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Electrode and apparatus for electrolytically treating a workpiece, assembly for

forming a cell of the apparatus and method and computer program

Technical field

The invention relates to an electrode for an apparatus for electrolytically treat-
ing a workpiece, the apparatus being of a type arranged to convey the work-
piece with a surface to be treated past and directed towards a surface of the
electrode,

wherein the electrode is divided into segments at at least this surface of
the electrode,

wherein the segments are arranged next to each other in a first direc-
tion,

wherein adjacent segments are separated from each other along respec-
tive segment edges such as to allow adjacent segments to be maintained at
different respective voltages, and

wherein the segment edges extend at least partly in a second direction
from a common value of a co-ordinate in the second direction to an edge of at
least an electrically conducting part of the electrode surface, the second direc-
tion being transverse to the first direction and corresponding to a direction of

movement of the workpiece, in use.

The invention also relates to an assembly for forming a cell of an electrolytic

processing apparatus.

The invention also relates to an electrolytic processing apparatus comprising
at least one processing cell.

The invention also relates to a method comprising at least a computer-imple-
mented step of designing an electrode of the above-mentioned type.

The invention also relates to a computer program.



10

15

20

25

30

WO 2021/156415 PCT/EP2021/052760

Background Art

Yang, L. et al., ‘Copper plating uniformity on resistive substrate with seg-
mented anode’, ECS Meeting Abstracts, 224" Meeting, Abstract # 2089, 1 No-
vember 2013, Retrieved from the Internet: <URL: https://iop-
science.iop.org/article/10.1149/MA2013-02/29/2089/pdf> relates to a method
to improve the wafer-scale copper plating uniformity on resistive substrates

using segmented anodes. In such a plating cell set-up, instead of one circular
anode, multiple ring-shaped segments on which the input current can be con-
trolled are used. Specifically disclosed is an anode configuration with three

concentric segments.

US 6,919,010 B1 discloses an anode assembly including a primary, azimuthally
asymmetric anode and multiple secondary anode segments. The workpiece
lies above the anode assembly and rotates about an axis substantially aligned
with a centre axis of the anode assembly. In a typical embodiment, the foot-
print of the workpiece corresponds (at least roughly) to the perimeter of the
anode assembly. Initially, to provide a large fraction ionic current to the cen-
tral region of the workpiece (proximate the rotation axis), only the asymmetric
anode is energised and provides current. The region of the assembly occupied
by the segments do not provide any significant current during this initial phase
of the plating process, when the terminal effect is most severe. Thus, at any
given instant in time, a relatively large section of the workpiece periphery is
not located over the top of the anode (or otherwise aligned with any portion of
the anode). A plating cell has a vessel for holding electrolyte. A wafer holder
holds a wafer, which has a seed layer thereon. A circuit distributes the plating
current variably to each of two anodes, a primary asymmetric anode and a
secondary asymmetric anode.

EP 1 419 290 B1 discloses a horizontal electroplating system for circuit boards
comprising upper and lower anodes arranged behind one another in a
transport direction of the circuit boards. The workpiece, in this case the cir-
cuit board, is held by at least one clamp, electrically contacted and trans-
ported from one anode to the next anode. Current is fed to the circuit board

via contacts and the clamp. The anodes are divided into individual electrically
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isolated anode segments divided transverse to the transport direction. The
anode segments together with a base layer on the circuit board form electro-
Iytic partial cells. Each partial cell is fed with current from a separate current
source, for instance its own segment rectifier. The circuit board to be treated
constitutes the cathode of the partial cells with its upper layer to be metal-
lised. In an embodiment, separating lines delineating the anode segments run
at an angle a > 0 to the transport direction of the workpieces. Given suffi-
ciently large obliqueness of the separating lines and thus of the segmentation
of the anodes and insulation, almost all areas of the circuit boards to be pro-
duced are run briefly over or under the insulation area of each anode. In this
way, the influence of the insulation on the layer thickness is balanced out. In
the preferred embodiment, the angle « relative to the transport direction in
side edge regions of the circuit boards, particularly in the region close to the
clamps, should be chosen to be smaller than in the far-removed (contact-re-
mote) region, since the voltage drop-offs in the base layer due to the large
current arising there in the region close to the clamps are substantially greater
per unit length than in the region removed from the clamps.

The current density across the workpiece can be made more uniform by in-
creasing the number of segments, but there is a limit to this, due to the fact
that the insulation between the segments also takes up some surface area.
Moreover, the associated increase in the number of rectifiers required to main-
tain the segments at individual respective voltage levels increases the com-
plexity and costs of the electroplating system. In practice, the attainable vari-
ation in thickness of the coating on the workpiece is not better than 13 %.

Further improvements are attainable by influencing the electrolyte flow. In a
current system with segmented anodes in which shielding devices in the form
of apertured plates are provided between the anodes and the workpiece, plugs
are inserted into certain apertures. However, determining which apertures to
plug is complex and the actual insertion time-consuming. The plug pattern de-
pends on the distance between the anode and the workpiece surface. This
pattern must therefore be determined separately for each of the anodes past

which the workpiece is conveyed and a new pattern must be determined and
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set if a workpiece with a different initial thickness is to be processed. Even

then, the thickness variation is still not much better than 7 %.

Summary of Invention

It is an object of the invention to provide an electrode, assembly, electrolytic
processing apparatus, method and computer program that allow an improved
uniformity of current density to be obtained across at least the majority of the

extent of the workpiece in the first direction.

This object is achieved according to a first aspect by the electrode according
to the invention, which is characterised in that the segment edges between at
least one pair of adjacent segments extend along respective paths of which an
angle to the electrode surface edge decreases from the common value of the

co-ordinate to the electrode surface edge.

The electrode can be used as an anode in a cell of a galvanic plating appa-
ratus, e.g. for plating planar workpieces in the form of panels or foils. The
electrode can also be used as the cathode in an etching apparatus. The exam-
ple of galvanic plating apparatus is used here to explain the effects of the

electrode.

In such an apparatus, the workpiece is conveyed vertically or horizontally
through an electrolyte. The workpiece is conveyed with a surface to be
treated past and directed towards the electrode surface, the two surfaces be-
ing essentially parallel. There may be non-conducting structures between the

surface to be treated and the electrode surface, e.g. shielding structures.

At the start of the plating process, there is only a very thin conducting layer
on the surface of the workpiece, e.g. deposited by means of vapour deposition
or electroless plating. The workpiece is only contacted electrically at one or
both edges (seen in the first direction, which is transverse to the direction of
movement) by clamps. The resistance of the thin conducting layer is relatively
large compared with that of the electrolyte. The voltage at the surface of that
layer therefore drops off relatively steeply in the first direction. Without seg-
mentation of the electrode (functioning as the anode in the plating example),
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there would be a large current density near the clamp or clamps. Since the

current density through the electrolyte bath from the surface of the workpiece
to the anode determines the rate at which the layer thickness increases, non-
uniformities in the current density lead to non-uniformities in the thickness of

the deposited layer of plating material.

