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Description

[0001] The following invention relates to a method of preparing high energy capacitors with increased thermal resilience
over conventional bulk ceramic capacitors, preferably capacitors that may be formed into a desired three dimensional
shape to fit inside an existing device. There are provided methods of making said capacitors.
[0002] The thermal resilience of the components within high energy capacitors are often prone to cracking and hence
failure once they are subject to extreme temperatures. The thermal damage is thought to be a result from the difference
in rates of thermal expansion of the ceramic interior and polymer exterior of the bulk ceramic materials currently in use.
[0003] The use of polymers and in particular ceramic loaded polymers as the dielectric have provided materials which
are easier to process than conventional bulk ceramic capacitors.
[0004] As the use and desirability of electrical power trains to power systems, such as vehicles, vessels and crafts
increases, so does the requirement for higher energy storage. High energy capacitors are merely one example of a
means of short term energy storage. It is also desirable to increase the energy density of a capacitor of a given dimension
as space is often limited inside systems.
[0005] US6079089 A discloses an apparatus and a process for making a capacitor.
[0006] According to the invention there is provided a method of preparing a capacitor, the capacitor comprising a first
electrode comprising at least two protrusions, a second electrode comprising at least two protrusions, which interlocate
with the protrusions on said first electrode, and at least one curable dielectric material deposed in a gap between said
interlocated protrusions of the said first and second electrodes, further wherein there is at least one through hole in the
said first or second electrodes, to allow the curable dielectric material to be flowed therethrough, the method comprising
the steps of:

forming the first electrode comprising said at least two protrusions, forming the second electrode comprising said
at least two protrusions, which co-locate with the at least two protrusions on said first electrode, bringing into alignment
the at least two protrusions on both said first and second electrodes to form said gap, then causing the at least one
curable dielectric material to enter, through the at least one through-hole, the gap between said two at least two
protrusions on said first and second electrodes,
causing said dielectric to cure, wherein at least one layer of a high breakdown material, is deposed and cured at a
base of the first and second electrodes proximate to the tips of the adjacent protrusions, prior to causing the at least
one curable dielectric material to enter the gap between said electrodes.

