
;HIJKe3e[[tp6T  CARBON FILM-COATED ARTICLE AND METHOD OF PRODUCING THE SAME
CROSS-REFERENCE TO RELATED APPLICATION (0001] This application is based on
Japanese patent application No.2002-201339 filed in Japan on July 10, 2002,
the entire content of which is hereby incorporated by reference. BACKGROUND
OF THE; INVENTION Field of the Invention [0002] The present invention
relates to carbon film coated articles which can be used as parts of
engines (e. g., internal combustion engines including gasoline engines,
diesel engines or the like), cutting articles such as cutting tools, parts
of cutting tools, etc., and a method of producing the same. Description of
Related Art [0003] A carbon film such as a DLC film (diamond-like carbon
film) has a high hardness, a high wear resistance and a low friction
coefficient. It has been proposed to increase the wear resistance of and
lower the coefficient of friction of engine parts, cutting articles and
like sliding articles by utilizing such characteristics of the carbon film.
The wear resistance and the coefficient of friction of the sliding articles
can be improved by    -2coating the Aiding articles with the DLC film or
like carbon films [0004] However, generally the DLC film and like carbon
films are low in the adhesion to the substrate of the sliding articles made
of steel or the like and therefore are easily separable from the substrate.
For improving the adhesion of the DLC film and like carbon films to the
substrate, it was proposed to form an intermediate layer 



between the carbon film and the substrate. The proposal, however, failed to
create a sufficient adhesion. SUMMARY OF THE INVENTION [0005] An object of
the present invention is to provide a carbon film-coated article, i.e., an
article having a carbon film formed on a substrate of the article, the
carbon film having a high adhesion to the substrate of the article, and a
method of producing the same. [0006] To achieve the above-mentioned object,
the invention provides the following carbon film-coated article and the
following producing method. (1) Carbon film-coated article [0007] A carbon
film-coated article comprising a substrate; a,mixed layer formed on at
least a part of the substrate, the mixed layer being composed of an
elements) constituting the substrate and tungsten; a tungsten film formed
on the mixed layer; and a carbon   -3film formed on the tungsten film. (2)
Method of producing a carbon film-coated article [0008] A method of
producing a carbon film-coated article comprising a substrate; a mixed
layer formed on at least a part of the substrate, the mixed layer being
composed of an elements) constituting the substrate and tungsten; a
tungsten film formed on the mixed layer; and a carbon film formed on the
tungsten film, the method comprising tine steps of forming the mixed layer
on at least a part of the substrate, the mixed layer being composed of an
elements) constituting the substrate and tungsten, foaming the tungsten
film on the mixed layer, and forming the carbon film on the tungsten film;
wherein at least one of the mixed layer, the 



tungsten film and the carbon film is formed using a cathode material
evaporated by arc discharge in a vacuum arc deposition apparatus having a
vacuum arc evaporation source including the cathode. [0009] The foregoing
and other objects, features, aspects and advantages of the present
invention will become more apparent from the following detailed description
and the accompanying drawings.   -4BRIEF DESCRIPTION OF THE DRAWINGS [0010]
Fig.1 is a partially sectional view showing an example of the carbon
film-coated article. [0011] Fig.2 is a schematic diagram showing the
structure of an example of the vacuum arc deposition apparatus. [0012]
Fig.3 is a graph showing a relation between a material and thickness of an
underlying layer of (under) the DLC film on one hand and a peeled area
representing adhesion of the DLC film to the substrate on the other hand.
[0013] Fig.4 is a graph showing a relation between thickness of the mixed
layer formed between the DLC film and the substrate and a load resistance
representing adhesion of the DLC film to the substrate. DESCRIPTION OF THE
PREFERRED EMBODIMENTS (1) Carbon film-coated article [0014] A carbon
film-coated article as a preferred embodiment of the invention has a mixed
layer, a tungsten film, and a carbon film formed on the substrate in this
order. More specifically, a mixed layer, a tungsten film and a carbon film
are formed over at least a part of the substrate of the article. [0015] The
substrate which requires high mechanical strength may be made of a material
including iron as the 



-5main component such as carbon steel, special steel or like steels.
Optionally the substrate may be made of ceramic(s), cemented carbide(hard
metal) or the like. [0016] The mixed layer is formed on the substrate and
contains an element(s) constituting the substrate (material(s) constituting
the substrate) and tungsten (W) and may contain other element(s). [0017]
The tungsten film is formed between the mixed layer and the carbon film.
The tungsten film contains tungsten (W) as the main component and may
contain impurities (minor components). [0018] The carbon film is formed on
the tungsten film. The carbon film contains carbon (C) as the main
component and may contain impurities including carbon nitride, silicon or
the like. The carbon film may be, for example, a DLC film (diamond-like
carbon film). [0019] As shown in the results of experiments to be described
layer, the adhesion of the carbon film to the tungsten film is higher than
the adhesion of the carbon film to a molybdenum film or a chromium film.
[0020] Since the mixed layer containing the elements) constituting the
substrate and the tungsten is formed between the substrate and the tungsten
film, the adhesion of the tungsten film to the substrate is high. Thereby,
the adhesion of the carbon film to the substrate is high   -Gin the carbon
film-coated article. [0021] The carbon film (especially DLC film) has a
high hardness and a low coefficient of friction so that the carbon
film-coated articles can be preferably used as members which are required
to have at least one of wear resistance aid low friction charactristic. For
example, the carbon film-coated articles (carbon film-coated 



members) can be used as sliding members (sliding parts). More specifically,
the carbon film-coated articles can be used as engine parts such as cams,
shims, valve lifters, plungers, piston rings and the like and other machine
parts, cutting articles such as drills, end mills, milling cutters, cutting
tools and the like, molds, etc. The carbon film in such carbon film-coated
article has such high adhesion to the substrate as described above that the
article can stably retain the low friction characteristic and other
characteristics for a long term. [0022] In view of the service life of the
carbon film coated article, the carbon film may have a thickness of, e.g.,
500 nm or more. When the carbon film is too thick, peel or cracks are
likely to occur. Thus, the thickness of the carbon film may be, e.g., 10 um
or less. The stress may be relaxed by addition of metals or the like.
[0023] Too thick or too thin the tungsten film allows the reduction in its
adhesion to the carbon film as shown   in the results of experiments to be
described later. The upper limit of thickness of the tungsten film is
preferably l70 nm or less, more preferably 150 nm or less, most preferably
100 nm or less. The lower limit of thickness of the tungsten film is
preferably 5 nm or more, more preferably 10 nm or more. [0024] Too thick or
too thin the mixed layer results in lower adhesion of the carbon film to
the substrate as shown in tile results o= experiments to be described
later. The upper limit of thickness of the mixed layer is preferably 200 nm
or less, more preferably 100 nm or less, especially more preferably 50 nm
or less, most preferably 10 nm or less. The lower limit of thickness of the
mixed layer is preferably 1 nm or more, more preferably 2 nm or more. (2)
Method of producing a carbon film-coated article [0025] A method of
producing a carbon film-coated article as a preferred embodiment of the
present invention comprises the steps of: foaming on a substrate of an
article a mixed 



layer containing an elements) constituting the substrate and tungsten,
foaming a tungsten film on the mixed layer, and forming a carbon film on
the tungsten film. [0026] At least one of the mixing layer, the tungsten
_g_ film and the carbon film is formed by a vacuum arc deposition apparatus
(arc-type ion plating apparatus). The vacuum arc deposition apparatus has
at least one vacuum arc evaporation source including a cathode. In the
vacuum arc deposition apparatus, a layer or a film can be formed using a
cathode material (substance constituting the cathode selected according to
the layer or film to be formed) evaporated by arc discharge, more
specifically by ionizing an evaporated cathode material by plasma generated
in the vicinity of the cathode. Any of the mixed layer, the tungsten film
and the carbon film may be formed by the vacuum arc deposition apparatus.
(0027] When the vacuum arc deposition apparatus is employed, the ionized
cathode material may be attracted to the substrate by a bias voltage to be
applied to the substrate and may be made to collide with the substrate.
Such bias application may be carried out in forming any of the mixed layer,
the tungsten film and the carbon film. [0028] The mixed layer can be formed
by subjecting the substrate to a bombarding process (vacuum arc deposition
operation involving a bombarding process) using tungsten as a cathode
material (in other words, using a cathode mainly containing tungsten) in
the vacuum arc deposition apparatus. More specifically, tungsten as the
cathode material is ionized by a plasma while applying a   _g_ relatively
high bias voltage to the substrate, so that 



