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PASSIVE SENSOR SYSTEM WITH CARBON NANOTUBE COMPONENTS

RELATED APPLICATIONS
[0001] This Application claims priority under 35 U.S.C. § 119(e) to U.S. Provisional
Application Serial No. 62/348,657, filed June 10, 2016 under Attorney Docket No.
G0766.70122US00, and entitled "PASSIVE SENSOR SYSTEM WITH CARBON
NANOTUBE COMPONENTS" which is hereby incorporated herein by reference in its entirety.

FIELD OF THE DISCLOSURE
[0002] The present disclosure relates generally to passive wireless sensor systems

capable of measuring environmental conditions.

BACKGROUND

[0003] Sensor systems are sometimes used for sensing various environmental conditions.
Sometimes a sensor system communicates with an external device using a transceiver included
in the sensor system. The sensor system uses an external or battery-powered energy source to
operate the transceiver and/or other components of the system.

[0004] Inclusion of a battery-powered energy source and a transceiver results in a bulky
sensor system that consumes high power, usually in the range of 1-10 milliwatts. Also, such a
system cannot be readily deployed at certain locations / sites where smaller packaging is

desirable.

SUMMARY OF THE DISCLOSURE
[0005] A passive wireless sensor system is disclosed that includes components
fabricated from carbon nanotube (CNT) structures. In some situations, the passive wireless
sensor system includes a CNT structure sensor and an antenna that communicates wirelessly by
altering an impedance of the antenna. The passive wireless sensor system includes a non-
battery-powered energy storage device that harvests energy from carrier signals received at the

antenna. The antenna and the energy storage device can be formed from CNT structures.
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[0006] In certain embodiments, an ultra-low power passive wireless sensor system is
provided that comprises a carbon nanotube (CNT) structure sensor, and an antenna coupled to
the CNT structure sensor and configured to receive sensed data from the CNT structure sensor
and wirelessly transmit the sensed data by altering an impedance of the antenna.

[0007] In certain embodiments, a method of operating an ultra-low passive wireless
sensor is provided that comprises generating, by a carbon nanotube (CNT) structure sensor, an
output signal based on a sensed condition, and altering an impedance of an antenna coupled to
the CNT structure sensor in accordance with the output signal to wirelessly communicate the
output signal.

[0008] In certain embodiments, a passive wireless sensor apparatus is provided that
comprises a carbon nanotube (CNT) structure sensor, and an antenna coupled to the CNT
structure sensor, wherein the sensor and the antenna are implemented using different CNT layers

of the CNT structure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Various aspects and embodiments of the application will be described with
reference to the following figures. It should be appreciated that the figures are not necessarily
drawn to scale. Items appearing in multiple figures are indicated by the same reference number
in all the figures in which they appear.

[0010] FIG. 1 illustrates a system architecture of a passive wireless sensor system,
according to some embodiments.

[0011] FIG. 2 illustrates a sequence diagram depicting interactions between different
components of the passive wireless sensor system of FIG. 1, according to some embodiments.

[0012] FIG. 3 illustrates a detailed block diagram of the different components of the
passive wireless sensor system of FIG. 1, according to some embodiments.

[0013] FIG. 4 illustrates a flowchart describing a method of operation of the different
components of the passive wireless sensor system of FIG. 1, according to some embodiments.

[0014] FIG. 5 depicts an exemplary sensor and antenna with vertically aligned carbon
nanotube structures, according to one embodiment.

[0015]FIG. 6 depicts the passive wireless sensor system of FIG. 1 attached to an
environmental component and used for sensing an environmental condition, according to some

embodiments.
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DETAILED DESCRIPTION

[0016] The embodiments described herein set forth a passive wireless sensor system that
is capable of sensing various environmental conditions. One or more components of the passive
wireless sensor system can be fabricated from carbon nanotube (CNT) structures. Forming the
components of the passive wireless sensor system from CNT structures facilitates achieving a
small system or device size, for instance on the microscale or nanoscale. In some embodiments,
a compact stand-alone sensor may be fully contained within a housing lacking external electrical
connections, and thus may represent an example of a zero-pin sensor.

