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(67)  The disclosure relates to a distribution system
(1) for an electrolyte and an electric current for chemical
and/or electrolytic surface treatment of simultaneously
at least two substrate surfaces (51) of at least two differ-
ent substrates (5), comprising a substrate holder unit (3),
an immersion tank (4), at least two distribution bodies
(7), and a control unit, wherein the substrate holder unit
(3) comprises two substrate holders (31), each config-
ured to hold one of the at least two substrates (5) in the
immersion tank (4), wherein the immersion tank (4) is
configured to hold a shared electrolyte for the substrates
(5), wherein the two substrate holders (31) are further
configured to electrically contact the two substrate sur-

faces (51), wherein each distribution body (7) is arranged

to be designated to one of the two substrate surfaces
(51), wherein each distribution body (7) comprises jet
holes to directa flow of the electrolyte onto the designated
substrate surface (51) and drain holes to direct a flow of
the electric current relative to the designated substrate
surface (51), and wherein the control unit is configured
to control for each distribution body (7) and/or for each
substrate surface (51) individually the flow of the electro-
lyte and the flow of the electric current. Further, the dis-
closure relates to a distribution method (20) for an elec-
trolyte and an electric current for chemical and/or elec-
trolytic surface treatment of simultaneously at least two

substrate surfaces (51) of atleast two different substrates

(5).
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Description
Technical Field

[0001] The disclosure relates to a distribution system
and adistribution method for an electrolyte and an electric
current for chemical and/or electrolytic surface treatment
of simultaneously at least two substrates.

Background

[0002] Many industrial production processes, espe-
cially in the high-volume manufacturing for semiconduc-
tor devices, require a very fast and highly reliable
processing, which, at the same time, is highly precise
and reproducible. Consequently, highly reliable, flexible,
and particularly fully automated process equipmentis re-
quired for such processing to provide high throughput
capability for substrates.

[0003] In the prior art, such process equipment, par-
ticularly for the electroplating of metallic or conductive
material layers onto substrates, e.g., as used for the man-
ufacturing or packaging of micro-, nano- or other types
of electronic devices, requires large clean-room space
for installation and operation resulting in large clean-
room footprint, i.e., high costs for the required for instal-
lation and operation. Further, the electroplating may si-
multaneously plate at least two parts in a series electrical
configuration and the used system may use a shared
electrolyte by immersing each substrate in aqueous elec-
trolyte shared among the ionically intercommunicating
electrodepositing zones, supplying a negative charge to
each substrate, and providing equal current flow to each
substrate.

Summary

[0004] Hence, there may be a need to provide an im-
proved distribution system and a distribution method for
an electrolyte and an electric current for chemical and/or
electrolytic surface treatment of simultaneously at least
two substrates, which allows reducing the required clean-
room footprint for the process equipment, particularly by
reducing the geometric dimensions for high-volume, mul-
ti-substrate plating systems, particularly between an-
ode(s) and cathode(s) and their required environment.
[0005] This problem is solved by the subject-matters
of the independent claims, wherein further embodiments
are incorporated in the dependent claims. It should be
noted that the aspects of the invention described in the
following apply also to a distribution system for an elec-
trolyte and an electric current for chemical and/or elec-
trolytic surface treatment of simultaneously at least two
substrates, as well as to a distribution method for an elec-
trolyte and an electric current for chemical and/or elec-
trolytic surface treatment of simultaneously at least two
substrates.

[0006] According to the present disclosure, a distribu-

10

15

20

25

30

35

40

45

50

55

tion system for an electrolyte and an electric current for
chemical and/or electrolytic surface treatment of simul-
taneously at least two substrate surfaces of at least two
different substrates is presented. The distribution system
comprises a substrate holder unit, an immersion tank, at
least two distribution bodies, and a control unit. The sub-
strate holder unit comprises at least two substrate hold-
ers, each being configured to hold one of the at least two
substrates in the immersion tank. The immersion tank is
configured to hold a shared electrolyte for the substrates,
and the two substrate holders are further configured to
electrically contact the two substrate surfaces. Each dis-
tribution body is arranged to be designated to one of the
two substrate surfaces, wherein each distribution body
comprises jet holes to direct a flow of the electrolyte onto
the designated substrate surface and drain holes to direct
a flow of the electric current relative to the designated
substrate surface. The control unitis configured to control
for each distribution body and/or for each substrate sur-
face individually the flow of the electrolyte and the flow
of the electric current.

[0007] Thus, the distribution system may allow im-
mersing and/or electrically controlling each of the at least
two substrate surfaces from the at least two different sub-
strates independently, and particularly in parallel. There-
by, the distribution system may provide highly homoge-
neous and/or individual substrate-adjusted, plating-
thickness-equivalent-current flows as well as highly ho-
mogeneous and/or individually substrate-adjusted, plat-
ing-thickness-equivalent-electrolyte flows to and from
each individual substrate surface.