the ionized tungsten is driven into the substrate {namely the substrate is
subjected to a bombarding process), thereby forming the mixed layer
containing an elements) constituting the substrate and tungsten. [0029] In
this case, presumably the surface of the substrate may be improved in
characteristics) by the bombarding process, resulting in formation of the
mixed layer. When the mixed layer is formed by the bombarding process, the
surface of the substrate is subjected to sputter cleaning and the substrate
is heated, whereby the tungsten film to be formed later is increased in its
adhesion to the mixed layer. [0030] The tungsten film can be formed by a
vacuum arc deposition method using tungsten as a cathode material (in other
words, using a cathode mainly containing tungsten) in the vacuum arc
deposition apparatus. For example, when tungsten as the cathode material is
made into plasma end is ionized while applying a relatively low bias
voltage to the substrate, the ionized tungsten is deposited on the
substrate (the mixed layer on the substrate) to form the tungsten film. It
is optional, e.g., to apply a bias voltage to the substrate which is lower
in an absolute value (including OV) than when the mixed layer is formed by
the bombarding process.   -10[0031] The carbon film can be formed by a
vacuum arc deposition method using carbon as a cathode material (in other
words, using a cathode mainly containing carbon) in the vacuum arc
deposition apparatus. For example, when carbon as the cathode material is
made into plasma and is ionized whip applying a bias voltage to the
substrate, the ionized carbon is deposited on the substrate (the tungsten
film on the substrate) to form the carbon film. [0U32] Any of the mixed
layer, the tungsten film and 



the carbon film can be formed by other methods than those using the
foregoing vacuum arc deposition apparatus. The carbon film may be formed,
for example, by a plasma CVD method, sputtering method, laser deposition
method or the like. However, any of the mixed layer, the tungsten film and
the carbon film can be formed at a relatively high deposition rate by the
method using the vacuum arc deposition apparatus. This is because the ion
density of the cathode Material in the plasma can be relatively increased
due to evaporation of the cathode material by arc discharge. When the
vacuum arc deposition apparatus is used, the mixed layer, the tungsten film
and the carbon film fan be formed even on the substrate of the article in a
relatively complicated shape (e. g. substrate in a cubic shape), and
deposition is easily feasible even over a large area.   -11[0033] Further,
the carbon film formed by the vacuum arc deposition method is more highly
hard and lower in hydrogen content than when formed by a plasma CVD method,
sputtering method or laser deposition method. When the carbon film is
formed by the vacuum arc deposition method, it may be done while applying a
pulse-type bias voltage to the substrate. Thereby the internal stress in
the carbon film thus formed can be lowered and the carbon film with d
nighty smooth surface can be formed [0034] In the foregoing method of
producing a carbon film-coated article, at least one of the mixed layer,
the tungsten film and the carbon film is formed in the vacuum arc
deposition apparatus. For example, a11 of the mixed layer, the tungsten
film and the carbon film may be formed in the same vacuum arc deposition
apparatus. When the mixed layer, the tungsten film and the carbon film are
formed in the same vacuum arc deposition apparatus, 



transport of the substrate, removal of gases) from a process chamber,
heating of the substrate can be performed in a shorter time than when one
or two of them are formed in other apparatus. [0035] This means that the
mixed layer, the tungsten film and the carbon film can be so efficiently
formed and a carbon film-coated article can be so efficiently produced. In
this case, an interface between the mixed   -12 layer and the tungsten film
and an interface between the tungsten film and the carbon film are unlikely
to come into contact with impurities, and proper interfaces can be created.
[0036] A vacuum arc deposition apparatus to be commonly used in forming the
mixed layer, the tungsten film and the carbon film has at least two vacuum
arc evaporation sources, e.g., a first vacuum arc evaporation source
including a tungsten cathode (cathode comprising tungsten as the main
Component? and a second vacuum arc evaporation source including a carbon
cathode (cathode comprising carbon as the main component). [0037] When the
mixed layer, the tungsten film and the carbon film are formed by a vacuum
arc deposition apparatus having only one vacuum arc evaporation source
including a cathode, a tungsten cathode needs to be exchanged fox a carbon
cathode after forming the mixed layer and the tungsten film. When employing
the vacuum arc deposition apparatus having the first and second vacuum arc
evaporation sources, the time period for exchange of cathodes can be saved,
and thereby a carbon film-coated article can be produced with more
efficiency. [0038] A vacuum arc deposition apparatus having two or more
vacuum arc evaporation sources each including 



tungsten cathode may be used in order to increase the   -13 deposition rite
in forming the mixed layer and/or the tungsten film. Likewise a vacuum arc
deposition apparatus having two or more vacuum arc evaporation sources each
including carbon cathode may be used in order to increase the deposition
rate in forming the carbon film. [0039] A vacuum arc deposition apparatus
to be used in forming at least one of the mixed layer, the tungsten film
and the carbon film may be of a magnetic filter type which has a magnetic
filter for at least one vacuum arc evaporation source to prevent
macro-particles of cathode material with a diameter of several micro-meters
to tens of micro-meters from adhering to the substrate. [0040] Especially
when the carbon film is formed, it is preferred to use such vacuum arc
deposition apparatus of the magnetic filter type. The reason is as follows.
When the cathode is disposed as opposed to the substrate in forming the
carbon film using a vacuum arc deposition apparatus having a vacuum arc
evaporation source including a carbon cathode, the carbon macro-particles
easily adhere to the surface of the substrate (tungsten film on the
Substrate). (3) Description of an example of carbon film-coated article and
method of producing the same [0041] An example of the carbon film-coated
article and a method of producing the same will be described with
-14reference to the drawings. Fig.1 is a partially sectional view
schematically showing an example of the carbon filmcoated article. [0042] A
carbon film-coated article 1 shown in Fig.1 has a substrate 11 of the
article. Superposed on at least a part of the substrate 11 are a mixed
layer 12, a tungsten film 13 and a carbon film 14 as formed in this order
from the substrate side. [U043] The substrate 11 is made of
chromium-molybdenum steel in this example. The mixed layer 12 contains an
elements) constituting the substrate and tungsten (W). In this example, the
mixed layer contains iron (Fe), chromium (Cr), molybdenum (Mo) and
tungsten. The mixed layer 12 has a thickness of 5 nm in this example. The
tungsten film 13 is mainly composed of tungsten and has a thickness of 50
nm in this example. The carbon film 14 is a DLC film having a thickness of
500 nm in this example. [0044] The carbon film-coated article 1 is
excellent in low friction characteristic and wear resistance because it is
covered with the highly hard DLC film (carbon film) 14. The adhesion
between the DLC film 14 and the tungsten film 13, the adhesion between the
tungsten film 13 and the mixed layer 12, and the adhesion between the mixed
layer 12 and the substrate 11 are a11 good, so that the adhesion of the DLC
film 14 to the substrate 11 is good. 



-15With this feature, the carbon film-coated article 1 can stably maintain
the low friction characteristic and wear resistance for a long term. [0045]
The DLC film 14 in this example is formed by a vacuum arc deposition method
using a vacuum arc deposition apparatus so that it has a less content of
hydrogen than when formed by a plasma CVD method, sputtering method, laser
deposition method or other methods, Thereyb the DLC film 14 can stably
exhibit the low friction characteristic and other characteristics even
under high temperature environments. [0046] In the carbon film-coated
article 1 which has a low friction characteristic and a high wear
resistance, the substrate 11 may be one of substrates for engine parts such
as cams, shims, valve lifters, plungers, piston rings and the like and
other machine, cutting articles such as drills, end mills, milling cutters,
cutting tools or parts thereof, etc. The articles 1 having such substrates
11 can be preferably used as engine parts and like machine parts, cutting
articles, etc. which require a low friction characteristic and a wear
resistance. [0047] 'the method of producing the carbon film-coated article
1 will be described. In this example, a11 of the mixed layer 12, tungsten
film 13 and DLC film 14 are   -16formed using a vacuum arc deposition
apparatus having vacuum arc evaporation sources. More specifically, a11 of
them are formed using the same vacuum arc deposition apparatus. [0048]
Fig.2 is a schematic diagram showing the structure of an example of the
vacuum arc deposition 



apparatus to be used in forming the mixed layer 12, tungsten film 13 and
DLC film 14. [0049] A vacuum arc deposition apparatus API oz Fig.2 is of
magnetic filter type and is provided with a vacuum chamber 20, a magnetic
filter 5 and two vacuum arc evaporation sources 3, 4. [0050] In the chamber
20, a holder 21 is disposed for holding the substrate 11 for forming the
DLC film 14 or the like. A negative voltage can be applied to the substrate
11 from a bias power source 22 via the holder 21 supporting the substrate
11. The chamber 20 is grounded. [0051] An evacuator 23 is connected to the
chamber 20. The gases) is removed from the chamber 20 by the evacuator 23,
whereby the gas pressure in the chamber 20 can be adjusted to a specified
range. A gas supply unit 24 is connected to the chamber 20. A specified
gases) can be introduced into the chamber 20 by the gas supply unit 24.
-17 [0052] The vacuum arc evaporation source 3 has a cathode 31, an arc
power source 32, a shield plate 33 and a trigger electrode 34. The cathode
31 is placed in the chamber 20, is opposed to the holder 21 and is composed
of tungsten. The shield plate 33 is annular and is disposed so as to
surround the cathode 31. A space is formed between the shield plate 33 and
the cathode 31 which are electrically insulated from each other. The shield
plate 33 is electrically connected to the chamber 20 via a resistor 35.
[0053] The trigger electrode 34 can be moved in right and left directions
in the figure by a driving device (not shown) from a position wherein its
tip is in contact with the cathode 31 to a position wherein its tip is out
of contact therewith. [0054] When the trigger electrode 34 is brought into
and out of contact with the cathode 31 while applying a negative voltage
from the arc power source 32 to the cathode 31, electric sparks are emitted
between the trigger electrode 34 and the cathode 31. Arc discharge is 



