wo 20187116136 A1 | 0E 000000

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
28 June 2018 (28.06.2018)

(10) International Publication Number

WO 2018/116136 A1

WIPO I PCT

(51) International Patent Classification:
GO6F 3/044 (2006.01)

(21) International Application Number:

(72) Inventor: KEEFER, Kenneth J.; 3M Center, Post Office
Box 33427, Saint Paul, Minnesota 55133-3427 (US).

(74) Agent: MOSHREFZADEH, Robert S. et al.; 3M Center,

PCT/IB2017/058076 Office of Intellectual Property Counsel, Post Office Box

(22) International Filing Date: 33427, Saint Paul, Minnesota 55133-3427 (US).

18 December 2017 (18.12.2017)  (81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH,CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
62/436,734 20 December 2016 (20.12.2016) US

(71) Applicant: 3M INNOVATIVE PROPERTIES COM-
PANY [US/US]; 3M Center, Post Office Box 33427, Saint
Paul, Minnesota 55133-3427 (US).

(54) Title: ELECTRODE PATTERN FOR CAPACITIVE TOUCH SENSOR

R

FIG. 8

(57) Abstract: A capacitive touch sensitive apparatus comprises plurality ot electrodes disposed within a touch sensitive viewing
area. Spaced part electrically conductive first electrodes extend along a first direction and spaced apart electrically conductive second
electrodes extend along a different second direction. Electrically isolated electrically conductive first polygonal islands are disposed
between each pair of adjacent first electrodes and electrically isolated electrically conductive second polygonal islands are disposed
between each pair of adjacent second electrodes. When viewed from a top plan view and except for a plurality of discrete spaced part
open regions, the touch sensitive viewing area is covered by at least one of a first electrode, a second electrode, a first island, and a
second island, each open region being at a vertex of at least one of the first and second polygonal islands.

[Continued on next page]



WO 2018/116136 A1 {10000 TR0

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

— as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:
—  with international search report (Art. 21(3))



10

15

20

25

30

35

WO 2018/116136 PCT/IB2017/058076

ELECTRODE PATTERN FOR CAPACITIVE TOUCH SENSOR

TECHNICAL FIELD
This disclosure relates generally to touch sensitive devices, and to processes and systems related

to such devices.

BACKGROUND

Touch sensitive devices allow a user to conveniently interface with electronic systems and
displays by reducing or climinating the need for mechanical buttons, keypads, keyboards, and pointing
devices. For example, a user can carry out a complicated sequence of instructions by simply touching an
on-display touch screen at a location identified by an icon.

Capacitive touch sensing devices have been found to work well in a number of applications. In
many touch sensitive devices, the input is sensed when a conductive object in the sensor 1s capacitively
coupled to a conductive touch implement such as a user's finger. Generally, whenever two electrically
conductive members come into proximity with one another without actually touching, a capacitance is
formed therebetween. In the case of a capacitive touch sensitive device, as an object such as a finger
approaches the touch sensing surface, a capacitance forms between the object and the sensing points in
close proximity to the object. By detecting changes in capacitance at each of the sensing points and
noting the position of the sensing points, the sensing circuit can recognize multiple objects and determine

the characteristics of the object as it is moved across the touch surface.

BRIEF SUMMARY

Some embodiments involve a capacitive touch sensitive apparatus comprising a touch sensitive
viewing area. A plurality of electrodes is disposed within the touch sensitive viewing area. A plurality of
spaced apart electrically conductive first electrodes are disposed in the touch sensitive viewing area and
extend along a first direction. A plurality of spaced apart electrically conductive second electrodes are
disposed in the touch sensitive viewing area and extend along a different second direction. A plurality of
electrically isolated electrically conductive first polygonal islands are disposed between each pair of
adjacent first electrodes. A plurality of electrically isolated electrically conductive second polygonal
islands are disposed between each pair of adjacent second electrodes. When viewed from a top plan view
and except for a plurality of discrete spaced part open regions, the touch sensitive viewing area is covered
by at least one of a first electrode, a second electrode, a first island, and a second island, each open region
being at a vertex of at least one of the first and second polygonal islands.

