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Electrostatic discharge unit

Field of the Invention

The present invention refers to a type of electrostatic discharge unit being es-
pecially useful for transporting a substrate horizontally. Furthermore, the present
invention refers to a method providing an efficient electrical discharge for substrates
being transported along a horizontal path.

Background of the Invention

The industry is already making use of horizontal transport systems, for exam-
ple, in treatment devices used for the metal deposition on substrates. These metals
are, for example, selected from copper, tin or nickel. Such types of depositions are
already known for many years. Such depositions represent an essential processing
step being used, for example, in the production of printed circuit boards.

Over the years a continuous development resulted from the worldwide tech-
nical miniaturization. While providing many benefits it simultaneously provided new
challenges for the manufacturers. For example, the foregoing development resulted
in a constant need to adapt existing treatment devices for the new substrates and
new types of treatment.

For example, the increased requirements regarding chemical stability of the
treatment devices led to the usage of completely different materials for the transport
rollers especially in the field of electroless chemical and galvanic coating of sub-
strates. For example WO 2011/092131 A1 discloses the usage of glass for such
transport rollers. Such transport rollers provide many benefits like a very high chem-
ical stability and a highly accurate production accuracy.

However, as the substrates and treatments are constantly changing there is
still a high demand of further improving and adapting the treatment devices. For
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example, the possibilities of electrically discharging the substrate become more and
more important. In this context, it has to be noted that many new substrates are es-
pecially sensitive to damages resulting from electrical charges accumulating on the
surface of said substrates. However, it can also be beneficial to discharge other
substrates being less sensitive to damages themselves, as electrostatic charges
accumulating on their surface might affect the handling or even cause explosions
even if such substrates are merely transported in an atmosphere containing high

levels of certain organic solvents.

It has to be further noted that the treatment devices and transport systems
currently in use represent a significant asset value. In fact, the acquisition costs typi-
cally amortize over the years or maybe even decades. Simultaneously, long down-
times based on greater types of reconstruction also represent a significant loss for
the producer, if such reconstructions are possible at all. Thus, it would be highly
preferred providing a simple and flexible upgrade system of such treatment devices
and transport systems.

Also, there is a continuous demand to increase the reliability of discharging
substrates. Based on the increasing price per unit a high amount of damaged sub-
strates result in a significant loss. Furthermore, identifying damages of complex
substrates becomes increasingly complicated representing an additional noticeable
cost factor. Accepting a certain number of damaged substrates resulting in failures
of complex devices like printed circuit boards manufactured herewith, however, re-
sults in subsequent costs or even subsequent damages being typically not accepta-
ble. Thus, providing devices ensuring a reliable electrical discharge simplifying the
treatment of especially sensitive existing substrates and the next generation of sub-
strates is a particular challenge beneficially to be solved.

Objective of the present Invention

So there is still a need for transport devices and treatment devices providing
an easy and flexible upgrade to maximize the benefit of existing asset values and

provide easily customizable new devices.
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Furthermore, it would be preferred if corresponding methods and devices for
such methods provide an improved electrical discharge for substrates being espe-
cially sensitive to accumulation of such electrostatic charges.

Additionally, it would be advantageous if corresponding devices and methods
provide a reliable and gentle electrical discharge to ensure an optimized treatment
of sensitive substrates.

Summary of the Invention

The aforementioned problems are solved by the inventions as disclosed in the
independent and dependent claims and the description. Further objects and addi-
tional benefits are included in the following description, however, even further ob-
jects not being explicitly stated herein but being immediately derivable or discernible
from the connections discussed herein are solved by the present invention and its
embodiments disclosed herein.

The present invention refers to an electrostatic discharge unit containing at
least one electrostatic discharge subunit, wherein the at least one electrostatic dis-
charge subunit contains at least one transport roller system and at least one dis-
charge path, wherein each transport roller system independently from each other
contains one transport roller and at least one element selected from the group con-
sisting of mountings containing a rolling-element bearing and propulsion elements,
the transport rollers are selected from metal transport rollers or polymer coated met-
al transport rollers, and wherein the electrostatic discharge subunit is adapted to
conduct the charge from the surface of the transport roller through the rolling-
element bearing, the propulsion element or both to the discharge path.

Such electrostatic discharge units are easily introduced into existing treat-
ments devices and transport systems. Furthermore, such units are easily combined
with other elements to provide a construction kit for new treatment devices. Surpris-
ingly, these units are easily introduced into treatment devices and still provide an
improved possibility of discharging the substrate despite the limited contact surfaces
in the rolling-element bearing and the propulsion elements.

Furthermore, the present invention refers to an electrostatic discharge unit
containing at least 2, preferably at least 3, more preferred at least 5, electrostatic
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discharge subunits, wherein each electrostatic discharge subunit independently from
each other contains 1, 2, 3, 4, 5 or 6 transport roller systems and at least one dis-
charge path, each transport roller system contains one transport roller and at least
one element selected from the group consisting of mountings and propulsion ele-
ments, the transport rollers are selected from metal transport rollers like stainless
steel transport rollers or polymer coated metal transport rollers like polymer coated
stainless steel transport rollers, and wherein the electrostatic discharge subunits are
adapted to conduct the charge from the surface of the transport roller through the
mounting, the propulsion element or both to the discharge path.

Such electrostatic discharge units, for example, provide the possibility to con-
struct submodules providing efficient and reliable electrostatic discharge while being
easily exchanged according to the specific needs. These submodules provide an
excellent balance of good and reliable discharging and a simply construction being
easily integrated into an existing or future treatment and/or transport devices.

It proved especially useful using transport roller systems, wherein the charge
is conducted through the rolling element bearing. Such systems provided especially
increased long term stability.

Furthermore, the present invention refers to a module of a treatment device
containing a horizontal transport system for transporting a substrate, wherein the
horizontal transport system contains at least one inventive electrostatic discharge

unit.

Furthermore, the present invention refers to a treatment device containing at

least one inventive electrical discharge unit or at least one inventive module.

Furthermore, the present invention refers to a method for electrical discharg-
ing a substrate, wherein the substrate is transported using at least one inventive

electrical discharge unit or at least one inventive module.

Furthermore, the present invention refers to the use of at least one inventive
electrical discharge unit or at least one inventive module for electrical discharging a
substrate.
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Brief Description of the Fiqures

For a more complete understanding of the present invention, reference is
made to the following Detailed Description of the Invention considered in conjunction
with the accompanying figures, in which:

Figures 1 to 3 show schematic drawings of rolling-element bearings.
Figure 4 shows a schematic drawing of a ball bearing (24).
Figure 5 shows a schematic drawing of different types of mountings (13).

Figure 6 shows a schematic drawing of a cross section of a rolling-element
bearing.

Figure 7 shows a schematic drawing of a side view of the rolling-element bear-
ing of figure 6.

Figure 8 shows a schematic drawing of a rolling-element bearing.

Figure 9 shows the schematic drawing of a mounting similar to the mounting
of Figure 6.

Figure 10 shows a schematic drawing of an electrostatic discharge unit.
Figures 11 to 13 show schematic drawings of modules from various directions.

Detailed Description of the Invention

The present invention refers to an electrostatic discharge unit as disclosed
above containing at least one electrostatic discharge subunit, wherein the at least
one electrostatic discharge subunit contains at least one transport roller system and
at least one discharge path, wherein each transport roller system independently
from each other contains one transport roller and at least one element selected from
the group consisting of mountings containing a rolling-element bearing and propul-
sion elements, the transport rollers are selected from metal transport rollers or pol-
ymer coated metal transport rollers, and wherein the charge is conducted from the
surface of the transport roller through the rolling-element bearing, the propulsion
element or both to the discharge path. Preferably, the rolling-elements bearing, the
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propulsion elements or both contain an organic polymer, and the electrostatic dis-
charge subunit is adapted to conduct the charge from the surface of the transport
roller through the organic polymer of the rolling-element bearing, the organic poly-
mer of the propulsion elements or both to the discharge path. It is especially pre-
ferred that the rolling-element bearing contains such organic polymer conducting the
charge from the transport roller to the discharge path.

It has been noted that conducting the charge through a plain bearing provided
long-term problems, as the corresponding bearing seems to suffer unusual abrasion
resulting in fine particles being set free and possibly contaminating the treatment
device. It is thought that the additives introduced into a polymer being used for such
plain bearings weaken the substance and result in an increased vulnerability of such
bearings.

