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(54) SEGMENTED ANODE

(57) The present invention refers to an anode pro-
viding improved coatings during electroplating, a module
containing said anode and a treatment device containing
said anode or module. Furthermore, the present inven-

tion refers to a method providing an improved coating
using electroplating. Additionally, the present invention
refers to the use of the inventive anode for electroplating.
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Description

Field of the Invention

[0001] The present invention refers to an improved
type of anode and its use in galvanic coating processes.
Furthermore, the present invention refers to a method of
galvanic coating using such an improved type of anode.

Background of the Invention

[0002] Anodes used for, for example, electroplating
are commonly known in the art. They are typically used
as counter electrode to deposit a galvanic metal onto the
surface of a substrate.
[0003] Despite the general concept of the anode being
commonly known the recent developments, for example,
in the field of electronics provide additional requirements.
For example, the ongoing miniaturization requires a far
more constant and reliable coating of conductive metals
to provide circuit paths ready for the next generation of
circuit boards.
[0004] Also, the requirements for integrated circuits
are constantly increasing resulting in the search for im-
proved ways to provide a very thin and constant coating
on the surface of a wafer. Herein, the need for a decrease
of the production time and low amount of space available
for especially clean room processes presents a particular
challenge to be solved to stay competitive and constantly
provide new and improved products to the market.

Objective of the present Invention

[0005] Thus, it is an objective of the present invention
to provide a new type of anode providing an improved
coating for high quality products.

Summary of the Invention

[0006] The aforementioned problems are solved by the
invention as disclosed in the independent claims and the
description. Further modifications providing additional
benefits are included in the dependent claims and the
following description. However, even further benefits not
being explicitly stated herein but being immediately de-
rivable or discernible from the connections discussed
herein are solved by the present invention and its em-
bodiments disclosed herein.
[0007] The present invention refers to a segmented
anode containing at least two, more preferred at least
three, even more preferred at least four, anode seg-
ments, anode segment complexes or combinations
thereof, wherein each anode segment or anode segment
complex provides a front side, wherein the front side con-
tains a front side area, wherein the at least two anode
segments, anode segment complexes or combinations
thereof provide an average front side area, wherein the
front side area of each of the anode segments, anode

segment complexes or combinations thereof deviates
less than 20 %, more preferred less than 15 %, even
more preferred less than 11 %, even more preferred less
than 7 %, even more preferred less than 4 %, from the
average front side area of the anode segments, anode
segment complexes or combinations thereof.
[0008] Furthermore, the present invention refers to a
module containing at least one inventive segmented an-
ode and at least one carrier element detachably connect-
ed to the segmented anode.
[0009] Furthermore, the present invention refers a
treatment device for electroplating, preferably for vertical
electroplating, comprising an inventive segmented an-
ode or an inventive module.
[0010] Furthermore, the present invention refers to a
method for electroplating of a substrate using an inven-
tive segmented anode or an inventive treatment device,
wherein at least two, more preferred at least three, even
more preferred at least four anode segments, anode seg-
ment complexes or combinations thereof are controlled
or regulated separately.
[0011] Furthermore, the present invention refers to an
use of at least one inventive segmented anode, at least
one inventive module, or at least one inventive treatment
device, for electroplating, preferably vertical electroplat-
ing.

Brief Description of the Figures

[0012] For a more complete understanding of the
present invention, reference is made to the following De-
tailed Description of the Invention considered in conjunc-
tion with the accompanying figures, in which:

Fig. 1 shows a schematic front view of an inventive
module of a preferrred first embodiment containing
an inventive segmented anode mounted onto a car-
rier element.

Fig. 2a shows a schematic front view of an inventive
module of a preferred second embodiment contain-
ing an inventive segmented anode mounted onto a
carrier element.

Fig. 2b shows a schematic perspective view of the
inventive module of the preferred second embodi-
ment containing an inventive segmented anode
mounted onto a carrier element.

Fig. 3a shows a schematic front view of an inventive
module of a preferred third embodiment containing
an inventive segmented anode mounted onto a car-
rier element.

Fig. 3b shows a schematic perspective view of the
inventive module of the preferred third embodiment
containing an inventive segmented anode mounted
onto a carrier element.
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Fig. 4 shows a schematic front view of an inventive
module of a preferred fourth embodiment containing
an inventive segmented anode mounted onto a car-
rier element.

Detailed Description of the Invention

[0013] The present invention refers to a segmented
anode containing at least two anode segments, anode
segment complexes or combinations thereof, wherein
each anode segment or anode segment complex pro-
vides a front side, wherein the front side contains a front
side area, wherein the at least two anode segments, an-
ode segment complexes or combinations thereof provide
an average front side area, wherein the front side area
of each of the anode segments, anode segment com-
plexes or combinations thereof deviates less than 20
%%, more preferred less than 15 %, even more preferred
less than 11 %, even more preferred less than 7 %, even
more preferred less than 4 %, from the average front side
area of the anode segments, anode segment complexes
or combinations thereof. It was noted that segmented
anodes providing at least three, even more preferred at
least four, anode segments, anode segment complexes
or combinations thereof typically provides especially ad-
vantageous results. Such segmented anodes typically
proved to be especially useful for treating substrates pro-
viding a front side area of at least 150 cm2. Preferably,
all anode segments and anode segment complexes of
the segmented anode provide such front side area. Here-
in, it has to be noted that the front side area of an anode
segment complex refers to the total front side area of the
anode segments representing the anode segment com-
plex.
[0014] The term "anode segment" as used herein re-
fers to a single part of the segmented anode being adapt-
ed to be controlled or regulated separately from the other
anode segments and anode segments complexes of the
segmented anode.
[0015] The term "anode segment complex" as used
herein refers to a combination of at least two anode seg-
ments, wherein said combination is adapted to be con-
trolled or regulated separately from the other anode seg-
ments or anode segments complexes.
[0016] The term "front side" according to the present
invention refers to the surface of the segmented anode,
the anode segment or the anode segment complex
adapted to be directed towards the substrate unless stat-
ed otherwise. The front side areas are determined by
projecting the front side of the corresponding anode seg-
ment or anode segment complex along lines parallel to
the axis of the segmented anode onto a plane perpen-
dicular to the axis of the segmented anode. Herein, open-
ings located on the front side resulting from through going
conduits or fastening elements are disregarded for cal-
culating the front side area.
[0017] Unless specified otherwise an "average" value
as used herein refers to the arithmetic mean of said value

