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WATER ASSISTED HIGHLY PURE RUTHENIUM THIN FILM DEPOSITION

FIELD

[0001] Embodiments of the disclosure relate to ruthenium thin film deposition. More
particularly, embodiments of the disclosure are directed to the deposition of ruthenium

thin films using water as an oxidant.

BACKGROUND

[0002] Ruthenium and ruthenium based thin films have attractive material and
conductive properties. These films have been proposed and tested for applications
from front end to back end parts of semiconductor and microelectronic devices.
Ruthenium thin film deposition has been studied for many years by both academic
and industry researchers. There are some precursors of Ru that have been used for
Ru thin film processes, such as Rus(CO)s, bis(ethylcyclopentadienyl) ruthenium and
derivatives thereof. Reactants used for those processes can be H,, O, or Os.
Bis(ethylcyclopentadienyl) ruthenium and its derivatives show ALD process
characteristics. However, the precursor gives thin film with more than 40% carbon,

leading to a film with a high resistivity.

[0003] Using O, or O3 can generate carbon-less ruthenium films with better film
conductivity. However, O, or O3 use can also oxidize underneath layers easily (e.g.,
barrier layer) causing barrier layer failure. Additionally, Oz and Os can result in the

formation of ruthenium oxide.

[0004] Cyclohexadienyl ruthenium tricarbonyl, Rus(CO)g and derivatives thereof are
versatile precursors for CVD application for ruthenium thin films as a seed layer or
conductive layer. However, the films always contain some percent impurity, such as

C, 3-8% which affects conductivity.

[0005] Therefore, there is a need in the art for methods of depositing ruthenium thin

films with good conductivity and/or lower impurity levels.
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SUMMARY

[0006] One or more embodiments of the disclosure are directed processing
methods comprising exposing a substrate to a first reactive gas comprising an
ethylcyclopentadienyl ruthenium complex or a cyclohexadienyl ruthenium complex

and a second reactive gas comprising water to form a ruthenium film.

[0007] Additional embodiments of the disclosure are directed to processing
methods comprising sequentially exposing a substrate to a first reactive gas
comprising bis(ethylcyclopentadienyl)ruthenium and a second reactive gas consisting

essentially of water to form a ruthenium film.

[0008] Further embodiments of the disclosure are directed to processing methods
comprising sequentially exposing a substrate to a first reactive gas comprising
cyclohexadienyl ruthenium ftricarbonyl and a second reactive gas consisting

essentially of water to form a ruthenium film.

DETAILED DESCRIPTION

[0009] Embodiments of the disclosure provide precursors and processes for
depositing ruthenium-containing films. The process of various embodiments uses
vapor deposition techniques, such as an atomic layer deposition (ALD) or chemical
vapor deposition (CVD) to provide ruthenium films.

[0010] A "substrate surface", as used herein, refers to any portion of a substrate or
portion of a material surface formed on a substrate upon which film processing is
performed. For example, a substrate surface on which processing can be performed
include materials such as silicon, silicon oxide, silicon nitride, doped silicon,
germanium, gallium arsenide, glass, sapphire, and any other materials such as
metals, metal nitrides, metal alloys, and other conductive materials, depending on the
application. Substrates include, without limitation, semiconductor wafers. Substrates
may be exposed to a pretreatment process to polish, etch, reduce, oxidize,
hydroxylate, anneal, UV cure, e-beam cure and/or bake the substrate surface. In
addition to film processing directly on the surface of the substrate itself, in the present
invention, any of the film processing steps disclosed may also be performed on an
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underlayer formed on the substrate as disclosed in more detail below, and the term
"substrate surface" is intended to include such underlayer as the context indicates.
Thus for example, where a film/layer or partial film/layer has been deposited onto a
substrate surface, the exposed surface of the newly deposited film/layer becomes the
substrate surface. Substrates may have various dimensions, such as 200 mm or 300
mm diameter wafers, as well as, rectangular or square panes. In some embodiments,

the substrate comprises a rigid discrete material.

