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(57) Abstract: An in situ oxygen analyzer (10)
having an intrinsically-safe output (68) and a
heated probe (12) is provided. The probe is ex-
tendable into a source of process gas and has an
oxygen sensor (34) and heater (38) disposed
therein. The heater (38) is configured to heat the
oxygen sensor (34) to a temperature sufficient to
operate the oxygen sensor (34). A housing is
coupled to the probe and has first (36) and
second chambers (64). The first chamber (36) is
explosion-rated and includes non-intrinsically
safe circuitry (50) coupled to the heater (38) to
energize the heater (38). The second chamber
(64) contains only intrinsically-safe circuitry (72)
that complies with an intrinsically-sate specifica-
tion. The first and second chambers (36, 64) are
isolated from one another. The non-intrinsically-
safe circuitry (50) is coupled to the intrinsic-
ally-safe circuitry (60) through an energy-limit-
ing isolator (70).
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IN SITU HEATED OXYGEN PROBE WITH INTRINSICALLY SAFE OUTPUT

BACKGROUND
[0001] Industrial process industries often rely on energy sources that include one or more
combustion processes. Such combustion processes include operation of a furnace or boiler to
generate energy from combustion, which is then used for the process. While combustion provides
relatively low-cost energy, its use is typically regulated and combustion efficiency is sought to be
maximized. Accordingly, one goal of the process management industry is to reduce the production
of greenhouse gases by maintaining maximum combustion efficiency of existing furnaces and
boilers.
[0002] In situ flue gas analyzers are commonly used for monitoring, optimizing and/or
controlling combustion processes. Typically, these analyzers employ a zirconium oxide sensor to
measure excess oxygen in the flue gas. Such an oxygen sensor is known and uses a principle of
operation based on the Nernst equation. This principle of operation requires that the sensor cell be
maintained at an elevated operating temperature. Typically, such elevated temperatures are
achieved using a heater that is powered by an analyzer’s electronics. In situ flue gas analyzers are
particularly advantageous because they have no moving parts or sampling apparatus resulting in
an extremely reliable probe that requires very little maintenance.
[0003] Some operators of combustion processes have applications that involve hazardous
gases in the process itself or in the ambient gases in the area where the analyzer’s electronics are
installed. These operators are concerned that the cell heater may serve as a source of ignition to
these hazardous gases inside the process or that the electronics can provide ignition to hazardous
process or ambient gases that may be present. As a result of these concerns, these users must
purchase analyzers with costly protection features.
[0004] When hazardous gases are present, there are typically two ways in which protection
can be provided: explosion-proof enclosures and/or intrinsically safe circuitry.
[0005] When electronics are housed within explosion-proof enclosures, such enclosures
can prevent the gases from entering the internal chamber of the enclosure. Additionally, if such
gases do enter the enclosure and cause an explosion, the flame will not be able to propagate outside
of the enclosure. One example of an explosion proof rating is an ATEX certification to EEx d IIB

T6 standards EN50015 and EN50018 for potentially explosive atmospheres Parts 1 and 5.
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[0006] The other protection scheme is to make the electronics intrinsically safe. When the
electronics are intrinsically safe, they inherently cannot generate the required temperature or spark
to generate an explosion, even under fault conditions. An example of an intrinsic safety
specification is the standard promulgated by Factory Mutual Research in October 199§ entitled
APPROVAL STANDARD INTRINSICALLY SAFE APPARATUS AND ASSOCIATED
APPARATUS FOR USE INCLASS [, I, AND I, DIVISION 1 HAZARDOUS (CLASSIFIED)
LOCATIONS, CLASS NUMBER 3610. Intrinsic satety requirements generally specify such low
energy levels that compliance is simply not possible with circuitry that involves high voltages,
high currents, and/or high wattage, such as AC circuits.