calculated based on the sum of a certain number of val-
ues divided by their number (average value = sum of
measured values / number of measured values). To
achieve a statistical significant value at least a certain
number of values have to be used for calculating said
value, for example, at least 10, for example 10, values.
The number of measurements, however, can be in-
creased, for example, to at least 50, for example 50, or
at least 100, for example 100, if the fluctuation of the
values is high. Referring to the average thickness of the
organic polymeric coating at least 10 measurements are
taken, wherein the measurements are randomly selected
and located in the area of the transport roller adapted to
contact the substrate.
[0018] The term "average front side area" according to
the present invention refers to the arithmetic mean of the
front side areas of the anode segments, anode segment
complexes or combinations thereof.
[0019] The phrase "axis of the segmented anode" ac-
cording to the present invention refers to the line going
through the center of the segmented anode being per-
pendicular to the front side of the segmented anode
adapted to be directed towards the substrate.
[0020] Surprisingly, it was noted that splitting up the
anode in such way allowed a very simple and efficient
way to further improve the quality of the coating of the
substrate during electroplating, especially vertical elec-
troplating. It was noted that even applying the same cur-
rent to each anode segment or anode segment complex
already improved the quality of the coating. However, it
was also noted that the inventive segmentation of the
surface of the anode also provides very good results for
optimizing the currents applied to each of the anode seg-
ments or anode segment complexes. It appears that the
inventive segmentation of the anode correlates to typical
fluctuations of the coating and varying the current ac-
cording to the observations of a low number of test sub-
strates allows to easily identify the ideal parameters for
coating a substrate. Said effect seems to be typically es-
pecially pronounced, if the deviation from the average
front side area of the anode segments, anode segment
complexes or combinations thereof is less than 15 % and
especially less than 11 %. However, using corresponding
anode segments or anode segment complexes deviating
less than 7 % or more preferred less than 4 % still provide
a further increased effect, although, it seems to be typi-
cally less pronounced.
[0021] In further embodiments of the present invention
the anode segments, anode segment complexes or com-
binations thereof are arranged in a shell like form. Herein,
it is preferred that at least one, more preferred at least
two, anode segments or anode segment complexes form
a layer surrounding at least one more interior anode seg-
ment or anode segment complex.
[0022] The phrase "arranged in a shell like form" ac-
cording to the present invention refers to an arrangement
of the corresponding anode segments or anode segment
complexes, wherein the front sides of at least one anode
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segment or anode segment complex forms a center part
and at least one, more preferred at least two, even more
preferred at least three of the remaining specified anode
segments or anode segment complexes form layers sur-
rounding the center part and each more interior anode
segment or anode segment complex. A preferred exam-
ple of such arrangement of a shell like form is the con-
centric arrangement. It was noted that such layered struc-
tures provide a good balance of possibilities to compen-
sate minor differences in the coating, while the number
of parameters to be adjusted can be kept low.
[0023] In further embodiments of the present invention
the segmented anode provides at least one, more pre-
ferred at least two, even more preferred at least three,
layers of the shell like form being an anode segment. It
was noted that using many anode segments being cou-
pled to anode segments complexes can provide prob-
lems during long term run, if, for example, an electrical
contact of an anode segment of an anode segment com-
plex is partially covered and not sufficiently cleaned be-
fore fastening a new anode segment during mainte-
nance. Reducing the number of required contacts by, for
example, using single anode segments instead of anode
segment complexes provide an increased security for
the long term usage.
[0024] In further embodiments of the present invention
the segmented anode provides essentially no gaps be-
tween the anode segments or anode segment complex-
es. The phrase "essentially no gaps" according to the
present invention refers to forms and arrangements of
anode segments and anode segments complexes,
wherein the distance between two anode segments or
an anode segment and an isolator layer separating at
least two anode segments is less than 3 mm, more pre-
ferred less than 2 mm, even more preferred less than 1
mm.
[0025] In further embodiments of the present invention
at least the front sides of the anode segments, anode
segment complexes or combinations thereof surrounded
by the most exterior layer of the anode segments provide
rounded edges. Preferably all edges of the front sides of
the anode segments or anode segments complexes di-
rected towards edges of other anode segments or anode
segment complexes are rounded.
[0026] In further embodiments of the present invention
the anode segments or anode segment complexes are
insoluble. Such inventive anodes typically provide very
good results while the maintenance is simplified and the
downtime is reduced.
[0027] In further embodiments of the present invention
each of the anode segments or anode segment complex-
es provides an outer shape, wherein the outer shape
provides at least one symmetry selected from the group
consisting of point symmetry, rotational symmetry and
mirror symmetry, more preferred from the group consist-
ing of point symmetry and rotational symmetry. Prefera-
bly, the reference point of the point symmetry, the rota-
tional symmetry or both is the center of the front side of