Typically, it proved to be especially useful according to further embodiments of
the present invention that the inventive electrostatic discharge unit contains at least
2, preferably at least 3, more preferred at least 5 electrostatic discharge subunits
each independently from each other containing 1, 2, 3, 4, 5 or 6 transport roller sys-

tems.

Furthermore, the present invention refers to an electrostatic discharge unit
containing at least 2, preferably at least 3, even more preferred at least 5, electro-
static discharge subunits, wherein each electrostatic discharge subunit independent-
ly from each other contains 1, 2, 3, 4, 5 or 6 transport roller systems and at least one
discharge path, each transport roller system contains one transport roller and at
least one element selected from the group consisting of mountings and propulsion
elements, the transport rollers are selected from metal transport rollers or polymer
coated metal transport rollers, and wherein the electrostatic discharge subunits are
adapted to conduct the charge from the surface of the transport roller through the
mounting, the propulsion element or both to the discharge path.

According to specific embodiments it is especially preferred that the inventive
rolling-element bearing, the propulsion elements or both contain an organic polymer,
and the charge is conducted from the surface of the transport roller through the or-
ganic polymer of the rolling-element bearing, the organic polymer of the propulsion
elements or both to the discharge path. It is especially preferred that the rolling-
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element bearing contains such organic polymer conducting the charge. Surprisingly,
it was noted that for many embodiments it was especially beneficial introducing an
organic polymer conducting the electrical charge. Using such conductive path the
number of spark discharges was greatly decreased or even completely reduced to

ZEero.

The embodiments disclosed herein are based on a device for treating sub-
strate, wherein the substrate is transported in a horizontal transport plane. Direc-
tions and positions referring to the substrate and elements of the devices described
herein are based on the direction of transporting said substrate unless specified
otherwise. For example, the above referenced front and end of the electrostatic dis-
charge unit refer to the elements of the corresponding unit where the substrate en-
ters the unit (front) and exits the unit (end). In further embodiments of the present
invention the horizontal transport system for transporting a substrate is based on
transport rollers being arranged parallel to each other in direction of the transporta-

tion route.

The phrase “electrostatic discharge unit” as used herein refers to a device for
electrically discharging a substrate coming into contact with it. Such electrostatic
discharge units can be used in a great number of applications, however, they proved
especially useful in horizontal transport devices. Such horizontal transport devices
can be, for example, used in treatment devices allowing an electroless chemical
and/or galvanic treatment of substrates. Such treatment can be, for example, used
for the deposition of metals like as copper, tin, gold, silver or alloys thereof. Corre-
sponding treatments represent very complex procedures including a great number
of different steps including many pretreatment and post treatment steps arranged
before, after and between the actual depositions and modification steps of the de-
posit. Examples of such pretreatment and post treatment steps are rinsing, drying
and etching.

The term “mounting” according to the present invention refers to the hanging
of said transport rollers containing, for example, some plain bearing or rolling-
element bearing, preferably a rolling-element bearing like ball bearing, providing the
fastening of the transport rollers while providing the possibility of rotation. Preferably
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it simultaneously provides an electrical discharge for electrical charges accumulating
in the substrate.

The phrase “discharge path” according to the present invention refers to a
conductive path like a wire being able to transmit the electrical charge from the
mounting to the grounding. Said discharge paths are preferably electrically isolated
from each other. However, at least at the ground said discharge paths are connect-
ed. Typically, said discharge paths are connected to a central grounding available in
a production facility. However, as the connection points at the treatment device are
preferably split up into several discharge paths it is secured that the charges are
conducted along the different discharge paths without interfering with each other.

The term ,transport roller” according to the present invention refers to rollers
coming into contact or possibly coming into contact with the substrate to be treated.
For example, this term refers to rollers below and above the transport plane coming
into contact with the substrate typically being used for forwarding said substrate.

The phrase “transport plane” according to the present invention refers to the
plane containing the lower surface of the substrate as it is transported. It has to be
understood that said transport plane might not be a perfect geometric plane as there
might be some height differences along the path of transportation resulting in a cor-
rugation of said transport plane.

According to further embodiments of the present invention the average electri-
cal resistance of each transport roller system of the electrostatic discharge subunits
lies within the range from 10* and 10" Ohm, preferably 10° to 5 - 10° Ohm, even
more preferred within the range of from 10° to 10° Ohm. The term “average electri-
cal resistance of the transport roller system” refers to the average resistance be-
tween the surface of the transport roller adapted to contact the substrate and the
outer contact point of the mounting or the propulsion element towards the discharge
path. If the transport rollers system contains a mounting and a propulsion element
being directly connected to a grounding, it is referred to the element providing the
lower average resistance provides the aforementioned electrical resistance. The
electrical resistance of the propulsion element is measured analogue to the electri-
cal resistance referring to the mounting. However, as the propulsion element may

take various forms and said element additionally actuates the transport roller the
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outer contact point of the propulsion element might be, for example, located directly
at the transport roller or more distant. The outer contact point of the propulsion ele-
ment is specified being located at the point along the travel path of the charges from
the transport roller, wherein the following path towards the grounding is not related
to the propulsion of the transport rollers. Preferably, said further path provides a
resistance of less than 10* Ohm. For example, the propulsion element might be a
conductive driving belt, wherein at some point a sliding contact conducts the charg-
es through some cable towards the grounding. Or, for example, the propulsion ele-
ment can be a row of gear wheels being mechanically coupled with a single gear
wheel being rotated by a drive axle, wherein said drive axle is contacted by such
sliding contact. In these cases the contact point of the sliding contact is the outer
contact point. Herein, it is preferred to take at least 10, for example 10, more pre-
ferred at least 50, for example 50, measurements of said resistance and calculate

their arithmetic mean.

Using a gear wheel mechanism as propulsion element proved to be especially
useful for a broad range of treatments. If the charges from the transport rollers
should be conducted through such propulsion element containing gear wheels the
gear wheels preferably contain an electrical conductive coating or are made of an
electrical conductive material like a conductive organic polymer, metal, mixtures
thereof or combinations thereof, preferably they are made of an electrical conductive
material like a conductive organic polymer, metal, mixtures thereof or combinations
thereof. Using a combination of multiple gear wheels made from a conductive organ-
ic polymer and metal, for example, provides the benefit that a kit of gear wheels can
be provided enabling to easily adapt the resulting electrical resistance based on
exchanging single gear wheels according to the present needs. Possible metals for

such gear wheels are, for example, steel like stainless steel, titanium and aluminum.

According to further embodiments the electrical resistance of the mounting,
the propulsion element or both, preferably of the mounting, being adapted to con-
duct the charges towards the grounding lies within the range from 10° to 10° Ohm,
more preferred within the range of 10* to 5 - 10° Ohm, even more preferred within
the range of 5- 10* to 5 - 10® Ohm. The electrical resistance is preferably measured
between the contact point of the transport roller and the bearing and the outer con-
tact point of the mounting or the contact point of the transport roller and the propul-
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sion element and the outer contact point of the propulsion element in direction of the
discharge path. If the transport rollers system contains a mounting and a propulsion
element being directly connected to a grounding, it is preferably referred to the ele-

ment providing the lower average resistance.

Typically, the mounting contains at least an inner part and an outer part,
wherein the inner part and the outer part are made from different materials. Prefera-
bly, the outer part is made from a metal like steel aluminium or titanium, an alloy like
steel or hastelloy, a conductive polymer or sintered carbon, more preferred a metal
or an alloy, even more preferred an alloy. An especially preferred metal is titanium.
An especially preferred alloy is steel. Said inner part preferably contains the bearing
like a rolling-element bearing or plain bearing, more preferred consists of such bear-
ing. Rolling-element bearings typically proved to be especially useful for such inner
part.

According to further embodiments of the present invention at least 3 electro-
static discharge subunits of the inventive electrostatic discharge unit independently
from each other contain at least 2, preferably at least 3, even more preferred at least
4, transport roller systems.

Furthermore, it has been noted that for many typical applications it is benefi-
cial to use a certain number of transport roller systems taking into account the num-
ber of discharge paths. In more detail, it is preferred according to further embodi-
ments that the number of transport roller systems is at least 1.3 times, preferably at
least 1.5 times, even more preferred at least 1.9 times, the number of discharge
paths, based on the total number of transport roller systems and discharge paths in
the electrostatic discharge unit.