[0007] {Ume particular device that has been used in the past for explosive environments is
sold under the trade designation Model 5081FG Two-Wire In Situ Oxygen Analyzer, available
from Emerson Process Management. This device utilizes a zircomium oxide sensor to measure
excess oxygen in combustion processes. However, the analyzer eliminates the use of a cell heater
and instead uses high process temperatures to heat the zircontum oxide sensor cell to the
temperature required by the Nermnst equation for operation. The analyzer's electronics are
intrinsically safe, and can be powered by 4-20 mA signal wires. While the Model S081FG has
proved useful for measuring oxygen in or proximate hazardous locations, its use has been limited
to applications that generate enough process heat to maintain the zirconiom oxide sensor at the
requisite elevate temperature. Additionally, when process heat is required for sensor operation,
useful sensor data is not available untd the process has sufficiently heated the sensor. Thus, the
ability to measure oxygen during system startup has been limited for in situ oxygen probes that
have inirinsically safe output.

[0008] Providing ap in situ oxygen probe with an intrinsically safe output that could
function at lower temperatures and/or during system startup would increase the applications to

which such devices could be applied.

SUMMARY
[0009] An in situ oxygen analyzer having an intrinsically-safe output and a heated probe
is provided. The probe is extendable into a source of process gas and has an oxygen sensor and

heater disposed therein. The heater is configured to heat the oxygen sensor to a temperature
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sufficient to operate the oxygen sensor. A housing is coupled to the probe and has first and second
chambers. The first chamber is explosion-rated and includes non-intrinsically safe circuitry
coupled to the heater to energize the heater. The second chamber contains only intrinsically-safe
circuitry that complies with an intrinsically-safe specification. The first and second chambers are
isolated from one another. The non-intrinsically-safe circuitry is coupled to the intrinsically-safe

circuitry through an energy-limiting isolator.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] FIG. 1 is a diagrammatic view of an in situ oxygen probe with which embodiments
of the present invention are particularly useful.
[0011] FIG. 2 is a diagrammatic perspective view of an in situ heated oxygen probe in
accordance with an embodiment of the present invention.
[0012] FIG. 3 is a diagrammatic view of an in situ heated oxygen probe having an

intrinsically safe output in accordance with an embodiment of the present invention.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0013] FIG. 1 is a diagrammatic view of an in situ flue oxygen probe operating in a
combustion process. One example of such a device 10 is that sold under the trade designation
Model 6888 In Situ Flue Gas Oxygen Transmitter available from Emerson Process Management.
Analyzer 10 includes a probe assembly 12 that is disposed within a stack or flue 14 and measures
oxygen in the combustion gases.

[0014] Burner 16 is operably coupled to a source of air or oxygen 18 and a source 20 of
combustible fuel. Each of sources 18 and 20 is preferably coupled to burner 16 through a
respective valve 24, 26 to deliver a controlled amount of oxygen and/or fuel to burner 16 in order
to control the combustion process. Analyzer 10 measures the amount of oxygen in the combustion
exhaust flow and provides an indication of the oxygen level to combustion controller 22. Controller
22 controls one or both of valves 24, 26 to provide closed loop combustion control. Analyzer 10
includes an oxygen sensor that must operate at elevated temperatures in order to function properly.
One example of such an oxygen sensor is a zirconium oxide-based oxygen sensor, which provides

an electrical signal indicative of oxygen concentration, content or percentage in the exhaust.
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[0015] Zirconium oxide sensors operate at a temperature of about 700° Celsius and thus
analyzer 10 includes, within probe assembly 12, an electrical heater (shown in FIG. 3) that is
operably coupled to AC power source 29. The oxygen sensor within probe 12 is similar in
technology to oxygen sensors found in automobiles. Such sensors are highly effective in
permitting control systems to maintain optimum fuel to ratios in order to achieve high efficiency,
low NOx production, and also the least amount of greenhouse gas emissions possible.