the segmented anode and the mirror symmetry is based
on a plane going through said center. Typically, it is even
preferred that the anode segment or anode segment
complexes provide at least two of the aforementioned
symmetries. The use of such symmetric anode segments
greatly simplifies the regulation of the current applied to
the anode segment or anode segment complexes to
adapt the electric field to specific substrates or different
treatment solutions to further increase the quality of the
coating on the substrates.
[0028] In further embodiments of the present invention
the anode segments, anode segment complexes or com-
binations thereof provide an outer shape, wherein the
outer shape of at least one anode segment or anode
segment complex, more preferred of at least two anode
segments, anode segment complexes or combinations
thereof, even more preferred at least three anode seg-
ments, anode segment complexes or combinations
thereof, is essentially circular, essentially elliptical or es-
sentially polyangular, more preferred essentially circular
or essentially rectangular. Preferably all anode segments
and anode segments complexes provide such shape. It
was noted that using such anode segment or anode seg-
ment complex shape provides a greatly simplified adap-
tion of the currents to specific substrates and treatment
liquids.
[0029] Such polyangular outer shapes preferably pro-
vide at most eight, more preferred at most six, even more
preferred at most four, corners. Herein, it has to be noted
that said corners are preferably rounded. An especially
preferred form of the polyangular shaped anode seg-
ments are rectangular shaped anode segments like
square shaped anode segments.
[0030] The term "outer shape" according to the present
invention refers to the shape of the outer edges of the
front side of the anode segment or the complete anode
segment complex projected along lines parallel to the
axis of the segmented anode onto a plane perpendicular
to said axis unless specified otherwise.
[0031] The phrase "essentially circular" according to
the present invention preferably refers to an outer shape
deviating less than 10%, more preferred less than 7%,
even more preferred less than 3 % from an ideal circle,
based on the surface area of the ideal circle. Herein, the
outer shape is approximated using an ideal geometrical
circle and the lowest difference between the real outer
shape and an ideal geometrical area is used.
[0032] The phrase "essentially elliptical" according to
the present invention preferably refers to an outer shape
deviating less than 8%, more preferred less than 6%,
even more preferred less than 4 % from an ideal ellipse,
based on the surface area of the ideal ellipse.
[0033] The phrases "essentially polyangular", "essen-
tially rectangular" and "essentially square" according to
the present invention preferably refers to a form deviating
less than 12%, more preferred less than 8%, even more
preferred less than 5 % from an ideal polyangular shape,
an ideal rectangular shape, or an ideal square shape,
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based on the surface area of an ideal polyangular shape,
rectangular shape or square shape.
[0034] In further embodiments of the present invention
each of the anode segments, anode segment complexes
or combinations thereof provides an outer shape, where-
in the corners of the outer shape of essentially polyan-
gular anode segments or anode segment complexes be-
ing directed to other anode segments or anode segment
complexes of the segmented anode are rounded. Pref-
erably, the corners of the outer shape of all essentially
polyangular anode segments or anode segment com-
plexes of the segmented anode are rounded. Typically,
it was noted that such essentially uniform curvature pro-
vides a further increased homogeneity of the applied
coating. It is assumed that this results from a more con-
sistent electric field avoiding a point source concentration
of the field at the corners.
[0035] In further embodiments of the present invention
the anode segments, anode segment complexes or com-
binations thereof provide through going conduits from
the backside of the anode segment or anode segment
complex to the front side of the anode segment or anode
segment complex. The term "back side" according to the
present invention refers to the side of the anode segment
or anode segment complex being opposite to the front
side. Such types of segmented anodes typically allowed
a very efficient and homogenous transport of the treat-
ment liquid to the substrate avoiding local points and ar-
eas of concentrated or depleted treatment liquid. Typi-
cally it is preferred that all anode segments or anode
segment complexes of the inventive segmented anode
provide through going conduits.
[0036] In further embodiments of the present invention
the segmented anode provides an arrangement of
through going conduits on the front side of the segmented
anode, wherein at least 50 %, more preferred at least 70
%, even more preferred at least 90 %, of the through
going conduits provide at least one symmetry selected
from the group consisting of point symmetry, rotational
symmetry and mirror symmetry, more preferred from the
group consisting of point symmetry and rotational sym-
metry. Preferably, the reference point of the point sym-
metry, the rotational symmetry or both is the center of
the front side of the segmented anode and the mirror
symmetry is based on a plane going through said center.
Typically it is beneficial, if the front side of the segmented
anode provides at least two of the aforementioned sym-
metries. Such arrangement on the front side refers to the
arrangement of the openings of said through going con-
duits located on the front side of the segmented anode.
It was noted that providing at least one of such symmetry,
preferably at least two of such symmetries, typically pro-
vides a simplified adaption of the fluid stream according
to the chosen substrate and the current used for coating
to provide even further improved results.
[0037] In further embodiments of the present invention
the front side area of each anode segment or anode seg-
ment complex is at least 20 cm2, more preferred at least

30 cm2, even more preferred at least 35 cm2. Using small-
er anode segments or anode segment complexes typi-
cally provides a less pronounced beneficial effect.
[0038] In further embodiments of the present invention
the front side area of each anode segment or anode seg-
ments complex is at most 300 cm2, more preferred at
most 200 cm2, even more preferred at most 170 cm2.
Using bigger anode segments or anode segment com-
plexes typically provides a greatly increased complexity
of regulating the current applied to said anode segments
or anode segment complexes to further increase the
quality of the coating.
[0039] In further embodiments of the present invention
the front side area of each anode segment or anode seg-
ments complex is selected from the range from 20 cm2