triggered by the sparks. [0055] Tungsten as a cathode material is heated by
the arc discharge, melted and evaporated. Plasma is generated by the arc
discharge in front of the cathode 31 (rightward of the cathode 31 in the
figure), whereby the   -18evaporated tungsten is partly ionized. In other
words, in the vacuum arc evaporation source 3, plasma containing tungsten
ions can be produced in front of the cathode 31 by arc discharge. [0056] A
magnetic filter 5 is provided to prevent macro-particles of cathode
material for the vacuum arc evaporation source 4 from adhering to the
substrate 11 supported by the holder 21. The magnetic filter 5 has a curved
transport pipe 51, a magnetic coil 52 wound on the transport pipe 51 and a
power source 53 for energizing the magnetic coil 52. The transport pipe 51
is connected to the chamber 20. In this example, the transport pipe 51 is
curved at an angle of 90 degrees. One of openings in the transport pipe 51
is opposed to the holder 21 disposed in the chamber 20 while the other
opening is closed with an end plate 54. [0057] A direct current voltage is
applied to the magnetic coil 52 from the power source 53, whereby a
magnetic field can be generated substantially along the internal wall of
the transport pipe 51 within the transport pipe 51. Indicated at 55 in
Fig.2 are lines of magnetic force in the magnetic field formed in this way.
[0058] The vacuum arc evaporation source 4 has a cathode 41, a cathode
holder 42, and an arc power source 43. The cathode 41 is composed of carbon
and is fixed to   -19the end plate 54 at an end of the transport pipe 51
via the holder 42 formed of an insulating material. The holder 21
(substrate 11 held by the holder 21) in the chamber 20 can not be seen from
the position of the cathode 41 disposed at the end of the transport pipe 51
because of interruption by the internal wall of the transport pipe 51
curved at an angle of 90 degrees. In other words, The internal wall of the
transport pipe 51 exists on a straight line connecting the cathode 41 with
the holder 21. 



[0059] In this example, the end plate 54 serves also as an anode. Arc
discharge is caused between the end plate (anode) 54 and the cathode 41
when an arc discharge voltage is applied between them from the arc power
source 43. The evaporation source 4 has a trigger electrode 44 for ignition
of arc discharge as in the above-mentioned evaporation source 3. [0060] The
trigger electrode 44 is connected to the end plate 54 via a resistor 45.
The trigger electrode 44 can be moved in right and left directions in the
figure by a driving device (not shown) from a position wherein its tip is
in contact with the cathode 41 to a position wherein its tip is out of
contact therewith. [0061] When the trigger electrode 44 is brought into and
out of contact with the cathode 41 while applying a   -zo negative voltage
from the arc power source 43 to the cathode 41, electric sparks are emitted
between the trigger electrode 44 and the cathode 41. Arc discharge is
triggered by the sparks. Carbon as a cathode material is heated by the arc
discharge, melted and evaporated. [0062] Plasma is generated in front of
the cathode 41 (rightward of the cathode 41 in the figure) by the arc
discharge, whereby the evaporated carbon is partly ionized. In other words,
in the vacuum arc evaporation source 4, plasma containing carbon ions can
be produced in front of the cathode 41 (rightward of the cathode 41 in the
figure) by the arc discharge. [0063] In the vacuum arc deposition apparatus
AP1 as described above, the mixed layer 12, tungsten film 13 and DLC film
(carbon film) 14 can be formed in the following way on the substrate 11 as
held by the holder 21. In formation of the mixed layer and the films, the
holder 21 holding the substrate 11 may be rotated by a driving device (not
shown) to form a uniform mixed layer and uniform films. [0064] In
deposition of a film, gas(es), e.g., air including reactive gases such as
nitrogen gas and oxygen gas) is removed from the chamber 20 by the
evacuator 23 to bring the inside to a state of reduced pressure of, e.g.,
10-4 Torr (approximately 10-2 Pa) or less.   -21 Thereafter an inactive gas
such as argon gas is introduced into the chamber 20 by the gas supply unit
24 



to bring the inside to a state of, e.g., 1 X 10-3 Torr (approximately 1 X
10-1 Pa) to 8 X 10-3 Torr (approximately 8 X 10-1 Pa) so that the retention
of arc discharge is facilitated in the evaporation sources 3 and 4. [0065]
When the mixed layer 12 is formed, the operation employs the evapoza~..iom
source .~ having tile cathode 31 composed of tungsten, not the evaporation
source 4. By the evaporation source 3, plasma containing tungsten ions can
be produced in front of the cathode 31 as described above, i.e., between
the cathode and the holder 21 holding the substrate 11. In this operation,
a relatively high negative direct current voltage (e. g., approximately
DC-400V to DC-2000V) is applied from the bias power source 22 to the
substrate 11 via the holder 21. [0066] The tungsten ions are attracted to
the substrate 11 by the bias voltage applied to the substrate 11 and are
made to collide with the substrate 11, whereby the ions are thrust into the
substrate 11. That is, the substrate 11 is subjected to a bombarding
process by the tungsten ions, whereby a layer containing the thrust
tungsten is formed as a surface layer on the substrate 11, i.e., the mixed
layer 12 containing substrate   -22constituting elements and tungsten is
formed. [0067] Thereafter the tungsten film 13 is formed on the mixed layer
12 while maintaining the pressure in the chamber 20. When the tungsten film
13 is formed, the operation employs the evaporation source 3 having the
cathode 31 composed of tungsten, not the evaporation source 4. When the
tungsten film 13 is formed, plasma containing tungsten ions is produced by
the evaporation source ~ and a nega~ive voltage is applied from the bias
power source 22 to the substrate 11. [0068] When the tungsten film 13 is
formed, a negative direct current voltage (e. g., approximately DC-200V)
which is lower in absolute value than when the mixed layer 12 is formed
(when the bombarding process is carried out) is applied to the substrate
11. Thereby the tungsten ions are attracted to the substrate 11 and are
made to collide with the substrate 11, so that the tungsten film 13 is
formed on the mixed layer 12. [0069] Since the bias voltage to be applied
to the substrate 11 is so low that an action of thrusting (bombarding) the
tungsten ions into the substrate 11 is small and tungsten becomes
accumulated on the mixed layer 12, forming the tungsten film 13 on the
mixed layer 12. [0070] Subsequently, the DLC film (carbon film) 14 is
formed on the tungsten film 13 while retaining the   -23pressure in the
chamber 20. When the DLC film 14 is formed, the operation employs the
evaporation source 4 having the cathode 41 composed of carbon, not the
evaporation source 3. By the evaporation source 4, plasma containing carbon
ions is produced in front of the cathode 41 as described above. The plasma
is transported 



along the transport pipe 51 by the magnetic field generated by the magnetic
coil 52, and is led toward the substra~~ 11 supported by the holder 21 in
the chamber 20. [0071] In this operation, a negative bias voltage has been
applied from the bias power source 22 to the substrate 11. In this example,
a pulse-type negative bias voltage is applied to the substrate 11. For
example, a pulse voltage of about -1 kV to about -10 kV is applied to the
substrate 11 at a frequency of 5 kHz and at a duty ratio of about 2o to
about 100. The carbon ions in the plasma are attracted to the substrate 11
by the bias voltage applied to the substrate 11, whereby the DLC film
(carbon film) 14 is formed on the tungsten film 13. [0072] The
macro-particles (droplets) of the cathode constituting substance produced
in the generation of plasma containing carbon ions in the evaporation
source 4 are removed as follows to prevent the macro-particles from
reaching the chamber 20 by the magnetic filter 5. The macro-particles
having no electric charge make a   -24 substantially straight advance in a
direction initially taken, starting from the cathode 41 because the macro
particles do not curve due to the magnetic field generated with the
magnetic coil 52. [0073] Most of the macro-particles are made to collide
with the internal wall of the curved transport pipe 51, consequently
failing to reach the inside of the chamber 20. Even if the macro-particles
start to move in a direcLl~n in w'tiicn the inside of the chamber ~u is
reached, the substrate 11 would not exist on a straight line in the
starting direction, making it impossible for the macro-particles to adhere
to the substrate 11. [0074] When a mixed layer 12, tungsten film 13 and DLC



