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first galvanic plating module, which is arranged below a
transport level of a substrate to be treated, and at least a plat-
ing clamp arranged on a first side of the galvanic plating
device; wherein said first galvanic plating module comprises
at least an electrolyte nozzle and at least an anode element
inside of said galvanic plating module, wherein said galvan-
ic plating module further comprises at least a covering plate
having a plurality of openings arranged above the anode ele-
ment and the electrolyte nozzle, wherein the galvanic plating
device further comprises at least a substrate guiding element
arranged on the surface of the covering plate of the galvanic
plating module, wherein said substrate guiding element is in
conjunction with said surface of the covering plate of the
galvanic plating module. The present invention is further re-
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GALVANIC PLATING DEVICE OF A HORIZONTAL GALVANIC PLATING PROCESSING LINE FOR
GALVANIC METAL DEPOSITION AND USE THEREOF

Field of the Invention

The present invention relates to a galvanic plating device of a horizontal
galvanic plating processing line for galvanic metal, in particular copper, deposi-
tion; wherein said galvanic plating device comprises at least a first galvanic plat-
ing module, which is arranged below a transport level of a substrate to be treat-
ed, and at least a plating clamp arranged on a first side of the galvanic plating
device; wherein said first galvanic plating module comprises at least an electro-
lyte nozzle and at least an anode element inside of said galvanic plating mod-
ule, wherein said galvanic plating module further comprises at least a covering
plate having a plurality of openings arranged above the anode element and the
electrolyte nozzle.

The present invention is further directed to the use of such a galvanic
plating device for galvanic metal, preferably copper, deposition on printed circuit
foils, flexible printed circuit boards and embedded chip substrates.

Background of the Invention

The industry has already making use of horizontal galvanic (means with
the application of current) process lines for metal, commonly copper, tin or nick-
el, deposition on a substrate to be treated since many decades.

In the past, the substrates to be treated have been relatively thick, stiff

and heavy compared to the presence. In our days, the market requires more
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and more in conseqguence of the on-going worldwide technical miniaturization in
the printed circuit board area devices and process lines, which can also safely
treat substrates to be treated, which are much thinner than anything, which has
been processed up to now. At the same time as a consequence of reduced
thickness, the weight of each individual substrate to be treated is largely re-
duced while the flexibility of the substrate to be treated is largely increased.

This leads to entirely new technical challenges in transporting and treat-
ing of substrates to be treated. Market demands for substrates having a thick-
ness down to 25 micrometer generate the severe problem of safely transporting
said thin flexible substrates without that they are getting damaged by crumpling
or undesired running between individual transport rollers or wheel axis below or

above the transport level of the transport or process line.

Attempts to avoid such misleading of flexible materials have been at-
tempted in the past, wherein the main approach has been to fix each substrate
to be treated at both sides by clips, hooks or clamps.

However, it is often difficult to safely run such a substrate through the en-
tire process line, even when at the beginning the substrate is completely
stretched. One problem arising with this approach represents the bending of the
substrates after a certain period of time during still processing the substrate
through the process line. This leads to undesired qualitative metal deposition
results and distributions. In the worst case, the bending effect is so strong that

the substrate is getting crumpled between individual transport elements.

Objective of the present Invention

In view of the prior art, it was thus an object of the present invention to
provide a device, which is able to avoid any damaging of thin substrates to be
treated during processing and to ensure a safe transport.

In particular, it was an object of the present invention to provide a device,

which can avoid that thin flexible substrates can run between individual
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transport elements, which are commonly arranged above and below of the
transport level of the process line.

Additionally, it was especially an object of the present invention to pro-
vide a device, which can avoid that such flexible thin substrates to be treated
will flow upwards or downwards during passing a horizontal galvanic processing
line, even when no traditional common transport elements, such as wheel axis

or rollers, will be used.

Additionally, it was an object to provide a device, which can be modified
in already existing process lines without any large effort or cost.

Summary of the Invention

These objects and also further objects which are not stated explicitly but
are immediately derivable or discernible from the connections discussed herein
by way of introduction are achieved by a galvanic plating device having all fea-
tures of claim 1. Appropriate modifications to the inventive device are protected
in dependent claims 2 to 14. Further, claim 15 relates to the use of such an in-
ventive device for galvanic metal, preferably copper, deposition on printed cir-

cuit foils, flexible printed circuit boards and embedded chip substrates.

The present invention accordingly provides a galvanic plating device of a
horizontal galvanic plating processing line for galvanic metal, in particular cop-
per, deposition; wherein said galvanic plating device comprises at least a first
galvanic plating module, which is arranged below a transport level of a sub-
strate to be treated, and at least a plating clamp arranged on a first side of the
galvanic plating device; wherein said first galvanic plating module comprises at
least an electrolyte nozzle and at least an anode element inside of said galvanic
plating module, wherein said galvanic plating module further comprises at least
a covering plate having a plurality of openings arranged above the anode ele-
ment and the electrolyte nozzle; wherein the galvanic plating device further
comprises at least a substrate guiding element arranged on the surface of the
covering plate of the galvanic plating module, wherein said substrate guiding
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element is in conjunction with said surface of the covering plate of the galvanic

plating module.