[0008] In particular, the distribution system may allow
a highly precise and/or highly uniform direct current (DC)
or alternating current (AC) electroplating of conductive
layers onto multiple, that is, at least two, substrates, in
parallel with a high-volume manufacturing character.
Therefore, the distribution system may allow reducing
and/or minimizing the required floor space, thereby re-
ducing the cost of ownership, while providing full control
on the plating results for each individual substrate.
[0009] The distributing bodies may provide electrolyte
back-flow through-holes, one on each side of the sub-
strate holder unit for an individual substrate double-side
surface treatment, or single-side surface treatment for at
least one substrate.

[0010] The high-volume manufacturing result may be
achieved by providing an electrolyte distribution system,
and/or an electrical current and/or potential control sys-
tem. The electrolyte distribution system, e.g., a high-
speed plate (HSP) system may enable individual and
highly precise control of plating-thickness-equivalent-
electrolyte flows and flow-speeds, being regulated and
optimized or plating uniformity through the HSP-electro-
lyte-jets to the substrate and through the electrolyte back-
flow through-holes away from each individual substrate,
thereby allowing a required electrolyte exchange result-
ing in achieving improved (optimum) results. The electri-
cal current and/or potential control system may enable
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anindividual and highly precise control of individual, sub-
strate-adjusted, plating-thickness-equivalent-current
flows through the electrolyte backflow through-holes of
each electrolyte distribution system.

[0011] Inanembodiment,atleastone anode, one cath-
ode and one distribution body may form a cell of the dis-
tribution system, and preferably two anodes, at least one
cathode and at least one distribution body may form the
cell of the distribution system.

[0012] Thedistribution body may be arranged between
the anode(s) and the cathode(s). Such a cell may also
be referred to as "electric-field-defined plating cell" (EFD-
PC), and may allow precisely controlling a deposition
rate, particularly by controlling a current passing the cath-
ode(s), which may be formed by the substrate(s). Addi-
tionally, due to the compact assembly, as already men-
tioned above, a size of such a cell may be reduced sig-
nificantly compared to common cells. For example, a
commonly known cell has a width of around 1100 mm,
whereas the cell as described above may have a width
of only around 350 mm, preferably of around 250 mm,
and more preferably of less than 200 mm In an embod-
iment, the at least one anode may be arranged in an
anode assembly, which is shared between adjacent cells
of the distribution system.

[0013] Theanodeassembly maybe used asaresistive
wall between adjacent cells.

[0014] In an embodiment, the anode assembly may
comprise one anode being a shared anode between two
adjacent cells. Alternatively, the anode assembly may
comprise two anodes being individually controllable for
each of the two adjacent cells.

[0015] In an embodiment, the distribution body may
further comprise an individual power supply for each cell
of the distribution system, wherein the individual power
supply is controlled by the control unit. In detail, each
power supply may allow setting a cathodic current by
adjusting the voltages between the anode and the cath-
ode. Thus, by providing an individual power supply for
each cell, the anode(s) and the cathode(s) of each cell
may be controlled together. Additionally, the power sup-
ply may be a two-channel power supply, which may en-
able controlling a flow of electric current on each sub-
strate surface separately. Further, the individual power
supplies may be an individual or an integrated system.
[0016] An individual power supply for each cell may
allow controlling the current passing the cathodes, par-
ticularly the substrates, thereby allowing precisely con-
trolling the deposition rates.

[0017] In an embodiment, the control unit may be con-
figured to control a potential difference between the an-
ode and the cathode. In an embodiment, the control unit
may be configured to control the potential difference be-
tween the anode and the cathode to be below a prede-
termined threshold to achieve a quasi-potentiostatic sur-
face treatment.

[0018] Thus, the distribution system may provide gal-
vanostatic plating which allows controlling the potential
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of the plating process and/or limiting the potential to pre-
determined levels/thresholds. By this, an over-potential-
plating of the substrate may be prevented, which may
occur when the current is controlled at the cathode.
[0019] In an embodiment, the distribution system may
further comprise a separation element arranged to sep-
arate two cells of the distribution system. In an embodi-
ment, the separation element may be amembrane anode
assembly blocking an electrical connection between the
two cells.

[0020] The separation element may be configured to
block an electrical connection between the cells, thereby
achieving a galvanic separation of the cells. Forexample,
the separation element may be a non-conductive plate.
The separation element, e.g., the non-conductive plate
or a membrane, or a membrane anode assembly may
be arranged in a center of symmetry between the two
cells and/or between the anodes.

