey have been shown here only at the
beginning and end of the transport path. Surge nozzles or
flood pipes 27, 39 are also present, uniformly distributed in
the electrolytic cells. They correspond to the nozzle
assemblies already mentioned above.

Plating solution coming from the metal-ion generator 24
is fed by pumps 29 to the flood pipes 27, 39 wvia the
pipelines 28. The plating solution flows through the outlet
openings of the flood pipes or surge nozzles onto the
surfaces of the treatment material 24. In this connection;
copper ions are reduced to metallic -copper and deposited as a
metallic layer on the material to be treated, and the ferrous
ions, also present, are conveyed with the discharging
electrolyte in the direction towards the anodes 23. In order
to avoid a return flow from the anodes to the cathodes,

various methods are provided the effecting of which is shown

‘diagrammatically in Fig. 4. The plating solution which is

enriched with copper is used for flow to the cathode
(treatment material). From the plate-shaped treatment
material, the stream of solution is then so deflected that,

as indicated by arrows 30, it continues in the direction
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conposition of the anode material on the other hand is ver ?&Pgmmﬁn%
this case, the copper anodes nust contain approxi mately 0. 5% phosphorus.
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occasions residues in the electrolytlc cg%l whi ch have to He jrenoved by
additional filtering.

towards the anodes. In the case of perforated anodes, which
are preferably used, the solution passes through them and
then passes via suction pipes 31 and pipelines 32 back into
' the metal-ion generator. The anodes can consist, for
instance, of expanded metal or netting. Openings 33 support
the flow process. In order to avoid the formation of
eddying, baffle walls 34 extending in the direction towards
the material being treated can be arranged on the suction
pipes. The slot 35 remaining between the baffle walls and
the treatment material can amount to a few millimeters. From
the standpoint of fluid mechanics, this forms practically -
closed electrolytic cells having favorable flow conditions.
The flood pipes 27 can also be providea with baffle walls 36
'in order to prevent further possiblg eddies.

Different flood pipes in different number are shown, by
way of example, in the electrolytic cells of the arrangement
shown in Fig. 4. The circulation of the plating solution is
‘such that the level 37, which is above the suction pipes, is
present in the electrolytic part of the installation. In the
electrolytic cell 42 shown on the right, partition walls 38
are shown between each of the anodes 23 and the treatment
material 24. In this way, the exchange of the plating
solutions in the.cathode and anode spaces over a direct path
is minimized. By the use of ion-pervious partition walls, on

the other hand, an ion-exchange between the chambers is made
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possible. The solution in the cathode space can emerge at
the end sile. In the anode space further flood pipes 39 are
provided. The solution of this chamber passes out via the
suction pipeé 31. For-such a cell, the serial flow path such
as already described on the basis of Fig. 3 is again
‘'suitable.

The leading away of the plating solution from the anode
space via the suction pipes 31 into the metal-ion generator
21 can take place over the shortest path.in order to keep the
life of the ferric ions as short as possible. Therefore, the
metal-ion genefator 21 is arranged here also as close as
possible to the electrolytic part 20. In this way, short
connection paths and short transport times result. The
principle of construction can advantageously also be so
selected that the parts 20 and 21 f;rm a complete system.
Each of several flood pipes 27 is fed by a pump 29 in the
manner shown in Fig. 4. Hdwever, a single pump can also be
used. This would lead to longer connecting paths between the
flood pipes 27, 39 and the metal-ion generator 21. The
plating solution in these connecting lines contains
practically no oxidizing compbunds of the redox system;

Thus, the protection of the addition compounds is assured in
this region also.

The electroplating installation in shown in side view in

Fig. 4. The parts shown (anodes, pipes) extend in length
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into the depth of the drawing, and therefore transverse to
the direction of transport over the material to be treated.
The parts present in the electrical field between anode and
'cathode, such as, for instance, the flood pipes 27, consist
of electrically non-conductive plastic. Their electric
screening action is not distufbing here, since the material
to be treated moves slowly through the installation and thus
is continuously exposed to the different electrical fields.

Fig. 5 shows an arrangement in accordance with the
invention having two metal-ion generators 44, an electrolyte
space 1, and two additional electrolyte containers 45. This
arfangement is operated in the dip process. 1In thiS'case;
the cell is developed symmetrically for the electroplating 6f
the front and rear sides of the treatment material 6. The
two metal-ion generators 44 shown im the figure and the
electrolyte containers 45 can in each case also be provided
individually and in such case arranged on both sides of the
material being treated.

The metal-ion generator 44 consists of a preferably
round tubular body 46 having an upper opening 47. All
materials used for this are resistant to the plating solution
and the additions contained in the solution; At least one
ﬁipe socket 49 extends through the bottom 48 of the metal-ion
generator into the inside of the metal-ion generator. This

pipe socket has lateral openings 50. They form a screen
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which, on the one hand, prevents penetration of metallic
‘copper into the pipeline system and, on the other hand,
permits the passage of the plating solution into the metal-
ion generator. A small roof on top closes the top of the
pipe socket. The roof at the same time holds the lateral
openings 50 free of fine copper granulate which is present in
this region of the metal-ion generator. Below the bottom,
there is a mixing and collection chamber 51. Copper
particles and impurities thch were able to pass through the
screen are collected in it. After opening the base plate 52,
the chamber is uccessible for cleaning purposes. Upon
oﬁeration, the plating solution pumped out of the anode space
16, which solution is enriched in copper-dissolving ferric .
ions, enters. In addition, air which contains oxidizing
oxygen can alsc be blown into the métal-ion generator via
lines 56. In this case, the chamber 51 serves at the same
time as mixing chamber. Through the holes 50 in the pipe
socket 49, the plating solution and possibly air enter into
the inside of the metal-ion generator. In the lower region
of the generator there is prédominantly fine copper granulate
which has been formed by the dissolving of the metallic
copper. It has a very large specific surface, which offers
itself immediately for the dissolving of copper to the
incoming plating solution which is enriched in ferric ions.

The ferric ions are therefore rapidly reduced to ferrous
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ions, with the simultaneous dissolving of copper. Within the
metal-ion generator, the quantity of ferric ions decreases
rapidly towards the top. This has the result that the
electrolytic copper which has been introduced as granulate or
sections 53 is dissolved in upward direction to a
continuously lesser extent. The dimensions of Fhé granulate
remain large in the upper region oflthe metal;ién generator.
Thus, the permeability for the plating solution is also
retained. Through the overflow 54, the solution discharges
without pressure from the metal-ion generator into the
electrolyte container 45. Witﬁin the metal-ion generator,
thé overflow 54 bends downward in such a manner that copper
granulate 53 which slides downward from above cannot lead to
the clogging of the generator. As a result of the
sufficiently lafge dwell timés, adapted to each other, of the
plating solution which has entered into the generator, and
which, at the same time, is sufficiently long for the
dissolving of the copper surface offered, the plating
solution which flows over the overflow 54 into the
electrolyte container 45 contains practically no ferric ions
any longer. Such an over-dimensioning of the regeneration
unit thus provides assurance that the attack of the ferric
ions on the addition compounds of the plating solution is

complete already in the middle region of the generator.
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the invention and the further preferred embodi nents. Fi U§ i %
a device for inmmersion treatnent, Figure 2 - basis of a 3§§L_§Eﬂffﬁ_jﬁﬁﬁ

wi t hout a di aphragm
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The filling and refilling of the metal-ion generator
with metallic copper 53 is effected from above, through the
opening 47 of, for instance, hopper shape. It can be closed
by a cover. The region above the overflow 54, in which no
plating solution is present, serves for the storing of
metallic copper which is to be dissolved ip the metal-ion
generator. The filling énd refilling can be effected
manually. The arrangement is excellently suited for the
automating of the filling process due to the absence of
pressure at the filling opening 47 and the vertical or
oblique arrangement. The filling can take place_continuously
or batchwise. Transport belts or vibratory conveyors (not
shown here) which are known from the conveyance art transport
the metallic copper into the openings 47 of the generators.

The invention has the advantage that copper pafts of
different geometrical shape can be dissolved in the metal-ion
generator. Different shapes, however, have a different
piling behavior. In order to maintain the permeability of
the pile for the plating solution and to assure a
sufficiently large copper surface which is accessible to the
solution, additional individual measures are possible:'

Downwardly inclined plates 55 within the generator
prevent too great a compacting of the copper in the lower
region. The plates are provided with holes the dimensions of

which are adapted to the size of the metallic copper parts
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Figure 3 - basis of a device with series control of ,&EEQWEMENT SHEET |

-deposition sol ution, Figure 4 - basis of a device wth Ho

transportation of the itemto be treated, Figure 5 - netjalf i on generato

on a device for inmmersion treat nent, 16 NOV 1996
’ - a4 -

introduced. The holes are selected from plate to plate
'smaller from top to bottom corresponding to the dissolving of
the copper. Similarly, the dimensions of the plates can
increase from the top to the bottom. The angle of
inclination can also be adapted to the circumstances of the
pieces of copper introduced into the metal-ion generator.

The inclined position of the metal-ion generator itself
can have the samé result. By the blowing of aiyfsé into the
lower region of the metal-ion generator or into the mixing
and collecting chamber 51, a copper-dissolving substance, in
this case oxygen, can also be introduced. In addition to-
this, the eddying of the copper granulate in the metal-ion -
-generator connected therewith increases the reduction of the
ferric ions and the dissolving of the copper. At the same
time, the permeability for the plating solution through the
copper parts is increased. With copper fillings which hook
on to each other, it may be advisable to shake the metal-ion
generator at times or continuously. The shaking movement can
preferably be obtained from a vibrating conveyor, with which
the automatic filling can at the same time be effected. All
the measures described above for disturbance-free continuous
operation of the metal-ion generator can alsoc be combined
with each other.

The electrolyte containers 45, 67 shown in Figs. 5 and 6

gserve to reduce the dependence of the flow of the plating
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Fi'gure'6 - netal ion generator on a device for the REHJmEMENTSHﬁﬁ

transportation of the itemto be treated.
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solution along the treatment material 6, 69 on the flow
through the metal-ion generator 44, 66. This has the
advantage that, in both circuits, the quantity of plating

solution and its speed can be adjusted individually. These

processes are described below with reference to Fig. 5.

The plating solution is conveyed by a pump 57 from the
electrolyte container 45 into the electrolyte space 1. The
solution flows through the flood pipes 58 arranged there onto
the treatment material 6 and from the flow pipes 59 onto the
liquid-pervious insoluble anodés 5; The division of the
stream of solution over the flow pipes 58 and 59 is effected
byJadjustarle valves, not shown in the drawing. From the
cathode space 15, the plating solution flows via the outlet 8
through pipelines 60 and the outlet 61 back into the

electrolyte container 45. Closely behind the anodes 5 there

are suction pipes 62 through which the plating solution

enriched with ferric ions is drawn off by means of the pump
63 and conveyed with high speed into the metal-ion generator.
From there, the solution enriched with ferrous and cupric
ions then returns again into the electrolyte container 45.
The division of the streams over the flood pipes 58 and
59 is so adjusted that an excess results in the cathode space

15. This equalizes itself'with.the anode space 16. If the

two spaces are separated by a partition wall 17, as shown in

Fig. 5, then at least one opening 64 in the partition wall

-
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In Figure 1, the nethod according to the invention is shown| vagppACEMENT SHEET |
to a schematic device. The electrolyte chanber 1 is |ocated}i pettre=

container 3. The netal ion generator 2 is constructed and akrfnged w %96
reference to the container 3 in such a way that short route$ el NW
directing the deposition solution fromitReg -

sees +to it that the equalizing of the plating solutions in.
the two spaces can take place in the direction indicated by
the arrow. In order to avoid a mixing of the solutions in
the electrolyte épace 1 and a convective transport of ferric
ions from the anode space to the cathode space, it therefore
need merely be seen to it that a higher hydrostatic pressure
is present in the plating solution in the cathode space 15
than in the anode space 16. This is assured by a
‘corresponding adjustment of the partial streams through the
flood pipe 58 and the flood pipes 59 of thelcircuit of the
pump 57. In addition, the circuits of the pumps 57 and 63
are independent of each othér.

Within the metal-ion genérator, all ferric ions
introduced with the feed stream are reduced to ferrous ions.
.Nevertheless, it cannot be excludedithat a very small,
scarcely measurable number of ferric ions pass through the
metal-ion generator and enter into the electrolyte container
45. 1In order to reduce the ferric ions which have entered
.into said container to ferrous ions, copper parts 65 are
‘introduced also into this container. In this case, copper
scrap may also be used.

Another embodiment of the apparatus in accordance with
the invention for the carfying out of the process is shown in
Fig. 6. There is concerned here a horizontal'circuit board

electroplating installation shown in cross section. The
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anodes’'5 to the netal ion generator and fromthere back intoﬂEﬁéACEMENT SHEET |
el ectrolyte chanber. For this reason, the netal 1ion generatprfin the
present case is shown in two parts and arranged respectively n1?ﬂﬂ0N‘ﬂﬂ$
vicinity of the insoluble anodes. This two-piece constructipnii owever
not mandatory. It can therefore also be arranged for exanplgp -as—e

one-piece unit at the side.or beneath thetbhath

figure shows the metal-ioh génerator 66, an electrolyté
container and an electroplating cell 68. The circuit board
69 which is to be metallized is gripped in the arrangement by
clamps 70 and conveyed horizontally through the installation.
The contacting of the circuit board with the negative pole of
a rectifigr (not shown) is also effected via these clamps.
In another embodiment, the contacting could also be effected
by contact wheels. A pump 71 pumpé the plating solution via
flood pipes 72, 73 to the circuit boards and to the insoluble
perforated anodes 74. Via outlets 75, the plating solution

. is conducted out of the cathode space back into the
eiectrolyte container 67. From the anode spade, the pump 86
conducts the plating solution which has been enriched with
ferric ions through suction pipes 76 at high speed into the
metal-ion generator. An outlet 77, -which is developed as
overflow for regulating the level, sees to it that excess
plating solution passes from the upper region of the anode
space also into qircuit to the metal-ion generator 66 and not
into the electrolyte container 67. The metal-ion generator
is constructed in the manner which was described with
reference to Fig. 5. Via the overflow 78, the plating
solution passes back into the'electrolyte container 67. 1In
the 1atter; there are als§ contained copper parts 79 which
effect a reduction to ferrous ions of stray ferric ions which

are possibly present in this region. Furthermore, partition
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cont ai ner. The copper parts 8 to be dissolved are inserted | QEPLXEEMéI\ﬁdSHEET

into the netal ion generator to enable the deposition soluti
directed easily through the generator. In the latter however} g m ni num

charge of copper parts nust not be exceeded on the other hand.] TA& NOW9%6
conveys the deposition solution during circulation through the
arrangenment. It is essential that the.iggm.to be treated 6 which is
configured as a cat hode,

walls 80 are provided between the anode and cathode spaces.
Openings 81 in these partition walls see, here also, to an
equalization of the streams of the plating solution from the
cathode space into the anode space. These directions of flow
‘are also established if no partition walls are present.

Horizontally operating continuous installations such as
shown in Figs. 4 and 6, and vertically operating
electroplating installations have dimensions of several
meters in length of the electrolytic cells. Therefore, in
practice, preferably several metal-ion generators are
arranged along the installation. This makes it possible to
set them up in close spatial vicinity to the electrolytic
‘cell or effect a partial or complete placing of electrolytic
cell, electrolyte container, and meFal-ion generator one
within the other. -

During the passage of a circuit board through the
electroplating installation, the clamps 70 are also
metallized in the region of their contacts 82. This layer
must be removed again before the clamps are again used. This
is done, in known manner, during the return of the clamps to
the start of the electroplating installation. In this
connection, the returning clamps 83 pass through a separate
compartment 84 which is connected with the plating solution
in the electrolytic cell 68. For the demetallization, the

clamps 83 are connected via wiper contacts with the positive
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as is indicated with arrows 14, is flooded with deposition |sRERLACEMENRi SHEET
has been enriched with copper ions via jet connections or gu I C
are not shown here. Consequently, it is achieved that the do pe{blﬁ%?%hb
are deposited on the surfaces of the itemto be treated w t}h

- 49 -

pole of a rectifier, not shown. The negative pole of this
rectifier is connected to a cathode plate 85. During the
electrolytic demetallization process, coppér deposits on the
insulating layers of the clamps 83 lose electric contact with
the current supply before they are completely dissolved.
Therefore, disturbing deposits of coppér on these regions
remain back. In accordance with the invention, therefore,
the parameters for the demetallization, namely current and
ltime, are so adjusted that, for instance, only 70% of the
demetallization path is required for the removal of the metal
layer. In the remaining path, Fe’* ions are produced by the
electrolysis current on the metallic contacted parts of the
clamps. These ions are present precisely at the place wheré
contact-less copper deposits are po§sibly still present.
They dissolve this copper electroless. No noticeable
increase in ferric ions in the electrolytic cell occurs as a
result of this since, as compared with the metallizing of the
treatment material, only very small currenté and surfaces are
concerned.

| In order to maintain an operablé deposition of metal,
the copper conﬁent in the plating solution must be kept
within given limits. This presupposes.that the consumption
rate and the rate of addition of copper ions correspond. In
order to check the copper content, the absorption power of

the plating solution can be measured at a wavelength of for
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26 the required quality and speed. Furthernore, a further |fREPACEMENT SHEET
within the electrolyte chanber fromthe chanber 15 which is]|| peetet—reas '
the itemto be treated in the direction of the chanbers 16 pjch are

| ocat ed near the anodes. The deposition solution flow ng agpi pst 6 NOV 1996

- 50 -

instance 700 nm. The use of an ion-sensitive electrode has
also proven suitable. The measured value obtained serves as
actual value of a controller the control value of which is
used to maintain the copper-ion concentration in the specific
embodiments of the invention described.

For the analytical noting of the concentrations of the
compounds of the .redox system, a potential measurement can be
carried out. For this. purpose, a measurement cell is used
which is formed of a platinum electrode and a reference
electrode. By suitable calibration of the measured potential
with the concentration ratio of the oxidizing and reduced-
compounds of the redox system for a given total concentration
of the compounds, the corresponding concentration ratio can
e determined. The measurement electrodes can be installed
both in the anode and cathode space; as well as in the
pipelines of the arrangement.

In order to verify the anode processes, such as, for
instance, the oxidation of the redox system required for the
production of copper and a possible anodic decomposition of
the addition compounds, a further measuring device can be
provided with which the cathode potential is measured with
respect to a reference electrode. For this purpose, the
anode is connected via a potential measuring instrument with

the corresponding reference electrode.

This Sheet Has Been Replaced

THIS SHEET HAS BEEN
- REPLACED




anodes penetrates through the latter if the anodes are perf of SEPYAGEMENT SHEET

pr oceeds

nmetal ion generator. It is achieved thus that transportationf

f or med,

the cathode chanber 15 is minimsed. Thig, reduces once aga

with the continuing flowinto the outlet 4 which | ejd

oxi di sing conmpounds of the redox system (iron (111)

di ssolving of the additive conpounds w th sinultaneous increfasing of the

cat hodi c

The continuous or discontinuous measurement of further
galvanotechnical parameters is advisable, such as, for
instance the determination of the content of addition
compounds by means of cyclic voltametrics. Thus, after
'lengthy pauses in operation, temporary changes in the
concentration can occur. Knowledge of the instantaneous
values can be utilized in order to avoid improper dosaging of
the chemicals to be' added.

The following examples serve for further explanation of

the invention:

xample
In an arrangement in accordance with Fig. 2, using’the
measures in accordance with the invention (large specific
surface 6f the copper parts in the metal-ion generator, high
velocity of fiow in the entire arrangement, conducting of the
flow in such a manner that the oxidizing compounds of the
redox compounds formed by oxidation at the anode cannot reach
the cathode), a copper bath having the follo#ing composition
was used: _
80 g/liter copper sulfate (Cusovsﬁgn
180 g/liter sulfuric acid, conc.
10 g/liter iron as ferrous sulfate (FeSO,.7H,0)
0.08 g/liter sodium chloride
with the following brighteners:

1.5 g.liter polypropylene glycol
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current efficiency. Al ong the transportation route from '
the outlet into the netal i iti %Iﬂ.sﬁemﬂfme\smﬂ

. I on generator, the additive - conpo
di ssol ved probably by a chem cal separation reaction involVyipg the

oxi di si ng conmpounds of the redox system For this reason, pu}wité NOVe1996
el ectrol yte chanber 52

0.006 g/liter 3-mercaptopropane-l-sulfonic acid, sodium
salt

0.001 g/liter N-acetylthiourea

A current efficiency of 84% was determined. The
consumption was determined over 100 amp hours/liter as:

propyleneglycol 3.3 g/kaAh

3-mercaptopropane~l-sulfonic acid

sodium salt . -~ 0.3 g/kah

N-acetylthiourea : 0.04 g/kah

The elongation upon rupture of the deposited layers

amounted to 17% at the end of the test.

Example 2

The test of Example 1 was repeated in the arrangement
shown in Fig. 3, the plating solution being conducted
serially through the cathode and anode spaces. A current
efficiency of 92% was obtained. The consumption; again
determined over 100 amp hours/liter; was:

propyleneglycol 2.0 g/kah

3-mercaptopropane-l-sulfonic acid

sodium salt 0.2 g/kah

N-acetylthiourea : 0.02 g/kAh

The elongation upon rupture was improved to 20%. 1In
fhis test, the coated circuit boards passed a second

soldering shock test (10 seconds at 288°C soldering
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1'as short a connection as possible is striven for with high ﬂEBhAGEMEMl SHEET

of the deposition solution to the netal ion generator. THe
charging of the netal ion generator with copper parts guarant
formed oxidising conpounds within the nmetal ion generator arfe

- 53 -

temperature) without cracks in the region of the holes. The

deposition was uniformly shiny.

Example 3

In a horizontal installation in accordance with Fig. 4,
circuit boards were copper-plated in a plating solution of
the following coﬁposition:

80 g/liter copper sulfafé (Cuso,. 5H,0)
200 g/liter sulfuric acid, conc.
8 g/liter iron as ferric sulfate (Fe,(S0,);.9H,0)
0.06 g/liter sodium chloride
As brighteners there were added:
1.0 g/liter polypropylene glycol
0.01 g/liter 3-(benzthiazolyl-2-thio)-
propylsulfonic ;cid, sodium salt
0.05 g/liter acetamide _
With an electrolyte temperature 34°C, bright metal layers
were obtained on a scratched copper laminate with a current
density of 6 amps/dm?. The circuit board metallized in this
manner withstood five soldering shock tests (10 seconds at a
soldering temperature of 288° C). The current efficiency was
91.%. No problems arose in the handling (making up of the

addition substances consumed) of the plating solution.
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27 transformed and the concentration of these conpounds at
I's dropped to a val ue

the nmetal ion generator
i nplies that the copper
solution in
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Example 4 (Comparison Example)

The test described in Example 1 was carried out in an

electrolysis cell.

invention were not used,

of appr oxi nat 4

“surface which is contact with the dgp

 REPLAGEMENT SHEET

zero. This

Si 4 6NOV 1996

The measures in accordance with the

in particular not the feeding of the

stream to the cathodes and anode in accordance with the

invention.

