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CARRIER RELEASE

The processing of an assembly may comprise temporarily supporting the assembly between two

carriers releasably adhered to the assembly.

The inventors for the present application have worked on techniques for improving the release of

the carriers from the assembly after processing of the assembly.

There is hereby provided a method comprising: providing an assembly temporarily adhered on
opposite sides to respective carriers by respective adhesive elements, the assembly including at least
one plastic support sheet; heating the assembly while mechanically compressing the assembly
between the carriers, wherein the strength of adhesion of one of said adhesive elements to the
respective carrier and/or to the assembly is partially reduced during said heating of the assembly
under mechanical compression; and wherein the strength of adhesion of the said adhesive element
to the carrier and/or to the assembly is further reducible by further heating the said adhesive
element after partially or completely relaxing the pressure at which the assembly is mechanically

compressed between the two carriers.

According to one embodiment, the method further comprises: after partially or completely relaxing
the pressure at which the assembly is mechanically compressed between the two carriers, further
heating the adhesive element to further reduce the strength of adhesion of the adhesive element to
the carrier and/or to the assembly, and release the adhesive element from the carrier and/or the

assembly.

According to one embodiment: partially reducing the strength of adhesion of the adhesive element
to the carrier and/or to the assembly while mechanically compressing the assembly between the

carriers comprises: generating pockets of gas where the adhesive element contacts the carrier
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and/or assembly thereby reducing the area of contact between solid material of the adhesive
element and the carrier and/or assembly; and wherein further reducing the strength of adhesion
between said at least one adhesive element and the carrier and/or assembly comprises: thermally
expanding the solid material of the adhesive element to break contact between the solid material of

the adhesive element and the carrier and/or assembly in locations between said gas pockets.

According to one embodiment, the method further comprises comprising releasing one of the
carrier and the assembly from the adhesive element without releasing the other of the carrier and

assembly from the adhesive element.

According to one embodiment, the assembly comprises a liquid crystal display component including
two plastic support sheets and spacers for creating a space for receiving liquid crystal material

between the two plastic support sheets.

According to one embodiment, said assembly comprises two plastic support sheets, and said carriers
are used to support respective ones of the plastic support sheets during a process of laminating said

two support sheets together to form said assembly.

According to one embodiment, the adhesive element on at least one side of the assembly comprises

a support sheet and two adhesive layers supported on opposite sides of the support sheet.

According to one embodiment, the assembly comprises a plastic support sheet supporting a stack of

conductor, semiconductor and insulator layers defining an active matrix array of TFTs.

According to one embodiment, the method further comprises: releasing one of said carriers from
the assembly without releasing the other of said carriers from the assembly, and thereafter peeling

the assembly from the other of said carriers.

According to one embodiment, said heating to partially reduce the strength of adhesion also

comprises curing an adhesive included within the assembly.
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According to one embodiment, heating said adhesive element to partially reduce the adhesion
strength comprises establishing a temperature gradient across the said adhesive element and
assembly that is smaller than the smallest temperature gradient established across the said adhesive
element and assembly during further heating said adhesive element to further reduce the strength

of adhesion.

According to one embodiment, the method further comprises: after said heating while mechanically
compressing the assembly between the carriers, cooling the assembly while continuing to
mechanically compress the assembly between the carriers; wherein the strength of adhesion of one
of said adhesive elements to the respective carrier and/or to the assembly is partially reduced during
said heating and/or cooling of the assembly under mechanical compression; and wherein the
strength of adhesion of the said adhesive element to the carrier and/or to the assembly is further
reducible by further heating the said adhesive element after partially or completely relaxing the

pressure at which the assembly is mechanically compressed between the two carriers.

There is also hereby provided a method, comprising: providing an assembly temporarily adhered on
opposite sides to respective carriers by respective adhesive elements, the assembly including at least
one plastic support sheet; heating said assembly and said adhesive elements under conditions at
which gas is generated within at least one of the adhesive elements, while compressing the
assembly between the carriers at a pressure at which crinkling of said plastic support sheet by said
heating is prevented, while retaining pockets of the generated gas at the interface between the
carrier and the at least one adhesive element and/or the interface between the assembly and the at

least one adhesive element.