It is thus possible in an unforeseeable manner to provide a galvanic plat-
ing device, which is able to avoid any damaging of thin substrates to be treated

during processing and which ensures a safe transport.

In addition thereto, the inventive galvanic plating device avoids that thin
flexible substrates run between individual transport elements, which are com-
monly arranged above and below of the transport level of the process line, and
which are absent in this device due to the sole application of at least a clamp as

transport element.

Furthermore, the inventive galvanic plating device avoids that such flexi-
ble thin substrates to be treated will flow upwards or downwards during passing
the horizontal galvanic processing line, even when no traditional common

transport elements, such as wheel axis or rollers, are used.

Additionally, the inventive device can be easily installed in already exist-

ing process lines without any large effort or cost.

Brief Description of the Figures

For a more complete understanding of the present invention, reference is
made to the following Detailed Description of the Invention considered in con-

junction with the accompanying figures, in which:

Fig. 1 shows a schematic perspective side view of a first galvanic plating
module of an inventive galvanic plating device in accordance with an embodi-

ment of the present invention.

Fig. 2 shows an enlarged schematic perspective side view on the entry
side of a first galvanic plating module of an inventive galvanic plating device in
accordance with the embodiment of the present invention shown in Figure 1.
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Fig. 3 shows an enlarged schematic perspective side view on the exit
side of a first galvanic plating module of an inventive galvanic plating device in
accordance with the embodiment of the present invention shown in Figure 1.

Fig. 4 shows a schematic front view of an individual substrate guiding el-
ement having a dove tail profile being used in a first galvanic plating module of
an inventive galvanic plating device in accordance with the embodiment of the

present invention shown in Figure 1.

Fig. 5 shows a schematic perspective side view of a first and an adjacent
third galvanic plating module of an inventive galvanic plating device in accord-

ance with the embodiment of the present invention shown in Figure 1.

Fig. 6 shows a schematic perspective front view of a first and an adjacent
third galvanic plating module of an inventive galvanic plating device in accord-

ance with the embodiment of the present invention shown in Figure 1.

Fig. 7a shows a schematic perspective side view of a substrate guiding

element used in a preferred embodiment of the present invention.

Fig. 7b shows a schematic top view of a substrate guiding element used

in the preferred embodiment of the present invention shown in Figure 7a.

Fig. 8a shows a schematic perspective sectional side view of a substrate
guiding element used in the preferred embodiment of the present invention
shown in Figure 7a.

Fig. 8b shows another schematic perspective sectional side view of a
substrate guiding element used in the preferred embodiment of the present in-

vention shown in Figure 7a.

Detailed Description of the Invention

As used herein, the term "galvanic plating device" refers to a device,
which is required to conduct a galvanic process, which is intended to deposit
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the desired galvanic metal, such as copper, tin, gold, silver or alike, on the sur-
face of a substrate to be treated. That means that such a galvanic plating de-
vice represents the “core” unit of a horizontal galvanic plating processing line for
galvanic metal, in particular copper, deposition. There are a certain number of
pretreatment and post treatment steps arranged before and after said galvanic
plating device, such as rinsing, drying, etching and alike. However, the main or
core step remain the galvanic plating process step itself, which has to be exe-
cuted in said improved inventive galvanic plating device of the present inven-

tion.

As used herein, the term "galvanic plating module" refers to a device el-
ement or to a subunit of the galvanic plating device, which is arranged below
and/or above the transport level of a substrate to be treated. It has been already
shown in conventional horizontal processing lines that it is advantageous to es-
tablish such an entire line as a modular system. This facilitates service and
maintenance issues due to an easier access to the individual device elements

or subunits of the horizontal processing line.

Thus, the inventive galvanic plating device can comprise a plurality of
such subunits in form of said galvanic plating modules, which are exclusively
arranged below the transport level, if only an one side galvanic plating process
is desired, or on both sides of the transport level, if a both side galvanic plating
process is desired.

Each of these subunits in form of galvanic plating modules comprises at
least one electrolyte nozzle for providing electrolyte flow towards the surface of
the substrate to be treated in order to conduct galvanic plating. Very often it is
not only one electrolyte nozzle, but a plurality of individual electrolyte nozzles in
order to improve the uniformity of the galvanic metal deposit on the surface of
the substrate to be treated by increasing the material exchange of the electro-
lyte on said surface.

Each of these subunits in form of galvanic plating modules comprises
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further at least an anode element for providing the required electrical field for

the galvanic plating process step.