[0007] One advantage of the use of at least two protrusions, or preferably a plurality of protrusions, is that it increases
the available surface area of the first and second electrodes, thereby allowing greater capacitance to be achieved from
a defined volume.
[0008] The protrusions may take the form of any three dimensional shape provided that the respective shapes of the
at least two protrusions on the first electrode and second electrodes are able to interlocate. The protrusions may have
cross sections whose sides are parallel, curved, or circular. The protrusions may preferably be in the form of fins or
reciprocal male and female parts, more preferably in the form of interlocating fins.
[0009] The at least two protrusions on the first and second electrodes are designed such that they can be mated
together, i.e. bought together into close alignment such that there is a substantially uniform gap between all of the
protrusions on the mated structure, so as to permit a uniform electrical charging on the final capacitor device.
[0010] The at least two protrusions on the first and second electrodes may form interlocating patterns, which may be
parallel, curved or circular, in a preferred arrangement circular patterns may be co-axially arranged.
[0011] The protrusions on the electrodes, of the capacitor as defined hereinbefore, may have a patterned structure
that would require very intricate machining techniques in order to provide a block of ceramic dielectric that could be
inserted between the mated first and second electrodes. The use of a curable dielectric allows the dielectric to be flowed
into the gaps between the mated at least two protrusions on the first and second electrodes. The curable dielectric may
be selected from a polymer or more preferably ceramic loaded polymer.
[0012] In a preferred embodiment, the shape of the two at least two protrusions were optimised by rounding the edges
and vertices, and altering the electrode separation to equalise the field throughout the design and minimise the volume.
It was advantageously found that unwanted charge distribution was reduced by removing edges on the two at least two
protrusions, such that in a highly preferred arrangement the protrusions are provided with a radius. Furthermore it was
found that the radius at the tip of said two at least two protrusions may advantageously be greater than the thickness of
the central shaft or body of said protrusion, such that said protrusions may appear tapered, or have increased radii when
viewed in profile. Preferably at least one of the protrusions may have an increased radii, such that when the two electrodes
are aligned, at least one of the electrodes possess an increased radius. Preferably the increased radii is located at the
base of one of the at least one protrusion.
[0013] In a further arrangement the at least one curable dielectric material may be provided by at least two independently
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selected curable dielectric materials, preferably deposed in a layerwise manner in the device.
[0014] The regions of the electrodes with high fields at the base of the first and second electrodes which are proximate
to the tips of the adjacent protrusions are encapsulated with a high breakdown strength material. The high breakdown
strength material may be any typical resin, adhesive such as for example epoxy or polyurethane may be used for this
purpose as they have been shown to be more resilient and are capable of surviving pulse testing at small separations,
such as, for example 1 mm. The remainder of the device may then be filled with a high permittivity dielectric, such as,
for example a ceramic loaded polymer in order to obtain the desired capacitance.
[0015] The capacitance of a device has been shown to increase, when at least one layer of a high breakdown material
has been deposed prior to filling with a dielectric material, improvements from 32Kv up to 48Kv breakdown have been
observed with this arrangement.
[0016] The advantage of using at least one through hole, more preferably a plurality of through holes located in the
first and/or second electrodes, and or located in the at least two protrusions, is that the curable material is flowed through
the final device, when the first and second electrodes are mated together. In the final device the gap between the mated
protrusions may only be the order of less than 5mm, preferably in the range of from 0.5 to 5mm. Vacuum filing techniques
have been found to be insufficient to ensure that all of the gaps between the fins, therefore the use of at least one through
hole provides a means of ensuring that greater reproducibility of filling is achieved.
[0017] In a preferred arrangement, the protrusions on the first and second electrodes may take the form of a series
of circular patterns, which have diameters that allow close mating of said protrusions, without the presence of said
through holes, the dielectric would not be capable of flowing into the central cavities.
[0018] In a further embodiment, the at least one through hole may take the form of an elongate slot such that the
patterns of the at least two protrusions are discontinuous, such as, for example, a circular pattern of protrusions may
preferably take the form of pairs of semi circular patterns, which the facilitate the flow of the dielectric in between the
mated electrodes. The at least one through hole allows the ingress of flowable dielectric material in the gap between
co-located first and second electrode structures.
[0019] In an alternative, preferred arrangement the first and/or second electrodes comprise an insulator material coated
with at least one layer of an electrically conducting material, to form a conducting electrode. One advantage is the
reduction of mass of the first and second electrodes, as a significant proportion of the electrodes may be selected from
lightweight man-made or natural polymers, ceramics, composites etc. A further advantage may be that the at least two
protrusions may take the form of complex patterns or designs and therefore moulding polymers or composites into final
shapes may be easier to achieve than complex machining of an electrode formed exclusively of metal. The insulator
material may be coated using any known metal coating procedure, such as, for example, electroless deposition, electro
deposition, chemical and/or physical vapour deposition techniques.
[0020] At least one layer of a high breakdown material is deposed and cured at the base of the first and second
electrodes, prior to causing the at least one curable dielectric material to enter the gap between said two electrodes.
[0021] As described hereinbefore, preferably the gap between the two at least two protrusions on the first and second
electrodes is of the order of a few millimetres, in a preferred option the first and second electrodes are located in a jig
to maintain alignment between the at least two protrusions, so as to ensure a uniform gap. The curable dielectric is
flowed into the gap and cured. As a further advantage of the presence of the at least one through hole, is that during
the cure of the dielectric, any expansion of said dielectric will be mitigated by flow of material through the through holes,
such that the electrodes and their associated at least two protrusions maintain the desired gap. The absence of through
holes may then allow any concomitant expansion during the cure of the dielectric to push apart the mated electrode
structure and cause mis-alignment of the two electrodes.
[0022] An embodiment of the invention will now be described by way of example only and with reference to the
accompanying drawings of which:-

Figure 1 shows a side view section of a prior art block capacitor
Figures 2a and 2b show a side view and rear view respectively of a cylindrical arrangement of protrusions
Figure 3 shows a top view of one capacitor electrode with a split protrusion.
Figures 4a, and 4b provide side views of electrodes with fin like protrusions, and a mated structure respectively
Figures 5a and 5b show a filled capacitor arrangement as shown in Figure 2a, and an output from a model showing
the electrical fields generated in an optimised capacitor of 5a, respectively.
Figure 6 shows a side projection of a jig assembly for aligning the protrusions on the electrode surface.
Figures 7a and 7b provide side views of a further jig assembly for a fin type arrangement.
Figure 8 show a filled capacitor arrangement as shown in Figure 5a, wherein a high breakdown material is deposed
on the first and second electrodes.