At a temperature of the plating solution of 30°C, bright

metal layers were obtained on scratched copper laminate

surface with a current density of 4 map/dm’8. The

current efficiency was only 68%.

cathodic

- The consumption of the

addition compounds without entrainment of the plating

solution by lifting the treatment material out of the bath

container amounted, averaged over 100 amp hours/liter, was:

ﬁropyleneglycol

3-mercaptopropane-=l-sulfonic acid

sodium salt

N-acetylthiourea

5 g/kAh
1.6 g/kAh
0.2 g/kah

The elongation upon rupture of the deposited layers

was only 14% at the end of the test.

Example 5 (Comparison Example)

Copper layers were deposited on circuit boards in

accordance with Example 1 after a substrate of copper had

been previously deposited from the solution for a lengthy

period of time (2000 amp hours/liter).
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t he netal

.ion generator leads to conplete reduction of the o
conpounds to the reduced conpounds (iron (I1) 1ions) wth sinyltaneous
external ly el ectrol ess dissolving of copper during formationlol chlyNOV 1996
ions. The reduced conpounds of the redox system do not contrifbgite to the
di ssolving of the additive conmpounds.

"REPLAGEMENT SHEET |
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The circuit boards no longer withstood two soldering
shock tests (10 seconds at a soldering temperature of 288°C)
without cracks. .Furthermore, non-uniform copper layers were
obtained. In Examples 1 to 3, copper layers with good to
véry good elongation upon rupture were, to be sure,
deposited. The cathodic current efficiency and the
consumption of the addition compounds which were added to the
‘plating solution in order to control the physical-mechanical
layer properties, were satisfactory. The appearance of the
copper layers was excellent and withstood the use tests.

After lenqgthy loading of the plating solution upon the
electrolytic deposition of copper, on the other hand, no

suitable results were obtained any longer.
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By mearis of specific streanming of the cathode surfaces, th M&Em SHEET

subjectedegE;ngrg_PigggLLbed.entire circulation cycle to shal | er
exchange ctrol ytes Consequent |y, "the aggressive gases pcqi N

chance on w“ uml(“rl noved correspondingly nore slowy po that the
corrosion eases on the one hand but on th t=rer—1S
limted by t ol4 oli ng neasures -1 -
CLAIMS
1. A process for the electrolytic deposition of uniform
metal layers of given physical-mechanical properties, in
particular layers of copper, with high current
efficiency_from a plating solution containing ions of
the deposited metal, compounds of a electrochemically
reversible redox system; and addition compounds for
controlling the physical-mechanical properties of the
metal layers, in which

- cathodes;

- insoluble, dimensionally stable anodes;

-- a metal-ion generator by means of which the metal
ions are formed by the dissolving of suitable metal
parts upon passage of the’plating solution
containing oxidizing compounds of the redox systenm
formed by anodic oxidation; and

-- means by which the concentration of the oxidizing
compounds in the direct'vicinity of the cathode is
minimized, preferably to a value of }ess than about
0.015 moles/liter

are used. '

2. A process according to Claim 1, characterized by the

fact that the concentration of the compounds of the

redox system is held slightly below a value which is
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| ow anédi c current density i nert anode basi c mht [ -
anode coa 1 ode surface sealing ﬁEPﬂCEMFMIJﬁ‘ﬁﬂ .

E)Eremeabl e arimmmﬂﬁ'm III“I“ By means of these nmeasures it {s|achieved that

16 NOV 1996
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necessary in order to maintain the metal-ion

concentration.

3. A process according to any of the preceding claims,
characterized by the fact that the surface of the metal
parts is selected so large that the concentration of the
oxidizing compounds is lowered to a value of about zero

upon passage through the metal-ion generator.

4. A process according td any of the preceding claims,
characterized by the fact that the plating solution
passes to the anodes with a high velocity of flow and is
traﬂsférred from there to the metal-ion generator with

high wvelocity.

5. A process according to any of the preceding claims,
characterized by the fact that at least one second
oxidizing compound, preferably oxygen, is’ furthermore

introduced into the metal-ion generator.

6. A process according to any of the preceding claims,
characterized by the fact that a part of the solution
present in the cathode sbace is conducted directly to

the metal-ion generator without being fed to the anodes.

7. A process according to any of the preceding claims,
characterized by the fact that the plating solution

which is conducted through the metal-ion generator flows

-
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addi ti ve conpounds, -which are added to the deposition REPLACERSENT SHEET

mﬁ“m‘wmmmmﬂ the physical - mechanical proper
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directly to the cathode and then, by deflection of the

direction of flow, to the anodes.

An apparatus for the electrolytic deposition of uniform
layers of metal of given physical-mechanical properties,
in particular copper, with high current density, from a
plating solution which is in contact with cathodes (6,
24, 69) and.with insoluble, preferably perforated,
dimensionally stable anodes (5, 23, 74), comprising an |
electrolyte space (1) arranged between the cathodes and
the anodes, means for feeding the plating solution to

the cathode and anode, a metal-ion generator (2, 21,“44,
66), a first means for transferring the plating solution
fed to the anodés to the metal-ion generator, and a
second means for transferring the plating solution
emerging from fhe metal-ion geﬁ;rator into the
electrolyte space, said means bridging over a distance

of small space between the anodes and the metal;ion

generator.

An apparatus according to Claim 8, characterized by the
fact that means (31, 62, 76) are provided by which the
plating solution present in the vicinity of the anodes
is drawn off with high velocity or is removed via
outlets (4, 61, 77) and trénsferred to the metal-ion

generator (2, 21, 44, 66).

\
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10.

11.

12.

13.

' Ii required for this purposg.
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ﬂ E I ce according to the invention ils tﬁgﬂﬁfﬁﬁm

OREPLACEMENT (SHEET

An apparatus according to either of Claims 8 or 9,
characterized by'the fact that the electrolyte space (1)
is divided into several compartments by ion-permeable

partition walls (17, 38, 80).

An apparatus according to any of Claims 8 to 10,
characterized by the fact that outlets (18, 75) are
provided by which the plaéing solution present in the
vicinity of the cathodes is removed from the electrélyte
space (1) and brought to the metal-ion generator (2, 21,
44, 66).

An apparatus according to any of Claims 8 to 11,
characterized by the fact that as metal-ion generator
(2, 21,.44, 66) there is provided a tubular apparatus
which can be filled from the tép and is provided with a
bottom (48) in its lower region and, for the entrance of
the plating solution, with at least one pipe connection
(49) having lateral openings (50), and, in its upper
region, with an overflow (54, 78) which discharges into

an electrolyte container (45, 67),

An apparatus according to any of claims 8 to 12,
characterized by oblique, preferably perforated, plates

(55) within the metal-ion generator (2, 21, 44, 66).

—_—
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arranéenent according to Figure 1 in that the operation of
solution wthin the electrolyte chanber is different, sai

anely the colTHEMIMUHARINR. 2" ochomaers 267 e anodk.

are |located near % he afodds.” These champers are separat ed
representation by the broken |lines 17.
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chanbers, whi gh

tne prctori al

14. An apparatus according to any of Claims 8 to 13,

characterized by means for the blowing-in of air (56)

arranged in the lower region of the metal-ion generator

(2, 21, 44, 66).

15. An apparatus according to any of Claims 8 to 14,

characterized by means (26, 70, 82) for the horizontal

grasping, electrical contacting, and movement of the

cathodes in horizontal direction.

16. The use of the process according to any of Claims 1 to 7

for the metallizing of circuit boards.

17. A process for the electrolytic deposition of metals,

characterized by some or all of the new ﬁeatures or by

combingtions of the features disclosed.

18. An apparatus for the electrolytic deposition of metals,

characterized by some or all of the new features or by

combinations of the features disclosed.
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whi ch has been enriched in the
I ons during reduction
separately and proceeds,

The deposition sol ution,
generator 2 with copper
ions, flows into each chanber
the arrows 12 and 14,
onto the anodes 5 or
deposition solution in the anodic
chanber 15 can only

charbér =16 with t hat

fromFe (I11

t hrough jet connections or surge jet
onto the cathodic itemto be treated
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PROCESS AND DEVICE FOR ELECTROLYTIC PRECIPITATION

OF METALLIC LAYERS

ABSTRACT OF THE DISCLOSURE

For the electrolytic deposition of uniform layers of

metal having given physical-mechanical properties,

particularly of copper, soluble anodes are not used,

since

their geometrical shape is changed by the deposition and

therefore the distribﬁtion of the lines of force in the

electrolytic cell are continuously changed.

In order to solve the problemé occurring

in this

connection, a process has been proposed in which compounds of

a redox system added to the plating solution are converted

during the deposition on the insoluhle anodes.

The compounds

produced in this connection dissolve new metal ions from a

reservoir which contains parts of the metal to be deposited,

so as again to supplement the metal ions removed form the

solution by deposition.

The present invention describes a procedure in which,

~differing from the prior art, the addition compounds are not

destroyed{

Fig. 6
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octur on a small scale in particular for the reason that
solution can flow out of the anode chanber
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via its own outlets 4 and, separate therefrom the depositi nRERUAGEMENT ; SHEET
the cat hode chanber has its own outlet 18. In this enbodi neft [ the Fe
(I'1'l) ion concentration in the cathode chanber, which is dife tI?/
connected to the inlet to the netal ion generator 2, is kep ? SO t
there is a short travelling route from thejanodic chanber t
generator 2. In contrast, the transportation routes fromthg¢ cathode
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chanber via the outlet 18 to the generators can be long s
I nteraction occurs between the reduced conpound, which is
deposition sol ution
conmpounds. In order also to avoid a slight mxing of the

the deposition solutions in the cathode 5, and anode chanber

can be separated al ong

| ocated in the cat hode chanber, and t
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effects also occur with respect to the resistance to ageinjp REPLAGEMENT SHEET
dép65|t|on sol uti on. The deposition solution which is |ofa
anode chanber and contains the Fe (111) ions formed there }s 9NE MARIR9T
transferred to the netal ion generator by the shortest rouje

enriched there with’ copper again upon fq{nation of the Fe

t he practlcal

ed in the

and 1 s
) ;UITD III

- PROCESS AND ARRANGEMENT FOR THE ELECTROLYTIC DEPOSITION

OF METAL LAVERS

The present invention relates to a process and an
apparatus for the electrolytic deposition of uniform metal

layers, preférably of copper, having given physical-

| mechanical properties.

The electrolytic metallization, for insﬁance with
copper, of workpieces which are electrically conductive at
least on their surface, has been known for a long time. For
this purpose, the workpieces which are to be coated are
connected as cathode and, together with énodés, brought into

contact -with the electrolytic plating solution. For the

deposition, a flow of electric current is produced between

anode and cathode.

Ordinarily, anodes of the mdterial which is deposited
from the plating solution are used. In that case, the amount B
of metal deposited from the solution is returned to the
piating solutién.by dissolvihg at the anodes. 1n the case of
copper, the amount deposited and the amount which is
anodically dissolved are approximately the same for a given
charge flow. This process is easy to carry out since, at
least in the case of copper, only sporadic measurement and

control of the metal-ion concentration of the plating

solution is necessary.
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process, a state of equilibriumis set between the copper di
the netal ion generator and the copper deposition on the ite
treat ed. A further enbodi ment of the invention with a two-
ion generator is shown in Figure 3. The deposition solution

enriched with copper'ions in the 5
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carrying out the process with these soluble anodes.

However, disadvantages have been encountered when

If the

thickness of the metal layers deposited is to be very uniform

at all places on the surface of the workpiece, then

the

.soluble anodes are only conditionally suitable for this

purpose, since the latter change shape with time due to the

dissolving, so that the distribution of the lines of force in

the electrolytic bath alsc changes. The use of smaller, for

instance spherical, pieces of metal as anodes in insoluble

metal baskets is also only conditionally suitable for solving

the problem, since the metal parts frequently wedge

against

one another and as a result of the dissolving process gaps

are frequently formed upon the sliding down in the pile of

metal parts.

-

Therefore, attempts have frequently been made to use

.insoluble, and therefore dimensionally stable anbdes, rather

- than soluble metal anodes. As materials, titanium or high-

grade steel, for instance, enter into consideration

By the use of these anode materials, gases, such as

for this.

for

instance oxygen or chlorine, are formed upon the electrolytic

deposition since the anodic dissolving of metal no longer

takes place. The gases produced attack the anode materials

and gradually dissolve themn.

German Patent DD 215 589 D5, describes a process for the

. electrolytic deposition of metal with the use. of insoluble
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metal ion generator 2 is conducted only into the cathode charbﬁPLHGEMm SHEET
- deposition solution contains furthernore only Fe (1) ions apd['no Fe (T1)
i ons. -The deposition solution is directed in series fromthefc gqfﬁAR
chanber 15 to the anode chanber 16: Thus, the Fe (I1) ions fjo {9
metal ion generator proceed into the anode chanber via

metal anodes in which reversibly electrochemically
convertible substances are added as addition to the plating
solution, they bging transported by intense~po$itive
convection with the plating_solution to the anodes of a
plating apparatus, converted electrochemically there by the
electrolysis current, conducted, after their convefsion, by
intense positive convecfion away from the anodes into a
regeneration space, returned electrochemically to their
.initial condition in the regeneration space on regeneration .
metal present in it with simultaneous electroless dissolving
without external current of the regeneration_metal, and fed
in this initial condition again to the separation apparatus
by intensive positive convéction. By this process, the
above-indicated disadvantages with the use of insoluble
anodes are avoidéd. Instead of the corrosive gases, the
substances added to the plating‘solution are oxidized at the
-anode, so that the anodeq are not attagked..

. The dissolving of the metal in tﬁe regeneration space is
in this case independent of the process of the deposition of
metal on the material being treated. Therefore, the
concentration of the metal ions which are to be deposited is
controlled by the effective metal surface in the fegenefation
space and by the velocity of flow in the circuit. 1In the
case of a deficiency of metal ions, the effective metal

surface and/or the velocity of flow from the deposition space

_
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31 --a punp 19, after going through the cathode chanber vﬁtr1REPnACEMENW SHEET

“deposition solution. The supply of the deposition solution | nto=tte

cat hode chamber is brought about by a further punp 11. Hydrqdy
constancy i s advantageous and al so the constant transport atf ggﬂhﬁgf@ﬁ%

resul ting

.- 4 -

to the regeneration space is increased or, in case of an

excess of metal ions, correspondingly reduced. This process
therefore presupposes'that a high COncentration of the
reversibly electrochemically convertible substance is present
in the plating solution. This has the result that the
oxidized coﬁpounds of the addition substances (redox system)
are again reduceq at the cathode; so that the current
efficiency is decreased..

In German ﬁnexamined Application for Patent DE 31 10 320
Al, a process is described for cation reduction by anode-
supported electrolysis of cations in the cathode space of ‘a

cell, the anode space containing ferrous ions as reducing

.agent and anodes being moved relative to the anolyte which

surrounds the anodes.

In German Unexamined Application for Paﬁent DE 31 00 635
Al, a process and an apparatus &re descfibed for
supplementing ﬁn electroplating solution with a metal tb be
precipitated in an eiectroplating apparatus, wherein the
metal which is to be galvanically precipitated is provided in
an electroplating solution which is contaihed in an
electroplating container and a.supply of the metal to be
precipitated is provided within an enclosed space, the gases
produced in the electroplating containef upon the advance of
the electroplating process are conducted, together with the

electroplating solution, into said enclosed space and applied
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therefromfor the el ectrochem cally active suppl enents of

system Furthernore, this operation of the deposition solutfidgn rn_

“thd MRERLACEMENT SHEET

series permts division of the deposition solution drawn fron1the2qq@nﬁq§97
' In order to regulate the concentration of copper iorslin th
el ectrol yte chanber 1,

-5 -

there to said supply of metal in order to dissolve the
latter, whereupon the dissolved supply of metal is again
added to the electroplating solution in the electroplating
container. The apparatus required for the carrying out of
the process is, however, very expensive, since, émong other
things, it must be gas-tight.

Said processes have the disadvantage that the plating
solutions to be regenerated contain no addition compounds,
which, however, are ordinarily requiréd in order to control
the physical-mechanical properties of the metal layers to be
deposited. Such substances are predominantly organié
substances.

It is.oniy by these addition compounds that the required
physical-mechanical properties of the layers such as, for
instance sufficient brightness, high elongation upon rupture,
‘and resistance of the layer to ctracks upon soldering shock
tests are obtained. Without the addition of these compounds,
the layers are dark, dull, and rough.

DD 261 613 Al describes a process for the electrolytic
deposition of coppef from acid elecﬁrolytes with
dimensionally stable anode using certain additions for the
production of layers of copper .having specific physical-
mechanical properties, the plating electrolyte also”'-
containing the aforementioned electrochemically reversibly

convertible addition substances.
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conprising the cathode and anode chanbers, a part of the s I SM?"T T
conducted directly into the netal ion generator via the pi eI mh§ﬂ§§

are shown in broken |lines. This partial quantity contai ns 3l fost no

oxi di sing conpounds of the redox systemso that by mixing inft2 4 MARMIToN

into the stream of solution, which cones fromthe anode ch er and is

directed into the netal ion generator, -the-speed of the copper dissolvin
s g : .

- It has been found that, although the quality of the
metal layers precipitated from such plating solutions
initially satisfy the requlrements, in partlcular with regard
to the phy51cal-mechan1ca1 properties, nevertheless, after a
longer period of deposition, layers of poorer quality are
obtained even if the substances in the plating solution whose
concentration was decreased by consumption upon the
deposition are supplemented. Copper coatings which are only
poorly ductile are obtained from aged plating solutions, so
that such layers tear on printed circuits in the region of
the holes when they are subjected to a soldering shock test.
Furthermore the surface of the metal layer then changes in
disadvantageous manner, in that it becomes dull and rough.
The present invention thereforg proceeds from the
problem of avoiding the disadvantages of the processes énd
arrangements of the prior art and of finding an economical
process, and suitable apparatus, for the electrolytic
deposition of layers of metal, particularly of copper, in
which the metal layers deposited by the process and the
apparatus have predetermined physical-mechanical properﬁies,
in the manner that addition'compounds are added to the
plating solution in order to qbﬁtrol the properties of the
metal layers, and the properties of the metal layers do not
change in disadvantageous manner even after a lengthy period

of deposition. Furthermore, the thicknesses of the metal
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decr eased.
both streanms by neans ofthree-way val ves ° (not shown), the
concentration in the deposition solution can hence be adjuptpd. In the

arrangenent shown in Figure 2, these options are not used Al hngMARbhgﬁe

al so, two separate outlets 4 and 18 for the deposition solutjons fromt
cat hode and t he anode -

By controlling and/or regulating the partial qi‘gﬁfﬁt bﬁ@ﬁﬂf SHEET

layers are to be approximately the same at all places on the

‘surface of the material treated, and the deposition is to be

possible with high current efficiency.

This problem is solved by Claims 1, 8, and 16.
Preferred embpdiments of the invention are set forth in thg
dependent claims. |

In order to obtain éufficiently uniform layer

thicknesses on the surface of the material being treated,

- insoluble, dimensionally Stablé; anodes are used. In order

to supplement the metal ions consumed by deposition, namely

in a preferred use copper ions, a metal-ion generator is used

in which parts consisting of the metal to be deposited are

‘contained. The plating solution contains, in addition to the

metal ions, compounds of an electrochemically reversible
redox system. For the regeneratidn-of the plating solution
which has become impoverished by consumption of metal ions,
it is passed by the anodes, whereby the oxidizinglcompounds
of the redox system are formed. Thereupon, the solution is
conducted througﬁ the metal-ion generator, the oxidizing

compounds reacting with the metal parts, with the formation

of metal ions. At the same time, the oxidizing compounds of

the redox system are converted into the reduced form. By the

formation of the metal ions, the total concentration of the
metal-ion concentration contained in the plating solution is

maintained constant. From the metal-ion generator, the

—_—
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32 chanber are present. There, the solutions fromboth chanpefs are

directed together and conducted together into the nmetal ion geper '
The regenerated sol utions 29 MAR 1997

_piating soluﬁion passes back again into the electrdlyte space
which is in contact with the cathodes and anodes.

The solution furthermore contains addition compounds for
contfolling the physical-mechaniéal prdperties.of the layer.
In order to maintﬁin the properties of the' layer. even after a
lengthy period of deposition from the platin§ solution, means
are provided in accordance with the invention by which the
‘concentration of the oxidizing compounds . of the redox system
in the direct vicinity of the cathode éan be minimizead,
preferably to a value below about 6.015 mole/liter.

Obviously, the addition compounds can be decomposed by
the oxidizing compounds of the redox system. In this way,
the concentration of the addition compounds would, on the one
hand, be reduced in uncontrolled fashion. Since the
determination of the concentration of these compounds is in
_general very cumbersome, while the content of the compounds .
is very sensitive to the physical-mechanical properties of
the layers, only layers having varying properties could
necessarily be deposited, since a sufficiently rapidly acting,
and precise technique of analysis for such requirements is
not available.

This problem would furthermore be intensified by the
fact that upon the decomposition of the addition compounds
reaction products are formed which have a detrimental effect

on the properties of the layer, so that, after lengthy
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energing fromthe nmetal ion generatoré are supplied to the 'cﬂ[@meﬂ@msaﬁs]’
16. The procedural method according to Figure 3 is then adyapt ' -

Tayrsudldo LI

the deposition solutions fromthe anode and cat hode chanbe}s| canpot, Jbe.
ne 1 HAR RS7

m xed in the electrolyte chanber but conplete separation o

solutions in the.-outlets 4 and 18 fron1the anode and the cht hode chanmhers
cannot be guarant eed. '

dyfation of the electrolysis, even if the content of the
addition compounds is maintained by enrichment of the
injurious reaction products, onlyllayers the properties of
which would not éatisfy the requifements made cbuld still be
deposited.

The means in accordance with the invention by which the
concentration of the oxidizing éompounds in the vicinity of
the cathode can be minimized, preferably to a value less than
about 0.015 mole/liter, are described below:

The total amount of the compounds of the redox system
added to the plating solution is so determined that
substantially the entire amount of the oxidizing compounds of
the redox system fed to the metal-ion generator with the
'plating solution is required for the diss&lving there of the
metal parts with the formation of m;tal ions.

The amount of metal ions prpvided by the dissolving must
just supplement the portion which is lost in the plating
solution by the deposition. In order to maintain the metal-
ion concentration and for the complete reduction of the
amount of oxidizing compounds introduced into the metal-ion
generator, a minimum size of the surface of the metal parts
in the metal-ion generator is therefore required. This
surface can.;e increased in upward direcﬁion as far as
desired and, in particular, however, need not be variable.

Thus, the further filling of the metal parts into the metal-
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In Figures 1 to 3, the introduction of the deposition soluti QnREPLACEMENT SHEET j

- enriched wth copper ions, into the container 3 is shown for fe
bel ow and into the netal ion generator from above. Correspondilngly, éﬂe
out goi ng streans through outlets 4 and 18 out of the containgr |3 A MA 3997

above and out of the nmetal ion generator 2 below Girculationstof the
deposi tion - 10 '

MIIHI_C LI AL

ion generator can be effected in a technically simple manner
‘in any desired amounts above said minimum amount.