to 300 cm2, more preferred from 30 cm2 to 200 cm2, even
more preferred from 35 cm2 to 170 cm2.
[0040] In further embodiments of the present invention
the segmented anode provides at least two, more pre-
ferred at least three, even more preferred at least four,
contacts, wherein each contact is adapted to electrically
connect one anode segment or one anode segment com-
plex to a treatment device to supply current to the seg-
mented anode for electroplating.
[0041] In further embodiments of the present invention
the at least two, more preferred at least three, even more
preferred at least four, anode segments, anode segment
complexes or combinations thereof are separated by an
isolator layer. Such isolator layer allows decreasing the
distance between the anode segments, anode segment
complexes or combinations thereof to provide a further
increased homogeneity of the electric field. Such isolator
layer can be, for example, placed on the sides of the
anode segments or anode segment complexes. Such
isolator layer ensures to provide a new isolator layer
when the segmented anodes are replaced during main-
tenance. However, such isolator layer can also be, for
example, integrated in a carrier element used to fasten
the anode segments in a treatment device. In such cases
the isolator layers can also provide a form to easily iden-
tify the exact position of each anode segment to be at-
tached during assembly to simplify maintenance. Natu-
rally, a combination of the aforementioned isolator layers
can be used to provide an increased security to isolate
the anode segments or anode segments complexes from
each other.
[0042] Furthermore, the present invention refers to a
module containing at least one inventive segmented an-
ode and at least one carrier element detachably connect-
ed to the segmented anode.
[0043] The term "module" as used herein refers to a
subunit of, for example, a treatment device. Preferably,
such subunit can be easily removed from a treatment
device to, for example, adapt the treatment device for
different substrates or treatments or to replace parts of
the module during maintenance. For example, such mod-
ule can be a subunit of the treatment device being adapt-
ed to certain substrates or treatment liquids. Herein, the
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inventive module provides the segmented anode being
mounted onto a carrier element, wherein it is preferred
that said segmented anode can be exchanged separately
or along with the carrier element. Such modular construc-
tion allows to easily replace the anode segments during
maintenance or adapt the module to, for example, sub-
strates of a different size by replacing the carrier element
as well as the segmented anode. However, it can also
be preferred that only the segmented anode can be easily
exchanged and to firmly attach the carrier element to the
module to, for example, increase the long term stability
of the module. The inventive treatment devices can be
easily adapted to new treatment methods using, for ex-
ample, very specific new treatment liquids by easily re-
placing the whole module with a new module being able
to, for example, provide a different flow rate or being able
to process treatment liquid providing a higher viscosity.
Also, such modules easily allow to quickly change from
one deposition step to another, as the simple exchange
of the complete module avoids difficult rinsing processes
to, for example, adapt the treatment device to the depo-
sition of a different galvanic metal.
[0044] As used herein, the term "galvanic metal" refers
to metals which are known to be suitable for electroplat-
ing, preferably vertical electroplating. Such galvanic met-
als contain gold, nickel, and copper, preferably copper.
[0045] In further embodiments of the present invention
the module is used for vertical electroplating. Herein, the
use of the inventive module provide the possibility to eas-
ily exchange the whole arrangement of segmented an-
ode, carrier element and module providing, for example,
a specific segmentation, size of the segmented anode,
through goings conduits, and treatment liquid supply to
greatly reduce the downtime resulting from, for example,
maintenance or adaption of the treatment device to new
treatments or substrates. This becomes, for example,
especially useful for the inventive segmented anode, as
the multiple anode segments require a higher amount
outer shape provides at least one symmetry of time to
be exchanged and the use of multiple small anode seg-
ments and their arrangement to each other require a high-
er precision than, for example, simply replacing a single
big anode plate.
[0046] In further embodiments of the present invention
the carrier element provides through going conduits
adapted to provide a fluid stream from the backside of
the carrier element through the through going conduits
of the carrier element and the through going conduits of
the anode segments to the front side of the segmented
anode. Such carrier elements provide a simple and effi-
cient distribution of the treatment liquid and increase the
length of the through going conduit resulting in a more
uniform stream of the treatment liquid.
[0047] In further embodiments of the present invention
the segmented anode is mounted onto a carrier element
adapted to provide electric current to the segmented an-
ode. Integrating the electrical connection into the carrier
element of the treatment device proved to be especially

useful to secure the contacting of each and every anode
segment. It was noted that providing a separate contact-
ing to the anode segments provides the possibility of fail-
ures during assembly while exchanging the anode seg-
ments during maintenance. Integrating the contacts into
the carrier element decreased corresponding dangers
[0048] In further embodiments of the present invention
the carrier element provides at least one fastening ele-
ment for each anode segment adapted to be controlled
or regulated separately or being part of an anode seg-
ment complex adapted to fasten the anode segment or
anode segment complex to the carrier element, wherein
the at least one fastening element is adapted to supply
electric current to the anode segment or wherein the car-
rier element provides at least one contact for each anode
segment being controlled or regulated separately or be-
ing part of an anode segment complex not being inte-
grated into the fastening element, or combinations there-
of. Integrating the electrical supply into the fastening el-
ements of the carrier element provides the benefit that
fastening the anode segment to the carrier element si-
multaneously establishes the electrical connection and
provides a reliable contacting without additional steps.
Typically, it was preferred that the carrier element pro-
vides at least one fastening element being adapted to
supply electric current for each of at least 60 %, more
preferred at least 80 %, even more preferred all, of the
anode segments adapted to be controlled or regulated
separately or being part of an anode segment complex.
Integrating the electrical supply into the parts of the car-
rier element not being adapted to fasten the anode seg-
ment to the carrier element typically increased the effort
required during exchange of the anode segments during
maintenance, however, for example provides require-
ments regarding the type and material of the fastening
elements.
[0049] In further embodiments of the present invention
the module provides at least one inlet and at least one
connection from the inlet to the through going conduits
of the carrier element adapted to provide a flow of the
treatment liquid from said inlet to the through going con-
duits of the carrier element and the through going con-
duits of the segmented anode to the substrate. Typically,
it is preferred that the module further contains a treatment
liquid chamber being connected to the through going con-
duits of the carrier element. Such arrangement allows to
easily connect and distribute the treatment liquid to the
through going conduits of the carrier element and the
segmented anode.
[0050] In further embodiments of the present invention
the at least one fastening elements adapted to supply
electric current to the anode segment contains at least
one element selected from the group of clips, screws,
bolts and spring locks, more preferred form the groups
of screws and spring locks adapted to fasten the anode
segment to the carrier element. According to further em-
bodiments it is especially preferred that the at least one
fastening element contains a screw. Using such fasten-
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ing element proved to typically provide a reliable fasten-
ing and electrical supply to the segmented anode.
[0051] In further embodiments of the present invention
the carrier element provides a front side adapted to be
directed towards the segmented anode, wherein the front
side of the carrier element provides recesses adapted to
receive the anode segments. Preferably, the front side
of the carrier element is shaped to provide an aligned
transition from the front side of the carrier element not
directly contacting with the segmented anode to the front
side of the segmented anode. Such aligned arrangement
provides a more homogenous flow of the treatment liquid
along the front side of the substrate.
[0052] In further embodiments of the present invention
the carrier element provides at least two, more preferred
at least three, even more preferred at least four, contacts,
wherein each contact is electrically connected to one an-
ode segment or one anode segment complex and the
contact is adapted to supply current to the anode seg-
ment or anode segment complex for electroplating.
[0053] Furthermore, the present invention refers a
treatment device for electroplating comprising an inven-
tive segmented anode or an inventive module.
[0054] In further embodiments of the present invention
the segmented anode is mounted onto a carrier element
adapted to provide electric current to the segmented an-
ode. Such defined carrier element provides the benefit
to exactly place the anode segments and electrically con-
tact the anode segment without the need to contact each
anode segment separately. Such assembly, for example,
shortens the required time during maintenance.
[0055] In further embodiments of the present invention
the treatment device is a device for vertical electroplating.
It was noted that the inventive segmented anodes proved
to be especially useful for vertical electroplating devices
providing a defined position of the substrate to be treated
during treatment. Herein, the substrate is preferably first
placed in front of the segmented anode before the elec-
troplating process is started.
[0056] In further embodiments of the present invention
the carrier element provides at least one fastening ele-
ment for each anode segment adapted to be controlled
or regulated separately or being part of an anode seg-
ment complex adapted to fasten the anode segment to
the carrier element, wherein the at least one fastening
element is adapted to supply electric current to the anode
segment or wherein the carrier element provides at least
one contact for each anode segment adapted to be con-
trolled or regulated separately or being part of an anode
segment complex to supply electric current to the anode
segment, wherein said contact is not integrated into a
fastening element, or combinations thereof.
[0057] In further embodiments of the present invention
the at least one fastening elements adapted to supply
electric current to the anode segment contains at least
one element selected from the group of clips, screws,
bolts and spring locks, more preferred from the groups
of screws and spring locks adapted to fasten the anode