The proposed electrode is divided into segments at at least the surface of the
electrode facing the surface to be plated. These segments are mutually elec-
trically isolated or weakly coupled, so that they can be held at different volt-
ages by individual respective rectifiers. The current passing from each seg-
ment to the workpiece surface can be controlled individually. Because the
segments are arranged next to each other in the first direction, the direction
in which the voltage at the workpiece surface drops off, a more uniform volt-

age difference across the electrolyte bath can be maintained.

Adjacent segments are separated from each other along respective segment
edges. These segment edges extend partly in a second direction, the second
direction being transverse to the first direction and corresponding to a direc-

tion of movement of the workpiece, in use.

The segment edges extend from a common value of a co-ordinate in the sec-
ond direction to an edge of at least an electrically conducting part of the elec-
trode surface. The common value of the co-ordinate may correspond to an
opposite edge in the second direction. It may alternatively correspond to the
middle of the electrode, in cases where the paths of the segment edges are
comprised of two sections that are mirror images of each other. The segment
edges will generally extend to a respective end point at the edge of the elec-
trically conducting part of the electrode. The values of the co-ordinate in the
second direction at the respective end points will generally deviate by less
than 10 %, for example less than 5 %, from a mean value of that co-ordinate
at these end points. In most embodiments, the values of the co-ordinate in
the second direction at the respective end points will be the same. The edge
will thus be essentially straight. This is generally the case for electrodes for
an apparatus for electrolytically treating a workpiece, where the apparatus is
of a type arranged to convey the workpiece past a surface of the electrode.
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Otherwise, the workpiece would not be processed equally across the width

(corresponding to the first direction) of the workpiece. Furthermore, multiple
electrodes of this type can then be arranged in a row in the second direction,
corresponding to the direction of movement of the workpiece, in use, without

large uneven gaps between successive electrodes.

If the segment edges were to extend only in the second direction — this means
they would be straight lines - the result would be lines on the surface of the
workpiece, where the gap separating the edges of adjacent segments prevents
a flow of current through the electrolyte bath. Moreover, there would still be
non-uniformity of current density in the first direction between the co-ordi-
nates of the segment edges, i.e. within sections corresponding to electrode

segments.

The latter effect is countered by the fact that the segment edges between at
least one pair of adjacent segments extend along respective paths of which an
angle to the electrode surface edge decreases from the common value of the
co-ordinate to the electrode surface edge. Because the angle decreases, the
paths are not straight lines, but curves or piecewise linear curves. At each co-
ordinate in the first direction, the workpiece passes two segments for different
respective durations, where the ratio between the durations changes non-line-
arly to compensate for the non-linear voltage drop-off in the conducting layer
on the surface of the workpiece. As a result, the average current density is
relatively uniform in the first direction. This is at least the case for a central
region away from the edges, since edge effects due to the flow of electrolyte
and the contacting of the workpiece may be a further cause of non-uniformity.

The segment edges between any pair of adjacent segments will generally have
the same shape. The opposing segment edges of each segment may extend
along respective paths having different shapes.

In an embodiment, at least within each half of the electrode seen in the first
direction, the paths extend in a same sense in the first direction from the com-
mon value of the co-ordinate to the electrode surface edge.
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That is to say that the paths are all inclined in the same direction, at least
within each half of the electrode seen in the first direction. The direction of
movement in the first direction along each path of a hypothetical observer
travelling along the path from the point at which the second co-ordinate is at
the common value to the electrode surface edge has the same sign. The sign
is both the same along the extent of each path, i.e. does not change along the
path, and the same for all the paths concerned (all of them or all of them
within each respective half). For applications in which the workpiece is con-
tacted at both opposite edges, the paths extend in a same sense in the first
direction from the common value of the co-ordinate to the electrode surface
edge only within each half of the electrode. For applications in which the
workpiece is contacted at only one edge, all the paths extend in the same
sense in the first direction from the common value of the co-ordinate to the

electrode surface edge.

In an embodiment, the paths from the common value of the co-ordinate to the

electrode surface edge are curves.

Compared to piecewise linear curves, this embodiment achieves a more uni-

form current density average.

In an embodiment, at least the electrically conducting part of the electrode
surface comprises two halves, seen in the second direction, wherein respective
sections of the segment edges in one half are a mirror image of respective
sections of the segment edges in the other half with respect to a line of sym-

metry located at the common value of the co-ordinate.

This allows the paths to have a higher inclination. That in turn helps avoid the
striping effect mentioned above that is due to sections of the workpiece sur-
face passing only or nearly only past the non-conducting separations between
segments.

In an embodiment, a point at the electrode surface edge on a path of a first of
the segment edges of each segment is at the same co-ordinate value or re-
moved in the first direction from a point at the common value of the co-ordi-
nate on the path of the other of the segment edges of that segment.
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If one labels the co-ordinate in the first direction as the x-co-ordinate and the
co-ordinate in the second direction as the y-co-ordinate, a first edge of a seg-
ment extends from a point (xz,)) at the common value (yy) of the y-co-ordi-
nate to the point (xz,y:) at the electrode surface edge. The second edge of
the segment extends from a point (x3,)s) at the common value yo of the y-co-
ordinate to the point (x4 y:) at the electrode surface edge. In this embodi-
ment, x3 2 x2. As a result, there are no values of the co-ordinate x in the first
direction for which the workpiece surface passes under or over an insulating
barrier between adjacent segments more than once or twice. Furthermore,
each point on the workpiece surface faces at most two segment voltages, sim-

plifying the configuration of the apparatus cell comprising the electrode.

In an embodiment, at least within each half of the electrode seen in the first
direction, a width of the segments, corresponding to a distance between the
edges of a segment at the common value of the co-ordinate, increases from

segment to segment in the first direction.

This further takes account of the fact that the voltage at the workpiece sur-
face falls off most steeply at the edge where the workpiece is contacted.
Where the electrode is intended for applications in which the workpiece is held
at both edges by clamps that determine its voltage, then the above-mentioned
condition would be true within each half of the electrode, seen in the first di-

rection, with the width being smallest where the two halves join.

Such an effect is also achieved in an embodiment in which, at least within
each half of the electrode seen in the first direction, an angle to the electrode
surface edge of the paths of a pair of segment edges between a pair of adja-
cent segments at the surface edge increases from pair to pair in the first di-

rection.