Some embodiments are directed to a capacitive touch sensitive apparatus. An upper electrode
layer of the touch sensitive apparatus comprises a plurality of spaced apart electrically conductive upper
electrodes. A lower electrode layer of the touch sensitive apparatus comprises a plurality of spaced apart
electrically conductive lower electrodes. Each upper and lower electrode comprises alternating diamond

shaped sensing portions and rectangular shaped connecting portions. The upper and lower electrodes
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define an electrode matrix having rectangular shaped nodes where the connecting portions of the upper
and lower electrodes cross over. When viewed from a top plan view, a region exists at each vertex of
each rectangular shaped node that does not include a conductive portion therein, the region has an area in
a range from about 0.001 mm? to about 0.01 mm?.

These and other aspects of the present application will be apparent from the detailed description
below. Inno event, however, should the above summaries be construed as limitations on the claimed

subject matter, which subject matter 1s defined solely by the attached claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a top plan view of a capacitive touch sensitive apparatus in accordance with some
embodiments;

FIG. 2 illustrates a top plan view of a lower electrode layer of a touch sensitive apparatus in
accordance with some embodiments;

FIG. 3 illustrates a top plan view of an upper electrode layer of the touch sensitive apparatus in
accordance with some embodiments;

FIGS. 4 and 5 shows stacked lower and upper clectrode layers in accordance with some
embodiments;

FIG. 6 shows a top plan view of the first polygonal islands of the lower electrode layer in
accordance with some embodiments;

FIG. 7 shows a top plan view of the second polygonal islands of the upper electrode layer in
accordance with some embodiments;

FIG. 8 shows a top plan view of the stacked lower and upper electrode layers of FIGS. 6 and 7.

FIG. 9 illustrates a metal mesh used to form electrodes and/or polygonal islands in accordance
with some embodiments;

FIG. 10 illustrates an interconnected network of electrically conductive nanowires used to form
electrodes and/or polygonal islands in accordance with some embodiments.

FIG. 11 is a cross sectional diagram illustrating a capacitive touch sensitive apparatus in
accordance with some embodiments.

The figures are not necessarily to scale. Like numbers used in the figures refer to like
components. However, it will be understood that the use of a number to refer to a component in a given

figure is not intended to limit the component in another figure labeled with the same number.

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
Capacitive touch sensors typically use transparent conductive materials to form the touch sensor
electrodes. Depending on the optical properties of the conductive material used for touch sensor
electrodes, the electrode pattern, e.g., electrode rows and columns, can be visible in the finished touch
sensor. Embodiments disclosed herein involve approaches that reduce the visibility of the electrode

pattern.
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FIG. 1 depicts a top plan view of a capacitive touch sensitive apparatus 100 having a touch
sensitive viewing area 110. In some implementations, a display (not shown in FIG. 1) may be arranged
so that the display is viewable through the touch sensitive viewing area 110.

The touch sensitive apparatus 100 includes plurality of spaced apart electrically conductive first
clectrodes 200 disposed in the touch sensitive viewing arca 110 and extending along a first direction x. A
plurality of spaced apart clectrically conductive second electrodes 300 are disposed mn the touch sensitive
viewing arca 110 and extend along a second direction y that is different from the first direction x.

FIG. 2 shows a top plan view of a lower electrode layer 290 that includes the first electrodes 200.
FIG. 3 shows a top plan view of an upper electrode layer 390 that includes the second electrodes 300. In
some embodiments, cach first electrode 200 comprises a plurality of altemating wider sensing portions
210 and narrower connecting portions 220. Each second electrode 300 comprises a plurality of
alternating wider sensing portions 310 and narrower connecting portions 320. Each wider sensing portion
210, 310 may be diamond shaped and each narrower connecting portion 220, 320 may be rectangular
shaped, as shown in FIGS. 2 and 3.

A plurality of ¢lectrically isolated electrically conductive first polygonal islands 400 is disposed
between each pair of adjacent first electrodes 200, as indicated in FIG. 2. Each first polygonal island 400
1s electrically isolated from all other first polygonal islands. A plurality of electrically isolated
electrically conductive second polygonal islands 500 are disposed between each pair of adjacent second
electrodes 300 as depicted in FIG. 3. Each second polygonal island 500 is electrically isolated from all
other second polygonal islands. The polygonal islands 400, 500 can be formed by the removal of
conductive material to create the electrically isolated islands. The polygonal islands 400, 500 reduce the
optical haze of the touch sensor.