segment to the carrier element. Using screws proved to
the especially beneficial
[0058] In further embodiments of the present invention
the carrier element provides a front side adapted to be
directed towards the segmented anode providing recess-
es adapted to receive the anode segments, anode seg-
ment complexes or combinations thereof.
[0059] Furthermore, the present invention refers to a
kit containing at least one inventive segmented anode
and at least one carrier element adapted to receive the
anode segments, anode segment complexes or combi-
nations thereof.
[0060] Furthermore, the present invention refers to a
method for electroplating of a substrate using an inven-
tive segmented anode, an inventive module, or an inven-
tive treatment device, wherein at least two, more pre-
ferred at least three, even more preferred at least four
anode segments, anode segment complexes or combi-
nations thereof are controlled or regulated separately.
[0061] In further embodiments of the present invention
at least two, more preferred at least three, even more
preferred at least four, different currents are applied to
different anode segments, anode segment complexes or
combinations thereof at the same time. Preferably, such
different currents are applied over at least 50 % of the
processing time. The term "processing time" according
to the present invention refers to the time a substrate is
treated using the inventive segmented anode, wherein a
current is applied to the segmented anode. Such appli-
cation of different currents to different zones of the seg-
mented anode allows to adapt the coating to the specific
substrate and treatment liquid to further improve the coat-
ing.
[0062] Furthermore, the present invention refers to an
use of at least one inventive segmented anode, at least
one inventive module, or at least one inventive treatment
device, for electroplating, preferably vertical electroplat-
ing.
[0063] It was noted that the inventive anodes, inventive
modules and inventive treatment devices proved to be
especially useful for vertical electroplating. Such process
can be, for example, used to deposit galvanic metals like
copper or nickel onto a surface of a semiconductor wafer.
Herein, the inventive anodes, modules and treatment de-
vices provide an improved coating, wherein the embod-
iments as disclosed in the detailed description provides
further improvements to fulfill specific requirements es-
pecially when combining several embodiments as dis-
closed herein.
[0064] The following non-limiting examples are pro-
vides to illustrate preferred embodiments of the present
invention and to facilitate understanding of the invention,
but are not intended to limit the scope of the invention,
which is defined by the claims appended hereto.
[0065] Figure 1 shows a schematic front view of an
inventive module 10’ of a preferred first embodiment con-
taining an inventive segmented anode 1’ mounted onto
a carrier element 8’. The segmented anode 1’ contains
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a front side 4’ with two anode segments 2’. These anode
segments 2’ provide the same front side area. The anode
segments 2’ of the segmented anode 1’ as shown in Fig-
ure 1’ are separated by an isolator layer 7’. Herein, the
carrier element 8’ of Figure 1 is made from a transparent
material showing the treatment liquid chamber 13’ behind
said carrier element 8’.
[0066] The two anode segments 2’ are in a shell like
form, wherein the outer most anode segment 2’ forms a
layer surrounding the other anode segment 2’. Herein,
the outer shape of the anode segments 2’ provides point
symmetry, rotational symmetry and mirror symmetry. Ad-
ditionally, the two anode segments 2’ show through going
conduits 6’ reaching from the backside of the anode seg-
ment 2’ to the front side 4’ of the anode segment 2’. Here-
in, the through going conduits 6’ are shown greatly mag-
nified to increase the visibility of the openings of said
through going conduits 6’ in the Figure. Said magnifica-
tion results in an overlapping of said through going con-
duits 6’ and the isolator layer in the schematic Figure.
Herein, the arrangement of the through going conduits
6’ on the front side 4’ of the segmented anode 1’ provides
point symmetry, rotational symmetry and mirror symme-
try. Said through going conduits 6’ of the anode segments
2’ are located in front of through going conduits of the
carrier element 8’ to allow a flow of the treatment liquid
from the treatment liquid chamber 13’ of the module 10’
though said through going conduits to the front side 4’ of
the segmented anode 1’.
[0067] The example of the inventive segmented anode
1’ is mounted onto a carrier element 8’ detachably con-
nected to the segmented anode 1’ and being part of a
module 10’, wherein said module 10’ can be easily re-
moved from a treatment device. The four indicated points
14’ of the fastening element 9’ for each anode segment
2’ are shown on the front side 4’ of the anode segments
2’. Said points of Figure 1’ only represent indications of
the fastening element located on the backside of the cor-
responding anode segment 2’. It is typically preferred that
said fastening elements do not reach to the front side 4’,
as such fastening elements tend to influence the surface
structure of the segmented anode 1’ and can result in
disturbances of the electric field or the flow of the treat-
ment liquid along the front side 4’ of the segmented anode
1’. In case of the inventive first embodiment a thread is
attached to the backside of the anode segment 2’, where-
in the anode segment 2’ is fastened to the carrier element
8’ by means of a screw being screwed through the carrier
element 8’ into said thread. In case of the inventive first
embodiment said fastening elements are further used to
provide the electric current to the anode segments 2’.
Herein, the contacts 11’ are placed on the top of the mod-
ule 10’ to easily contact the anode segments 2’ after plac-
ing the module 10’ into a treatment device.
[0068] The anode segments 2’ themselves are at-
tached in recesses of the carrier element 8’ to provide
an aligned transition from the anode segments 2’ to the
carrier element 8’ to prevent influences on the stream of