The segment edges closest in the first direction to the electrode edge at which
the workpiece is electrically contacted have a relatively small inclination,
whereas those further removed from that electrode edge have a relatively
large inclination. Here also, where the electrode is intended for applications
in which the workpiece is held at both edges by clamps that determine its volt-
age, then the above-mentioned condition would be true within each half of the
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electrode, seen in the first direction, with the angle being smallest for the

pairs closest to where the two halves join.

In an embodiment, the electrode comprises a mesh electrode.

In particular, the electrode surface, and thus the segment surfaces, may be
formed by the mesh. An effect is that electrolyte can flow through the elec-
trode. The electrolyte between the electrode and the workpiece surface can
thus be replenished relatively uniformly. This uniform replenishment is
achievable without providing conduits or the like between the electrode and
the workpiece. This in turn allows for relatively uniform current density aver-

ages to be attained.

In an embodiment, the electrode is at least in accordance with a design ob-
tainable by executing a method according to the invention, if not obtainable by

executing a method according to the invention.

According to another aspect, the assembly according to the invention for form-
ing a cell of an electrolytic processing apparatus comprises at least one elec-

trode according to the invention.

There may of course be two such electrodes in cells for processing both sides
of a planar workpiece simultaneously, for example. The cell further includes
at least one device for filling a space between the workpiece surface and the
electrode with an electrolyte. This at least one device may be configured to
circulate the electrolyte, such that the electrolyte passes out of the space be-
tween the workpiece surface and the electrode through a window at an edge

of the electrode in the first direction.

An embodiment of the cell further comprises at least one shielding device, ex-
tending in the first and second directions in front of the electrode surface of
one of the at least one electrodes.

This embodiment helps prevent contact between the electrode and the work-
piece, in particular where the workpiece is a relatively thin workpiece sup-
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ported only at one or more of the edges of the workpiece. The shielding de-
vice may also be used to influence the electric field between the surface of the
workpiece to be treated and the electrode surface. The shielding device can in
particular be used to improve the uniformity of the current density average,

e.g. by compensating for edge effects.

In an example of such an embodiment, the shielding device comprises a plate,
provided with a multitude of through-going channels pervious to liquid and

distributed in the first and second directions.

An effect is that electrolyte can flow through the shielding device. The elec-
trolyte between the electrode and the workpiece surface can thus be replen-
ished relatively uniformly without providing conduits or the like between the
electrode and the workpiece. The distribution and/or size of the channels can
be locally non-uniform in order to compensate for other non-uniformities. Lo-
cally allowing more electrolyte through reduces the bath resistance and in-
creases the current density, thus compensating for distortions of the electric
field due to other structures or edge effects. Regular flow may be achieved
where the channels are distributed uniformly and regularly with a certain pitch
in accordance with a grid. Local increases in permeability may be achievable
by locally interconnecting adjacent channels. Local decreases in permeability

may be achievable by locally omitting channels at certain positions on the grid.

In a particular version of this example, all paths extend in a same sense in the
first direction from the common value of the co-ordinate to the electrode sur-
face edge, and an integral of a liquid-pervious area of the through-going chan-
nels in a strip of the plate extending in the second direction along an edge of
the plate in front of an edge of the electrode surface approached by the paths
as they progress from the common value of the co-ordinate to the electrode
surface edge is lower than in an adjacent parallel strip of the plate of the
same width.

The integral of a liquid-pervious area of the through-going channels in the
strip of the plate extending in the second direction along an edge of the plate
in front of an edge of the electrode surface approached by the paths as they
progress from the common value of the co-ordinate to the electrode surface
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edge may be lower than an average value for all parallel strips of the plate of
the same width. When all paths extend in a same sense in the first direction
from the common co-ordinate to the electrode surface edge, the electrode is
configured for use with workpieces that are electrically contacted at only one
edge. A strip at the edge of the shielding device plate facing the opposite
edge of the workpiece is relatively impervious to liquid. There is a window at
this edge, through which electrolyte passes out of the space between the
shielding device and the workpiece surface. Without the relatively closed
strip, a relatively high current density average would be achieved at his edge.
This would give rise to a locally increased thickness of the layer formed in a
plating apparatus comprising the assembly. In other words, an imaginary strip
at the edge of the shielding device plate that is furthest away from the edge

located where the electrode is clamped is relatively impervious to liquid.

In an example of the embodiment of the assembly in which the cell further
comprises at least one shielding device, extending in the first and second di-
rections in front of the electrode surface of one of the at least one electrodes,
and the shielding device comprises a plate, provided with a multitude of
through-going channels pervious to liquid and distributed in the first and sec-
ond direction, for each segment, at least one electrical contact is provided at a
respective location having a co-ordinate in the first direction, and an integral
of a liquid-pervious area of the through-going channels in a strip of the plate
extending in the second direction at the co-ordinate in the first direction is
lower than in adjacent parallel strips of the same width.

The strip that lets through less electrolyte compensates for the increased cur-
rent density average that would otherwise be established at the co-ordinate in
the first direction of the electrical contact.

In an example of the embodiment of the assembly in which the cell further
comprises at least one shielding device, extending in the first and second di-
rections in front of the electrode surface of one of the at least one electrodes,
and the shielding device comprises a plate, provided with a multitude of
through-going channels pervious to liquid and distributed in the first and sec-
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ond direction, the plate is fixed by at least one fastener extending in a direc-
tion transverse to the plate and located at an associated position having a co-
ordinate in the first direction, the fastener having a cross-section with a cer-
tain width at a surface of the plate distal to the electrode, wherein an integral
of a liquid-pervious area of the through-going channels in sections of a strip of
the plate with the certain width extending in the second direction at the co-or-
dinate in the first direction is higher than in adjacent sections of adjacent par-

allel strips of the same width.

The fastener prevents current flow. This is because the fastener acts as an
electrically insulating element, even if made of electrically conducting mate-
rial. This effect is compensated for by the fact that the remainder of the strip

in which the fastener lies has a higher permeability to the electrolyte.

In an example of the embodiment of the assembly in which the cell further
comprises at least one shielding device, extending in the first and second di-
rections in front of the electrode surface of one of the at least one electrodes,
and the shielding device comprises a plate, provided with a multitude of
through-going channels pervious to liquid and distributed in the first and sec-
ond direction, an integral of a liquid-pervious area in a strip of the plate) ex-
tending in the second direction along an edge of the plate in front of an edge
of the electrode from which the paths diverge as they progress from the com-
mon value of the co-ordinate to the electrode surface edge is higher than in

an adjacent parallel strip of the plate of the same width.

The integral of a liquid-pervious area of the through-going channels in the
strip of the plate extending in the second direction along an edge of the plate
in front of an edge of the electrode surface approached by the paths as they
progress from the common value of the co-ordinate to the electrode surface
edge may be lower than an average value for all parallel strips of the plate of
the same width.