[0016] FIG. 2 is a diagrammatic perspective view of an in situ flue heated oxygen probe
in accordance with an embodiment of the present invention. Probe assembly 12 is generally
configured to house a sensor core assembly which includes diffuser disposed proximate end 32.
The measurement cell within probe 12 is operable at an elevated temperature. The measurement
cell and heater within probe 12 are electrically coupled to analyzer electronics (shown in FIG. 3)
within electronics housing 36. Analyzer electronics are configured to obtain a measurement from
the measurement cell and provides suitable signal conditioning in order to provide a signal
representing flue gas oxygen.

[0017] FIG. 3 is a diagrammatic view of an in situ heated oxygen probe having an
intrinsically safe output in accordance with an embodiment of the present invention. Probe 12
includes sensor cell 34 positioned for exposure to flue gas or exhaust. Since sensor cell 34 operates
at an elevated temperature and provides an indication of oxygen concentration to controller 54,
heater assembly 38 is coupled to high voltage circuit 50 and is disposed to provide heat to sensor
cell 34, such that sensor cell 34 can be maintained at the requisite elevated temperature. In one
embodiment, sensor cell 34 includes a zirconium oxide sensor and the requisite temperature is
about 700 ° Celsius. Controller 54 is also coupled to high voltage circuit 50 such that controller 54
can control the energization of heater assembly 38 to maintain sensor cell 34 at the requisite
temperature. Controller 54 can be any suitable device or component, but, in one embodiment, is a
MiCroprocessor.

[0018] Analyzer 10 is coupled to AC source 29 through explosion-rated conduit 52. Since
conduit 52 is explosion-rated, it prevents gases from entering housing 36. Moreover, if gases do
enter housing 36 and ignite via contact with high voltage circuit 50 or any other component within
housing 36, the flame cannot escape the housing. In the embodiment shown in FIG. 3, all of

housing 36 is explosion-rated. However, embodiments of the present invention can be practiced
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where the intrinsically-safe portion (chamber 64, described below) of housing 36 is not explosion-
proof. An explosion-proof wiring feed-through 62 couples low voltage intrinsically-safe circuit 60
to intrinsically-safe circuitry 72 in chamber 64 through intrinsic safety boundary or barrier 66.
Circuitry 72 can be any intrinsically-safe circuitry or components. For example, circuitry 72 may
be a simple board with customer terminals and a fuse and some basic protective circuitry.
However, circuitry 72 may also include all of the circuitry necessary to comprise an intrinsically-
safe transmitter with its own process communication capabilities. Such process communication
capabilities include communication in accordance with the Highway Addressable Remote
Transducer (HART®) protocol, the FOUNDATION™ Fieldbus protocol or other process
communication protocols.

[0019] Since chamber 56 is explosion-proof, a flame or explosion within chamber 56
cannot escape through feed-through 62 and thus will not ignite or otherwise damage the safe area.
Signal line 68 allows device 10 to communicate with one or more other devices in an energy-
limited manner to comply with intrinsic safety specifications. Intrinsically-safe circuit 60 can
include any suitable circuitry that is operable in compliance with an intrinsic safety specification.
In one embodiment, circuit 60 may include communication circuitry for generating energy-limited
signal suitable for conveyance through hazardous environments in accordance with a process
communication protocol.

[0020] In accordance with an embodiment of the present invention, housing 36 has a pair
of chambers 56, 64 therein. While the embodiment shown in FIG. 3 depicts chambers 56 and 64
adjacent one another, embodiments of the present invention can be practiced where chambers 56
and 64 are spaced apart. In embodiments where chambers 56 and 64 are spaced apart, explosion-
proof wiring feed-through is an explosion-rated conduit. Chamber 56 has a non-intrinsically-safe
region 57 and an intrinsically-safe region 58. Chamber 56 houses high voltage circuit 50 in region
57 as well as any other non-intrinsically-safe circuitry used in analyzer 10. In contrast, region 58
and chamber 64 house only circuitry that complies with an intrinsic safety specification, such as
that set forth above. Regions 57 and 58 are separated by imaginary line 59. The intrinsically-safe
circuitry on the right of line 59 is fed to chamber 64 using explosion-proof wiring feed-through
62. The signal passing through feed-through 62 may be conveyed along wires or in any other

