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SYSTEM FOR TESTING PASSIVE OPTICAL LINES

CROSS REFERENCE TO RELATED APPLICATION

This application is being filed on 22 October 2013, as a PCT International Patent

application and claims priority to U.S. Patent Application Serial No. 61/719,787

filed on 29 October 2012, the disclosure of which is incorporated herein by

reference in its entirety.

BACKGROUND

[0001] Fiber-to-the-home (FTTH) network is a form of fiber optic

communication delivery in which the fiber extends from the central office to the

subscriber's premises. In the event a user loses a signal in the network,

troubleshooting the problem requires isolating it to the physical layer or the active

components, which are downstream in the network. Isolating the problem to the

physical layer is particularly important because the physical layer tends to be vast,

extending for many miles—thus it is critical to narrow the geographical area in

which the problem lies.

[0002] Systems are available to manage and test the network for disruptions

along the entire length of the cable. Most systems commonly used today need

something in the fiber line, such as a filter, in order to test the network utilizing

optical time domain reflectometer (OTDR) technology. OTDR measures reflective

and non-reflective events in the network to determine and locate fault in the fiber

optic.

[0003] A need remains for an improved cost effective system that may

continually test FTTH networks in a time-efficient and reliable manner.

SUMMARY

[0004] In general terms, this disclosure is directed to an optical splitter assembly

and system for testing passive optical lines. In one possible configuration, and by

non-limiting example, an optical splitter assembly includes a splitter housing, a

passive optical power splitter positioned within the splitter housing, and a plurality

of splitter output pigtails that extend outwardly from the splitter housing. Each of

the splitter output pigtails include an optical fiber structure that has a first end

optically coupled to the passive optical power splitter and a second end on which a



fiber optic connector is mounted. Each of the splitter output pigtails has a different

test characteristic (i.e., an individual trait, characteristic, property, fingerprint,

signature, etc.) such that the splitter output pigtails can be individually identified

during optical network testing.

[0005] One aspect is a passive optical network (PON) having an optical line

terminal (OLT) system including a monitoring system. The system includes a

central office, an optical splitter assembly, a fiber distribution hub, drop terminals,

and optical network terminals. The central office having a feeder optical fiber

extending therefrom into the optical splitter assembly. The plurality of

connectorized pigtails being coupled to the passive optical power splitter at one end

and a fiber optic connector on a second end. The fiber optic connectors are mounted

to a fiber optic adapter panel and configured to be coupled to drop terminals for

connection to housing premises. The monitoring system isolates /identifies at least

one characteristic of an optical fiber from the entire optical fiber network.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 shows a schematic view of an optical network in accordance with

the principles of the present disclosure;

[0007] FIG. 2 shows a schematic view of an optical splitter assembly adapted for

use in systems such as the system of FIG. 1;

[0008] FIG. 3 shows a schematic view of another optical splitter assembly

adapted for use in systems such as the system of FIG. 1 illustrating fibers split

outside of the optical splitter assembly;

[0009] FIG. 4 shows a perspective view of a fiber optic connector and ferrule in

accordance with the principles of the present disclosure;

[0010] FIG. 5 shows an enlarged view of a partial of FIG. 4;

[0011] FIG. 6 shows a schematic view of another optical splitter assembly

adapted for use in systems such as the system of FIG. 1 illustrating a fiber stub

supported within a ferrule assembly; and

[0012] FIG. 7 shows a flow chart of the monitoring system in accordance with

the principles of the present disclosure.



DETAILED DESCRIPTION

[0013] Various embodiments will be described in detail with reference to the

drawings, wherein like reference numerals represent like parts and assemblies

throughout the several views. Reference to various embodiments does not limit the

scope of the present disclosure. Additionally, any examples set forth in this

specification are not intended to be limiting and merely set forth some of the many

possible examples for the practicing the aspects disclosed herein.

[0014] FIG. 1 is a schematic view of an example of an optical network system

having a built-in test monitoring system. In this example, the optical network

system 100 generally includes a central office 102, an optical splitter assembly 104,

a fiber distribution hub 106, drop terminals 108 and optical network terminals 110.