the treatment liquid flowing along the front side 4’ of the
segmented anode 1’. The isolator layer 7’ separating the
two segments in this embodiment is a protrusion of the
polymeric material of the carrier element 8’ securely sep-
arating the anode segments 2’.
[0069] Figure 2a shows a schematic front view of an
inventive module 10" of a preferred second embodiment
containing an inventive segmented anode 1" mounted
onto a carrier element 8". The segmented anode 1" con-
tains a front side 4" with three anode segments 2". These
anode segments 2" provide the same front side area.
The anode segments 2" of the segmented anode 1" as
shown in Figure 2a" are separated by an isolator layer 7".
[0070] The three anode segments 2" are in a shell like
form. Herein, the outer shape of the anode segments 2"
provides point symmetry, rotational symmetry and mirror
symmetry. Additionally, the three anode segments
2" show through going conduits 6" reaching from the
backside of the anode segment 2" to the front side 4" of
the anode segment 2". Herein, the through going con-
duits 6" are shown greatly magnified to increase the vis-
ibility of the openings of said through going conduits 6" in
the Figure. Said magnification results in an overlapping
of said through going conduits 6" and the isolator layer
in the schematic Figure. Herein, the arrangement of the
through going conduits 6" on the front side 4" of the seg-
mented anode 1" provides point symmetry, rotational
symmetry and mirror symmetry. Said through going con-
duits 6" of the anode segments 2" are located in front of
through going conduits of the carrier element 8" to allow
a flow of the treatment liquid from the treatment liquid
chamber 13" of the module 10" though said through go-
ing conduits to the front side 4" of the segmented anode
1".
[0071] The example of the inventive segmented anode
1" is mounted onto a carrier element 8" detachably con-
nected to the segmented anode 1" and being part of a
module 10", wherein said module 10" can be easily re-
moved from a treatment device. The fastening elements
9" used to fasten the anode segments 2" are screwed
from the front side and, thus, are visible in the Figure.
Such type of fastening provides a simplified fastening of
the anode segment 2" during maintenance. In case of
the inventive second embodiment said fastening ele-
ments are further used to provide the electric current to
the anode segments 2". Herein, the contacts 11" are
placed on the top of the module 10" to easily contact the
anode segments 2" after placing the module 10" into a
treatment device.
[0072] The anode segments 2" themselves are at-
tached in recesses of the carrier element 8" to provide
an aligned transition from the anode segments 2" to the
carrier element 8" to prevent influences on the stream of
the treatment liquid flowing along the front side 4" of the
segmented anode 1". The isolator layer 7" separating the
two segments in this embodiment is a protrusion of the
polymeric material of the carrier element 8" securely sep-
arating the anode segments 2".
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[0073] Figure 2b shows a schematic perspective view
of the inventive module 10" of the preferred second em-
bodiment containing an inventive segmented anode 1"
mounted onto a carrier element 8" as shown in Figure 2a.
[0074] Figure 3a shows a schematic front view of an
inventive module 10"’ of a preferred third embodiment
containing an inventive segmented anode 1"’ mounted
onto a carrier element 8"’. The segmented anode 1"’ con-
tains a front side 4"’ with four anode segments 2"’. These
anode segments 2"’ provide the same front side area.
The anode segments 2"’ of the segmented anode 1"’ as
shown in Figure 3a are separated by an isolator layer 7"’.
Herein, the carrier element 8"’ of Figure 3a is made from
a transparent material showing the treatment liquid
chamber 13"’ behind said carrier element 8"’.
[0075] The four anode segments 2"’ are in a shell like
form. Herein, the outer shape of the anode segments 2"’
provides point symmetry, rotational symmetry and mirror
symmetry. Furthermore, the anode segments 2"’ provide
essentially rectangular outer shapes with rounded cor-
ners 5"’. Additionally, the four anode segments 2"’ show
through going conduits 6"’ reaching from the backside of
the anode segment 2"’ to the front side 4"’ of the anode
segment 2"’. Herein, the through going conduits 6"’ are
shown greatly magnified to increase the visibility of the
openings of said through going conduits 6"’ in the Figure.
Said magnification results in an overlapping of said
through going conduits 6"’ and the isolator layer in the
schematic Figure. Herein, the arrangement of the
through going conduits 6"’ on the front side 4"’ of the
segmented anode 1"’ provides point symmetry, rotational
symmetry and mirror symmetry. Said through going con-
duits 6"’ of the anode segments 2"’ are located in front
of through going conduits of the carrier element 8"’ to
allow a flow of the treatment liquid from the treatment
liquid chamber 13"’ of the module 10"’ though said
through going conduits to the front side 4"’ of the seg-
mented anode 1"’.
[0076] The example of the inventive segmented anode
1"’ is mounted onto a carrier element 8"’ detachably con-
nected to the segmented anode 1"’ and being part of a
module 10"’, wherein said module 10"’ can be easily re-
moved from a treatment device. The indicated points 14"’
of the fastening element for each anode segment 2"’ are
shown on the front side 4"’ of the anode segments 2"’.
Said points of Figure 3a only represent indications of the
fastening element located on the backside of the corre-
sponding anode segment 2"’. In case of the inventive
third embodiment according to Figure 3a a thread is at-
tached to the backside of the anode segment 2"’, wherein
the anode segment 2"’ is fastened to the carrier element
8"’ by means of a screw being screwed through the carrier
element 8"’ into said thread. In case of the inventive third
embodiment said fastening elements are further used to
provide the electric current to the anode segments 2"’.
Herein, the contacts 11"" are placed on the top of the
module 10"’ to easily contact the anode segments 2"’
after placing the module 10"’ into a treatment device.