The spatial distance between the anodes and the metal-
ion generator must be small, and fhg connectioné for
transferring the p;ating solution which has reached the
anodes to the metal-ion generator and from the metal-ion
generator back into the electrolyte space muét be short.'-Ih
this way, the result is obtained that the dwell time of the
oxidizing compounds in the eléctrolyte space is short. By'
the rapid transfer of the plating solution containing the
oxidizing compounds into the metal-ion generatof, these
compounds also have only a short life until they'are
.converted into the reduced compounds of the redox systen.

Furthermore, the velocity of flow of the plating
solution must be as high as possiblé, particularly upon the
transfer from the anodes to the metal-ion generator.

In order to keep the concentration of the oxidizing
compounds as small as possible, it is furthermore possible to
introduce anothef oxidizing agent directly into the metal-ion
generator. Atmospheric oxygen is particularly suitable for
this purpose. Upon the reaction of oxygen with the metal
parts, only water is produced, it having no effect on the
deposition process.

For the introduction of air into the metal-ion

generator, means for the blowing-in of atmospheric oxygen are
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solution in other directions are |ikew se possible, such as fﬂEPQy%ﬂmﬂﬂéSHEET_
the introduction of the solution into the netal ion generatporffrom bel ow
A further enbodi ment of the invention, especially for the t 21 MARCI997
pl ating of a plate-shaped itemfor treatnent, preferably cijduit boards,

in a horizontal course through the arrangenent is shown in jrFigure 4. Tne
unit which is c- 11 -

pfovided in the lower region of the generator. .
) Another possibility for suppiementing the metal ions
removed by deposition from the plating solution consists, in
principle, of adding the metal ions in the forﬁ of their
'compoﬁnds or salts to the plating solution. However, in this
case, the concentration of the anionic portions of the
compounds or salts necessarily added with the metal ions
cannot be prevented from increasing continuously due to the
continuing addition of the compound, so that, after a certain
amount of time, the solution must be discarded. 1If, in the
present case, only a small part of the metal ions to be
supplemented by addition of the corresponding compounds or .
salts, then the time until the discarding of the solution can
be rather long. By combining the supplementing of the metal
ions by addifion of the salt with tﬁe regenerating of the
-solution in the metal-ion generator, the addition of the
compounds or salts can be decreased to a few per cent of the
necessary supplementation. |

In this case, the possibility of controlling the metal-
ion concentration in the plating solution in a simple and
rapid manner from a control standpoint constitﬁtes an
advantage.

By the reductidn in the life of the oxidizing compounds
of the redox system which are formed on the anode which is

obtained by means of said measures, and the minimizing of the
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shown in side-view as a section consists of the —
electrolytic part 20 and a netal ion generator 21, shown| REPLACEMENT SHEET

33

2 1 MAR 1997

- 12 -

concentrxztion of the compounds, possible decomposition of the
addition compounds is avoided, or at least definitely
reduced. | _.

The metal-ion concentration in the electrolyte space can
also be controlled by a special manner of circulation of the
plating solution. The reduced compounds of the redox systém

which are converted electrochemically at the anodes by the

electrolysis current back into the oxidizing compounds are

present in the cathode space. The quantity of the oxidizing
compounds and thus the meta1¥ion concentration can be reduced
if only a part of the plating solution is conducted from the
space present in the vicinity of the cathode to the anodes
and from there into the metal-ion generator. The other part
of this solution which does not contain the oxidizing
compounds is, on the other hand, conducted directly into the
metal-ion generator. For this purpose, separate outlets are

provided for the plating solution, they being located in the

vicinity of the cathode. The solution which is branched off

over the outlets passes through suitable pipelines into the

metal-ion generator.

The surface of the metal to be dissolved is, in its
turn, dimensioned so amply that all oxidizing compounds
introduced into the metal-ion generator can be converted

electrochemically.

I
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thereunder, filled with copper. The electrolytic part 20 cdondiERLACRMENT SHEET
several electrolytic single cells. Four of these single celllsfare shown 1 n
Figure 4 with the reference nunbers 22, 40, 41, 42, and inddeo W&thmﬂﬁ 7
i nsol ubl € anode 23 respectively for the upper side and for t}h unJer si de
of the itemfor treatment 24. The itemto be treated is el edqtrfeatty
connected to a not shown rectifier and 33 given cathodic polfjarity. It is

By this measure, a simple control of the metal-ion
concentration in the plating solugion and thus an automating
of the control which is simple technically to achieve is made
. possible. .By controlling the vqlumetric flows of ﬁhe plating
solution from the cathode via the anode into the metal-ion

' generator, on the one hand, and from the cathode directly
into the metal-ion generatdr, on the other hand, the metal-
ion concentration can be eaéily édjusted.

For the controi, the velocity of flow of thé plating
solution in the circuit and the voltage betweeﬁ cathode and
anode can also be.adjusted.

The condiﬁions of flow in the electrolyte space are to
be.such that, on the one hand, a flow of the plating solution
is directed from the cathode to the anode and, on the other
hand, the plating solution, however} first acts directly on
the cathode. This latter is necessary in order to be able
economically to produce uniform layers with sufficiently high
current densities and predetermined physical-mechanical
propertiesl These flows are.yroduced by direct flow against
the cathode by means of nozzle assémblies or surge nozzles
and by subsequent deflection of this flow towards the anodes.

The preferred arrangement for the carrying out of the
process of the invention comprises, in addition to the
cathodes, insoluble, preferably perforated, dimensionally

stable anodes, devices for the flow of the plating solution
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transported through the unit in the direction of the arroms'?ﬁ p t%hEET
rollers or discs. The transportation elenents 26 are Iocateq
entire unit, uniformy distributed. For reasons of sinplifidaffion of the
representation, the latter are reproduced here only at the -Qe i A MARNGOT7
at the end of the transportation route In t he electrolytlc cells, surge
jets or flooding pipes 27, 14

agéinst the cathodes and anodes (nozzle assemblies, or surge
gozzles), means of deflecting the -flow to the anodes and
connecting lines for transferring the plating solution which
has been fed to the anode to the ﬁetal-ion genérator as well
as for transferring the plating solution emerging at the
metal-ion generator béék into the electrolyte space. In a
preferred embodiment, means for drawing off the plating
solution can also be provided in order to increase the
velocity of flow upon the transfef of the plating solution
from the anodes to the metal-ion generator. |

In order to avdid tﬁe mixing of the parts of the plating
solution which are located in the vicinity of the cathode
and/or the anode, the electrolyte space can also be
subdivided into séveral compartments by ion-pervious
partition walls (ion-exchanger, diaphragms).

The metal-ion generator is preferably a tubular device
which can be filled from above and which is provided with a
bottom and, for the entrance of the electrolyte, with_at
least one pipe socket with lateral openings and also, in its
upper region, with an overflow which debouches into an
electrolyte container. In one particularly favorable
embodiment, oblique, preferably perforated, plates are
arranged within the metal-ion generator.

The procesé is particularly suitable for the metallizing

of circuit boards. 1In this case, copper in particular is

\
This Sheet Has Been R

N

THIS SHEET HAS BEEN
REPLACED




39 are located, likewise uniformy distributed. The latter ¢ EUEFBSHHH
the already presently nentioned.jet connections. Deposi ti '
¢comng fromthe metal ion generator 21 is supplied, conveyed _
to the flooding pipes 27, 39 via the pipelines 28. By neans pfithe exit
openi ngs of the fl ooding pipes or surgelgets, t he

%97

_?éposited on their surfaces and on the walls of the holes.

Ordinary dip devices can be used in which the circuit
boérds are dipped-from above into the plating solution, or
else horizontal installations in.which the circuit boards are
grasped horizontally and moved by suitable means in
horizontal direction through the installation.

In addition to copper, which can preferable be deposited
.with the process of the invention from the arrangement which
is also described, other metals, for instance, nickel, can
also, in princiﬁle, be deposited in accordance with the
method of the invention.

The basic composition of a copper bath can vary within
relatively wide limits when using the process of the
invention. In géneral, an aquebus solution of the following

- composition will be used:

Copper sulfate (CuSO,.5H,0) 20 - 250 g/liter
preferably 80 -.140 g/liter or
180 - 220 g/liter
Sulfuric acid, concentrated " 50 - 350 g/liter
preferabiy 180 - 280 g/liter or
50 - 90 g/liter
Ferrous sulfate (FeSO,.7H,0) 0 ° 0.1 - 50 g/liter
preferably 5 - 15 g/liter
Chloride ions (added, for

instance, as NacCl) 0.01 -~ 0.18 g/liter
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deposition solution flows against the surfaces of the itém t@EB'eAQEI“@Fe&'EET
24. Copper ions are thereby reduced to netallic copper and}dgposited onto
the itemto be treated : 2 1 MAR 1997
- 16 -
préferably ' 0.03 - 0.10 g/liter.

Instead of copper sulfate, otﬁer copper salts can also
Sé used, at least in part. The sulfuric acid can also be
replaced, in whole or in part, by fluoboric acid, methane
sulfonic acid, or other aéids. .The chloride ions are addéd
as alkali chioride, for instance sodium chloride, or in the
form of hydrochloric acid, p.A. The addition of sodium
chloride can be dispensed with, in whole or in part, if
halogen ions are already presént in the additions.

The active Fe?*/Fe’* redox system is formed from ferrous
.sulfate heptahydrate. It is excellently suited for the
regenerating of the copper ions in aqueous acid copper baths.
However, other water-soluble iron salts can also be used, in
particular ferric sulfate nonahydrate, provided that the
sales do not contain biologically non-degradable (hard)
compléx'formers in the compound,'since the latter result in
problems in coﬁnéction with the disposal of the flushing
water (fbr example, iron-ammonium alum).

In addition to iron salts, compounds of the elements
titanium, cerium, vaﬂadium, manganese, chromium and the like
are also suitable as further redox systems. Compounds which
‘can be used are, in particular, titanyl sulfuric écid, ceric
sulfate, sodium_metavanadate, manganous sulfate, and sodium
chromate. For special uses, combinations of the above redox

systems can also be used.
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34 as a netal layer and the |ikew se present iron (lI1) ions aﬂEPWEWECSHEET
wi'th the electrolytes, which are flowing away in the directioT e

anodes 23. In order to avoid reverse flow fromthe anodes to 3finﬂﬂfin
various mneasures are provided, the realisation of which is sh¢ 7

Figure 4 schematically. The deposition solution which
- 17 -

_ With the process of the invention, the other elements
which are known and have proven themselves in electrolytic
metal deposition can be retained. Thus, ordinary brightening
agents, leveling agents and surfaée—active ageﬂts can, for
instance, be added to the plating solution. In_order to
obtain copper precipitates having predetermined physical-
mechanical properties, at least one water-soluble sulfur
compound and an oxygen-containing high-molecular compound are
added. Addition compounds such as nitrogen-containing sulfur
compounds, polymeric nitrogen compounds, and/or polymeric
‘phenazonium compounds can also be used.

The addition compounds are contained in the plating

solution within the following concentration ranges:

ordinary oxygen-containing

20 g/liter

high-molecular compounds © 0.005 -

preferably 0.01 - 5 g/liter
ordinary walter-soluble |
organic sulfur compounds 0.005 - 0.4 g/liter

preferably 0.001 0.15 g/liter

Thiourea derivatives and/or polymeric phenazonium
compounds and/or polymeric nitrogen compounds as addition

compounds are used in the following concentrations:
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“has been enriched with copper
treatnent).
pl at e-shaped itemto be treated in such a manner that it is digp

Is used for flooding the cathode (mgﬁgmtmm SHEE'I

The solution streamis subsequently diverted frongt

a e
direction of the anodes, asindicated by the arrows 30. I|h &gm 197
of the preferably used perforated anodes, the solution penetra e“ fhrough

the latter and proceeds - 18 -

0.0001 - 0.50 g/liter

preferably | 0.005 - 0.04 g/liter

For the preparation of the plating solution, the
addition compounds are added to the above-indicated basic
composition. The conditions for the deposition of copper are

indicated below:

PH ' <1

Temperature: | , 15°C - 50°C
preferably 25°C - 40°C

cathodic current den'sity: 0.05 --12 amp/dm?
preferably 3 - 7 amp/dm’l

A few oxygeri-containing high-molecular compounds are

listed in the following Table 1:
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subsequently back into the netal ion generator via suction pi
pi pel ines 32. The anodes may consist for ~exanpl e of expanded g
net wor ks. Passages 33 support the streamnm ng through process.

avoid turbul ence, baffles 34 which extend in the direction of
be treatéd can be installed in the suction pipes. The gap 35
bet ween the baffles and the - itemto be tPeated may be a few 1

DMPB‘CEMENT SHEET
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Table 3: Oxygen-Containing, High-Molecular Compounds.

carboxymethyl cellulose
Nonylphenol-polyglycolether
Octanediol-bis-(polyalkylene glycol ether)
0c£anolpolyalkylene glycol ether

Oleic acid-polygiycol ester
Polyethylene-propylene glycol + polyeﬁhylene glycol
Polyethylene glycol-dimethylether
Polyoxypropylene glycol

Polypropylene giycol

‘Polyvinyl alcohol

Stearic acid polyglycol ester

Stearyl alcohol polyglycol ether.
B-Naphthol polyglycol ether

Table 2: Sulfur Compounds

3-benzthiazolyl-2-thio)-propylsulfonic acid, sodium
3-mercaptopropane-1-sﬁ1fonic acid, sodium salt |
Ethylenedithiodipropyl sulfonic acid, sodium salt
Bis-(p-sulfﬁphenyl)-disulfide, disodium salt
Bis-(&-sulfobutyl)-disulfide, disodium salt
Bis-(w—sulfohydroxypropyl)-di;ulfide, disodium salt
Bis-(Q~sulfopropyl)-disulfide, disodium salt

Bis- (w-sulfopropyl)-sulfide, disodium salt

\
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fromthe point of view of fluid t echnol ogy, al nost seal ed eIJecREPbA&EMENT SHEET

cells with favourable flow conditions. The flooding pipes 27
provided with baffles 36 in order to stop any further possi tH“P“kﬁ“ﬁ&?

- 20 -

Methyl-(w—sulfopropyl)—disulfide, disodium salt
Methyl-(w-sulfopropyl)-trlsulflde, disodium salt
o-ethyl-dlthlocarbonlc ac1d-s-(w-su1fopropyl)-ester,
potassium salt

Thioglycolic acid

Thiophosphoric abid-o—ethyl-bis-(w—sulfopropyi)-ester,
disodium salt |

Thiophosphoric acid-tris-(w-sulfopropyl)-ester, trisodium
-sait

A few sulfur compounds having functional groups suitgble
for the production of water solubility are set forth in the
above Table 2.

By blowing air into the electrolyte space, the plating
solution is moved. By addition action of air on the anode
.and/or the cathode, the convection iﬁ the region of their

. surfaces is increased. In this ;ay, the mass transport in
'the vicinity of the cathode and/or anode is optimized, so
that higher current densities can be obtained. Corrosive
oxidizing agents which are possibly produced in ﬁ small
amount,such as for instance oxygen and chlorine, are thereby
led away from the anodes. Movement of the anodes and
cathodes also'resuits in an improved mass transport on the
corresponding surfaces. In this way, a constant diffusion-
controlled deposition is obtained. The movements can take

place horizontally, vertically, in uniformly lateral

[
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35 In the eléctrolytic'cells of the arrangenent in Figure 4, —_
f|l oodi ng pi pes,for exanple, are shown in varying nunbers. The :@LR@E"%SHEH

of the deposition solutionis directed in such a way that, in the
electrolytic part of the unit, the level 37 lying above the quqti2r MARG997
Is adjusted. In the electrolytic cell é% whi ch is shown on

movement, and/or by vibration. A combination with the action
of air is particularly effective.’

Inert material is used for the anodes. Anode materials
which are chemically and electrochemically stable to the
plating solution and the redox system used are suitable, for
instance titanium or tantalum as base material, coated with
platinum, iridium, ruthenium, or their oxides or mixed
oxides. Titanium anodes having an iridium-oxide surface
which are blasted with sphefical bodies and thereby compacted
so as to be free of pores were sufficiently resistant, and
therefore had a long life. By the anodic current density or
the anode potentials adjusted-vié the voltage between cathode
and anode, the quantity of the corrosive reactions produced
on the anode isIQetermined._ Below 2 amp/dm? their raté of

- formation is very small. 1In ordér, therefore, not to exceed
this value, large effective anode surfaces are desirable.
Therefore, in the case of limited three-dimensional
dimensions, perforated anodes are preferred, for instance,
anode nets or expanded metal having a suitable coating are
used. In this way, the advantage of a large effective
surface. is combined with the simultaneous possibility of
intensive flow through the anode by the plating solution, so
that any corrosive reactioh produced can be led away. Anode
nets and/of expanded metal can, in addition, be used in

several layers. In this way, the effective surface is
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the right, there are separating walls 38 depicted respectivel
anodes 23 and the itemto be treated 24. Consequently, the di e BEPLACEMENT SHEET
of deposition solution in the cathode and anode chanbers is I i M SEd. By
usi ng i on-perneabl e separating walls .on the other hand, ion excha M

bet ween the charbers is made possible.. The solution in the cathed chA“%gP7
can enmerge - on the front side. Further-f2dodi ng pi pes 39 are pfjow

A~

correspondingly increased, so that the anodic current density
with a predetermined electroplating current is reduced.

Metal is supplemented in a separate container, the
metal-ion generator, which is passed through by the plating
'solutidn. In the case of copper deposition, métallic copper
parts, for instance in the form of pieces, balls.or pellets,
are present in the metal-ion.generator. The metallic copper
used for the regeneration need not COntain_phosphorus; but
phosphorus is not disturbing. Upon Ehe additional use of
soluble copper anodes, the composition of the anode material,
on the other hand, is of great importance. In that case, the
copper anodes must contain about 0.05% phosphorus. Such
materials are expensive, and the addition of phosphorus
causes residues in the electrolytic cell which must be
removed by additional.filtration.

Since, in accordance with the method of the invention,
‘it is also possible to use metallic copper parts which
contain no additions, electrolytic copper, including copper
scrap, is as a rule used. An interestihg variant consists
therein that the circuit board waste which is coated with
copper, such as obtained in large quantities upon the
production of printed'circuit boards, can also be used for
this, provided that it does not contain further metals. This
waste, consisting of the pqumeric base material and the

copper layers applied thereto, can be disposed of in
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In the anode chanber. The solution of this chanber
pi pes 31. Once again, the flow operation in series is suited fofa celT of
this type, as was described already with reference to Figure B. ThﬁR‘997
drai ning of the deposition solution out of the anode L

chanber {nfot

energes vi h RERLAGEMENDSHEET

metal ion generator 21 via the suction

_23-'

traditional manner only at high expense due to the fifm bond
between the two matefials. After the profitable dissolving
of the copper of this waste in a metalQion'generator suitable
for this, a sorted disposal of the base material is possible.
In similar fashion, reject circuit boards can alsoc be used.

Furthermore, filters for the removal of mechanical
and/or chemical residues can also be inserted in the
circulation of the plating solution. However, the need for
them.is less than with electrolytic cells having soluble
anodes, since the anode sludge produced by the mixture of
phosphorus to the anodes is not present.

For the further explanation of the invention, and
further preferred embodiments, reference is had to ﬁhe

following diagrammatic figures.

Fig. 1 shows the pfinciple of an apparatus for the dip
treatment;
Fig. 2 shows the principle of an apparatus without and

with diaphragm;

Fig. 3 shows the principle of én apparatus with serial
conducting of the plating solution;

Fig. 4 shows the principle of an apparatus for the
horizontal transport of the material being treated;

Fig. 5 shows a metal-ion geﬁerator on an apparatus for dip

treatment;
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pi pes 31 can take place by the shortest route in order to keeq
span of the iron (I11) ions as short as possible. Therefore, t_iﬁﬁykghﬁhﬂhs“Eer

gener at or

el ectrolytic part 20. Consequently, short connection routes arjd ._sn!lI1IMAR 997
transportation tinmes result. The constnﬂgion principle

21 is also arranged here as closely as possible to tjh

Fig. 6 éhows a metal-ion generator on an apparatus for the
" horizontal transport of the material being treated.
ITn Fig. 1, the procéss of thg invention is.shown on
- basis of a diagrammatically shown apparatus. The electrolyte
space 1 is located in the container 3. The metal-ion
generator 2 is so constructed and arranged with respect to
the container 3 as tb result in'shbrt paths for the feeding
of the plating solution from the anodes 5 to the metal-ion
generator and from there back again into the electrolyte
space. For this reason, in the présent case, the metal~ion
generator is divided into two parts arranged in the vicinity
of the insoluble anodes. This division in two is, however,
not necessary. Thus, for instance, it can also be arranged
as a single unit to the side of or below the bath container.
The copper parts -to be dissolved are introduced in a loose
pile into the metal-ion generator in order to permit easy
passage of the plating solution through the genefator. Oon
the other hand, however, a minimum loading with copper parts
must be maintained therein. The pump 11 pumps the plating
solution in a closed circuit through the arrangement. It is
essential that the material 6 being treated, which is
connected as cathode, be acted upon by the plating solution
which is enriched in copper ions, as indiéated by the arrows
14, via nozzle assemblies or surge nozzles, not shown here.

In this way, the result is obtained that the copper layers
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36 can al so be chosen advant ageously such that the parts 20 aBEPLMEMBN’m%EET

t ot al

punmp 29 and, in fact, in the manner shown in Figure 4. Howevp
punp may also be used. This would lead to fairly | ong connec

system Several flooding pipes 27 are supplied respect}|vety~isy—one=

| TR

__1

- 25 -

are deposited on the surface of the material bein§ treated
‘with the necessary quality and the, necessary speed.
Furthermore, a fﬁrther flow takes place within the
electrolyte space from the space 15 present in fhg vicinity
of the matefial being treated in the direction towérds the
space 16 present in the vicinity of the anodes. ' The plating
solution which has been brouéht td the anodes passes through
them, in the case of perforated anode, and arrives, with the
advance of the flow, into the outlet 4 which leads to the
metal-ion-generator. In this way, the resuit is obtéined
that a transport of anodically formed oxidizing compounds of
thé redox system (ferric ions) into the cathode space 15 is
minimized. This, in turn, prevents the injurious |
decomposition of the addition compounds, with simultaneous
increase of the cathodic current éfficiency. |

Along the transport path from the anodes via the outlet
into the metal-ion generator, the addition compounds are
probably decomposed via a chemical decomposition reaction
with the participation of the oxidizing compounds of the
redox system. Therefore, the shortest possible connection
with high velocity of the plating solution to the metal-ion
generator is desirable outside the electrolyte space 1.