[0011] "Atomic layer deposition" or "cyclical deposition" as used herein refers to the
sequential exposure of two or more reactive compounds to deposit a layer of material
on a substrate surface. As used in this specification and the appended claims, the

terms “reactive compound”, “reactive gas”, “reactive species”, “precursor”, “process
gas” and the like are used interchangeably to mean a substance with a species
capable of reacting with the substrate surface or material on the substrate surface in a
surface reaction (e.g., chemisorption, oxidation, reduction). The substrate, or portion
of the substrate is exposed sequentially to the two or more reactive compounds which
are introduced into a reaction zone of a processing chamber. In a time-domain ALD
process, exposure to each reactive compound is separated by a time delay to allow
each compound to adhere and/or react on the substrate surface. In a spatial ALD
process, different portions of the substrate surface, or material on the substrate
surface, are exposed simultaneously to the two or more reactive compounds so that
any given point on the substrate is substantially not exposed to more than one
reactive compound simultaneously. As used in this specification and the appended
claims, the term “substantially” used in this respect means, as will be understood by
those skilled in the art, that there is the possibility that a small portion of the substrate
may be exposed to multiple reactive gases simultaneously due to diffusion, and that

the simultaneous exposure is unintended.

[0012] In one aspect of a time-domain ALD process, a first reactive gas (i.e., a first
precursor or compound A) is pulsed into the reaction zone followed by a first time
delay. Next, a second precursor or compound B is pulsed into the reaction zone
followed by a second delay. During each time delay a purge gas, such as argon, is
introduced into the processing chamber to purge the reaction zone or otherwise

remove any residual reactive compound or by-products from the reaction zone.
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Alternatively, the purge gas may flow continuously throughout the deposition process
so that only the purge gas flows during the time delay between pulses of reactive
compounds. The reactive compounds are alternatively pulsed until a desired film or
film thickness is formed on the substrate surface. In either scenario, the ALD process
of pulsing compound A, purge gas, compound B and purge gas is a cycle. A cycle can
start with either compound A or compound B and continue the respective order of the

cycle until achieving a film with the desired thickness.

[0013] In an aspect of a spatial ALD process, a first reactive gas and second
reactive gas are delivered simultaneously to the reaction zone but are separated by
an inert gas curtain and/or a vacuum curtain. The substrate is moved relative to the
gas delivery apparatus so that any given point on the substrate is exposed to the first
reactive gas and the second reactive gas.

[0014] Embodiments of the disclosure advantageously provide methods to use
water moisture to achieve ALD process with bis(ethylcyclopentadienyl)ruthenium with
water with low Ru film resistivity. Some embodiments of the disclosure produce

ruthenium films higher purity than with other ruthenium precursors.

[0015] In some embodiments, deposition of ruthenium films using sequential
exposure of bis(ethylcyclopentadienyl)ruthenium and water vapor can remove

hydrocarbon from ruthenium to generate purer Ru films.

[0016] In some embodiments, the ruthenium precursor pulse length and number of
pulses can be varied to achieve thicker Ru layers to react with water sequentially.
Some embodiments increase process throughput with purer Ru film.

[0017] Some embodiments advantageously use water as a co-reactant to improve
the ruthenium film deposition rate and conductivity. One or more embodiments of the
disclosure advantageously provide integration schemes to deposit Ru films to

eliminate seams issues during gap-fill.

[0018] One or more embodiment of the disclosure is directed to a processing
method for forming a ruthenium film. The processing method comprises exposing a
substrate or substrate surface to a first reactive gas comprising a ruthenium complex