[0015] The optical network system 100 forms an optical Wavelength Division

Multiplexing (WDM) network with built-in passive optical network fiber monitoring

system. The entire optical network system 100 can be tested continuously, in real

time, to identify fault in individual lines using an optical time domain reflectometer

(OTDR) technique. The feeder fiber lOlcouples to an optical splitter assembly

including a passive optical power splitter. The optical fibers are configured to have

a unique signature so that each line between the Central Office and the Optical

Network Terminals (ONT) can be separately identified and monitored using OTDR

technology.

[0016] The optical splitter assembly 104 provides for the optical fibers to each

have signature characteristics based on individual fiber lengths. For example, the

optical splitter assembly 104 can be configured so that different fiber lengths are

provided between the passive optical splitter and connectorized ends of pigtails of

the optical splitter assembly 104. The different fiber lengths provide different

optical characteristics that can be specifically identified using OTDR technology.

Providing different optical fiber lengths at the optical splitter assembly 104 assures

that each line of the system (i.e., each line measured from the Central Office to the

ONT) has a different length and therefore a unique OTDR signature. The signature

characteristic may also be obtained by configuring unique fibers generally within a

fiber optic connector 130, specifically a ferrule assembly 132. For example, each

pigtail of the optical splitter assembly 104 can include a fiber optic connector 130

including a short length of optical fiber having a unique optical trait (i.e., signature,

characteristic) that allows the pigtail to be uniquely identified. In one embodiment,



the short length of optical fiber is spliced to a main length of fiber of the pigtail

within the fiber optic connector 130. The optical splitter assembly 104 is illustrated

and described in more detail with reference to FIGS. 2-3. The fiber optic connector

130 and ferrule assembly 132 are illustrated and described in more detail with

reference to FIGS. 4-6.

[0017] The passive optical network fiber monitoring system allows a service

provider to uniquely identify each individual fiber from the fiber optic network for

identifying discrepancies, monitoring service and identifying failure. The passive

optical network fiber monitoring system is illustrated and described in more detail

with reference to FIG. 7.

[0018] FIG. 2 illustrates features of the optical splitter assembly 104. FIG. 2 is a

schematic view of the optical splitter assembly 104. In this example, the optical

splitter assembly 104 includes a passive optical power splitter 134, a splitter housing

136, and a plurality of connectorized pigtails 138 extending from the splitter

assembly 104. The splitter housing 136 surrounds and encloses the passive optical

power splitter 134. The plurality of connectorized pigtails 138 extend from the

optical splitter assembly 104 and can include connectorized ends. In some

embodiments, each of the plurality of connectorized pigtails 138 can be coupled at

one end to a fiber optic adapter 140on a distribution panel 142 of a fiber distribution

hub 106.

[0019] As shown in FIG. 1, the passive optical power splitter 134 has a 1x16

splitter. In other examples, the passive optical power splitter 34 may include other

splitter dimensions, such as, but not limited to, 1x4, 1x8, 1x32, or 1x64. FIG. 2

shows a passive optical power splitter 134 that has a 1x4 splitter. The passive

optical power splitter 134 is arranged and configured to optically couple a feeder

fiber 101 into individual fiber lines. The feeder fiber 101 can be coupled to the

passive optical power splitter 134 inside the splitter housing 136. The feeder fiber

101 can be optically coupled to multiple optical fibers with each individual optical

fiber having a different fiber length. For example, the fiber lines each have different

fiber lengths L1-L16 as shown with a second end 146 referred to as a "pigtail." The

ends 146 of each fiber line can be connected to fiber optic connectors 130 and are

referred to as the plurality of connectorized pigtails 138. The individual optical

fibers are each coupled to the passive optical power splitter 134 at a first end 144

and a second end 146 extends from the splitter housing 136. The second end 146



can be referred to as a "pigtail" or "free end portion." A fiber optic connector 130

can be mounted to the second end 146 of each of the plurality of connectorized

pigtails 138.