[0021] In an embodiment, the distribution system may
further comprise a resistive element arranged between
adjacent cells of the distribution system to control an in-
teraction between these adjacent cells. In an embodi-
ment, the resistive element may comprise a funnel, me-
ander, plate, barrier and/or sealing structure changing a
travel distance of the electrolyte and/or the electric cur-
rent.

[0022] The resistive elementmay be configuredto con-
trol stray currents and/or to reduce, particularly eliminate,
a potential influence of the adjacent cells on each other.
The resistive element may be configured to guide the
electrolyte, and/or the current distribution into longer or
shorter distances to travel. The resistive element formed
as the funnel may be implemented at, or close to the
anode and/or the HSP and/or also in closer proximity to
the cathode of individual or adjacent cells. The resistive
element formed as a sealing structure, particularly an
expandable sealing structure, may be arranged around
an applicable anode system, containing at least one an-
ode. Such sealing structure may assist in guiding the
electrolyte and/or the current distribution into longer or
shorter distances to travel. Alternatively, such sealing
structure may be expanded in a way that any electrolyte
or current exchange with an adjacent cell may be impos-
sible, except through another way of exchange, particu-
larly of a longer distance, in case such other way may be
present.

[0023] In an embodiment, the distribution system may
further comprise a reference potential system as basis
to quantify a cathode potential of the distribution system
absolutely relative to a reference potential system, par-
ticularly relative to a standard reference potential system.
[0024] Implementing a reference potential system,
particularly for each cell, may allow additionally enhanc-
ing an electric field distribution control for each cell. The
reference potential system may be implemented into
each cell or may be one reference potential system for
all cells, such that a cathode potential in each cell may
be controlled in absolute terms against a standard refer-
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ence potential, e.g., the Standard Hydrogen Electrode
(SHE), which may act as the basis against which other
reduction/oxidation (redox) couples are quantified. Such
potential system may be applied in so-called three-elec-
trode applications for enabling "absolute" controllable
galvanostatic or potentiostatic surface treatment, as op-
posed to "quasi" galvanostatic or "quasi" potentiostatic
surface treatment, e.g., plating. Thereby, the control for
reducing particularly preventing overpotential surface
treatment, which canlead to poor deposition results, may
be significantly enhanced.

[0025] In an embodiment, the distribution system may
further comprise at least one thief anode unit to control
an interaction between adjacent cells, wherein the thief
anode unit is at least a segment or a pixel of the anode
or an additional anode shifted into a cathode mode inde-
pendent of adjacent segments, pixels or anodes.
[0026] The thief anode unit may have an influence on
electrons/anions and/or cations and may prevent the dis-
tribution system from so-called stray currents. In other
words, enabling anodes, e.g., an adjacent anode or a
specifically added anode unit to act as a "thief anode"
may allow the electric field control system of adjacent
cells to individually control the current flows.

[0027] The thief anode unit may comprise or be a tem-
porarily unused anode being turned into a temporary
cathode and/or an additional anode being placed at spe-
cific location for respective specific purposes. Addition-
ally, or alternatively, the anode unit may have a segment-
ed anode design, in which parts of the anode can be
turned independently into a cathode mode while some
parts of the anode remain in the anode mode, and/or the
anode unit may be a pixilated anode, in which individual
pixels can be tuned into anode or cathode mode, by ap-
plying varying potentials, thereby supporting and/or im-
proving a uniformity of the surface treatment result. Pixel
numbers may be any number from 2 to several thousand
or even millions, depending in the requirements of the
application.

[0028] In an embodiment, the substrate holder unit
may comprise substrate holder components configured
to independently move the at least two substrate holders
relative to the immersion tank.

[0029] In other words, such specific substrate holders
may allow physical and/or electrical connection as well
as control of each substrate as an individual, even
though, the at least two substrates may be immersed into
a common, particularly exchangeable and/or agitatable,
electrolyte/immersing tank.

[0030] In an embodiment, the substrate holder unit is
segmented to provide an individual power supply to each
of the at least two substrate surfaces.

[0031] The segmented substrate holder unit may be
electrically segmented, thereby enabling individually
controllable electrical contact between the substrate
holderand the substrate surfaces. Such electrical contact
may be achieved by small contact fingers, when all fin-
gers are connected to the same power supply. By elec-
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trically separating the fingers, e.g., in several zones, each
of which being connected to an individual power control,
an in-panel uniformity may be improved.

[0032] Inanembodiment, at least one of the substrate
holders is configured for a single-side surface treatment
of a substrate and/or a double-side surface treatment of
a substrate.