The integral of a liquid-pervious area in a strip of the plate extending in the
second direction along the edge of the plate in front of an edge of the elec-
trode from which the paths diverge as they progress from the common value
of the co-ordinate to the electrode surface edge may in particular be higher
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than an average value for all parallel strips of the plate of the same width.
More electrolyte is led through the plate of the shielding device at an edge of
the plate in front of an edge of the electrode at which the workpiece is electri-
cally contacted. This promotes current flow through the surface of the work-
piece as opposed to current flow directly from the electrode to the clamp or

similar device electrically contacting the workpiece.

In an example of the embodiment of the assembly in which the cell further
comprises at least one shielding device, extending in the first and second di-
rections in front of the electrode surface of one of the at least one electrodes,
and the shielding device comprises a plate, provided with a multitude of
through-going channels pervious to liquid and distributed in the first and sec-

ond direction, the plate is made of electrically insulating material.

This simplifies mounting of the plate, amongst others. Fasteners for mounting
the plate will generally have to extend at least between the plate and the elec-
trode at locations away from the edges. The fasteners can be made of electri-

cally conducting material.

An embodiment of the assembly further comprises at least one further elec-
trode extending in the second direction along an edge of one of the at least
one electrodes and in a third direction transverse to the first and second direc-

tions.

The further electrode extends in the second direction and in a direction trans-
verse to both the first and second direction. This further electrode may in
particular be provided at the edge of the segmented electrode facing the edge
of the workpiece at which the workpiece is electrically contacted, e.g. by one
or more clamps. Where the segmented electrode functions as an anode, the
further electrode is also arranged to function as an anode, and is also referred
to herein as a clamp anode. The clamp anode is a structure of which the di-
mensions in the third and second direction are larger than the dimension in
the first direction, e.g. an order of magnitude (ten or even a hundred times)
larger. The clamp anode, in use, is provided with a controlled current, such as
to affect metal deposition on the workpiece near the edge where the work-
piece is contacted by a clamp. Because the clamp may not be completely
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shielded, some current from the segmented anode would otherwise flow to the
clamp, as opposed to the workpiece. The clamp anode on the one hand pre-
vents current from flowing from the segmented anode to the clamp and an
edge strip of the workpiece. On the other hand, the clamp anode compen-
sates for any decrease of metal deposition due to current flowing from the
segmented anode to the clamp instead of to the workpiece. Similar effects are
obtained in embodiments in which the segmented electrode and further elec-
trode function as cathodes and the workpiece is contacted at the edge to func-

tion as an anode.

In a particular example of this embodiment, an electrically insulating shield is
provided between the further electrode and the segmented electrode. This
electrically insulating shield may take the form of a surface layer on a surface

of the further electrode facing the segmented electrode.

According to another aspect, the electrolytic processing apparatus according to
the invention comprises at least one processing cell, the processing cell com-

prising at least one assembly according to the invention.

As mentioned, the electrolytic processing apparatus may be for electroplating
or etching, i.e. for building up or breaking down an electrically conducting

layer of material on a surface of the workpiece.

An embodiment of the electrolytic processing apparatus comprises a plurality
of the processing cells and a conveying system for conveying a workpiece

through and between the cells.

The conveying system may be a vertical conveying system, in which the sur-
face of the workpiece extends essentially vertically, or a horizontal conveying
system, in which the surface of the workpiece extends essentially horizontally
as the workpiece is moved through and between the cells.

In an example of this embodiment, the conveying system comprises at least
one clamp for releasably holding a planar workpiece at an edge of the planar
workpiece whilst the workpiece is conveyed through and between the cells.
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The workpiece can remain unsupported in regions removed from the edge at
which the workpiece is held by the at least one clamp. This helps prevent at-
trition of the surface of the workpiece. Processing uniformity is also im-
proved, in that there are no support structures between the workpiece and the
electrode other than at the edge or edges of the workpiece where the work-
piece is held by the at least one clamp. The workpiece can thus be processed
on both sides in one cell, even where the conveying system is a horizontal
conveying system. The conveying system may use more than one clamp per
workpiece. The at least one clamp may be mounted on an endless chain or
belt. Each clamp may close automatically at a first cell and disengage from
the workpiece automatically at a last of a series of cells through which the
workpiece is conveyed. The conveying system may comprise clamps for hold-
ing the workpiece at both of opposite edges in the first direction (i.e. the di-
rection transverse to the direction of movement). In that case, the feed
points of the applied current may be mirror images with respect to a line of

symmetry of the workpiece.

In a particular version of this example, at least one of the at least one clamps
comprises an arm comprising an electrically conducting part for electrically
contacting the workpiece when pressed against a major surface of the work-

piece, so that the workpiece can function as an electrode.

Thus, the workpiece is both held at a particular potential and conveyed
through the apparatus. Because a clamp is used, the workpiece is electrically
contacted at the surface to be processed.

In a specific example, at least an end section of the arm for engaging the
workpiece comprises an electrically conducting core part covered by an electri-
cally insulating shielding except for a surface section for engaging the major
surface of the workpiece.

This helps avoid coating or stripping of the arm and promotes processing of
the surface of the workpiece where this surface is held by the clamp, by forc-
ing current to flow through the electrically conducting layer on the workpiece

surface.
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According to another aspect, the method according to the invention comprises
at least a step of designing an electrode according to the invention, wherein

the design step includes determining the shapes of the paths.

The electrode can thus be adapted to the configuration of the processing cell
in which the electrode is to be used. In a multi-cell apparatus, the path
shapes may differ between electrodes for different cells, for example. The
path shapes may in particular be determined in dependence on at least one of
the number of segments, the extent of the electrode surface in the first direc-
tion, the resistivity of the electrolyte, the distance between the workpiece and
the electrode surface, the resistivity and thickness of an electrically conducting
layer at the surface of the workpiece and the extent of the electrode surface

in the second direction.

In an embodiment of the method, determining the shapes of the paths in-
cludes determining coefficients of a polynomial, e.g. a second-degree polyno-
mial, of the co-ordinate in the first direction, the polynomial representing a

co-ordinate in the second direction.

In plan view onto the electrode surface, the path from the common value of
the co-ordinate in the second direction to the electrode surface edge will thus
be at least based on a polynomial, e.g. be a section of a parabola. A further
step of the design step may include superimposing a deviation onto the parab-
ola or higher-order polynomial. The process of determining the coefficients

may be an iterative process.

In an embodiment, the coefficients are obtained by calculating a voltage drop-
off function, being a function of the co-ordinate in the first direction and rep-
resenting a voltage change in the first direction along the surface of the work-
piece.

