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TITLE

An apparatus and a method of manufacturing an apparatus.

TECHNOLOGICAL FIELD

Embodiments of the present invention relate to an apparatus and a method of
manufacturing an apparatus. In particular, they relate to an apparatus that is

suitable for use in a touch window module.

BACKGROUND

A touch window module is a module that is positioned over a display to create

a touch sensitive display.

BRIEF SUMMARY

According to various, but not necessarily all, embodiments of the invention
there is provided an apparatus comprising: a component of a circular
polarizer; and conductive interconnect integrated with the component of the

circular polarizer.

According to various, but not necessarily all, embodiments of the invention
there is provided a method comprising: providing a component of a circular
polarizer having an exterior surface; and providing a conductive interconnect

on an exterior surface of the component of the circular polarizer.

The apparatus may be used as a component in a touch window module. The
apparatus does not require a separate substrate for the conductive

interconnects and is consequently thinner and potentially less expensive.

BRIEF DESCRIPTION
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For a better understanding of various examples of embodiments of the
present invention reference will now be made by way of example only to the
accompanying drawings in which:

Fig 1 schematically illustrates an apparatus comprising: a component of a
circular polarizer; and conductive interconnect integrated with the component
of the circular polarizer;

Fig 2 schematically illustrates a circular polarizer where the conductive
interconnect has been applied directly to an exterior surface of the ¥4 wave
retarder;

Fig 3 schematically illustrates a circular polarizer where the conductive
interconnect has been applied directly to an exterior surface of the linear
polarizer,;

Fig 4 schematically illustrates a device comprising a display module and a
touch window module; and

Fig 5 schematically illustrates a portion or a whole of either a circular polarizer
or a component of a circular polarizer comprising a first conductive

interconnect and a second conductive interconnect.

DETAILED DESCRIPTION

The Figures illustrate an apparatus 2 comprising: a component 6 of a circular
polarizer 4; and conductive interconnect 10 integrated with the component 6

of the circular polarizer 4.

Fig 1 schematically illustrates an apparatus 2 comprising: a component 6 of a
circular polarizer; and conductive interconnect 10 integrated with the

component 6 of the circular polarizer 4.

The conductive interconnect 10 is applied directly to the component 6 of the

circular polarizer 4. There is no additional transport substrate used, therefore
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there is no intervening substrate between the conductive interconnect 10 and

the component 6.

A circular polarizer comprises two components that operate in combination
are typically physically combined when in use. The components 6 are a Y4
wave retarder 6A and a linear polarizer 6B (Figs 2, 3). Reference to a
component 6 may be a reference to a ¥ wave retarder 6A, a linear polarizer

6B or a combination of a ¥4 wave retarder 6A and a linear polarizer 6B.

The component 6 of the circular polarizer 4 may be formed from a suitable
material onto which the conductive interconnect 10 is directly applied. One

example of a suitable material is polyethylene terephthalate.

The conductive interconnect 10 may be applied directly to the component 6
using an additive process such as printing or a subtractive process such as

blanket deposition followed by photolithography and chemical etching.

The conductive interconnect 10 may be made from any suitable conductive

material or materials that is suitably robust.

The conductive interconnect 10 may be ductile. This is advantageous as it

provides robustness.

The conductive interconnect 10 may, for example, comprise metal. It may for

example be formed from copper or silver.

The material forming the conductive interconnect 10 is not typically
transparent. However, the dimensions of the conductive interconnect may be
sufficiently small so that the conductive interconnect 10 is not resolvable by a

human eye.
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In the illustrated example, the conductive interconnect 10 is a mesh. The

mesh 10 in this example occupies a single flat plane at the surface 3 of the
component 6. Reference to a surface 3 may be a reference to a surface 3A of

a Yawave retarder 6A or a surface 3B of a linear polarizer 6B.

The mesh 10 comprises a plurality of first conductive lines 12 extending in a
first direction D1 and a plurality of second conductive lines 14 extending in a
second direction D2, orthogonal to the first direction. The directions D1, D2 lie

in plane at the surface 3 of the component.

Some of the first conductive lines 12 and the plurality of second conductive
lines 14 interconnect at nodes 16. In some embodiments the mesh may form
an intact grid where each of the first conductive lines 12 connects to a second
conductive line 14 via a node 16 and each of the second conductive lines 14
connects to a first conductive line 12 via a node 16. However, in other
embodiments the grid may not be intact (either intentionally or unintentionally)
and there may be gaps in the first conductive lines 12 and/or the second

conductive lines 14 and/or at the nodes 16.

In the illustrated example, the plurality of first conductive lines 12 are
rectilinear and parallel to the first direction D1 and the plurality of second
conductive lines are rectilinear and parallel to the second direction D2.
However, in other embodiments the conductive lines may not be straight, they

may, for example, be sinuous or zig-zag.