The minimum loading of'thé metal-ion generator with
copper parts providés assurance that the oxidizing compounds

formed are completely converted within the metal-ion
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routes between the flooding pipes 27, 39 and the netal ion g4nREPEADEMENT SHEET.
e D 2L A

The deposition solution in these connection pipes contains prag
oxi di si ng conpounds of the redox system Hence, protection off the additive

conpounds

shown in Figure 4 in side view.

is also guaranteed in this area. The. el ect ropl afi jg 2iMA

- 26 -

generator and the concentration of these compounds at the
outlet of the metal-ion generator is lowered to a value of

about zero. This means that the copper surface which is in

‘contact with the plating solution in the metal-ion generator

leads to the complete reduction of the oxidizing compound to

the reduced compounds (ferrous ions), with simultaneous
electroless dissolving of copper with the formation of copper
ions. The reduced compounds of the redox system do not
contribute to the decomposition of the addition compounds.

By targeted flow onto the cathode surfaces, the anodes,
for a given total circulation, are subjected to less
electrolyte exchange. In this way, the corrosive gaées
possibly produced at the anodes are led away correspondinglf
slower, so thaﬁ, on the one hand, the corrosion of the anodes

increases while, on the oﬁher hand, it is limited by the

.following measures:

- low anodic curfent density

-=- inert base material of the anodes

- inert coating of the anodes

—— surface compacting of the anodes

- liquid-pervious anode geometry.

By these measurés, the result is obtained.that the
addition compounds which are aéded to the plating solution in

order to control the physical-chemical properties of the

'layer'of metal can be used also in arrangements with

\
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The parts shown (anodes

, pipes) extend in |longitudinal extens
depth of the drawing i.e. transversely to the direction of tra?@f éMéNQnSHEET
above the itemto be treated. The parts located in the electjrifjcal field

between the anode and the cathode, such .for exanple as the flloqdi2g MAR 9997
27, are made of electrically non-conductive plastic materialJ Jheir .

electrlcal
treat ed noves

screening effect does not Tn%%rfere here because fhe Tremto—be

insoluble, dimensionally-stable anodes. Special mixtures of
the addition compounds are not necessary for this. A high
'cathodic current efficiency and a long life of tﬁe insoluble
anodes is obtained.

Fig. 2 shows another apparatus in accordance with the
invention. It differs, on the one hand, from the arrangement
shown in Fig. 1 by a difference in the guidance of the
plating solution within the electrolyte space, which consists
of a space 15 présent in the vicinity of the material being
treated, namely the cathode space, and of the spaces 16
present in the vicinity of the anodes, namely the anode
spaces. These spaces are separated by the dashed lines 17 in
the drawing. The plating solution, which was enriched with.
‘copper ion.in the metal-ion generator 2 upon the reduction of
ferric to ferrous ions, flows separately into each space and
passes through nozzle asSemblies?or surge nozzles (not shown)
as shown by the arrows 12 and 14 to the anodes 5 and the
cathodic treatment material 6. Mixing of.the plating
solution in the anode space 16 with the solution in the
cathode space 15 can take place only to a slight extent, in
particular for the reason that the plating solution has its
own outlets 4 from the anode qude and, separately therefrom,
the plating solution has an outlet 18 in the cathode space.
In this embodiment, the ferric ion concentration is kept

'small in the cathode space, which is connected directly with

T
This Sheet Has Been R,

[T

“THiIS SHEET HAS BEEN.
REPLACED




slowy through the unit and is hence exposed continuously "toREHﬂ\GEME‘WusHEET

el ectri cal

ion generators 44, an electrolytic chanber 1 and two furthdr 3%3 te
containers 45 is shown. This arrangerrent is operated in the w‘ﬂégﬂ

procedure.

fields. In Figure 5, a creative arrangenent ;wijt [Ftwo—met-at

L0,
.

In this case; the

- 28 -

the inlet to the metal-ion generator 2, so that a eﬁert
conduction path from the anode space to the metal-ion
generator results. On the other hand, the transport paths
from the cathode space via the ouflef 18.to the.generators

can be long, since there are no injurious interactions

between the reduced compound which is contained in the

plating solution present in the cathode space and the

~addition compounds. In order to avoid even a slight

electrolyte mixing of the plating solutions in the cathode
and anode spaces, these spaces can be eeparated along the
iines 17 by, in each case, an ion-pervious partition wall-
(diaphragm) which, in:its turn, is not chemically changed by
the plating solution. The partition walls are pervious for.
the plating solution only to a very'slight extent, if at all,
so that they permit possibly only a -slow equalization of |

different hydrostatic pressures in the spaces 15 and 16.

Polypropylene fabrics or other membranes with a permeability

for metal ions and thelr corresponding gegenions (for
instance the Nafion of DuPont de Nemours, Inc., Wilmington,
Del., USA) are, for instance, suitable. By separation of the
spaces by partition walls, assurance is had tﬁat the plating
solution cannot pass, for instepce, by eddying from the anode
space into the cathode space. This measure leads also to a
further decrease in the concentration of the oxidizing

compounds of the redox system in the vicinity of the cathode.
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37 cell is constructed symmetrically for elecfroplating th ,.1
the rear side of the itemto be treated 6. Both netal ion ge eFEPL%:EEMgm SHEET
whi ch are shown in the Figure and

2 1 MAR 1997
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Therefore, advantageous effects with reséect to the
resistance to aging of the plating ‘solution result also from
these measures. . '

- The plating solution which is present in the anode space
and which contains the ferric ions formed there is, in its
turn, transferred, over the shortest path, into the ﬁetal-ion
generator and enriched there again with copper, with the
formation of ferrous ions. In practical operation, a
condition of equilibrium between the copper solution in the
metal-ion generator and the deposition of copper on the
material being treated is established.

Fig. 3 shows another embodiment of the invention, having
a two-part metal-ion generator. The plating solution which
.is enriched in copper ions in the metal-ion generator 2, is
introduced only into the cathode spece 15. This solution
contains, furthermore, only ferrdus ions and no ferric ionms.
The plating solution is conducted in succession from the
cathode space 15 to the enode space 16. The ferrous ions
formed in the metal-ion generator therefore, after passing
through the cathode space, enter ﬁith the plating solution
via a pump into the anode space. The feeding of the plating
solution into the cathode space is effected by another pump
11. A hydrodynamic constancy and the constant transport
conditions resulting therefrom are advantageous for the

electrochemically active additions of the redox system.
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the el ectrol yte containers 45 respectively can also be prfo I
in this case be assigned to both sides of the itemto be tﬁtgfﬁkﬁ“ﬂ“?

nmetal ion generator 44 consists of a preferably round pige body 46-with gn
upper opening 47. Al the materials used here are resist nt t2‘ﬁMAR‘ﬂB7
deposition solution and the :

- 30 -

- Furthermore, this serial conducting of th; plating:
solution permits a dividing up of’the plating solution
withdréwn from the cathode space. In order to:control the
concentration of the copper ions in the electrolyte space 1,
comprising the cathode and anode spaces, a part of the
solution is conducted via the lines 43 indicated in dashed
1ine,.directly_into the metal-ion generator. This-partial
quantity contains practicaliy no o#idizing compounds of the
redox system, sorthat the éopper dissolving rate is reduced
by admixture of this portion into the stream of solution
which is introduced from the anode space into the metal-ion
generator. By control and/or regulation of the partial
quantities pf the two streams by means of three-way valves
‘(not shown), the copper ion concentration in the plating
solution can be adjusted. In the arrangement shown in Figqg.
2, these possibilities are not used, although, in that case
also, two separate outlets 4 and 18 are present for the
plating solutions from the cathode and anode spaces. The
solutions of the two spaces are brought together there and
conducted jointly into the metal-ion generators; The
regenerated solutibns coming from the metal-ion generators
are fed to the spaces 15 and 16. The manner of procedure in
accordance with Fig. 3 is aanntageous when the plating
solutions of the anode and cathode spaces cannot be mixed

together in the electrolyte space, but a complete separation

'
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suppl enments contained in the solution. Through the base 48 cﬁEPMQEMWaISHEET
I on generator there projects at | east one connecting pipe into the
interior of the metal ion generator. This connecting pipe 23t MAR! 1997
openings 50. These forma filter which on the one hand pre ts
penetration of . the nmetallic copper into the pipeline syst arr-omte
another allows penetration of the depos?tion solution intol the netal ion

~generator. A small
of the discharging solutions is not assured in the'outlets 4

AAd'ls from the anode and cathode spaces.

In Figs. 1 to 3, the introduction of the plating
solution enriched in copper ions into the container 3 is
shown, by way of example, to by effécted from below and the
.introduction into the metal-ion generator from above. In
corresponding manner, the off lines from dutlets 4 and 18
from thelcbntainer 3 are shown at the top and those from the
metal-ion generator 2 at the bottom. Circulation of the
plating solution in other directioné is also possible, such

, .for instance, the infroduction of the solution into the
metal-ion generator from below.

Another embodiment of the invention, particularly for
the electrolytic metallizing of plate-shaped treatmént
material, preferably circuit boards,- in'horizontal péssage
througﬂ ﬁhe arrangement, is shown in Fig. 4. The systen,
part of which is shown in side view, consists of the
eledtrolytic part 20 and a metal-ion generator 21 filled with
copper, shown below it. The electrolytic part 20 consists of
a plurality of individual electrolytic cells. Four of these
individual cells are designéd by the reference numerals 22,
40, 41, 42 in Fig. 4, with an insoluble anode 23 in each case
for the top side .and the bottom.side of the treatment

material 24. The treatment material is electrically

connected to a rectifier (not shown) and is cathodically
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overhanging |lid seals the pipe support at the top. At the sa REiPmGﬁ]ME‘m-SHEET
|id keeps the |lateral openings 50 free of fine copper granul '

situated in this region of the nmetal ion generator. Beneath
m xi ng and " col |l ecting chanber 51 is situated. Copper particlgs anZ‘iMAR‘EM7
I mpurities which were able to pass through the filter are “col

sai d chaitber. After opening the base pfta

polarized. It is transported through the installation, in
ehe direction of the arrow 25, by .means of rollers or disks
26. The transport elemehts 26 are uniformly distributed
along the entire installetion; For reasons of simplification
of the drawing, fhey have been'showh here only at the
beginning and end of the transport path. Surge nozzles or
flood pipes 27, 39 are also present, uniformly distributed in
the electrolytic cells. They correspond to the nozzle
assemblies'already mentioned above.

Plating solution coming from the metal-ion genefator 24
is fed by pumps 29 to the flood pipes 27, 39 via the
pipelines 28. The plating solution flows through the outlet
openings of the flood pipes or surge nozzles onto the
surfaces oZ the treatment material 24. 1In this connection,
copper ions are reduced to metallic -copper and deposited as a
metallic 1ayer on the material ﬁp be treated, and the ferrous
ions, also present, are conveyed with the discharging
electrolyte in the direction towards the anodes 23. In order
to-avoid a return flow from the anodes to the cathodes,
various methods are provided the effecting of which is shown
'diagrammaticelly in Fig. 4. The plating solution which is
enriched with copper is.used for flow to the cathode
(treatment material). From the plate-shaped treatment
material, the stream of solution is then so deflected that,
as indicated by arrows 30, it continues in the direction

ﬂﬂr_g,_—————~"”"'
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52, the_chanbér I's accessible for cleanihg purposes. Durin BE@#&EN@NT SHEET
deposi tion solution, which is punped ' 38

out of the anode chanber 16 and which is enriched with copger o '
Fe (I11) ions, flows in. In addition, PRET 2 1MAR 57

- 33 -

towards the anodes. In the case of perforated anodes, which
are preferably used, the solution passés through them and
then passes via suction pipes 31 and pipelines 32 back into
" the metal-ion generator. The anodes can consist, for
instance, of expanded metal or netting. Openings 33 support
the flow proéess.- In order to avoid the formation of
eddying, baffle walls 34 extending in the direction towards
the material being treated can be arranged on the suction
pipes{_ The slot 35 remaining between the baffle walls and
the treatment material can amount to a few millimeters. From
the standpoint of fluid mechanics, this forms practically -
closed electrolytié cells having favorable flow conditions.
The flood pipes 27 can also be provideé with baffle walls 36
.in order to prevent further possible eddies.

Different flood pipes in different number are shown, by
way of example, in the electrolytic cells of the arrangement
shown in Fig. 4. The circulation of the plating solution is
such that the level 37, which is above ﬁhe suction pipes, is
present in the e;ectrolytic part of the installation. In the
electrolytic cell 42 shown on the right, partition walls 38
are shown between each of the anodes 23 and the treatment
material 24. In this way, the exchange of the plating
solutions in the cathode and anode spaces over a direct path
is minimized. By the use of ion-pervious partition walls, on

the other hand, an ion-exchange between the chambers is made
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ai r containing oxidising oxygen can afso be injected into t fe
generator via pipelines 56. In this case, - the chanber 51 se Rfﬁ'Ar%t“qu SHEE]
sane tine as a mxing chanber. By neans of the holes 50 of §h connectlng

pi pe 49, if necessary, air pr?c e 1iMAR 1997

interior

t he deposition solution and,
of the nmetal- ion generator.

- 34 -

possible. The solution in the cathode space can emerge at

the end side. In the anode space: further flood pipes 39 are
provided. The solution of this chamber passes out via the
suction pipes 31. For such a ceil, the serial.flow path such

as already described on the basis of Fig. 3 is again

‘suitable. -

The leading away of the plating éqlution from the anode
space via the suction pipes 31 into the metal-ion generator
21 can take place over the shortest path.in order to keep the
life of the ferric ions as short as possible. Therefore, the
metal-ion generator 21 is arranged here also.as close as
possible to the electrolytic part 20. 1In this way, short
connection paths and short transport times result. The
principle of construction can advantageously also be so
selectéd that the pérts 20 and 21 form a complete system.

Each of several flood pipes 27 is fed by a pump 29 in the

manner shown in Fig. 4. However, a single pump can also be

used. This would lead to longer connecting paths between the
flood pipes 27, 39 and the metal-ion generator 21. The
plating solution in these connecting lines contains
practically no oxidiziﬁg compounds of the redox system.
Thus, the protedtion of the addition compounds is assured in
this region also.

The electroplating installation in éhown in side view in

Fig. 4. The parts shown (anodes, pipes) extend in length

‘Sheet Has Been Replaced -

‘T

REPLACED

THIS SHEET HAS BEEN




In the |l ower region of the generator there are found pred

copper gran

They have a very |arge specific surface area which is prederted

i medi ately

Wi

ions in order to dissolve the copper. The Fe (l111) ions arjeftherefore
reduced as quickly as possible to Fe (113 i-ons with sinultla

di ssolving of the copper. In - :
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ul at es which have ari.sen fromdissolving the

to the inflow ng deposition solution enriched
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into the depth of the drawing, and therefore traﬁsverse to
the_direction of transport over the material to be treated.
The parts present in the electricgl fiéld betwgen anode and
cathode, such as, for instanée, the,fldod pipes 27, consist
of electricélly non-conductive plastic. Their electric
screening action is not disturbing here, since the material
to be treated moves slowly through the installation and thus
is continuously exposed to the different electrical fields.

Fig. 5 shows an arrangement in aécordance with the
invention having two metal-ion generators 44, an electrolyte
space 1, and two additional electrolyte containers 45. This
arrangement is operated in the dip process. In this case,
the cell is developed symmetrically for the electroplating of
the front and rear sides of the treatment material 6. The
two metal-ion generators 44 shown im the figure and the
electrolyte containers 45 can imr each case also be provided
individualiy and in such case arranged on both sides of the
material being treated.

The metal-ion generator 44 consists of a preferably
round tubular body 46 having an upper opening 47. All
materials used for this are resistant to the plating solution
and the additions contained in the solution. At least one
pipg socket 49 extends through the bottom 48 of the metal-ion
generator into the inside of the metal-ion generator. This

pipe socket has lateral openings 50. They form a screen

\
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the interior of the netal ion generator, the quantity of Fe
reduced quickly in an upward direction. This has the effect
el ectrolyte copper which is inserted as granul ates or sectig 53 is

di ssolved up the way on a smaller and snaller scale. The:diferdsi2AMAR 1B%e
granul ates remain large in the upper region of the netal ioﬂE

Hence, the permeability to the depositiod® - '

e L P ——

(k) 5 M SHEEY §
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enerator.

which, on the one hand, prevents penetration of metallic

‘copper into the pipellne system and, on the other hand,

permits the passage of the platlng solution lnto the metal-
ion generator. A small roof on top closes the top of the
pipe socket. The roof at the same time holds the lateral
openings 50 free of fine copper granulate which is'present in
this region of the metal-ion generator. Below the bottom,
there is a mixing and collection chamber 51. Copper
particles and impurities which were able to pass through the
screen are collected in it. After opening the base plate 52,
the chamber is accessible for cleaning purposes. Upon

operation, the plating solution pumped out of the anode space

.16, which solution is enriched in copper-dissolving ferric

ions, enters. 1In addition, air which contains oxidizing
oxygen can also be blown into the metal-ion generator via
lines 56. In this case, the chamber 51 serves at the same
time as mixing chamber. fhrough the holes 50 in the pipe
socket 49, the plating solution and possibly air enter into
the inside of the metal-ion generator. 1In the lower region
of the generator there is predominantly fine copper granulate
which has been formed by the dissolving of the metallic
copper. It has a very large epecific surface, which offers
itself immediately for the dissolving of copper to the

incoming plating solution which is enriched in ferric ions.

The ferric ions are therefore rapidly reduced to ferrous
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solution is also maintained. By neans of the overflow 54, théeg N e T'J:;;»?
drai ned without pressure out of the netal ™ ion generator intp {He&” SHEL
el ectrolyte container. |In the - -39 _
| 2 1 MAR 1997
- 37 -

ions, with the.simultaneous dissolving of copper. Within the
metal-ion genérator, the quantity of ferric ions decreaseé
rapidly towards the top. Tﬂis has the result that the
eiectrolYtic copper which has been introduced as granulate or
sections 53 is dissolved in upward direction to a
continuously.lesser extent. The dimensions 6f the éranulate
remain large in the upper region qf the metal-ion generator.
Thus, the permeability for the plating solution is also
retained. Through the overflow 54, the solution discharges
without pressufe from the metal-ion generator into the
electrolyte container 45. Witﬁin the met;l-ion geheratorf
the overflow 54 bends downward in such a manner that copper
granulate 53 which slides downward from above cannot lead to
the clogging of the generator. As a result of the
sufficiently large dwell times, adapted to each other, of the
platiﬁg solution which has enteréd into the generator, and
which, at the same time, is sufficiently long for the
dissolving of the copper surface offered, the plating
soluﬁion which flows over the overflow 54 into the
electrolyﬁe container 45 contains practically no ferric ions
any longer. Such an over-dimensioning of the regeneration
unit thus provides assurance that the attack of the ferric
ions on the addition compounds of the plating solution is

complete already in the middle region of the generator.
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interior of the netal ion generator, the overfl ow bends dowmggﬁaﬁngﬁ?ﬂﬂEgrﬁ
a,way that copper granul ates 53 dropping from.above cannot |l |
bl ockage in the metal ion generator. As a consequence of the |synchronised
length of dwell tinme for the deposition solution flowing irntq the MA ﬁp7
generator and the length of- tinme for the sinultaneous dlsscIV|ng o] t
presented copper surface, the deposition38solution flomﬁng I{nt*o=t-tre

el ectrol yte chanber 45 via the

- The £illing and refilliné of the metal-ion generator
- with metallic copper 53 is effectéd from above, through the
opening 47 of, for instance, hopper shape. It can be closed
by a cover. The region above the overflow 54, in which no
plating solution is present, serves for the storing of
metallic copper which is to be dissolved in the metal-ion
generator. The f£illing aﬁd refilling can be effected
manually. The arrangement is ekcellently sﬁited for the
.automating of the filling process due to the absence of
pressure at the filling opening 47 and the vertical or
oblique arrangément. The filling can take place_continuously
or batchwise. Transport belts or vibratory coﬁveyors (not
shown here) which are known from the conveyancé art transport
the metallic copper into the openings 47 of the generators.
| The ‘invention has the-advantage that copper pafts of
different geometrical shape can be dissolved in the metal-ioﬁ
generator. Different shapes, however, have a different
piling behavior. 1In order to maintain the permeability of
the pile for the plating solution and to assure a
sufficiently large copper surface which is accessible to the
solution, additional individual measures are possible:
Downwardly inclined plates 55 within the generator
prevent too great a compacting of the copper in the lower
region. The plates are provided with holes the dimensions of

which are adapted to the size of the metallic copper parts
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overflow 54 cont ai ns virtually no Fe (I11l) ions any |onger}: <
oversi zing of the regenerating unit ensures thus that the atHEELgcwﬂﬁhgh

(I'1'l) ions on the additive conpounds of the deposition soljut}i on i s al ready
ended in the central area of the generator. The fillingjarjd 2fMARI197 of

t he net al

ion generator with
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introduced. The holes are selected from plate té plate
'smaller from top to bottom corresponding to the dissolving of
the copper. Similarly, the dimensions of the plates can
increase from the top ﬁo the bottom. ihe angle of
inclination can also be adapted to the circumstances of the
pieces of copper introduced into the metal-ion generator.

The inclined position of the metal-ion geherator itself
can have the samé result. By the blowing of air 56 into the
lower region of the metal-ion generator or into the mixing
and collecting chamber 51, a copper-dissolving substance, in

this case oxygen, can also be introduced. In addition to-

_this, the eddying of the copper granulate in the metal-ion -

‘generator connected therewith increases the reduction of the
ferric ions and the dissolving of the copper. At the same
+time, the permeability for the plating solution tbrough the
coﬁper parts is increased. Withrcdppqr fiilings which hook
on to each other, it may be advisable to shake the metal-ion
generator at times or continuously. Thé shaking movement can
preferably be obtained from a vibrating conveyor, with which
the automatic filling can at the same time be effected. All
the measures described above for disturbance-free continuous
operation of the metal-ion generator can also be combined
with each other.

The electrolyte containers 45, 67 shown in Figs. 5 and 6

serve to reduce the dependence of the flow of the plating
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netal lic copper 53 takes place from above through, for e
funnel - shaped opening 47. This can be sealed wth a lid. ]
the overflow 54 in which there is no deposition solution
storing the nmetallic copper which is to be dissolved in t{

generator. The filling and refilling can be done manually.

is exceptionally suited to automation-c#%the filling prog
consequence of
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solution along the treatment material 6, 69 on the flow
through the metal-ion generator 44", 66. This has the
advantage that, in both circuits,.the guantity of plating
solution and its speed can be adjusted individually. These
processes are described below with referen¢e to Fig. 5.

The plating solution is conveyed by a pump 57 from the
electrolyte container 45 into the electrolyte'space 1. The
solution flows through the flood pipes 58 arranged there onto
the tredtment material 6 and from the flow pipes 59 onto the
ligquid-pervious insoluble anodes 5. The division of the
stream of solution over the flow pipes 58 and 59 is effected
by adjustakle valves, not shown in the drawing. From the
cathode space 15, the plating solution flows via the outlet 8
through pipelines 60 and the outlet 61 back into the
electrolyte container 45. Closely behind the anodes 5 there
are suction pipes 62 through whith the plating solution
enriched with ferric ions is drawn off by means of the pump
63 and conveyed with high speed into the metal-ion generator.
From there, the solution enriched with ferrous and cgpric
ions then returns again into the electrolyte container 45.

