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METHODS AND DEVICES FOR MANUFACTURING OF ELECTRICAL
COMPONENTS AND LAMINATED STRUCTURES

Field of the Invention

Present invention is directed to a method for
manufacturing of electrical components on a continuous
web of dielectric material or discrete sheets, including
the step to feed, from a supply roll of a laminated web
or a supply of sheets consisting of at least one layer of
conducting material laminated on a flexible backing layer
of dielectrical material, said laminated web or discrete
sheets to a nip between a patterned cylinder and a
cooperating cylinder to shape said conducting layer into
a repeated pattern of conducting material having ridges
and valleys, and the step to remove by mechanical
machining conducting material from said thus shaped ﬁetal
layer. It is also directed to a device for manufacturing
of said electrical components.

More specifically, present invention concerns a
method and a device for removing parts of one or more
outer layer(-s) from a web or a sheet having a number of
layers, at least one layer exhibiting good electrical
conductivity and at least one layer is made of electrical
insulating material or dielectric material. The method
and device according to present invention is especially
well suited for manufacturing of electrical conductors
and components on a flexibel backing, such as paper or
plastic film.

In a more general perspective, the invention is
directed to a method and a device for patterning‘a
laminated sheet, to a cliché used in such a method and
device, to a cliché blank for providing the cliché, to a
laminated sheet patterned by such a method and device and

to a printing system comprising such a device.
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Technical Background

It is previously known to manufacture electrical
conductors and components on flexible backings or
carriers by firstly apply a thin layer (< 1 mm) of
conducting material on the backing, e.g. metal or metal
alloy or doped resin material, and secondly remove not
wanted parts of said layer from the backing by etching
with chemical substances. A drawback inherent in this
kind of technique is that the process has to be done in a
number of separate steps and thus it is only possible to
perform this technique in a continuous process if the
feeding rate of the web is low. An other problem is the
possibility of unsufficient etching (when the process is
isotropic). Further, the employed chemical substances
give risk to waste management problems and high environ-
mental loads.

Besides, it is previously known to remove thin
layers from multilayered flexible material by milling,
e.g. when perforating stamps. It is also known to measure
the distance between two rolls forming a nip, through
which a web of high resistivity is passed, by applying a
voltage over the rolls. The measured resistance is
decisive of said distance.

US-A-6 083 837 illustrates a method and a device for
uninterrupted manufacturing of electrical components. A
metal sheet is passed through a nip between an embossing
roller and an anvil deforming the metal sheet into a
repeated pattern consisting of thick and thin regions.
Downstream said nip a dielectric base material is applied
to the thus deformed metal sheet and the assembly is fed
to a process station where the thin metal regions are
removed by etching, sputtering or abrading. Then the
produced electrical components supported by said carrier
of dielectric material are supplied to further process
station. This known process requires a number of process
stations and deforms rather than shapes the metal layer.

Thus, the distance between the roll and the anvil is not
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critical and there is no means provided to adjust the
size of nip. Further, the carrier material has to be
flowable to adapt to the embossed metal layer.

Summary of the Invention

It is an object of present invention to provide a
method and device facilitating manufacturing of
electrical components in a fast and reliable way using a
single step.

It is an other object of present invention to
manufacture electrical components on a continuous web or
discrete sheets of an inexpensive and easy-to-handle
material.

A further object of present invention is to
manufacture electrical components on a continuous web
allowing winding to a roll, facilitating storing and
shipping and further processing of the electrical
components.

These and other objects of present invention have
been achieved by a method according to the first
paragraph, characterized in that the step to remove
conducting material from said conducting layer is
performed simultaneously with the step to shape the
conducting layer and by means of said cooperating
cylinder designed as a milling cutter cylinder.

In this context, “simultaneously” means that the
milling takes place while there is still sufficient
support (such as by the ridges of the cliché) provided
for the ridges created by the patterned cylinder. Hence,
the actual forming of the ridges and valleys may take
place slightly before the cutting operation, as long as
there is still sufficient support for the ridges whose
material is to be cut away, when the cutting takes place.
For example, the shaping may begin at the moment the web
or sheet sufficiently contacts the patterned cylinder,
whereas a small period of time passes between such first
contact and the cutting operation. During such time, the

patterned cylinder may rotate so as to bring the web or
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sheet from the angular position of first contact (and
start of the shaping operation) to the angular position
where the cutting is effected. According to another
aspect of the invention, what is referred to as a
conducting layer above may be any type of functional
layer.

The term “functional layer” is intended to comprise
layers having a technical function, different than that
of the backing layer, such as providing adhesiveness,
swelling or shape altering properties (i.e. materials
comprising blowing agents, memory alloys or similar),
thermal expansion or shrinking properties, biocompatible
properties, electrical or optical conductivity, semi-
conductivity, semi-metallic materials, dielectric
materials, alteration in surface energy (wettability)
etc.

A device to perform said method according to present
invention is characterized in that said rotating anvil is
configurated as a milling cutter cylinder to remove
conducting material from said metal layer simultaneously
as the conducting layer is forced against the patterned
cylinder to shape said repeated pattern. ‘

The invention is defined in the appended independent
claims.

Embodiments of the invention are set forth in the
subclaims, in the following description and in the
drawings.