The voltage drop-off function may be a second order polynomial function. The
coefficients may correspond to the coefficients of the voltage drop-off func-
tion, scaled by the dimension of the electrode surface in the first direction and
divided by the voltage difference between the adjacent segments of which the
edges extend along the path of which the shape is to be determined.
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An embodiment of the method further includes manufacturing an electrode to

the design.

According to another aspect, the computer program according to the invention

comprises instructions which, when the program is executed by a computer,

cause the computer to carry out the design step of a method according to the

invention.

The computer program may be embodied in one or more computer-readable

non-transitory storage media.

Brief Description of Drawings

The invention will be described in further detail with reference to the accom-

panying drawings, in which:

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1

Fig. 7

Fig.

Fig.

Fig.

10

is a very schematic top plan view of an electrolytic processing appa-
ratus;

is a cross-sectional detailed view of a clamp arm for contacting a
workpiece conveyed through the electrolytic processing apparatus;
is @ schematic plan view of a surface of an anode for a cell of the
electrolytic processing apparatus;

is a plan view corresponding to that of Fig. 3, but onto an opposite
side of the anode;

is a plan view of a shielding device for placement between the anode
and the workpiece;

is a detailed view of a section of the shielding device;

is a diagram illustrating steps in a method used to obtain the anode;
is a diagram illustrating an implementation of one of the steps of
Fig. 7;

is a diagram illustrating voltage differences between segments of the
anode and the workpiece, the voltage dropoff in an electrolyte bath
between the workpiece and the anode and the voltage dropoff in an
electrically conducting layer on the surface of the workpiece facing
the anode;

is a schematic plan view of one half of the anode to illustrate how
segment edge shapes are determined;
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Fig. 11 is a diagram showing a first phase in a determination of the target
current density averages for the segments;

Fig. 12 is a diagram showing a result of the determination of the target cur-
rent density averages; and

Fig. 13 is a diagram showing a percentage deviation of a current density at
positions along a workpiece length from an average current density,
calculated by simulating a cell comprising an anode of the type illus-
trated in Figs. 3, 4 and 10 and a shielding device as shown in Figs. 5
and 6.

Description of Embodiments

An electroplating apparatus 1 comprises a number of processing cells 2a-d for
plating a planar workpiece 3a-f. The planar workpiece 3a-f may be a foil or
panel, e.g. made mainly of dielectric material. The surfaces parallel to the
plane of the workpiece are referred to herein as the major surfaces. At least
one of these major surfaces is to be plated by the apparatus 1. This includes
plating the side walls of any vias through the workpiece 3a-f or of trenches in

the workpiece 3a-f.

Only the electrolytic plating apparatus 1 is described and illustrated here.
This apparatus 1 will generally be preceded by apparatus for effecting prelimi-
nary processing steps, including ablation, desmearing, ionic activation and
electroless deposition to form an electrically conducting precursor layer on the

workpiece 3a-f.

It is convenient to define a first direction x, the dimension of the work-
piece 3a-f also being referred to herein as the width. A second direction y,
transverse to the first direction x, corresponds to a direction of movement of
the workpieces 3a-f through the apparatus 1.

The apparatus 1 comprises an enclosure 4 defining a bath of circulated elec-
trolyte. Rollers 5a-c support the workpieces 3a-f up to a point of entry into
the enclosure 4, where they are engaged by a conveying system 6, shown
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schematically as comprising a series of clamps 7 for engaging the major sur-
faces of the workpieces 3a-f at a proximal edge 8a-f. A distal edge 9a-d is lo-
cated at what is referred to herein as a window of each cell 2a-d, where the
electrolyte flows out of the cell 2a-d. In the illustrated embodiment, the work-
pieces 3a-f are not held at the distal edge 9a-d. The workpieces 3a-f are also
not supported by any solid structures between the edges 8,9. The work-
pieces 3a-f are immersed in the electrolyte, however. In alternative embodi-
ments, support elements may be provided. The workpieces 3a-f may also be

clamped on both sides, seen in the first direction x.

The clamps 7 automatically engage the workpieces 3a-f as the latter enter the
enclosure 4 and disengage when the workpieces 3a-f leave the enclosure 4.
The clamps 7 are supported on an endless belt 10, which may be a belt with a
toothed profile or a chain, for example, driven by one or more drums 11a,b
around which the endless belt 10 is arranged and by which the endless belt 10

is supported.

It is noted that Fig. 1 is schematic. In a practical implementation, the
clamps 7 will extend into the cells 2a-d, so that the workpieces 3a-f protrude

only little or not at all at their proximal edges 8a-f.

The clamps 7 comprise an arm 12 (Fig. 2) on each side of the workpiece 3a-f.
The arm 12 comprises an electrically conducting core part 13 covered by an
electrically insulating shielding 14 except for a surface section 15 for engaging
the major surface of the workpiece 3. The or each clamp 7 that engages the
workpiece 3 forms part of an electrical circuit comprising the workpiece 3,
which functions as a cathode, and an anode 16.

In a cell 2 for plating both major surfaces of the workpiece 3, the arrangement
is mirrored. The present discussion will focus on only those components for
plating one major surface of the workpiece 3, in the illustrated embodiment
the major surface facing upwards.

The anode 16 of the example comprises two layers 17,18 (Fig. 2). In alterna-
tive embodiments, there may be one layer or even more layers. At least a
lower layer 18 proximate to the workpiece 3 comprises mesh sections. The
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mesh is pervious to the electrolyte. An upper layer 17 may also be a mesh
layer or, as in the illustrated example, a layer made of apertured plate sec-
tions. Electrolyte can thus flow through the anode 16 towards the work-

piece 3.

A shielding device comprising a shielding plate 19 made of electrically insulat-
ing material and provided with through-going channels is situated between the
anode 16 and the workpiece 3. The shielding plate 19 functions to protect
against short-circuits due to contact between the workpiece 3 and the an-

ode 16. The shielding plate 19 may be omitted in some embodiments. The
shielding plate 19 extends in the first direction x and the second direction yin
front of the anode surface facing the workpiece 3. The shielding plate 19 may
be essentially co-extensive with the anode 16. In the illustrated embodiment,

there is a slight deviation, as will be explained.