film 14 are formed by the above-mentioned method, the following advantages
are gained. [0075] The mixed layer 12, tungsten film 13 and DLC film 14 can
be formed at a relatively higher deposition rate by using the cathode
material evaporated by the arc discharge than when formed by a plasma CVD
method, sputtering method or laser deposition method, resulting in higher
productivity. The mixed layer 12, tungsten film 13 and DLC film 14 can be
formed on the substrate 11, even if the substrate is in a relatively
complicated shape (e.g., a substrate in a cubic shape), according to the
vacuum arc deposition apparatus AP1. In addition,   -25deposition i~
feasible with relative easiness even over a large area. [0076] The mixed
layer 12 is formed by subjecting the substrate to a bombarding process so
that adhesion of the mixed layer 12 to the substrate 11 is increased. Since
the substrate 11 is subjected to a bombarding process, the substrate 11 can
be cleaned by sputtering and can be heated, whereby adhesion of the
tungsten layer 13 (to be formed later) to the mixed layer 1~ i5 increased.
[0077] When the DLC film (carbon film) 14 is formed by the vacuum arc
deposition method as described above, the DLC film 14 has a higher hardness
and a less content of hydrogen than when formed by a plasma CVD method,
sputtering method and laser deposition method. Because of less content of
hydrogen, the DLC film 14 can stably exhibit a low friction characteristic
even under a high temperature environment. [0078] Since the DLC film 14 is
formed while applying the pulse-type bias voltage to the substrate 11, the
internal stress in the DLC film 14 can be lowered and the DLC film 14 can
have a highly smooth surface. 



[0079] All of the mixed layer 12, tungsten film 13 and DLC film 14 are
formed using the same vacuum arc deposition apparatus AP1. Therefore, the
transport of the substrate 11, evacuation, etc. can be performed in a   -26
shorter time than when one or two of them are formed by other apparatus.
This means that the mixed layer, tungsten film and carbon film can be so
efficiently formed, resulting in increased productivity. [0080] The vacuum
arc deposition apparatus AP1 has the evaporation source 3 for use in
forming the mixed layer 12 and the tungsten film 13 and the evaporation
source 4 for use in forming the DLC film 14, namely two evapc~atlmi sources
so that tile mixed layer 1~, the tungsten fill 13 and the DLC film 14 can
be continuously formed without exchange of the cathode in each of the
evaporation sources. Thereby the mixed layer 12, tungsten film 13 and pLC
film 14 can be so efficiently formed with high productivity. [0081] Since
the magnetic filter 5 is provided for the evaporation source 4 for use in
forming the DLC film 14, the macro-particles of the substance constituting
the cathode 41 can be prevented from adhering to the substrate 11 (tungsten
film 13), whereby the DLC film 14 can be suppressed from lowering the
surface-smoothness of the DLC film 14. The DLC film 14 can be further
suppressed from peeling and cracking, starting from a part of the DLC film
14 to which macro-particles have adhered. In this example, the magnetic
filter 5 is provided only for the evaporation source 4 having the
-27carbon cathode in which macro-particles are likely to 



develop but may be also provided for the evaporation source 3. (4)
Experiments on material and thickness of underlying layer of carbon film
[0082] Test pieces of the carbon film-coated article were produced to
investigate the adhesion of the carbon film to the substrate using tungsten
films of varied thicKnesses serving as an underlying layer of the carbon
film. [0083] The test pieces of the carbon film-coated article were
produced as follows. A mixed layer, tungsten film and carbon film (DLC
film) were formed by the above mentioned method using the vacuum arc
deposition apparatus of the type shown in Fig.2. The substrate was one made
of chromium-molybdenum steel SCM415. Each of the layer and films was formed
in the chamber under a gas pressure condition prepared by introducing 100
sccm of argon gas info the chamber to attain a pressure of 5 X 10 Torr
(approximately 5 X 10-1 Pa) after the air was evacuated from the chamber 20
to attain a pressure of 1 X 10-5 Torr (approximately 1 X 10-3 Pa). [0084] A
mixed layer was formed by supplying the tungsten cathode in the evaporation
source with an arc current at 100A (100 amperes) and applying a bias
voltage   -28of DC (-1000V) to the substrate to subject the substrate to a
bombarding process. A tungsten film was formed by supplying the tungsten
cathode in the evaporation source with an arc current at 80A (80 amperes)
and applying a bias voltage of DC(-200V) to the substrate according to the
vacuum arc deposition method. A DLC film was formed by supplying the carbon
cathode in the evaporation source with an arc current at 80A and applying a
pulse-type bias voltage o~ -5 kv ~.o she substrate accozciing to the vacuum



arc deposition method. The pulse voltage was applied to the substrate at a
frequency of 10 kHz, and a duty ratio of 5a. [0085] Five test pieces of the
carbon film-coated article were produced. The test pieces were different
from each other in that the tungsten films were 5 nm, 10 nm, 50 nm, l00 nm
and 200 nm, respectively in thickness. In any of these test pieces, the
mixed layer had a thickness of 10 nm and the DLC film had a thickness of
500 nm. The thickness of the mixed layer was 10 nm at which good results
were achieved in the experiments to be described later. [0086] The
following three types of comparative test pieces of the carbon film-coated
article were produced to investigate the adhesion of the carbon film (DLC
film) to the substrate. All of these comparative test pieces had   -29
substrates of the same material (SCM415 steel) as the substrate fob the
test pieces having the tungsten film. [0087] In the first type comparative
test pieces, a molybdenum (Mo) film was used instead of the tungsten film
as the underlying layer of the DLC film, and a mixed layer was one
corresponding to the underlying layer (molybdenum film). That is, the first
type comparative test pieces had a molybdenum (Mo) film and a mixed layer
containing molybdenum and substrate-c:oiistitutlng elements) between the
DLC film and the substrate. [0088] The first type comparative test pieces
were produced in the same manner as done in producing the test pieces
having the tungsten film except that molybdenum was used as a cathode
material in the evaporation source which was used in forming the molybdenum
film and the mixed layer. 



[0089] More specifically, the mixed layer in each of the first type
comparative test pieces was formed by subjecting the substrate to a
bombarding process under the same deposition conditions as in forming the
mixed layer in the test pieces having the tungsten film. The molybdenum
film in each of the first type comparative test pieces was formed by a
vacuum arc deposition method under the same deposition conditions as in
forming the tungsten film in the test pieces having the tungsten film.
-30The DLC film in each of the first type comparative test pieces was
formed by a vacuum arc deposition method under the same deposition
conditions as in forming the DLC film in the test pieces having the
tungsten film. [0090] Four first type comparative test pieces were formed
such a manner that molybdenum films were 5 nm, 10 nm, 50 nm and 100 nm,
respectively in thickness. In each of the first type comparative test
pieces, the mixed layer hau a thickness of m mm, and zne DLC rilm hay a
thickness of 500 nm. [0091] In the second type comparative test pieces, a
chromium (Cr) film was used instead of the tungsten film as the underlying
layer of the DLC film, and a mixed layer was one corresponding to the
underlying layer (chromium film). That is, the second type comparative test
pieces had a chromium film and a mixed layer containing chromium and
substrate-constituting elements) between the DLC film and the substrate.
[0092] The second type comparative test pieces were produced in the same
manner as done in producing the test pieces having the tungsten film except
that chromium was used as a cathode material in the evaporation source
which was used in forming the chromium film and the mixed layer. More
specifically, the mixed layer in each of the second type comparative test
pieces was formed by 



-31subjecting the substrate to a bombarding process under the same
deposition conditions as in forming the mixed layer in the test pieces
having the tungsten film. [0093] The chromium film in each of the second
type comparative test pieces was formed by a vacuum arc deposition method
under the same deposition conditions as in forming the tungsten film in the
test pieces having the tungsten film. [0~794~ ~1'he I~LC. rllm in each o~
zne second type comparative test pieces was formed by a vacuum arc
deposition method under the same deposition conditions as in forming the
DLC film in the test pieces having the tungsten film. [0095] Five second
type comparative test pieces were produced in such manner that chromium
films were 5 nm, 10 nm, 50 nm, l00 nm and 200 nm, respectively in
thickness. In each of the second type comparative test pieces, the mixed
layer had a thickness of 10 nm, and the DLC film had a thickness of 500 nm.
[0096] In the third type comparative test piece, a DLC film was formed
directly on the substrate. The DLC film in the third type comparative test
piece was formed by a vacuum arc deposition method under the same
deposition conditions as in forming the DLC film in the test pieces having
the tungsten film. The DLC film in the third type   -32comparative test
piece had a thickness of 500 nm. [0097] The adhesion of the DLC film to the
substrate in each of the test pieces was evaluated by a Rockwell hardness
testing machine as follows. The DLC film over the substrate was depressed
under a load of 150 kg by an indenter (conical diamond indenter) to be used
in a C 