In further embodiments of the present invention the average electrical re-
sistance of the electrostatic discharge subunits contained in the electrostatic dis-
charge unit is between 5 - 10° and 5 - 10° Ohm, preferably is between 10* and 7 -
10" Ohm, more preferred is between 10° and 2 - 10" Ohm, per metre length of the
transport rollers, based on the average resistances of the transport roller systems.
Preferably, said ranges of electrical resistance apply to all transport rollers of the
electrostatic discharge subunits contained in the electrostatic discharge unit. Herein,
the total length of the transport roller is used to calculate said ratio. Surprisingly, it

10
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has been noted that electrostatic discharge units providing such resistances typically
represented especially reliable discharge systems simultaneously providing a gentle
discharge of accumulated charges of the substrates.

In further embodiments of the present invention only 2, preferably only 1, elec-
trostatic discharge subunit of the electrostatic discharge unit each provide at least 4,
preferably at least 3, transport rollers above the transport plane. Typically, it is pre-
ferred that the aforementioned electrostatic discharge subunits containing at least 4,
preferably at least 3, transport rollers above the transport plane are located at the
front and at the end of the electrostatic discharge unit.

According to further embodiments of the present invention the electrostatic
discharge unit contains at least 4, preferably at least 6, even more preferred at least
8 inventive electrostatic discharge subunits. It appears that the usage of a higher
number of electrostatic discharge subunits allows realizing longer transportation
paths still providing an efficient and reliable discharging. Such embodiments are, for
example, especially useful, if a substrate has to be dried and the drying process
requires a longer transportation path to be completed.

Furthermore, it is preferred in further embodiments that at most 3, more pre-
ferred at most 2, electrostatic discharge subunits of the inventive electrostatic dis-
charge unit are separated by one transport roller not being part of an electrostatic
discharge subunit being located between the transport rollers below the transport
plane of the electrostatic discharge subunits. Especially, it is preferred that the elec-
trostatic discharge subunits of the inventive electrostatic discharge unit are not sep-
arated by transport rollers being not part of an electrostatic discharge subunit. It has
been noted that according to many to most embodiments of the present invention it
is beneficial to provide an essentially continuous row of inventive transport rollers.
Although, the inventive electrical discharge units still provide a benefit in other em-
bodiments the inventive effect is typically greatly increased using such aforemen-
tioned essentially continuous arrangement of inventive electrostatic discharge subu-

nits.

Furthermore, it has been noted that according to further embodiments it is typ-
ically preferred that the transport rollers below the transport plane are not in contact
with a liquid bad. Naturally, the transport rollers might come into contact with a lig-
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uid, for example, based on fluid being introduced by wet substrates coming into con-
tact with said rollers. However, the beneficial results seem to typically decrease, if
the transport rollers below the transport plane are in contact with a bath.

According to further embodiments of the present invention the mountings of at
least one electrostatic discharge subunit are connected to a conductive rail, conduc-
tive frame or combinations thereof and said conductive rail, conductive frame or
combinations thereof is grounded. Preferably, said conductive rail and conductive
frame is made of metal. Said conductive rail and conductive frame typically provides
no essential electrical resistance. For example, their greatest electrical resistance
between a mounting of the electrostatic discharge subunit and the grounding is
preferably less than 1 Ohm, preferably less than 0.1 Ohm, even more preferred less
than 0.01 Ohm. In further embodiments of the present invention the mountings of
most, more preferred at least 90 %, even more preferred all, inventive electrostatic
discharge subunits are connected according to the above described way. It has
been noted that such arrangement surprisingly provides a very easy and reliable
possibility of grouping otherwise isolated transport roller systems providing high me-
chanical stability as well as good performance.

The phrase “conductive rail” according to the present invention refers to a
conductive element being located on at least one side of the mounting and being no
conductive frame. For example, a metal bar or board can be used for such purpose.
Using such elements as part of the discharge path requires less material to be used
compared to conductive frames and still provides a reliable discharge. Furthermore,
using conductive rails provide simple and efficient constructions with many possibili-

ties of movement.

For example, it is preferred in other embodiments to connect the transport
rollers above the transport plane of at least 3, more preferred at least 4, even more
preferred at least 6, electrostatic discharge subunits to the corresponding discharge
path using a vertical conductive rail or the vertical conductive rail part of the combi-
nation of a conductive frame and conductive rail. Such type of connecting said
transport rollers provide a simple and reliable possibility to connect the transport
rollers above the transport plane while providing the possibility of vertical movement
of said transport rollers.

12
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The phrase “conductive frame” according to the present invention refers to a
conductive element being located around a mounting. For example, such conductive

frames can be made by bending or welding metal bars or boards.

In further embodiments of the present invention the bearing of the mounting is
made from a self-lubricating organic polymer. Such systems proved to be especially
beneficial for typical embodiments, as they typically allow avoiding the use of lubri-
cants reducing the risk of contamination of the treatment area. Said bearing of the
mounting and the corresponding part of the transport roller can be, for example, in
direct contact with each other like in a plain bearing or separated by another part of
the bearing and rolling element like in a rolling-element bearing.

The phrases “organic polymer” and “organic polymeric coating” refer to organ-
ic polymeric materials and coatings made therefrom used in the art. Said organic
polymer can contain fillers, lubricants, plasticizer and further typical additives known
in the art. Such additives often influence the properties of the organic polymer and,
for example, influence the conductivity of the resulting material.

The mountings preferably contain plain bearings, rolling-element bearings or
mixtures thereof. Herein, the rolling-element bearing proved to be especially useful,
as they typically provided a greater lifetime and less abrasion being very beneficial
for many applications. An especially preferred type of rolling-element bearing is the
ball bearing.

The material of the rolling-elements or balls of said rolling-element bearings or
ball bearings can be selected from those known in the art providing the required
conductivity for conducting the charges from the transport rollers to the discharge
paths. Examples of materials to be used are metals and electrically conductive pol-
ymers, preferably metals like steel or tungsten carbide, more preferred steel. Such
rolling-elements or balls are readily available and provide good characteristics to be
used in such mounting. According to further embodiments it is especially preferred
that the charges are conducted through the rolling element of the rolling-element
bearing towards the grounding.

The bearing surfaces of the plain bearings, rolling-element bearings like ball
bearings or combinations thereof are preferably made from an organic polymeric

13



10

15

20

25

30

WO 2017/207300 PCT/EP2017/062103

material adapted to conduct the electrical charges from the axis of the transport roll-
er to the outer side of the mounting. It is especially preferred that the organic poly-
meric material is a self-lubricating organic polymer to reduce or even avoid the use
of lubricants. Such mountings combine various beneficial characteristics for most
applications, as they provide a very easy and yet quiet operation being applicable
for a broad range of transport rollers of different weights.

It has to be understood that the inventive transport roller systems might only
contain 1 mounting, wherein the other side can, for example, be a gear wheel being
coupled to other gear wheels providing the rotation of the transport roller. However,
typically it is preferred to provide 2 mountings to provide a simple and tough attach-
ment of the transport roller and introduce the kinetic energy using separate means
like a gear wheel or driving belt mechanism. For example, the transport roller can
provide 2 mountings and a gear wheel mechanism providing the rotation of the
transport roller.

According to further embodiments of the present invention the organic poly-
meric coating of the polymer coated metal rollers, preferably stainless steel rollers,
is an organic polymer with low or essentially no electrical conductivity, preferably
with an resistivity of at least 10° Ohm - m, more preferred at least 10° Ohm - m, even
more preferred at least 10° Ohm - m. Surprisingly, it had been noted that using an
organic polymer with high electrical conductivity in some specific applications result-
ed in a less pronounced decrease of the damages of transported substrates. It is a
theory, that a very low conductivity towards the transport roller enables a very quick
discharge of electrical charges resulting in damages of certain substrates during
specific treatments.

In further embodiments of the present invention the mountings of the transport
roller systems not being directly connected to a grounding are made from the same
or a different material than the mounting on the opposing side being directly con-
nected to a grounding. Examples of materials to be used are organic polymeric ma-
terials, metals like steel or aluminum, ceramic materials or combinations thereof,
preferably metals like steel or aluminum, organic polymeric materials or combina-

tions thereof. For example, the mountings on both side can contain an inner bearing

14



10

15

20

25

30

WO 2017/207300 PCT/EP2017/062103

essentially, preferably completely, consisting of an organic polymeric material and
an outer part containing metal, preferably consisting of metal like stainless steel.