According to one embodiment, said heating is done under conditions for curing an adhesive included
within the assembly, and said gas pockets remain at said interface(s) when said curing of said

adhesive is complete.



WO 2017/194672 PCT/EP2017/061319

According to one embodiment, the method further comprises: after at least partially relaxing the
pressure at which the assembly is compressed between the two carriers, further heating the at least
one adhesive element to reduce the strength of adhesion between (i) the carrier and/or assembly

and (ii) solid material of the at least one adhesive element in locations around said gas pockets.

According to one embodiment, the method further comprises comprising cooling said assembly and
adhesive elements while continuing to mechanically compress the assembly between the two
carriers, before at least partially relaxing the pressure at which the assembly is mechanically
compressed between the two carriers and further heating the at least one adhesive element to
further reduce the strength of adhesion between the carrier and/or assembly and solid material of

the at least one adhesive element in locations around said gas pockets.

There is also hereby provided a method, comprising: providing an assembly temporarily adhered on
opposite sides to respective carriers by respective adhesive elements, the assembly including at least
one plastic support sheet; heating said assembly to completely cure an adhesive included within said
assembly, wherein an adhesion strength of least one of said adhesive elements to the adjacent
carrier and/or assembly is partially reduced during said heating, and is further reducible by further

heating after completely curing said adhesive included within said assembly.

According to one embodiment, said adhesion strength of said at least one adhesive element to the
adjacent carrier and/or assembly is further reducible by first cooling and then further heating after

completely curing said adhesive included within said assembly.

According to one embodiment, said adhesive included within said assembly secures two

components together within said assembly.

Embodiments of the invention are described hereunder, by way of example only, with reference to

the accompanying drawings, in which:

Figure 1 illustrates an example of a technique according to an embodiment of the invention; and
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Figure 2 illustrates an example of a process by which an adhesive layer is released from a carrier.

The following description is for the example of laminating two sheet components to form an
assembly providing a lateral array of liquid crystal display (LCD) devices, but the same technique is
equally applicable to the lamination of components to form an assembly providing a single LCD
device or one or more other types of devices, such as e.g. one or more encapsulated organic light-
emitting device (OLED) displays comprising pixels of organic light-emissive material whose light

emission is controlled by an active matrix array.

With reference to Figure 1, a first flexible component 8 is releasably secured to a rigid carrier 4 via
an adhesive element 6, whose strength of adhesion to both the rigid carrier 4 and the flexible
component is sufficiently high during processing of the assembly to resist excessive thermal
expansion of the flexible component 8, but which either is (i) not too high to prevent peeling of the
adhesive element 6 away from at least the assembly after processing or (ii} can be reduced after
processing of the assembly to facilitate release of the adhesive element 6 from at least the assembly.
For example, this adhesive element 6 may be a single layer of pressure-sensitive adhesive, or a single
layer of adhesive whose adhesion strength to one or more of the first flexible component 8 and rigid
carrier 4 can be reduced by increasing temperature (heat release), by reducing temperature (cold
release) or by exposure to UV radiation (UV release). The adhesive element 6 may also comprise two
layers of adhesive on opposite sides of a support film, which two layers may, for example, comprise
any combination of a pressure-sensitive adhesive, a heat release adhesive, cold release adhesive and

UV release adhesive.

In this example, the first flexible component 8 comprises a plastic support film which supports an
alignment film for controlling the orientation of the liquid crystal molecules in a part of the liquid
crystal material immediately adjacent to the alignment film, and may also support one or more

further components such as a common electrode for the array of (LCD) devices, if the LCD devices
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are of a type that operate by generating an electric field in the liquid crystal material by means of

electrodes on opposite sides of the liquid crystal material.