[0020] FIG. 2 depicts an enlarged schematic view of the feeder fiber 101 within

an optical splitter assembly 104 and the plurality of connectorized pigtails 138

extending therefrom. Unique optical cables can be created with a signature

characteristic that can be individually identified using OTDR technology. The

signature characteristic can be configured in different ways. For example, in FIG. 2

the signature characteristic of each fiber line split from the feeder fiber 101 can be

related to provide the split outputs with different lengths. In one example, each of

the fiber lines can have different lengths L17-L20 inside the splitter housing 136

while having the same line length L21 extending from the splitter housing 136 to

each fiber optic connector 130. The different lengths for each fiber line within the

splitter housing 136 provides for a signature characteristic unique to each. This

allows each fiber line to be uniquely identified when monitoring or testing an optical

network for faults or disruptions. In FIG. 2, the internal length variation is

schematic and it will be appreciated that all fiber routing within the splitter housing

complies with minimum bend radius requirements for the optical fibers.

[0021] In other embodiments, the signature characteristic of each line split from

the feeder fiber 101 can be achieved outside of the splitter housing 136. For

example, in FIG. 3, the signature characteristic of each fiber line is obtained outside

of the splitter housing 136 by varying the lengths of the pigtails extending form the

splitter housing 136 to the fiber optic connector 130. This creates various lengths of

the fiber lines extending from the splitter housing 136. The fiber lines each have a

different fiber length L22-L25 (shown schematically) as shown with a second end

146 referred to as a "pigtail." The ends 146 of each fiber line can be connected to

fiber optic adapters 140 and are referred to as the plurality of connectorized pigtails

138. The various fiber lengths L22-L25 can create a signature characteristic to

allow each fiber line to be uniquely identified during monitoring or testing of

disruptions or faults in the optical network. It should be understood that alternative

ways can be used to achieve unique signature characteristics for optical cable lines,

such as, but not limited to, the type of optical cable, or reflector filters placed inside

an optical ferrule, etc. In another example, the fiber lengths L22-L25 progressively

increase from the first fiber output L22 to the last fiber output L25.



[0022] FIGS. 4-6 illustrate features of the fiber optic connector 30 and ferrule

assembly 132. FIG. 4 is a perspective view of the fiber optic connector 130 and

ferrule assembly 132. It should be understood that the fiber optic connectors 130

may be any known single or multi-fiber connector, including, for example,

traditional SC, ST and FC-type connectors, small form factory designs, such as, MU

and LC connectors, and multi-fiber connectors such as the MTRJ, MPX, and MPO-

type connectors.

[0023] In one example, customized optical fiber stubs can be used to provide a

signature characteristic for the fiber lines split from the feeder fiber 101 without

modifying the fiber lengths L1-L16 inside the splitter housing 136 or outside the

splitter housing 136. In this example, the ferrule assembly 132 can include a ferrule

150 and an optical fiber stub 152 secured to the ferrule 150. The optical fiber stub

152 can be referred to as a "unique optical fiber stub." Each optical fiber stub 152

supported within the ferrules 150 of the fiber optic connectors 130 corresponding to

each splitter can have different optical properties.

[0024] The optical fiber stub 152 can be manufactured using a precision fiber

having tightly toleranced parameters such as core to cladding concentricity and

cladding outer diameter variation. In this regard, in certain embodiments, the optical

fiber stub 152 can be different (e.g., can have a different construction, different

mechanical characteristics , different physical attributes, different optical

performance characteristics, different degrees of precision, etc.) than the main

optical fiber 300 extending form the stub to the splitter. For example, the optical

fiber stub 152 can be more precisely manufactured optical fiber than the main

optical fiber 300 of the remainder of the pigtail (i.e., the stub fiber is manufactured

according to tighter tolerances than the cable optical fiber). For example, in certain

embodiments, the optical fiber stub 152 can have better average core to cladding

concentricity than the main optical fiber 300. Also, the outer diameter of the

cladding of the optical fiber stub 152 can be more precisely toleranced that the outer

diameter of the cladding of the main optical fiber 300. Further, the optical fiber stub

152 can have a different (e.g., lower) fiber cut-off wavelength than the main optical

fiber 300. Moreover, the optical fiber stub 152 can have different cladding mode

suppression characteristics as compared to the main optical fiber 300. For example,

as compared to the main optical fiber 300, the optical fiber stub 152 can have a

construction adapted to provide enhanced cladding mode suppression for



suppressing modal interference. Example optical fibers having constructions

adapted to reduce/suppress modal interference are disclosed at U.S. Patent Nos.