[0023] Turning to Figure 1, a typical prior art block capacitor 4 which contains a first electrode 1 and a second electrode
2 sandwiching a block of dielectric material 5. The first electrode 1 is connected to an electrical contact 6 and the second
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electrode 2 is connected to an electrical contact 7. The capacitor structure is then encapsulated (potted) in a suitable
potting material 3, so as to avoid electrical breakdown of the capacitor.
[0024] Figure 2a shows a side projection of a capacitor set up 14, with a first electrode 16 with protrusions 11, and a
second electrode 17, with protrusions 12. The protrusions 11 and 12 have been designed to mate together such that
the height of the final mated capacitor plate is only a few millimetres thicker than the thickness of one of the electrodes
with its associated protrusions. In between the protrusions 11 and 12, there is a defined gap 13, into which the opposing
protrusion and the dielectric (not shown) will fit.
[0025] On the rear face 18 of the electrode 17, as shown in Figure 2b, there is a plurality of through holes 19, which
are located in the electrode structure 17. The holes 19 permit the flow of a curable dielectric(not shown) into the gaps
13, between the protrusions(dotted lines) 12. Without the presence of the holes 19 the dielectric would not migrate in
between the mated protrusions, as the likely gap between the two sets of mated protrusions 11 and 12 will be of the
order of a few millimetres.
[0026] Figure 3 shows a top view of one half of a capacitor 24, the electrode 26 has a series of upstanding protrusions
21, which define a generally semi-circular pattern, similar to that shown in figure 2. The generally circular pattern is
broken up by through holes in the form of slits 27, which extend the entire height of the protrusion 21. There are also
additionally further through holes 29. The electrode 26, will have a mating pair, (not shown) similar to that shown in figure
2, with similar slits and holes. When the mated pair are brought together, the holes 29 and slits 27 allow dielectric material
to be flowed evenly throughout the mated structure.
[0027] Figure 4a shows a side projection of one half of a capacitor structure 34. The electrode 37 has a plurality of
parallel fins 32, arranged with a gap 33 between each fin, the gap has a dimension 39 which permits the location of the
corresponding protrusions 31, which are located on a second electrode 37, and the dielectric material. The outer cir-
cumference of the capacitor structure 34, has no perimeter, such that the open ends of the fins behave as slits 38, which
readily permits the flow of a dielectric material between the gap when the fins are mated together as shown in figure 4b.
Figure 4b clearly shows the mating of the fins 31 and 32 which are the protrusions on electrodes 36 and 37, respectively.
[0028] Figure 5a shows a cross-section of a mated structure of circular protrusions as shown in figure 2a. The capacitor
comprises circular fins 41 on a first electrode 46 with mated with circular fins 42 on a second electrode 47, (as shown
in figure 2a), the gap between the fins 41 and 42 has been filled with dielectric material 45. A reservoir of excess dielectric
material 45a is shown at the distil ends of the drawing, the excess is there to ensure that there is sufficient dielectric to
flow through the structure and to ensure all conductive areas of the electrodes 46 and 47 are encapsulated to ensure
there is no potential for an electrical short.
[0029] Figure 5b shows a model of the electrical fields generated in a capacitor similar to that in figure 5a. The capacitor
has been optimised, the first electrode 46 and second electrode 47 have been provided with complex geometries. The
central protrusion 42a has been designed to be of a greater thickness 48 than the thickness of the other fins 48a . A
further modification has been made the protrusions 41 42, by enlarging the radius of the rounded tips 49 of the protrusion.
These modifications have reduced unwanted field enhancements.
[0030] Figure 6 shows one example of a jig arrangement 54, where the outer casing 58, 59 can be removed after
construction of the capacitor. The jig 54 comprises two casing halves 58, 59 which hold the first electrode 51 and second
electrode 52 respectively. The two halves 58, 59 are brought into alignment by locating lugs 56 and receiving holes 57.
The thickness of the jig 59 ensures that the plurality of fins 53 and 53a engage to the correct depth. The action of the
two halves 58, 59 and the thickness of jig 59 ensures that the fins 53 and 53a interlocate with a uniform spacing provided
therebetween.
[0031] Figure 7a and 7b show a further arrangement with an integrated jig 63, which provides the correct spacings
between the first electrode 61 and second electrode 62. The first and second electrodes have the fin type arrangement
as shown in Figure 4b. The central protrusion 61a has been designed to be of a greater thickness than the thickness of
the other fins 61. The radii of the bottom of the fins 69 have been enlarged to provide rounded tips of the fin protrusions.
The second electrode 62, has a an additional wall 64, so as to create a well so that the entire structure may be filled by
a flowable dielectric. The gap 66 between the two electrodes is then filed by a flowable dielectric material to provide a
final capacitor structure. To permit a more reproducible fill, fill holes 68 are located such that all of the gap 66 may be
completely filled with dielectric material.
[0032] After the dielectric (not shown) has been cured, the area defined by box 65, is then machined away to remove
the unwanted jig 63 and excess well area defined by wall 64.
[0033] Figure 8 shows a cross-section of a mated structure of circular protrusions as shown in figure 5a. The capacitor
comprises circular fins 71 on a first electrode 76 with mated with circular fins 72 on a second electrode 77, (as shown
in figure 5a), the gap between the fins 71 and 72 has been filled with dielectric material 75. The base portion of the first
electrode 76, has deposed a thin layer of a high breakdown strength material 78a, similarly the base portion of the
second electrode 77, has deposed a thin layer of a high breakdown strength material 78b.
[0034] The high breakdown material 78a, 78b, reduces breakdown between the tip of the fins of one electrode and
the base portion of the adjacent electrode.
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Experiments