The conductive lines 12, 14 are thin having a width that is less than 10unn.
The width may, in some but not necessarily all examples, be between 5 and

10 wm .

In the illustrated example, first conductive lines 12 are arranged with a regular
separation. Each first conductive line 12 is separated from an adjacent first

conductive line 12 by a constant distance greater than, for example, twenty
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times a constant width of the lines. The distance between the lines may, for

example, be between lines 200-300 wu and the width may be between 5 and
10 wm.

In the illustrated example, the second conductive lines 14 are arranged with a
regular separation. Each second conductive line 14 is separated from an
adjacent second conductive line 14 by a constant distance greater than
twenty times a constant width of the lines. The distance between the lines
may, for example, be between lines 200-300 wu and the width may be

between 5 and 10 uym.

In some examples, between 2% and 10% of the area is covered by
conductive lines and the rest of the area, between 90% and 98%, is free-

space.

Figs 2 & 3 schematically illustrate a circular polarizer 4. The circular polarizer
4 comprises, in combination, a ¥ wave retarder 6A and a linear polarizer 6B.
The conductive interconnect 10 has been applied directly to an exterior

surface 3 of the circular polarizer 4.

Fig 2 schematically illustrates a circular polarizer 4 where the conductive
interconnect 10 has been applied directly to an exterior surface 3A of the Y4

wave retarder 6A.

The linear polarizer 6B is integrated at a first surface of the ¥ wave retarder
6A and the conductive interconnect 10 is integrated at a second opposing

surface 3A of the Y2 wave retarder 6A.

Fig 3 schematically illustrates a circular polarizer where the conductive
interconnect 10 has been applied directly to an exterior surface 3B of the

linear polarizer 6B.
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The ¥, wave retarder 6A is integrated at a first surface of a linear polarizer 6B

and the conductive interconnect 10 is integrated at a second opposing surface

3A of the linear polarizer 6B.

Fig 4 schematically illustrates a device 30. The device 30 comprises a display

module 32 and a transparent touch window module 20.

The display module 32, in this example, comprises a display 24 and an
overlying circular polarizer 4'. This circular polarizer does not have an
integrated conductive interconnect 10. In other examples, there may only be
an emissive display, such as an organic light emitting diode (OLED) display,

without an overlying circular polarizer.

The touch window module 20 comprises the circular polarizer 4 and an
overlying integrated window 22. As described above, the polarizer 4
comprises the apparatus 2 illustrated in Fig 1. That is, the circular polarizer 4
of the touch window module 20 comprises conductive interconnect 10
integrated with the lower surface of the ¥ wave retarder 6A of the circular
polarizer 4. The conductive interconnect 10 is positioned and configured to

face the display 24 in use.

An air gap 26 separates the display module 32 and the touch window module
20.

The conductive interconnect 10 provides one or more electrodes for touch
detection. For example, the conductive interconnect may provide an array of

capacitors for touch detection.

Light passing from in-front of the window 22 into the device 30 will be
circularly polarized in a first sense by the circular polarizer 4 of the touch
window module 30. If that circularly polarized light is internally reflected of the

conductive interconnect 10, for example, the sense of circular polarization is
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reversed. The reflected light is therefore absorbed by the circular polarizer 4

of the touch window module 30 as it attempts to exit the device 20. This
means that the conductive interconnect 10 is not illuminated and made visible

by an external light source.

There may therefore be advantages to positioning the conductive interconnect
10 on the exterior surface 3A of the ¥ wave retarder 6A facing the display 24,

as illustrated.

However, the conductive interconnect 10 may, alternatively be positioned at
the interface between the ¥ wave retarder 6A and the linear polarizer 6B, or

on the exterior surface 3B of the linear polarizer 6B.

The method of manufacturing the apparatus 2 may comprise providing a
component 6 of a circular polarizer 4 having an exterior surface; and providing
a conductive interconnect 10 on an exterior surface of the component 6 of the

circular polarizer 4.

An additive process may be used to provide the conductive interconnect 10
directly onto the exterior surface of the component 6 of the circular polarizer 4.
Alternatively a subtractive process may be used to provide the conductive
interconnect 10 directly onto the exterior surface of the component 6 of the

circular polarizer 4.

In the preceding examples, the apparatus 2 comprised a single conductive
interconnect 10, which may for example be a metal mesh. In other examples,
the apparatus 2 may comprise multiple metal interconnects. The multiple

metal interconnects may, in some examples, be separate metal meshes.

Fig 5 schematically illustrates a portion or a whole of either a circular polarizer
4 or a component 6 of a circular polarizer. A first conductive interconnect 10 is

integrated with the circular polarizer 4/component 6 and a second conductive
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interconnect 10' is integrated with the circular polarizer 4/component 6. A

medium 40 separates the first conductive interconnect 10 and the second
conductive interconnect 10. The first conductive interconnect 10 and the
second conductive interconnect 10' may, for example, be separated, parallel

metal meshes. The medium 40 may be a transparent dielectric material.