and a second reactive gas comprising water.
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[0019] The ruthenium complex of some embodiments comprises an
ethylcyclopentadienyl ruthenium complex or a cyclohexadienyl ruthenium complex. In
some embodiments, the ethylcyclopentadienyl ruthenium  complex s
bis(ethylcyclopentadienyl)ruthenium. In some embodiments, the first reactive gas
consists essentially of bis(ethylcyclopentadienyl)ruthenium. As used in this manner,
the term "consists essentially of" means the ruthenium-containing precursor is greater
than or equal to about 95%, 98% or 99% of the stated species on a molecular basis.
In some embodiments, the ethylcyclopentadienyl ruthenium complex comprises one
or more carbonyl ligands. In some embodiments, the ethylcyclopentadienyl ruthenium
complex comprises or consists essentially of ethylcyclopentadienyl ruthenium
dicarbonyl. In some embodiments, the ethylcyclopentadienyl ruthenium complex
comprises or consists essentially of ethylcyclopentadienyl ruthenium tricarbonyl.

[0020] In some embodiments, the cyclohexadienyl ruthenium complex is a
cyclohexadienyl ruthenium carbonyl complex. In some embodiments, the
cyclohexadienyl ruthenium complex is a cyclohexadienyl ruthenium tricarbonyl. In
some embodiments, the first reactive gas consists essentially of cyclohexadienyl
ruthenium tricarbonyl. As used in this manner, the term "consists essentially of"
means the ruthenium-containing precursor is greater than or equal to about 95%, 98%
or 99% of the stated species on a molecular basis. In some embodiments, the
cyclohexadienyl ruthenium complex is a methylcyclohexadienyl ruthenium tricarbonyl.
In some embodiments, the first reactive gas consists essentially of
methylcyclohexadienyl ruthenium tricarbonyl. In some embodiments, the
cyclohexadienyl group includes one or more methyl, ethyl, propyl or butyl groups on
the cyclohexadiene ring.

[0021] In some embodiments, the ruthenium film is formed by a CVD process
where the first reactive gas and the second reactive gas are exposed to the substrate
at the same time in a mixture. In some embodiments, the ruthenium film is formed by
an ALD process where the first reactive gas and the second reactive gas are exposed
to the substrate sequentially.

[0022] The second reactive gas of some embodiments comprises water (e.g., water

vapor). In some embodiments, the second reactive gas consists essentially of water.
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As used in this regard the term "consists essentially of water" means that the reactive
species of the second reactive gas is greater than or equal to about 95%, 98% or 99%
water on a molecular basis. Diluent and inert gases are not included in the reactive

gas calculation for either the first reactive gas or the second reactive gas.

[0023] In some embodiments, the second reactive gas comprises substantially no
H.. As used in this regard, the term "substantially no" means that the reactive species
of the second reactive gas is less than or equal to about 5%, 4%, 3%, 2% or 1% of the
stated species. In some embodiments, the second reactive gas comprises
substantially no O..

[0024] In some embodiments, the second reactive gas includes a stronger oxidizing
agent than water to form an intermediate strength oxidizer. As used in this manner,
intermediate strength means an oxidizing strength between pure Os and pure water.
In some embodiments, the second reactive gas further comprises one or more of Oy,
alcohol or ammonia. When the second reactive gas is an intermediate strength
oxidizer, the second reactive gas comprises greater than or equal to about 70% water
on a molecular basis. In some embodiments, the second reactive gas comprises
greater than or equal to about 50%, 60%, 80%, 90% or 95% water on a molecular
basis.

[0025] The temperature of the substrate during deposition can be controlled, for
example, by setting the temperature of the substrate support or susceptor. In some
embodiments the substrate is held at a temperature in the range of about 200 °C to
about 400 °C, or in the range of about 200 °C to about 300 °C, or in the range of about
250 °C to about 350 °C, or in the range of about 250 °C to about 300 °C.

[0026] In addition to the foregoing, additional process parameters may be regulated
while exposing the substrate to the ruthenium-containing process gas and/or the
second reactive gas. For example, in some embodiments, the process chamber may
be maintained at a pressure of about 0.1 to about 50 Torr, or in the range of about 1
Torr to about 20 Torr, or in the range of about 2 Torr to about 5 Torr, or in the range of
about 1.8 Torr to about 2.5 Torr.
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[0027] The ruthenium film formed by one or more embodiments of the disclosure
has a resistivity less than or equal to about 40 uQ-cm, 35 uQ-cm, 30 uQ-cm or 15 puQ-

cm.