Present invention is based on the recognition that
it is possible to remove material, and in particular
conducting material, from a web or discrete sheets by
milling instead of etching when manufacturing electrical
components on a coated flexible carrier substrate. The
coated substrate is passed through a nip between two
rotating rolls or cylinders. One of the rolls is equipped
with milling elements or the like and the other roll is a
kind of cliché roll or die cylinder having a pattern

engraved into its envelope surface. The regions in which
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the conducting or metal layer is to be removed are
present in the envelope surface and the regions in which
the conducting layer are to be retained, completely or
partly, are the engraved or recessed areas of the cliché
roll. When passing through the nip the web or the
discrete sheets is (are) forced against the cliché roll
by applying a tensile stress on the running web or the
discrete sheets and the relevant parts of the conducting
layer are removed by milling without perforating the
carrier substrate. However, it is possible to partly or
totally perforate the carrier substrate, if needed.

A condition for making above stated method work is
that is it possible to precisely enough measure how much
material that is removed from the coating by the milling
elements, i.e. the distance between the tips of the
milling elements and the envelope surface of the cliché
roll or patterned cylinder. A way to decide this is to
isolate every machine part that will contact said
conducting layer or carrier substrate and measure the
resistance of the carrier substrate. From the rate of the
resistance it is possible to determine the thickness of
the layer. Due to the high resistivity of the carrier
substrate the modification of the layer thickness (i.e.
how much material that is removed) will be hard to
measure by this technique. Further, the measurements are
influenced by external conditions like air humidity,
metal debris etc.

Alternately, said measurements may be conducted
indirectly, at a position along the travel path just
downstream said nip. A condition therefore is that one or
more reference rings are embossed, etched or engraved in
the envelope surface of the cliché roll, preferably
outside the useful patterning region. However, it is also
possible to arrange one or more of said rings somewhere
between the ends of the cliché roll provided that they do
not interfere with the electrical components to be

produced. According to one embodiment two rings are
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provided at each end of the roll, one having a radius r;
and the other a radius r; while the envelope surface of
said roll has a radius re, where r.2r;>r,. Sensor means
using per se known reading technique by means of photo-

5 electric tubes or photo cells, e.g., are arranged along
the travel path of the web, just downstream the nip,
detecting the tracks in the conducting layer made by said
rings in cooperation with the milling elements.
Preferably, the radii of the reference rings are chosen

10 such that only the track relating to the first ring will
appear if said distance is correct. If the distance is
too large there will be no track from the first ring and
if the distance is to small the track from the second
ring will appear too.

15 An advantage of the above method, as compared to
etching techniques, is that the substrate (i.e. the web
or sheet) does not need to become wet. This is
particularly advantageous if one desires to use an
absorbing material such as paper as carrier material.

20 Furthermore, no residues of the chemicals used are left
on any of the processed or unprocessed surfaces.

Brief Description of the Drawings

A preferred embodiment of present invention is
illustrated below with reference to the accompanying
25 drawings, in which:
Fig. 1 schematically and in a perspective view
illustrates the principle of the invention;
Fig. 2 in a top view, with the web removed upstream
the nip for illustration purposes, shows the device of
30 Fig. 1 and formed reference tracks (but not the
associated sensor means);
Fig. 3 in a side view diagrammatically shows a
presently preferred embodiment of the invention;
Fig. 4 in an enlarged scale illustrates a part of
35 the envelope surface of the patterned cylinder or cliché
roll when the web is entering the nip between said

cylinder and the cutter cylinder (not shown), just before
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initiating of the milling action of the conducting layer
of the web;

Fig. 5 in a view identical to that of Fig. 4
specifically shows the web after relevant parts of the
conducting layer accurately have been removed and the
backing layer or carrier substrate is substantially non-
affected;

Fig. 6 in a top view schematically illustrates the
processed web of Fig. 5 and the metalless tracks over the
first reference rings, and associated sensor means;

Fig. 7 in a view identical to that of Figs. 4 and 5
specifically shows the web after having passed a too
small nip and, thus, a thickness of the backing layer has
been removed too; and

Fig. 8 in a view identical to that of Fig. 6
schematically illustrates the processed web of Fig. 7 and
the metalless tracks over the first as well as the second
reference rings and associated sensor means.

Fig. 9a-9b are schematic perspective views of
alternative control patterns.

Fig. 10a-10c are schematic sectional views of a web
in a plane substantially perpendicular to a main plane.

Fig. 11 is a schematic close-up sectional view of a
web on a patterned cylinder, wherein surface portions of
an upper layer have been removed.

Description of Embodiments

Referring first to Figs. 1, 2 and 4 a continuous web
1l consisting of at least one layer 2 of a conducting
material, e.g. metal or metal alloy or conducting |
polymer, and a flexible backing or carrier layer 3 of
dielectric material is fed from a supply roll 4, via a
support roll 5 to a nip 6. The layer 2 of conducting
material is preferably a continuous layer, but it can
also be a discontinuous layer consisting of two or more
parallel strips oriented in the feeding direction of the
web. It is also possible to arrange the layer 2 as

discrete areas of conducting material. The backing 3,
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preferably a plastic (PET) foil or paper, has a more or
less consistent thickness t, while the conducting layer 2
may be varying in thickness. The gauges of the different
layers are varying, the conducting layer being < 1 mm and
the backing layer (t) being < 1 mm. As will be recognized
by a man skilled in the art discrete sheets fed from a
supply or storage (not illustrated) may be used instead
of said continuous web provided that they are designed
like said web.