[0035] The capacitance was measured using an Agilent 4285a precision LCR meter. The samples were measured in
air to allow estimation of the capacitance of the final infiltrated device comprising the flowable dielectric (Table 1). The
measured capacitance values of the infiltrated structures agreed well with the tabulated values. The silver electrode
coating resulted in a lower capacitance than the copper coating for the same capacitor design, primarily because the
coating was thinner, thereby increasing the electrode spacing by∼150-200 microns.

[0036] The results in Table 1 clearly show that capacitors that manufactured from a polymer via stereolithographic
means and coated with a conductor, preferably a metal, provide comparable capacitance values to capacitors which
are constructed from an entirely metal substrate. The use of metal coated polymers for the first and second electrodes
provides a the advantage of a means for rapid manufacture techniques, at a much reduced cost than a similar electrode
manufactured from metal.
[0037] Table 2 below shows the effect using modelling software of providing a radii at the base of a protrusion on the
level of field enhancement.

[0038] A circular (revolved) capacitor structure was selected, of the type shown in Fig 2a. The capacitance of each
set up was measured as the radii of the protrusions were altered. The first iteration was a series of protrusions, which

Table 1

Capacitors with the same dimensions as a 1.7nF TDK ceramic capacitor

Air dielectric capacitance Ceramic composite dielectric capacitance

e=1 e = 30 e=27 e=24 e=20

Stereolithographic structures

revolved design(Fig 2a)

Exp 1 0.0104nF silver paint 3.1nF 2.8nF 2.5nF 2.0nF

Exp 2 0.054nF copper coating 1.6nF 1.46nF 1.3nF 1.0nF

Exp 3 0.064nF silver paint 1.9nF 1.7nF 1.5nF 1.3nF

Exp 4 0.078nF copper coating 2.3nF 2.1nF 1.9nF 1.6nF

Interlocking fin (Fig 4b)

Exp 5 0.070nF copper coating 2.1nF 1.9nF 1.7nF 1.4nF

Exp 6 0.086nF silver paint 2.6nF 2.3nF 2.0nF 1.7nF

Metallic structures (Cu)

Interlocking fin(Fig 4b)

Exp 7 0.09pF 2.8nF 2.43nF 2.16nF 1.8nF

Exp 8 0.075pF 2.25nF 2nF 1.8nF 1.5nF

Table 2:

Revolved capacitor design (fig 2a) C/nF Field enhancement factor

1 mm thick concentric walls no rounding 3.0 >3

2mm thick walls and lobes added however no room for outer ceramic composite 
layer 2.2 1.5

Remove outermost wall to allow addition of an outer ceramic composite layer 1.6 1.5

Remove centre pin and shift all the walls to allow for an additional concentric ring 2.4 1.5
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were each 1mm thick. The next iteration was a 2mm thick wall, however in practice this would leave minimal room for
dielectric material. However, it is apparent that the field enhancement factor has been reduced by enlarging the radius.
The third iteration comprised further erosion of the co-located electrode, by removing portions of the wall. The fourth
iteration was to remove the thin central pin, and replacement by a further concentric ring. This provided a significantly
increase capacitance value and a concomitant reduction in the unwanted field enhancement.