A second flexible component 12 is releasably secured to another rigid carrier 16 via a dual-sided
adhesive unit 14 comprising a support film 14b supporting a layer of heat-release adhesive 14c
adjacent to the carrier 16 and a second layer of adhesive 14a adjacent to the flexible component 12.
In this example, the second layer of adhesive 14a is one whose strength of adhesion to the second
flexible component 12 is sufficiently high during processing of the assembly to resist excessive
thermal expansion of the assembly, but which either (i) is not too high to prevent peeling of the
adhesive element away from the assembly after processing or (ii) can be reduced after processing of
the assembly to facilitate release of the adhesive element 14a from the assembly. The second layer
of adhesive 14a may, for example, comprise (a) a pressure-sensitive adhesive, (b) a layer of heat-
release adhesive having a higher release temperature than the first layer of adhesive 14c, (c) a layer
of cold-release adhesive, or (d) a layer of UV-release adhesive. The second flexible component 12
may comprise a plastic support film supporting: (i) a stack of conductor, semiconductor and
insulator/dielectric layers defining respective sets of active matrix circuitry for the array of LCD
devices for controlling the electric field within the liquid crystal medium, and (ii) spacer structures 10
for creating a space between the first and second flexible components 8, 12 for receiving liquid
crystal material for the array of LCD devices. The plastic support film of the second flexible
component 12 may be releasably secured to the carrier 16 before formation of the above-
mentioned active-matrix stack of layers and spacer structures on the plastic support film. In other
words, the carrier 16 may be used to support the plastic support film during the formation of said
components on the plastic support film to produce the second flexible component 12, and the
adhesive element 14 then functions to resist excessive thermal distortion of the plastic support film
during the heating steps used for the formation of said components on the plastic support film;
and/or restore the plastic support film to its original position on the carrier 16 when the plastic

support film is cooled after a heating step.
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In this example, at least one of the flexible components 8, 12 is provided with a heat-curable
adhesive for securing the two flexible components together. The two flexible components 8, 12 are
then aligned to one another (e.g. means of alignment marks included as part of the second flexible
component and observable from above via the optically transparent carrier (e.g. glass) 4, optically
transparent adhesive element 6, and optically transparent first flexible component 8) and
mechanically compressed together (Fig. 1B) between the carriers 4, 16. While under mechanical
compression, the assembly (and carriers 4, 16) are uniformly heated in an oven (so as to establish a
zero temperature gradient across the assembly) under conditions at which the adhesive between
the two flexible components 8, 12 of the assembly becomes completely cured. Whether or not the
adhesive between the two flexible components is completely cured can, for example, be determined
by subjecting the assembly to a peel strength test and comparing the measured peel strength
against a known or pre-determined maximum peel strength for the specific adhesive being used.
Also, where the uncured form of the adhesive has a damaging effect on e.g. liquid crystal material to
be contained within the assembly between the two flexible components, the existence of uncured
adhesive (i.e. a failure to completely cure the adhesive) manifests itself as a degradation in the

performance of the liquid crystal display device.

This heating may involve raising the temperature of the oven in a series of steps, and maintaining
the oven at each step temperature for a respective period of time. The heating required to cure the
adhesive involves raising the temperature of the assembly to a temperature where crinkling of the
plastic support films within the assembly tends to occur, but as discussed below, the pressure at
which the assembly is mechanically compressed between the carriers is sufficiently high to

substantially prevent any significant crinkling.

After sufficient heating has been performed to completely cure the adhesive between the two
flexible components 8, 12, the temperature of the oven is reduced and the assembly and carriers

inside the oven are allowed to cool, while continuing to mechanically compress the assembly
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between the two carriers to prevent crinkling of the plastic films during the cooling process. In this
example, the adhesives used for the adhesive element 6 (between the first flexible component and
the rigid carrier 4) and the adhesive used for adhesive layer 14a all retain their strength of adhesion
to the assembly/carrier during the heating process to completely cure the adhesive between the two
flexible components 8, 12. On the other hand, the heat-release adhesive for adhesive layer 14cis a
material at which gas is generated during the process of heating the assembly to cure the adhesive
between the two flexible components 8, 12. As described below, the generated gas forms pockets
of gas at the interface of the adhesive layer 14c with the rigid carrier 16, and the formation of these
gas pockets serves to partially reduce the strength of adhesion between the adhesive layer 14c and
the carrier 16. The pressure at which the assembly is compressed between the two carriers 4, 16 is
both (i) sufficiently low to retain the gas generated in the adhesive layer 14c as pockets of gas at the
interface between the adhesive layer 14c and the carrier 16 (i.e. to prevent gas generated within the
adhesive layer 14c from being expelled laterally out from between the adhesive layer 14c and the
carrier 16, but (ii) sufficiently high to prevent crinkling (distortion out of the plane) of the plastic
support films within the assembly during the process of heating the assembly to cure the adhesive

between the two flexible components.