[0028] In some embodiments, the ruthenium film has a growth rate greater than or
equal to about 0.6A/cycle, 1 A/cycle, 2 A/cycle or 3 A/cycle, where a cycle comprises
a sequential exposure to the first reactive gas and the second reactive gas. In one or
more embodiments, the growth rate of the ruthenium film is greater than or equal to
about 0.6 A/cycle or 4 A/cycle.

[0029] In some embodiments, the ruthenium-containing film comprises greater than
or equal to about 95 atomic percent ruthenium. In some embodiments, the ruthenium-
containing film comprises greater than or equal to about 96, 97, 98, 99 or 99.5%
ruthenium on an atomic basis. In one or more embodiments, the sum of C, N, O and
halogen atoms is less than or equal to about 5, 4, 3, 2, 2 or 1 atomic percent of the
ruthenium-containing film. In some embodiments, the ruthenium film has a carbon
content less than or equal to about 3%, 2%, 1% or 0.5% on an atomic basis. In some
embodiments, the oxygen content of the ruthenium-containing film is less than or
equal to about 5, 4, 3, 2, 1 or 0.5 atomic percent.

[0030] Examples

[0031] Ruthenium films were deposited on cobalt, tantalum nitride, silicon oxide and
copper surfaces at 320 °C and 290 °C. The ruthenium precursor was
bis(ethylcyclopentadienyl)ruthenium and the reactant was water. The ruthenium
precursor was exposed to the substrate for about 3 seconds, the chamber was purged
for about 2 seconds, the water was exposed to the substrate for about 5 seconds and
the chamber was purged for about 8 seconds. This cycle was repeated 200 times at a
chamber pressure of about 0.8 torr. The thickness of the film as a function of the
substrate surface and temperature is collected in Table 1. The resistivity of the film on
a silicon oxide surface is listed in Table 2. The values listed in the Tables are good
faith approximations from graphical data.
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Table 1
Thickness, A
Substrate 290 °C 320 °C
Co 60 135
TaN 110 195
SiO, 170 195
Cu 40 125
Table 2
Temperature, C Resistivity, puQ-cm
290 23
320 13

5 [0032] Ruthenium films were deposited at 225 °C using 60 cycles of sequential
exposures of methylcyclohexadienyl ruthenium tricarbonyl and different reactants. A
thermal decomposition, O,, alcohol and water were used as the reactant. The
substrates were cobalt, tantalum nitride, silicon oxide and copper. The chamber
pressure was about 2 torr. The deposition rate as a function of the reactant is

10 collected in Table 3 and the film resistivity as a function of the reactant is listed in

Table 4.
Table 3
Deposition Rate, A/cycle
Reactant Co TaN SiO, Cu
Thermal 2.5 2.0 2.5 2.5
O, 4.8 4.5 4.8 4.5
Alcohol 4.7 3.5 3.8 4.2
Water 4.2 41 4.5 3.1
Table 4.
Reactant Resistivity, uQ-cm
TaN SiOz
Thermal 130 144
O 29 31
Alcohol 105 115
Water 22 24

15
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[0033] Although the disclosure herein has been described with reference to
particular embodiments, it is to be understood that these embodiments are merely
illustrative of the principles and applications of the present disclosure. It will be
apparent to those skilled in the art that various modifications and variations can be
made to the method and apparatus of the present disclosure without departing from
the spirit and scope of the disclosure. Thus, it is intended that the present disclosure
include modifications and variations that are within the scope of the appended claims

and their equivalents.
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What is claimed is:

A processing method comprising exposing a substrate to a first reactive gas
comprising an ethylcyclopentadienyl ruthenium complex or a cyclohexadienyl
ruthenium complex and a second reactive gas comprising water to form a

ruthenium film.

The processing method of claim 1, wherein the first reactive gas consists
essentially of bis(ethylcyclopentadienyl) ruthenium.