Each of these subunits in form of galvanic plating modules comprises fur-
ther at least a covering plate having a plurality of openings arranged above the
anode element and the electrolyte nozzle. In theory, it would be ideal, if said
covering is removed entirely. Such a covering plate hampers the electrical field
and the electrolyte flow. Therefore, it is attempted to provide the covering plate
with a maximum of openings in order to reduce the negative effect on the elec-
trical field and the electrolyte flow as much as possible. However, the customers
insist on the application of these covering plates because nobody would like to
risk electrical short-circuits caused by substrates to be treated, which uninten-
tionally flow down during processing in the galvanic plating device until they
reach the anode element(s) itself(s). Thus, it has been common to make use of
these covering plates having a maximum of openings in the past.

According to the present invention, there is always at least a plating
clamp arranged on a first side of the galvanic plating device, which has the pur-
pose of transporting each substrate to be treated through the entire galvanic
plating device. Very often it is preferred to have a plurality of plating clamps for
this purpose. Such plating clamp(s) are also providing the required electrical
contact to each substrate to be treated.

In theory, one could think about to install also on the opposite side of the
galvanic plating device at least a plating clamp or a series of plating clamps in
order to stretch thin substrates to be treated to avoid damages by crumpling.
However, it is not possible up to now to synchronize such a transport of individ-
ual substrates to be treated by plating clamps on both sides. There is also in
such a case the problem that the electrolyte flow towards the surface of the
substrate to be treated generates such high forces that plating clamps on both
sides could work. Either the thin substrate to be treated would be getting rup-
tured if the clamping is strong enough on both sides, or the substrate to be
treated would be loose the contact to at least one of both plating clamps on at
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least one side. Besides these technical hindrances, a second series of plating
clamps would also generate tremendous additional cost and would further re-
quire much more constructed space, which is very often not available.

As used herein, the term "substrate guiding element” refers to an ele-
ment, which is required, intended or supposed to support the transportation of a
substrate to be treated through the galvanic plating device without that the sub-

strate to be treated will be damaged by unintentional undesired movements.

Such inventive substrate guiding elements are arranged on the surface of
the covering plate of the respective galvanic plating module, wherein said sub-
strate guiding element is in conjunction with said surface of the covering plate of

the galvanic plating module.

If galvanic plating modules are only arranged below the transport level of
the substrates to be treated, a one side galvanic process is taking place, where-
in said substrates are supposed to be transported by at least a plating clamp,
which clamps the substrate to be treated on one side, on the surface of the
electrolyte, which is inserted from below. In such a plating process, the sub-

strates will receive a galvanic metal plating layer on the underside.

However, very often the substrates do not behave like this, which can be
noticed by unintentional undesired movements downwards in the electrolyte.
Then, the inventive substrate guiding elements serve the purpose to lead the
substrates again upwards during their transportation through the galvanic plat-
ing device. Herein, said substrate guiding elements do not transport the sub-
strate to be treated actively, such as rollers or wheel axis. They serve only the
purpose that they shall support the transport of the substrates, wherein the flex-
ible substrates are guided back to their ideal transportation pathway, which
means in case of a one sided galvanic treatment back to the surface of the elec-

trolyte bath level.

In a preferred embodiment for such a one side treatment, the distance

between the upper surface of such a substrate guiding element and the lower
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surface of a substrate to be treated is minimized because the substrate to be
treated is so heavy and/or so flexible that it will not remain on the surface of the
electrolyte without permanent support from below. Then, the inventive substrate
guiding elements provide a continuous support from below for the transportation
of the substirates to be treated without that they actively transport said sub-
strates. The substrate guiding elements guide only the substrates in such a way
that the underside of the substrates is gliding over the upper surface of the sub-
strate guiding elements during the transportation by the clamp(s) through the
galvanic plating device. Conclusively, in such a preferred embodiment of the
invention, the material of the substrate guiding elements have to be carefully
chosen in order to avoid damages on the surface of the substrates to be treated
and particle contamination caused by abrasion.

In some embodiments of the present invention, there can be inserted ad-
ditional transport elements as assistance for the plating clamps, which are ar-
ranged and installed in the covering plate of the respective galvanic plating
module, such as small wheels. But, on the other side, such additional transport
elements would be arranged between the anode element(s) and the electrolyte
nozzle(s) on the one side and the substrates to be treated on the other side.
Thus, it would again hamper the electrical field and the electrolyte flow towards
the surface of the substrates to be treated. Therefore it is preferred that the gal-
vanic plating device is free of any additional transport element, such as wheel
axis or rollers, for transporting the substrates to be treated in transport direction
through the galvanic plating device except making use of at least a plating
clamp.