The generation of gas within the adhesive layer 14c and the retention of generated gas at the
interface of the adhesive layer 14c with the carrier 16 can be detected by: performing the heating in
a vacuum and monitoring changes in pressure within the vacuum chamber; and/or remotely

analysing, by e.g. spectroscopy, the interface between the adhesive layer 14c and the carrier 16.

After cooling the assembly to a temperature at which the plastic support films within the assembly
no longer tend to crinkle (during which cooling, the gas pockets continue to be retained at the
interface of the adhesive layer 14c with the rigid carrier 16), mechanical compression of the
assembly between the carriers is ended, and the combination of assembly and carriers 4, 16 is

placed on a hotplate with the carrier 16 adjacent to adhesive layer 14c closest to the surface of the
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hotplate, such that a temperature gradient is established across the combination of adhesive
element 14 and assembly. Without mechanically compressing the assembly between the carriers 4,
16, the hotplate is used to raise the temperature of the adhesive layer 14c to a temperature at
which, in the absence of mechanical compression, the adhesive layer 14c thermally expands to an
extent sufficient to further reduce the strength of adhesion between the adhesive layer 14c and the
rigid carrier 16. This further heating of the adhesive layer 14c is done without increasing the
temperature of the assembly to a temperature at which significant crinkling of the plastic support
films within the assembly tends to occur. In one example, the temperature to which the adhesive
layer 14c is raised may be above the maximum temperature that it reached during the heating
process for curing the adhesive between the two flexible components 8, 12. However, release of the
carrier 16 during this second heating stage can also be achieved at lower temperatures. The
thermal expansion of the adhesive layer 14 during this second heating stage reduces the strength of
adhesion between the adhesive material and the carrier 16 in the areas of contact around the gas
pockets at the interface between the carrier 16 and the adhesive layer 14c; and this further
reduction in the strength of adhesion between the carrier and the adhesive layer 14c allows the
carrier to be released from the assembly without the application of mechanical force or with the

application of only minimal mechanical force (FIG. 1C).

The release of one rigid carrier 16 facilitates the peeling of the whole adhesive unit 14 from the

assembly (FIG. 1D) and the subsequent peeling of the assembly away from adhesive unit 6 (FIG. 1D).

The liquid crystal material for the lateral array of liquid crystal devices may be dispensed onto the
lower flexible component 12 before lamination of the two flexible components 8, 12, or it may be
injected into the space created by the spacer structures after lamination and curing of the adhesive

between the two flexible components 8, 12.

By way of example: an adhesive product acquired from Nitto Denko Corporation and identified by

product name RAU-5HD1.SS was used for one of the adhesive units 14 in the technique described
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above; and an adhesive product acquired from Nitta Corporation and identified by product name
CX2325CA3 was used for the other adhesive unit 6 in the technique described above. The adhesive
product identified by product name RAU-5HD1.SS comprises a heat-release adhesive and a UV-
release adhesive on opposite sides of a flexible support film, and the adhesive product identified by
product name CX2325CA3 comprises a cold-release adhesive and a pressure sensitive adhesive

supported on opposite sides of a flexible support film.

In the above-described example, the adhesive layer 14c adjacent to the carrier is the layer whose
strength of adhesion to an adjacent element is partially reduced under mechanical compression
during the heating process to cure the adhesive between the two carriers, and further reduced
(without mechanical compression) after completion of the heating process to cure the adhesive
between the two carriers. However, in an alternative example, this layer may be the adhesive layer
14a adjacent to the assembly in the adhesive unit 14 (whereby the adhesive unit 14 is first released
from the assembly), or this layer may be a single layer of adhesive in contact with both the assembly

and the carrier.

In the example described above, a heat-curable adhesive is used to secure the two flexible
components together, but (a) an adhesive curable by exposure to e.g. UV radiation (UV-curable
adhesive), (b) pressure-sensitive adhesive, or (c) an adhesive curable by laser, are other examples of
adhesives that may be used to secure the two flexible components together. Even when the
application of heat is not required to secure the two flexible components together, heating the
assembly to a temperature at which crinkling of the plastic support films within the assembly tends
to occur may be used for other purposes; and the above-described technique is equally useful in

such situations.