The phrase “side being directly connected to a grounding” according to the
present invention refers to an element contacting a discharge path allowing to
charges to flow from the transport roller through said element to the grounding. The
phrases “side not being directly connected to a grounding”, “directly connected to a
grounding” and "not directly connected to a grounding” according to the present in-
vention are specified accordingly.

In further embodiments of the present invention the organic polymeric coating
of the polymer coated metal, preferably stainless steel, rollers contain less than
10 wt.-% additives like fillers and plasticizers based on the total weight of the organ-
ic polymeric coating. Surprisingly, it has been noted that using such polymer coated
metal, preferably stainless steel, rollers can be used in a great number of different
types of treatments. It is a theory that the additives possibly leech out from the or-
ganic polymer resulting in problems for specific types of treatments or high amounts
of, for example, fillers result in an increased abrasion leading to contamination and

changes of the electrical resistance of said transport rollers.

According to further embodiments of the present invention the organic poly-
meric coating of the polymer coated metal, preferably stainless steel, rollers is es-
sentially free from conductive particles like carbon black, graphite, graphene, carbon
nanotubes or metal particles. For example, the organic polymeric coating contain
less than 10 wt.-%, more preferred less than 5 wt.-%, even more preferred less than
1 wit.-%, conductive particles. Especially, it is preferred that said organic polymer
does not contain such conductive particles. Surprisingly, it has been noted that re-
ducing the amount of such particles seems to improve the overall life time of said
coating and to reduce the amount of abrasion products.

According to further embodiments of the present invention the organic poly-
meric coating of the polymer coated metal, preferably stainless steel, rollers contain
at least 90 wt.-%, more preferred at least 95 wt.-%, even more preferred at least
99 wt.-%, of the organic polymer, based on the total weight of the organic polymeric
coating. It has been noted that using essentially pure polymers with greatly reduced
amounts of additives provided a more reliable system to be used in different types of
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treatments using a broad range of chemicals. If mixtures or combinations of organic
polymers are used the total amount of these organic polymers is used for calcula-

tion.

In further embodiments of the present invention at least 90 wt.-%, preferably at
least 95 wt.-%, even more preferred at least 99 wt.-%, of the organic polymer is se-
lected from the group consisting of EPDM, NBR, CR, fluoropolymer elastomers,
mixtures thereof or combinations thereof, preferably EPDM, NBR, fluoropolymer
elastomers, mixtures thereof or combinations thereof, more preferred EPDM, based
on the total amount of organic polymer. It is especially preferred that at least the
organic polymer coated onto the transport roller is selected that way. It has to be
noted that the total amount of organic polymer refers to the organic polymers used
therein and does not include additives like fillers or plasticizers that might be con-
tained therein. The aforementioned terms refer to the commonly known meaning
known in the art. For example, EPDM refers to ethylene propylene diene monomer
rubber. NBR represents the abbreviation of nitrile butadiene rubber, whereas CR
stands for polychloroprene. Examples of fluoropolymer elastomers are named VI-
TON.

According to further embodiments of the present invention each discharge
path of the inventive electrostatic discharge subunits is connected to at most 3
transport rollers below the transport plane and at most 3 transport rollers above the
transport plane. Surprisingly, such systems already provided a great improvement
for many treatments without requiring specifically adapting the system to the specific
type of treatment and substrate.

In further embodiments of the present invention the average thickness of the
organic polymeric coating of the polymer coated metal, preferably stainless steel,
transport rollers is less than 5 mm, more preferred less than 3.5 mm, even more
preferred less than 3 mm. The thickness of the organic polymer layer on the
transport rollers is measured using standard methods. For example, the organic
polymer layer can be cut from the transport roller and be measured using a sliding
calliper. However, the person skilled in the art is able to choose different measure-
ment methods if required.
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Unless specified otherwise the “average” value as used herein refers to the
arithmetic mean of said value calculated based on the sum of a certain number of
values divided by their number (average value = sum of measured values / number
of measured values). To achieve a statistical significant value at least a certain
number of values have to be used for calculating said value, for example, at least
10, for example 10, values. The number of measurements, however, can be in-
creased, for example, to at least 50, for example 50, or at least 100, for example
100, if the fluctuation of the values is high. Referring to the average thickness of the
organic polymeric coating at least 10 measurements are taken, wherein the meas-
urements are randomly selected and located in the area of the transport roller
adapted to contact the substrate.

According to further embodiments of the present invention at least one, pref-
erably most, more preferred at least 75 %, even more preferred at least 90 %, even
more preferred all, of the mountings of the electrostatic discharge subunits of the
electrostatic discharge unit are connected to a conductive rail, conductive frame or
combinations thereof and said conductive rail, conductive frame or combinations
thereof is grounded. Preferably, said conductive rail, conductive frame and combina-
tions thereof are made of metal. The conductive rail, conductive frame and combina-
tions thereof typically essentially provide no electrical resistance. For example, ac-
cording to further embodiments the greatest electrical resistance between a mount-
ing of the electrostatic discharge subunit and the grounding is less than 1 Ohm,
preferably less than 0.1 Ohm, even more preferred less than 0.01 Ohm.

In further embodiments of the present invention the electrical resistance of
each transport roller system is in the range from 10* to 10'° Ohm, preferably in the
range from 5 - 10* to 10° Ohm, even more preferred in the range from 10° to 10°
Ohm. Surprisingly, it was noted that the overall electrical resistance is typically
beneficially adjusted in such range to provide an improved electrical discharge for
typical application.

In further embodiments of the present invention the thickness of the organic
polymeric coating of the polymer coated metal, preferably stainless steel, transport
rollers in the area adapted to contact the substrate is at most 7 mm, more preferred
at most 6.2 mm, even more preferred at most 5.3 mm. It has been noted that for
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polymeric coatings providing, for example, a low conductivity being beneficially used
according to the present invention should provide a high degree of uniform coating.
In such cases, even single spots providing a too thick coating seem to decrease the
benefit obtained with the present invention.

The term “adapted to contact the substrate” refers to an area of an object pos-
sibly coming into contact with the substrate while being transported, for example,
over corresponding transport rollers. For example, as the substrates to be transport-
ed or treated typically provide a width smaller than the width possible in the corre-
sponding device multiple paths to travel along are possible and a single substrate,
thus, does not come into contact with said whole area.

In further embodiments of the present invention the highest thickness of the
organic polymeric coating of the polymer coated metal, preferably stainless steel,
transport rollers adapted to contact the substrate is at most 150 %, more preferred
at most 130 %, even more preferred at most 120 %, of the average thickness of the
coating.

According to further embodiments of the present invention the lowest thick-
ness of the organic polymeric coating of the polymer coated metal, preferably stain-
less steel, transport rollers adapted to contact the substrate is at least 50 %, more
preferred at least 60 %, of the average thickness of the organic polymeric coating.

According to further embodiments of the present invention the average thick-
ness of the organic polymeric coating adapted to contact the substrate of the poly-
mer coated metal, preferably stainless steel, transport rollers is at least 0.7 mm,
more preferred at least 0.8 mm, even more preferred at least 1 mm. Preferably said
thickness refers to the whole polymer coating of the polymer coated transport roll-
ers. It appears that the beneficial effects of organic polymeric coated steel rollers as
disclosed herein providing areas coming into contact with the substrate and provid-
ing a very thin coating provide less pronounced benefits in certain applications.

In further embodiments of the present invention the metal, preferably stainless
steel, transport rollers or polymer coated metal, preferably stainless steel, transport
rollers are pipes. It has been noted that such transport rollers typically provide the
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required stability and conductivity for the inventive applications while simultaneously
providing a greatly decreased weight and inertia.

According to further embodiments of the present invention at least one gas
supply element is located around the transport rollers. Herein, it is especially pre-
ferred that the gas is directly or indirectly directed onto the substrate. The term
“around” the transport rollers according to the present invention refers to an ar-
rangement of said gas supply elements, wherein those elements are arranged
above, below or beside the transport rollers. Also a combination of multiple ar-
rangements might be used.