[0017] In at least some embodiments, the passive wireless sensor system is capable of
communicating sensed data wirelessly via backscattering and can be constructed without a
transceiver. In at least some embodiments, the passive wireless sensor system is capable of
generating energy to power various components of the system and implement the backscattering,
and can be constructed without a battery-powered energy source. By constructing the passive
wireless sensor system without a transceiver and/or battery-powered energy source, the passive
wireless sensor system can operate at substantially low power. For example, in some
embodiments, the passive wireless sensor system may consume less than 50 pWatts in
operation, or any value or range of values within that range.

[0018] The aspects and embodiments described above, as well as additional aspects and
embodiments, are described further below. These aspects and/or embodiments may be used
individually, all together, or in any combination of two or more, as the application is not limited
in this respect.

[0019] FIG. 1 illustrates a passive wireless sensor system 100, according to an aspect of
the disclosure. The passive wireless sensor system 100 includes a CNT structure sensor 105, an
antenna 110, an energy storage device (ESD) 115, a rectifier 120, and a modulator 125.

[0020] The CNT structure sensor 105 is formed from CNTs. In some embodiments, the
CNT structure sensor 105 may be a vertically aligned CNT structure sensor. For example, as
depicted in FIG. 5, a CNT structure sensor 105 may be formed from CNTs 502 oriented along
their longitudinal axes normal to a substrate surface 504. At least some of the other components
of the passive wireless sensor system 100 may also be fabricated from CNTs. In some
embodiments, the antenna 110, the ESD 115, and the rectifier 120 are formed from CNTs. For
example, FIG. 5 depicts a vertically aligned CNT structure antenna 110 formed from CNTs 506
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oriented along their longitudinal axes normal to substrate surface 508. In some embodiments,
the various components of the passive wireless sensor system 100 may be formed from a
common piece of CNT nanostructured material, for example occupying different areas or
vertical positions within the material. In some embodiments, the components may be formed at
different levels of layers of the CNT structure and are vertically interconnected by CNTs. For
example, the sensor 105 and the antenna 110 may be implemented using different CNT layers of
the CNT structure. In other words, the sensor 105 and the antenna 110 depicted in FIG. 5 may
be arranged in a layered configuration, where CNTs 502 and 506 may be aligned /
interconnected with one another or with CNT layers associated other components of the passive
wireless sensor system 100. In this manner, the CNT structure is used to interconnect different
CNT layers (associated with the different components) to form a 3D sensor structure.

[0021] The antenna 110 may be formed from a CNT structure in some embodiments.
The combination of the antenna 110 and modulator 125 may provide a variable impedance
antenna allowing the passive wireless sensor system 100 to communicate wirelessly using
backscattering. In some embodiments, the modulator 125 may be an impedance modulator that
alters the impedance of the antenna 110 to implement the backscattering. Thus, the passive
wireless sensor system 110 may lack a transceiver, and instead may use a received radio
frequency (RF) signal, such as a 2.4 GHz continuous wave (CW) carrier signal. As such, the
antenna 110 may be a 2.4 GHz antenna in some embodiments, although other frequencies may
be used.

[0022] Because transceivers may consume a relatively large amount of power,
constructing the passive wireless sensor system 100 without using a transceiver provides a
meaningful reduction in power consumption of the system.

[0023] The ESD 115, in some embodiments, is a CNT-based ESD device. For example,
ESD 115 may be a supercapacitor formed from a CNT structure. The ESD 115 harvests energy
from the received carrier signal and stores the harvested energy. The rectifier 120 rectifies the
received signal and may be formed from a CNT structure.

[0024] FIG. 2 illustrates a sequence diagram 200 depicting interactions between various
components of the passive wireless sensor system 100, according to some embodiments. At step
205, the antenna 110 receives a CW carrier signal from an external device (e.g., a reader, a host,

a central module, etc.). At step 210, the received CW signal is rectified by the rectifier 120 and
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provided to the ESD 115. At step 220, energy is harvested from the signal and stored in the
ESD 115.