[0033] According to the present disclosure, also a dis-
tribution method for an electrolyte and an electric current
for chemical and/or electrolytic surface treatment of si-
multaneously at least two substrate surfaces of at least
two different substrates is presented. The method com-
prises the following steps, not necessarily in the present-
ed order:

- providing a substrate holder unit comprising at least
two substrate holders, each holding one of the two
substrates in an immersion tank, which holds a
shared electrolyte for the substrates,

- arranging at least two distribution bodies in the im-
mersion tank, each distribution body being designat-
ed to one of the substrate surfaces, wherein each
distribution body comprises jet holes to direct a flow
of the electrolyte onto the designated substrate sur-
face and drain holes to direct a flow of the electric
current relative to the designated substrate surface,

- electrically contacting the substrate surfaces by
means of the substrate holders, and

- controlling for each distribution body and/or for each
substrate surface individually the flow of the electro-
lyte and the flow of the electric current by means of
a control unit.

[0034] The distribution method may allow immersing
and/or electrically controlling each of the atleast two sub-
strate surfaces independently, and particularly in parallel.
Thereby, the distribution method may allow highly homo-
geneous and/or individual substrate-adjusted, plating-
thickness-equivalent-current flows as well as highly ho-
mogeneous and/or individually substrate-adjusted, plat-
ing-thickness-equivalent-electrolyte flows to and from
each individual substrate surface.

[0035] In particular, the distribution method may allow
a highly precise and/or highly uniform direct current (DC)
or alternating current (AC) electroplating of conductive
layers onto multiple, that is, at least two, substrates, in
parallel with a high-volume manufacturing character.
[0036] Therefore, the distribution method may allow re-
ducing and/or minimizing the required floor space, there-
by reducing the cost of ownership, while providing full
controlonthe plating results for each individual substrate.
[0037] It shall be understood that the system, and the
method according to the independent claims have similar
and/or identical preferred embodiments, in particular, as
defined in the dependent claims. It shall be understood
further that a preferred embodiment of the disclosure can
also be any combination of the dependent claims with
the respective independent claim.
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[0038] These and other aspects of the present disclo-
sure will become apparent from and be elucidated with
reference to the embodiments described hereinafter.

Brief description of the drawings

[0039] Exemplary embodiments of the invention will be
described in the following with reference to the accom-
panying drawing:

Figure 1a  shows schematically and exemplarily a dis-
tribution system according to the disclo-
sure.

Figure 1b  shows schematically and exemplarily a dis-
tribution system according to the disclo-
sure.

Figure 2a  shows schematically and exemplarily a cell
according to the disclosure for a distribution
system.

Figure 2b  shows schematically and exemplarily a cell
according to the disclosure for a distribution
system.

Figure 3 shows schematically and exemplarily a cell
according to the disclosure in an exploded
view.

Figure 4a  shows schematically and exemplarily a dis-
tribution system according to the disclo-
sure.

Figure 4b  shows schematically and exemplarily a dis-
tribution system according to the disclo-
sure.

Figure 5 shows schematically and exemplarily a di-
agram illustrating a thief anode concept ac-
cording to the disclosure.

Figure 6 shows schematically and exemplarily a flow
diagram of a method according to the dis-
closure.

Detailed description of embodiments

[0040] Figures 1a and 1b show schematically and ex-
emplarily embodiments of a distribution system 1 com-
prising seven cells 2 (Figure 1a), and seven cells 2 (Fig-
ure 1b), respectively. The distribution system 1 further
comprises a substrate holder unit 3, and an immersion
tank 4 (see Figure 1b). The substrate holder unit 3 com-
prises six substrate holders 31 (Figure 1a), and seven
substrate holders 31 (Figure 1b), respectively. Each of
the cells 2 as shown in Figures 1a and 1b is configured
to accommodate at least one substrate 5 having at least
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one substrate surface 51 to be treated and comprises
two anodes 6, two distribution bodies 7 and two cathodes
8 (see Figure 2a). Alternatively, each cell 2 may comprise
only one distribution body 7.

[0041] Eachofthose cells 2 allows double-side surface
treatment, e.g., double-side plating, of one single sub-
strate 5 or allows single-side surface treatment, e.g., sin-
gle-side plating of at least one substrate 5, particularly
of two substrates 5. In other words, each substrate holder
31 is configured to hold either one substrate 5 or two
substrates 5, wherein when holding one substrate 5, only
one substrate surface 51 of the one substrate 5 (single-
side plating of one substrate 5 in one cell 2) or two sub-
strate surfaces 51 of the one substrate 5 (double-side
plating of one substrate 5 in one cell 2) may be treated,
and when holding two substrates 5, one substrate sur-
face 51 of each of the two substrates 5 may be treated
(single-side plating of two substrates 5in one cell 2). The
distribution system 1 comprises at least two cells 2, as
exemplarily shown in Figures 4a and 4b, which will be
described in detail further below. Therefore, the distribu-
tion system 1 is configured to treat at least two substrates
5, namely at least one substrate 5 per cell 2, in parallel,
and may be further configured to treat at least two sub-
strate surfaces 51 of at least two substrates 5, namely
at least one substrate surface 51 of the at least one sub-
strate 5 per cell 2.