| The web 1 is advanced to and through the nip 6
defined by a cliché roll or patterned cylinder 7 like an
embossing cylinder and a milling cutter cylinder 8 having
a plurality of milling elements 9 on its cylindrical
surface. The term “milling cutter” is meant to include
all rotating bodies having an abrading, abrasive or
milling envelope surface equipped with teeth, grit or
abrasive grains of, for example, sand, diamond particles
or similar. The running web is forced against the
envelope surface 11 of the patterned cylinder 7, by
applying a tensile stress on the running web 1 in a way
known by a man skilled in the art, e.g. by means of a
support roll 17 arranged to press the web 1 towards the
patterned cylinder 7, and into recesses 12 engraved or
etched in said surface 11. Thus, the metal layer 2 is
shaped into a repeated three-dimensional pattern of
ridges 13 (over the remaining original regions of the
envelope surface 11) and of valleys 14 (over the recesses
12 processed into the envelope surface 11). When being of
a paper layer the backing 3 assumes the same pattern as
the metal layer 2. The cutter cylinder 8 acts as a
milling or abrading tool and mills or abrades the outer
layer, i.e. the metal layer 2, simultaneously or almost
simultaneously with said shaping of the web. The
patterned cylinder 7 rotates at a periphery velocity
equal to the feeding velocity of the web 1, and the
cutter cylinder rotates at a much higher periphery

velocity. In the milling step electrical components 135
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are manufactured on the web 1. The rotation direction of
the cutter cylinder is contrary to the rotation direction
of the patterned cylinder but this rotation relationship
is arbitrary, i.e. said cylinders may rotate in the same
direction but with different periphery speeds. After
passing through said nip 6 and having been milled or
abraded the processed web 10 is wound to a roll 16 of
electrical components on a continuous web of dielectrical
material (3) via a support roll 17 for further
processing. Alternately, a cutting device (not shown)
cuts the processed web 10 into sheets.

In one embodiment, the patterned cylinder 7 is
formed as a metal plate, which may be made from a
magnetic material (e.g. steel) so that it can be
magnetically attached to a carrying cylinder. The cliché
can be formed by etching, spark machining, abrasive
blasting and/or milling. '

In an alternative embodiment, the cliché may have a
surface layer of a formable material, such as an un-cured
polymer material, whereby forming comprises exposing the
formable material to e.g. UV light, for curing exposed
portions, after which uncured portions are removed such
as to create a relief pattern. Such a cliché may also
have a base of steel, so that it can be magnetically
attached to the carrying cylinder. Thus, the cliché blank
may comprise a surface layer of photosensitive polymer
material, but also non-polymeric materials such as
Cceramic materials and metals, or any other material
aliowing similar forming. Polymer clichés are less costly
to produce, and thereby particularly suitable for shorter
series.

Preferably, the rolls 4, 5, 7, 17 and 16 are
journalled in fixed bearings on a stand or baseplate 18,
ct Fig. 3, while the milling cutter 8 is movable arranged
in a direction to or from the patterned cylinder 7 in
order to widen or shorten said nip 6, illustrated by a
double arrow 19. As an alternative the milling cutter 8
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is stationary and, thus, the patterned cylinder 7 is
movable. Additionally, the second support roll 17 may be
movable arranged in order to increase or decrease the web
tension rapidly. This is accomplished by means of one or
more motors 21, e.g. an electrical linear motor. The
motor 21 is via an electrical circuit 22 connected to a
number of sensor means 23, 24, e.g. photo-electric tubes,
as will be described more in detail later in this
description. Said motor 21 is securely fixed on the stand
18 and drives in a linear way a projecting rod 25, a free
end of which carries a shaft 26 supporting the cutting
cylinder 8. When the diameter of the cutting cylinder is
smaller than that of the patterned cylinder it is
preferred to adjust the position of the cutting cylinder
instead of the position of the patterned cylinder, but
this is arbitrary. However, the diameter of the cutting
cylinder may be equal to the diameter of the patterned
cylinder.

When material with a thickness of a few micrometers
is to be cut, the distance between the cutting tool and
the material support is critical. The distance between
the tools determines the cutting depth and thereby the
quality of the product. To keep the cutting depth
constant it is essential to measure and control the
distance between the tools. The measurement of the
distance is very complex since the tools are moving and
have a complex structure.

Referring now to Figs. 2, 5 and 6 a way of precisely
adjusting the milling of the web 1 is illustrated.
Outside the patterned regions of the patterned cylinder 7
a first annular projection or ring 27, acting as a
reference ring, is integrated in the envelope surface 11,
preferably at both of the ends of said cylinder and
concentric to said surface. The annular projection 27 is
etched, embossed or engraved in the envelope surface. The
radius of the annular projection, ri, is the same as or a

few um smaller than the radius of the envelope surface,
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Te; that is re2r;. However, it is envisaged that r;, in
some special cases, could be larger than r. that is r1>¥e.
The layer 2 of metal or conducting material is running on
the patterned cylinder 7 facing the cutter cylinder 8. In
the milling operation by the cutter cylinder said layer 2
in contact with the non-machined regions of the envelope
surface 11, i.e. the ridges 13, are removed leaving the
backing layer 3 exposed in said regions, but not or
substantially not abraded by the cutter cylinder. When
the cutter cylinder reaches the interface, or just has
passed it, the part of the metal layer in contact with
the top portion of said first annular projection 27 will
be removed as well, creating a metalless track 29 in the
processed web 10 parallel to its sides, cf Fig 6. The
parts of the metal layer positioned in the recesses and
in the grooves 31 defining said annular projection(-s)
are maintained, completely or partly, depending on their
configuration.

Said track(-s) 29 or absence of track(-s), resp.,
are detected by first sensor means 23 positioned
downstream said nip 6 and in a position over the
processed web 10 corresponding to the position of the
annular projection(-s) 27 at the sides of the running,
thus processed web 10. The first sensor means 23 sends
signals to said circuit 22 commanding said motor 21 to
extend or retract the cutter cylinder 8 to adjust or
retain the size of the nip. If no track 29 is detected by
the sensor means the nip 6 will be shortened or
diminished.