6,498,888; 5,241,613; and 4,877,306, which are hereby incorporated by reference in

their entireties.

[0025] It is well known in the art that splices can introduce losses (e.g., insert

loss, return loss). However, fiber optic cables and connectors of the present

disclosure include various features that provide excellent performance despite the

presence of an internal splice. Such features include: a) precise core-to-core

alignment of the spliced optical fibers; b) precise centering of the optical fiber stub

52 within a ferrule bore, precise tuning of the core offset direction within the

connector body, and precise centering of the ferrule bore within the ferrule 150.

[0026] The optical fiber stub 152 includes a first portion 154 secured within the

ferrule bore 153 and a second portion 156 that extends rearwardly from a rear end

158 of the ferrule 150. The ferrule assembly 132 is positioned at least partially

within the fiber optic connector 130. Specifically, the ferrule assembly 132 is

positioned with the ferrule 150 positioned adjacent to the front end 160 of the fiber

optic connector 130. As used herein, the word "adjacent" means at or near. In a

preferred embodiment, the optical fiber connector 130 is compatible with existing

connectors, fiber optic adapter, patch panels and fiber optic cables.

[0027] The fiber optic connector 130 further includes the optical fiber stub 152

supported within the ferrules 150 of the fiber optic connectors 130 are fusion spliced

400 or otherwise couple to the main optical fibers 300 within the ferrule assembly

132. The fusion splice is positioned at the splice location 400 spaced from a rear

end 158 of the ferrule 150. In one embodiment, the splice location is within the

fiber optic connector 130 and is preferably a factory fusion splice. A "factory fusion

splice" is a splice performed at a manufacturing facility as part of a manufacturing

process. In one embodiment, the fiber optic connector 130 fully complies with

Telcordia GR-326 or similar stringent industry or customer specifications.

[0028] In a preferred embodiment, the splice location is relatively close to the

rear end 158 of the ferrule 150. For example, in one embodiment, the splice location

is no more than 15 mm from the ferrule 150. In another embodiment, the splice

location is no more than 10 mm from the ferrule 150. In still another embodiment,

the splice location is no more than 5 mm from the ferrule 150. In further

embodiments, the splice location is spaced 1-20 mm from the ferrule 150, or 1-15



mm from the ferrule 150 or spaced 1-10 mm from the ferrule 150, or 1-5 mm from

the ferrule 150, or 2-10 mm from the ferrule, or 2-5 mm from the ferrule 22.

Example ferrule and fiber optic connectors are disclosed at U.S. Patent Application

No. 61/666,683, which is hereby incorporated by reference in its entirety.

[0029] To provide each of the splitter outputs with a different signature, the stub

fibers 152 (152a, 152b, 152c, 152d) of each connectorized pigtail shown in FIG. 6

can have a different test characteristic (e.g., reflective characteristic, return loss

characteristic, insertion less characteristic, model interference suppression

characteristic, different core to cladding concentricities, different fiber cut-off

wavelengths, different cladding modal suppression characteristics, etc.)

[0030] Referring again to FIG. 1, the fiber optic connector 130 is received

within a fiber optic adapter 140 on a panel 142. The fiber distribution hub 106

contains the splitter housing 136 and the plurality of connectorized pigtails 138

coupled to the fiber optic adapters 140 on the panel 142.

[0031] The central office 102 transmits various optical signals for internet,

television, video on demand, and other telecommunications down a physical layer

comprising fibers. Each fiber within a cable exiting the fiber distribution hub 106

enters a drop terminal 108. The fibers exit the drop terminal 108 and are connected

to an optical network terminal 110 located on a user's premises. In this example, a

discrete fiber corresponds to a single user's premises.

[0032] FIG. 7 is a flow chart illustrating an example method 250 of the passive

optical network fiber monitoring system. In this example, the method 250 includes

operations 252, 254, 256, 258, and 260.

[0033] The operation 252 is performed to transmit a test signal down a fiber

cable. The operation 254 is performed such that the test signal encounters a test

characteristic of the fiber cable. The test characteristic reflects back a signal in

operation 256 back through the fiber cable. In the operation 258, the test

characteristic is identified using OTDR technology. The operation 260 allows for

the test characteristic to be received at a monitor located at the central office 102 and

to determine the condition and specifically identify each line of the physical layer of

the fiber cable.