[0042] Alternatively, as shown in Figure 2b, a cell 2
may comprise one anode 6, one distribution body 7 and
one cathode 8, and may allow single-side surface treat-
ment of one single substrate 5. The cells 2 may also be
referred to as electric-field-defined plating cell" (EFDPC)
2. Regarding Figures 1a and 1b, it can be seen, that the
cells 2, as exemplarily shown in Figure 2a are formed as
vertical electroplating cells 2 particularly, for very large
substrates 5. The cells 2 are arranged adjacent to each
other, thereby requiring a small space for double-side
plating single substrates 5 or single-side plating of atleast
one substrate 5 per cell 2. Therefore, the distribution sys-
tem 1 as exemplarily shown in Figures 1aand 1b enables
a high-volume electroplating manufacturing for double-
side plating of one substrate 5 and/or single-side plating
of atleast one substrate 5 per cell 2 resulting in low clean-
room footprint.

[0043] Figure 3 schematically and exemplarily shows
an embodiment of the cell 2 in an exploded view. Here,
the cell 2 comprises one cathode 8 being electrically con-
nected to two substrate surfaces 51 of one substrate 5
or to one substrate surface 51 of each of two substrates
5, wherein the cathode 8 is substantially arranged in a
center of the cell 2 and integrally formed with the sub-
strate holder 31. When seen in an axial direction A, on
each side, one distribution body 7 is arranged adjacent
to the cathode 8, whereas further in the axial direction A,
an anode assembly 9 is arranged adjacent to each dis-
tribution body 7. Between the cathode 8 with the sub-
strate(s) 5 and each of the distribution bodies 7 as well
as between each of the distribution bodies 7 and the re-
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spective adjacent anode assembly 9, there are arranged
resistive elements 10 which are configured to control
stray currents and/or to reduce potential influence of
neighboring cells 2 on each other. Further, the resistive
elements 10 are formed for guiding the electrolyte and/or
the current distribution into longer or shorter distances
to travel. For example, resistive elements 10 are formed
as funnels, meander structures, barrier plates or the like.
In particular, the resistive elements 10 between the an-
ode assembly 9 and the distribution body 7 may be
formed as funnels.

[0044] The anode assembly 9 defines an assembly or
a group of multiple parts being pre-assembled and
mounted as one part on the distribution system 1. The
anode assembly 9 may be used as a resistive wall be-
tween adjacent cells 2 (see also Figure 4a), blocking an
electrical connection between the adjacent cells 2. Fur-
ther, the anode assembly 9 comprises either one anode
6 being a shared anode, which is shared with the neigh-
boring cell 2 (see Figure 4a), or at least two separate
anodes 6, being controlled individually and being electri-
cally isolated from each other. Having the shared anode
for two neighboring cells 2 results in that the potential of
each of those two cells can only be controlled by this one
shared anode. This means, those two neighboring cells
always have substantially the same potential._In case,
of two separate anodes 6, one anode 6 is for the one cell
2 and the other anode 6 is for the neighboring cell 2,
which allows controlling the potential for each of the
neighboring cells 2 individually. In other words, the anode
assembly 9 comprising two separate anodes 6 allows
controlling the potential of each cell 2 individually, and
facilitates assembling the distribution system 1 by pre-
assembling the two separated anodes 6 and an electri-
cally separating element 11 as one component or module
or subassembly, particularly compared to an individual
assembly of each anode 6, as exemplarily shown in Fig-
ure 4b.

[0045] Figure 4a exemplarily shows the anode assem-
bly 9 comprising the shared anode. The anode assembly
9 may not extend along an entire height of the cell, such
that the anode assembly 9 is connected or integrally
formed with a plate 11, acting as an electrical barrier be-
tween the cells 2. Thus, two adjacent cells 2 are electri-
cally separated from each other by the anode assembly
9 and the plate 11. The plate 11 may be an example for
the resistive element 10. In Figure 4b, each cell 2 has its
own, separate anode 6, which can be controlled individ-
ually. Those adjacent anodes 6 are electrically separated
by a plate 12, which substantially extends along the entire
height of the cells 2 and the anodes 6, respectively. The
plate 12 acts as an electric barrier between the adjacent
cells 2 and the respective anodes 6.