scale Rockwell hardness test, whereby the adhesior_ of the DLC film to the
substrate was evaluated in terms of an area oL peeled PLC film around the
impression formed by the depression. The results show that the smaller the
peeled film area is, the higher the adhesion of the DLC film to the
substrate is. [009B] The results are shown in Fig.3. It is apparent from
Fig.3 that when a tungsten film and a mixed layer containing tungsten are
formed between the DLC film and the substrate, the adhesion of the DLC film
to the substrate is higher than when the DLC film is formed directly on the
substrate. It is also evident that when the underlying layer of the DLC
film has the same thickness, a tungsten film formed as the underlying layer
achieves a higher adhesion of the DLC film to the substrate than when a
molybdenum film or a chromium film is used as the underlying layer. [0099]
It is further seen that a tungsten film, when too thick or too thin, lowers
the adhesion of the DLC   -33 film to the substrate. The thickness of the
tungsten film is preferably about 5 nm or greater, more preferably about 10
nm or greater. The thickness of the tungsten film is preferably about 170
nm or less, more preferably about l50 nm or less, most preferably about 100
nm or less. (5) Experiments on the thickness of mixed layer [0100] Test
pieces of the carbon film-coated article were produced to investigate the
adhesion of the carbon film (DLC film) to the substrate using mixed layers
of varied thicknesses. [0101] Six test pieces of the carbon film-coated
article were produced. These test pieces are different 



from each other in that the mixed layers formed of tungsten and elements)
constituting the substrate had thicknesses of 2 nm, 5 nm, 10 nm, 50 nm, 100
nm and 200 nm, respectively. The mixed layer, tungsten film and DLC film in
these test pieces were formed by the same method and under the same
conditions as described above. The substrate in any test piece was made of
chromium molybdenum steel SCM 415. In any of test pieces, the tungsten film
had a thickness of 50 nm and the DLC film had a thickness of 500 nm. When
the tungsten film has a 50 nm thickness, the DLC film exhibits an excellent
adhesion to the substrate as apparent from Fig.3.   -34 [0102] For a
comparative purpose, a test piece having no mixed layer, namely having a
tungsten film and a DLC film formed in this order on the substrate was
produced to investigate the adhesion of the DLC film to the substrate. The
tungsten film and DLC film in this comparative test piece were formed by
the same method and under the same conditions as described above. The
tungsten film had a thickness of 50 nm and the DLC film has a thickness o~
5UU nm m Lne comparative test pieces. [0103] The adhesion of the DLC film
to the substrate in each of the test pieces was evaluated in terms of an
area of peeled DLC film around the impression formed with an indenter
(conical diamond indenter) in the same manner as described above. In the
comparative test piece without a mixed layer, the DLC film became peeled,
whereas none of DLC layers in the test pieces having the mixed layer became
peeled irrespectively of the thickness of the mixed layer. [0104] As
described above, a difference in the adhesion of the DLC film to the
substrate due to the thickness of 



mixed layer was not found when measured by the foregoing evaluation method.
The adhesion of DLC films in these test pieces were further evaluated as
described below in order to investigate a preferred range of thickness of
the mixed layer.   -35[0105] A pressing piece was brought into contac~ with
the DLC film on the substrate under a pressing force in an engine oil and
was rotated at a revolution speed of 1042 rpm (sliding speed 1200 mm/sec)
by a motor. In this operation, while gradually increasing a load of the
pressing piece against the DLC film (a load on the pressing piece in
pressing the pressing piece against the DLC film), there was found out a
load[kgf/mm`] involved when a Lota~.ltig torque oz Lne motor required to
rota~.e the pressing piece at the foregoing revolution speed reached 20 [N]
or more. When the DLC film became peeled by increasing the load, a great
rotating torque of the motor was needed in rotating the pressing piece.
That is, even when a heavy load was imposed, the rotating torque of the
motor was small in rotating the pressing piece if a highly slidable DLC
film firmly adhered to the substrate and did not separate from the
substrate. Consequently this shows that the heavier the load measured is,
the higher the adhesion of the DLC film to the substrate is. The pressing
piece used was in the shape as prescribed under JIS-K7218A, namely
cylindrical and was made of carbon steel for machine structural use (S50C)
. [0106] The results are shown in Fig.4. Fig.4 shows that when the mixed
layer containing tungsten and a   -36substrate-constituting elements) is
too thick or too 



thin, the adhesion of the DLC film to the substrate is lowered. It is also
apparent from Fig.4 that the thickness of the mixed layer is preferably
about 1 nm or more, more preferably about 2 nm or more. It is further
evident that the thickness of the mixed layer is preferably about 200 nm or
less, more preferably about 100 nm or less, especially more preferably
about 50 nm or less, ITLOSt preferably about iG nm Ur less. [0107] As set
out above, the invention provides a carbon film-coated article in which a
carbon film is formed and the adhesion of the carbon film to the substrate
is high, and a method of producing the same. According to the producing
method of the invention, the carbon film and others can be efficiently
formed. [0108] Although the present invention has been described and
illustrated in detail, it is clearly understood that the same is by way of
illustration and example only and is not to be taken by way of limitation,
the spirit and scope of the present invention being limited only by the
terms of the appended claims.   -37 What is claimed: 1. A carbon
film-coated article comprising a substrate; a mixed layer formed on at
least a part of the substrate and composed of an elements) constituting the
substrate and tungsten; a tungsten film formed on the mixed layer; and a
carbon film formed on the tungsten film. 2. The carbon film-coated article
according to claim i, whereim the nmxea layer rias a thicnmess o~ 2uu nm or
less. 3. The carbon film-coated article according to 



claim 1, wherein the tungsten film has a thickness of 170 nm or less. 4.
The carbon film-coated article according to claim 1, wherein the carbon
film has a thickness of 500 nm to 10 um. 5. The carbon film-coated article
according to claim l, wherein the substrate is made of a material
comprising iron as a main component. 6.'A method of producing a carbon
film-coated article comprising a substrate, a mixed layer formed on at
least a part of the substrate, and composed of an elements) constituting
the substrate and tungsten, a tungsten film formed on the mixed layer, and
a carbon film formed on the tungsten film, the method comprising   -38 the
steps of: foaming the mixed layer on at least a part of the substrate, the
mixed layer being composed of the elements) constituting the substrate and
tungsten, forming the tungsten film on the mixed layer, and forming the
carbon film on the tungsten film; wherein at least one of the mixing layer,
the tungsten film ana the carbon zilm is ~ormea using a cathode material
evaporated by arc discharge in a vacuum arc deposition apparatus having a
vacuum arc evaporation source including the cathode. 7. The method
according to claim 6, wherein the carbon film is formed by a vacuum arc
deposition method using carbon as the cathode material in the vacuum arc
deposition apparatus while applying a pulse-type bias voltage to the
substrate. 8. The method according to claim 6, wherein the 



mixed layer is formed using tungsten as the cathode material in the vacuum
arc deposition apparatus while applying a bias voltage to the substrate to
subject the substrate to a bombarding process. 9. The method according to
claim 6, wherein a11 of the mixed layer, the tungsten film and the carbon
film were formed in a same vacuum arc deposition apparatus.   -3910, The
method according to claim 6, wherein the vacuum arc evaporation apparatus
has at least two vacuum arc evaporation sources, including a first vacuum
arc evaporation source having a cathode including tungsten as a main
component and a second vacuum arc evaporation source having a cathode
including carbon as a main component. 11. The method according to claim 6,
wherein the vacuum arc ueposizion dppazaLUS is o~ a magnetic filter type
which has a magnetic filter for at least one vacuum arc evaporation source
for suppressing macro-particles of the cathode material from adhering to
the substrate. .A&39.AFL.ANle.AFr.AL.A3R.A L.A_.A_.A3_.A _.A_.A_.A
9.AAL.A{r.A_.A_.A_.A9.Ar.AL.A3L.A_.A{L.A{_.Ah r.A_.A_.A _.A_.AFr.Ahr.AU_.A
_.A3.A L.Ar.AU ! =d2I~"[{=w
TXZ}xsnhc^Y]ca]ca]caU]ca]cRa]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cRa!D{'X_q N
0aqr9^}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!5 m      #WK
Bs'}xrmhc^Y]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!'01W 