[0025] At step 225, the sensor 105 may sense an environmental condition of interest and
generate an output signal based on the sensed data. At step 230, the modulator 125 may alter the
impedance of the antenna 110 based on the sensed data/output signal, thereby allowing the
output signal to be communicated to the external device via backscattering of the received
carrier signal, at step 235.

[0026] While FIG. 2 illustrates one manner of operation, alternatives are possible. Also,
some of the illustrated steps may be combined or performed in a different order than that
illustrated.

[0027] FIG. 3 illustrates a detailed block diagram of the various components of the
passive wireless sensor system 100, according to some embodiments. The passive wireless
sensor system 100 includes the CNT structure sensor 105 (e.g., a vertically aligned CNT), the
antenna 110, the ESD 115, the rectifier 120, the modulator 125, a regulator 305, a formatting
and encoding circuit 310, an analog-to-digital converter (ADC) 315, a controller 320, an
oscillator 325, and a resonator 330 (e.g., a crystal resonator).

[0028] The CNT structure sensor 105 may sense a characteristic or condition of interest
without consuming power. For example, the sensor 105 may be a chemical-based sensor in
which sensing is performed through chemical reactions, without requiring an external or battery-
powered energy source. In some embodiments, the sensor 105 may be a corrosion sensor. In
some embodiments, the sensor 105 may be a witness corrosion sensor, but may be other types of
sensors. In some embodiments, the sensor 105 is coupled to the antenna 110, which is formed
from a CNT structure.

[0029] In some embodiments, an output signal of the sensor 105 (including data sensed
by the sensor 105) may be digitized by the ADC 315. The formatting and encoding circuit 310
may perform formatting and encoding functions. In some embodiments, the formatting and
encoding circuit 310 may serialize the data, encode using Hamming encoding, and sequence
frames to the transmitted. However, alternative or additional functions may be implemented.

[0030] In some embodiments, the controller 320 may be a digital sequencer with control
logic, and may receive a clock signal from an oscillator 325 (e.g., a crystal oscillator) having a
resonator 330 (e.g., a crystal resonator). The controller 320 may provide outputs to both the

formatting and encoding circuit 310 and the ADC 315. In at least some embodiments, the
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controller 320 is not a processing core. In these embodiments, the controller 320 may be
relatively simply, for example being a shift register with control logic. Such a construction may
consume less power than a microprocessor core, facilitating low power operation of the passive
wireless sensor system 100.

[0031] In some embodiments, the digitized output signal may be used to control the
modulator 125, which is coupled to the antenna 110. The modulator 125 alters the impedance of
the antenna 110 to implement backscattering of a received carrier signal, thus transmitting the
sensed data from the passive wireless sensor system 100 to an external device.

[0032] The ESD 115 may be coupled to the antenna 110. In some embodiments, the
ESD 115 is coupled to the antenna 110 via the rectifier 120 and the regulator 305. In some
embodiments, the rectifier is coupled to the antenna 110 and is implemented as a CNT-based
RF-to-DC rectifier, which converts RF signals to direct current (DC) voltage. The regulator 305
may be any suitable type of regulator as the various aspects described herein are not limited to
use with a particular type of regulator. In some embodiments, the regulator may be formed from
CNT structures.

[0033] In some embodiments, the antenna 110 may receive the carrier signal from the
external device. For example, a 2.4 GHz CW signal may be received. The rectifier 120 rectifies
the signal, which is boosted or otherwise regulated by the regulator 305, and is provided to the
ESD 115. In some embodiments, additional energy harvesters may be provided, such as
vibrational and thermoelectric harvesters. Such harvesters may be formed from CNT structures
in some embodiments.

[0034] In some embodiments, the passive wireless sensor system 100 may comprise a
mix of CNT and non-CNT components. For example, the sensor 105, the antenna 110, and the
ESD 115 may be formed from CNT structures, and the controller 320, the formatting and
encoding circuit, and /or other components may be formed from non-CNT structures/materials.
It will be appreciated that the other combinations or mixes of CNT and non-CNT components
can be used to design the passive wireless sensor system 100 without departing from the scope
of this disclosure.