In the illustrated embodiment, a clamp anode 20 (Fig. 2) extends in the sec-
ond direction y along an edge 22 (Figs. 3 and 4) proximal to the clamp 7 and
in a third direction z, transverse to the first direction x and the second direc-
tion y. The clamp anode 20 is provided with a separately controlled current
supply (not shown in detail). The clamp anode 20 is arranged to a certain ex-
tent to prevent current from flowing from the anode 16 to the clamp 7 or a re-
gion of the workpiece 3 at an edge of the workpiece 3 where the workpiece 3
is contacted by the clamp 7. In addition, the clamp anode 20 compensates for
deposition of metal on the clamp 7 instead of the workpiece 3 by providing an
additional current flow to the workpiece 3. This further contributes to the uni-
formity of the layer formed on the workpiece 3. If the workpiece 3 is a
printed circuit board, the clamp anode 20 provides a plated edge region, gen-
erally up to 25 mm wide, which is needed for contacting at subsequent pro-
cessing stages,

In an embodiment, a surface 21 of the clamp anode 20 facing the anode 16 is
covered by electrically insulating material. This is useful because the current
from the clamp anode 20 is controlled independently of that from the an-

ode 16, so that there may be a potential difference between the two.



10

15

20

25

30

WO 2021/156415 PCT/EP2021/052760

21

At least the layer 18 of the anode 16 of which the surface faces the work-
piece 3 is divided into segments 23a-e. Adjacent segments 23a-e are sepa-
rated from each other along respective segment edges 24a-h (Fig. 3). The
segment edges 24a-e between adjacent segments 23 form a pair. The pair
may be separate by a gap or by electrically insulating material. The width of
the gap or separating strip of electrically insulating material imposes a limit on
the number of segments 23a-e that can be provided, but need not be determi-

native of the maximum number of segments 23a-e.

In any case, the separation means that the segments 23a-e are mutually elec-
trically insulated. There is a small coupling due to the fact that the electrolyte
between the workpiece 3 and the anode 16, as well as the electrically conduct-
ing starter layer on the surface of the workpiece 3 are electrically conducting.
The manner in which the segments 23a-e are separated is such as to allow ad-
jacent segments 23a-e to be maintained at different respective voltages. The
coupling is lower than the range that needs to be controlled to apply an ad-
justable current to each individual segment 23a-e. Each segment’s voltage
difference to the clamp 7 is independently controllable by an associated re-
spective rectifier (not shown). This voltage difference will be referred to as
the anode-clamp voltage Uc;, where /is the number of the segment 23 count-

ing from the segment 23a proximal to the clamp 7 in the first direction x.

The segment edges 24a-e extend partly in the second direction y from a com-
mon value y, of the y~co-ordinate to a first electrode edge 25 extending in the
first direction x. In the illustrated embodiment, the segment edges 24a-e also
extend partly in the opposite sense in the second direction y from the common
value yy of the y~co-ordinate to a second electrode edge 26 extending in the
first direction x. The first and second electrode edges 25,26 are thus opposite
edges. A line of symmetry 27 is located at the common value yy of the y-co-
ordinate. The anode 16 can be regarded as comprising two halves 28,29, seen
in the second direction ).

The segment edges 24a-e extend along respective paths of which an angle to
the first electrode edge 25 decreases from the common value yg of the y-co-
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ordinate to the first electrode edge 25. Also, the angle to the second elec-
trode edge 26 decreases from the common value yp of the y~co-ordinate to the

second electrode edge 26.

The sections of the segment edges 24a-e in a first half 28 of the first and sec-
ond halves 28,29 extend in the same sense in the first direction x from a point
at the common value y, of the y~co-ordinate to the first electrode edge 25, i.e.
the value of the x-co-ordinate increases along the path towards the first elec-
trode edge 25. The sections of the segment edges 24a-e in the second half 29
extend in the same sense in the first direction x from a point at the common
value yy of the y-co-ordinate to the second electrode edge 26, i.e. the value of
the x-co-ordinate increases along the path towards the second electrode

edge 26.

In the illustrated embodiment, the paths of the segment edges 24a-e are

curves. In other embodiments, they may be piecewise linear curves.

In the illustrated embodiment, a point at the first electrode edge 25 on a path
of a first of the segment edges 24a-h of each segment 23a-e has the same x-
co-ordinate or a smaller value of the x-co-ordinate as a point at the common
value yp on the path of the other of the segment edges 24a-h of that seg-
ment 23a-e. Taking the third segment 23c as an example (Fig. 3), a first seg-
ment edge 24d extends from the point (xi1,yo) to the point (x2,y1). A second
segment edge 24e extends from the point (x3,yo) to the point (xs,y1), where
xa 2 x3. It follows that each point on the surface of the workpiece 3 faces at
most two electrode segments 23a-e.

Counting the segments 23a-e from the proximal electrode edge 22, a width of
the segments 23a-e, corresponding to a distance between the segment

edges 24a-h at the common value yy of the y-co-ordinate, increases from seg-
ment to segment in the x-direction. The segments 23a-e become progres-
sively wider, reflecting the fact that the voltage at the surface of the work-
piece 3 changes most steeply in the x-direction at the proximal electrode
edge 22 when the workpiece 3 is only contacted at that edge 22.
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The segment edges 24a-e also become progressively more curved in the x-di-
rection. In other words, an angle to the first electrode edge 25 of the paths
of a pair of segment edges 24a-h between a pair of adjacent segments 23a-e
at the first electrode edge 25 increases from pair to pair in the x-direction (the
paths of the segment edges 24a-h forming such a pair are essentially identical
in shape). This holds true mutatis mutandis for the angle to the second elec-

trode edge 26.

The shielding plate 19 is provided with a multitude of essentially regularly dis-
tributed through-going channels, with some adjacent channels being intercon-
nected to form a single channel with a larger cross-sectional area and chan-

nels being omitted at certain locations (cf. Fig. 6).

From the top view of Fig. 4, it will be appreciated that the anode 16 is pro-
vided with electrical contacts 30a-f extending to the lower layer 18 to contact
the segments 23a-e. The electrical contacts 30a-f are provided at respective
locations having a respective x-co-ordinate. An integral of the channel areas
in a strip of the shielding plate 19 extending in the second direction y at a cor-
responding x-co-ordinate is lower than the integral of the channel areas in ad-
jacent parallel strips of the same width. This width will generally be approxi-
mately the width of the electrical contact 30a-f. Thus, the tendency of current

to flow directly to the location of the electrical contact 30a-f is countered.

In a similar manner, the shielding plate 19 is fixed by at least one fas-

tener 31a-g (only some are shown in Fig. 5 for clarity reasons) extending in a
direction transverse to the shielding plate 19 and located at an associated po-
sition having a respective x-co-ordinate. The fastener 31 has a cross-section
with a certain width at a surface of the shielding plate 19 distal to the an-

ode 16. An integral of the cross-sectional areas of the channels in sections of
a strip of the shielding plate 19 with the certain width an extending in the sec-
ond direction y at the x-co-ordinate is higher than in adjacent sections of adja-
cent parallel strips of the same width. In other words, the permeability is in-
creased in the strip sections on either side of where the fastener 31 attaches
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to the shielding plate 19 to compensate for the fact that the fastener 31 be-
haves as a non-conductive element, despite being made of electrically con-

ducting material.