As stated above the track(-s) 29 indicates that the
nip is too wide or accurate. However, it does not
indicate that the size of the nip is too small, i.e. that
the cutter cylinder 8 also mills the backing layer 3.
This is perhaps allowable in some cases but as a rule
only in a small extent. In order to get an indication
when and if too much of the exposed backing layer is
removed, i.e. that the size of the nip 6 is too small, a
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second annular projection or ring 32, acting as a
reference ring, is integrated in the envelope surface 11
of the patterned cylinder 7, preferably at both ends of
the cylinder, concentric to the first annular projection
27 (and the envelope surface 11) and at a distance to the
first projection. Preferably, this second annular
projection 32 is provided between the first annular
projection 27 and the end of the cylinder, c.f. Fig. 7.
The second annular projection 32 is etched, embossed or
engraved in the envelope surface in the same way as the
first annular projection 27 is but has a radius r, which
is smaller than that of the first one, r; (r1>r;). However,
it is envisaged that r;, in some special cases, could be
larger than said radius of the envelope surface, r., that
is r2>re. The thickness of the backing layer t is larger
than the difference of said radii, i.e. t>ri-r,.

In the milling operation, and after having removed
said ridges 13 and the part of the metal layer 2 in
contact with the top portion of the first annular
projection 27, the cutter cylinder 8 possibly starts
milling the backing layer 3. When, and if, the thickness
of the layer has decreased to a specific thickness the
part of the metal layer 2 in contact with the top portion
of said second annular projection 32 will be removed as
well creating a second metalless track 33 in the web,
parallel to said first track 29 and the sides of the
processed web 10, see Figs. 7 and 8. The presence of this
second track 33 is detected by second sensor means 24
positioned downstream said nip 6 and in a position over
the processed web 10 corresponding to the position of the
second annular projection(-s) 32 at the sides of the
running, thus processed web 10. Then, the second sensor
means 24 sends ‘associated signals to said circuit 22
commanding said motor 21 to retract the cutter cylinder 8
to widen said nip 6.

Above, two (pairs of) annular projections, having a

radius r; and rz, resp., have been presented. It is of
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course possible, and in some circumstances needed, to
provide more annular projections, e.g. one with a radius
equal to or a few pum larger than the radius of the
envelope surface, r., minus the total thickness of the
web 1.

Further, the web has been presented as consisting of
one or more layers of conducting material and one or more
layers of dielectric material. It will however be
recognized by a person skilled in the art that present
invention also can be applied to webs without any
conducting layer or in which all layers are conductible.
Likewise, said layers of the web may all be made of non-
conducting material having different properties. In order
to use said reference ring technology the involved layers
have to exhibit different surface reflectances or
transparency.

Above the sensor means has been presented as photo-
electric tube or similar means. It can also be provided
as a transmitter arranged under the running processed web
cooperating with a receiver arranged over the web, and
vice versa. Besides, the sensor means can also be
constructed as a unit comprising a pair of separated
sliding contacts measuring the resistance of the track.

In the following, five alternative methods of
measuring and controlling the distance between the
patterned cylinder 7 and the cutting cylinder 8 will be
outlined.

A first method includes keeping those machine
components whose temperature induced expansion or
shrinking may affect the distance between the cylinders
7, 8 at a constant, and possibly the same, temperature.
Hence one or more parts of the machine may be provided
with per se known cooling and/or heating means.

A second method comprises providing a raster-like
patterned area (also known as screen pattern or raster
pattern) on the web, e.g. as is diagrammatically

illustrated in Fig. 9a. The patterned area may be
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provided by arranging a set of ridges 4la, 41b
substantially as shown in Fig. 9a, such that they form a
two-dimensional pattern on the web. The ridges may have
an arbitrary profile, as is schematically illustrated by
the profiles 42a, 42b in Fig. 9a. The ridges may be
arranged such that the distance between the cylinders 7,
8 and the milling depth resulting thereof is dependent on
the density of the patterned area. Thus, the patterned
area may be evaluated in terms of degree of coverage
(density), analogous to what is known from traditional
printing. More particularly, the size of the areas 43a,
43b, 43c, 43d between the ridges, which are of a
different material than the cut away portions at the
ridges 4la, 41b, will be dependent on the depth of the
cut and thereby to the distance between the cylinders 7,
8.

As another option, indicated in Fig. 9b, the
patterned area may be provided in the form of two or more
parallel ridges, which when subjected to the cutting
action will result in two or more parallel grooves 48a,
48b in which the conducting material has been removed
with an interjacent strip 49 of non-removed conducting
material. Depending on the cutting depth, the with of the
grooves 48a, 48b and the strip 49 will vary, thereby
giving rise to a measurable variation in the resistance
or enabling galvanic measurement.

Alternatively, the resistance of the pattern may be
measured galvanically or by measuring eddy currents.
Basically, the deeper the pattern, the higher the
resistance and the lower the density.

Such patterned control areas may be provided as e.g.
small dots or meander-like patterns, at several places in
the overall pattern, e.g. in order to control a plurality
of cylinder arrangements.

A third method comprises use of machine vision
systems, where a camera captures images of the milled web

and compares these with a reference image. The vision
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system may also be used in evaluating the patterned area
as described with reference to Fig. 9a.

A fourth method comprises measuring the resistance
or capacitance between the cylinders 7, 8.