[0035] FIG. 4 illustrates a flowchart 400 describing a method carried out by the different
components of the passive wireless sensor system 100, according to some embodiments. At step
402, a continuous wave (CW) carrier signal (e.g., a radiofrequency (RF) CW signal) is received

at the antenna 110. At step 404, the sensor 105 generates an output signal based on a sensed
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condition (e.g., corrosion). The output signal can include data associated with the sensed
condition. At step 406, the modulator 125 alters the impedance of the antenna 110 in
accordance with the output signal (i.e., sensed data associated with the output signal). At step
408, the antenna 110 transmits the output signal via backscattering of the received CW carrier
signal.

[0036] In some embodiments, the CW carrier signal received at the antenna 110 is
rectified by the rectifier 120 and provided to the ESD 115, which stores the energy harvested
from the carrier signal.

[0037] In some embodiments, the passive wireless sensor system 100 may be packaged
within a plastic package or other material. In some embodiments, the passive wireless sensor
system 100 may be packaged in a package lacking external electrical circuits, contacts or
connections, such as pins. Thus, the passive wireless sensor system, in at least some
embodiments, is a CNT-based passive zero-pin sensor.

[0038] In some embodiments, as depicted in FIG. 6, the passive wireless sensor system
100 may be disposed in an environment of interest to sense a condition of interest. For example,
the system 100 may be attached, mounted to, or placed near, an environmental component 602
(e.g., a wall, building, or other component). A condition of the component or the surrounding
environment may be monitored using the system 100. It will be appreciated that while the
passive wireless sensor system 100 is depicted as having a rectangular shape, other shapes can
be implemented without departing from the scope of this disclosure.

[0039] The passive wireless sensor system 100, in particular, antenna 110 of the passive
wireless sensor system 100, receives a CW carrier signal from an external reader device 605.
The antenna 110 transmits an output signal associated with a sensed condition of the
environmental component 602 to the external reader device 605 via backscattering of the
received CW carrier signal. The passive wireless sensor system 100 is powered by energy
harvested from the received carrier signal and stored at the ESD 115.

[0040] In some embodiments, the CNT structure sensor 105 of the system 100 senses the
condition of interest (e.g., corrosion of the environmental component) without consuming
power. Thus, in some embodiments, power is used by the system 100 upon transmitting the
output signal, or data based on such a signal, from the passive wireless sensor system 100.

[0041] In some embodiments, the antenna 110 of the passive wireless sensor system 100

may be flexible, allowing it to conform to any environmental component / structure on which
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the passive wireless sensor system 100 is placed. For example, the passive wireless sensor
system 100 may be placed on a motor shaft, and the antenna 110 may conform to the shaft.
[0042] The terms “approximately”, “substantially,” and “about” may be used to mean
within £20% of a target value in some embodiments, within £10% of a target value in some
embodiments, within £5% of a target value in some embodiments, and yet within £2% of a
target value in some embodiments. The terms “approximately” and “about” may include the

target value.
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CLAIMS
What is claimed is:
1. An ultra-low power passive wireless sensor system, comprising:

a carbon nanotube (CNT) structure sensor; and
an antenna coupled to the CNT structure sensor and configured to receive sensed data
from the CNT structure sensor and wirelessly transmit the sensed data by altering

an impedance of the antenna.

2. The ultra-low power passive wireless sensor system of claim 1, further comprising an
energy storage device coupled to the antenna and configured to store energy harvested from a

continuous wave carrier signal received by the antenna.

3. The ultra-low power passive wireless sensor system of claim 2, wherein the energy

storage device comprises a CNT structure.

4. The ultra-low power passive wireless sensor system of claim 1, further comprising a

rectifier coupled to the antenna, wherein the rectifier comprises a CNT structure.

5. The ultra-low power passive wireless sensor system of claim 1, further comprising a
modulator configured to alter the impedance of the antenna based on the sensed data to

implement backscattering.

6. The ultra-low power passive wireless sensor system of claim 1, wherein the antenna

comprises a CNT structure.

7. The ultra-low power passive wireless sensor system of claim 1, wherein the CNT

structure sensor is a vertically aligned CNT structure sensor.