[0046] In case, at least one of the plurality of cells 2 of
the distribution system 1 is temporarily, or permanently,
established at a lower potential difference, cross talking
of the potentials may occur due to a narrow spacing be-
tween the adjacent cells 2 resulting in non-uniformities
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on the surrounding cathode substrates 5. In such case,
a "thief anode concept”, as schematically and exempla-
rily shown in Figure 5, may be applied. In Figure 5, four
cells 2 are arranged adjacent to each other, wherein the
first, third and fourth cell 2 (2.1, 2.3 and 2.4 in Figure 4)
have fixed potentials, particularly 15 V for the anodes 6
and 0 V for the cathodes 8. The anodes 6 of the second
cell 2 (cell 2.2) in Figure 5 are currently unused, such
that the thief anode concept is applied.

[0047] Applying the thiefanode concept may comprise
switching one or multiple currently un-used anode(s) 6
into a cathode mode, resulting in the example of Figure
4 in a cathode potential of 5 V for the second cell 2.2.
This may support equilibrating the current distribution
thereby increasing uniformity during the plating process-
es in each individual cell 2. Additionally, or alternatively,
the "thief anode" concept may also be implemented by
adding additional anodes or anode elements, which can
be independently and separately turned into temporary
cathode mode, when notrequired to carry out their anode
function. Further, in case, the anode 6 is formed as a
segmented, itis possible to only turn atleast one segment
of the segmented anode temporarily into the cathode
mode, while the other parts of the segmented anode are
continuing to fulfil the anode function or be in the anode
mode, respectively. In a very specific case, the anode is
pixilated, wherein individual pixels can be turned into the
anode mode, while other individual pixels can be turned
into a cathode mode to equilibrate the power distribution,
increasing uniform plating within each cell 2 and its neigh-
boring cells 2.

[0048] In other words, the "thief anode" may be a tem-
porarily unused anode 6 turned into a temporary cathode;
an additional anode placed at specific locations for the
specific purpose, may be a segmented anode, wherein
parts of the anode can be turned independently into cath-
ode modes, while some parts of the anode remain in the
anode mode, or can be a pixilated anode, where individ-
ual pixels can be tuned into anode or cathode mode, with
varying potentials in order to support or increase the uni-
formity of the plating result. Pixel numbers can be any
from 2 to several thousand or even millions, depending
on the requirements from the application.

[0049] Figure 6 shows a flow diagram of an exemplary
method 20 for an electrolyte and an electric current for
chemical and/or electrolytic surface treatment of simul-
taneously at least two substrate surfaces 51. According
to the method 20, in a step S1, there is provided a sub-
strate holder unit 3 comprising atleast two substrate hold-
ers (31), each holding one of the two substrates 5 in an
immersion tank 4, which holds a shared electrolyte for
the substrates. In a step S2, at least two distribution bod-
ies 7 are arranged in the immersion tank 4, each distri-
bution body 7 being designated to one of the substrate
surfaces 51. Each distribution body 7 is designated to
one of the substrate surfaces 51, wherein each distribu-
tion body 7 comprises jet holes to direct a flow of the
electric current relative to the designated substrate sur-
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face 51. In a step S3, the substrate surfaces 51 electri-
cally connect or contact by means of the substrate hold-
ers 31, and in a step S4, for each distribution body 7
and/or substrate surface 51, the flow of the electrolyte
and the flow of the electric current are controlled individ-
ually by means of a control unit.

[0050] While the disclosure has been illustrated and
described in detail in the drawings and foregoing descrip-
tion, suchillustration and description are to be considered
illustrative or exemplary and not restrictive. The disclo-
sure is not limited to the disclosed embodiments. Other
variations to the disclosed embodiments can be under-
stood and effected by those skilled in the art in practicing
a claimed disclosure, from a study of the drawings, the
disclosure, and the dependent claims.

[0051] In the claims, the word "comprising" does not
exclude other elements or steps, and the indefinite article
"a" or "an" does not exclude a plurality. A single unit may
fulfil the functions of several items re-cited in the claims.
The mere fact that certain measures are re-cited in mu-
tually different dependent claims does not indicate that
a combination of these measures cannot be used to ad-
vantage. Any reference signs in the claims should not be
construed as limiting the scope.