The first conductive interconnect 10 and the second conductive interconnect
10' may, for example, be on the same side of a component 6. The medium 40

may be an added transparent isolation layer.

Alternatively, the first conductive interconnect 10 and the second conductive
interconnect 10' may, for example, be on opposite sides of the component 6.

A transparent body of the component 6 provides the medium 40.

Alternatively, the first conductive interconnect 10 and the second conductive
interconnect 10' may, for example, be on the same side of the circular

polarizer 4 and the medium 40 may be an added transparent isolation layer.

Alternatively, the first conductive interconnect 10 and the second conductive
interconnect 10' may, for example, be on opposite sides of the circular
polarizer 4. A transparent body of the circular polarizer 4 provides the

medium.

As used here 'module’ refers to a unit or apparatus that excludes certain

parts/components that would be added by an end manufacturer or a user.

Although embodiments of the present invention have been described in the
preceding paragraphs with reference to various examples, it should be
appreciated that modifications to the examples given can be made without

departing from the scope of the invention as claimed.



10

15

20

WO 2013/088346 PCT/IB2012/057191

9
Features described in the preceding description may be used in combinations

other than the combinations explicitly described.

Although functions have been described with reference to certain features,
those functions may be performable by other features whether described or

not.

Although features have been described with reference to certain
embodiments, those features may also be present in other embodiments

whether described or not.

Whilst endeavoring in the foregoing specification to draw attention to those
features of the invention believed to be of particular importance it should be
understood that the Applicant claims protection in respect of any patentable
feature or combination of features hereinbefore referred to and/or shown in

the drawings whether or not particular emphasis has been placed thereon.

I/we claim:
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CLAIMS

1. An apparatus comprising:
a component of a circular polarizer; and
conductive interconnect integrated with the component of the circular

polarizer.

2. An apparatus as claimed in claim 1, wherein the conductive interconnect is

applied directly to an exterior surface of the circular polarizer.

3. An apparatus as claimed in claim 2, wherein the circular polarizer
comprises a % wave retarder and a linear polarizer, the linear polarizer is
integrated at a first surface of the % wave retarder and the conductive
interconnect is integrated at a second opposing surface of the % wave

retarder.

4. An apparatus as claimed in claim 1, wherein the conductive interconnect is

applied directly to an exterior surface of a ¥swave retarder.

5. An apparatus as claimed in claim 1, wherein the conductive interconnect is

applied directly to an exterior surface of a linear polarizer.

6. An apparatus as claimed in claim 1, wherein the conductive interconnect is
applied directly to the component of the circular polarizer without an

intervening substrate.

7.An apparatus as claimed in any preceding claim, wherein the component of
the circular polarizer without an intervening substrate comprises a
polyethylene terephthalate component to which the conductive interconnect is

directly applied.
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8. An apparatus as claimed in any preceding claim, wherein the conductive

interconnect is ductile.

9. An apparatus as claimed in any preceding claim, wherein the conductive

interconnect comprises metal.

10. An apparatus as claimed in any preceding claim, wherein the conductive
interconnect comprises a plurality of first conductive lines extending in a first
direction and a plurality of second conductive lines extending in a second
direction, orthogonal to the first direction, wherein a least some of the plurality
of first conductive lines and the plurality of second conductive lines

interconnect.

11. An apparatus as claimed in claim 10, wherein the plurality of first
conductive lines are parallel to the first direction and the plurality of second

conductive lines are parallel to the second direction.

12. An apparatus as claimed in any preceding claim, wherein the conductive

interconnect is a mesh.

13. An apparatus as claimed in claim 12, wherein the mesh occupies a single

plane.

14. An apparatus as claimed in any preceding claim, wherein the conductive
interconnect comprises a plurality of thin conductive lines having a width that

is less than 10unn.

15. An apparatus as claimed in any preceding claim, wherein the conductive
interconnect comprises a plurality of thin conductive lines separated by a

distance of greater than twenty times a width of the lines.
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16. An apparatus as claimed in any preceding claim, further comprising an

additional conductive interconnect.

17. An apparatus as claimed in any preceding claim, further comprising an
additional conductive interconnect integrated with the component of the

circular polarizer.

18. An apparatus as claimed in claim 17, wherein the conductive interconnect
is a first mesh and the additional conductive interconnect is a second mesh
overlying the first mesh and separated from the first mesh by an isolation

layer.

19. An apparatus as claimed in claim 18, wherein the first mesh, the isolation
layer and the second mesh are integrated on a same side of the component

of the circular polarizer.

20. A touch window module comprising the apparatus as claimed in any

preceding claim.