The division of the streams over the flood pipes 58 and
59 is so adjusted that an excess results in the cathode space
15. This equalizes itself with the anode space 16. If the
two spaces are separated by a partition wall 17, as shown in

Fig. 5, then at least one opening 64 in the partition wall
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t he !-aCk of pressure at the filling opening 47 and the. per JWLWEM'SHEH

inclined assenbly. This can take place continuously or infe

Conveyor

belts or oscillating conveyors, which are known ffojn conveyance

2 1 MAR 1997
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sees to it that the equalizing of the plating sélutions in
the two spaces can take place in :the direction indicated by
the arrow. In order to avoid a mixing of the solutions in
the electfolyte épace 1 and a cohvective tranéport of ferric
ions from the anode space to the cathode space, it therefore
need merely be seen to it thaf a higher hydrostatic pressure
is present in the piating solution in the cathode space 15
than in the anode space 16. This is assured by a
‘corresponding adjustment of the partial streams through the
flood pipe 58 and the flood pipes 59 of the circuit of the
pump 57. In addition, the circuits of the pumps 57 and 63
are independent of each other.

Within the metal-ion generator, all ferric ions
introduced with the feed stream are reduced to ferrous ions.
Nevertheless, it cannot be excludedithat a very small,
scarcely measurable number of ferric ions pass through the
metal-ion generator and enter into the electrolyte container
45. 1In order to reduce the ferric ions which have entered
into said container to ferrous ions, copper parts 65 afe
‘introduced also into this container. In this case, copper
scrap may also be used.

" Another embodiment of the apparatus in accordance with
the invention for the carfyiné out of the process is shown in

Fig. 6. There is concerned here a horizontal circuit board

electroplating installation shown in cross section. The
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40 technol ogy but not shown here, transport the netallic cggp[gxcfmm sﬂtﬂ
openi ngs 47 of the generators. It is advantageous in the}i pverteon—thats
in the netal ion generator, copper parts of various geonetili¢ shapes. can
be dissolved. However, different shapes have a different’ 2 1 MAR 1997
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figure shows the metal-ion generatof 66; an electrolyte
container and an electroplating céll 68. The circuit board
69 which is to be metallized is gripped in the. arrangement by
clamps 70 and conveyed horizontally through the installation.
The contacting of the circuit board with the negative pole of
a rectifier.(not shéwn) is also effectéd via these clamps.

In another_embodiment, the contacting could also be effected
by contact wheels. A pump 71 pumpé the plating solution via
flood pipes 72, 73 to the circuit boards and to the insoluble
perforated anodes 74. Via outlets 75, the plating solution
is conducted out of the cathode space pack into the
electrolyte container 67. from the anode space, the pump 86
conducts the plating solution which has been enriched with
ferric ions through suction pipes 76 at high speed into the
|meta1-ion generator. An outlet 77, -which is developed as
‘overflow for regulating the levél, sees to it that excess
plating solution passes from the upper region of the anode
space also into qircuit to the metal-ion generator 66 and not
into the electrolyte container 67. The ﬁetal-ion geherator
is constructed in the manner which was described with
reference to Fig. 5. Via the overflow 78, the plating
solution passes back into the electrolyte container 67. 1In
the latter, there are also contained copper parts 79 which
effect a reduction to ferrous ions of stray ferric ions which

are possibly present in this region. Furthermore, partition
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stacki ng behaviour. In order to maintain the perneability T K Lk
t.he deposition solution and to ensure a sufficiently |arge Ewﬁéﬂﬁﬁa5§§ﬁ?

which is accessible to the solution, individual mnmeasures ar I'so
avai |l abl e. Plates 55 which are inclined downwards in the epiPMART 1997
t he generator prevent too nuch conpactirggcﬁ the copper in

walls 80 are provided between thq anode and cathode spaces.
Openings 81 in these partition w#lls see, here also, to an
equalization of the streams of the plating solutibn from the
cathode space into the anode space. These directions of flow
‘are also established if no partition walls are present.

Horizonﬁally operating continuéus installations such as
shown in Figs. 4 and 6, and vertically operating
electroplating installations have dimensions of several
meters in lenéth of the electrolytic cells. Therefore, in
practice, preferably several metal-ion generators are
arfanged along the installation._ This makes it possible to
set them up in close épatial vicinity td the electrolytic
‘cell or effect a partial or complete placing of electrolytic
cell, electrolyte container, and metal-ion generator one
within the other.

During the passage of a circuit board through the
electroplating installation, the clamps 70 are also
metallized in the region of their contacts 82. This léyef
must be removed again before the clamps are again used. This
is done, in known manner, during the return of the clamps to
the start of the electroplating installation. In this
connection, the returning clanips 83 pass through a separate
compartment 84 which is connected with the plating solution
in the electrolytic cell 68. For the demetallization, the

clamps 83 are connected via wiper contacts with the positive

.\
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t he | ower region. The plates are provided w th openings ' [
|_REPLACENENT I SHEET

of which accomvpdate the size of the poured-in netallic

openings are nmade differently fromplate to plate correspdngling to the
di ssol ving of the copper, becoming smaller fromtop to boft$m2 $MAR Wy,

the dinensions of the plates can increqﬁf fromtop to botfo

_pole of a rectifier, not shown. The negative pole of this

rectifier is connected to a cathdde plate 85. During the

electrolytic demetallization process, copper deposits on the

insulating layers of the clamps 83 lose electric contact with

the current supply before they are completely dissoived.

Therefore, disturbing deposits of copper on these regions

remain back. In accordance with the invention, therefore,

the parameters for the demetallization, namely current and

time, are so adjusted that, for instance, only 70% of the _

demetallization path is required for the removal of the metal

layer. 1In the remaining path, Fe’* ions are produced by the

electrolysis current on the metallic contacted parts of the

clamps. These ions are present precisely at the place where

contact-less copper deposits are possibly still present.

They dissolve this copper'electroless. No noticeable

increase in ferric ions in the electrolytic cell occurs as a

result of this since, as compared with the metallizing of the

treatment material, only very small currents and surfaces are

concerned.

In order to maintain an operable deposition of metal,

the copper content in the plating solution must be kept

within given limits. This presupposes that the consumption

rate and the rate of addition of copper ions correspond. In

order to check the_copper content, the absorption power of

the plating solution can be measured at a wavelength of for
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The angles of the inclinations may |ikew se accommpdate- t
t he copper pieces poured into the netal 1ion generator.
position of the netal ion generator itself can have the s

1$nme'em'enn HRET

means of injecting air 56
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instance 700 nm. The use of an ion-sensitive electrode has

also proven suitable. The measured value obtained serves as
actual.value of a controller the control value of which is
used to ﬁaintain the copper-ion eoncentration in the specific
embodlments of the invention described.

For the analytical noting of the concentrations of the
compounds of the redox system, a potential measurement can be
carried out. For this purpose, a measurement cell is used
which is formed of a platinum electrode and a reference
electrode. By suitable calibration of the measured potential

with the concentration ratio of the oxidizing and reduced -

compounds of the redox system for a given total concentration

of the compounds, the corresponding concentration ratio can

e determined. The measurement electrodes can be ihstalled

. both in the anode and cathode spaces as well as in the

pipelines of the arrangement. _

In order to verify the anode processes,'such as, for
instance, the oxidation of the redox sjstem required for the
production of copper and a possible anodic decomposition of
the addition compounds, a further measuring device can be
provided with which the cathode potential is measured with
respect to a reference electrqde. For this purpose, the
anode is connected via a potential measuring instrument with

the corresponding reference electrode.
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41 into the |l ower region of the netal I on generator or info
col l ecting chanmber 51, a copper dissolving REPUNCEMENY "SHEEY
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) The continuous or discontinuous measurement of further |
galvanotechnical parameters is advisable, such as, for
instance the détermination of the content of addition
compounds by means of cyeclic vbléametricé. Thﬁs, after
‘lengthy pauses in operation, tempofary changes in the
concentration can occur. Knowledge of the instantaneous
values can be utilized in order to avoid improper dosaging of
| the chemicals to be  added.

The following examples serve for further explanation of

the invention:

Example 1

In an arrangement in accordance with Fig. 2, using the
measures in accordance with the invention (large specific
surface of the copper parts in the metal-ion generator, high
velocity of fiow in the entire arrangement, conducting of the
flow in such a manner that the oxidizing compounds of the
redox compounds formed by oxidation at the anode cannot reach
the cathode), a copper bath having the following composition
was used:

80 g/liter copper sulfate (Cuso4.5sz)
180 g/liter sulfuric acid, conc.
10 g/liter iron as ferrous sulfate (FeSO,.7H;0)

0.08 g/liter sodium chloride
with the following brighteners:

1.5 g.liter polypropylene glycol
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material, in this case oxygen, is also inserted. Furthernorge, agpRRCEMENT SHEET
associ ated turbul ence of the copper granulates in the nmetalji,

i ncreases the reduction of the Fe (lI11) ions end increases fhe dissolving
of the copper. At the same tinme, the perneability to the depopi @b
solution is.increased by the copper parts. Wth nutually infe Iocklng
copper fillings it can be useful to vibthte the netal ion

- 0.006 g/liter 3-mercaptopropane-i-sulfonic écid, sodium
salt
0.001 g/liter.N-acetylthiou:ea
: A current efficiency of 84% was determined. The
consumption was determined over 100 amp hours/liter as:
propyléneglycol 3.3 g/kah
3-mexrcaptopropane-l-sulfonic acid ‘
éodium salt | - . 0.3 g/kah
_N-acetylthiourea. " 0.04 g/kah
The elongation upon rupture of the deposited layers

amounted to 17% at the end of the test.

Exanple 2

The test of Example 1 was repeated in the arrangement
shown in Fig. 3, the plating solution being conducted
serially through the cathode and aﬁode spaces. A current
efficieﬁcy of 92% was obtained. The consumption, again
determined over 100 amp hours/liter;,was: |

propyleneglycol | 2.0 g/kah

3-mercaptopropane-l-sulfonic acid

sodium salt 0.2 g/kAh

N-acetylthiourea " 0.02 g/kAh

The elongation upon rupture was improved to 20%. 1In
this test, the coated circuit boards passed a second

soldering shock test (10 seconds at 288°C soldering
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generator intermttently or constantly. The vibration notji g
performed preferably by an oscillating conveyor wth whi

filling is taken care of at the sanme time. Al the presertlly descri
measures for a trouble-free continuous operation of the rfetjaldi§dAR 1997
generator can al so be conbi ned together.4

temperature) without cracks in the région of the holes. The

deposition was uniformly shiny.
xample 3

In a horizontal installation in accordance with Fig. 4,
circuit boards were copper-plated in a plating solution of
the following coﬁposition: |

- 80 g/liter copper sulfate (CﬁSO,,.SH,O)
200 g/liter sulfuric acid, conc.
8 g/litef iron as ferric sulfate (Fe,(S0,) ;- 9H,0)
0.06 g/liter sodium chloride
As brighteners there were added:
1.0 g/liter polypropylene glycol
0.01 g/liter 3-(benzthiazolyl-2-~thio)-
propylsulfonic ;cid, sodium salt
0.05 g/liter acetamide
With an electrolyte tempefature 34°C, bright metal layers
were obtained on a scratched copper laminate with a current
density of 6 amps/dm’. The circuit board metallized in this
manner withstood five soldering shock tests (10 seconds at a
soldering temperature of 288° C). The current efficiency was
91.%. No problems arose in the handling (making up of the

addition substances consumed) of the plating solution.
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The el ectrol yte containers 45, 67 which are shown in Figuy
to reduce the dependency of the flow of deposi tion sol uti

be treated 6, 69 fromthe flow through the nmetal ion genefa

t he advantage that, in both circulations, the quantity of

solution and its velocity can be-adjusted individually. Thege

are descri bed subsequently wth referehee to Fi gure 5.

Exgmg;g_g (Comparison Example)

The test described in Example. 1 was carried out in an

electrolysis cell. The measures in accordance with the

invention were not used,-in partiéular not the feeding of the

stream to the cathodes and anode in accordance with the

invention.

At a temperature of the plating solution of 30°C, bright

metal layers were obtained on scratched copper laminate

surface with a current density of 4 map/anS. The

cathodic

current efficiency was only 68%. The consumption of the

addition compounds without entrainment of the platihg'

solution by lifting the treatment material out of the bath

container amounted, averaged over 100 amp hours/liter, was:

p;opyleneglycol 5 g/kAh

3-mercaptopropane-l-sulfonic acid

sodium salt 1.6 g/kaAh

N-acetylthiourea 0.2 g/kAh

The elongation upon rupture of the deposited layers

was only 14% at the end of the test.

Example 5 (Comparison Example)

Copper layers were deposited on circuit boards in

accordance with Example 1 after-a substrate of copper had

been previously deposited from the solution for a lengthy

period of time (2000 amp hours/liter).
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42 The deposition solution is conveyed by a punp 57 fromgh EP%CEMWLS\/ EET
container 45 into the electrolyte chanber 1
- 2 1 MAR 1997

- 50 -

The circuit boards no longer withstood two soldering
shock tests (10 seconds at a soldering temperature of 288fC)
without cracks. -Furthermore, non-uniform copper layers were
obtained. In Examples 1 to 3, copper layers with good to
very good elongation upon rupture were, to be sure,
deposited. The cathodic current efficiency and the
consumption of the addition compounds which were added to the
‘plating solution in order to control the physical-mechanical
layer propertigs, ﬁere satisfactory. The appearance of the
copper layers was excellent and withstood the use tests.

After lengthy loading of the plating solution upon the
electrolytic deposition.of copper, on the other hand, no

suitable results were obtained any longer.
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By means of the flooding pipes 58 arranged there, the solut
agai nst the i and out of the flooding p

[ i quid- pernea des 5. The dividing of the st é
solution into ﬂmnﬁﬂ'ﬂ lE ﬁj@és 58 and 59 is achi eved by affj is2abMAR 1997
val ves, not showt he cat hode chanber 15, the dgppsition

sol ution flows back via the outlet 18 th?bugh pipelines 60 gnd the outT et
61 into the electrolyte

CLAIMS

1. A process for the electrolytic deposition of uniform
metal layers of given physical?mechanical properties, in
particular layers of copper, with high current
efficienpy_from a plating solution containing ions of
the deposited metal, compounds of a electrochemically
reversible redox system, and addition compounds for
_controlling the physical-mechanical properties of the
metal layers, ih which
- cathodes;

-~  insoluble, dimensionally-stable anodes;

-~ . a metal-ion generator by means of which the metal
ions are formed by the dissolving of suitable metal
partslupon passage of the plating solution
containing oxidizing compounds of the redox system
formed by anodic oxidation; and

-- means by which the concentration of the oxidizing
compounds in the direct vicinity of the cathode is
minimized, preferably to a value of less than about
0.015 moles/liter

are used.

2. A process according to Claim 1, characterized by the
fact that the concentration of the compounds of the

redox system is held slightly below a value which is
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(rrr) ions

gener ator at
Fe (I1)- and
cont ai ner 45.

cont ai ner 4Wehi nd the anodes 5, there af cRERLAREMENT SHEET
suction pipe giﬂ ough he deposition solution enri fhEd™W th ke

¥

>

# ﬂuﬂl the punp 63 and conveyed to §hg L
" omthere, the solution which isjepric

3 i'ong tHen pr oceeds ngk again into theje CthC!‘

necessary in order to maintain the metal-ion

concentration.

A process according to any of the preceding claims,
characterized by the fact that the surface of the metal
parts is selected so large that the concentration of the
oxidizing compounds is lowered to a value of about zero

upon passage through the metal-ion generator.

A process according to any of the preceding claims,
characterized by the fact that the plating solution
passes to the anodes with a high velocity of flow and is
traﬁsferred'from there to the metal-ion generator with

high velocity.

A procéss according to any of the preceding clainms,
characterized by the fact that at least one second
oxidizing compound, preferably oxygen, is furthermore

introduced into the metal-ion generator.

A process according to any of the preceding claims,
characterized by the fact that a part of the solution
present in the cathode space is conducted directly to

the metal-ion generator without being fed to the anodes.

A process according to any of the preceding claims,
characterized by the fact that the plating solution

which is conducted through the metal-ion generator flows

—_—
This Sheet Has Been R,

TR

THIS SHEET HAS BEEN
REPLACED




The division of the flows into the floodi-ng pipes 58 and 59
such a manner that a surplfus—occurs in the cathode chanber

opening 64 in the i Vi dFngs

ensures that the equalisati
deposi tion solutions in both

1i REPRACEMIENED SHRET

e ;fegsbsvavmuﬁﬂumlﬁmﬁn{ T ona T g 5. heakb
|

are
eas'l M6Re1997
ntof the

directly to thé cathode and then, by deflection of the

direction of flow, to the anodes.

8. An apparatus for the electrolytic deposition of uniform

layers of metal of given physical-mechanical properties,

in particular copper, with high current density, from a

plating solution which is in contact with cathodes (6,

24, 69) and with insoluble, preferably perforated,

dimensionally stable anodes (5, 23, 74), comprising an

electrolyte space (1) arranged between the cathodes and

the anodes, means for feeding the plating solution to

the cathode and anode, a metal-ion generator (2, 21, 44,

66), a first means for transferring the plating solution

fed to the anodes to the metal-ion generétor, and a

second means for transferring the plating solution

emerging from the metal-ion generator into the

electrolyte space, said means bridging over a distance

of small space between the anodes and the metal-ion

- generator.

9. An apparatus according to Claim 8, characterized by the

fact that means (31, 62, 76) are provided by which the

plating solution present in the vicinity of the anodes

is drawn off with high velocity or is removed via

outlets (4, 61, 77) and transferred to the metal-ion

generator (2, 21, 44, 66).
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chanber s can take—prace—n-the direction of the arrows. | n|oRBRUACEMENY SHEET
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- 11,

12.

13.
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An apparatus according to either of Claims 8 or 9,

characterized by the fact that the electrolyte-space (1)
is divided into several compartments by ion-permeable

partition walls" (17, 38, 80). \

An appatatus according to any of Claims 8 to 10(
characterized by the fact that outlets (18, 75) are
provided by which the plating selution present in the
vicinity of the cathodes is femoved froﬁ the electrelyte
space (1) and brought to the metal-ion generator (2, 21,

44, 66).

An apparatus according to any of Claims 8 to 11,
characterized by the fact that as metal-ion genefator
(2, 21, 44, 66) thete is provided a tubular apparatus
which can be filled from the tep and is provided with a
bottom (48) in its lower tegioh and: for the ehtranee of
the plating solution, with at least one pipe connection
.(49) having lateral openings (50), and, in its upper
region, with an overflow (54, 78) which discharges into

an electrolyte container (45, 67),

An apparatus according to any of claims 8 to 12,
characterized by oblique, *preferably perforated, plates

(55) within the metal~ion generator (2, 21, 44, 66).
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el ectrol yte chamber—t—=and-ta_avoid convéqtive transporfatio

\ : RPLACEM
¢I1r1) ions fro o the cathode chanber, it nust -‘Idlﬂhﬁ#‘_
accordingly thz"ﬂ ﬂ@g 'E ) ﬂﬂtatic pressure exists in the [deposition
solution in thex*ca : dll 15 relative to that in the anpbd2 £MAR1997

16. This is ensured by a corresponding adjustnent of the pgtjal streans
through the flooding pipe 58 and the f1®®difng pipes 59 in the e '
of

14. An apparatus according to any of Claims 8 to 13,
characterized by means for the blowing-in of air (56)
arranged in the lower region of the metal-ion generator

. (2, 21, 44, 66).

15. An apparatus according to any of Claims 8 to 14,
characterized by means (26, 70, 82) for the horizontal
grasping, electrical contacting, and movement of the

cathodes in horizontal direction.

16. The use of the process according to any of Claims 1 to 7

for the metallizing of circuit boards.

17. A proceés for the electfolytic deposition of metals,
characterized by some or all of the new features or by

combinations of the features disclosed.

18. An apparatus for the electrolytic deposition of metals, -
characterized by some or all of the new features or by

combinations of the features disclosed.

-
This Sheet Has Been

i

THIS SHEET HAS BEEN
REPLACED




the punp 57. In addition, the circulations of the punps 57

(RﬂwkﬁmﬁNTﬁﬁgfr

i ndependent of one anot her. In the nmetal ion generator, al fre—f-e—{
fons, which are introduced by the conveyance stream are redudged,to

(I'1). tons. It cannot be ruled out however that a very snmal{l, barwgﬁm
det ect abl e nunber of Fe (I11) ions passes ’

- 56 -

PROCESS AND ARRANGEMENT FOR THE ELECTROLYTIC DEPOSITION
OF METAL LAYERS

ABSTRACT OF THE DISCLOSURE

- For the_electrolYtic deposition of uniform layers of
metal having given physical-mechanical properties,
particularly of copper, soluble anodes are not used, since
their geometrical shape is changed by the depositioh and
therefore the dlstrlbutlon of the lines of force in the
electrolytlc cell are contlnuously changed.

In order to solve the problems occurring in this
connection, a process has been proposed in which compounds of
a redox system added to the plating solution are converted
during the deposition on the insoluble anodes. The compounds
produced in this connéctioh dissolQe new metal ions from a .
reservoir which contains parts o£ the metal to be deposited,
so as again to supplement the metal ions removed form the
solution by deposition.

The present invention describes a procedure in which,
differing from the prior art, the addition compounds are not

destroyed.
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t hrough the netal i on generator and proceeds into
container 45. In order to reduce the Fe: Cree)
into this container 45, into Fe (Il) ions, copper
to the container. For this purpose,

further enbodiment of the device according to the

I ons,

t he

el ec}
whi ch
parts 65
copper scrap may al so
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i nvention for carrying out the nmethod is shown in Figure 6§ REPIACEMENE'SHEET
here a horizontal electroplating unit for circuit boards | @ ‘
cross-section. In the Figure, the nmetal ion generator 66, an}electrolyte

' 2 1 MAR 997
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speed. An tlgt - 7 mhiéh I s designed as an overflow for e

| evel , ens <
t he anode ch
generator 6

;% ceﬁleposition solution fromthe uppg¢r}jregi on of
u ceeds into the circulation to thejmgt@ 1iMAR 1997
the el ectrolyte container 67. The gttal i on
generator is designed in the manner whigh was described with reference 10
Figure 5. The deposition '
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sol ution proceeds back once again into the electrolyte cont amp{A&MEﬂTaSHEET
"the overflow 78. Copper parts 79 are also situated in the ljat
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45 cathode chanbers “Openi'ngs 81 in theSe‘Q&% ¢ 4l so ensure
her e equaI|Sat|gn of the flows of deposi tion Lon. frnnltre_cathode'
chamber ifo- the anode chamber. ~These flow [difections are gl 4o set .when
there are no" d|V|d|ng walls. S 13 NOV 1998 '

EPLACEMENT SHEET
-1- P

* PROCESS ‘AND DEVICE FOR ELECTROLYTIC PREPARATION:OF METALLIC LAYERS |

'The 1nventidh_relates to a methad and device for the
_;eléctrolytic deposition of uﬁiformly thick metal-layers,
. preferably made of copper, with specific physical-

- mechanical properties.