In one embodiment, the galvanic plating device further comprises at least
a second galvanic plating module, which is arranged above the transport level
of a substrate to be treated; wherein said second galvanic plating module com-
prises at least an electrolyte nozzle and at least an anode element inside of said
galvanic plating module, wherein said second galvanic plating module further
comprises at least a covering plate arranged below the anode element and the
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electrolyte nozzle having a plurality of openings; wherein the galvanic plating
device further comprises at least a substrate guiding element arranged on the
surface of the covering plate of said second galvanic plating module, wherein
said substrate guiding element is in conjunction with said surface of the cover-
ing plate of the second galvanic plating module.

Herein, galvanic plating modules are arranged below and above the
transport level of the substrates to be treated leading to a two side galvanic pro-
cess, wherein said substrates are still transported by at least a plating clamp,
which clamps the substrate to be treated on one side, through the electrolyte,
which is inserted from below and above at the same time. In such a plating pro-
cess, the substrates will receive a galvanic metal plating layer on the underside
and on the upper side simultaneously.

However, very often the substrates do not behave like this, which can be
noticed by unintentional undesired movements inside of the electrolyte. It is the
most efficient way, if the substrates to be treated are transported at a transport
level, which corresponds to the so-called “zero line” of the anodes. Herein, the
“zero line” means the middle of the distance between the lower anode surface
of the anode element(s) above the transport level and the upper surface of the
anode element(s) below the transport level of the substrate(s) to be treated.

Thus, in a preferred embodiment of the present invention, the substrate
guiding element(s) of the respective galvanic plating module below the transport
level of the substrates to be treated and the substrate guiding element(s) of the
respective galvanic plating module above the transport level of the substrates to
be treated support the transportation of the substrates to be treated between
them along said aforementioned “zero line” through the galvanic plating device.

Also herein, said substrate guiding elements do not transport the sub-
strate to be treated actively. They serve only the purpose that they shall support
the transport of the substrates, wherein the flexible substrates are guided back
to their ideal transportation pathway.

10
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In a more preferred embodiment for such a two side treatment, the dis-
tance between the upper surface of such a substrate guiding element below the
transport level and the lower surface of a substrate to be treated is minimized
because the substrate to be treated is so heavy and/or so flexible that it will not
remain on the so-called “zero line” inside of the electrolyte without permanent
support from below. Then, the inventive substrate guiding elements of the re-
spective galvanic plating module(s) being arranged below the transport level of
the substrates to be treated provide a continuous support from below for the
transportation of the substrates to be treated without that they actively transport
said substrates. Said substrate guiding elements guide only the substrates in
such a way that the underside of the substrates is gliding over the upper surface
of said substrate guiding elements during the transportation by the clamp(s)
through the galvanic plating device. Conclusively, in such a more preferred em-
bodiment of the invention, the material of said substrate guiding elements have
to be carefully chosen in order to avoid damages on the surface of the sub-
strates to be treated and particle contamination caused by abrasion. In such a
more preferred embodiment, there is still a certain distance between the upper
surface of the substrates to be treated and the surface of the substrate guiding
element(s) of the respective galvanic plating module(s) arranged above the
transport level in order to allow some controlled deviation from the “zero line” of
the substrate to be treated. This has been found to be necessary to be able to
transport the substrates through the galvanic plating device at all. Ideally, one
would choose also a minimal distance above the transport level in order to
avoid any deviation from the “zero line”. But this is in practice not possible. Sub-
strate(s) to be treated can unfortunately not be processed in such a high accu-

rate way.

A skilled person could also not simply avoid making use of the inventive
substrate guiding element(s) by enlarging the covering plate of the respective
galvanic plating module(s). Even when minimal distances between the sur-
face(s) of the substrate(s) to be treated and the surface(s) of the covering
plate(s) are reached so that the substrate(s) could be theoretically transported

11
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along the “zero line”, the galvanic plating results are absolutely unsuitable for
galvanic processes and customer demands due to a very high inhomogeneity of
the electric field of the respective anode element(s) of the galvanic plating mod-

ule(s).

In one embodiment, the substrate guiding elements of the first and/or of
the second galvanic plating module are at least partially permanently fixed on
the surface of the respective covering plate of the corresponding galvanic plat-

ing module.

In a preferred embodiment of the present invention, the substrate guiding
elements of the first and/or of the second galvanic plating module are detacha-
bly connected with the surface of the respective covering plate of the corre-
sponding galvanic plating module.

This offers the advantage that the substrate guiding element(s) can be
easily replaced for maintenance reasons or for modifying an installed galvanic
plating device for processing substrates to be treated of different thicknesses. It
is particularly useful for processing substrates of different thicknesses along the
“zero line” for a two side treatment. If the thickness of the substrates to be treat-
ed changes, the distances from the substrate guiding element(s) have also to

be changed.

In one embodiment, the covering plate of the first and/or of the second
galvanic plating module and their respective substrate guiding elements are
made of a non-metallic material, preferably made of polymeric material, more
preferably made of PTFE, PE and PP.

PTFE is especially preferred due to its relative softness, which helps

avoiding possible damages of the substrates to be treated.