According to some embodiments, each first polygonal island 400 is electrically isolated from all
other first polygonal islands, all second polygonal islands 500, all first electrodes 200, and all second
electrodes 300. Each second polygonal island 500 is electrically isolated from all other second polygonal
islands, all first polygonal islands 400, all first electrodes 200, and all second electrodes 300. In some
configurations, at least one first polygonal island 450 and at least one second polygonal island 550 are
substantially square shaped, and at least one first polygonal island 460 and at least one second polygonal
island 560 are substantially trapezoid shaped.

As best seen in FIG. 4, when viewed from a top plan view and except for a plurality of discrete
spaced part open regions 600, the touch sensitive viewing area 110 is covered by at least one of a first
clectrode 200, a second electrode 300, a first polygonal island 400, and a second polygonal island 500.
Each open region 600 is disposed at a vertex 410, 510 of at least one of the first 400 and second 500
polygonal islands. The plurality of discrete spaced part open regions 600 form a repeating pattern along
the first, x, and second, y, directions.

The pluralitics of clectrically conductive first 200 and second 300 clectrodes define an electrode
matrix 700 as indicated in FIG. 1. As shown in FIGS. 4 and 5, cach first electrode 200 is capacitively

coupled to each second electrode 300 at an overlap region 710 of the electrode matrix. As shown n
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FIGS. 4 and 5, the overlap regions 710 can be substantially rectangular in some embodiments. Some of
the open regions 610 in the plurality of open regions 600 may be located on a perimeter 715 of each
overlap region 710. In some embodiments, an open region 610 in the plurality of open regions 600 may
be disposed at cach vertex 720 of the overlap region 710.

FIGS. 6 and 7 respectively show the first polygonal islands 400 of the lower electrode layer 290
and the second polygonal islands 500 of the upper electrode layer 390 in more detail. FIG. 8 shows a
plan view of the stacked lower and upper electrode layers 290, 390 including open regions 600.
According to some embodiments, as depicted in FIG. 8, each open region 620 in the plurality of discrete
spaced part open regions is defined by at least two adjacent first islands 420 (see FIG. 4) and two adjacent
second 1slands 520 (sce FIG. 7). In some embodiments, cach or at least some open regions 620 in the
plurality of discrete spaced part open regions are defined by at least three adjacent first islands 420 and
three adjacent second islands 520. In some embodiments, each or at least some open regions 620 in the
plurality of discrete spaced part open regions are defined by four adjacent first islands 420 and four
adjacent second islands 520.

In some embodiments, some or all of the electrodes 200, 300 and/or some or all polygonal islands
400, 500 may comprise a metal mesh or an interconnected network of wires. For example, one or more
of the first electrodes 200, second electrodes 300, first polygonal islands 400, and/or second polygonal
islands 500 may comprise a metal mesh. FIG. 9 illustrates a metal mesh 435 used to form a first
polygonal island 430 in accordance with some embodiments.

In some embodiments, some or all of the first electrodes 200, second electrodes 300, first
polygonal islands 400, and/or second polygonal islands 500 comprise an interconnected network of
electrically conductive nanowires. FIG. 10 illustrates an interconnected network of electrically
conductive nanowires 445 used to form a first polygonal island 440 in accordance with some
embodiments.

FIG. 11 is a cross sectional diagram illustrating a capacitive touch sensitive apparatus 1100 in
accordance with some embodiments. The capacitive touch sensitive apparatus includes an upper
electrode layer 390 and a lower electrode layer 290. According to some embodiments, the upper 390 and
lower 290 electrodes are formed on opposite major surfaces 810, 820 of the same substrate 800.