' The electfolytic platiné, for example with -copper, of at
leaét sﬁperficiallyzéleétrically con&uctivé workpieces has
been known for a long time. For this pﬁrpose, the . |
workpieces to be coated are:connected as cathodes and aré
brought into contact together with anoces in the
electrolytic deposition solutign. For the deposition, an

electrical current flow is produced between the anode and

¥ the cathode.

Anodes made from metal, which is deposited from the
deposition solution, are normally uSed; In this case, the
'qﬁantity of metal in the depositicn solution which is
deposited from the solution is supplied aqain to the
anodes by dissolving.. In the case of copper, the
deposited quantity and the anodically diﬁsolved quantity
are'rcuthy the same when the charge throughput is
predetermined. This method can be cabrici out simply
Since, at least in the case of copper, only intermittent

metering and adjustment of the metal ion conéentrations in

the deposition solution is required.



»

Fbrizpntélgy operating through-put units, as |shew
and vertically gperating el ectroplating unitjs (ha
of several netres for the electrolytic cells

metal ion generators are arrangeg in br. e .al.ong n'Bﬁiﬁg@%ﬁﬁéﬁgET

sever al

| RE NT SHEET
Are glres 4 and 6

i tuditndl di mensions

S Y

permts themto be assenbled spatially near jto the électrolytic cell or

for the

Howe&er, disadvantages have come to light in the execution
of this method while using these soluble anodes. If the

thickness of the deposited metal layers on the surface of

the workpiece is to be totally uniform at all points then

the soluble anodes are only suited to this mentioned.
purpose in a limited manner since thgy change their shape
in time by diséalving so that the field line distribution
likewise changes in the electrolytic bath. The use of
smaller, for example spherical metal pieces as anodes in
insoluble metal baskets is also only suited in a limited-
manner to solving the problem since the metal parts
frequently become wedged together and, as a consequence of
the dissolving process, frequently form gaps when being

lowered during stacking of the metal parts.

Several attempts have therefore been made ﬁo use insoluble
and hence dimensionally stable anodes instead of soluble
anodes. For this purpose, titanium or special steel for
example may be considered. By using these anode
materials,'gases are forméd such as for example oxygen or
chlorine during electrolytic deposition since the anodic
metal dissolving no longer takes place. The :esultant
gases attack the anode materials and dissolve these

gradually.

In the German Patent publication DD 215 589 BS5 a method

for electrolytid metal deposition is described where



-

el ectrolytic cell, the electrolytic containeg ijon gener at or
to be fitted together in part or in total. | JDuring the cojrge of a
circuit board through the electroplating urfit], 1B8:NGYA4998 E EMENSOHEET
plated in the region of their contacts &. [THi s |ayer B removed
again before reusing the clanps. .This occurg in a knomn

insoluble metal enodes are used and in which reversible
electrochemically replaceable"maEerials are added to the
deposition solution as a supplement, which are transported
by intensive forced convectlonﬂﬁlth the deposition
'soluelon to the anodes of a deposition dev1ce, are
replaced electrochemically there by the electrolytic
current, are directed after their replacement by means of
intensive forced convection from the anodes inﬁo a
'reéenerating chamber, are returned electrochemically to
their initial condition in the regenerating chamber on
regenerating metal located in said chamber with
simultaneous external electroless metal dissolving of the
\regenerating metal and, in this initial condition, are
conducted back to the deposition device with intensive

' forced convection. By using this method, the |
disadvantages presented when using insoluble'anodes are
avoided. Instead of using corrosive gases, the materials
added to the deposition solution are oxidised on the anode

so that the anodes are not attacked.

The dissolving of the metal in the regenerating chamber is
hereby independent'of the process fof metal deposition on
the item to be treated. The concentration of the metal
ions to be deposited is therefore regulated by the
effective metal sgrface in tﬁe_regeneration chamber and by
the'flow velocity during circulatiqn. If there is a

shortage of metal ions the effective metal surface and/or



manner; durisng the return journey of the cla

EET b the

electroplating unit. The returning clanps 83 broceed there hr ough a
separate conpartnment 84 which is connected foft 13 NOVOWORI olution in
the electrolytic cell 68. In order to be,depl pted, the cla MENT SHEET

connected to the positive termnal of a réct| er— (1ot

- the flow velocity from the deposition éhamber to ‘the
regeneration chamber is increased, or if there is a
surplus of metal icns; correspondingly reduced. This
procedure assumeé therefore that a high concentration of
the reversible electrochémically replacéable material is
contained in the deposition solution. This leads to the
oxidised compounds of the supplemented materials (redox.
sYstem) being reduced again on the cathode so that the

current efficiency is decreased.

In the German published Paﬁent application DE 31 10 320 Al
a method for cation reducﬁion by anode supported |
electrolysis of cations in the cathode chamber of a cell
_is described, the anode chamber containing iron (iI)-ions
as reduction means and the anodes being mbved relative to

the anolytes surrounding the anodes.

In the German published Patent application DE 31 00 635
Al, a method and device for regenerating an electroplating
solution with a metal to be deposited in an electroplating
' deviée is described, the metal to be electrolytically

- deposited being providgd in an electroplating sblution
contained in"an electroplatiné container and a supply of
the metal to be’ deposited being provided within a sealed
chambér{ the gases produced in the electroplating
container during progress of the electroplating process

being conducted together with the electroplating solution



o | ) | REPLACEMENT SHEET |
46 shown)® via sliding contacts. The negati}v ' tRis rectifier

I s connected to a cathode btank 85. During }JHe r 4 depl ating
procedure, copper deposits on the insulated | yib?ﬁqub*i élgnps 83 | ose

electrical - | 5 FEPLACEMENTSHEET

into-the sealed chamber and being applied there to the
metal supply to dissolve it and.subsequently the
dissolvedmmetal supply being added again to the
electroplating solution in the electroplating container.
The device'requifed for the execution of this method is
however very demanding sirce, amongét'other things, this

must be carried out in sealed conditions.

The mentioned methods héve the advantage that the
deposition solutions to Ee regenerated contain no additive
compounds which are normally required however for
controlling the physical-meéhanical properties of the
metal layers to be deposited. As far as‘these materials

are concerned, organic materials are predominantly used.

The required physicél-mechanical layer pfoperties'are only
achieved by means of these additive compounds, properties
such as for example, adequate sheen, high fracture
elongation and resistance of the layer to tears during
solderinq.shock tests. Without supplement of these

compounds the layers are dark, matt and rough.

In the publication DD 261 613 Al, a method is deécribed
for electrolytic copper deposition from acidic
electrolytes with_a dimensionally stable anode while using
specific additives to produce copper layers with defined

physical-mechanical properties, the deposition electrolyte
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contagt wit4h the current supply before being|tprarty—drssotyved.

Gonsequently, interfering copper deposits rgnpi tngd LN
According to the invention, the paraneters )f'cﬁﬂrshp'gné'
deplating are set in such a way thereforg thatl

the deplating route is required for renovingf the netal layer.] In the then
remai ni ng stretch, Fe[err] ions

also containing the already mentioned electrochemically,

reversibly replaceable supplement materials.

It has emerged that the quélity of ﬁhe metal layers which
are deposited from depositing solutions of this type
firstly indeed correspond to réquirements, namely with
respect to the'physical—mechapical prOperties; however,
after a fairly long deposition time; lavers with reduced
quality are obtained even when the matérials in the
deposition solution, the concentration of which has been
reduced during deposition by usage, are regenerated. Only
slightly ductile copper layers are obtained from ageing
deposition solutions so that layers of this type on the
circuit boards tear in the region of the bores, if these
are subjected to a soldering shock test._ In addition, the
metal layer surface changes disadvantageously by becoming

matt and rough.

Therefore the problem underlyiﬁg the presen; invention is
to avoid the disadvantages of the methods and arrangements
according to the state of the art and to find an
economical method and deéice suited to that purpose for
the electrolytic deposition of metal layers, especially
those made of copper; the metal layers deposited according
to the method.and by means of the device having the
prescribed physical-mechanical properties,_by adding

additive compounds to the deposition solution to control

se regions.

9@@BN];/OS§FET'



are produced by the electrolysis-streamon t
parts of the clanps. Said ions are situatef
contactl ess copper deposits are present. Thg
ext er nal
el ectrolytic cell does not occur consequentl
plating of the itemto be treated, only ver
are invol vethe metal layer properties and no

current. A detectable increase of F

layer properties disadvantageously even after a fairly
long deposition time. In‘addition, the metal layer
thicknesses should be almost identical at all points on
the surface of the item to be treated and deposition

should be possible with a high current efficiency.

The problem is resolved by the characteristics of Claims 1
and 8. Preferred embodiments of the invention are given

in the sub-Claims.

In order to achieve adequately uniform layer_thicknesses
on the surface of the item to be treated, insoluble,
| dimensionally stable anodes are used.. For regeneratidn of
the metal ions, which have been depleted by deposition and
.which in a preferred application are copper ions, a metal
‘ion generator is used in whiéh parts of the metal to be
deposited are contained. The deposition solution
contains, in additién to the metal ions, compounds of an
electrochemically reversible redox system. For
regeneration.of the deposition solution, which has been
depleted of metal ions by usage, said deposition solution
is passed over the anodes, oxidising compounds of the
redox system being formed. Subsequently, the solution is
directed through ;he metal ion generator, the oxidising

compounds reacting with the metal parts by forming metal

ions. At the same time, the oxidising compounds of the



In order to maintain an operational netal
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in the deposition solution nust be kept: wjthin speC|f|c b u daries. This

presupposes that the consunption rate and |t {e 13tNOV

t he- copper

absorption capacity of the deposition sol utfi 6
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redox system are transformed int6 the reduced form. By

ions correspond. In order to8cdntjrol the co

means of forming metal ions, the overall concentration of
the metal ion concentration contained in the deposition
solution is kept constant. From the metal ion generator,
the deposition solution proceeds back again intc the

electrolytic chamber which is in contact with the cathodes

and anodes.

The solution also contains additive compounds for

controlling the physical-mechanical layer properties. In

‘order to maintain the layer properties even after a fairly

long period of deposition from the deposition solution
means are provided, according to the invention, with which
the concentration of oxidising compounds of the redox

system can be minimised in the immediate vicinity of the

~cathode, preferably to a value beneath approx. 0.015

mol/litre.

Obviously, the additive compounds can bé replaced by the
oxidising compounds of the redox sYstem.. As a result, the
concentration of additive compougds would for one thing be
reduced in an uncontrolled manner. Since the
concentration regulation of these compounds in general is
very costly, but as the content of compounds has a great
effect on the physical-mechanical properties of the
layers, inevitably iny layers.with variable

Characteristics could be deposited since an analysis



measured using a wavel ength of about 700nm
47 ion-sensitive electrode has al so proved
measur enent serves as an actual value of a

obt ai ned
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technique which is adequately fast-working and precise is
not available for demands of this type.

Tﬁis probiem_would also be made worse in that reaction
products are formed durin& replacement of the additive
compounds, said reaction products changing the layer
properties disadvantageously so that, afﬁer.electrolysis
has takeﬂ place over a fairly long time, layers can only
be deposited witﬁ properties which woﬁld not meet the set
requirements, even while maintaining the content of
additive compounds by reconstituting the damaéing reaction

products.

The means according to the invention by which the
concentration of the oxidising compounds can -be minimised
in the vicinity of the cathode, preferably to a wvalue

beneath approx. 0.015 mol/litre, are shown in the

followigg.

The entire quantity of the compounds of the redox system
added to the déposition solution is calculated in such a
way that practically the entire amount pf the oxidising
compounds of the redox system which are supplied to the
metal ion generator with the deposition solution is
required'for the dissolving there of ;he metal parts

during formation of the metal ions.



control system the regul ated quantity of

o for
mai nt ai ni ng the copper ion concentration i escribed
“enbodi nents of the invention. - For the anal f the
concentrations of the conpounds of the red ACEMENT SHEET
measur enent can be performed. For this por ell is used

The quantity of metal ions which is delivered subsequently
by dissolving must exactly regengrate éhe portion of
deposition solution which is lost during deposition. 1In
order to maintain the metal ion concentration and to
reduce in total the amount of the oxidising compounds
which have been introduc;d into the metal ion generator, a
minimum size is required therefore for the surface area of
the metal part in the metal ion generator. This surface
area can, if desired, be enlarged upwards, in particulai
however it does not need té_be variable. Hence, the
subsequent supply of the metal parts into the metal ion
génerator can be achieved in any quﬁntities above the

mentioned minimum quantity in a technically simple manner.

The spatial distance between. the anodes -and the metal ion
.generator must be small, and the connections for convevying
the deposition solution which has flowed against the
anodes to the metal ion generator and from the metal ion
generator back into the electrolytic chamber must be
short. It is achieved thus that the dwell time of the
oxidising compounds in the electfolytic solution is short.
By means of fast conveyance of the.depOSition solution
containing-ﬁh;'oxidising cbmpounds into the metal ion
generator, these compbunds have only a short life ;pan

also until they are transformed in the compounds of the

redox system;



whi ch is eonstructed froma plati num el ectrod REE GEMEMFSHEEE el ectr ode.

By neans of a corresponding calibration of thel neasured pot gntji al

situation with the concentration ratio of thle pxild NOW i W‘?EET
concentr ath 4-_

conpounds, the respective concentration ratip ¢

neter electrodes can be installed both in th

conpounds. of the redox systemfor a giveklt ot
In addition, the flow veloc1ty of the deposition sdlution '

must be as large as possible especially during
transference from the anodes to the metal ion generator.
In order to keep the concentration of oxidising compounds
as small as possible, ths possibility further exists of
introducing a furthef oxidation means directly into the
metal ion generator. The oxygen contained in the eir is
particularly suited to this purpose. During the reaction
of oxygen with the metal parts, water alone is produced,

which has no effect on the deposition process.

In order to introduce air into the metal ion generator,
means are provided in the lower region of the generator

for injecting oxygen from the air.

Another possibility for replenishing the metal ions which
are removed from the deposition solution by deposition
resides basically in adding the metal ions to the
deposition solution in the form of their compounds or
salts. 'However, it cannot be prevented in this case that
the concentratios of anionic parts of the compounds or
saits, which are necessarily added with the metai ions,
increases in a sustained manner by means of the sontinual
supplement of the compounds, with-the_result that the
solution must be discarded after a gertain time. 1If in

the present case only a small portion of the metal ions to



chanbers as well as in the pipelines of the a
control the anode processes, such as for exa
redox system necessary for copper production
di ssolving of the additive conpounds, a4urt
provided in which the anode potential is neas
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be regenerated is regenerated by aéafﬁi the corresponding
compounds or salts, then the length of time until the-
solution is discarded can be fairly long. By combining
the regenerating of the metal ions through adding salts
with regeneration bf the.éolution in the metal ion
generator, the addition of the éompounds or salts can be
reduced to a small percentage of the regeneration

requirement.

It is advantageous in this case that the possibility
exists of influencing the metal ion concentration in the
deposition solution in a simple and fast manner with

respect to control technique.

By means of reducing the life span of the oxidising
~ compounds of the redox system formed on the anode, w?ich
is achieved by means of the previously mentioned measures,
and by minimising the concentration of compounds, a
possible decomposition of the compounds is avoided or at

least considerably reducedT

The concentration of metal ions in the electrolytic
chamber can also be affected by a special circulation
control of the deposition solution. In the cathode
chamber there are_located the reduced compounds of the
redox system'which are transferred on the anodes by the

electrolytic current in an electrochemical manner back to



-

to a reference el ectrode. For this purpose, |t REPLAGEMENT SSHEESnfiect ed to the
correspondi ng reference electrode via a potdgntlial neasurrngjdevice.
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oxidising compéuhds.l The quanﬁ:??‘af"ézruising*ﬂompounds
and hence the concentration of metal ions cén be reduced
if only a part of the deposition solution from the area
iocated in the vicinity'of the cathode is directed onto
the anodes and from there into the metal ion generator.
The other part-of this solution not containing the
oxidising compounds is conducted on the other hand .
directly into the metal ion generator. For this purpose,
there are provided separate outlets for the deposition
solution which are located in the vicinity of the cathode.
The scolution branching off via the outlets proceéds

through suitable ducts into the metal ion generator.

The surface area of the metal to be removed is once ogain
amply dimensioned so that all the oxidising compounds
introduced intc the metal ion generator can be converted

electrochemically.

By using this measure, simple control of the metal ion
concentration in the_deposition solution and hence
automation cf the control sysoom, which can be realised in
a technically simple manner, is made possible. By
requlating the volume flows of deposition solution from

the cathode via the anode into the metal ion generator on
the one hand and from Ehe cathode directly into the metal
ion generator.on the other, the concentration of metal

ions can be adjusted in a simple manner.



48 The continuous or intermittent neasuring IR&BMGEMENTfMEETd t er m.ni ng
further electroplating paraneters is useful,
calculating the quantity of additive conpounds {by
voltametry.” Thus, after fairly |ong opauati or
adj ustments of the concentrations can occur.

For controlling purposes, the flow velocity of the
depositiéﬁ solution &uring circulation and the wvoltage
between the cathode and the anode can furthermote also be

adjusted.

The flow conditions in the electrolytic chamber can be
arranged in such a way thaﬁ, on one hand, a flow of
deposition solutién is directed from the cathode to the
‘anode and, on the other hand, the cathode is howéver
firstly directly fléwed against by the deposition

solution. The latter is required for producing uniform
léyers with adequately.high current densities and with the -
prescribed physical-mechanical properties in an economical
manner. Thesé flows are brought about by flooding the
cathodes with jet connections or surge jets and by

subsequent deflection of this flow onto the anodes.

The preferred arrangement for carrying out the method
according to the invention comprises in addition to the
cathodes, insoluble, preferably perforated, dimensionally
stable anodes, devices for flooding the cathodgs and
anodes with the depoéition solution (jet connections,
surge jets), means for deflecting the flow to #he anodes
and connection pipes for transferring the deposition
solution flowing égainst the'anode to the metal ion

generator and for transferring the deposition solution



nmonent ary sreasurenents can be used to avoid wfo EFLASEMEWBﬁHEELe chem cal s
to be regenerat ed. The follow ng exanpl es pefjve further tof explain the

i nventi on:

Exampl e 1 1 ,
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emerging from thé metél ion gengfator Bdck to the -
electrolytic chamber. 1In a pfeférred embodimént, in order
to increase the flow velocity during the transference of
the deposition solution frdm t;e anodes to the metal ion

generator, there can also be means provided for extracting

the deposition solution.

In order to avoid mixing of parts of the deposition

" solution which are located in the vicinity of the cathode

or the anode, the electrolytic chamber can also be sub-
divided into several compartments by ion-permeable

separating walls (ion exchangers, diaphragms).

The metal ion generator is preferably a tube-shaped device
which can be filled from the top and which is provided in
the lower region with-a base and, for admission of the
electrolytes, with at least one-conne;tion pipe with
lateral openings, and in the upper region, with an
overflow opening into an electrolyte'céntéiner. In a
particularly favourablelembodiment, inclined, preferably
perforated plates are inserted in the interior of the

metal ion generator.

The method is suited preferably to tﬂé plating of circuit
boards. In this case, copper particularly is deposited on

their surfaces and the sleeve surfaces of the bores.



In an: arrangement according to Figure 2 and |sRBBLACEMENTeSHEETE$ according
to the invention (large specific surface arda parts in the
nmetal ion generator, high flow velocity in ffhe t Larran PNt ,
conducting of the flow so that the oxidisingjc nﬁﬁgﬁkgf@hmﬂg CEMENT SHEET
system formed on the anode by oxidation,i1gafn proceed bafkito the
cat-hode), a copper bath was used with i

Normal plunginq arrangements in which the circuit'boards

- are submerged in the_depositién solution from above may be
used or also horizontal unité in which the circuit boards
are gripped horizontally and-transported through the unit

in a horizontal direction using appropriate means.

As well as copper, which can be deposited preferably in a
similarly used arrangement using the method according to
the invention,'other metals also can be used basically fgr
deposition,. such as for example nickel, in the manner

according to the invention.

The basic composition of a copper bath can wvary within
relatively large boundaries when the method according to
the invention is used. In general, an aqueous sclution of

the following composition is used:

copper sulphate (CusSO, .5 Hz0) 20 - 250 g/litze
preferably - 80 - 140 g/litre oz-
. 180 - 220 g/litze
sulphuric acid, conc. S0 - 356 g/litre
_ p:efe:ablﬁ : 180 - 280 g/litre oz
S0 - 90 g/litze
lizon (II} sulphate _
(FeSO,.7 H,0) ~ 0.1 - S0 g/litre
preferably - S - 15 g/litze
chloride ions (added for | |
example as NacCl) : 0.01 - 0.18 g/litre
- . preferably . 0.03 - 0.1 g/litre.
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Instead of copper sulphate, other Gopper salts can be used’
at least in part. Even- the sulphuric acid can be partly
or wholly replaced by fluoroboric acid, methanosulphonic
acid or othef acids. The chloride ions are added as
alkali chiorides, for example sodium chloride or in the
form of sait aqids. The_addition éf sodium chloride can
be dispensed with wholly of partly if halogen ions are
already contained in the supplements. |
The effectivé Fe?/Fe™ Redox system is formed from iron
(II) sulphate heptahydrate. It is exceptionally suited
- to regenerating copper ions"in aqueous, acidic copper |
baths. However, other water soluble iroﬁ salts,
particularly iron (III) sulphate nonahydrate, can also be
used as long as the salts contain no bioio@icaLly non-
degradable (hard) complexing agents in the'compound-sinée
the_latter present problems during waste disposal (e.g.

iron ammonium alum).

Besides iron salts, compounds of the elements titanium,
cerium, vanadium, manganese, chromium and others are
likewise suitable as further redox systems. Compounds
which may be used are in particular titanium sulphuric
acid, cerium (IV) sulphate, sodium metavanadate, maﬁganese
(II) ;ulphate and sodium chromate. Combinations of the
previously mentiéned requ systems may also be used for

special applications.



180 g[litre concentrated sul phuric acid 10 g@ﬁb@ﬂﬁwkhi” aa~rqon (II)
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With the method according to the invention, the elements
which are actuaily known and trusted in electrolytic metal
deposition can be retained. fhus, for example normal
brighteners, lnvelling and wetting agents can be added to
the deposition solution. In order to obtain coppex
deposits with the presgribed physicél-mechanical
properties, at least one water-soluble sulphur compound
and one oxygen-containing compound of high molecular
weight are added. Additive compounds, such és nitrogen
containing sulphur compounds,'polymer nitrogen compounds

ar.d/or polymer phenazonium compounds may also be used.