In the example described above, the technique is used in the production of an array of liquid crystal

display devices, but the same technique can be used in the production of other devices, such as e.g.

10
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the production of active matrix OLED displays for which the organic light-emissive elements require

encapsulation between moisture and oxygen barrier elements.

The above-described technique can be used to produce an assembly without significant crinkling of
the plastic support films of either of the flexible components, even when the flexible components

have a relatively large area.

In addition to any modifications explicitly mentioned above, it will be evident to a person skilled in
the art that various other modifications of the described embodiment may be made within the

scope of the invention.

11
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CLAIMS

1. A method comprising:

providing an assembly temporarily adhered on opposite sides to respective carriers by

respective adhesive elements, the assembly including at least one plastic support sheet;

heating the assembly while mechanically compressing the assembly between the carriers,
wherein the strength of adhesion of one of said adhesive elements to the respective carrier and/or
to the assembly is partially reduced during said heating of the assembly under mechanical
compression; and wherein the strength of adhesion of the said adhesive element to the carrier
and/or to the assembly is further reducible by further heating the said adhesive element after
partially or completely relaxing the pressure at which the assembly is mechanically compressed

between the two carriers.

2. A method according to claim 1, further comprising: after partially or completely relaxing the
pressure at which the assembly is mechanically compressed between the two carriers, further
heating the adhesive element to further reduce the strength of adhesion of the adhesive element to
the carrier and/or to the assembly, and release the adhesive element from the carrier and/or the

assembly.

3. A method according to claim 1 or claim 2, wherein partially reducing the strength of
adhesion of the adhesive element to the carrier and/or to the assembly while mechanically
compressing the assembly between the carriers comprises: generating pockets of gas where the
adhesive element contacts the carrier and/or assembly thereby reducing the area of contact
between solid material of the adhesive element and the carrier and/or assembly; and wherein
further reducing the strength of adhesion between said at least one adhesive element and the

carrier and/or assembly comprises: thermally expanding the solid material of the adhesive element

12
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to break contact between the solid material of the adhesive element and the carrier and/or

assembly in locations between said gas pockets.

4, A method according to claim 1, comprising releasing one of the carrier and the assembly
from the adhesive element without releasing the other of the carrier and assembly from the

adhesive element.

5. A method according to any preceding claim, wherein the assembly comprises a liquid crystal
display component including two plastic support sheets and spacers for creating a space for

receiving liquid crystal material between the two plastic support sheets.

6. A method according to any preceding claim, wherein said assembly comprises two plastic
support sheets, and said carriers are used to support respective ones of the plastic support sheets

during a process of laminating said two support sheets together to form said assembly.

7. A method according to any preceding claim, wherein the adhesive element on at least one
side of the assembly comprises a support sheet and two adhesive layers supported on opposite sides

of the support sheet.

8. A method according to any preceding claim, wherein the assembly comprises a plastic
support sheet supporting a stack of conductor, semiconductor and insulator layers defining an active

matrix array of TFTs.

9. A method according to any preceding claim, further comprising; releasing one of said
carriers from the assembly without releasing the other of said carriers from the assembly, and

thereafter peeling the assembly from the other of said carriers.

10. A method according to any preceding claim, wherein said heating to partially reduce the

strength of adhesion also comprises curing an adhesive included within the assembly.

13
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11. A method according to any preceding claim, wherein heating said adhesive element to
partially reduce the adhesion strength comprises establishing a temperature gradient across the said
adhesive element and assembly that is smaller than the smallest temperature gradient established
across the said adhesive element and assembly during further heating said adhesive element to

further reduce the strength of adhesion.

12. A method, comprising: providing an assembly temporarily adhered on opposite sides to
respective carriers by respective adhesive elements, the assembly including at least one plastic

support sheet;

heating said assembly and said adhesive elements under conditions at which gas is
generated within at least one of the adhesive elements, while compressing the assembly between
the carriers at a pressure at which crinkling of said plastic support sheet by said heating is prevented,
while retaining pockets of the generated gas at the interface between the carrier and the at least
one adhesive element and/or the interface between the assembly and the at least one adhesive

element.