The processing method of claim 1, wherein the first reactive gas consists
essentially of cyclohexadienyl ruthenium tricarbonyl.

The processing method of claim 1, wherein the first reactive gas and the
second reactive gas are exposed to the substrate at the same time in a

mixture.

The processing method of claim 1, wherein the first reactive gas and the
second reactive gas are exposed to the substrate sequentially.

The processing method of claim 1, wherein the second reactive gas comprises
substantially no Ho.

The processing method of claim 1, wherein the second reactive gas comprises
substantially no O..

The processing method of claim 1, wherein the second reactive gas further

comprises one or more of O, alcohol or ammonia.

The processing method of claim 8, wherein the second reactive gas comprises
greater than or equal to about 70% water on a molecular basis.



10

15

20

WO 2018/129295 PCT/US2018/012557

10.

11.

12.

13.

14.

15.

11

A processing method comprising sequentially exposing a substrate to a first
reactive gas comprising bis(ethylcyclopentadienyl)ruthenium and a second

reactive gas consisting essentially of water to form a ruthenium film.

The processing method of any of claims 1 to 10, wherein the substrate is

maintained at a temperature in the range of about 200 °C to about 400 °C.

The processing method of any of claims 1 to 10, wherein the pressure of the
first reactive gas and the second reactive gas is in the range of about 0.1 Torr
to about 50 Torr.

The processing method of claim 12, wherein the pressure of the first reactive
gas and the second reactive gas is in the range of about 2 Torr to about 5 Torr.

The processing method of any of claims 1 to 10, wherein the ruthenium film has
a resistivity less than or equal to about 30 uQ-cm.

The processing method of any of claims 1 to 10, wherein the ruthenium film has
a growth rate greater than or equal to about 3 A/cycle, where a cycle comprises
a sequential exposure to the first reactive gas and the second reactive gas.



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2018/012557

A. CLASSIFICATION OF SUBJECT MATTER
C23C 16/18(2006.01)i, C23C 16/455(2006.01)i

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

B. FIELDS SEARCHED

C23C 28/02;, C23C 16/00

Minimum documentation searched (classification system followed by classification symbols)
C23C 16/18; HO1L 21/768; C23C 16/54; C23C 16/448; C23C 16/56; C23C 16/16; C23C 16/44;, HO1L 21/02; C23C 16/455; C23C 16/02;

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

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

tricarbonyl, complex, deposition

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: ruthenium, precursor, water, reactant, reactive gas, ethylcyclopentadienyl, cyclohexadienyl,

C. DOCUMENTS CONSIDERED TO BE RELEVANT

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

X US 6281125 Bl (VAARTSTRA et al.) 28 August 2001 1,3-9,11-15
See column 3, lines 34 — 53 and claims 1 - 12.

Y 2,10

Y US 2010-0112215 A1 (CUVALCI et al.) 06 May 2010 2,10
See paragraph [0024].

X US 2013-0146468 A1 (KIM et al.) 13 June 2013 1,3-9,11-15
See paragraphs [0022] - [0031] and claims 1 - 20.

X US 2011-0312148 A1 (KIM et al.) 22 December 2011 1,3-9,11-15
See paragraphs [0021] - [0030] and claims 1 - 20.

A KR 10-1628843 B1 (INDUSTRY-ACADEMIC COOPERATION FOUNDATION, 1-15
YEUNGNAM UNIVERSITY et al.) 10 June 2016
See paragraphs [0025] - [0031] and claims 1 - 3.

A KR 10-2007-0112190 A (TOKYO ELECTRON LIMITED) 22 November 2007 1-15
See paragraph [0020] and claims 3, 10, 12.

A US 2007-0259111 A1 (SINGH et al.) 08 November 2007 1-15
See paragraphs [0151] - [0153], [0223] - [0228] and claim 28.

|:| 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
13 April 2018 (13.04.2018)

Date of mailing of the international search report

13 April 2018 (13.04.2018)

Name and mailing address of the [SA/KR
e International Application Division
Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Dagjeon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578

Authorized officer

KIM, Jin Ho

+82-42-481-8699

Telephone No.