=tzFo3lxy|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!/1h;
=>u5T478[|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca!-opGImJjkS7l|wrmhc^Y]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca!PZ\.d F y
!A!f!h!!!^""""#6#X###}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!##($a$c$$$%>%x%%%$&9
&:&L&N&V&&&&''_'''(C(M(N(z(((#)\)|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca!\))))*;
*p***+9+q+x++++,N,k,,,-B-y-----.).+.T...}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!.
...1/j///0L00000000*1c1112E2x2223V333364L44}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a!444-5h55566$6(6)646:6;
6p6667P7777-8^888888%9X999}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!99:?:K::::';<;
C;a;
;;;(<Z<<<<4=i===>F>y>>>>'?^???}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!??5@o@@@@@A
IAAAA*B`BBBCCLCuCCCD
D0D1DDDfEmEpEEE}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!EcGdGGGGI!I[I]I^IIIIJLJ~JJ
JJJJJ
KJKKKKKK"LWLLL|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca!LL+MbMsMMMNNUNNNNNNN4OhOOOO
OOOOO,PFP|PPPQQQ[Q|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca![QQQQjRRRRRSVSSScTTTUUV
IV}VVVW7WqWWWW"X[XmXXX}wrmhc^Y]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!X
YEYSYVYYYY)ZaZZZZ[M[[[[[[)\Z\\\^^^^^0`t`u`aa}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca!abPbbbb-cdcccd>dcddddde@ezeeeff&f_fffffgg7gpg}xsnid_Z]]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca!pgGhJhhhh.ifiiijBjsjjjkMkkkk(lyo|pZq\qqqq5rhrrrsGs|wrmhc^Y]ca]ca]ca]
ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca!Gs}sss
tXtttt8uluuuvGv~vvvv*w[wwww'xZxxxy3yjyyyy}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!
y-zfzzz{A{v{{{{&|2|h|||}I}}}}$~\~~~~5N!X|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!8
j:sF=sG}Y}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!R1kD{#J{,cC}+dk|wrmhc^Y]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca!kEx0eO+_4gGT}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!,cG$X5J!WX9n
}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!Gz2eSM.jlC|%]|wrmhc^Y]ca]ca]ca]ca]ca]ca]c
a]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca!R*\"W:sL2h}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!HzS3f<uV5Bz"[}xsnid_Z]]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca!O)a?yN&^g
Ar}wrmhc^Y]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!KKN(->kIO~,8g}xsnid_Z]]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca!5c;
v{MQSqF`2U}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!.g?J{&[SqF`2U}xsnid_Z]]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca =dcDZ10%"&'()-z10%"&'()-10%"&'()-y:10%"&'()-s `10%"&'()-
y&310%S
S&'()--2I~dE!y10%"&'()-10%"&'()-f&10%"&'()-`s10%"&'()-F10%"&'()-F10%"&'()-"
[{dE.G10%"&'()-,10%"&'()-)10%"&'()-'T10%"&'()-%G10%"&'()-#:10%"&'()-=w
TdE:10%"&'()-y810%"&'()-s610%"&'()-Y4'10%"&'()-@210%"&'()-&0
10%"&'()-TUVWX~_@10%:&'()-Y10%:&'()- 310%:&'()-!F:10%:u:u&'()- 10" 10"
10"sL<
10%"&'()-@D{'XdE~_@L10%:&'()-F10%:&'()-G10%:&'()-10%:&'()-10%:&'()-Z10%:&'(
)-Xq N  dE~_@'10%:&'()-%'10%:&'()-#10%:&'()-!10%:&'()-10%:&'()-`yl
10%:&'()-   0adE~_@l410%:&'()-S210%:&'()-9010%:&'()-
.10%:&'()-,10%:&'()-*10%:&'()-6789^_@ 10%M&'()-!Sls10%M>M>&'()- 10: 10:
10::10%:&'()-810%:&'()-L6S10%:&'()- 5 m
dE_@10%M&'()-F10%M&'()-Y10%M&'()-10%M&'()-10%M&'()-10%M&'()-
#WdE_@#10%M&'()-!10%M&'()-Z10%M&'()-f10%M&'()-yL 10%M&'()-Fm
10%M&'()-KdE_@90310%M&'()-
.G10%M&'()-+Z10%M&'()-)10%M&'()-y'10%M&'()-%10%M&'()- Bsxmb@!$F10%``&'()-
10M 10M 



10M8g10%M&'()-s610%M&'()-Y410%M&'()-S2Y10%M&'()-'WdEmb@!:10%`&'()-10%`&'()-
-10%`&'()-10%`&'()-sy10%`&'()-l
10%`&'()-=tzdEmb@!s!Z10%`&'()-l-10%`&'()-S10%`&'()-9:10%`&'()-
10%`&'()-310%`&'()-FodEmb@!-10%`&'()- +,10%`&'()-)10%`&'()-
'm10%`&'()-%f10%`&'()-#10%`&'()-3l,-.dE:/ 10` 10`:G10%`&'()-f810%`&'()-`6
10%`&'()-F4G10%`&'()-,210%`&'()-010%`&'()-./h;uxY:/
10`m10%`&'()-`10%`&'()-10%`&'()-10%`&'()- f10%`&'()-10%`&'()- 10`u5TdE:/
10`10%`&'()-f10%`&'()-L 10%`&'()-310%`&'()-,:10%`&'()-s10%`&'()-4[dE:/
10`,10%`&'()-*10%`&'()-''10%`&'()-%10%`&'()-3#10%`&'()-!10%`&'()--DEFdE:/
10` 10`:Z10%`&'()-810%`&'()-s610%`&'()-,2G10%`&'()-90 10%`&'()-
.10%`&'()-FGmJuV7/ 10`G10%:&'()-10%:&'()-10%:&'()-10%:&'()-l
10%:&'()-!I310%::&'()- 10`SdE7/ 10`GY10%:&'()-S:10%:&'()-&10%:&'()-f
10%:&'()-310%:&'()-10%:&'()-7ldE7/
10`G+F10%:&'()-)10%:&'()-'10%:&'()-%-10%:&'()-#10%:&'()-s! 10%:&'()-P.ddE:/
10: 10::10%:&'()-f810%:&'()-`6310%:&'()-,2 10%:&'()-010%:&'()-- 10%:&'()- F
y   xY:/ 10:10%M&'()- 10%M&'()- m10%M&'()- 10%M&'()-l 10%M&'()- 10%M&'()-
10: !A!^""""dE:/ 10:'10%M&'()-%10%M&'()-#10%M&'()-
10%M&'()-&10%M&'()-10%M&'()-"#6#X####dE:/
10:f`6-10%M&'()-,210%M&'()-'f010%M&'()--`10%M&'()-+10%M&'()-)10%M&'()-#($^$
_$`$a$$$%~_@ 10:10%M&'()- 10%M&'()-!I 10%MM&'()-- 10M 10M
10M:10%M&'()-fy810%M&'()-%>%x%%%$&V&dE~_@ 



10:3s10%M&'()-10%M&'()-10%M&'()-10%M&'()-10%M&'()-@
10%M&'()-V&&&&''_''dE~_@
10:%10%M&'()-#10%M&'()-!10%M&'()-l10%M&'()-S10%M&'()-9f10%M&'()-''(C(z(((dE
~_@ 10:@2Z10%M&'()-&0Z10%M&'()--Z10%M&'()- +
10%M&'()-)10%M&'()-'310%M&'()-(#)\)))))))xmbC 10:,10%M&'()- 10M 10M
10M:10%M&'()-y810%M&'()-`6m10%M&'()-F4:10%M&'()-)*;*p***+dEmbC
10:-10%M&'()-Z10%M&'()- 10%M&'()-10%M&'()-l
10%M&'()-S:10%M&'()-+9+q+++,N,dEmbC 10:l10%M&'()-S10%M&'()-910%M&'()-
10%M&'()-10%M&'()-10%M&'()-N,k,,,-B-y-dEmbC
10:+:10%M&'()-)10%M&'()-'10%M&'()-%:10%M&'()-#Y10%M&'()-!10%M&'()-y---.T...
dEmbC
10:y810%M&'()-`610%M&'()-F410%M&'()-,210%M&'()-010%M&'()--:10%M&'()-.....1/
j///bC 10:10%M&'()-10%M&'()-l Y10%M&'()-3:10%M&'()- 10M 10M
10M:10%M&'()-/0L0000*1dEbC 10:910%M&'()-3:10%M&'()-
10%M&'()-10%M&'()-10%M&'()-10%M&'()-*1c1112E2x2dEbC 10:'
10%M&'()-%:10%M&'()-#10%M&'()-!10%M&'()-l10%M&'()-S10%M&'()-x2223V333dEbC
10:F4'10%M&'()-,210%M&'()-&010%M&'()--10%M&'()-+10%M&'()-)10%M&'()-3364I4J4
K4L444bC 10:l 910%`&'()- M10%`&'()- 10M 10M 10M:
10%M&'()-y810%M&'()-`610%M&'()-44-5h5556dEbC
10:10%`&'()-y10%`&'()-10%`&'()- 10%`&'()-10%`&'()-10%`&'()-6;6p6667P7dEbC
10:#10%`&'()-s! 10%`&'()-Y10%`&'()-S10%`&'()-9:10%`&'()-
10%`&'()-P7777-8^88dEbC
10:010%`&'()--10%`&'()-+10%`&'()-)10%`&'()-':10%`&'()-%10%`&'()-888%9X99999
dYNC 10: 10` 10`
10`:10%`&'()-f810%`&'()-`610%`&'()-F4910%`&'()-,210%`&'()-999:?:K::dEYNC
10: 