13. A method according to claim 12, wherein said heating is done under conditions for
curing an adhesive included within the assembly, and wherein said gas pockets remain at said

interface(s) when said curing of said adhesive is complete.

14. A method according to claim 12 or claim 13, further comprising: after at least
partially relaxing the pressure at which the assembly is compressed between the two carriers,
further heating the at least one adhesive element to reduce the strength of adhesion between (i) the
carrier and/or assembly and (ii) solid material of the at least one adhesive element in locations

around said gas pockets.

14
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15. A method according to claim 14, comprising cooling said assembly and adhesive
elements while continuing to mechanically compress the assembly between the two carriers, before
at least partially relaxing the pressure at which the assembly is mechanically compressed between
the two carriers and further heating the at least one adhesive element to further reduce the
strength of adhesion between the carrier and/or assembly and solid material of the at least one

adhesive element in locations around said gas pockets.

16. A method, comprising: providing an assembly temporarily adhered on opposite
sides to respective carriers by respective adhesive elements, the assembly including at least one

plastic support sheet;

heating said assembly to completely cure an adhesive included within said assembly,
wherein an adhesion strength of least one of said adhesive elements to the adjacent carrier and/or
assembly is partially reduced during said heating, and is further reducible by further heating after

completely curing said adhesive included within said assembly.

17. A method according to claim 16, wherein said adhesion strength of said at least one
adhesive element to the adjacent carrier and/or assembly is further reducible by first cooling and

then further heating after completely curing said adhesive included within said assembly.

18. A method according to claim 16 or claim 17, wherein said adhesive included within

said assembly secures two components together within said assembly.

19. A method according to any of claims 1 to 11, comprising: after said heating while
mechanically compressing the assembly between the carriers, cooling the assembly while continuing
to mechanically compress the assembly between the carriers; wherein the strength of adhesion of
one of said adhesive elements to the respective carrier and/or to the assembly is partially reduced
during said heating and/or cooling of the assembly under mechanical compression; and wherein the

strength of adhesion of the said adhesive element to the carrier and/or to the assembly is further

15
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reducible by further heating the said adhesive element after partially or completely relaxing the

pressure at which the assembly is mechanically compressed between the two carriers.

16



WO 2017/194672 PCT/EP2017/061319
1/2
7 1
6—% N
I g y)
10 4 [Z. A | [ g% |
12—\ N
14{ { {o
16 N
FIG. 1A
Fﬁe
L A
i\ N
\< 1 | 1 | 1 \/I\
14eF {1ab
N N
Force
FIG. 1B
L |
\ N
© 1 | 1 | 1 4
S )
FIG. 1C
L (
= :
1 |4 1 | 1
N N
FIG. 1D
V4 7
1 | 1 e 1
N N

FIG. 1E

SUBSTITUTE SHEET (RULE 26)



WO 2017/194672 PCT/EP2017/061319

2/2
AN 14b

20 16
FIG. 2

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2017/061319

A. CLASSIFICATION OF SUBJECT MATTER

INV. B32B7/12 B32B15/08
B32B5/18 B32B5/20
ADD.

HO1L21/683
B32B7/02

HO1L29/786
B32B7/06

HO1L27/12
B32B27/08

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

B32B HOIL

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

4 February 2016 (2016-02-04)
paragraphs [0024], [0033],
[0037] - [0038], [0040],
[0042], [0043],
figures 1-3

[0034],
[0041] -
[0044]; claims 1,2;

X US 2016/035764 Al (WATTS JAMES [GB]) 1-19

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

16 August 2017

Date of mailing of the international search report

01/09/2017

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Derz, Thomas

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2017/061319
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2016035764 Al 04-02-2016  CN 103026482 A 03-04-2013
DE 112011101899 T5 21-03-2013
GB 2481187 A 21-12-2011
US 2013255873 Al 03-10-2013
US 2016035763 Al 04-02-2016
US 2016035764 Al 04-02-2016
WO 2011151457 Al 08-12-2011

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - wo-search-report
	Page 22 - wo-search-report