suitable manner, such as light, fiber-optic, magnetic, radio-frequency, et cetera. While dashed line
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59 represents separation between non-intrinsically-safe circuitry and intrinsically-safe circuitry on
the same printed circuit board, such separation can also be accomplished using separate printed
circuit boards. Moreover any acceptable techniques for separating the non-intrinsically-safe
circuitry from the intrinsically-safe circuitry can be used. In this embodiment, the only way in
which signals are passed between circuitry 50 in region 57 and circuitry 60 in region 58 is through
signal isolator 70. Isolator 70 ensures that signals passing through isolator 70 are energy limited.
In one example, isolator 70 provides 250 volt intrinsically-safe signal isolation that meets the
requirements of intrinsic safety to separate intrinsically safe circuits from non-intrinsically-safe
circuits.

[0021] Embodiments of the present invention thus provide an in situ oxygen analyzer that
has the advantages of using an electrical heater to heat the oxygen sensor to the temperature
required for useful operation (typically over 600 ° Celsius) while still providing the convenience
of intrinsically-safe wiring. This allows the user to employ simpler intrinsically-safe wiring
techniques from the device to the distributed control system.

[0022] Although the present invention has been described with reference to preferred
embodiments, workers skilled in the art will recognize that changes may be made in form and
detail without departing from the spirit and scope of the invention. For example, while the present
invention has been described with respect to an in situ oxygen analyzer having a heated oxygen
sensor, embodiments of the present invention can be applied to any instrument or device that
requires such power that at least a portion of the instrument or device cannot comply with intrinsic

safety requirements, but wherein an intrinsically-safe output is desired.
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WHAT IS CLAIMED IS:

1. Anin situ oxygen analyzer comprising:

a probe extendable into a source of process gas, the probe having an oxygen sensor and
heater disposed therein, wherein the heater is configured to heat the oxygen sensor
to a temperature sufficient to operate the oxygen sensor;

a housing coupled to the probe, the housing having first and second chambers therein, the
first chamber being explosion-rated and including non-intrinsically safe circuitry
coupled to the heater to energize the heater, the second chamber containing only
intrinsically-safe circuitry that complies with an intrinsically-safe specification;
and

wherein the first and second chambers are coupled together by an explosion-rated feed-
through and wherein the non-intrinsically-safe circuitry is isolated from the
intrinsically-safe circuitry through an energy-limiting isolator.

2. The in situ oxygen analyzer of claim 1, and further comprising an explosion-rated
conduit configured to couple the non-intrinsically-safe circuitry to a source of power.

3. The in situ oxygen analyzer of claim 1, wherein the entire housing is explosion-rated.

4. The in situ oxygen analyzer of claim 1, wherein the non-intrinsically-safe circuitry
includes a controller operably coupled to the oxygen sensor, wherein the controller is
configured to control the heater to maintain the oxygen sensor at the temperature
sufficient to operate the oxygen sensor.

5. The in situ oxygen analyzer of claim 4, wherein the oxygen sensor is a zirconium
oxygen sensor and wherein the temperature is over 600 ° Celsius.

6. The in situ oxygen analyzer of claim 1, wherein the intrinsically-safe circuitry
includes communication circuitry.

7. The in situ oxygen analyzer of claim 1, wherein the energy-limiting isolator is at least
a 250 volt intrinsically-safe signal isolator.

8. The in situ oxygen analyzer of claim 1, wherein the second chamber is configured to
be disposed on an opposite side of an intrinsic safety boundary from the first chamber.

0. The in situ oxygen analyzer of claim 1, wherein the first chamber has a first region
containing non-intrinsically-safe circuitry and a second region containing only

intrinsically-safe circuitry.
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10.

11.

12.

13.

14.

The in situ oxygen analyzer of claim 9, wherein the energy-limiting isolator is
disposed between the non-intrinsically safe circuitry of the first region and the
intrinsically-safe circuitry in the second region.