10%M&'()-10%M&'()-10%M&'()-l 910%M&'()-S310%M&'()-10%M&'()-:::';a;;;dEYNC
10: S&10%M&'()-910%M&'()- 10%M&'()-10%M&'()-10%M&'()-M10%M&'()-;
;(<Z<<<<dEYNC 10:
)10%M&'()-'m10%M&'()-%10%M&'()-#s10%M&'()-!G10%M&'()-Y10%M&'()-<4=i===>F>dE
YNC 10:
`6F10%M&'()-F410%M&'()-,210%M&'()-010%M&'()--10%M&'()-+10%M&'()-F>y>>>>>>>'
?bC 10: - 10%`&'()-f10%`&'()-10%`&'()- 10M 10M 10M:10%M&'()-y8
10%M&'()-'?^????5@o@dEbC
10:10%`&'()-10%`&'()-Z10%`&'()-@10%`&'()-10%`&'()-sL10%`&'()-o@@@AIAAAdEbC
10:#Y10%`&'()-!10%`&'()-l@10%`&'()-fl10%`&'()-LY10%`&'()-310%`&'()-AA*B`BBB
CdEbC
10:&010%`&'()-.10%`&'()-+10%`&'()-)10%`&'()-':10%`&'()-%10%`&'()-CCLCuCCCCC
CdYNC 10: 10` 10`
10`:10%`&'()-y810%`&'()-`610%`&'()-Y4l10%`&'()-@210%`&'()-CmDfEGIIII[Iuj_@
10:10%M&'()- 10M 10M 10M&0@ 10%M&'()-f3 10%M&'()-  10%M&'()-!I
10%MM&'()-[IIIIJLJ~JdEj_@ 10:10%M&'()-10%M&'()-y10%M&'()-10%M&'()-10%M&'()-
Z10%M&'()-~JJJ KJKKKdEj_@
10:!10%M&'()-Y10%M&'()-f10%M&'()-L10%M&'()-F310%M&'()-,10%M&'()-KK"LWLLLLdE
j_@ 10:
.10%M&'()-,10%M&'()-)10%M&'()-'-10%M&'()-%m10%M&'()-#10%M&'()-L+MbMsMMMNNNd
E:/ 10M 10M:10%M&'()-810%M&'()-s6-
10%M&'()-l410%M&'()-S2:10%M&'()-9010%M&'()-NNUNNNNN4OuV7/
10M10%M&'()-t10%M&'()-f10%M&'()-10%M&'()- S 10%M&'()-!@10%MM&'()-S
10M4OhOOOO,PFPdE7/ 10M 



10%M&'()-f10%M&'()-LZ10%M&'()-F10%M&'()-s10%M&'()-Z10%M&'()-FP|PPPQQQ[QdE7/
10M,10%M&'()-)10%M&'()-'10%M&'()-%Z10%M&'()-#10%M&'()-!10%M&'()-[QQQQjRRRRR
dE:/ 10M 10M:Z10%M&'()-810%M&'()-Y4 10%M&'()-@2G10%M&'()- 90s10%M&'()-
.310%M&'()-RRRRSVSSSxY:/ 10MZ10%:&'()-10%:&'()-s10%:&'()-l
10%:&'()-S10%:&'()-10%:&'()- 10MScTTTUUVdE:/
10M)10%:&'()-'&10%:&'()-@10%:&'()-&10%:&'()-G10%:&'()-10%:&'()-VIV}VVVW7WdE
:/ 10ML6&10%:&'()-F4G10%:&'()-,2m 10%:&'()-0-
10%:&'()--10%:&'()-+10%:&'()-7WqWWWWWW"X[X~_@ 10MF10%`&'()-l 910%`&'()-!#@
10%``&'()-z 10: 10: 10::10%:&'()-f810%:&'()-[XmXXX YEYYdE~_@ 10M 10%`&'()-
10%`&'()-&10%`&'()-L10%`&'()-10%`&'()-s10%`&'()-YYY)ZaZZZdE~_@
10M%10%`&'()-#`10%`&'()-! 10%`&'()-l-
10%`&'()-S10%`&'()-9M10%`&'()-ZZ[M[[[[dE~_@
10M,2Z10%`&'()-&0`10%`&'()-.10%`&'()-+-10%`&'()-)10%`&'()-'10%`&'()-[)\Z\\\
\\\^xmb@ 10M!@Z10%``&'()- 10` 10`
10`:10%`&'()-y8G10%`&'()-s610%`&'()-Y4F10%`&'()-^0`raaaaaabbC
10M!f10%M&'()-F10%M&'()- 10`~ 10`~ 10`~ +, 10%`~&'()-+, 10%`&'()-,
10%`&'()- bPbbbb-cdcdEbC 10M!10%M&'()-10%M&'()-10%M&'()-Y10%M&'()-@
10%M&'()-l 10%M&'()-dcccd>dcdddEbC
10M!!:10%M&'()-l10%M&'()-S10%M&'()-910%M&'()- 10%M&'()-
10%M&'()-dde@ezeeedEbC
10M!010%M&'()-+-10%M&'()-)10%M&'()-'10%M&'()-%Z10%M&'()-#10%M&'()-e&f_ffffg
ggdYNC 10M! 10M 10M 



10M:S10%M&'()-y810%M&'()-`610%M&'()-F4Z10%M&'()-,210%M&'()-gg7gpgGhJhhdEYNC
10M! 10%M&'()-10%M&'()-s10%Mm&'()-3l
310%M&'()-SS10%M&'()-10%M&'()-hhh.ifiiidEYNC 10M! #S
10%M&'()-s!10%M&'()-Y10%M&'()-@10%M&'()-&10%M&'()- &10%M&'()-ijBjsjjjkdEYNC
10M!
0'10%M&'()--'10%M&'()-+10%M&'()-)10%M&'()-'10%M&'()-%10%M&'()-kMkkkk%l&l'l(
ldYNC 10M! 10M 10M 10M:10%M&'()-f8
10%M&'()-L610%M&'()-F4410%M&'()-,210%M&'()-(lZl3nyo|pWqXqYqZqaVK@ 10M 10M
10M 10MF410%M&'()-3)10%M&'()-: - 10%M&'()-! - 10%M&'()-!!k-
10%MUMU&'()-!Zqqqq5rhrraBVK@ 10M Y10%`&'()-10%`&'()- @ 10%`&'()-s10%`&'()-
&10%`&'()-!y310%``&'()-rrsGs}sssdEVK@ 10M l- 10%`&'()-Ss10%`&'()-910%`&'()-
10%`&'()-Y10%`&'()-10%`&'()-s tXtttt8udEVK@ 10M
+10%`&'()-)10%`&'()-'10%`&'()-%10%`&'()-#10%`&'()-!10%`&'()-8uluuuvGv~vdEVK
@ 10M
y810%`&'()-`610%`&'()-F410%`&'()-@210%`&'()-&010%`&'()-.310%`&'()-~vvvvvvv*
w[wbC 10M 10%M&'()- 910%M&'()-f10%M&'()-10%M&'()- 10` 10`
10`:10%`&'()-[wwww'xZxxdEbC 10M
10%M&'()-Z10%M&'()-10%M&'()-10%M&'()-Z10%M&'()-10%M&'()-xxy3yjyyydEbC 10M
%10%M&'()-#10%M&'()-!Y10%M&'()-l10%M&'()-SG10%M&'()-910%M&'()-yy-zfzzz{dEbC



10M
,210%M&'()-010%M&'()-.10%M&'()-+G10%M&'()-)10%M&'()-'10%M&'()-{A{v{{{{{{&|x
mb@ 10M!N10%M%M%&'()-f 10M 10M
10M:10%M&'()-y8G10%M&'()-`610%M&'()-Y4g10%M&'()-&|2|h|||}I}dEmb@
10M!F10%M&'()-10%M&'()-10%M&'()-10%M&'()-10%M&'()- 10%M&'()-I}}}}$~\~~dEmb@
10M!!10%M&'()-10%M&'()-fF10%M&'()-LZ10%M&'()-3:10%M&'()-F10%M&'()-~~~5NdEmb
@ 10M!.10%M&'()-,10%M&'()-)Z 10%M&'()-'10%M&'()-%10%M&'()-#-
10%M&'()-!XdE:/ 10M 10M:10%M&'()-8- 10%M&'()-s610%M&'()-Y4Y10%M&'()-@2
10%M&'()-&010%M&'()-8jxY:/ 10MG10%M&'()-10%M&'()-10%M&'()-l
10%M&'()-f10%M&'()-10%M&'()- 10M:sFdE:/
10MS10%M&'()-9Z10%M&'()-310%M&'()-10%M&'()-310%M&'()-10%M&'()-F=sdE:/
10M)10%M&'()-' 10%M&'()-%F10%M&'()-# 10%M&'()-!10%M&'()-l@ 10%M&'()-sG}dE:/
10M`610%M&'()-F410%M&'()-,210%M&'()-&010%M&'()--310%M&'()-+10%M&'()-Y~_@
10M10%M&'()-l -10%M&'()-!X 10%MM&'()- 10M 10M
10M:10%M&'()-f8G10%M&'()-RdE~_@ 10M
F10%M&'()-10%M&'()-10%M&'()-:10%M&'()-@10%M&'()-10%M&'()-1kdE~_@
10M%10%M&'()-#10%M&'()-s!10%M&'()-Y@ 10%M&'()-S 10%M&'()-&10%M&'()-D{#aB~_@
10M,210%M&'()-!010%YY&'()- .@ 10%M&'()-+:10%M&'()-)10%M&'()-'@
10%M&'()-#J{,xmb@ 10M!@Y10%MM&'()-S 10M 10M
10M:10%M&'()-f8'10%M&'()-`610%M&'()-3410%M&'()- ,cC}dEmb@ 