The upper electrode layer comprises a plurality of spaced apart electrically conductive upper
electrodes 300 as illustrated in FIG. 3, for example. The lower electrode layer 290 comprises a plurality
of spaced apart electrically conductive lower electrodes 200 as illustrated in FIG. 2, for example. In some
configurations, one or both of the upper electrodes 300 and the lower electrodes 200 includes alternating
diamond shaped sensing portions 310, 210 and rectangular shaped connecting portions 320, 220, as best
seen in FIGS. 2 and 3. The upper 300 and lower 200 electrodes define an electrode matrix 700 as shown
in the plan view of FIG. 1 having rectangular shaped nodes 710 (see FIG. 5). Connecting portions of the
upper 300 and lower 200 electrodes cross over each other, such that when viewed from a top plan view, a
region 610 exists at each vertex 720 of each rectangular shaped node 710 that does not include a

conductive portion therein. The region may have an area in a range from about 0.001 mm? to about 0.01

-4-



10

15

20

25

30

35

WO 2018/116136 PCT/IB2017/058076

mm?, or from about 0.002 mm? to about 0.009 mm?, or from about 0.003 mm? to about 0.008 mm?, or
from about 0.004 mm? to about 0.008 mm?.

Embodiments disclosed herein include:

Embodiment 1. A capacitive touch sensitive apparatus, comprising:

a touch sensitive viewing area;

a plurality of spaced apart clectrically conductive first electrodes disposed in the touch sensitive
viewing area and extending along a first direction;

a plurality of spaced apart ¢lectrically conductive second electrodes disposed in the touch
sensitive viewing area and extending along a different second direction;

a plurality of electrically isolated electrically conductive first polygonal islands disposed between
each pair of adjacent first electrodes; and

a plurality of electrically isolated electrically conductive second polygonal islands disposed
between each pair of adjacent second electrodes, such that, when viewed from a top plan view and except
for a plurality of discrete spaced part open regions, the touch sensitive viewing area is covered by at least
one of a first electrode, a second ¢electrode, a first island, and a second island, each open region being at a
vertex of at least one of the first and second polygonal islands.

Embodiment 2. The capacitive touch sensitive apparatus of embodiment 1, wherein the pluralities
of electrically conductive first and second electrodes define an electrode matrix, each first electrode
capacitively coupled to each second electrode at an overlap region of the electrode matrix, wherein some
of the open regions in the plurality of open regions are located on a perimeter of each overlap region.

Embodiment 3. The capacitive touch sensitive apparatus of embodiment 2, wherein each overlap
region is rectangular, and an open region in the plurality of open regions is disposed at each vertex of the
rectangular overlap region.

Embodiment 4. The capacitive touch sensitive apparatus of any of embodiments 1 through 3,
wherein the plurality of discrete spaced part open regions form a repeating pattern along the first and
second directions.

Embodiment 5. The capacitive touch sensitive apparatus of any of embodiments 1 through 4,
wherein each open region in the plurality of discrete spaced part open regions is defined by at least two
adjacent first islands and two adjacent second islands.

Embodiment 6. The capacitive touch sensitive apparatus of any of embodiments 1 through 4,
wherein each of some open regions in the plurality of discrete spaced part open regions is defined by at
least three adjacent first islands and three adjacent second islands.

Embodiment 7. The capacitive touch sensitive apparatus of any of embodiments 1 through 4,
wherein each of some open regions in the plurality of discrete spaced part open regions is defined by four
adjacent first islands and four adjacent second islands.

Embodiment 8. The capacitive touch sensitive apparatus of any of embodiments 1 through 7,
wherein each first and second electrode comprises a plurality of alternating wider sensing portions and

narrower connecting portions.
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Embodiment 9. The capacitive touch sensitive apparatus of embodiment 8, wherein each wider
sensing portion is diamond shaped and each narrower connecting portion is rectangular shaped.

Embodiment 10. The capacitive touch sensitive apparatus of any of embodiments 1 through 9,
wherein each first electrode, second electrode, first island, and second island comprises a metal mesh.

Embodiment 11. The capacitive touch sensitive apparatus of any of embodiments 1 through 9,
wherein each first electrode, second electrode, first island, and second island comprises an interconnected
network of electrically conductive nanowires.

Embodiment 12. The capacitive touch sensitive apparatus of any of embodiments 1 through 11,
wherein each first polygonal island is electrically 1solated from all other first polygonal islands, all second
polygonal islands, all first electrodes, and all seccond clectrodes.

Embodiment 13. The capacitive touch sensitive apparatus of any of embodiments 1 through 12,
wherein each second polygonal island is electrically isolated from all other second polygonal islands, all
first polygonal islands, all first electrodes and all second electrodes.