[0034] From the forgoing detailed description, it will be evident that

modifications and variations can be made without departing from the spirit and

scope of the disclosure.



WHAT IS CLAIMED IS:

1. An optical splitter assembly comprising:

a splitter housing;

a passive optical power splitter positioned within the splitter housing; and

a plurality of splitter output pigtails that extend outwardly from the splitter

housing, each of the splitter output pigtails including an optical fiber structure

having a first end optically coupled to the passive optical power splitter and a second

end on which a fiber optic connector is mounted, each of the splitter output pigtails

having a different test characteristic such that the splitter output pigtails can be

individually identified during optical network testing.

2. The optical splitter assembly of claim 1, wherein optical network testing is

performed using an optical time domain reflectometer.

3. The optical splitter assembly of claim 1, wherein the different test

characteristics are provided by providing the splitter output pigtails with different

fiber lengths.

4. The optical splitter assembly of claim 3, wherein the different fiber lengths

are provided by varying the lengths of the fiber structures that extend from the

splitter housing to the fiber optic connectors.

5. The optical splitter assembly of claim 3, wherein the different fiber lengths

are provided by varying the lengths of the fiber structures that extend from the

passive optical power splitter to outside the splitter housing.

6. The optical splitter assembly of claim 1, wherein the different test

characteristics are provided by providing the splitter output pigtails with fiber

structures having different optical properties.

7. The optical splitter assembly of claim 6, wherein the fiber structures include

stub optical fibers supported within the ferrules of the fiber optic connectors, and

wherein the stubs optical fibers have different optical properties.



8. The optical splitter assembly of claim 7, wherein the fiber structures include

intermediate optical fibers spliced to the stub optical fibers.

9. A system for testing an optical network, comprising:

a splitter housing;

a passive optical power splitter positioned within the splitter housing;

a plurality of splitter output pigtails that extend outwardly from a splitter

housing, each of the splitter output pigtails including an optical fiber structure

having a first end optically coupled to the passive optical power splitter and a second

end on which a fiber optic connector is mounted;

intermediate optical fibers spliced to the plurality of splitter output pigtail,

the intermediate optical fibers each having different signature optical properties;

a transmitter connected to the fiber and configured to launch a test signal

having a wavelength down the fiber such that the plurality of splitter output pigtails

can be individually identified during optical network testing.

The optical splitter assembly of claim 1, wherein optical network testing is

performed using an optical time domain reflectometer.

10. The optical splitter assembly of claim 9, wherein the different test

characteristics are provided by providing the splitter output pigtails with different

fiber lengths.

11. The optical splitter assembly of claim 9, wherein the different fiber lengths

are provided by varying the lengths of the fiber structures that extend from the

splitter housing to the fiber optic connectors.

12. The optical splitter assembly of claim 9, wherein the different fiber lengths

are provided by varying the lengths of the fiber structures that extend from the

passive optical power splitter to outside the splitter housing.

















A. CLASSIFICATION OF SUBJECT MATTER

H04B 10/07(2013.01)i, H04B 10/25(2013.01)i

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
H04B 10/07; G01M 11/00; H04B 10/08; H04B 10/00; H04B 10/06; G02B 6/00; H04B 10/25

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & keywords: OTDR, test, fiber, splitter, pigtail, different, length, stub, and similar terms.

DOCUMENTS CONSIDERED TO BE RELEVANT

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

J P 2011-069721 A (SMIT0M0T0 ELECTRIC INDUSTRIES) 07 Apr i l 2011 1-5 , 10-12

See paragraphs [0017]- [0023] ; f i gure V, and c l aims 1 , 4 .

6-9

US 6766115 Bl (WAYNE V. SORIN e t a l . ) 20 July 2004 1-12

See co lumn 8 , l ine 33 - co lumn 9 , l ine 56; and f igure 4

US 2010-0183276 Al (TREVOR D. SMITH) 22 July 2010 1-12

See paragraphs [0040]- [0045] , [ 0062] - [ 0066] ; and f i gures 5 , 14-

US 2010-0226615 Al (RANDY REAGAN e t a l . ) 09 Sept ember 2010 1-12

See paragraphs [0034]- [0039] ; f i gures 3-4B ; and c l aims 10-16

US 2007-0036507 Al (BARRY W. ALLEN e t a l . ) 15 February 2007 1-12

See paragraphs [0041]- [0045] ', and f i gure 1 .