In further embodiments of the present invention the at least one gas supply el-
ement contains an end part and at least 90 %, preferably at least 99 %, even more
preferred all, of the surface of the inside of the last 30 cm of said end part are made
from an electrical conductive material and said surface on the inside of the end part
is grounded.

The term “end part” in this context refers to the end of the gas supply element
containing the gas outlet from which the gas exits the gas supply element. It has to
be understood that the grounding is not necessarily connected at said last 30 cm of
the end part. For example a conductive path might be included throughout the gas
supply element to conduct the charges from said end part to a different part of the
treatment device. Furthermore, it is possible to use several groundings to provide
alternative possibilities to discharge the gas stream in case one grounding is dis-
connected, for example, based on an accident during cleaning or during movement
of the gas supply element. Although, it is typically enough to use at least one
grounding, it is preferred in specific embodiments to include at least 2 or at least 3
groundings. The terms used in connection with the gas supply element are named in
relation to the gas stream. For example, the terms end part of the gas supply ele-
ment and last part of said element refer to the outlet of the gas supply element. Ac-
cording to further embodiments of the present invention at least the end part and the
base of the gas supply element are grounded.

The term “base” of the gas supply element according to the present invention
refers to the connecting part of the gas supply element and the wall of, for example,
the module of a treatment device.
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According to further embodiments of the present invention at least 90 %, pref-
erably at least 95 %, more preferred at least 99 %, even more preferred 100 %, of
the inside of the at least one gas supply element from the base of the gas supply
element to its outlet is made from an electrical conductive material, the base of the
gas supply element is grounded and at least the last 30 cm of the end part are elec-
trically connected to the base, or said at least 30 cm of the end part are separately.

According to further embodiments of the present invention the gas supply el-
ement is used for gases containing at least 50 vol-%, preferably at least 70 vol.-%,
more preferred at least 80 vol-%, even more preferred at least 99 vol-%, nitrogen,
based on the total volume of said gas at 1 bar.

In further embodiments it is preferred that a rotation of the outer part of the
mountings conducting the charges towards the discharge path is reduced or pre-
vented. Such embodiments typically provide a higher reliability of discharging the
substrate. The prevention of the rotation is accomplished, for example, by choosing
a corresponding form of the outer side of the mounting or fixing the outer element of
the mounting by means of, for example, screws or bolts. In more detail, an outer
form of the mounting can be chosen providing at least one corner or a bulge, where-
in said corner or bulge comes into contact with fixed element of the module prevent-
ing a further rotation of said mounting. For example, a conductive rail, conductive
frame or combinations thereof can be used as fixed element. Typically, it is pre-
ferred that 90%, more preferred 95%, even more preferred all, of the mountings of
the electrical discharge subunits being directly connected to a grounding provide
such reduced possibility of rotation.

According to further preferred embodiments of the present invention the rota-
tion of the mounting is reduced or prevented using corner and/or bulges of the
aforementioned mountings. This option provided a simple structure and simultane-
ously a surprisingly high efficiency of contacting the mounting. In further embodi-
ments the mountings provide a form containing at least two elements of the group
consisting of corners, bulges or mixtures thereof limiting the possible rotation of said
mounting to less than 50°, preferably to less than 30°, even more preferred to less
than 20°: Such prevention of the rotation resulted in an improved life expectancy of
contacts and cables used for contacting the mounting with the discharge path. Fur-
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thermore, it allowed the use of shorter cables resulting in savings of material as well

as reducing the risk of people getting caught on loose cables.

In further embodiments of the present invention the mountings of the electrical
discharge units being directly connected to a grounding directly contact a conductive
rail, a conductive frame or combinations thereof by means of their edges or bulges
to allow the flow of the charges towards the grounding. Surprisingly such embodi-
ments also provided a very high reliability and simultaneously rendered it possible to
reduce or even avoid the use of cables at these mountings.The reduction of cables
being a possible safe risk based on people getting caught reduces the rate of acci-
dents and number of people getting hurt.

The outer forms of corresponding mountings can be selected, for example,
from cuboids or cubes. However, also asymmetric forms can be used. For example,
a cylinder with elliptical or circular base might be used, wherein on at least one side
of the cylinder a part of the curved surface area is cut off resulting in a plane surface
at this side providing two edges at the sides of the plane surfaces adjoining the re-
maining curvature of the side of the cylinder. Such structure can be easily produced
from readily available mountings and can easily be adapted to the requirements of
specific treatment devices rendering it especially useful for upgrading existing treat-

ment devices.

Alternatively or additionally, said mountings can be fixated at a certain point
using, for example, screws or bolts. Such structure also provides the aforemen-
tioned benefits and even reduces the rotation even more. However, such strictly

fixed mountings appear to suffer from an increased material fatigue.

Typically, it is preferred that 90%, more preferred 95%, even more preferred
all, of the mountings of the electrical discharge units being directly connected to a
grounding provide such reduced possibility of rotation using, for example, corner,
bulges, screws or bolts.

Furthermore, the present invention refers to a module of a treatment device
containing a horizontal transport system for transporting a substrate, wherein the
horizontal transport system contains at least one inventive electrostatic discharge

unit.
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The term “module” as used herein refers to a subunit of a treatment or
transport device providing delimitation from the other parts of said treatment or
transport device. Using such modules allows an easy arrangement according to the
specific requirements of the customer and the possibility to upgrade or adapt the
corresponding device later on. For example, it can provide certain delimitations like
walls, weirs or transport roller arrangements to the neighbouring modules or the
beginning or end of the treatment or transport device. Typically, the substrate enters
the module through an inlet and leaves it through some outlet to reduce or avoid the
exchange of fluids or gases between the modules. Besides a physical delimitation a
module can also be defined by a specific function within the treatment apparatus.
Preferably, the inventive modules provide closed space volumes allowing an ex-
change with its exterior only through specified openings like said inlet and outlet.

According to further embodiments of the present invention more than 50 %,
more preferred more than 70 %, even more preferred more than 90 %, of the
transport rollers of the module are part of an inventive electrostatic discharge unit. It
has been noted that providing a higher ratio of the inventive transport rollers resulted
in a significant decrease of damages occurring on substrates being especially sensi-
tive towards electrostatic damages.

The mountings can, for example, be placed inside a module, in the wall of a
module or on the outside of a module. Typically, it is preferred placing the mountings
being directly connected to a grounding in the wall of a module or at least partly out-
side of the module, more preferred at least partly outside of the module. Such em-
bodiments typically provide a far easier structure and maintenance of corresponding
devices.

In many cases it is preferred that the mountings adapted to conduct the
charges from the transport roller to the discharge path of at least 1, more preferred
all, inventive electrostatic discharge subunit are located on the outside of the mod-

ule.

Typically, it is often preferred that at least 90%, preferably at least 95%, even
more preferred all, of the mountings being directly connected to a grounding of the
electrostatic discharge unit do not reach into the inside of the module.
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The additional benefit in case the aforementioned specified localization of the
mountings also refers to mountings not being directly connected to a grounding is
typically less pronounced. However, typically it is still preferred that the aforemen-
tioned localizations also refer to mountings not being directly connected to a ground-
ing. Preferably, the same localization is used for all mountings of the inventive
transport roller systems. It has surprisingly been noted that the typically increased
lifetime and identical maintenance interval in case of using such structure typically

surpasses the additional requirements and costs resulting therefrom.

Typically, it is further preferred that the same mountings are used on both
sides of the transport roliers whether they are directly connected to a grounding or
not. It has been noted that using mountings providing different electrical resistances
while providing the same or similar outward appearances might possibly result in an
incorrect placement of said mountings reducing or even negating the beneficial ef-
fects of the inventive electrical discharge unit.

In further embodiments of the present invention at least one electrostatic dis-
charge unit of the inventive module provides a gas supply element as specified
above. It has been noted that using at least one of such electrostatic discharge
units, for example, greatly improves the benefit of the inventive modules in dry mod-
ules and increases the safety when handling explosive or flammable gases.

According to further embodiments of the present invention the module con-
tains only 2, preferably only 1 inventive electrostatic discharge unit. It has been not-
ed that typically it is preferable to use a specific type of such electrostatic discharge
unit based on the specific requirements of the corresponding module. Including a
greater variety is possible, however, in most cases does not result in a benefit com-
pensating the increased complexity.

Furthermore, it has been noted that a higher benefit typically is to be expected
in cases, wherein the transport rollers of the inventive module are not in contact with

a liquid during operating said module.