Embodiment 14. The capacitive touch sensitive apparatus of any of embodiments 1 through 13,
wherein at least one first polygonal island and at least one second polygonal island are substantially
square shaped, and at least one first polygonal island and at least one second polygonal island are
substantially trapezoid shaped.

Embodiment 15. A capacitive touch sensitive apparatus, comprising:

an upper electrode layer comprising a plurality of spaced apart electrically conductive upper
electrodes;

a lower electrode layer comprising a plurality of spaced apart electrically conductive lower
electrodes, each upper and lower electrode comprising alternating diamond shaped sensing portions and
rectangular shaped connecting portions, the upper and lower electrodes defining an electrode matrix
having rectangular shaped nodes where the connecting portions of the upper and lower electrodes cross
over, such that when viewed from a top plan view, a region exists at each vertex of each rectangular
shaped node that does not include a conductive portion therein, the region having an area in a range from
about 0.001 mm? to about 0.01 mm?

Embodiment 16. The capacitive touch sensitive apparatus of embodiment 15, wherein the region
has an area in a range from about 0.002 mm? to about 0.009 mm®.

Embodiment 17. The capacitive touch sensitive apparatus of embodiment 15, wherein the region
has an area in a range from about 0.003 mm? to about 0.008 mm®.

Embodiment 18. The capacitive touch sensitive apparatus of embodiment 15, wherein the region
has an area in a range from about 0.004 mm? to about 0.008 mm?.

Embodiment 19. The capacitive touch sensitive apparatus of embodiment 15, wherein the upper

and lower electrodes are formed on opposite major surfaces of a same substrate.

Unless otherwise indicated, all numbers expressing feature sizes, amounts, and physical

propertics used in the specification and claims are to be understood as being modified in all instances by
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the term “about.” Accordingly, unless indicated to the contrary, the numerical parameters set forth in the
foregoing specification and attached claims are approximations that can vary depending upon the desired
properties sought to be obtained by those skilled in the art utilizing the teachings disclosed herein. The
use of numerical ranges by endpoints includes all numbers within that range (e.g. 1 to 5 includes 1, 1.5, 2,
2.75, 3, 3.80, 4, and 5) and any range within that range.
Various modifications and alterations of this invention will be apparent to those skilled in the art

and it should be understood that this scope of this disclosure is not limited to the illustrative embodiments
set forth herein. For example, the reader should assume that features of one disclosed embodiment can

also be applied to all other disclosed embodiments unless otherwise indicated.
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CLAIMS

1. A capacitive touch sensitive apparatus, comprising:

a touch sensitive viewing area;

a plurality of spaced apart clectrically conductive first electrodes disposed in the touch sensitive
viewing area and extending along a first direction;

a plurality of spaced apart clectrically conductive second electrodes disposed in the touch
sensitive viewing arca and extending along a different second direction;

a plurality of electrically isolated electrically conductive first polygonal islands disposed between
each pair of adjacent first electrodes; and

a plurality of electrically isolated electrically conductive second polygonal islands disposed
between each pair of adjacent second electrodes, such that, when viewed from a top plan view and except
for a plurality of discrete spaced part open regions, the touch sensitive viewing area is covered by at least
one of a first electrode, a second electrode, a first island, and a second island, each open region being at a

vertex of at least one of the first and second polygonal islands.

2. The capacitive touch sensitive apparatus of claim 1, wherein the pluralities of electrically
conductive first and second electrodes define an electrode matrix, each first electrode capacitively
coupled to each second electrode at an overlap region of the electrode matrix, wherein some of the open

regions in the plurality of open regions are located on a perimeter of each overlap region.

3. The capacitive touch sensitive apparatus of claim 1, wherein the plurality of discrete

spaced part open regions form a repeating pattem along the first and second directions.

4. The capacitive touch sensitive apparatus of claim 1, wherein each of some open regions
in the plurality of discrete spaced part open regions is defined by at least three adjacent first islands and

three adjacent second islands.

5. The capacitive touch sensitive apparatus of claim 1, wherein each first electrode, second

electrode, first island, and second island comprises a metal mesh.

6. The capacitive touch sensitive apparatus of claim 1, wherein each first electrode, second
electrode, first island, and second island comprises an interconnected network of electrically conductive

nanowires.