A fifth method comprises measuring induced currents
in the cylinders 7, 8. Such induced currents may arise
since the patterned cylinder 7 comprises magnets for
holding the cliché. Since the cylinders rotate relative
each other, currents are induced in the cutter cylinder
8, which currents are dependent on i.a. the distance
between the rolls.

It is realized that all of the above described
measurement techniques may be used to provide feedback
for adjusting, automatically or manually, the cylinders
7, 8.

In the following, different aspects of the patterned
cylinder 7 will be discussed.

It is recognized that use of a patterned cylinder
may in general be suitable for producing endless
patterns, i.e. patterns which repeat themselves with a
period being equal to the circumference of the cylinder.
However, when providing the patterned cylinders as
discussed above, it is common to prepare a cliché sheet
through etching or other known techniques. The cliché
sheet is mounted on a roll to provide the patterned
cylinder 7. Hence, there is a problem in that there will
be a joint or gap where the ends of the cliché sheet
attached to the roll meet.

A first alternative for addressing this problem is
to adapt the pattern such that a minimum amount of
passages are found where the joint is to be, whereby
material is added chemically or through soldering/welding
after the cliché sheet has been mounted on the roll,
thereby building up the pattern in the area of the joint
after the cliché has been mounted on the roll.

A second alternative is to cut the cliché sheet to
the exact right length, and such that the cut has the
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right profile, bearing in mind that the outer part of the
cliché, when mounted on the roll, will have a slightly
larger circumference than the inner part of the cliché,
closest to the surface of the roll. Hence, the cutting
profile of the cliché sheet will have to be adapted such
that its patterned surface is slightly longer than its
non-patterned surface.

A third alternative is to pattern the surface of the
cylinder, e.g. through milling, etching, embossing or
similar methods. Alternatively, the surface of a cylinder
shell may be patterned using any of these methods.

A fourth alternative is to use separate rings that
are arranged adjacent to each other such as to have a
common central line. This method is particularly suited
for creating endless lines, and may be combined with any
of the methods described above for that purpose.

Furthermore, methods of creating vias, i.e. holes
through the entire web are provided.

According to a first method, a ridge on the
patterned cylinder 7 is made higher than the remainder of
the pattern, such that the milling action on the web
causes both or all layers of the web to become pierced.

According to a second method, the web may be
subjected to more than one milling action, whereby each
subsequent milling action is arranged to cut to a larger
depth than the foregoing one. This may be achieved either
by allowing a portion of the web to pass a cutting
cylinder multiple times or by arranging multiple cutting
cylinders/patterned cylinders after each other.

Optionally, deeper recesses, such as vias or through
holes may be provided in a first cutting step, whereby
more shallow recesses are produced subsequently.

The via may be filled with a functional material,
such as a conducting material, e.g. a conducting polymer,
a metal or carbon, so as to create an electrical
connection through the web. The conducting material may

be provided by means of a printing operation.
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It is realized that this technique may be used for
creating vias through the entire thickness of the web or
through one or more layers thereupon.

Preferably, when multiple layers are to be aligned
with each other, the system is register-controlled.

Figs. 10a-10c are schematic sectional views in a
plane substantially perpendicular to a main plane of a
web comprising a first layer 44 and a second layer 45,
showing a profile of border portions that are to form the
border between unremoved parts of the first, upper layer
44 and the exposed portion of the second, lower layer 45.
In Figs. 10a-10c, the cutting direction is indicated by
reference numeral ‘M’. Hence, the respective first border
portion 46a, 46b, 46c is that border portion which is
created first. The profiles described with reference to
Figs. 10a, 10b are a consequence of the operation of the
system described herein, since the web is bent or curved
around the ridges (relief pattern) of the patterned roll
7, while the cutting operation takes place along a
substantially straight line C (Fig. 11), which cuts off
the parts of the web that are elevated by the ridges.

Fig. 10a shows a simplified view of a profile that
may be achieved through the present invention. It is
noted that since the web i1s flexible and thereby is bent
or curved (Fig. 11) over the protruding portions of the
cliché/patterned cylinder 7, the first, upper layer 44
will be tapering in thickness throughout the respective
border portion 46a, 47a, towards the exposed portion of
the second, lower layer 45. In one embodiment (not
shown), the second border portion 47a presents a steeper
inclination than the first border portion 46a.

Fig. 10b shows a more detailed (though exaggerated)
view of the profile that may be achieved by the present
invention. In Fig. 10b, the first and second border
portions 46b, 47b are slightly curved due to the

curvature of the flexible web in connection with its
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forming. Also, in Fig. 10b, the second border portion 47b
is generally steeper than the first border portion 46b.

Hence, as shown in Figs. 10a and 10b, at the border
portions 46a, 47a; 46b, 47b, as seen in a plane that is
substantially perpendicular to the main plane of the
laminated sheet, the thickness of the first layer 44 is
continuously tapering from a point where the first layer
44 is substantially unremoved to a point where the second
layer 45 is exposed.

This type of border portions may be achieved by the
above described method on any type of (preferably very
thin) laminated sheet material, and in particular on
laminated sheets comprising at least one layer of
conducting material laminated on a flexible backing layer
of dielectrical material. It is noted that the described
type of border profile may be achieved by techniques such
as milling, grinding or laser cutting.

For reference purposes, Fig. 10c shows a profile
that would typically be obtained through prior art
techniques involving etching.

The system and method described above is suitable
for incorporation in a printing system for providing a
printed pattern on a surface of a sheet of material, so
as to constitute an on-line system together with e.g. a
printing press, whereby the sheet of material is passed
through an arbitrary number of subsequent printing and
milling steps.