The substrate guiding element(s) have to be composed of non-metallic
material to avoid undesired additional plating of the galvanic metal to be depos-

ited on the surface of the substrate guiding element(s). A metal core for stiffen-

12
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ing of the substrate guiding element(s) itself is possible, but only as long as
there is ensured that no influence will be generated on the electrical field lines
of the respective anode element(s) of the galvanic plating modules. At the same
time substrate guiding element(s) should not cover electrolyte nozzle(s) or an-
ode element(s).

In one embodiment, each substrate guiding element of the first and/or of
the second galvanic plating module further comprise at least two plugs at their
bottom side, which are fitting in respective recesses or holes in the respective
covering plate of the corresponding galvanic plating module.

It can be made exchangeable or permanently fixed, such as by gluing.

In one embodiment, the covering plate of the first and/or of the second
galvanic plating module further comprise for each substrate guiding element a
respective recess, in which the substrate guiding element can be inserted cus-

tom-fit in a form-locking manner.

In a preferred embodiment thereof, the recesses of the first and/or of the
second galvanic plating module allow the insertion of a substrate guiding ele-

ment having a dove talil profile.

This offers the advantage that two different non-metallic materials, pref-
erably polymeric materials, are possibly applicable for the covering plate and for
the substrate guiding element in order to make use of different thermal expan-
sion coefficients of both materials without that the detachably connected parts
will be released.

In one embodiment, the first and/or the second galvanic plating module
of the galvanic plating device comprises a plurality of linear substrate guiding
elements, which are running parallel to each other in transport direction of the
substrates to be treated inside of the respective galvanic plating module.

13
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In a preferred alternative embodiment, the first and/or the second galvan-
ic plating module of the galvanic plating device comprises a plurality of linear
substrate guiding elements, which are running parallel to each other at a posi-
tive angle related to the transport direction of the substrates to be treated,
wherein preferably said positive angle is the same for both galvanic plating

modules.

This offers the additional advantage that the substrates to be treated are
self-tightened by the flow of the electrolyte, if there is at least an outlet for the
electrolyte on the opposite side of the first side of the galvanic plating module.

In one embodiment, the galvanic plating device further comprises at least
a third galvanic plating module being arranged adjacent to the first galvanic plat-
ing module below a transport level of a substrate to be treated, wherein the first
and the third galvanic plating module both comprise a plurality of linear sub-
strate guiding elements, which are running parallel to each other at a positive
angle related to the transport direction of the substrates to be treated inside of
the respective galvanic plating module, wherein the positive angle in the first
galvanic plating module is different to the positive angle in the third galvanic
plating module.

In one embodiment, the galvanic plating device further comprises at least
a third galvanic plating module being arranged adjacent to the first galvanic plat-
ing module below a transport level of a substrate to be treated; and further
comprises at least a second and a fourth galvanic plating module being ar-
ranged adjacent to each other above a transport level of a substrate to be treat-
ed; wherein the first, second, third and fourth galvanic plating module each
comprise a plurality of linear substrate guiding elements, which are running par-
allel to each other at a positive angle related to the transport direction of the
substrates to be treated inside of the respective galvanic plating module, where-
in preferably the positive angle in the first and second galvanic plating module is
different from the positive angle in the third and fourth galvanic plating module.

14
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In a preferred embodiment, the substrate guiding elements of the galvan-
ic plating modules arranged above the transport level possess a straight flat
edge. This allows a facilitated access of the user of the galvanic processing line
to the respective upper galvanic plating modules above the transport level of
said line facilitating doing maintenance, replacements and/or repairs.

In one embodiment, each substrate guiding element of a galvanic plating
module below and/or above of the transport level of the substrates to be treated
possess a chamfer in transport direction of the galvanic plating device.

This minimizes further the risk of damaging the substrates to be treated.

In a preferred embodiment, at least one substrate guiding element of a
galvanic plating module below and/or above of the transport level of the sub-
strates to be treated comprises at least one opening going from the upper side

downward to the bottom side of the respective substrate guiding element.

This is advantageous for applications, which require a further reduction of
the negative effect of the covering plate on the electrical field and the electrolyte
flow. Besides providing a covering plate having a maximum of openings, in such
a preferred embodiment for special applications, the substrate guiding ele-
ment(s) itself/themselves provide(s) at least one opening inside of the substrate
guiding element in order to further minimize the covering of the anode element
and the electrolyte nozzle(s). Said advantage is increasing continuously the
more substrate guiding elements without openings are substituted by substrate
guiding elements having such an at least one opening.

It has been surprisingly found that the filling performance of such an in-
ventive galvanic plating module comprising substrate guiding element(s) having
such opening(s) is remarkable further improved, in particular for blind hole filling
and X-plating of through silicon vias (TSV).

In a more preferred embodiment thereof, all substrate guiding elements

of all galvanic plating modules below and/or above of the transport level of the
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substrates to be treated comprises at least one opening going from the upper
side downward to the bottom side of the respective substrate guiding element.