The shielding plate 19 is also configured to compensate for edge effects.

A proximal shielding plate edge 32 (Fig. 5) proximal in the first direction x to
the clamp 7, in use, has an irregular shape. This is to increase an integral of
the liquid-pervious area in a strip of the plate extending in the second direc-
tion y along that proximal shielding plate edge 32 relative to the correspond-
ing integral in an adjacent parallel strip of the same width. Otherwise, there
would be a decrease in current density along the edge of the workpiece 3.
The decrease is in principle not a problem, but a local decrease gives rise to
an increase in an adjacent strip of the workpiece 3. This is avoided by the in-
crease in permeability at the proximal shielding plate edge 32. Because the
channels are of the same size and distributed regularly (with the same pitch),

the result is an irregular proximal shielding plate edge 32.

A distal shielding plate edge 33 is configured to counter a steep decrease in
current density, in particular if the workpiece 3 has a smaller extent in the
first direction x than the anode 16 and the shielding plate 19. An integral of a
liquid-pervious area of the channels in a strip of the shielding plate 19 extend-
ing in the second direction y along the distal shielding plate edge 33 is lower
than in an adjacent parallel strip of the same width. This helps avoid the for-
mation of a rib of plating material along the corresponding distal edge 9 of the
workpiece 3.

In a method of obtaining the anode 16, the separation between adjacent seg-
ments 23a-e is neglected, as illustrated in Figs. 9 and 10. Each segment
edge 24a-h is a second-order polynomial. Seen in the first direction x, a point
at the first electrode edge 25 of each segment edge 24a-h but the last is at
the same co-ordinate value x as the point at the common value ys of the next
segment edge 24a-h. The number of segments 23a-e and the dimensions of
the anode 16 are also fixed. Within these constraints, it remains to find the
coefficients of the second-order polynomials defining the segment

edges 24a-h, as well as the potential difference Uc; with respect to the clamp,
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where /indicates the number of the segment 23a-e, counting from the proxi-

mal segment 23a in the first direction x.

The potential difference across the bath at the centre of the it segment, seen
in the first direction x, is Umb;. The voltage difference between the corre-

sponding position in the surface layer on the workpiece 3 and the clamp posi-
tion is Um;, where the clamp is assumed to be at the origin, i.e. x = 0. Refer-

ring to Fig. 9, the following equations obtain:

Umb =Uc—Um (1),

= 45 (xdy—af)+ b/z(xi2+1—xiz)+c(xi+1—xi) 2)
Xi+1~X|

Um

The dashed graph (Fig. 9) shows the voltage target distribution. Note that Um
is simply the average voltage in a segment of the surface layer on the work-
piece 3 opposite a particular one of the segments 23a-e. The voltage drop-off

in the surface layer is a second-order polynomial.

In a first step 34 (Fig. 7) of the design process, the design parameters are ob-
tained. These include the thickness of the layer of electrically conducting ma-
terial on the workpiece 3, the dimensions of the workpiece 3 in the first direc-
tion x and the second direction y, the resistivity of the electrolyte, a distance
between the surface of the workpiece 3 and a surface of the anode 16 and the
resistivity of the conducting material on the workpiece 3. A further require-
ment is a nominal current density average, the average being over an area of
the anode 16. From this result target current density averages for each seg-

ment 23a-e, according to a formula:

CDA[i]=m-i? +n (3),

where /is the segment number, pis an empirically determined fixed value and
the values for m and n follow by taking the nominal current density average
value for the final segment (e.g. / = 5 in the illustrated embodiment) and a
particular value for the first segment (/ = 1), which is determined through trial
and error. This process is illustrated in Figs. 11 and 12. Fig. 11 shows the re-
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sult of taking too large a value for the current density average in the first seg-
ment CDA/1]. Fig. 12 shows the result of adjusting this value down to an ap-
propriate value. The values of the current density average for all the other

segments 23a-e are obtained using equation (3).

In a next step 35, the shapes of the paths of the segment edges are deter-

mined.

As illustrated in Fig. 8, this step 35 involves an initialisation (step 36) and cal-
culation (step 37) of the target current density average for each seg-

ment 23a-e, according to equation (3).

Thereafter follow a series of iterations of steps.

First (step 38), the current density average is calculated for each seg-

ment 23a-e. This involves dividing the first half 28 into narrow strips extend-
ing from the proximal electrode edge 22 to the opposite edge in the first direc-
tion x, each strip having a relatively small dimension in the second direction y.
With the voltage drop-off function and the values of the segment voltages Uc,
the current contributions for each segment 23a-e can be calculated for that
narrow strip. The contributions of all the narrow strips are then summed to
find the current for each segment 23a-e, which is divided by the area of that
segment. The resulting values are compared with the target values and the
values Uc; are adjusted to decrease the deviations (step 39). The calculation
(steps 39,38) is repeated to bring the current density averages for the seg-
ments 23a-e closer to the target values or until another stop criterion (e.g. a

certain number of iterations) is met.

Next (step 40), the segment edges 24a-h are adjusted.

Fig. 10 shows the first half 28 of the anode 16. The dashed lines correspond
to paths that a point on the workpiece 3 faces as the workpiece 3 is moved in
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the second direction y. In an electroplating process, the amount of metal de-
posited is proportional to the electric charge Q. The electrical charge Qs de-

fined by the electrical current 7 multiplied by the time £

0=1-t (3).

It is assumed that a velocity v of the workpiece 3 is constant:

v=L[t, (4)

where L is the dimension of the first half 28 of the anode 16 in the second di-
rection y. At each position in the first direction x, the time tis the same, so
that the charge is the product of the current 7 and the length L for each point
on the workpiece 3 that moves past only one segment 23a-e.

To achieve an equal metal deposition for each location x/7/ in the first direc-
tion x, the collected electrical charge Q must be the same. This leads to the

following constraints:

Lssx1i * Issxi] + Lsax(i * Isax(i) = QLil - v,

LSS,x[i+1] 'ISS,x[i+1] + LS4-,x[i+1] '154,x[i+1] = Q[i + 1] v,

Lgs xli+2] * Issxliv2] T Lsaxli+a) * Isaxtivn] = Qi + 2] - v,

where v and Q are constants.

The anode segments 23a-e are divided into narrow strips of equal size extend-
ing in the y~direction. Each strip extends through two neighbouring seg-
ments 23a-e. Because the segments 23a-e are at different voltages, the local
currents that enter the workpiece 3 are also different. The currents along the
strips are summed, reflecting the fact that the workpiece 3 passes in front of
the entire anode 16.