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




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2018/012557
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 6281125 Bl 28/08/2001 AT 257522 T 15/01/2004
AU 1999-51104 Al 21/03/2000
AU 1999-54763 Al 21/03/2000
AU 1999-55563 Al 21/03/2000
AU 5110499 A 21/03/2000
AU 5476399 A 21/03/2000
AU 5556399 A 21/03/2000
DE 69914092 T2 14/10/2004
EP 1115900 Al 18/07/2001
EP 1115900 B1 07/01/2004
JP 2002-523634 A 30/07/2002
JP 2002-523907 A 30/07/2002
JP 2002-524654 A 06/08/2002
JP 3875491 B2 31/01/2007
KR 10-0458355 Bl 26/11/2004
KR 10-0543360 Bl 20/01/2006
KR 10-0613119 Bl 17/08/2006
KR 10-0629029 Bl 26/09/2006
KR 10-2005-0098003 A 10/10/2005
MY 118274 A 30/09/2004
MY 121432 A 28/01/2006
MY 123021 A 31/05/2006
TW 434690 B 16/05/2001
TW 504521 B 01/10/2002
TW 531564 B 11/05/2003
US 2002-0053299 Al 09/05/2002
US 2003-0092262 Al 15/05/2003
US 2003-0154880 Al 21/08/2003
US 6063705 A 16/05/2000
US 6074945 A 13/06/2000
US 6133159 A 17/10/2000
US 6517616 B2 11/02/2003
US 6541067 Bl 01/04/2003
US 6840988 B2 11/01/2005
US 6844261 B2 18/01/2005
WO 00-12776 Al 09/03/2000
WO 00-12777 Al 09/03/2000
WO 00-12779 Al 09/03/2000
US 2010-0112215 Al 06/05/2010 US 8146896 B2 03/04/2012
US 2013-0146468 Al 13/06/2013 KR 10-2014-0105808 A 02/09/2014
TW 201333244 A 16/08/2013
TW 1564422 B 01/01/2017
WO 2013-086087 Al 13/06/2013
US 2011-0312148 Al 22/12/2011 TW 201201278 A 01/01/2012
US 2011-312148 Al 22/12/2011
WO 2011-159691 A2 22/12/2011

Form PCT/ISA/210 (patent family annex) (January 2015)




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2018/012557
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 2011-159691 A3 14/06/2012
KR 10-1628843 Bl 10/06/2016 KR 10-2015-0100994 A 03/09/2015
KR 10-2007-0112190 A 22/11/2007 CN 100514599 C 15/07/2009
CN 101142670 A 12/03/2008
JP 2008-538126 A 09/10/2008
JP 4308314 B2 05/08/2009
TW 200717709 A 01/05/2007
TW 1307139 B 01/03/2009
US 2006-0211228 Al 21/09/2006
US 7273814 B2 25/09/2007
WO 2006-101646 Al 28/09/2006
US 2007-0259111 Al 08/11/2007 CN 101438391 A 20/05/2009
CN 101438391 B 10/04/2013
CN 103215570 A 24/07/2013
EP 2022084 A2 11/02/2009
JP 2009-536267 A 08/10/2009
JP 2013-241678 A 05/12/2013
JP 5301430 B2 25/09/2013
KR 10-1046071 Bl 01/07/2011
KR 10-2009-0007486 A 16/01/2009
TW 200801228 A 01/01/2008
TW 201315836 A 16/04/2013
TW 1404816 B 11/08/2013
US 2007-0259110 Al 08/11/2007
US 2011-0000433 Al 06/01/2011
US 2012-0192792 Al 02/08/2012
US 7798096 B2 21/09/2010
US 8168269 B2 01/05/2012
WO 2007-131040 A2 15/11/2007
WO 2007-131040 A3 10/01/2008

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - description
	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 - wo-search-report
	Page 14 - wo-search-report
	Page 15 - wo-search-report