Claims

1. A method of preparing a capacitor (14), the capacitor comprising a first electrode (16) comprising at least two
protrusions (11), a second electrode (17) comprising at least two protrusions (12), which interlocate with the pro-
trusions on said first electrode, and at least one curable dielectric material (45) deposed in a gap (13) between said
interlocated protrusions of the said first and second electrodes, further wherein there is at least one through hole
(19) in the said first or second electrodes, to allow the curable dielectric material to be flowed therethrough, the
method comprising the steps of:

forming the first electrode comprising said at least two protrusions,
forming the second electrode comprising said at least two protrusions, which co-locate with the at least two
protrusions on said first electrode, bringing into alignment the at least two protrusions on both said first and
second electrodes to form said gap, then causing the at least one curable dielectric material to enter, through
the at least one through-hole, the gap between said two at least two protrusions on said first and second
electrodes, causing said dielectric to cure, wherein
at least one layer of a high breakdown material (78a,78b) is deposed and cured at a base of the first and second
electrodes proximate to the tips (49) of the adjacent protrusions, prior to causing the at least one curable dielectric
material to enter the gap between said electrodes.

2. A method according to claim 1, wherein said protrusions have a cross section whose sides are parallel, curved, or
circular.

3. A method according to claim 1 or claim 2, wherein the two at least two protrusions on the first and second electrodes
form interlocating patterns.

4. A method according to claim 3, wherein the interlocating patterns are parallel, curved or circular.

5. A method according to any one of the preceding claims wherein there are a plurality of through holes located in the
first and/or second electrodes.

6. A method according to any one of claims 1-4, wherein the at least one through hole is located in the two at least
two protrusions.

7. A method according to claim 3 wherein the patterns are discontinuous.

8. A method according to any one of the preceding claims wherein the first and/or second electrodes comprise an
insulator material coated with at least one layer of an electrically conducting material, to form the respective electrode.

9. A method according to any one of the preceding claims wherein the edges of the two at least two protrusions are
provided with a radius.

10. A method according to any one of the preceding claims wherein the curable dielectric material is selected from a
polymer or ceramic loaded polymer.

Patentansprüche

1. Verfahren zum Herstellen eines Kondensators (14), wobei der Kondensator eine erste Elektrode (16) umfasst, die
mindestens zwei Vorsprünge (11) umfasst, eine zweite Elektrode (17), die mindestens zwei Vorsprünge (12) umfasst,
die mit den Vorsprüngen an der ersten Elektrode ineinandergreifen, und mindestens ein härtbares dielektrisches
Material (45), das in einem Spalt (13) zwischen den ineinandergreifen Vorsprüngen der ersten und der zweiten
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Elektrode angeordnet ist, wobei ferner mindestens ein Durchgangsloch (19) in der ersten oder der zweiten Elektrode
vorhanden ist, um das Fließen-Lassen des härtbaren dielektrischen Materials durch es hindurch zu ermöglichen,
wobei das Verfahren die folgenden Schritte umfasst:

Bilden der ersten Elektrode, die die mindestens zwei Vorsprünge umfasst,
Bilden der zweiten Elektrode, die die mindestens zwei Vorsprünge umfasst, die mit den mindestens zwei Vor-
sprüngen an der ersten Elektrode ineinandergreifen, dabei Ausrichten der mindestens zwei Vorsprünge an
sowohl der ersten als auch der zweiten Elektrode derart, dass der Spalt gebildet wird,
dann Bewirken, dass das mindestens eine härtbare dielektrische Material durch das mindestens eine Durch-
gangsloch in den Spalt zwischen den zwei mindestens zwei Vorsprüngen an der ersten und der zweiten Elektrode
eintritt,
Bewirken, dass das Dielektrikum aushärtet, wobei mindestens eine Schicht aus einem Material mit hoher Durch-
schlagspannung (78a, 78b) an einer Basis der ersten und der zweiten Elektrode in der Nähe der Spitzen (49)
der benachbarten Vorsprünge abgeschieden und gehärtet wird, bevor bewirkt wird, dass das mindestens eine
härtbare dielektrische Material in den Spalt zwischen den Elektroden eintritt.

2. Verfahren nach Anspruch 1, wobei die Vorsprünge einen Querschnitt aufweisen, dessen Seiten parallel, gekrümmt
oder kreisrund sind.