The conducting layer on the workpiece 3 is modelled as a one-dimensional
chain of resistances, each having a length in the x-direction corresponding to
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the distance between one strip to the next. This allows one to model the cur-
rents as entering at the nodes of the chain of resistances. From this results a
voltage drop-off allowing to calculate a new voltage drop-off function. This
function is a second-order polynomial, as mentioned. The coefficients of the
polynomial determine the shapes of the segment edges 24a-h, which are cor-
responding second-order polynomials. With the new shapes of the segment
edges 24a-h obtained in the second step 40, the method returns to the calcu-

lation of the segment voltages Uc.

The iterations are repeated until a break-off criterion is satisfied (e.g. a fixed
number of iterations, a particular maximum deviation of the current density
averages from the target values, or the like). The break-off criterion in one
particular embodiment is that the respective current contributions of the strips
defined in the step 40 of adjusting the segment edges 24a-h are equal (or dif-

fer by less than a pre-determined maximum allowable deviation).

In an optional further step 41 (Fig. 7), the current density is calculated by
means of simulation across the surface of the workpiece 3. The permeability
of the shielding plate 19 is then (optional step 42) locally adjusted such as to
reduce the deviations of the current density from an average value. This
takes account of the separation between adjacent segments 23a-e neglected in
the calculation of the shape of the segment edges 24a-h. The two steps 41,42
are carried out iteratively to arrive at an optimal aperture distribution for the

shielding plate 19.

Finally (step 43), the anodes 16 are manufactured to the design.

A simulation of an anode 16 designed in such a process shows that the devia-
tions from the average current density remain within 5 % across the extent of
the workpiece 3 in the first direction x (Fig. 13), except for small strips at the
edges 8,9.

The invention is not limited to the embodiments discussed above, which may
be varied within the scope of the accompanying claims. An improvement in
the uniformity of the current density is, for example, also achieved without the
shielding plate 19 discussed above.
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List of reference numerals

1 - apparatus

2a-d - cells

3a-f - workpieces

4 - enclosure

5a-c - rollers

6 - conveying system

7 - clamp

8a-f - proximal workpiece edges
9a-d - distal workpiece edges
10 - belt

11a,b - drums

12 - arm

13 - core part

14 - core part shielding

15 - core part surface section
16 - anode

17 - upper layer

18 - lower layer

19 - shielding plate

20 - clamp anode

21 - clamp anode surface

22 - proximal electrode edge
23a-e - segments

24a-h - segment edges

25 - first electrode edge

26 - second electrode edge
27 - line of symmetry

28 - first half

29 - second half

30a-f - electrical contacts
31la-g - fasteners

32 - proximal shielding plate edge

33 - distal shielding plate edge
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step (obtain design parameters)

step (determine path shapes)

step (initialisation)

step (calculate target current density
average for each segment)

step (determine actual current density
average values for each segment)
step (adjust segment voltages)

step (determine new segment edge
shapes)

step (perform simulation)

step (optimise shielding plate)

step (manufacture anode to design)
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Claims

1.

An electrode for an apparatus,

wherein the electrode is comprised of a plurality of segments ar-
ranged together in sequence to form a rectangular shape,

wherein the segments are arranged next to each other in a first
direction,

wherein adjacent segments are separated from each other along
respective segment edges by a gap or by electrically insulating material,

wherein the segment edges extend at least partly in a second di-
rection from a common value of a co-ordinate in the second direction to
an edge of at least an electrically conducting part of the electrode sur-
face, the second direction being transverse to the first direction and
corresponding to a direction of movement for a workpiece, and

wherein the segment edges between at least one pair of adjacent
segments extend along respective paths of which an angle to the elec-
trode surface edge decreases from the common value of the co-ordinate

to the electrode surface edge, and

wherein a width of the segments, corresponding to a distance be-
tween the edges of a segment at the common value of the co-ordinate,
increases from segment to segment, so that the segments become pro-
gressively wider with distance in the first direction from an electrode
edge, or wherein this condition holds true within each half of the elec-

trode, seen in the first direction.

The electrode according to claim 1,

wherein, at least within each half of the electrode seen in the
first direction, the paths extend in a same one of opposite senses in the
first direction from the common value of the co-ordinate to the elec-
trode surface edge, so that the paths are all inclined in the same direc-

tion, at least within each half of the electrode seen in the first direction.

The electrode according to claim 1 or 2,
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wherein the paths from the common value of the co-ordinate to

the electrode surface edge are curves.

The electrode according to any one of the preceding claims,

wherein at least the electrically conducting part of the electrode
surface comprises two halves, seen in the second direction,

wherein respective sections of the segment edges in one half are
a mirror image of respective sections of the segment edges in the other
half with respect to a line of symmetry located at the common value of
the co-ordinate.

The electrode according to any one of the preceding claims,

wherein a point at the electrode surface edge on a path of a first
of the segment edges of each segment is at the same co-ordinate value
or offset in the first direction from a point at the common value of the
co-ordinate on the path of the other of the segment edges of that seg-
ment.

The electrode according to any one of the preceding claims,

wherein an angle to the electrode surface edge of the paths of a
pair of segment edges between a pair of adjacent segments at the sur-
face edge increases from pair to pair with distance in the first direc-
tion from an electrode edge, or

wherein this condition holds true within each half of the elec-

trode, seen in the first direction.

An assembly for forming a cell of an electrolytic processing apparatus,
wherein the assembly comprises at least one electrode according

to any one of the preceding claims.

The assembly according to claim 7, further comprising at least one
shielding device, extending in the first and second directions in front of

the electrode surface of one of the at least one electrodes.

The assembly according to claim 8,
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12.

13.

14.

33

wherein the shielding device comprises a plate, provided with a
multitude of through-going channels pervious to liquid and distributed in

the first and second directions.

An electrolytic processing apparatus comprising at least one processing
cell, the processing cell comprising at least one assembly according to

any one of claims 7-9.

A method comprising at least a computer-implemented step of designing
an electrode according to any one of claims 1-6,
wherein the design step includes determining the shapes of the

paths.

The method according to claim 11,

wherein determining the shapes of the paths includes determin-
ing respective coefficients of a second-degree polynomial, of the co-or-
dinate in the first direction, the polynomial representing a co-ordinate in
the second direction, and

wherein, seen in plan view onto the electrode surface, each path
from the common value of the co-ordinate in the second direction corre-
sponds to the polynomial with a respective set of coefficients, optionally

with a superimposed deviation.

The method according to claim 12,

wherein the coefficients are obtained by calculating a voltage
drop-off function, being a function of the co-ordinate in the first direc-
tion and representing a voltage change in the first direction along the

surface of the workpiece.

A computer program comprising instructions which, when the program is
executed by a computer, cause the computer to carry out the design

step of a method according to any one of claims 11-13.