Also it appears that the greatest benefit is available for modules, wherein the
substrate is contacted with at least one inventive electrical discharge unit or moved
through an inventive module while being dried or being in a dry state. In such cases
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the danger of electrostatic damages seems to be the greatest und using the in-
ventive electrostatic discharge unit provided the biggest benefit.

Furthermore, the present invention refers to a treatment device containing at
least 1, preferably at least 2, even more preferred at least 3, of the inventive electri-
cal discharge units and/or at least 1, preferably at least 2, inventive modules.

Such treatment device is, for example, selected from devices used for electro-
less chemical treatment, galvanic treatment or combinations thereof. Such treatment
devices are, for example, used in the manufacture of printed circuit boards continu-

ously providing new demands regarding the substrates and their handling.

Furthermore, the present invention refers to a method for electrical discharg-
ing a substrate, wherein the substrate is transported using at least one inventive

electrical discharge unit or at least one inventive module.

In further embodiments of the present invention the substrate is transported
while being in a dry state. It has been noted that the inventive method is especially
beneficially applied to substrates being in a dry state resulting is a very significant
decrease of the number of damaged treated substrates occurring during processing
said substrates.

According to further embodiments of the present invention the substrate in-
cludes a guiding element located on at least one, preferably at least two, sides of
the substrate, covering less than 10 % of the surface of the substrate. Surprisingly, it
has been noted that the treatment of very flexible substrates has been improved
despite the distance of the substrate and the grounded transport rollers resulting
from the thickness of such guiding element. Said guiding element can be, for exam-
ple, in the form of plates or rods being attached to at least one side of the substrate.
Said attachment to the substrate can be, for example, based on a hook mechanism,
clamping mechanism or gluing or taping the substrate to the guiding element.

Furthermore, the present invention refers to a use of at least one inventive
electrical discharge unit or at least one inventive module for electrical discharging a
substrate.

24



10

15

20

25

30

WO 2017/207300 PCT/EP2017/062103

Additionally, the present invention refers to a use of at least one inventive
electrical discharge unit or at least one inventive module for the production of a
printed circuit board, a printed circuit foil, a semiconductor wafer, a solar cell or a
photoelectric cell.

According to an aspect 1 the present invention preferably refers to an electro-
static discharge unit containing at least one electrostatic discharge subunit, wherein
the at least one electrostatic discharge subunit contains at least one transport roller
system and at least one discharge path, wherein each transport roller system inde-
pendently from each other contains one transport roller and at least one element
selected from the group consisting of mountings containing a rolling-element bearing
and propulsion elements, wherein the transport rollers are selected from metal
transport rollers or polymer coated metal transport rollers, and wherein the electro-
static discharge subunit is adapted to conduct the charge from the surface of the
transport roller through the rolling-element bearing, the propulsion element or both
to the discharge path.

According to an aspect 2 the present invention preferably refers to the electro-
static discharge unit according to aspect 1, wherein the rolling-element bearing, the
propulsion elements or both contain an organic polymer, and wherein the charge is
conducted from the surface of the transport roller through the organic polymer of the
rolling-element bearing, the organic polymer of the propulsion elements or both to
the discharge path.

According to an aspect 3 the present invention preferably refers to the electro-
static discharge unit according to any of aspects 1 to 2, wherein the electrostatic
discharge unit contains at least 3, preferably at least 4, more preferred at least 5
electrostatic discharge subunits each independently from each other containing 1, 2,
3, 4, 5 or 6 transport roller systems.

According to an aspect 4 the present invention preferably refers to an electro-
static discharge unit containing at least 2, preferably at least 3, even more preferred
at least 5, electrostatic discharge subunits, wherein each electrostatic discharge
subunit independently from each other contains 1, 2, 3, 4, 5 or 6 transport roller sys-
tems and at least one discharge path, wherein each transport roller system contains
one transport roller and at least one element selected from the group consisting of
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mountings and propulsion elements, wherein the transport rollers are selected from
metal transport rollers or polymer coated metal transport rollers, and wherein the
electrostatic discharge subunits are adapted to conduct the charge from the surface
of the transport roller through the mounting, the propulsion element or both to the
discharge path.

According to an aspect 5 the present invention preferably refers to the electro-
static discharge unit according to aspect 4, wherein the mounting contains a rolling-

element bearing.

According to an aspect 6 the present invention preferably refers to the electro-
static discharge unit according to any of aspects 1 to 5, wherein the mounting, the
propulsion elements or both, preferably the mounting, contains an organic polymer,
and wherein electrostatic discharge subunits are adapted to conduct the charge
from the surface of the transport roller through the organic polymer of the mounting,
the organic polymer of the propulsion elements or both to the discharge path.

According to an aspect 7 the present invention preferably refers to the electro-
static discharge unit according to any of aspects 1 to 6, wherein the electrical re-
sistance of the mounting, the propulsion element or both, preferably of the mounting,
being adapted to conduct the charges towards the grounding lies within the range
from 10° to 10° Ohm, more preferred within the range of 10* to 5 - 10° Ohm, even
more preferred within the range of 5 - 10 to 5 - 10 Ohm.

According to an aspect 8 the present invention preferably refers to the electro-
static discharge unit according to any of aspects 1 to 7, wherein at least one, prefer-
ably most, more preferred at least 75 %, even more preferred at least 90 %, even
more preferred all, of the mountings of the electrostatic discharge subunits of the
electrostatic discharge unit is connected to a conductive rail, conductive frame or
combinations thereof and wherein said conductive rail, conductive frame or combi-

nations thereof is grounded.

According to an aspect 9 the present invention preferably refers to the electro-
static discharge unit according to any of aspects 1 to 8, wherein the organic polymer
of the rolling-element bearing is a self-lubricating organic polymer.
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According to an aspect 10 the present invention preferably refers to the elec-
trostatic discharge unit according to any of aspects 1 to 9, wherein the rolling ele-
ments of the rolling-element bearing are made of metal, preferably steel. For exam-
ple, steel balls can be used if the rolling-element bearing is a ball bearing.

According to an aspect 11 the present invention preferably refers to the elec-
trostatic discharge unit according to any of aspects 1 to 10, wherein the organic pol-
ymeric coating of the polymer coated metal, preferably stainless steel, rollers is an
organic polymer with low or essentially no electrical conductivity, preferably with an
resistivity of at least 10° Ohm - m, more preferred at least 10° Ohm - m, even more
preferred at least 10° Ohm - m.

According to an aspect 12 the present invention preferably refers to the elec-
trostatic discharge unit according to any of aspects 1 to 11, wherein mountings of
the transport roller systems not being directly connected to a grounding are made
from the same or a different material than the mounting on the opposing side being
directly connected to a grounding. Examples of materials to be used are organic
polymeric materials, metals like steel or aluminum or ceramic materials, preferably
organic polymeric materials or metals, even more preferred organic polymeric mate-

rials.

According to an aspect 13 the present invention preferably refers to the elec-
trostatic discharge unit according to any of aspects 1 to 12, wherein the rolling-
element bearing is a ball bearing.

According to an aspect 14 the present invention preferably refers to the elec-
trostatic discharge unit according to any of aspects 1 to 13, wherein the mountings
of at least one electrostatic discharge subunit are connected to a conductive rail,
conductive frame or combinations thereof and wherein said conductive rail, conduc-

tive frame or combinations thereof is grounded.

According to an aspect 15 the present invention preferably refers to the elec-
trostatic discharge unit according to any of aspects 1 to 14, wherein average electri-
cal resistance of the electrostatic discharge subunits contained in the electrostatic
discharge unit is between 5 - 10° and 5 - 10° Ohm per metre length of the transport
rollers, based on the average resistances of the transport roller systems.
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According to an aspect 16 the present invention preferably refers to the elec-
trostatic discharge unit according to any of aspects 1 to 15, wherein the mounting
contains at least an inner part and an outer part, wherein the inner part and the out-

er part are made from different materials.

According to an aspect 17 the present invention preferably refers to the elec-
trostatic discharge unit according to any of aspects 1 to 16, wherein at least 3 elec-
trostatic discharge subunits independently from each other provide at most 4, pref-
erably at most 3, transport rollers below the transport plane.