3. Verfahren nach Anspruch 1 oder Anspruch 2, wobei die zwei mindestens zwei Vorsprünge an der ersten und der
zweiten Elektrode ineinandergreifende Muster bilden.

4. Verfahren nach Anspruch 3, wobei die ineinandergreifenden Muster parallel, gekrümmt oder kreisrund sind.

5. Verfahren nach einem der vorhergehenden Ansprüche, wobei mehrere Durchgangslöcher vorhanden sind, die in
der ersten und/oder zweiten Elektrode angeordnet sind.

6. Verfahren nach einem der Ansprüche 1 bis 4, wobei das mindestens eine Durchgangsloch in den zwei mindestens
zwei Vorsprüngen angeordnet ist.

7. Verfahren nach Anspruch 3, wobei die Muster unterbrochen sind.

8. Verfahren nach einem der vorhergehenden Ansprüche, wobei die erste und/oder die zweite Elektrode ein Isolator-
material umfasst/umfassen, das mit mindestens einer Schicht eines elektrisch leitenden Materials beschichtet ist,
um die jeweilige Elektrode zu bilden.

9. Verfahren nach einem der vorhergehenden Ansprüche, wobei die Ränder der zwei mindestens zwei Vorsprünge
mit einem Radius versehen sind.

10. Verfahren nach einem der vorhergehenden Ansprüche, wobei das härtbare dielektrische Material aus einem Polymer
oder einem mit Keramik angereicherten Polymer ausgewählt ist.

Revendications

1. Procédé de préparation d’un condensateur (14), le condensateur comprenant une première électrode (16) compre-
nant au moins deux saillies (11), une seconde électrode (17) comprenant au moins deux saillies (12), qui sont
positionnées de manière réciproque aux saillies sur ladite première électrode, et au moins un matériau diélectrique
durcissable (45) déposé dans un espace (13) entre lesdites saillies positionnées de manière réciproque desdites
première et seconde électrodes, en outre dans lequel il existe au moins un trou traversant (19) dans lesdites première
ou seconde électrodes, pour permettre au matériau diélectrique durcissable de s’écouler à travers, le procédé
comprenant les étapes consistant à :

former la première électrode comprenant lesdites au moins deux saillies,
former la seconde électrode comprenant lesdites au moins deux saillies, qui sont positionnées au même endroit
que les au moins deux saillies sur ladite première électrode, mettre en alignement les au moins deux saillies
sur lesdites deux desdites première et seconde électrodes pour former ledit espace,
amener ensuite l’au moins un matériau diélectrique durcissable à pénétrer, à travers l’au moins un trou traversant,
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dans l’espace entre lesdites au moins deux saillies sur lesdites première et seconde électrodes,
amener ledit diélectrique à durcir, dans lequel
au moins une couche d’un matériau à seuil de rupture élevé (78a, 78b) est déposée et durcie au niveau d’une
base des première et seconde électrodes à proximité des pointes (49) des saillies adjacentes, avant d’amener
l’au moins un matériau diélectrique durcissable à pénétrer dans l’espace entre lesdites électrodes.

2. Procédé selon la revendication 1, dans lequel lesdites saillies ont une section transversale dont les côtés sont
parallèles, incurvés ou circulaires.

3. Procédé selon la revendication 1 ou la revendication 2, dans lequel les deux au moins deux saillies sur les première
et seconde électrodes forment des motifs à positionnement réciproque.

4. Procédé selon la revendication 3, dans lequel les motifs à positionnement réciproque sont parallèles, incurvés ou
circulaires.

5. Procédé selon l’une quelconque des revendications précédentes, dans lequel il existe une pluralité de trous traver-
sants positionnés dans les première et/ou seconde électrodes.

6. Procédé selon l’une quelconque des revendications 1 à 4, dans lequel l’au moins un trou traversant est positionné
dans les deux au moins deux saillies.

7. Procédé selon la revendication 3, dans lequel les motifs sont discontinus.

8. Procédé selon l’une quelconque des revendications précédentes, dans lequel les première et/ou seconde électrodes
comprennent un matériau isolant revêtu avec au moins une couche d’un matériau électro-conducteur pour former
l’électrode respective.

9. Procédé selon l’une quelconque des revendications précédentes, dans lequel les bords des deux au moins deux
saillies sont pourvus d’un rayon.

10. Procédé selon l’une quelconque des revendications précédentes, dans lequel le matériau diélectrique durcissable
est choisi à partir d’un polymère ou polymère chargé en céramique.
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