The size and dimension of such an opening inside of the substrate guid-
ing elements of these preferred embodiments of the invention can be freely
chosen as long as the substrate guiding elements can still fulfill the object of the
invention, namely to ensure a safe transportation of the substrates to be treated
through the galvanic plating device. The respective openings can be exemplari-
ly provided as a subsequently arranged plurality of circular openings providing
thereby a plurality of through going conduits.

The invention is further related to the use of such an inventive galvanic
plating device for galvanic metal, preferably copper, deposition on printed circuit
foils, flexible printed circuit boards and embedded chip substrates.

As used herein, the term "entry side" refers to said side of the galvanic
plating device of a horizontal process line, wherein a substrate to be treated will
arrive in transport direction in the transportation area at the galvanic plating mod-
ule before entering the galvanic plating module in which the substrate to be treat-

ed will run subsequently.

As used herein, the term "exit side" refers to said side of the galvanic plat-
ing device of a horizontal process line, wherein a substrate to be treated will ar-
rive in transport direction in the transportation area at the galvanic plating module
after leaving the galvanic plating module in which the substrate to be treated has

been run before.

The present invention thus addresses the problem of transporting thin
(down to 25 micrometers) and flexible substrates to be treated through a hori-
zontal process line without damaging them. The flexible thin substrates to be
treated cannot more flow upwards or downwards between individual transport

elements being arranged below or above the transport level.

The following non-limiting examples are provided to illustrate an embod-
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iment 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.

Turning now to the Figures, Figure 1 shows a schematic perspective side
view of a galvanic plating device 1 of a horizontal galvanic plating processing
line for galvanic metal, in particular copper, deposition in accordance with a pre-

ferred embodiment of the present invention.

Herein, said galvanic plating device 1 comprises a first galvanic plating
module 2, which is arranged below a transport level of a substrate to be treated
(not shown), and at least a plating clamp (not shown) arranged on a first side 4

of the galvanic plating device 1.

The first galvanic plating module 2 comprises a plurality of electrolyte
nozzles and a plurality of anode elements inside of said galvanic plating module
2, wherein said galvanic plating module 2 further comprises a covering plate 5
having a plurality of openings 6 arranged above the anode element and the

electrolyte nozzle.

The galvanic plating device 1 further comprises a first galvanic plating
module 2 having a plurality of linear substrate guiding elements 7, which are
running parallel to each other at a positive angle related to the transport direc-
tion of the substrates to be treated (not shown).

The plurality of a substrate guiding elements 7 are arranged on the sur-
face of the covering plate 5 of the galvanic plating module 2, wherein said sub-
strate guiding elements 7 are in conjunction with said surface of the covering
plate 5 of the galvanic plating module 2, wherein the substrate guiding elements
7 are detachably connected with the surface of the respective covering plate 5.

The covering plate 5 of the first galvanic plating module 2 comprises for
each substrate guiding element 7 a respective recess in which the substrate

guiding element 7 can be inserted custom-fit in a form-locking manner. The re-
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cesses of the first galvanic plating module 2 allow herein the insertion of a sub-
strate guiding element 7 having a dove tail profile. Said substrate guiding ele-
ments 7 possess herein a chamfer 12 in transport direction of the galvanic plat-
ing device 1. Said substrate guiding elements 7 and the respective covering
plate 5 of the first galvanic plating module 2 are made of polymeric material,
wherein the substrate guiding elements 7 are made of PTFE.

The galvanic plating device 1 shown is free of any additional transport
element, such as wheel axis or rollers, for transporting the substrates to be
treated (not shown) in transport direction through the galvanic plating device 1
except making use of at least a plating clamp (not shown).

The entry side 10 of the first galvanic plating module and the exit side 11
of the first galvanic plating module are illustrated.

On the first side of the galvanic plating device 1 the at least one plating
clamp for contacting and transporting the respective substrate to be treated is
not illustrated for facilitating the understanding of the invention. The anode ele-

ments in this particular embodiment of the invention are running straight.

Figure 2 shows an enlarged schematic perspective side view on the entry
side 10 of a first galvanic plating module 2 of an inventive galvanic plating de-
vice 1 in accordance with the embodiment of the present invention shown in

Figure 1.

Figure 3 shows an enlarged schematic perspective side view on the exit
side 11 of a first galvanic plating module 2 of an inventive galvanic plating de-
vice 1 in accordance with the embodiment of the present invention shown in

Figure 1.

Figure 4 shows a schematic front view of an individual substrate guiding
element 7 having a dove tail profile being used in a first galvanic plating module
2 of an inventive galvanic plating device 1 in accordance with the embodiment

of the present invention shown in Figure 1.