According to an aspect 18 the present invention preferably refers to the elec-
trostatic discharge unit according to any of aspects 1 to 17, wherein at least 3 elec-
trostatic discharge subunits independently from each other contain at least 2, pref-
erably at least 3, even more preferred at least 4, transport roller systems.

According to an aspect 19 the present invention preferably refers to the elec-
trostatic discharge unit according to any of aspects 1 to 18, wherein the number of
transport roller systems is at least 1.3 times, preferably at least 1.5 times, even more
preferred at least 1.9 times, the number of discharge paths.

According to an aspect 20 the present invention preferably refers to the elec-
trostatic discharge unit according to any of aspects 1 to 21, wherein at least 3 elec-
trostatic discharge subunits are located next to each other, and wherein at most one
transport roller not being part of an electrostatic discharge subunit is located be-
tween the transport rollers below the transport plane of the electrostatic discharge

subunits.

According to an aspect 21 the present invention preferably refers to the elec-
trostatic discharge unit according to any of aspects 1 to 20, wherein the organic pol-
ymeric coating of the polymer coated metal, preferably stainless steel, rollers con-
tain less than 10 wt.-% additives like fillers and plasticizers, based on the total
weight of the organic polymeric coating.

According to an aspect 22 the present invention preferably refers to the elec-
trostatic discharge unit according to any of aspects 1 to 21, wherein the organic pol-
ymeric coating of the polymer coated metal, preferably stainless steel, rollers con-
tain at least 90 wt.-%, more preferred at least 95 wt.-%, even more preferred at least
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99 wt.-%, of the organic polymer, based on the total weight of the organic polymeric
coating

According to an aspect 23 the present invention preferably refers to the elec-
trostatic discharge unit according to any of aspects 1 to 22, wherein at least 90 wt.-
%, preferably at least 95 wt.-%, even more preferred at least 99 wt.-%, of the organ-
ic polymer is selected from the group consisting of EPDM, NBR, CR, VITON, mix-
tures thereof or combinations thereof, based on the total amount of organic polymer-
ic polymer.

According to an aspect 24 the present invention preferably refers to the elec-
trostatic discharge unit according to any of aspects 1 to 23, wherein each discharge
path is connected to at most 3, preferably at most 2, transport rollers being aligned
next to each other in the transportation direction.

According to an aspect 25 the present invention preferably refers to the elec-
trostatic discharge unit according to any of aspects 1 to 24, wherein the average
thickness of the organic polymeric coating of the polymer coated metal, preferably
stainless steel, transport rollers adapted to contact the substrate is less than 5 mm.

According to an aspect 26 the present invention preferably refers to the elec-
trostatic discharge unit according to any of aspects 1 to 25, wherein the average
thickness of the organic polymeric coating of the polymer coated metal, preferably
stainless steel, transport rollers adapted to contact the substrate is at least 1 mm.

According to an aspect 27 the present invention preferably refers to the elec-
trostatic discharge unit according to any of aspects 1 to 26, wherein the metal, pref-
erably stainless steel, transport rollers or polymer coated metal, preferably stainless
steel, transport rollers are pipes.

According to an aspect 28 the present invention preferably refers to the elec-
trostatic discharge unit according to any of aspects 1 to 27, wherein at least one gas
supply element is located around the transport rollers.

According to an aspect 29 the present invention preferably refers to the elec-
trostatic discharge unit according to any of aspects 1 to 28, wherein the at least one
gas supply element contains an end part and at least 90 % of the surface of the in-
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side of the last 30 cm of said end part are made from an electrical conductive mate-
rial and said surface on the inside of the end part is grounded.

According to an aspect 30 the present invention preferably refers to the elec-
trostatic discharge unit according to any of aspects 1 to 29, wherein at least 90 %,
preferably at least 95 %, more preferred at least 99 %, even more preferred 100 %,
of the inside of the at least one gas supply element from the base of the gas supply
element to its outlet is made from an electrical conductive material, the base of the
gas supply element is grounded and

- at least the last 30 cm of the end part are electrically connected to the base,
or

- said at least 30 cm of the end part are separately grounded.

According to an aspect 31 the present invention preferably refers to a module
of a treatment device containing a horizontal transport system for transporting a
substrate, wherein the horizontal transport system contains at least one electrostatic
discharge unit according to any of aspects 1 to 30.

According to an aspect 32 the present invention preferably refers to the mod-
ule according to aspect 31, wherein the horizontal transport system for transporting
a substrate is based on transport rollers being arranged parallel to each other in
direction of the transportation route.

According to an aspect 33 the present invention preferably refers to the mod-
ule according to any of aspects 31 to 32, wherein the module contains only 2, pref-
erably only 1, electrostatic discharge units according to any of aspects 1 to 30.

According to an aspect 34 the present invention preferably refers to the mod-
ule according to any of aspects 31 to 33, wherein more than 50 %, more preferred
more than 70 %, even more preferred more than 90 %, of the transport rollers are
part of a electrostatic discharge unit according to any of aspects 1 to 30.

According to an aspect 35 the present invention preferably refers to the mod-
ule according to any of aspects 31 to 34, wherein the transport rollers are not in con-
tact with a liquid during operating said module.
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According to an aspect 36 the present invention preferably refers to a treat-
ment device containing at least one electrical discharge unit according to any of as-
pects 1 to 30 or at least one module according to any of aspects 31 to 35.

According to an aspect 37 the present invention preferably refers to a method
for electrical discharging a substrate, wherein the substrate is transported using at
least one electrical discharge unit according to any of aspects 1 to 30 or at least one
module according to any of aspects 31 to 35.

According to an aspect 38 the present invention preferably refers to the meth-
od according to aspect 37, wherein the substrate is transported while being in a dry
state.

According to an aspect 39 the present invention preferably refers to the meth-
od according to any of aspects 37 to 38, wherein the substrate includes a guiding
element located on at least one, preferably at least two, sides of the substrate, cov-
ering less than 10 % of the surface of the substrate.

According to an aspect 40 the present invention preferably refers to a use of at
least one electrical discharge unit according to any of aspects 1 to 30 or at least one
module according to any of aspects 31 to 35 for electrical discharging a substrate.

According to an aspect 41 the present invention preferably refers to a use of at
least one electrical discharge unit according to any of aspects 1 to 30 or at least one
module according to any of aspects 31 to 35 for the production of a printed circuit
board, a printed circuit foil, a semiconductor wafer, a solar cell or a photoelectric
cell.

The following non-limiting examples are provided to illustrate preferred em-
bodiments 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.

Figure 1 shows a schematic drawing of a rolling-element bearing containing
an inner bearing (5) and outer bearing (6) of the inner part of the rolling-element
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bearing surrounding the axis (2) of the transport roller. Around this inner part of the
rolling-element bearing (23) an outer part (7) is arranged. Herein, the grounding (4)
is attached to the outer part (7) of the rolling element bearing (23).

Figure 2 shows a schematic drawing of a rolling-element bearing (23) contain-
ing inner bearing (5), outer bearing (6), outer part (7) and grounding (4) surrounding
the axis (2) of the transport roller. H the grounding (4) is attached to the inner part
of the rolling-element bearing (23).

Figure 3 shows a schematic drawing of a rolling-element bearing (23) similar
to figure 1 and 2 containing inner bearing (5), outer bearing (6), outer part (7) and
grounding (4) surrounding the axis (2) of the transport roller. Herein the grounding
(4) is connected to a conductive element (8). Said conductive element (8) connects
the outer part (7) to the grounding (4) through the outer layer (9), wherein said outer
layer (9) surrounds the inner part and outer part (7) of the rolling-element bearing
(23).

Figure 4 shows a schematic drawing of a ball bearing (24) surrounding the ax-
is (2) of a transport roller (1). Similar to the rolling-element bearing from, for exam-
ple, Figure 1 it contains an inner bearing (5) and outer bearing (6) of the inner part of
the bearing surrounding the balls (25). Furthermore, it contains an outer part (7) of
the ball bearing (24) surrounding said inner part (14). The connection to the ground-
ing is not explicitly disclosed, but can be, for example, carried out accordingly as
disclosed for the rolling-element bearing from Figure 1 to 3.