Claims

1. A distribution system (1) for an electrolyte and an
electric current for chemical and/or electrolytic sur-
face treatment of simultaneously at least two sub-
strate surfaces (51) of at least two different sub-
strates (5), comprising:

- a substrate holder unit (3),

- an immersion tank (4),

- at least two distribution bodies (7), and
- a control unit,

wherein the substrate holder unit (3) com-
prises at least two substrate holders (31),
each configured to hold one of the at least
two substrates (5) in the immersion tank (4),
wherein the immersion tank (4) is config-
ured to hold a shared electrolyte for the sub-
strates (5),

wherein the two substrate holders (31) are
further configured to electrically contact the
two substrate surfaces (51),

wherein each distribution body (7) is ar-
ranged to be designated to one of the two
substrate surfaces (51),

wherein each distribution body (7) compris-
es jet holes to direct a flow of the electrolyte
onto the designated substrate surface (51)
and drain holes to direct a flow of the electric
current relative to the designated substrate
surface (51), and
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10.

wherein the control unitis configured to con-
trol for each distribution body (7) and/or for
each substrate surface (51) individually the
flow of the electrolyte and the flow of the
electric current.

Distribution system (1) according to the preceding
claim, wherein at least one anode (6), one cathode
(8) and one distribution body (7) form a cell (2) of the
distribution system (1), and preferably two anodes
(6), at least one cathode (8) and at least one distri-
bution body (7) form the cell (2) of the distribution
system (1).

Distribution system (1) according to the preceding
claim, wherein the atleast one anode (6) is arranged
in an anode assembly (9) which is shared between
adjacent cells (2) of the distribution system (1).

Distribution system (1) according to the preceding
claim, wherein the anode assembly (9) comprises
one anode (6) being a shared anode between two
adjacent cells (2) or wherein the anode assembly (9)
comprises two anodes being individually controllable
for each of the two adjacent cells (2).

Distribution system (1) according to one of the pre-
ceding claims, further comprising an individual pow-
er supply for each cell (2) of the distribution system
(1), wherein the individual power supply is controlled
by the control unit.

Distribution system (1) according to one of the pre-
ceding claims, wherein the control unit is configured
to control a potential difference between the anode
(6) and the cathode (8).

Distribution system (1) according to one of the pre-
ceding claims, wherein the control unit is configured
to control the potential difference between the anode
(6) and the cathode (8) to be below a predetermined
threshold to achieve a quasi-potentiostatic surface
treatment.

Distribution system (1) according to one of the claims
2 to 7, further comprising a separation element ar-
ranged to separate two cells (2) of the distribution
system (1).

Distribution system (1) according to the preceding
claim, wherein the separation element is a mem-
brane anode assembly blocking an electrical con-
nection between the two cells (2).

Distribution system (1) according to one of the claims
2 to 9, further comprising a resistive element (10)
arranged between adjacent cells (2) of the distribu-
tion system (1) to control an interaction between
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these adjacent cells (2).

Distribution system (1) according to the preceding
claim, wherein the resistive element (10) comprises
a funnel, meander, plate, barrier and/or sealing
structure changing a travel distance of the electrolyte
and/or the electric current.

Distribution system (1) according to one of the pre-
ceding claims, further comprising a reference poten-
tial system as basis to quantify a cathode potential
of the distribution system (1) absolutely relative to
the reference potential system.

Distribution system (1) according to one of the claims
2 to 12, further comprising at least one thief anode
unit to control an interaction between adjacent cells
(2), wherein the thief anode unitis atleast a segment
or a pixel of the anode (6) or an additional anode
shifted into a cathode mode independent of adjacent
segments, pixels or anodes (6).

Distribution system (1) according to one of the pre-
ceding claims, wherein the substrate holder unit (3)
comprises substrate holder components configured
to independently move the at least two substrate
holders (31) relative to the immersion tank (4).

Distribution system (1) according to one of the pre-
ceding claims, wherein the substrate holder unit (3)
is segmented to provide an individual power supply
to each of the at least two substrate surfaces (51).

Distribution system (1) according to one of the pre-
ceding claims, wherein at least one of the substrate
holders (31) is configured for a single-side surface
treatment of the substrate (5) and/or a double-side
surface treatment of the substrate (5).

A distribution method (20) for an electrolyte and an
electric current for chemical and/or electrolytic sur-
face treatment of simultaneously at least two sub-
strate surfaces (51) of at least two different sub-
strates (5), comprising:

- providing a substrate holder unit (3) comprising
atleast two substrate holders (31), each holding
one of the two substrates (5) in an immersion
tank (4), which holds a shared electrolyte for the
substrates (5),

- arranging at least two distribution bodies (7) in
the immersion tank (4), each distribution body
(7) being designated to one of the substrate sur-
faces (51), wherein each distribution body (7)
comprises jet holes to direct a flow of the elec-
trolyte onto the designated substrate surface
(51) and drain holes to direct a flow of the electric
current relative to the designated substrate sur-
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face (51),

- electrically contacting the substrate surfaces
(51) by means of the substrate holders (31), and
- controlling for each distribution body (7) and/or
for each substrate surface (51) individually the
flow of the electrolyte and the flow of the electric
current by means of a control unit.