The printed pattern, as well as one or more of the
laminated layers provided may be decorative layers and/or
functional layers, as defined above.

Compared with prior art etching techniques, the
system and method described herein are capable of
operating at feed rates in the order of general printing
machinery, whereas etching techniques normally operate at
lower feed rates.

Also, this creates the opportunity of providing

printed or patterned organic electronics, solar cells,
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displays, heaters, antennae etc. It is also realized that
one or more steps of printing may be performed with a
view to applying a conductive material, such as a
conductive polymer to the sheet material. Naturally, it
is also possible to provide ornamental patterns to the
sheet of material.

Finally, it is realized that the above described
system and methods are not limited to two-layer webs, but
are suitable for webs having any number of layers, such
as functional layers, insulating layers, carrier layers
and decorative layers, and where one or more layers are
to be at least partially removed so as to expose parts or
all of underlying layers. In particular, the invention
may be used for webs or sheets having several functional
layers as well as several dielectric layers.

It is also possible to arrange several cutting steps
sequentially, Either to operate on the same face of the
web or sheet, or to operate on different faces of the web

or sheet.
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CLAIMS

1. A method for manufacturing of electrical
components (15) on a continuous web (10) or discrete
sheets of dielectric material (3), including the step to
feed, from a supply roll (4) of a laminated web (1) or a
supply of sheets consisting of at least one layer (2) of
conducting material laminated on a flexible backing layer
(3) of dielectrical material, said laminated web (1) or
discrete sheets to a nip (6) between a patterned cylinder
(7) and a cooperating cylinder (8) to shape said
conducting layer into a repeated pattern of conducting
material having ridges (13) and valleys (14), and the
step to remove by mechanical machining conducting
material from said thus shaped conducting layer,
characterized in that the step to remove
conducting material from said metal layer (2) is
performed simultaneously with the step to shape the
conducting layer (2) and by means of said cooperating
cylinder designed as a milling cutter cylinder (8).

2. A method according to claim 1,
characterized in that all of the conducting
material in said ridges (13) of the patterned conducting
layer (2) is removed.

3. A method according to claim 1 or 2,
characterized in that said patterned
cylinder (7) is rotated with a periphery velocity equal
to the feeding velocity of said laminated web (1) and in
that the cutter cylinder (8) is rotated in a direction
contrary to that of the patterned cylinder (7.

4. A method according to claim 1 or 2,
characterized in that said patterned
cylinder (7) 1s rotated with a periphery velocity equal
to the feeding velocity of said laminated web (1) and in
that the cutter cylinder (8) is rotated in the same
direction as that of the patterned cylinder (7) and with
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a periphery velocity substantially faster than that of
the patterned cylinder (7).

5. A method according to any of claims 1 to 4,
characterized in that both the backing layer
(3) and the conducting layer (2) are shaped into said
repeated pattern.

6. A method according to claim 5,
characterilized in that parts of the backing
layer (3) are removed as well.

7. A method according to any of claims 1 to 6,
characterized in that said backing layer (3)
having said thus manufactured electrical components (15)
is wind to a component roll (16) for further processing.

8. A method according to any of claims 1 to 6,
characterized in that the backing layer (3)
having said thus manufactured electrical components (15)
is cut into sheets.

9. A methed according to any of preceding claims,
characterized in that the size of said nip
(6) is accurately controlled by means of at least a first
annular projection (27) integrated in the envelope
surface (11) of said patterned cylinder (7), at both of
its ends and concentic to said surface (11), the first
annular projection (27) having a radius r; and said
envelope surface (11) having a radius re., whereby, in
said milling operation, the conducting layer (2) of the
laminated web (1) in contact with the top portions of the
first annular projection (27) is removed simultaneously
with the removal of the conducting layer (2) from said
ridges (13) or at an infinitesimal diminution of said nip
(6) proving a track (29) without conducting material in
the web (1) at both sides of the web, said tracks (29) or
absence of tracks, resp., are detected by a first sensor
means (23) sending associated signals to an adjusting
device (21,22,25) which, as a response to said signals,
adjusts the dimension of said nip (6).

10. A method according to claim 9,
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characterdized in that the adjusting device
(21,22,25) when absence of tracks (29) is detected,
diminishes said nip (6).

11. A method according to claim 9 or 10,
characterized in that a second annular
projection (32) is integrated in the envelope surface
(11) of said patterned cylinder (7), at both of its ends
and concentric to said surface (11), and at a distance to
said first annular projection (27), said second annular
projection having a radius ry, ri1 > rz, and r; — ry < the
thickness t of said backing layer (31), whereby, in said
milling operation, the conducting layer (2) of the web
(1) in contact with the top portions of the second
annular projection (32) could be removed after the
removal of the conducting layer (2) from said ridges (13)
proving a track (33) without conducting material in the
processed web (10) at both sides of the web, said track
(33) without conducting material, if any, are detected by
a second sensor means (24) sending associated signals to
said adjusting (21,22,25), if said tracks (33) are
present in the processed web (10), to widen said nip (6).

12. A method according to any one of claims 1-8,
characterized in that the size of said nip
(6) is accurately controlled by means of

providing within a predetermined area of said
laminated web or sheet, at least two parallel grooves in
which the conducting material is removed, said grooves
being separated by a strip of said conducting layer (2),

sensing a resistance of said strip, and
sending associated signals to an adjusting device
(21,22,25) which, as a response to said signals, adjusts
the dimension of said nip (6).