The additive compounds are contained in the deposition

solution within the following ranges:

normal oxygen containing

compounds of high molecular )

weight ' 0.005 - 20 g/litre

preferably " 0.01 - 5 g/litze

normal water soluble, '

organic snlphur compounds 0.000S - 0.4 g/litze preferably
0.001 - 0.15 g/litre

Thiocarbamide derivatives and/or polymer phenazonium
compounds and/or polymer nitrogen compounds are used as

additive compounds in the following conqenttations:




0.006 d/litre 3-mercaptopropane- 1-sul phoni ¢ a¢i REPIAGEMENT SHEET D. 001
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det ect ed.
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: 0.0001 - 0.50 g/litre,
preferably 0.0005 - 0.04 g/litre

In order to prepare the deposition solution, the additive
compounds are added to the presently given basic
composition. The conditions during the copper deposition

are given in the following:'

pH value: B : <1

temperature: | 15° ¢ - 50° C
preferably 25° c - 40° ¢C

cathodic cuczzent density: 0.5 - l2a/dm’
preferably . 3 - 7 AJdnd

In the following Table 1, a few oxidised compounds of high.

molecular content are shown:

o Table 1 (oxygen-containing compounds of high molecular

weight)

carboxymethylcellulose
nonylphenol-polyq;ycolether
octandiocl-bis-(polyalkyleneglycolether)
octanolpolyalkyleneglycolether

oleic acid-polyglycolester -

polyethylene-propyleneglycol + polyethyleneglycol
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polyethyleneglycol-dimethylether
polyoxypropyleneglycol
polypropyleneglycol
polyvinylalcohol

stearic acid polyglycolester

stearylacohol-polyglycolether

B-naphthol-polyglycolether

Table 2 (sulphur compounds)

*
-

3-(benzthiazoiyl-2-thio)-propylsulphonic acid, sodium salt
3-mercaptopropane-l-sulphonic acid, sodium salt
ethylenedithiodipropylsulphonic aéid, sodium salt
bis- (p-sulphophenyl)~disulphide, bisodium salt

 bis- (0-sulphobutyl) ~disulphide, bisodium salt
bis-(o-sulphohydroxypropyl) -disulphide, biéodium salt

"bis-(mfsulphopropyl)-disulphide, bisodium salt
bis-(o-sulphopropyl) -sulphide, bisodiﬁm salt
methyl-(m-sulphppropyl)-disulphide, bisodium salt
methyl—(m-sulphopfopyl)-trisulphide, bisodium salt
O-ethyl-dithiocarbonic acid-s;(m-sulphopropyl)'ester,'

potassium salt

thioglycol acid
thiophosphorus acid-oéethyi-bis-(m-sulphopropyl)*ester,
bisodium salt

thiophosphorus acid-tris-(m-sulphopropyl)-ester. trisodium-



Exanple 2 ¢+ The experinment of Exanple 1 vvas re[pEHPWJEmNTF&-lEEarrangerrent
shown in Figure 3, the deposition solution
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salt - —_—

In the previous Table 2 some sulphur compounds with
suitable functional groups fo# producing water solubility

are displayed.

The deposition solution is mov;d by injecting air into the
electrolyte chamber. ﬁy additional streaming'of air
against the anpde or the cathode, the convection is
iﬁcreased in the region of thé respective surfaces. As a
result, the transportation of material in the vicinity of
the cathode or anode is optimised so that greater current
densities can be achieved. If necessary, aggressive
oxidation agents occurring in smail amounts, such as for
example oxygen and chlorine are removed hence from the
anodes. Mbvemenﬁ oﬁ the anodes and cathodés also causes
iﬁprqved transportation of the material to the respective '
surfaces. Consequently, constant diffusion controlled
deposition is achieved.- The movements can take place
horizontally, vertically, in a unifﬁrmly lateral movement
and/or by vibration. A combination with blowing with air

is particularly effective.

Inert material is used for thée anodes. Anodic workpieces
which are chemically and eleétrochemically stable relative
to the deposition solution and the redox system used, for -

example titanium, iridium, ruthenium or their oxides or
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mixed oxide systems are suitable. fitanium anodes with an
iridium oxide surface, which was blasted with spherical-
shaped bodies and consequently sealed non-porously, were
adequately_stagié and had thus a long life span. By means
of the anodic current density or the anode potential
regulated via the voltage between the cathode.and the
énode, the quantity of aggressive reaction products
occurring on the anode is determined. Therefore, so as
not to exceed this Qalue, large, effecﬁive anode surfac§s
are sought after. Thﬁs with limited spatial dimensions,
preferably perforated anodes, for example anode networks
or expanded metal are used with a corresponding coating.
Consequently, the advantage of the large, effective
surface is combined with the possibility at the same time
of intensively flooding the anodes with the deposition
solution so that possibly occurring aéQressive reaction
prcducts can be removed. Anodic networks and/or expanded
metal may be used additionally in several places.
Consequently, the effective surface is correspondingly
increased so that the anodic current density in a preset

electroplating current is reduced.

Metal is regenerated in a separate container, namely the
metal ion generator through which deposition solutioﬁ
flows. In the metal ion geﬁerator there-are located in
the case of coppef deposition, metallic copper parts, for

example in the form of pieces, balls or pellets. The
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metallic coﬁper used for fegeneratiun—dces-nct"nééd—tb
cohtain phosphorus; however, if present, phosphorus does
not cause a problem. 1In the conventional use of soluble
copper anodes, the composition of the anode material on
the other hand is very releﬁant. In this cése, the copper
anodes.mﬁst contaih approximately 0.05% phosphorus.
Workpieces of this type are expensive and the supplement
of phosphorﬁs occasions residues in the electrolytic cell
which have to be removed by additional filtering.

Since according to the method according to the invention
metallic copper parts which contain no supplements may be
used, electrolyte-copper, including copper scrap, is used
as a rule. An ipteresting variant consists of the circuit
board waste which is. coated with copper, as occurs in
large quantities in the production of ci:cuit'boards,
"having the capacity to be used likewise for this purpose,
as long as said waste contains no further metals. This
waste consisting of the polymer base material and the
deposited copper léyers, because of the adhesive bond
'between.the two materials, can only be_disposed of in'a
traditional manner at high cost. After the profitable
removal of the copper from this waste in a metal ion
gene;;ﬁor suited to this purpose, disposal of the base
material according to type is possible. In a similar

manner, reject circuit boards can also be used.
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In the cir¢ulation procedure of the—depesitieon—selution,
filters can be introduced furthermore frr separating the
residues mechanically or chemically. However, the
requirement for these is smaller in comparison to

electrolytic cells with soluble anodes because the anode

‘Slime which is caused by the addition of phosphorus tc the

anodes does not occur.

The subsequent SCﬁematic Figures serve further to explain

the invention and the further preferred embodiments.
Figure 1 - basis of a device for immersion treatment,

Figure 2 -~ basis of a device with and without a

diaphragm,

Figare 3 - basis of a device with series control of

the deposition solution,

Figure 4 - basis of a device with horizontal

transportation of the item to be treated,

Figure 5 - metal ion generator on a device .for immersion

treatment,

Figure 6 - metal ion generator on a device for the

transportation of the item to be treated.
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In Figure 1, the method according.to:the invention is
shown with reference to a schematic device. The
electrolyte chamber 1-is ldcated in the container 3. The
metal ion generator 2 is constructed and arranged with
reference to the container 3 in euch a way that short
routes occur in directing the depos;tlon solutlon from the
anodes S to the metal ion generator and from there back
into the electrolyte chamber. For this reason, the metal
ion generator in the present case is shown in two parts
and arranged respectively in the vicinity of the insoluble
anodes. This two-piece construction is however not
maﬁdatory. It can therefore also be arranged for example
as a one-pieée unit at the side or beneath the bath
container. The copper'parts 8 to beﬂazssolved aré
inserted loosely piled into the metal ion generator to
enable the deposition solution to be directed easily
through the generator. 1In the latteﬁ however, a minimum
charge of copper parts must not be exceeded on the other
hand. The pump 1l conveys the deposition solution during
circulation through the arrangement. It is essential that
the item to be treated 6 which is configured as a cathode,
as is indicated with arrows 14, is flooded with deposition
solution which has been enriched with copper ions wvia jet
connections or surge jets which are not shown here.
Consequently, it i§ achieved that the copper layers are

deposited on the surfaces of the item to be treated with
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the réquifed quality and speed. Furthermore, a Eurther
flow occurs within the electrolyte chamber from the
chamber 15-whicp is located near the item to be treated in
the direction of the chambers.16 which are located near
the anodes. The deposiﬁion solution flowing against the
anodes penetrates through the latter if the anodes are
perforated and ﬁroCeeds Qith the-continuing flow_into the
outlet 4 which leads into the metal ion generator. It is
achieved thus that transportation of anodically formed,
oxidising compounds of the redox system (iron (IiI) ions})
“into the cathode chaﬁber 15 is minimised. This reduces
once again the damaging dissol#ing of the additive
compounds with simultaneous increasing of the cathodié

current efficiency.

Along the transportation route from the anodes, via the
outlet into the metal ion generator, the additive

compounds are dissolved probably by a chemical separation
reaction involving the oxidising_compouﬁds of the redox
system. For this reason, outwith the electrolyte chamber

1l as short a connection as possible is striven for with
high flow velocity of the deposition solution to the metal -

ion generator.

The minimal charging of the metal ion generator with
copper parts guarantees that the formed oxidising

compounds within the metal ion generator are entirely
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transformed and thH& concentration res fds at
the exit of the metal ion generaédr is dropped'to a value
of approximately zeroc. This implies that the copper
surface which is contact with tﬁé deposition solution in
the metal ion generator.Leads to cbmpleté reduction of the
oxidising compounds to the reduced compcinds (iron (II)
ions) with simultaneous externaliy elect:oless_dissolving
of copper during formation of copper ions. The reduced
éoméounds of the redox 5§steﬁ do not contribute to the

dissolving of the additive compounds.

By means of specific streaming of the cathode surfaces,
the anodes are subjected during a prescribed entire |
circulation cycle to a smaller exchgnge of electrolytes.
Consequently, the aggressive gases occurring by chance on
the anodes are removed .correspondingly more élowly so that
the corrosion of the anodes increases on the one hand but

on the other is limited by the following measures:

- low anodic current density

- inert anode basic material
- inert anode coating .
- anode surface sealing

- liquid permeable anode geodmetry.

By means of these measures it is achieved that the

additive compounds, which are added to the deposition
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properties of the metal layers, can also be used in

arrangements with insoluble, dimensionally stable anodes.

Special mixtures of the additive compounds are not

reQuired for this purpose. High cathodic current

efficiency and a long serviceable life of the insoluble

anodes are achieved.

A further device according to the invention is shown in

Figure 2. For one thing, said device differs from

the

~arrangement according to Figure'l in that the operation of

the deposition solution within the electrolyte chamber is

different, said chamber consisting of a chamber 15

is located near the item to be treated, namely the

» which

cathode

-chamber, and the chambers 16, the anode chambers, which

are located near the anodes. These chémbers are s

in the'pictorial representation by the broken line

eparated

s 17.

The deposition solution, which has been enriched in the

metal ion generator 2 with copper ions during reduction

from Fe (III)- to Fe (II) ions,_flgws into each chamber

separafely and proceeds, corresponding to the arrows 12

and 14, through jet connections or surge jets (not

onto the anocdes 5 or onto the cathodic item to be

shown)

treated

6. Mixing qf the deposition solution in the anodic

chamber 16 with that in the cathode chamber 15 can

only

occur on a small scale in particular for the reason that

the deposition solution can flow out of the anode chamber
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via its- own outlets 4 and, separate therefrom, the -
deposition sq}ution in-the cathode chamber has its own
outlet 18. In this embodiment, the Fe (III) ion
concentration in the cathode chamber, which is dlrectly
connected to the inlet to the metal ion generator 2, is
kept small so that there is a short travelling route from
the anodic chamber to the metal ion generator 2. In
contrast, the transportation routes from the cathode
chamber via the outlet 18 to the generators can be long
since no damaglng lnteractzon .occurs between the reduced
compound, which is contained in the deposition solution
located in the cathode chamber, and the additive
compounds. In order also to avoid a sliqht mixing of the
electrolytes in the deposition solutions in the cathode

. and anode chambers, these.chambefs can be separated along
the lines 17 by one ion-permeable separating wall
respectiﬁely (diaphragm) which for its part is not changed
chemically by the deposition solution; The separating
wélls are only very slightly or not at all.permeable to
the deposition solution so that, if necessary, they only
permit a slow equalisation of varying hydrostatic
.pressures in the chambers 15 and 16. Polypropyleﬁe
material for example or other membranes with.pefmeability
for metal ions and their correspdnding counterions (for
examﬁle, Nafion from the firm DuPont de Nemours, Inc.,
Wilmington, Del.,'USA) are suitabie. By virtue of

separating the chambers with dividing walls, it is
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guaranteed that the deposition solution cannot proceed,
for example because of turbulence, from the anode chamber
to the cathode chamber. This measure leadé likewise to a
further lowering of the concentration of oxidising
cémpounds in the redox system in the vicinity of'the'
cathode. Thus, by virtue of theée measures advantageous
effects also occur with respect to the resistance to

ageing of the deposition solution.

The deposition solution which is located in the anode
chamber and contains the Fe (III) ions formed there is
once again transferfed to the metal ion generator by the
shortest route and is enriched there with copper again
upon fofmation of the Fe (II) ions. In_the practical
process, a state of equilibrium is set between the copper
dissolving in the metal ion generator and the copper

deposition on the item to be treated.

A further embodiment of the inéention with a two-part

- metal ion generator is shown in Figure 3. The deposition
solution which has been enriched with copper ions in the
metal ion generator 2 is conducted only into the cathode
chamber 15. This deposition solution contains furthermore
only Fe (II) ions and no Fe (III) ions. The deposition
solution is directgd in series from the cathode chamber 15
to the anode chamber 16. Thus, the Fe (II) ions formed in

the metal ion generator proceed into the anode'chamber via
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a pump 19, after going through the cathode chamber with
the deposition solution. The supply of the deposition
solution into the cathode chamber is brought about by a
further pump li. Hydrodynamic constancy is advantageous
and also the constant trénsportation conditions resulting
therefrom for thé elecérochemically active supplements of

the redox system.

Furthermore, this operation of the deposition solution in
series permits division of the deposition solution drawn
from the cathode chamber. In order to regulate the
concentration of copper ions in the electrolyte chamber 1,
comprisiﬁg the cathode and anode chambers, a part of the
solution is ¢onducted-directly into the metal ion
generator via the pipeiines 43 whicﬁ“;;e shown in broken
lines. This partial quantity contains almost no oxidising
compounds of the redox systeﬁ so that by mixing in this
portion into the stream of solution, which comes from the
anode chamber and is directed into the metal ion
generator, the speed of the copper dissolving is
decreased. By controlling and/ér regulating the partial
quantities of both streams by means ofthree-way valves
(not shown), the copper ion concentration in the
deposition solution can hence be adjusted. In the
arréngement shown in Figure 2, these options are not used
although, there also( two separate outlets 4 and 18 for

the deposition solutions from the cathode and the anode
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ch;mber are present. There, the solutions from both
chambers are directed together and conducted together into
the metal ion generators. The regenerated solutions
emerging from the metal ion generators are. supplied to the
chambers 15 and 16. The procedural method according to
Figure 3 is then advantageous if thg deposition solutiors
from the aﬁode'and cathode chambers cannot be mixed in the
electrclyte chamber but complete separation of the
draining-solutions in the outlets 4_and-18 from the anode

and the cathode chambers cannot be guaranteed.

In Figures 1 to 3, the introduction of the depcsition
solution, which is énriched-with eopper ions, into the
container 3 is shown_for example ffom below and into the
métal ign generatqr from above. Correspondingly, the
outgoing streams through ouﬁlets 4 and 18 out of the
container 3 are shown above and out of the metal ion
generator 2 below. Circulations of the deposition
solution in other directions are likewise possible, such
as for exampie the introduction of the solution into the

metal ion generator from below.

A further embodiment of the invention, especially for the
electrolytic plaﬁing of a_glate-shaped.item for treatment,
preferably circuit boards, in é horizontal course.through
the arrangement is shown in Figure 4. The unit which is

shown in side-view as a section consists of the
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electrolytic part 20 and a metal idn generator 21, shown
thereunder, filled with-copper; .fhe electrolyfic part 20
consists of several eléctrolytic single cells. Four of
these single cells are showﬁ'in—Figure 4 with the
reference numbers 22, 40, 41, 42, and iﬂdeed Qith one
insoluble anode 23 respectively for the upper side and for
the under side of the item for t;eatment.24. The item to
be treated is electrically connected to a n¢t shown
recﬁifier and is given c;thodic polarity. .It is
transported through the unit in the direction of the
arrows 25, guided by rollers or discs. The transportation
elements 26 are located along the entire unit, uniformly
distributed. For reasons of simplification of the
representation, the latter are reproduced here only at the
beginning and at the end of the transportation route. in
‘the electrolytic cells,. surge jets or floqdiﬁg pipes 27,
39 are located, likewise uniformly distributed. The
latter correspond to the already presently mentioned jet

connections.

Deposition solution éoming from the metal ion generator 21
is supplied, conveyed wvia pumps 29, to the flooding pipes
27, 39 via the pipelines 28. By means of the exit
openings of the flooding pipes or surge jets, the
- deposition solution flows agaiﬁst the surfaces of the item
.to be treated 24. 'Copper ions are thereby reduced to

metallic copper and deposited onto the item to be treated
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as a metal layer and the.likewise present iron (II) ion;
are conveyed with the electrolytes, which are flowing away
in the directi;h'of the anodes 23. In order to avoid
reverse.flow from the anodes to the cathodes, various
measures are provided, the realisation of which is shown
in Figure 4 schematically. The deposition solution which
has been enriched with copper is used for flooding the
cathode (item for treatment). The solution stream is
subsequently divertéd from the plate-shaped item to be
treated in such a manner that it is disp;aced in the
direction of the anodes, as indicated by the aﬁrows 30.

In the case of the preferably used perforated anodes, the
solution penetrates through the latter and prbceedé
subsequently back into the metal ion generator via suction
- pipes 31 and pipelines 32. The anodes may consist for
example of expandéd metal or networks. Passages 33
sﬁpport the streaming through process. In order to avoid__
turbulence, baffles 34 which extend in the direction of
the item to be treaﬁed can be inStalled in the suction
 pipes. The gap 35 remaining between the baffles and the
item to be treated may be a few millimetres. This forms,
from the point of wview of fluid technology, almost sealed
electrolytic cells with favourable flow conditions. The
flooding pipes 27 can also be prbvided.with baffles 36 in

order to stop any'further possible turbulence.

C@cegnn%\n SHEET:
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on the other

hand.

In the electrolytic cells of the arrangement'in Figure 4,
various flooding pipes, for example, are shown in va:ying
numbers. The circulation of the deposition solution is
directed"in such a way that, in the electrolytic part of
the unit, the level 37 lying above the suction pipes is
adjusted. 1In the electrolytié cell 42 whiczh is shown on

the right, there are separating walls 38 depicted

'respectively between the anodes 23 and the item to be

treated 24. Consequently, the direct exchange of
deposition solution in the cathode and anode chambers is
minimised. By using ion-permeéble‘separating walls on the
other hand, ion exchange between the chambers is made

possible. The solution in the cathode chamber can emerge

on the front side. Further flooding pipes 39 are provided

in the anode chamber. ' The solution of this chamber
emerges via the suction pipes 31. Once again, the flow
operation in series is suited to a cell of this type, as

was described already with reference to Figure 3.

The draining of the depositiqn solution out of the anode
chamber into the metal ion generator 21 wvia the suction
pipes 31 can ;ake place by the shortest route in order to
keep the life span of the iron (III) ions as shqtt as
possible. Therefore, the metal ion generator 21 is also
arraﬁéed here as closely as possible to the electrolytic
part 20. Consequéntly, short connection routes and small

transportation times result. The construction principle
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can also be chosen advantageousl%‘gﬁaﬁ tTRAt the parts 20

and 21 forﬁ a total system. Several flooding pipes 27 are

supplied respectively by one pump 29 and, in fact, in the
manner shown in Figure 4. However, one singie pump may
also be used. This would lead to fairly long conneéting
routes between the flooding pipés 27, 39 and the metal ion
generator 21. The depositioq solution in these connection
pipes contains practically no oxidiéing compounds of the
redox system. Hence, protection of the additive compounds

is also guaranteed in this area.

The electroplating unit is shown in Figure 4 in side view.
The parts shown (anodes, pipes) extend in longitudinal

extension into the depth of the drawing i.e. transversely

-to the direction of transportation above the item to be

.treated. The parts located in the electrical field

between the anode and the cathode, such for example as the
flooding pipes 27, are made of electrically non-conductive
plastic material. Their electrical screening effect does
not interfere here because the item to be treated moves
slowly through the unit and is hence exposed continuously

to the various electrical fields.

In Figure 5, a creative arrangement with two metal ion
generators 44, an electrolytic chamber 1 and two further
electrolyte containers 45 is shown. This arrarigement is

operated in the submerging procedure. -In this case, the
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cell is constructéd symmetrically for electroplating the
front and the rear side of the item to be treated 6. Both
metal ion generators 44 which are shown in the Figure and
the electrolyte containers 45 respectively can also be
provided singly and in this case be assigned to both sides

of the item to be treated.

The metal ion generator 44 consists of a preferably round
pipe body 46 with an upper opening 47. All the materials
used here are resistant to the deposition solution and the
supplements contained in the solution. Through the base
48 of the metal ion generator there projects at least one
connecting pipe 49 into the interior of the metal ion
generator.  This connecting pipe has lateral openings 50.

These form a filter which on the one hand prevents

-~ penetration of the metallie copper into the pipeline

system and on the another allows penetration of the
deposition solution into the metal ion generator. A small
overhanging lid seals the pipe support at the top. At the
same time, the lid keeps the lateral openlngs 50 free of
fine copper granulate which is situated in thls reglon of
the metal ion generator. Beneath the base, a mixing and
collecting chamber 51 is situated. Copper particles and
impurities which were able to pass through the filter are
collected in said chamber. After opening tbe base‘plate
52, the chamber ie accessible for cleaning purposes.

During operation, the deposition solution, which is pumped
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out of the anode chamber 16 and which is enriched with
conper dissolving Fe (III) ions, flows in. In addition,
air containing oxidising oxygen can also be injected into
the metal ion generator via pipelines 56. :In.this case,
the chambef 51 serves at the same timé as a mixing
chanber. By means of the holes 50 of the connecting pipe
49, the deposition soiution and, if necessary, air

proceeds into the interior of the metal ion generator.