51

10

_f 2 <<2 /2 /2 /2
L1 | H = =
Ol |
. / IAY \ = ‘- \- 3 = : -
J_H_L“: \\ A \ \ H
TN B
- | 111 Tl I:|71T17‘5L = =r———nll_[==_1
4; 3131 31 31 31 31 37,
h'd
3
Fig. 1a
1
\\1 31 31 31 31 31 31

EP 4 379 096 A1

231102 70102 7102 7)2102 7102 7)2102 7

I ., ., ,,
i a4 8] [\ ] INE A1) 11l E
° . o . o 'l:
g\ O o
5876 58 658 6 58 658 658 6
Fig. 1b

5,8



EP 4 379 096 A1

10



EP 4 379 096 A1

Nini

Nin

AN

N<]

L N< ]

zL'olL

0w W

T | 1| HEHYUL HE
110}

\\ /IIA

NY/// \\wa
_ A T

\\L\)@.@

d |

14 L]

A < < 4

¢ 4

1"



EP 4 379 096 A1

) )

5 5

15V

) )

5 6

15V | 18V

) )

5 6

5V [ 15V

) )

5 5

. — D e R e Yy Yy Ty D

15V | 5V

15V

Fig. 5

20

st

Thes2

es3

Ns4

Fig. 6



10

15

20

25

30

35

40

45

50

55

European
Patent Office
Office européen

Europdisches
Patentamt

des brevets

[

EPO FORM 1503 03.82 (P04C01)

EP 4 379 096 A1

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 22 21 0597

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
X US 2018/223444 Al (YOKOYAMA TOSHIO [JP] ET|1-12, INV.
AL) 9 August 2018 (2018-08-09) 14-17 C25D5/08
Y * paragraph [0074] - paragraph [0075]; 13 C25D21/10
figures 1, 2, 4A, 6A * C25D21/12
* paragraph [0080] * C25D17/00
* paragraph [0083] - paragraph [0085] * C25D17/06
* paragraph [0089] *
* paragraph [0093] *
* paragraph [0096] - paragraph [0103] *
* paragraph [0109] *
Y US 2009/188803 Al (JENSEN JENS DAHL [DE] 13

* paragraph

* paragraph

ET AL) 30 July 2009 (2009-07-30)

figures 1, 2 *

[0009] - paragraph [0011];

[0016] *

A EP 3 828 316 Al (SEMSYSCO GMBH [AT]) 1-17

2 June 2021

(2021-06-02)

* paragraph [0005]; figures 1, 2, 4 *
* - * TECHNICAL FIELDS
paragraph [0007] paragraph [0009] SEARCHED (IPC)
* paragraph [0012] - paragraph [0013] *
————— C25D
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
The Hague 22 May 2023 Telias, Gabriela

CATEGORY OF CITED DOCUMENTS

T
E
X : particularly relevant if taken alone
Y : particularly relevant if combined with another D : document cited in the application
L : document cited for other reasons

document of the same category

A : technological background
O : non-written disclosure
P :intermediate document

: theory or principle underlying the invention

: earlier patent document, but published on, or

after the filing date

& : member of the same patent family, corresponding

document

13




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

ANNEX TO THE EUROPEAN SEARCH REPORT

EP 4 379 096 A1

ON EUROPEAN PATENT APPLICATION NO.

EP 22 21 0597

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.

The members are as contained in the European Patent Office EDP file on

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

22-05-2023
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2018223444 Al 09-08-2018 CN 108396360 A 14-08-2018
JP 6847691 B2 24-03-2021
JP 2018129387 A 16-08-2018
KR 20180092271 A 17-08-2018
TW 201831738 A 01-09-2018
uUs 2018223444 Al 09-08-2018
US 2009188803 Al 30-07-2009 CN 101218379 A 09-07-2008
DE 102005032738 B3 23-11-2006
EP 1902162 Al 26-03-2008
uUs 2009188803 Al 30-07-2009
WO 2007006690 Al 18-01-2007
EP 3828316 Al 02-06-2021 CN 114599823 A 07-06-2022
EP 3828316 Al 02-06-2021
JP 7250999 B2 03-04-2023
JP 2022549092 A 24-11-2022
KR 20220062109 A 13-05-2022
TW 202221174 A 01-06-2022
TW 202229663 A 01-08-2022
uUs 2023008513 A1 12-01-2023
WO 2021104911 Al 03-06-2021

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

14




	bibliography
	abstract
	description
	claims
	drawings
	search report