18



10

15

20

25

WO 2017/071908 PCT/EP2016/073454

Figure 5 shows a schematic perspective side view of a first 2 and an ad-
jacent third 9 galvanic plating module of an inventive galvanic plating device 1 in
accordance with the embodiment of the present invention shown in Figure 1.

Herein, it is additionally shown that the galvanic plating device 1 further
comprises a third galvanic plating module 9 being arranged adjacent to the first
galvanic plating module 2 below a transport level of a substrate to be treated
(not shown), wherein the first 2 and the third 9 galvanic plating module both
comprise a plurality of linear substrate guiding elements 7, which are running
parallel to each other at a positive angle related to the transport direction of the
substrates to be treated (not shown) inside of the respective galvanic plating
module 2, 9, wherein the positive angle in the first galvanic plating module 2 is

different to the positive angle in the third galvanic plating module 9.

Figure 6 shows a schematic perspective front view of a first 2 and an ad-
jacent third 9 galvanic plating module of an inventive galvanic plating device 1 in
accordance with the embodiment of the present invention shown in Figure 1.

Herein, it is additionally illustrated three plating clamps 3 on the first side

4 of the first galvanic plating module 2, which clamp a substrate to be treated 8.

Figure 7a shows a schematic perspective side view of a substrate guid-
ing element 7" used in a preferred embodiment of the present invention. Herein,
an exemplarily substrate guiding element 7° of a galvanic plating device is
shown, which comprises a plurality of circular openings 13" in the substrate
guiding element 7 going from the upper side downward to the bottom side of
the substrate guiding element 7. As can be easily seen in Figure 7a, the sub-
strate guiding element 7" has a chamfer 12" at the one end. The plurality of
openings 13" in the substrate guiding element is provided in form of through

going conduits having a constant diameter.

This preferred embodiment exhibits one possibility of providing a modi-
fied substrate guiding element 7~ having at least one opening 13" without that
the substrate guiding element 7° becomes unsuitable to still solve the object of
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the invention, namely to ensure a safe transportation of the substrates to be
treated through the galvanic plating device.

Such a plurality of openings 13" is preferred in comparison to one single
opening 13" running through the entire substrate guiding element 7° due to sta-
bility reasons, if the size and dimension of the substrate guiding element 77 itself
is intended to remain unchanged.

Figure 7b shows a schematic top view of a substrate guiding element
used in the preferred embodiment of the present invention shown in Figure 7a.

Figure 8a shows a schematic perspective sectional side view of a sub-
strate guiding element used in the preferred embodiment of the present inven-

tion shown in Figure 7a.

Figure 8b shows another schematic perspective sectional side view of a
substrate guiding element used in the preferred embodiment of the present in-

vention shown in Figure 7a.

Both Figures 8a and 8b show in a clear manner that the plurality of open-
ings 13" in the substrate guiding element 7" are provided in form of through go-

ing conduits having a constant diameter.

While the principles of the invention have been explained in relation to
certain particular embodiments, and are provided for purposes of illustration, it
is to be understood that various modifications thereof will become apparent to
those skilled in the art upon reading the specification. Therefore, it is to be un-
derstood that the invention disclosed herein is intended to cover such modifica-
tions as fall within the scope of the appended claims. The scope of the inven-

tion is limited only by the scope of the appended claims.
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Reference signs

1 Galvanic plating device

2 First galvanic plating module

3 Plating clamp

4 First side of the first galvanic plating module

5 Covering plate of the first galvanic plating module

6 Openings in the covering plate of the first galvanic plating
module

7,7 Substrate guiding element

8 Substrate to be treated

9 Third galvanic plating module

10 Entry side of the first galvanic plating module

11 Exit side of the first galvanic plating module

12,127 Chamfer of the substrate guiding element

137 Openings in the substrate guiding element 7~
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CLAIMS

1. Galvanic plating device (1) of a horizontal galvanic plating pro-

cessing line for galvanic metal, in particular copper, deposition;

wherein said galvanic plating device (1) comprises at least a first galvanic
plating module (2), which is arranged below a transport level of a substrate to
be treated (8), and at least a plating clamp (3) arranged on a first side (4) of the

galvanic plating device (1);

wherein said first galvanic plating module (2) comprises at least an elec-
trolyte nozzle and at least an anode element inside of said galvanic plating
module (2), wherein said galvanic plating module (2) further comprises at least
a covering plate (5) having a plurality of openings (6) arranged above the anode
element and the electrolyte nozzle characterized in that

the galvanic plating device (1) further comprises at least a substrate
guiding element (7,77) arranged on the surface of the covering plate (5) of the
galvanic plating module (2), wherein said substrate guiding element (7, 77) is in
conjunction with said surface of the covering plate (5) of the galvanic plating

module (2).