7. The capacitive touch sensitive apparatus of claim 1, wherein cach first polygonal island is

clectrically isolated from all other first polygonal islands, all second polygonal islands, all first electrodes
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and all second electrodes, and each second polygonal island is electrically isolated from all other second

polygonal islands, all first polygonal islands, all first electrodes and all second electrodes.

8. The capacitive touch sensitive apparatus of claim 1, wherein at least one first polygonal
island and at least one second polygonal island are substantially square shaped, and at least one first

polygonal island and at Ieast one second polygonal island are substantially trapezoid shaped.

9. A capacitive touch sensitive apparatus, comprising:

an upper electrode layer comprising a plurality of spaced apart electrically conductive upper
electrodes;

a lower electrode layer comprising a plurality of spaced apart electrically conductive lower
electrodes, each upper and lower electrode comprising alternating diamond shaped sensing portions and
rectangular shaped connecting portions, the upper and lower electrodes defining an electrode matrix
having rectangular shaped nodes where the connecting portions of the upper and lower electrodes cross
over, such that when viewed from a top plan view, a region exists at each vertex of each rectangular
shaped node that does not include a conductive portion therein, the region having an area in a range from

about 0.001 mm? to about 0.01 mm?>.

10. The capacitive touch sensitive apparatus of claim 9, wherein the upper and lower

electrodes are formed on opposite major surfaces of a same substrate.



WO 2018/116136 PCT/IB2017/058076

1/6

100
300 12 110 e

gl

200

700




WO 2018/116136 PCT/IB2017/058076

200

450

R

J

290 220 210 460

FIG. 2

500 510

-390

310~

\\ N N R 3

320~ .\xwgnxéiaﬁ -
N 3 D R

X X X

>
%



WO 2018/116136 PCT/IB2017/058076

3/6

200

710

FI1G. 4




715 720
FIG. 5

0
FIG. 6




1111111111111




WO 2018/116136 PCT/IB2017/058076

6/6

445

435

{

390

— 800
— 280

|

|

0 FIG. 11



INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2017/058076

A. CLASSIFICATION OF SUBJECT MATTER

INV. GO6F3/044
ADD.

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

B. FIELDS SEARCHED

GO6F

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

22 December 2014 (2014-12-22)
paragraph [0032]
paragraph [0039]

figures 3a-3c

paragraph [0059] - paragraph [0068];

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 20167018929 Al (KIDA KAZUTOSHI [JP] ET 1-3,5-7,
AL) 21 January 2016 (2016-01-21) 9,10

A paragraph [0138] - paragraph [0165]; 4,8
figures 15-19

X US 2015/317010 Al (YASHIRO YUHJI [JP] ET 1-3,5-7,
AL) 5 November 2015 (2015-11-05) 9,10

A paragraph [0176] - paragraph [0198]; 4,8
figures 20-25

X KR 101 474 543 B1 (E & H CO LTD [KR]) 1-10

_/__

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

27 February 2018

Date of mailing of the international search report

06/03/2018

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

Durand, Jacques

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

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2017/058076

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

20 June 2013 (2013-06-20)
paragraph [0019] - paragraph [0027];
figures

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X JP 2010 250424 A (POLYMATECH CO LTD) 1-10

4 November 2010 (2010-11-04)

paragraph [0025] - paragraph [0028]

paragraph [0034]

paragraph [0039] - paragraph [0041];

figures
A US 2013/154954 Al (CHANG CHIH-SHUN [TW]) 1-10

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

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/1B2017/058076
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2016018929 Al 21-01-2016 US 2016018929 Al 21-01-2016
WO 2014077315 Al 22-05-2014
US 2015317010 Al 05-11-2015 CN 104823141 A 05-08-2015
US 2015317010 Al 05-11-2015
WO 2014104028 Al 03-07-2014
KR 101474543 Bl 22-12-2014  NONE
JP 2010250424 A 04-11-2010 JP 5222207 B2 26-06-2013
JP 2010250424 A 04-11-2010
US 2013154954 Al 20-06-2013  NONE

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 - claims
	Page 11 - claims
	Page 12 - drawings
	Page 13 - drawings
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - wo-search-report
	Page 19 - wo-search-report
	Page 20 - wo-search-report