The in situ oxygen analyzer of claim 9, wherein the intrinsically safe circuitry of the
second chamber is connected to the intrinsically safe circuitry of the second region of
the first chamber through the explosion-rated feed-through.

The in situ oxygen analyzer of claim 9, wherein the first and second regions are
disposed on a single circuit board.

The in situ oxygen analyzer of claim 9, wherein the first and second regions are
disposed on different circuit boards.

The in situ oxygen analyzer of claim 9, wherein the first and second chambers are

spaced apart.



WO 2014/186351 PCT/US2014/037822

1/3
10
[-12
| J1)
29
14—
22
30
24
[ ()
v
26
I @

Fig. 1



PCT/US2014/037822

WO 2014/186351

2/3

2 b4




PCT/US2014/037822

WO 2014/186351

3/3

29

¢ ‘b

o1

84 FA®
- 9G
—]
Ve 0s 26

:Mm__u J0ID|0ST N2 mgvﬁ
oboyjop | | [oubis 2bv4)oA YbIH 62

Mo MH

09 J
0L _
J2|[044U0)

¢m\

6G

Zl

ve

P

8¢



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2014/037822

A. CLASSIFICATION OF SUBJECT MATTER
F23N 5/00(2006.01)i, F23N 5/26(2006.01)i

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
F23N 5/00; F16K 31/02; GOIN 33/00; GO1L 9/00; GO1R 27/26; HO4M 9/04; F23N 5/26

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)
cKOMPASS(KIPO internal) & keywords: oxygen analyzer, probe, sensor, cell, heater, housing, explosion-proof, intrinsically-safe
circuitry, chamber, feed through, and isolator

C. DOCUMENTS CONSIDERED TO BE RELEVANT

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

A US 2011-0012040 A1 (BAILEY, EDWARD J.) 20 January 2011 1-14
See paragraphs [0015],[0017]; and figure 2.

A US 2004-0113635 Al (MASUDA et al.) 17 June 2004 1-14
See paragraphs [0025]-[0043]; claim 1 and figures 1-2.

A US 6,487,912 B1 (BEHM et al.) 03 December 2002 1-14
See column 2, line 54 — column 3, line 18; and figure 1.

A US 2004-0089075 Al (BEHM et al.) 13 May 2004 1-14
See paragraphs [0037]-[0043]; and figures 6-7.

A US 5,136,630 A (BRENEMAN et al.) 04 August 1992 1-14
See column 7, line 12 — column 8, line 30; and figure 2.

|:| 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" carlier 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
16 September 2014 (16.09.2014) 17 September 2014 (17.09.2014)
Name and mailing address of the [ISA/KR Authorized officer
International Application Division
¢ Korean Intellectual Property Office HAN, Jo ong Sub

189 Cheongsa-to, Seo-gu, Dagjeon Metropolitan City, 302-701,
Republic of Korea

Facsimile No. +82-42-472-7140 Telephone No. +82-42-481-5606
Form PCT/ISA/210 (second sheet) (July 2009