I I Further documents are listed in the continuation of Box C . See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

27 January 2014 (27.01.2014) 28 January 2014 (28.01.2014)
Name and mailing address of the ISA/KR Authorized officer

Korean Intellectual Property Office
-i Cheongsa-ro, Seo-gu, Daej eon Metropolitan City, HONG, Sung Ran ft

fl 302-701, Republic of Korea

Facsimile No. +82-42-472-7140 Telephone No. +82-42-481-5405

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



Information on patent family members PCT/US2013/066028

Patent document Publication Patent family Publication
cited in search report date member(s) date

JP 2011-069721 A 07/04/2011 None

US 6766115 Bl 20/07/2004 EP 1182805 A2 27/02/2002
EP 1182805 A3 20/10/2004
JP 2002-148144 A 22/05/2002

US 2010-0183276 Al 22/07/2010 US 8380036 B2 19/02/2013

US 2010-0226615 Al 09/09/2010 AU 2004-292229 Al 02/06/2005
AU 2004-292229 B2 17/04/2008
AU 2006-236319 Al 26/10/2006
AU 2007-303239 Al 10/04/2008
AU 2007-305002 Al 10/04/2008
AU 2008-203181 Al 07/08/2008
AU 2008-203181 B2 10/02/2011
AU 2008-230832 Al 02/10/2008
AU 2008-266162 Al 24/12/2008
AU 2008-316630 Al 30/04/2009
CA 2546072 Al 02/06/2005
CA 2546072 C 15/01/2013
CA 2606770 Al 26/10/2006
CA 2664426 Al 10/04/2008
CA 2664528 Al 10/04/2008
CA 2681412 Al 02/10/2008
CA 2687980 Al 24/12/2008
CA 2702799 Al 30/04/2009
CN 100589003 C 10/02/2010
CN 101547633 A 30/09/2009
CN 101923195 A 22/12/2010
CN 1922525 A 28/02/2007
EP 1011425 Al 28/06/2000
EP 1011425 Bl 02/05/2007
EP 1624907 A2 15/02/2006
EP 1624908 A2 15/02/2006
EP 1624908 Bl 05/01/2011
EP 1624908 B8 15/06/2011
EP 1648293 Al 26/04/2006
EP 1648298 A2 26/04/2006
EP 1692556 A2 23/08/2006
EP 1711789 A2 18/10/2006
EP 1711790 A2 18/10/2006
EP 1711790 Bl 08/09/2010
EP 1711791 A2 18/10/2006
EP 1711802 A2 18/10/2006
EP 1711802 Bl 14/07/2010
EP 1718350 Al 08/11/2006
EP 1718350 Bl 01/05/2013
EP 1742568 A2 17/01/2007
EP 1776036 Al 25/04/2007

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



Information on patent family members PCT/US2013/066028

Patent document Publication Patent family Publication
cited in search report date member(s) date

EP 1776036 Bl 01/05/2013
EP 1804650 Al 11/07/2007
EP 1804650 Bl 14/03/2012
EP 1875285 A2 09/01/2008
EP 1893084 A2 05/03/2008
EP 1914578 A2 23/04/2008
EP 1914578 A3 30/04/2008
EP 1991110 A2 19/11/2008
EP 2004796 A2 24/12/2008
EP 2069772 A2 17/06/2009
EP 2091409 A2 26/08/2009
EP 2129285 Al 09/12/2009
EP 2155045 Al 24/02/2010
EP 2203741 Al 07/07/2010
EP 2223710 Al 01/09/2010
EP 2226086 Al 08/09/2010
EP 2228642 Al 15/09/2010
EP 2239566 A2 13/10/2010
EP 2239566 A3 17/11/2010
EP 2239567 A2 13/10/2010
EP 2239567 A3 17/11/2010
EP 2256493 Al 01/12/2010
EP 2264499 A2 22/12/2010
EP 2264499 A3 05/01/2011
EP 2264500 A2 22/12/2010
EP 2264500 A3 05/01/2011
EP 2264501 A2 22/12/2010
EP 2264501 A3 05/01/2011
EP 2264501 Bl 25/07/2012
EP 2301428 Al 30/03/2011
EP 2316331 Al 04/05/2011
EP 2322094 Al 18/05/2011
EP 2327362 Al 01/06/2011
EP 2327362 Bl 13/11/2013
EP 2327984 A2 01/06/2011
EP 2327984 A3 07/09/2011
EP 2329763 Al 08/06/2011
EP 2329770 Al 08/06/2011
EP 2329771 A2 08/06/2011
EP 2329771 A3 22/06/2011
EP 2332466 Al 15/06/2011
EP 2335581 Al 22/06/2011
EP 2335582 Al 22/06/2011
EP 2335583 A2 22/06/2011
EP 2335583 A3 31/08/2011
EP 2335584 A2 22/06/2011
EP 2335584 A3 31/08/2011
EP 2335585 A2 22/06/2011
EP 2335585 A3 31/08/2011
EP 2335586 Al 22/06/2011