2. Galvanic plating device according to claim 1 characterized in that
the galvanic plating device (1) further comprises at least a second galvanic plat-
ing module, which is arranged above the transport level of a substrate to be
treated (8); wherein said second galvanic plating module comprises at least an
electrolyte nozzle and at least an anode element inside of said galvanic plating
module, wherein said second galvanic plating module further comprises at least
a covering plate arranged below the anode element and the electrolyte nozzle
having a plurality of openings; wherein the galvanic plating device (1) further
comprises at least a substrate guiding element arranged on the surface of the
covering plate of said second galvanic plating module, wherein said substrate
guiding element is in conjunction with said surface of the covering plate of the
second galvanic plating module.
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3. Galvanic plating device according to claim 1 or 2 characterized in
that the substrate guiding elements (7, 77) of the first (2) and/or of the second
galvanic plating module are at least partially permanently fixed on the surface of
the respective covering plate (5) of the corresponding galvanic plating module.

4. Galvanic plating device according to claim 1 or 2 characterized in
that the substrate guiding elements (7, 77) of the first (2) and/or of the second
galvanic plating module are detachably connected with the surface of the re-
spective covering plate (5) of the corresponding galvanic plating module.

5. Galvanic plating device according to one of the preceding claims
characterized in that each substrate guiding element (7, 7°) of the first (2) and/or
of the second galvanic plating module further comprise at least two plugs at
their bottom side, which are fitting in respective recesses or holes in the respec-

tive covering plate (5) of the corresponding galvanic plating module.

6. Galvanic plating device according to one of the preceding claims
characterized in that the covering plate (5) of the first (2) and/or of the second
galvanic plating module further comprise for each substrate guiding element (7,
77) a respective recess in which the substrate guiding element (7, 7°) can be

inserted custom-fit in a form-locking manner.

7. Galvanic plating device according to claim 6 characterized in that
the recesses of the first (2) and/or of the second galvanic plating module allow
the insertion of a substrate guiding element (7, 77) having a dove tail profile.

8. Galvanic plating device according to one of the preceding claims
characterized in that the covering plate (5) of the first (2) and/or of the second
galvanic plating module and their respective substrate guiding elements (7, 77)
are made of a non-metallic material, preferably made of polymeric material,
more preferably made of PTFE, PE and PP.

9. Galvanic plating device according to one of the preceding claims

characterized in that the first (2) and/or the second galvanic plating module of
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the galvanic plating device (1) comprises a plurality of linear substrate guiding
elements (7, 77), which are running parallel to each other in transport direction
of the substrates to be treated (8) inside of the respective galvanic plating mod-

ule.

10.  Galvanic plating device according to one of the preceding claims
characterized in that the first (2) and/or the second galvanic plating module of
the galvanic plating device (1) comprises a plurality of linear substrate guiding
elements (7, 77), which are running parallel to each other at a positive angle
related to the transport direction of the substrates to be treated (8), wherein
preferably said positive angle is the same for both galvanic plating modules.

11.  Galvanic plating device according to one of the preceding claims
characterized in that the galvanic plating device (1) further comprises at least a
third galvanic plating module (9) being arranged adjacent to the first galvanic
plating module (2) below a transport level of a substrate to be treated (8),
wherein the first (2) and the third (9) galvanic plating module both comprise a
plurality of linear substrate guiding elements (7, 7°), which are running parallel
to each other at a positive angle related to the transport direction of the sub-
strates to be treated (8) inside of the respective galvanic plating module (2, 9),
wherein the positive angle in the first galvanic plating module (2) is different to
the positive angle in the third galvanic plating module (9).

12.  Galvanic plating device according to one of the preceding claims
characterized in that the galvanic plating device (1) further comprises at least a
third galvanic plating module (9) being arranged adjacent to the first galvanic
plating module (2) below a transport level of a substrate to be treated (8); and
further comprises at least a second and a fourth galvanic plating module being
arranged adjacent to each other above a transport level of a substrate to be
treated (8); wherein the first (2), second, third (9) and fourth galvanic plating
module each comprise a plurality of linear substrate guiding elements (7, 77),
which are running parallel to each other at a positive angle related to the
transport direction of the substrates to be treated (8) inside of the respective
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galvanic plating module, wherein preferably the positive angle in the first (2) and
second galvanic plating module is different from the positive angle in the third
(9) and fourth galvanic plating module.

13.  Galvanic plating device according to one of the preceding claims
characterized in that each substrate guiding element (7, 77) of a galvanic plating
module below and/or above of the transport level of the substrates to be treated
(8) possess a chamfer (12, 127) in transport direction of the galvanic plating de-
vice (1).

14.  Galvanic plating device according to one of the preceding claims
characterized in that the galvanic plating device (1) is free of any additional
transport element, such as wheel axis or rollers, for transporting the substrates
to be treated (8) in transport direction through the galvanic plating device (1)

except making use of at least a plating clamp (3).

15.  Use of a galvanic plating device (1) according to one of claims 1 to
14 for galvanic metal, preferably copper, deposition on printed circuit foils, flexi-
ble printed circuit boards and embedded chip substrates.
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