In the lower region of the generator there are found
predominnntlylfine'copper granulates which have arisen
from dissolving the metallic copper. They have a very
large specific surfaée area which is presented immediately
to the inflowing deposition solution enriched with Fe
(III) ions in order to dissolve the copper. The Fe (III)
ions are therefore reduced as quickly as possible to Fe
(II) ions with simultaneous dissolving of the copper. In
the interior of the metal ion generator, the quantity of
Fe (III) ions is reduced quickly in an npward direction.
This has the effect that the electrolyte copper which is
inserted as granulates or sections 53 is dissolwved up the
way on a smaller and smaller scale. The dimensions of the
granulates remain large in the upper region of the metal
ion generator. .Hence, the_permeability to the dgposition.
solution is'also maintained. By means of the cverflow.54,
the solution is drained without'pressure out of the metal

ion generator into the electrolyte container. In the



REPLACEMENT SHEE'[]

- a nmetal ion generator, by nmeans of which thg¢ el

are forned
by dissolving appropriate netal parts . whi I st, t he deposi n sol ution,
formed by anodic oxi dati on and contai ni pg 04 3INGV ﬁﬁ . rﬁi
redox system are conducted through said3fenefalor; - e &&ﬁb EET
the concentration of the oxidising conppunds in the I nmed ate

vicinity of the cathode |s
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the overtlio
downwards in such a way that coppér granulates 53 dropping
from above cannot lead to a blockage in the metal ion
‘generator. As a consequence'of_éhe synchronised.length of
dwell time for the deppéition solution flowing into ﬁhe
qgenerator and the lengtﬁ of time for the simultan-=ous
dissolving of the presented copﬁer surface, the depositicn
-solution flowing info tﬁe electrolyte chamber 45 via the
-overflow 54 contalns vzrtually no Fe (III) ions any
longer. This type of oversizing of the regenerating unit
ensures thus that the attack of the Fe (III) ions on the

additive compounds of the deposition solution is already

ended in the central area of the generator.

The filling and refilling of the metal ion generator with
metallic copper 53 takes place from above through, for
exaﬁple, the funnel-shaped opening 47. This can be sealed
with a 1lid. The area above the overflow 54 iﬁ-which there
is no deposition solution serves for_storing_the metallic
copper which is to be dissolved in the metal ion
generator. The filling and refilling can be dorne
manuaily. The arrangement is exceptionally suited to
automatioﬁ of the filling procedure as a consequence of
the lack of pressure at the filling opening 47 and the
perpendicular or inclined asSembly. This can take place
continuously or iﬁtermittently. Conveyor belts or

oscillating conveyors, which are known from conveyance
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technology but not shown here, trénsport the metallic
copper into the openings 47 pf the generators.

It is advantageous.in the invention that,_in the metai ion
generator, copper parts of various geomefric shapes can be
dissolved. However, different shapes have a diffzrent
stacking behaviour. In order to maintain ﬁhe permeability
of the stack for the deposition solution and to ensure a
sufficiently large coppef surface which is accessible to

the solution, individual measures are also available.
Plates 55 which are inclined downwards in the interior of
the generator prevent too much compacting of the copper in

the lower region.

The plates are provided with openings, the dimensions of

. which accommodate the size of the poured-in metallic

parts. The openings are made differently from plate to
plate corresponding to the dissolving of the copper,
becoming smaller from top to bottoﬁ. Similarly, the
dimensions of the plates can increase from top to bottom.
The angles of the inclinations may likewise accommodate

the conditions of the copper pieces poured into the metal

‘ion generator.

The inclined position of the metal ion generatot itself

can have the same effect. By means of injecting air 56
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into the lower region of the metallion generator or into
the mixing or collecting chamber 51, a copper dissolving
material, in this case oxygen, is also inserted.
Furthermore, the associated turbulence of the copper
granulates in the metal ion generator increases the
reduction of the Fe (III) ions 2nd increases the
dissolving of the copper. At the same time, the

the copper parts. With mutually interlocking copper
fillings it can be useful to vibréte the metal ion
generator intermittently or constantly. The viSration
motion can be performed preferably by an dscillating
conveyor with which the automatic £filling is taken carelof
at the same timé. All the presently describgd measures
for a troﬁble—free'continuous operation of the metal ion

generator can also be combined together.

The electrolyte qontainers 45; 67 which are shown in
Figurgs 5 and 6 serve to reduce the dependency of the flow
of deposition solution to the item to be treated 6, 69
from the flow through the metal ion generator. - This has

the advantage that, in both circulations, the quantity of

'depgsition solution and its velocity can be adjusted

individually. These procedures are described subsequently

with reference to Figure 5.
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The deposition solution is conveyed by a pump 57 from the
'eléctrolyte container 45 into the electrolyte chamber 1.
By means of the flooding pipes 58 arranged there, the
solution flows against the item to be treated 6 and_out.of
the flooding pipes 59 onto the_liquid—permeable iﬁsoluble
anodes 5. The dividing of the stream'pf solution intc the
flooding pipes 58 and 59 is achieved by adjustable wvalves, -
not shown here. From the cathode chamber 15, the
deposition solution flows back via the outlet 18 through
pipelines 60 and the outlet 61 into the electrqute
cohtaiger 45 once again. Right behind the anodes S, there
are located suction pipes 62. through which the deposition
solution enriched with Fe (III) ions is.suctioned'off by
the pump 63 and con&eyed to the metél ion generator at
great speed. From theré, the solution which is enriched
with Fe (II)- and Cu (II) ions then proceeds back again

into the electrolyte container 45.

The division of the flows into the flooding pipes 58 and
59 is adjusted in such a manner that a surplus occurs in
the cathode chamber 15. Said surplus is evened out
towards the anode chamber 16.. If the two walls are
separated by a dividing wall 17, as is shown in Figure 3,
at least one opening 64 in the dividing wall ensures that
the equalisation of the dep&sition solutions in both
chambers can take place in the direction of the arrows.

In order to awvoid the solutioné being mixed in the
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electrolyte chamber~l.and to avoid convecti#
transportation of the Fe (III) ions from the anode to the
cathode chamber, it must only be ensured accordingly that
higher hydrostatic pressure exists in ;he deposition
solution in the cathode chamber 15 relative .to that in the
anode chamber 16. This is ensured by a corresponding
adjustment of the partial streams through the flooding
-pipe 58 and the flooding pipes 59 in the circulation of
the pump 57. In addition, the circulations of the pumps

57 and 63 are independent of one another.

in ﬁhe metal ion generator, all the Fe (III) ioms, which
are intnoduced by the conveyance stream, are reduced to Fe
(II). ions. It cannot be ruled out however that a very -
small, barely detectable number cfﬂgew(III).ions passes
through the metal ion generator and proceeds into the
electrolyte container 45. In order to reduce the Fe (III) -
ions; which have proceeded into this centainer 45, into Fe
(II) ions, copper parts 65 are also added to the

container. For this purpose, copper scrap may also be

used.

A further embodiment of the device according to the
invention for carrying out the method is shown in Figure

6. This concerns here a horizontal electroplating unit

for circuit boards which is shown in cross-section. In

the Figure, the metal ion generator 66, an electrolyte
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container aﬁd an electroplating cell 68 are shown. The
circuit board €9 to be plated is gripped by clamps 70 and
conveyed horizontally through the unit. The connecting of
the circuit board with the negative terminal of a
rectifier (not shown) is likewise achieved via these
clamps. In another embodiment, connecting could also be
achieved via éontact wheels. A pump 71 conveys the
deposition solution via flooding pipes 72, 73 to the
circuit boards and to the insoluble perforated anodes 74.
The deposition solution is directed back from the cathodg
chamber into the electrolyte chamber 67 via outlets 7S.
From the anode chamber, the pﬁmp 86 conveys the depcsition_
solution, which is enriched with Fe (III) ions, through
suction pipes 76 into the metal ion éeneratér at great
speed. An outlet 77, which is designed as an overflow for :
regulating the level, ensures that excess deposition
solution from the upper region of the ancde chamber alsc
proceeds into the circulation to the metal ion generator
66 and not into the electrolyte container 67. The metal
ion generator is designed in the manner which was
described with reference to Figure S. The deposition
soldtion proceeds back once again into the electrolyte
container 67 wvia the overflow 78. Copper parts 79 are
also situated in thé latter, said copper parts.causing
reduction from Fe (III) ions{_which have possibly strayed
into this area, to-Fe (II) iohs. Furthermore, dividing

walls 80 are also provided between the anode and the
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in that a portion of the solution situatgedjin the cathod hanber is
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cathode chambers. Openings 81 in these dividing walls
also ehsure here equalisation"of'the flows of deposition
solution from the cathode chamber into the anode chamber.

These flow directions are also set when there are no

dividing walls.

Hfrizontally operating’through—ﬁut units, as shown in the
Figures 4 and 6 and verfically operating electroplating
.units have lonqitudinalmdimensions of several metres for
.. the electrolytiﬁ cells. For that reason, preferably
several metal ion generators are arranged in_practice
along the unit. This permits them to be assembled
spatially near to the eiectrolytic call or for the
electrolytic cell, the electrolytié contaiﬁer and the

metal ion generator to be fitted together in part or iﬁ

total.

During the course of a circuit board through the
electroplating unit, the clamps 70 are also plated in ;he
region of their contacts 82. Thié layer must be removed
again before reusing the clamps. This occuré in a known

| manner during the return.journey of the clamps to the.
start of the electroplating unit. The returning clamps 83
Proceed thereby through a separate compartment 84 which is
connected to the deposition solution in the electrolytic

 cell 68. In order to be deplated, the clamps 83 are

connected to the positive terminal of a rectifier (not
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t hat the deposition solution, conduct ed thQrqugh the netal

generator, flows dlrectly agai nst the cat Hod qﬁﬂﬂ ai_nst

thé anodes as a result of a deflection of6the dlrecgq!)‘Nu *ﬁﬁﬁgMENTSHEET
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shown) via slidin§ contacts. The negative terminal of
this rectifier is connected to a cathode blank 85. During
the electrolytic deplating procedure, copper deposits on
the insulated layers of the clamps 83 lose electrlcal

. contact with the current supply before belng totally
‘dissolved. Consequently, interfering copper deposits
remain behind in these reéions. According to the
invgntion,'the parameters of current and time for
deplating are set in such a way therefore that for example
only 70 % of the deplating route is required for removing
the metal layer. In the then remaining stretch, Fe’ ions
afe produced by the electrolysis stream on the metallic
and contacting'parts of the clamps. Said ions are
situated exactly where possibly still contactless copper
deposits are present. They dissolve this copper without
external current. A detectable increase of Fe (III) ions
in the electrolytic cell does not occur consequently as,
in comparison to the piating of the item to be treated,

only very small currents and surfaces are involved.

In order to maintain an operational metal deposition, the
copper content in the deposition solution mus;‘be kept
within specific boundaries. This presupposes that the
consumption rate an& the rate of resupply of the- copper
ions correspond. In order to control the copper content,
the absorption capacity of the deposition solutidn can be

measured using a wavelenqth of about 700nm. The use of an
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| ayers of specific physical - mechani cal prjoderti es, specially
copper | ayers, having a hi gh electrolyti eff13 ‘9“; a deposition
solution which irs in contact with cathod%s , gg?P apg E@gm“E”f§HEET
preferably perforated, dinensionally sta Ié ,

conpri si hg

ion—sénsiti&e electrode has also pfoved its worth. _The
‘obtained measurement serves as aﬁ actual value of a
control §ystem, the regulated quantity of which is
referred to for maintaining the copper ion concentration

in the respective, described embodiments of the invention.

For the analytical tracking of the concentrations of the
compounds of the redox s?steﬁ, a potential measurement can
be performed. For this purpose, a measuring cell is used |
which is constructed from a platinum electrode and a
reference electrode. By ﬁeahs of a correspdnding

~ calibration of the measured potential situation with the
concentration ratio of the oxidising and the reduced
compounds of the redox system-forfa_given total
concentration of the compounds, the respective
concentration ratio can.be determined. The meter
electrodes can be.installed both in the anode and cathode

chambers as well as in the pipelines of the arrangement.

In order to coﬁtroi the anode processes, such as for
example the oxidation of the redox system necessary for
copper production and a possible anodic dissolving of the
additive ccmpounds,-a further measuring device can be
provided in which the anode potential is measured relative
to a ;eference eie;trode. For this purpose, the anode is

connected to the corresponding reference electrode via a

potential measuring device.
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The continuous or intermittent measuring technique for
determining further électroplating parameters is useful,
such for example, as for calcﬁlatinq the quantity of
additive compounds by'means of cyclical voltametry. Thus,
after fairly long operational breaks temporéry adjustments
of the concentrations can occur. The knowledge of
momentary measurements can be used to avoid wrong doses oI

the chemicals to be regenerated.

The following examples serve further to explain the

‘invention:

Example 1

In an arrangement_according to Figure Z.AA&.ééiﬁé the
measures according to the invention (large specific
surface area of the copper parts in the metal ion
generator, high flow velocity in the total arrangement,
 ;onducting 6f the flow so that the oxidising compounds of
the redox system, formed on the anode by oxidation, cannot

proceed back to the cathode), a copper bath was used with

the following composition:
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f.l ows agai nst the anodes, to the netal oy generaror, hi s nmeans

bridging a small spatial distance between t he he nmetal ion

gener at or; ' 1 fgq&ﬁ?ﬂﬁﬂp'RE’LACEMENTSHEET
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80 g/litre copper sulphate (CuS0O:.S H:0)
180 g/litre concentrated sulphuric acid
10 g/litre iron as iron (II) sulphate (FeSQ,.7 H:0)

0.08 g/litre sodium chloride

with the followinq_brighteneré:

1.5 g/litre polyp:opylene glycbl
0.006 g/litre 3-mercaptopropane-l-sulphonic acid, sodium

salt 0.001 g/litre N-acetylthiocarbamide

A current efficiency of 84% was detected. The consumption

was detected at over 100 Ah/litrelwith:

polypropylene glycol 3.3 g/kaAh
3-mercaptopropane-l-sulphonic acid,
sodium salt ' _ 0.3 g/kah

N-acetylthiocarbamide 0.04 g/krh

The fracture elongation of the deposited layers was 17% at

the end of the experiment.

Example 2

The experiment of Example 1 was repeated in the

arrangament shown in Figure 3, the deposition solution
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being  conducted in series through the cathode and the
anode chamber. A current efficiency of 92% was achieved.

The consumption, again detected at over 100 Ah/litre, was:

polypropylene glycol 2.0 g/kAh
3-mercaptopropane-l-sulphonic acid,

sodium salt : 0.2 g/kAh

N-acetylthiocarbamide 0.02 g/kah

The fracture elongation improved to 20%. In this
- experiment, the coated circuit boards withstood a tﬁo-fold
soldering shock test (10 seconds at 288° C soldering

témperature) without tears in the region of the bores.

The deposition was uniformly glossy.

Example 3

In a horizontal unit according to Figure 4, circuit boards

were copper-plated in a deposition solution of the

following composition:
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Tt ans (31,
62, - are provided, wher eby the [dgpog iyl ugi gn, situated
in the vicinity of the anodes, is evacuatje a?sf”%%
via

outlets (4, 61, 77) and transferrgd tjo
(2, 21, 44, 66). .

o] W BB 3P

80 g/litre copper sulphate (CuSQ,.5 H:0)
200 g/litre concentrated sulphuric acid
8 g/litre iron as iron (II) sulphate (Fe:(S0;};.% H.0)-

0.06 g/litre sodium chloride

The following were added as brighteners:

1.0 g/litre polyethylene glycol

0.01 g/litre 3-(benzothiazolyl-2-thio)-propylsulphonic

acid, sodiuﬁ salt

0.05 g/litre acetamide.

At an electfolyte temperature of 34%, glossy metal layers

were obtained on a scratched Eopper laminate surfacg at a

current density of 6 A/dm®*. The circuit boérd, plated in
such a manner, withstood a five-fold soldering shock test
(10 seconds at 288° C soldering temperature). The current |

efficiency was 91%. In the controlling (subsequent adding '
of the consumed added materials) of the deposition

solution no problems arose.
Example 4 (comparative example)
In an electrolysis cell, the experiment described in

Example 1 was performed. The measures according to the

invention were not applied, in particular there was no
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flooding of the anodes and cathodes according to

invention.

the

With a temperature of 30° C in the deposition solution,

glossy metal layers were produced on a scratched copper

iaminate surface at a current density of 4 A/dm".

The

cathodic current density was only 68%. The consumption of

ddditive compounds, without entrainment of the depositiqn

solution by virtue of lifting the item to be treated out

of the bath container, was éveréged to over 100 Ah/litre.

polypropylene glycol 5

3-mercaptopropane-l-sulphonic acid,

sodium salt . 1.6

N-acetylthiocarbamide . : 0.2

The fracture elongation of the deposited layers was only

14% at the end of the experiment.

Example 5 (comparative example)

According to Example 1, copper'layers were deposited on

circuit boards after copper from the solution had been

deposited onto a substrate previously over a fairly long

time span (2000 Ah/litre).
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The circuit boards no longer withstood a two-fold
soldering sﬁbck test (10 seconds'ét 288° C soldering
temperaEure) without tears. In addition, non-uniform
copper layers were obtained. In the Examples 1 to 3,
copper layers with good to very good fracture elongation
were in fact deposited. The cathbdic current efficiency
and the consumption of additive compounds, which were
added to the deposition solution to control the. physical-
mechanical layer properties, were satisfactory. The
appearance of the copper layeis was perfect and withstood

the tests for application of the technique.

After fairly long use of the deposition solution during
the electrolytic deposition of cbpper, no more perfect

results were obtained on the other hand.
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1. Method for the electrolytic deposition of uniforuly

thick metal'layers of specific physical-mechanical

Properties, more especially copper layers, having a

high electrolytic efficiency, £

rom a deposition

solution, containing ions of the deposited metal,

compounds of an electrochemically reversible redox

system and additive compounds for contrelling the

physical-mechanical'properties of the metal layers,

wherein the following are used:

cathodes:

-~ insoluble, dimensionally stable aﬁodes:

- a metal ion generator, by means of which the metal

ions are”forged by dissolving appropriate metal parts

whilst the deposition solutio

n, formed by anocdic

’ oxidation and containing oxidising compounds o the

redox system, are conducted through said éenerator;

- means, whereby the concentration of the oxidising

compounds in the immediate vicinity of the cathode is

minimised, preferably to a value below substantially'

0.01 S mol/litre;. and
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- means, which bridge a short spacing, for transferring
the deposition solution, which flows against the

anodes, to the metal ion generator.

2. Method according to claim 1; characterised in that the

concentration of the compounds of the redox system is
kept slightly below a value which is required to

maintain the metal ion concentration.

. Method according to one of the preceding claims,
characterised in that the surface of the metal parts is
selected to be so large that the concentration of the
oxidising compounds is reduced to a value of

;ubstantially zero as they are conducted through the

metal ion generator.

4. Method according to one of the preceding claims,

characterised in that the deposition solution flows
against the anodes at a high velocity of flow and from

‘there is transferred at a high velocity to the metal

ion generator.

5. Method according to one of the preceding claims,

characterised in that at least a second oxidising

compound, preférably oxygen, is additionally introduced

to the metal ion generator.

(45
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Method according to one of the preceding claims,
characterised in that a portion of the sclution
situated in the cathode chamber is transferred directly

to the metal ion generator without flowing against the

anodes

Methed according to dne of the preceding claims,
characterisad in that the.depositiﬁn solution,
conducted through the metal ion generator, fiows
directly against the cathode and subsequently against

the anodes as a result of a defléction of the direction

-

'of flow.

Apparatus for thg'electrolytic deposition of uniformly

T thick metal layers of specific physical-mechanical

éroperties, more especially copper layers, having a
high electrolytic efficiency, from a deposition
solution which is in contact with cathodes (6, 24: 69)
and insoluble, preferabiy perforated, dimensionally

stable anodes (5, 23, 74), comprising

- an electrolyte chamber (1) disposed between the

cathodes and anodes;

- devices for causing the deposition solution to flow

against the cathodes and anodes:

- a metal ion generator (2, 21; 44, 66);



’Charaéterized Wﬂesm,sz) f or thé‘i REPLACEMEN’?SHEET* o
L e L’ ' J’ ”’l’ I Illl | EALACEMENT SHEET'
o 57

- a first means for transferring the depoéiticn
solution, which flows aéainst the anodes,‘to the metal
ion generator:;

= this means bridging a ‘small spatial distance between
the anodes and the metal ion generétor;

- a second méans for_transferring the derosition
solution, emerging from themmetal ion generator to théﬁ
electrolyte chamber; and

- additional means, Qhereby the cqncentration of
oxidising cémpbunds, contained in the deposition
solution, is minimised in the immediate vicinity of

the cathode.

‘9. RApparatus éccording fo claim 8; characterised in that
means (31, 62, 76) are provided, 'whereby -the
deposiﬁion solution, situated in the vicinity of the
anodes, is evacuated at high velocity cr removed via

outlets (4, 61, 77) and transferred to the metal ion

generator (2, 21, 44, 66).

10. Apparatus according to one of «claims 8 or 9,
characterised in that the électrolyte chamber (1) is
divided .into a plurality of compartments by ion-

permeable dividing walls (17, 38, 80).

11. Apparatus according to one of claims 8 to 1 O,

characterised in that outlets (1 8, 75) are provided,
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whereby the deposition soluty n  the
vicinity of the cathodes, is removed from the
electrolyte chamber (1) and transferred to the metal

ion generator (2, 21, 44, -66).

12. Apparatus according to one of claims 8 to 11,
characterised in that a tubular device, fillable from
above, is provided as thg metal ion generator (2, 21,
44, 66), said tubular device being provided, in the
lower region, with a base (48) and with at least one
connection pipe (49) with lateral apertures (5Q) for

- the induction of the deposition solution and, in the
upper region, with an overflow (54, 78)-extendinq into

an electrolyte container (45, 67).

13. Apparatus according to one of" claims. 8 to 12,

characterised by inclined, preferably perforated

plates (55) in the interior of the metal ion generator

(2, 21, 44, 66)._

14. Apparatus according to one of claims 8 to 13,

characterised by means for the injection of air (56)

disposed -in the lower region of the metal ion

generator (2, 21, 44, 66).

1S. Apparatus according to one of claims 8 to 14,

characterised by means (26, 70, 82) for the horizontal
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picking-up, electrical contacting and displacing of

the cathodes in the horizontal direction.

16. Method according to one of claims 1 to 7 for

metallising printed circuit boards..
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PROCESS AND DEVICE FOR ELECTROLYTIC PREPARATION OF METALLIC LAYERS"

ABSTRACT OF THE DISCLOSURE

. For, the electrolytic depo#ition_bf uniform laférs of
metal havingfgiﬁén phfsical-mechéhical properties, |
particularly of.copper, solubie_anodes are not used, since
their geometrical shépe is changed by the deposition and
therefore the distribution of the lines of force in the
electrolytic cell are continuously changed.

In order to solve the problems occurring in this
connection, a process has been proposed in which compbunds of.
a redox system added to the plating solution are converted
during the deposition on the insoluble anodes. The compoundé
produced in this connéction dissolve new metal ions from a
reservoir which contains parts oé the metal to be deposited,
so as again to supplemept the metal ions removed form the
solution by deposition. _

The present invention describes a procedure in which,

differing from the prior art, the addition compounds are not

destroyed.

Fig. 6
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