13. A method according to any one of claims 1-8,
characterized in that the size of said nip

(6) is accurately controlled by means of
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providing within a predetermined area of said
laminated web or sheet, a raster pattern of said ridges
and valleys,

sensing said raster pattern, and

sending associated signals to an adjusting device
(21,22,25) which, as a response to said signals, adjusts
the dimension of said nip (6).

14. A method as claimed in claim 13, ch a r a ¢ -
terized in that said sensing is selected from a
group consisting of:

optical sensing for determining a density of the
raster pattern, and

resistive sensing for determining a resistance of
the raster pattern based on galvanic or eddy current
measurement.

15. A method for manufacturing of electrical
components (15) on a continuous web (10) or discrete
sheets of dielectric material (3), including the step to
feed, from a supply roll (4) of a laminated web (1) or a
supply of sheets comprising a layer (2) of conducting
material laminated on a one flexible layer (3) of
dielectrical material, said laminated web (1) or discrete
sheets to a nip (6) between a patterned cylinder (7) and
a cooperating cylinder‘(8) to shape said flexible layer
into a repeated pattern of flexible material having
ridges (13) and valleys (14), and the step to remove by
mechanical machining flexible material from said thus
shaped flexible layer, characterized in that
the step to remove flexible material from said flexible
layer (3) is performed simultaneously with the step to
shape the flexible layer (3) and by means of said
cooperating cylinder designed as a milling cutter
cylinder (8).

16. A method as claimed in claim 15, ch a r a ¢ -
t erized by replacing at least some of said removed

flexible material with a conducting material, such that a
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conducting via is provided through the flexible material
to the conducting material.

17. A method as claimed in c¢laim 15, ch ar ac ~
t er ized in that said replacing is achieved through
a printing technique.

18. A device for manufacturing of electrical
components (15) on a continuous web (10) oxr discrete
sheets of dielectric material (3) from a supply roll (4)
of a laminated web (1) or a supply of sheets consisting
of at least one layer (2) of conducting material
laminated on a flexible backing layer (3) of dielectrical
material, said device having a patterned cylinder (7) and
a cooperating cylinder (8) forming a nip (6) into which
said web (1) or discrete sheets is (are) fed to shape
said conducting layer (2) into a repeated pattern of
conducting material having ridges (13) and valleys (14),
and a means (9) to remove by mechanical machining
conducting material from the ridges (13) or the valleys
(14) of said thus shaped metal layer,
characterized in that said cooperating
cylinder (8) is configured as a milling cutter cylinder
(8) to remove conducting material from said conducting
layer (2) simultaneously as the conducting layer (2) is
forced against the patterned cylinder (7) to shape said
repeated pattern.

19. A device according to claim 18,
characterized in that said patterned
cylinder (7) is rotated with a periphery velocity equal
to the feeding velocity of said web (1) and in that the
cutter cylinder (8) is rotated in a direction contrary to
that of the patterned cylinder (7).

20. A device according to claim 18,
characterized in that said patterned
cylinder (7) is rotated with a periphery velocity equal
to the feeding velocity of said web (1) and in that the
cutter cylinder (8) is rotated in the same direction as

that of the patterned cylinder (7) and with a periphery
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cylinder (7).

21. A device according to any of claims 18 to 20,
characterdized in that, to accurately control

5 the size of said nip (6), at least a first annular

projection (27) is integrated in the envelope surface
(11) of said patterned cylinder (7), at both of its ends
and concentic to said surface (11), the first annular
projection (27) having a radius r; and said envelope

10 surface (11) having a radius r, whereby, in said milling
operation, the conducting layer (2) of the web in contact
with the top portions of the first annular projection
(27) is removed simultaneously with the removal of the
conducting layer (2) from said ridges or at an

15 infinitesimal diminution of said nip (6) proving a
metalless track (29) without conducting material in the
processed web (10) at both sides of the web, wherein a
first sensor (23) is arranged at both sides of the
processed web (10) and downstream the nip (6) to detect

20 said track (29) or absence of track resp., and to send
associated signals to a adjusting device (21,22,25)
which, as a response to said signals, is arranged to
adjust the dimension of said nip (6).

22. A device according to claim 21,

25 characterized in that the adjusting device
(21,22,25), when absence of tracks (29) is detected, is
arranged to diminish said nip (6).

23. A device according to claim 21 or 22,
characterized in that a second annular

30 projection (32) is integrated in the envelope surface
(11) of said patterned cylinder (7), at both of its ends
and concentric to said surface (11), and at a distance to
said first annular projection (27), said second annular
projection (32) having a radius r,, ri, > Yz, and r; — ry <

35 the thickness t of said backing layer (3), whereby, in
said milling operation, the conducting layer (2) of the
web (1) in contact with the top portions of the second
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annular projections (32) could be removed after the
removal of the conducting layer (2) from said ridges (13)
proving a track (33) without conducting material in the
processed web (10) at both sides of the web (10), wherein
a second sensor means (24) is arranged at each side of
the processed web (10) and downstream the nip (6) to
detect said track (33) without conducting material, if
any, and to send associated signals to said adjusting
device (21,22,25), if said track is present in the
processed web (10), to widen said nip (6).

24. A device according to any one of claims 18 to
20, characterized in that, to accurately
control the size of said nip (6),

said patterned cylinder (8) is designed to provide,
within a predetermined area of said laminated web or
sheet, at least two parallel grooves in which the
conducting material is removed, separated by a strip of
said conducting layer (2),

whereby sensing means is arranged downstream the nip
(6) to measure a resistance of said strip, and

to send associated signals to an adjusting device
(21,22,25) which, as a response to saild signals, is
arranged to adjust the dimension of said nip (6).