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



Information on patent family members PCT/US2013/066028

Patent document Publication Patent family Publication
cited in search report date member(s) date

EP 2335587 A2 22/06/2011
EP 2335587 A3 07/09/2011
EP 2433563 A2 28/03/2012
EP 2433563 A3 15/05/2013
EP 2448485 A2 09/05/2012
EP 2448486 A2 09/05/2012
EP 2494921 A2 05/09/2012
EP 2494921 A3 05/12/2012
EP 2494922 A2 05/09/2012
EP 2494922 A3 31/10/2012
EP 2497415 Al 12/09/2012
EP 2497420 Al 12/09/2012
EP 2497421 Al 12/09/2012
EP 2499969 Al 19/09/2012
EP 2508129 Al 10/10/2012
EP 2517623 Al 31/10/2012
EP 2532302 Al 12/12/2012
ES 2389621 T3 29/10/2012
H 1100976 Al 25/06/2010
JP 04124827 B2 23/07/2008
JP 04708342 B2 22/06/2011
JP 04728249 B2 20/07/2011
JP 04786653 B2 05/10/2011
JP 04870075 B2 08/02/2012
JP 05037128 B2 26/09/2012
JP 05138819 B2 06/02/2013
JP 05161341 B2 13/03/2013
JP 05306521 B2 02/10/2013
JP 2001-510382 A 31/07/2001
JP 2006-525853 A 16/11/2006
JP 2007-501028 A 25/01/2007
JP 2007-501684 A 01/02/2007
JP 2007-511737 A 10/05/2007
JP 2007-514964 A 07/06/2007
JP 2007-525276 A 06/09/2007
JP 2007-535991 A 13/12/2007
JP 2008-096448 A 24/04/2008
JP 2008-506468 A 06/03/2008
JP 2008-506469 A 06/03/2008
JP 2008-538424 A 23/10/2008
JP 2010-505534 A 25/02/2010
JP 2011-224381 A 10/11/2011
JP 2012-016597 A 26/01/2012
JP 2012-110730 A 14/06/2012
JP 2012-213654 A 08/11/2012
JP 2013-099553 A 23/05/2013

R 10-1205756 Bl 29/11/2012
R 10-1249602 Bl 01/04/2013

KR 10-2008-0005432 A 11/01/2008
KR 10-2012-0034797 A 12/04/2012

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



Information on patent family members PCT/US2013/066028

Patent document Publication Patent family Publication
cited in search report date member(s) date