21. A touch window module as claimed in claim 20, wherein the conductive

interconnect is positioned and configured to face a display in use.

22. A touch window module as claimed in claim 20 or 21, wherein the

conductive interconnect provides one or more electrodes for touch detection.

23. A touch window module as claimed in claim 20, 21 or 22, wherein the

conductive interconnect provides an array of capacitors for touch detection.

24. A method comprising:
providing a component of a circular polarizer having an exterior surface; and
providing a conductive interconnect on an exterior surface of the component

of the circular polarizer.
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25. A method as claimed in claim 24, wherein providing the conductive
interconnect comprises providing the conductive interconnect, using an
additive process, directly onto the exterior surface of the component of the

circular polarizer.

26. A method as claimed in claim 24, wherein providing the conductive
interconnect comprises providing the conductive interconnect, using a
subtractive process, directly onto the exterior surface of the component of the

circular polarizer.



WO 2013/088346 PCT/IB2012/057191

1/2
16 14 14
12 12
10 - \\ \ ) U2
Y NN A L L
L L L L L L AL L
T T T T 6
ey
s s S S S L L L L L
s L S S S L L L
/—>D2
D1
FIG. 1
10  3A
-4/
6A
4 1/4 A RETARDER e
LINEAR POLARIZER ~-6B
\
FIG. 2 3B
10 3B
4/
6B
4 LINEAR POLARIZER 08 2
1/4 A RETARDER ~-6A
3
20 FIG. 3
IR 2 20
WINDOW 6B
4\{ LINEAR POLARIZER - 5
1/4 A RETARDER ~_gp ~
26—~ GAP 10 BA
4' 1/4 \ RETARDER / 6B
LINEAR POLARIZER 4
30/ DISPLAY N4

FIG. 4



WO 2013/088346 PCT/IB2012/057191

2/2

FIG. 5



INTERNATIONAL SEARCH REPORT

Internagional applicaiion No.
PCT/IB201 2/0571 91

A. CLASSIFICATION OF SUBJECT MATTER

IPC: see extra sheet

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

B. FIELDS SEARCHED

IPC: G02B, GO6F

Minimum documentation searched (classification system followed by classification symbols)

SE, DK, FI, NO classes as above

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

EPO-Internal, PAJ, WPI data

Electronic database 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.
P, A US 201 30021 289 A1 (CHEN WEI ET AL), 24 January 2013 1-26
(201 3-01 -24); paragraphs [0028]-[0029], [0079]
X US 2009021 9258 A1 (GEAGHAN BERNARD O ET AL), 3 1-26
September 2009 (2009-09-03); paragraphs [0047], [0053]-
[0054], [0082], [01 12], [01 68], [01 97]; figures 2,1 7,31 ;claims 1-
5
A US 201 00231549 A1 (CHIEN SHUN-TA ET AL), 16 1-26
September 201 0 (201 0-09-1 6); paragraphs [0007]-[001 0]

l—_| Further documents are listed in the continuation of Box C.

& See patent family annex.

* Specia categories of cited documents:

"A" document defining the general state of the art which isnot considered

to be of particular relevance

earlier application or patent but published on or after the international

filing date

"L" document which may throw doubts on priority claim(s) or whichis
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 theinternational filing date but later than
the priority date claimed

=g

“T"  later document published after the international fding 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

22-04-201 3

Date of mailing of the international search report

22-04-201 3

Name and mailing address of the ISA/SE

Patent- och registreringsverket

Box 5055

S-102 42 STOCKHOLM
Facsimile No. +46 8 666 02 86

Authorized officer
Erik Westin

Telephone No. +46 8 782 25 00

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT

Internagional applicaion No.
PCT/IB201 2/0571 91

Continuation of: second sheet
International Patent Classification (IPC)

GO6F 3/041 (2006.01)
G02B 27/28 (2006.01)

Form PCT/ISA/210 (extra sheet) (July 2009)




INTERNATIONAL SEARCH REPORT Internagional applicaiion No.
Information on patent family members PCT/IB201 2/0571 91

US 20130021289 A1  24/01/2013 WO 2013012667 Al  24/01/2013

us 2009021 9258 A1 03/09/2009 CN 10201 6766 A 13/04/201 1

EP 2260367 A2 15/1 2/201 0

JP 201 1517355 A 02/06/201 1

KR 201 001 38964 A 31/12/2010

T™W 2009451 46 A 01/1 1/2009

us 8284332 B2 09/1 0/201 2

us 201 20313880 A1 13/1 2/201 2
e wo 2009108758 A2  03/09/2009

us 20100231549 A1 16/09/201 0 TW 201 033880 A 16/09/201 0

Form PCT/ISA/210 (patent family annex) (July 2009)




	abstract
	description
	claims
	drawings
	wo-search-report