8. The ultra-low power passive wireless sensor system of claim 1, wherein the sensor and

the antenna are implemented using different layers of a CNT structure.
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9. The ultra-low power passive wireless sensor system of claim 1, further comprising at
least one non-CNT component.
10.  The ultra-low power passive wireless sensor system of claim 1, wherein the antenna is

flexible and is configured to conform to a structure on which the sensor system is placed.

11. A method of operating an ultra-low power passive wireless sensor, comprising;
generating, by a carbon nanotube (CNT) structure sensor, an output signal based on a
sensed condition; and
altering an impedance of an antenna coupled to the CNT structure sensor in accordance

with the output signal to wirelessly communicate the output signal.

12. The method of claim 11, further comprising:
receiving a continuous wave (CW) carrier signal;
harvesting energy from the CW carrier signal; and
storing the harvested energy in an energy storage device of the passive wireless sensor,

wherein the energy storage device comprises a CNT structure.

13.  The method of claim 11, wherein the CNT structure sensor comprises a vertically

aligned CNT structure sensor.

14. The method of claim 11, wherein the antenna comprises a CNT structure and

communicates the output signal via backscattering.

15. A passive wireless sensor apparatus, comprising:
a carbon nanotube (CNT) structure sensor; and
an antenna coupled to the CNT structure sensor, wherein the sensor and the antenna are

implemented using different CNT layers of a CNT structure.

16. The passive wireless sensor apparatus of claim 15, further comprising a modulator
coupled to the antenna and configured to alter an impedance of the antenna to wirelessly

transmit data sensed by the CNT structure sensor via backscattering,
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17. The passive wireless sensor apparatus of claim 16, wherein the CNT structure sensor, the
antenna, and the modulator are packaged within a package lacking external -electrical

connections.

18. The passive wireless sensor apparatus of claim 15, wherein the CNT structure sensor is a

vertically aligned CNT structure sensor.

19. The passive wireless sensor apparatus of claim 15, further comprising an energy storage

device coupled to the antenna and comprising a CNT structure.

20. The passive wireless sensor apparatus of claim 15, further comprising at least one non-

CNT component.



WO 2017/214488

1/6

100

—

PCT/US2017/036719

CNT STRUCTURE SENSOR

105

ANTENNA ENERGY STORAGE DEVICE
110 (ESD)
115
RECTIFIER MODULATOR
120 125

FIG. 1



WO 2017/214488 PCT/US2017/036719
2/6
" 200
SENSOR MODULATOR ANTENNA RECTIFIER ESD
105 125 110 120 115
RECEIVE CW
CARRIER SIGNAL
205
GENERATE
OUTPUT SIGNAL
BASED ON
SENSED DATA
225 RECTIFY CW
CARRIER SIGNAL
210
ALTER
IMPEDANCE OF
ANTENNA BASED
ON OUTPUT
SIGNAL STORE ENERGY
230 220
COMMUNICATE
OUTPUT SIGNAL
VIA
BACKSCATTERING
235

FIG. 2




WO 2017/214488

100

PCT/US2017/036719

Vdd <—

MODULATO
125

3/6
r 110
ESD REGULATOR RECTIFIER
& < _5 m
FORMATTING
AND ENCODING
CIRCUIT
310
OSCILLATOR CLK CONTROLLER

325

KD J

330

A4

320

FIG. 3

— Vdc/T

SENSOR

5 105




WO 2017/214488 4/6 PCT/US2017/036719

F_ 400

RECEIVE A CW CARRIER SIGNAL |~—— 402

A\ 4

GENERATE OUTPUT SIGNAL BASED
ON SENSED CONDITION

i

ALTER IMPEDANCE OF ANTENNA IN
ACCORDANCE WITH THE OUTPUT | —— 406
SIGNAL

_— 404

A4

TRANSMIT THE OUTPUT SIGNAL | . 40g
VIA BACKSCATTERING

FIG. 4



WO 2017/214488 5/6 PCT/US2017/036719

105
/ r— 110

O0OO0O0O0O0O0 5666666
OO0OO0OO0O0O0O ,
00000 0O
OO0 00000
/ocoocoo 0o,
O00O000 5606600
00 OO OO0 [O9 /

O
/ O /
\ 506 \

504 508

FIG. 5



WO 2017/214488 6/6 PCT/US2017/036719

READER
DEVICE

605

FIG. 6



INTERNATIONAL SEARCH REPORTY International application No.