25. A device according to any one of claims 18 to
20, characterized in that, to accurately
control the size of said nip (6),

said patterned cylinder (8) is designed to provide,
within a predetermined area of said laminated web or
sheet, a raster pattern of said ridges and valleys,

whereby sensing means is arranged downstream the nip
(6) to sense sald raster pattern, and

to send associated signals to an adjusting device
(21,22,25) which, as a response to said signals, is
arranged to adjust the dimension of said nip (6).

26. A device as claimed in claim 25, charac -
terized in that said sensing means is selected

from a group consisting of
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optical sensing means for sensing the density of the
raster pattern, and

resistance sensing means for sensing the resistance
of the pattern by galvanic or eddy current measurement.

27. A device according to any one of claims 18-26,
characterized in that the patterned cylinder
(7), for providing the relief pattern, presents a surface
layer of polymer.

28. A device according to claim 21, char ac -

t er ized in that said polymer is a cured or curable
polymer.

29. A cliché for use in the device according to any
one of claims 18-28, characterized bya
surface layer of polymer, which is adapted for providing
a relief pattern.

30. A cliché blank for providing the cliché of claim
29, characterdized by a surface layer of
polymer, which is adapted to be formed into a relief
pattern.

31. A printing system for providing a decorative or
functional printed pattern on a surface of a continuous
web or discrete sheets of material,

said continuous web or discrete sheets being
supplied substantially continuously from a supply roll
(4) of continuous web or a supply of discrete sheets,
respectively, c haracterized in that said
system further comprises the device of any one of claims
12-28.

32. A method for patterning a continuous web or
discrete sheets (1), the method comprising,

feeding said continuous web or discrete sheets (1)
from a supply roll (4) of continuous web or a supply of
discrete sheets, respectively,

the continuous web or discrete sheets comprising a
first layer (2, 44) of a first material, and a second

layer (3, 45) of a second material,
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said first layer (2, 44) being laminated on said
second layer (3, 45),

said continuous web or discrete sheets being fed to
a nip (6) between a patterned cylinder (7) and a
cooperating cylinder (8) to shape said first layer into a
repeated pattern of said first material having ridges
(13) and wvalleys (14), and

removing by mechanical machining said first material
from said thus shaped first layer,

characterized in that

the step to remove said first material from said
first layer (2, 44) is performed simultaneously with the
step to shape the first layer (2, 44) and by means of
said cooperating cylinder designed as a milling cutteﬁ
cylinder (8).

33. A method as claimed in claim 32, c h ar a c -
terized in that at least one of said first and
second layers is a functional layer.

34. A device for patterning a continuous web or
discrete sheets (1), the device comprising,

means for feeding said continuous web or discrete
sheets (1) from a supply roll (4) of continuous web or a
supply of discrete sheets, respectively,

the continuous web or discrete sheets comprising a
first layer (2, 44) of a first material, and a second
layer (3, 45) of a second material,

said first layer (2, 44) being laminated on said
second layer (3, 45),

means for feeding said continuous web or discrete
sheets to a nip (6) between a patterned cylinder (7) and
a cooperating cylinder (8) to shape said first layer into
a repeated pattern of said first material having ridges
(13) and valleys (14), and

means for removing by mechanical machining said
first material from said thus shaped first layer,

characterized in that
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said cooperating cylinder is designed as a milling
cutter cylinder (8), which is arranged to remove said
first material from said first layer (2, 44) simul-
taneously with the shaping of the first layer (2, 44).

35. A device as claimed in claim 34, ch ar a ¢ -

t erized in that at least one of said first and
second layers is a functional layer.

36. A continuous web or discrete sheet comprising at
least a first layer (2, 44) of a first material, and a
second layer (3, 45) of a second material,

said first layer (2, 44) being laminated on said
second layer (3, 45),

a portion of said first layer (2, 44) being removed
so as to expose a surface portion of said second layer
(3, 45),

such that a border portion (46a, 47a; 46b, 47b) is
formed at the transition between an unremoved portion of
the first layer (2, 44) and an exposed portion of the
second layer (3, 45), charactezrized in that

at said border portion (46a, 47a; 46b, 47b),

as seen in a plane that is substantially
perpendicular to the main plane of the laminated sheet,

the thickness of the first layer is continuously
tapering from a point where the first layer (2, 44) is
substantially unremoved to a point where the second layer
(3, 45) 1s exposed.

37. The continuous web or discrete sheet as claimed
in claim 36, characterized in that an
exposed portion of the second layer (3, 45), as seen in
the plane that is substantially perpendicular to the main
plane of the laminated sheet, presents first and second
border portions (46a, 46b; 47a, 47b), and in that said
second border portion (47a, 47b) tapers more steeply than
said first border portion (46a, 46b).

38. The continuous web or discrete sheet as claimed
in claim 36 or 37, c haracterized in that

said laminated sheet comprises at least one layer (2) of
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functional material laminated on a flexible backing

layer.
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This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

L. D Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. X ClaimsNos.: 32-38
because they relate to parts of the mternanonal application that do not comply with the prescribed requirements to such an

extent that no meaningful international search can be carried out, specifically:

See extra sheet '

3. [] ClaimsNos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).
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This International Searching Authority found multiple inventions in this international application, as follows:

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. [:I As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment of
any additional fee.

3. [:l As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest . - . . :
D The additional search fees were accompanied by the applicant’s protest.
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A search has been carried out for the parts of claims 32-38
relating to a continuous web or discrete sheets of dielectric
material comprising electrical components. Only these parts of
the claims relating to electrical components applicable on a
web are fully supported by the description.
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