[0077] The anode segments 2"’ themselves are at-
tached in recesses of the carrier element 8"’ to provide
an aligned transition from the anode segments 2"’ to the
carrier element 8"’ to prevent influences on the stream
of the treatment liquid flowing along the front side 4"’ of
the segmented anode 1"’. The isolator layer 7"’ separat-
ing the two segments in this embodiment is a protrusion
of the polymeric material of the carrier element 8"’ se-
curely separating the anode segments 2"’.
[0078] Figure 3b shows a schematic perspective view
of the inventive module 10"’ of the preferred third embod-
iment containing an inventive segmented anode 1"’
mounted onto a carrier element 8"’. Herein, three open-
ings 12"’ of the treatment liquid chamber 13"’ are visible
connecting said chamber to the inlets of the module 10"’.
The through going conduits and the indicated points of
the fastening elements 9"’ are difficult to differentiate in
the perspective view and are, therefore, not labelled.
[0079] Figure 4 shows a schematic front view of an
inventive module 10"" of a preferred fourth embodiment
containing an inventive segmented anode 1"" mounted
onto a carrier element 8"". The segmented anode 1""
contains a front side 4"" with a combination of two anode
segments 2"" and two anode segment complexes 3"".
These anode segments 2"" and anode segment com-
plexes 3"" provide the same front side area. The anode
segments 2"" and anode segment complexes 3"" of the
segmented anode 1"" as shown in Figure 4 are separated
by an isolator layer 7"". Herein, the carrier element 8"" of
Figure 4"" is made from a transparent material showing
the treatment liquid chamber 13"" behind said carrier el-
ement 8"".
[0080] The four anode segments 2"" are in a shell like
form. Herein, the outer shape of the anode segments 2""
and the anode segment complexes 3"" provides point
symmetry, rotational symmetry and mirror symmetry.
Furthermore, the anode segments 2"" and anode seg-
ment complexes 3"" provide essentially rectangular outer
shapes with rounded corners 5. Additionally, the two an-
ode segments 2"" and the two anode segment complexes
3"" show through going conduits 6"" reaching from the
backside of the anode segment 2"" or anode segment
complex 3"" to the front side 4"" of the anode segment
2"" or anode segment compelx 3"". Herein, the through
going conduits 6"" are shown greatly magnified to in-
crease the visibility of the openings of said through going
conduits 6"" in the Figure. Said magnification results in
an overlapping of said through going conduits 6"" and
the isolator layer 7"" in the schematic Figure. Herein, the
arrangement of the through going conduits 6"" on the
front side 4"" of the segmented anode 1"" provides point
symmetry, rotational symmetry and mirror symmetry.
Said through going conduits 6"" of the anode segments
2"" and anode segment complexes 3"" are located in front
of through going conduits of the carrier element 8"" to
allow a flow of the treatment liquid from the treatment
liquid chamber 13"" of the module 10"" through said
through going conduits to the front side 4"" of the seg-
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mented anode 1"".
[0081] The example of the inventive segmented anode
1"" is mounted onto a carrier element 8"" detachably con-
nected to the segmented anode 1"" and being part of a
module 10"", wherein said module 10"" can be easily re-
moved from a treatment device. The indicated points 14""
of the fastening element 9"" for each anode segment 2""
and part of the anode segment complex 3"" are shown
on the front side 4"" of the anode segments 2"". Said
points of Figure 4 only represent indications of the fas-
tening element located on the backside of the corre-
sponding anode segment 2"". In case of the inventive
fourth embodiment according to Figure 4 a thread is at-
tached to the backside of the anode segment 2"" and the
parts of the anode segment complexes 3"", wherein the
anode segment 2"" or anode segment complex 3"" is fas-
tened to the carrier element 8"" by means of a screw
being screwed through the carrier element 8"" into said
thread. In case of the inventive fourth embodiment said
fastening elements are further used to provide the electric
current to the anode segments 2"" and anode segment
complexes 3"". Herein, the contacts 11"" are placed on
the top of the module 10"" to easily contact the anode
segments 2"" and anode segment complexes 3"" after
placing the module 10"" into a treatment device.
[0082] The anode segments 2"" and anode segment
complexes 3"" themselves are attached in recesses of
the carrier element 8"" to provide an aligned transition
from the anode segments 2"" and anode segment com-
plexes 3"" to the carrier element 8"" to prevent influences
on the stream of the treatment liquid flowing along the
front side 4"" of the segmented anode 1"". The isolator
layer 7"" separating the anode segments 2"" and anode
segment complexes 3"" in this embodiment is a protru-
sion of the polymeric material of the carrier element 8""
securely separating the anode segments 2"" and anode
segment complexes 3"".

Reference Signs

[0083]

1’, 1 ", 1"’, 1"": segmented anode
2’, 2", 2"’, 2"": anode segment
3"": anode segment complex
4’, 4", 4"’, 4"": front side of the segmented anode
5"’: corner
6’, 6", 6"’, 6"": through going conduits
7’, 7", 7"’, 7"": isolator layer
8’, 8", 8"’, 8"": carrier element
9", 9"’: fastening element
10’, 10", 10"’, 10"": module
11’, 11 ", 11"’, 11"": contact of the module
12"’: opening of the treatment chamber connected
to an inlet
13’, 13", 13"’, 13"": treatment liquid chamber
14’, 14"’, 14"": indicated point of the fastening ele-
ment

Claims

1. A segmented anode (1’, 1", 1"’, 1"") containing at
least two anode segments (2’, 2", 2"’, 2""), anode
segment complexes (3"") or combinations thereof,
wherein each anode segment (2’, 2", 2"’, 2"") or an-
ode segment complex (3"") provides a front side (4’,
4", 4"’, 4""),
wherein the front side (4’, 4", 4"’, 4"") contains a front
side area,
wherein the at least two anode segments (2’, 2", 2"’,
2""), anode segment complexes (3"") or combina-
tions thereof provide an average front side area,
wherein the front side area of each of the anode seg-
ments (2’, 2", 2"’, 2""), anode segment complexes
(3"") or combinations thereof deviates less than 20
% from the average front side area of the anode seg-
ments, anode segment complexes or combinations
thereof.