PCT/US2017/036719

Al CLASSIFICATION OF SUBJECT MATTER
IPC (2017.01) H02J 50/20

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

B. FIELDS SEARCHED

Minimum decumentation searched (classification system followed by classification symbols)
IPC (2017.01) HO2J

Documentation searched other than minimum documertation to the extent that such docwments are inchuded in the fields searched

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

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

J

X US 2010097273 Al 15,18-20
22 Apr 2010 (2010/04/22)
Entire Document

A Entire Document 1-14,16,17

PX US 2017237466 A1l 1-20
17 Aug 2017 (2017/08/17)
Entire Document

P.X EP 3190421 Al 1-20
12 Jul 2017 (2017/07/12)
Entire Document

A US 2012256492 A1l 1-20
11 Oct 2012 (2012/10/11)
Enire Document

Further documents are listed in the continuation of Box C. See patent family annex,
* secial cateooties of ol locutmenis: oo s . : . . L.

Special categories of cited documents: T"  later document published after the internationat 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 fo understand

to be of particular relevance the principle or theory underlying the invention
“g”  eatlier application or patent but published on or after the “X document of particular relevance; the claimed invention cannot be

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

cited 1o establish the tication date of another citation or oth wy : : : :

;g‘:éi qu’ éﬁ;&i‘ﬁsﬂ:; epc‘g) el d}anu date of another citation or other Y” document of particular relevance; the claimed invention cannot be
ey A eERREEE . considered {o involve an inventtve step when the document is
“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination

means being cbvious o 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 intemational search report
24 Sep 2017 25 Sep 2017

Name and mailing address of the [SA: Authorized officer

Israel Patent Office COHAY Mattan

Technology Park, Bldg.5, Malcha, Jerusalem, 9695101, Israel

Facsimile No. 97225651616 Telephone No. 972-2-5651611

Form PCT/ISA/210 {second sheet) {Jannary 2615)




INTERNATIONAL SEARCH REPORT

International application No.

22 Aug 2013 (2013/08/22)
Entire Document

PCT/US2017/036719
C (Continnation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A CA 2864817 Al 1-20

Form PCT/ISA/210 (continuation of second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT
[nformation on patent family members

International application No.

PCT/US2017/036719
Patent docug;g;tcned search Publication date Patent family member(s) Publication Date
US 2010097273 Al 22 Apr 2010 US 2010097273 Al 22 Apr 2010
US 8692716 B2 08 Apr 2014
US 2017237466 Al 17 Aug 2017 US 2017237466 Al 17 Aug 2017
US 2012256492 Al 11 Oct 2012 US 2012256492 Al 11 Oct 2012
US 8552597 B2 08 Oct 2013
EP 3190421 Al 12 Jul 2017 EP 3190421 Al 12 Jul 2017
CN 106950398 A 14 Jul 2017
DE 102016125722 Al 13 Jul 2017
JP 2017122727 A 13 Jul 2017
CA 2864817 Al 22 Aug 2013 CA 2864817 Al 22 Aug 2013
AU 2013221336 Al 02 Oct 2014
AU 2013221336 B2 17 Aug 2017
CN 104769766 A 08 Jul 2015
EP 2814388 A2 24 Dec 2014
EP 2814388 A4 18 Nov 2015
JP 2015516606 A 11 Jun 2015
JP 6159346 B2 05 Jul 2017
KR 20140139503 A 05 Dec 2014
TW 201340543 A 01 Oct 2013
T™W 1586071 B 01 Jun 2017
US 2015035378 Al 05 Feb 2015
WO 2013123359 A2 22 Aug 2013
WO 2013123359 A3 16 Oct 2014

Form PCT/ISA/210 (patent family annex) (Jamary 2615)




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