Figure 5 shows a schematic drawing of different types of mountings (13) sur-
roundings the axis (2) of multiple transport rollers. Herein, the rotation of the mount-
ing is reduced or prevented by means of fixation or choosing a specific outer form of
said mountings (13). On the top left the mounting provides a round form. Rotation of
said mounting (13) is prevented by a fixation (12). Said mounting (13) is connected
to the conductive rail (11) using a cable (10), which in turn is connected to the
grounding (4). The other three mountings (13) (bottom left, bottom right and top
right) exemplarily show different types of outer forms stopping the rotation of the
mounting (13) by contacting the conductive rail (11) with an edge. Simultaneously a
conductive path is established allowing the charges to be conducted from the axis
(2) to the conductive rail (11).
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Figure 6 shows a schematic drawing of a cross section of a rolling-element
bearing providing an inner part (14) containing rolling elements (3) and outer part
(7). Herein, the inner part (14) is surrounding the axis (2) of a transport roller.

Figure 7 shows a schematic drawing of a side view of the rolling-element bear-
ing of Figure 6 containing rolling elements (3), inner bearing (5) and outer bearing
(8) of the inner part (14), and outer part (7) surrounding the axis (2) of the transport
roller. Herein, only a few of the rolling elements (3) are shown by means of discon-

tinuous lines.

Figure 8 exemplarily shows a schematic drawing of a rolling-element bearing
containing rolling elements (3), inner part (14) and outer part (7) surrounding the
axis (2) of a transport roller.

Figure 9 shows the schematic drawing of another embodiment of the mounting
similar to the mounting of Figure 6 showing the rolling elements (3) and the inner
part (14) surrounding the axis (2) of the transport roller. In this case, the mounting
provides no outer part.

Figure 10 shows a schematic drawing of an electrostatic discharge unit con-
taining multiple transport rollers (1), a substrate (15) and a gas supply element (16).
For simplification only one transport roller has been labelled. Herein, the substrate is
transported between the transport rollers (1) being arranged below and above the
transport plane. In the central area the transport rollers (1) are arranged only below
the substrate (15), wherein the gas supply element (16) directs a gas stream onto
the surface of said substrate (15).

Figure 11 shows a schematic drawing of an inventive module (20) containing
transport roller systems (18) for transporting the substrate (15) through said module
(20). Herein, for the sake of simplification only one transport roller system (18) is
labelled and the transport roller systems (18) are reduced to a circle representing
the mounting (13) on the front side and the transport roller (1) behind it. The sub-
strate (15) is transported between the transport rollers (1) being arranged above and
below the transport plane, wherein the charges accumulating on their surfaces are
conducted from the mounting (13) of the corresponding transport rollers system (18)
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to a conductive rail (11), a conductive frame (17) or a combination of a conductive
rail and conductive frame (19) to the grounding (4).

Figure 12 shows a schematic drawing of a module (20) like shown in Figure
11 viewed from the opposing side. Herein, gear wheels (22) are shown used to ro-
tate the transport rollers (1). For the reason of simplification only one gear wheel
and two transport rollers are labelled. Said gear wheels are moved either directly or
indirectly be a propulsion element (21) as shown in Figure 12. Such propulsion ele-
ment (21) generalized by a gear wheel without filling in Figure 12 introduces a
movement into the row of gear wheels (22) which on the other hand rotate the
transport rollers (1) transporting the substrate (15). According to Figure 12 the gear
wheels (22) below and above the transport plane contain separate propulsion ele-
ments (21), however, the propulsion of all gear wheels (22) might also result from a
single propulsion element (21).

Figure 13 shows schematic drawing of an exemplary module (20) as shown in
Figures 11 and 12 viewed from the top. For sake of simplification only one transport
roller (1) has been labelled. The substrate (15) is moved through the module (20),
wherein Figure 13 shows said substrate (15) being partially covered by some
transport rollers (1). Arranged next to the substrate (15) is a gas supply element (16)
for directing a gas stream onto the surface of the substrate (15).

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 un-
derstood that various modifications thereof will become apparent to those skilled in
the art upon reading the specification. Therefore, it is to be understood that the in-
vention disclosed herein is intended to cover such modifications as fall within the
scope of the appended claims. The scope of the invention is limited only by the
scope of the appended claims.
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Reference Signs

1:

2:

3:

(o]

10:

11:

12:

13:

14:

15:

16:

17:

18:

19:

20:

21:

22:

23:

24:

25:

transport roller
axis of transport roller

rolling-element

: grounding

: inner bearing of the inner part of the rolling-element bearing
: outer bearing of the inner part of the rolling-element bearing
: outer part of rolling-element bearing

: conductive element for contacting the outer part to the grounding

outer layer

cable

conductive rail

fixation of the mounting

mounting

inner part of the rolling-element bearing
substrate

gas supply element

conductive frame

transport roller system

combination conductive rail and conductive frame
module

propulsion element

gear wheel used rotate the transport rollers
rolling-element bearing

ball bearing

ball
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CLAIMS

An electrostatic discharge unit containing at least one electrostatic discharge
subunit,

wherein the at least one electrostatic discharge subunit contains at least one
transport roller system (18) and at least one discharge path,

wherein each transport roller system (18) independently from each other con-
tains one transport roller (1) and at least one element selected from the group
consisting of mountings (13) containing a rolling-element bearing (23) and
propulsion elements (21),

wherein the transport rollers (1) are selected from metal transport rollers (1) or
polymer coated metal transport rollers (1),

and wherein the electrostatic discharge subunit is adapted to conduct the
charge from the surface of the transport roller (1) through the rolling-element
bearing, the propulsion element (21) or both to the discharge path.

The electrostatic discharge unit according to claim 1, wherein the rolling-
element bearing (23), the propulsion elements (21) or both contain an organic
polymer, and

wherein electrostatic discharge unit is adapted to conduct the charge from the
surface of the transport roller (1) through the organic polymer of the rolling-
element bearing (23), the organic polymer of the propulsion elements (21) or
both to the discharge path.

The electrostatic discharge unit according to any of claims 1 to 2, wherein the
electrostatic discharge unit contains at least 3 electrostatic discharge subunits
each independently from each other containing 1, 2, 3, 4, 5 or 6 transport roll-
er systems (18).

The electrostatic discharge unit according to any of claims 1 to 3, wherein the
electrical resistance of the mounting, the propulsion element or both being
adapted to conduct the charges towards the grounding lies within the range
from 10° to 10° Ohm.
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10.

11.

12.

13.

The electrostatic discharge unit according to any of claims 1 to 4, wherein at
least one of the mountings (13) of the electrostatic discharge subunits of the
electrostatic discharge unit is connected to a conductive rail (11), conductive
frame (17) or combinations thereof and wherein said conductive rail (11), con-
ductive frame (17) or combinations thereof is grounded.

The electrostatic discharge unit according to claim 5, wherein the conductive
rail (11), conductive frame (17) or combinations thereof are made of metal.

The electrostatic discharge unit according to any of claims 2 to 6, wherein the
organic polymer of the rolling-element bearing (23) is a self-lubricating organic
polymer.

The electrostatic discharge unit according to any of claims 1 to 7, wherein the
rolling-element bearing is a ball bearing.

The electrostatic discharge unit according to any of claims 1 to 8, wherein the
number of transport roller systems (18) is at least 1.3 times the number of dis-
charge paths.

The electrostatic discharge unit according to any of claims 1 to 9, wherein at
least 3 electrostatic discharge subunits are located next to each other, wherein
at most one transport roller (1) not being part of an electrostatic discharge
subunit is located between the transport rollers (1) below the transport plane
of the electrostatic discharge subunits.

The electrostatic discharge unit according to any of claims 1 to 10, wherein the
average thickness of the organic polymeric coating of the polymer coated
metal transport rollers (1) adapted to contact the substrate is less than 5 mm.

The electrostatic discharge unit according to any of claims 1 to 11, wherein at
least one gas supply element 16 is located around the transport rollers (1).

Module 20 of a treatment device containing a horizontal transport system for
transporting a substrate (15), wherein the horizontal transport system contains
at least one electrostatic discharge unit according to any of claims 1 to 12.
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14. Method for electrical discharging a substrate (15), wherein the substrate (15)
is transported using at least one electrical discharge unit according to any of
claims 1 to 12 or at least one module (20) according to claim 13.

15.  Use of at least one electrical discharge unit according to any of claims 1 to 12
5 or at least one module (20) according to claim 13 for the production of a print-
ed circuit board, a printed circuit foil, a semiconductor wafer, a solar cell or a
photoelectric cell.
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