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2014/037822
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2011-0012040 Al 20/01/2011 CN 102725571 A 10/10/2012
CN 102725571 B 02/07/2014
EP 2454508 A2 23/05/2012
JP 05543591 B2 09/07/2014
JP 2012-533721 A 27/12/2012
US 2013-145814 Al 13/06/2013
US 8635899 B2 28/01/2014
US 8689605 B2 08/04/2014
WO 2011-008743 A2 20/01/2011
WO 2011-008743 A3 20/09/2012
US 2004-0113635 Al 17/06/2004 AT 313136 T 15/12/2005
DE 60115963 D1 19/01/2006
DE 60115963 T2 29/06/2006
EP 1403832 Al 31/03/2004
EP 1403832 A4 28/07/2004
EP 1403832 B1 14/12/2005
JP 03823272 B2 20/09/2006
US 6822431 B2 23/11/2004
WO 03-005319 Al 16/01/2003
US 6487912 Bl 03/12/2002 AU 2000-77202 Al 30/04/2001
AU 2000-78350 Al 30/04/2001
AU 2000-78351 Al 30/04/2001
AU 2001-40247 Al 30/04/2001
AU 4024701 A 30/04/2001
BR 0014362 A 11/06/2002
CN 1151366 CO 26/05/2004
CN 1152243 CO 02/06/2004
CN 1153960 CO 16/06/2004
CN 1174228 CO 03/11/2004
CN 1370274 AO 18/09/2002
CN 1373849 AO 09/10/2002
CN 1376260 AO 23/10/2002
CN 1376261 AO 23/10/2002
DE 60018962 D1 28/04/2005
DE 60018962 T2 13/04/2006
EP 1216403 Al 26/06/2002
EP 1216403 B1 03/01/2007
EP 1216404 Al 26/06/2002
EP 1216404 Bl 15/11/2006
EP 1216405 A2 26/06/2002
EP 1216405 B1 04/08/2004
EP 1224447 Al 24/07/2002
EP 1224447 B1 23/03/2005
JP 03699396 B2 28/09/2005
JP 03798693 B2 19/07/2006
JP 04046508 B2 13/02/2008
JP 04208465 B2 14/01/2009

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




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2014/037822
Patent document Publication Patent family Publication
cited in search report date member(s) date

JP 2003-510597 A 18/03/2003
JP 2003-510598 A 18/03/2003
JP 2003-510857 A 18/03/2003
JP 2003-532865 A 05/11/2003
US 2002-0007681 Al 24/01/2002
US 6510740 Bl 28/01/2003
US 6546805 B2 15/04/2003
WO 01-23856 Al 05/04/2001
WO 01-23857 Al 05/04/2001
WO 01-23858 Al 05/04/2001
WO 01-24594 A2 05/04/2001
WO 01-24594 A3 23/08/2001
US 2004-0089075 Al 13/05/2004 AU 2003-262977 Al 29/03/2004
AU 7835000 A 30/04/2001
AU 7835100 A 30/04/2001
BR 0014359 A 11/06/2002
BR 0014361 A 11/06/2002
CN 100373135 CO 05/03/2008
CN 1151366 C 26/05/2004
CN 1174228 C 03/11/2004
CN 1370274 A 18/09/2002
CN 1376261 A 23/10/2002
CN 1678887 A 05/10/2005
CN 1678887 CO 05/03/2008
DE 60012761 D1 09/09/2004
DE 60012761 T2 25/08/2005
DE 60031867 D1 28/12/2006
DE 60031867 T2 21/06/2007
EP 1216404 Al 26/06/2002
EP 1216404 Bl 15/11/2006
EP 1216405 A2 26/06/2002
EP 1216405 B1 04/08/2004
JP 2003-510598 A 18/03/2003
JP 2003-510857 A 18/03/2003
JP 2005-538351 A 15/12/2005
JP 3798693 B2 19/07/2006
JP 4208465 B2 14/01/2009
US 2002-0108448 Al 15/08/2002
US 2004-0045380 Al 11/03/2004
US 2005-0056106 Al 17/03/2005
US 6457367 Bl 01/10/2002
US 6484107 Bl 19/11/2002
US 6511337 Bl 28/01/2003
US 6568279 B2 27/05/2003
US 6571132 B1 27/05/2003
US 6593857 Bl 15/07/2003
US 6609427 Bl 26/08/2003
US 6898980 B2 31/05/2005
US 7134354 B2 14/11/2006

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




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2014/037822
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 01-23858 Al 05/04/2001
WO 01-23858 A9 03/10/2002
WO 01-24594 A2 05/04/2001
WO 01-24594 A3 23/08/2001
WO 01-24594 A9 03/10/2002
WO 2004-023080 Al 18/03/2004
US 5136630 A 04/08/1992 CA 2036521 C 17/10/2000

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




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