US 06001067 A 14/12/1999
US 6435708 Bl 20/08/2002
us 6558321 Bl 06/05/2003
us 6741877 Bl 25/05/2004
us 6862465 B2 01/03/2005
us 6931327 B2 16/08/2005
us 6983095 B2 03/01/2006
us 7088899 B2 08/08/2006
us 7103255 B2 05/09/2006
us 7110803 B2 19/09/2006
us 7136689 B2 14/11/2006
us 7146089 B2 05/12/2006
us 7171102 B2 30/01/2007
us 7192450 B2 20/03/2007
us 7200317 B2 03/04/2007
us 7276029 B2 02/10/2007
us 7310544 B2 18/12/2007
us 7366556 B2 29/04/2008
us 7369741 B2 06/05/2008
us 7379765 B2 27/05/2008
us 7400816 B2 15/07/2008
us 7424318 B2 09/09/2008
us 7460898 B2 02/12/2008
us 7467003 B2 16/12/2008
us 7471869 B2 30/12/2008
us 7494465 B2 24/02/2009
us 7497827 B2 03/03/2009
us 7519408 B2 14/04/2009
us 7583990 B2 01/09/2009
us 7591801 B2 22/09/2009
us 7599726 B2 06/10/2009
us 7613491 B2 03/11/2009
us 7615007 B2 10/11/2009
us 7640048 B2 29/12/2009
us 7646958 Bl 12/01/2010
us 7651596 B2 26/01/2010
us 7654956 B2 02/02/2010
us 7657297 B2 02/02/2010
us 7711402 B2 04/05/2010
us 7713574 B2 11/05/2010
us 7715893 B2 11/05/2010
us 7761130 B2 20/07/2010
us 7771352 B2 10/08/2010
us 7774145 B2 10/08/2010
us 7775975 B2 17/08/2010
us 7778680 B2 17/08/2010
us 7783333 B2 24/08/2010
us 7792562 B2 07/09/2010
us 7797028 B2 14/09/2010
us 7809232 B2 05/10/2010

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



Information on patent family members PCT/US2013/066028

Patent document Publication Patent family Publication
cited in search report date member(s) date

US 7809235 B2 05/10/2010
US 7826981 B2 02/11/2010
us 7828728 B2 09/11/2010
us 7831287 B2 09/11/2010
us 7835777 B2 16/11/2010
us 7844161 B2 30/11/2010
us 7857760 B2 28/12/2010
us 7860545 B2 28/12/2010
us 7873255 B2 18/01/2011
us 7875293 B2 25/01/2011
us 7885697 B2 08/02/2011
us 7896809 B2 01/03/2011
us 7899511 B2 01/03/2011
us 7901354 B2 08/03/2011
us 7905833 B2 15/03/2011
us 7914450 B2 29/03/2011
us 7917186 B2 29/03/2011
us 7925321 B2 12/04/2011
us 7927274 B2 19/04/2011
us 7933639 B2 26/04/2011
us 7935057 B2 03/05/2011
us 7946984 B2 24/05/2011
us 7949381 B2 24/05/2011
us 7955261 B2 07/06/2011
us 7959569 B2 14/06/2011
us 7970448 B2 28/06/2011
us 7974672 B2 05/07/2011
us 7976492 B2 12/07/2011
us 7979104 B2 12/07/2011
us 7986986 B2 26/07/2011
us 7998071 B2 16/08/2011
us 8000901 B2 16/08/2011
us 8005335 B2 23/08/2011
us 8005524 B2 23/08/2011
us 8005525 B2 23/08/2011
us 8010174 B2 30/08/2011
us 8060173 B2 15/11/2011
us 8064977 B2 22/11/2011
us 8073519 B2 06/12/2011
us 8073520 B2 06/12/2011
us 8118877 B2 21/02/2012
us 8128562 B2 06/03/2012
us 8150488 B2 03/04/2012
us 8155723 B2 10/04/2012
us 8160669 B2 17/04/2012
us 8160671 B2 17/04/2012
us 8167801 B2 01/05/2012
us 8170803 B2 01/05/2012
us 8206297 B2 26/06/2012
us 8216139 B2 10/07/2012

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



Information on patent family members PCT/US2013/066028

Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2007-0036507 Al 15/02/2007 AT 530938 T 15/11/2011
CA 2519596 Al 07/10/2004
EP 1604239 Al 14/12/2005
EP 1604239 Bl 26/10/2011
EP 2261711 A2 15/12/2010
EP 2261711 A3 23/03/2011
EP 2261712 A2 15/12/2010
EP 2261712 A3 23/03/2011
ES 2372817 T3 26/01/2012
JP 2006-520930 A 14/09/2006
T W 1343490 B 11/06/2011
us 2004-0228598 Al 18/11/2004
us 7142764 B2 28/11/2006
us 7298952 B2 20/11/2007
wo 2004-086112 Al 07/10/2004

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


	abstract
	description
	claims
	drawings
	wo-search-report