2. The segmented anode (1’, 1 ", 1"’, 1"") according to
claim 1, wherein the anode segments (2’, 2", 2"’, 2""),
anode segment complexes (3"") or combinations
thereof are arranged in a shell like form, and
wherein at least one anode segment (2’, 2", 2"’, 2"")
or anode segment complex (3"") forms a layer sur-
rounding at least one more interior anode segment
(2’, 2", 2"’, 2"") or anode segment complex (3"").

3. The segmented anode (1’, 1 ", 1"’, 1"") according to
any of claims 1 to 2, wherein each of the anode seg-
ments (2’, 2", 2"’, 2"") or anode segment complexes
(3"") provides an outer shape,
wherein the outer shape provides at least one sym-
metry selected from the group consisting of point
symmetry, rotational symmetry and mirror symme-
try.

4. The segmented anode (1’, 1 ", 1"’, 1"") according to
any of claims 1 to 3, wherein each of the anode seg-
ments (2’, 2", 2"’, 2""), anode segment complexes
(3"") or combinations thereof provides an outer
shape,
wherein the corners (5"’) of the outer shape of es-
sentially polyangular anode segments (2’, 2", 2"’, 2"")
or anode segment complexes (3"") being directed to
other anode segments (2’, 2", 2"’, 2"") or anode seg-
ment complexes of the segmented anode (1’, 1", 1"’,
1"") are rounded.

5. The segmented anode (1’, 1", 1"’, 1"") according to
any of claims 1 to 4, wherein the anode segments
(2’, 2", 2"’, 2""), anode segment complexes (3"") or
combinations thereof provide through going conduits
(6’, 6", 6"’, 6"") from the backside of the anode seg-
ment (2’, 2", 2"’, 2"") or anode segment complex (3"")
to the front side (4’, 4", 4"’, 4"") of the anode segment
(2’, 2", 2"’, 2"") or anode segment complex (3""), and
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wherein the segmented anode (1’, 1 ", 1"’, 1"") pro-
vides an arrangement of through going conduits (6’,
6", 6"’, 6"") on the front side (4’, 4", 4"’, 4"") of the
segmented anode (1’, 1 ", 1"’, 1""), wherein at least
50 % of the through going conduits (6’, 6", 6"’, 6"")
provide at least one symmetry selected from the
group consisting of point symmetry, rotational sym-
metry and mirror symmetry.

6. The segmented anode (1’, 1", 1"’, 1"") according to
any of claims 1 to 5, wherein the front side area of
each anode segment (2’, 2", 2"’, 2"") or anode seg-
ment complex (3"") is at least 20 cm2.

7. The segmented anode (1’, 1", 1"’, 1"") according to
any of claims 1 to 6, wherein the front side area of
each anode segment (2’, 2", 2"’, 2"") or anode seg-
ments complex (3"") is at most 300 cm2.

8. The segmented anode (1’, 1", 1"’, 1"") according to
any of claims 1 to 7, wherein the at least two anode
segments (2’, 2", 2"’, 2""), anode segment complex-
es (3"") or combinations thereof are separated by an
isolater layer (7’, 7", 7"’, 7"").

9. Module (10’, 10", 10"’, 10"") containing at least one
segmented anode (1’, 1 ", 1"’, 1"") according to any
of claims 1 to 8 and at least one carrier element (8’,
8", 8"’, 8"") detachably connected to the segmented
anode (1’, 1 ", 1"’, 1"").

10. The module (10’, 10", 10"’, 10"") according to claim
9, wherein the module (10’, 10", 10"’, 10"") provides
at least one inlet and at least one connection from
the inlet to the through going conduits of the carrier
element adapted to provide a flow of the treatment
liquid from said inlet to the through going conduits
of the carrier element and the through going conduits
(6’, 6", 6"’, 6"") of the segmented anode (1’, 1 ", 1"’,
1"") to the substrate.

11. The module (10’, 10", 10"’, 10"") according to any of
claims 9 to 10, wherein the carrier element (8’, 8",
8"’, 8"") contains a front side, wherein the front side
of the carrier element (8’, 8", 8"’, 8"") contains re-
cesses for receiving the anode segments (2’, 2", 2"’,
2"").

12. Treatment device for electroplating comprising a
segmented anode (1’, 1 ", 1"’, 1"") according to any
of claims 1 to 8 or a module (10’, 10", 10"’, 10"")
according to any of claims 9 to 11.

13. The treatment device according to claim 12, wherein
the treatment device is a device for vertical electro-
plating.

14. Method for electroplating of a substrate using a seg-

mented anode (1’, 1", 1"’, 1"") according to any of
claims 1 to 8, a module (10’, 10", 10"’, 10"") according
to any of claims 9 to 11, or a treatment device ac-
cording to any of claims 12 to 13, wherein at least
two anode segments (2’, 2", 2"’, 2""), anode seg-
ments complexes (3"") or combinations thereof are
controlled or regulated separately.

15. Use of at least one segmented anode (1’, 1", 1"’, 1"")
according to any of claims 1 to 8, at least one module
(10’, 10", 10"’, 10"") according to any of claims 9 to
11, or at least one treatment device according to any
of claims 12 to 13, for electroplating.

19 20 



EP 3 287 549 A1

12



EP 3 287 549 A1

13



EP 3 287 549 A1

14



EP 3 287 549 A1

15



EP 3 287 549 A1

16



EP 3 287 549 A1

17



EP 3 287 549 A1

18

5

10

15

20

25

30

35

40

45

50

55



EP 3 287 549 A1

19

5

10

15

20

25

30

35

40

45

50

55



EP 3 287 549 A1

20

5

10

15

20

25

30

35

40

45

50

55



EP 3 287 549 A1

21

5

10

15

20

25

30

35

40

45

50

55


	bibliography
	abstract
	description
	claims
	drawings
	search report