10M!10%M&'()- 10%M&'()-10%M&'()-910%M&'()-F10%M&'()-l 10%M&'()-}+dkdEmb@
10M!!10%M&'()-l&10%M&'()-SF10%M&'()-9 10%M&'()- 10%M&'()-10%M&'()-ExdEmb@
10M!-10%M&'()-+'10%M&'()-)10%M&'()-'310%M&'()-%310%M&'()-#10%M&'()-0edE:/
10M 10M:
10%M&'()-f810%M&'()-`610%M&'()-F4910%M&'()-,210%M&'()-010%M&'()-O+xY:/
10M10%M&'()-10%M&'()-10%M&'()- 10%M&'()-f10%M&'()-10%M&'()- 10M+_4gdE:/
10Mf10%M&'()-910%M&'()-310%M&'()-10%M&'()-`10%M&'()-10%M&'()-gGTdE:/
10M)910%M&'()-'10%M&'()-%10%M&'()-#Z10%M&'()-!`10%M&'()-lS 10%M&'()-,cdE:/
10My8'10%M&'()-F4m10%M]&'()-,210%M&'()-&0:10%M&'()-.'10%M&'()-+-10%M&'()-DE
FG$bC 10M10%'o&'()-10%'o&'()-l 10%'o&'()- 10%'o&'()- 10M 10M 10M:
10%M&'()-$X5JdEbC 10M&10%'o&'()-
'10%'o&'()--10%'o&'()-10%'o&'()-G10%'o&'()-10%'o&'()-J!WdEbC
10M'10%'o&'()-&%10%'o&'()-#10%'o&'()-s!-10%'o&'()-lZ10%'o&'()-S910%'o&'()-X
dEbC
10MF410%'o&'()-,2Z10%'o&'()-010%'o&'()-&-10%'o&'()-+10%'o&'()-)10%'o&'()-9k
lmnbC 10Ml :10%'o&'()-:10%'o&'()-- 10'o 10'o
10'o:s10%'o&'()-f810%'o&'()-`610%'o&'()-GzdEbC
10M10%'o&'()-'10%'o&'()-10%'o&'()-10%'o&'()-s10%'o&'()-10%'o&'()-2edEbC
10M#910%'o&'()-!10%'o&'()-l10%'o&'()-S10%'o&'()-910%'o&'()-310%'o&'()-SMdEb
C 10M&&0F10%'o&'()--10%'o&'()-+`10%'o&'()-)10%'o&'()-'
10%'o&'()-%10%'o&'()-M.ghijdYNC 10M 10'o 10'o
10'o:G10%'o&'()-f8310%'o&'()-`6:10%'o&'()-F4F10%'o&'()-,210%'o&'()-jC|aBYNC
10M'10%'o&'()-Z10%'o&'()-10%'o&'()-'10%'o&'()-l 10%'o&'()-!
FM10%''&'()-%]dEYNC 



10MY 10%'o&'()-@10%'o&'()-&10%'o&'()-
10%'o&'()-:10%'o&'()-10%'o&'()-R*dEYNC 10M+
10%'o&'()-)10%'o&'()-'10%'o&'()-%10%'o&'()-#'10%'o&'()-s!
10%'o&'()-*\"WdEYNC
10M&f8:10%'o&'()-L610%'o&'()-34F10%'o&'()-2t10%'o&'()-010%'o&'()--t10%'o&'(
)-W:bC 10M10%M&'()-l 10%M&'()-S@ 10%M&'()-10%M&'()- 10'o 10'o
10'o:10%'o&'()-:sLdEbC 10M
10%M&'()-:10%M&'()-,10%M&'()-10%M&'()-10%M&'()-G10%M&'()-L2hdEbC
10M%:10%M&'()-#10%M&'()-s!10%M&'()-Y 10%M&'()-@ 10%M&'()-&10%M&'()-hHzdEbC
10M,2-10%M&'()-0`10%M&'()--10%M&'()-+G10%M&'()-)10%M&'()-'10%M&'()-SxmbC
10M10%:&'()- 10M 10M 10M:M10%M&'()-f8m10%M&'()-L6
10%M&'()-F410%M&'()-3fdEmbC 10M10%:&'()-s10%:&'()-10%:&'()-10%:&'()-l
10%:&'()-S10%:&'()-<udEmbC 10MY10%:&'()-@10%:&'()-9m10%:&'()-
10%:&'()-10%:&'()-310%:&'()-V5BdEmbC
10M+10%:&'()-)-10%:&'()-'10%:&'()-%10%:&'()-#@
10%:&'()-s!10%:&'()-Bz"[dEmbC
10Mf8&10%:&'()-`6F10%:&'()-F410%:&'()-,2Z10%:&'()-0Z10%:&'()-&-10%:&'()-O~_
@ 10M10%:&'()-:10%:&'()-l 10%:&'()-!  10%:j:j&'()-, 10: 10:
10::10%:&'()-)adE~_@ 10M910%:&'()-3:10%:&'()-10%:&'()-10%:&'()-
10%:&'()-10%:&'()-?ydE~_@ 10M'10%:&'()-%G10%:&'()-#10%:&'()-!
10%:&'()-l:10%:&'()-S 10%:&'()-N&^dE~_@
10MF410%:&'()-@2310%:&'()-&0z10%:&'()-.10%:&'()-+10%:&'()-)10%:&'()-^g AbC
10MY 



:10%M&'()-310%M&'()- 10: 10: 10::10%:&'()-&y8f10%:&'()-&s610%:&'()-ArKdEbC
10M10%M&'()-:10%M&'()-10%M&'()-F10%M&'()-G10%M&'()-s:10%M&'()-KdEbC
10My#10%M&'()-s!10%M&'()-Y`10%M&'()-@10%M&'()-&10%M&'()- g10%M&'()-NdEbC
10M&0@10%M&'()--s10%M&'()-+10%M&'()-)
10%M&'()-9'10%M&'()-%M10%M&'()-%&'(->kbC 10MS 10%`&'()-y10%`&'()- 10%`&'()-
10M 10M 10M&3410%M&'()-&210%M&'()-kIO~dEbC
10MS10%`&'()-10%`&'()-10%`&'()-10%`&'()-F10%`&'()-10%`&'()-~,8gdEbC
10My#10%`&'()-!10%`&'()-l10%`&'()-fS10%`&'()-L10%`&'()-310%`&'()-g5cdEbC
10My&0 10%`&'()-.10%`&'()-+10%`&'()-y)10%`&'()-'10%`&'()-%10%`&'()-c;
stuvdYNC 10M 10` 10`
10`:10%`&'()-y810%`&'()-`610%`&'()-F410%`&'()-@210%`&'()-v{MdEYNC 10M
f10%M&'()-Y10%M&'()-s10%M&'()-fl 10%M&'()-S310%M&'()-10%M&'()-MQSdEYNC 10M
@Z10%M&'()-&Z10%M&'()-10%M&'()-S 10%M&'()-f10%M&'()-10%M&'()-SqF`dEYNC 10M
)10%M&'()-'10%M&'()-%:10%M&'()-y#10%M&'()-f`!-10%M&'()-YF10%M&'()-`2UdEYNC
10M yL610%M&'()-3410%M&'()-210%M&'()-010%M&'()--10%M&'()-y+10%M&'()-.g~_@
10M10%:&'()- 10%:&'()-!y 10%::&'()- 10M 10M
10M:10%M&'()-f810%M&'()-?J{dE~_@ 



10M 10%:&'()-y10%:&'()-g10%:&'()-10%:&'()-10%:&'()-10%:&'()-&[dE~_@ 10M
10%:&'()-y10%:&'()-g10%:&'()-l10%:&'()-S10%:&'()-9Z10%:&'()- Normal"
"Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c"
"Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default
Paragraph FontW8 .F`!&+K16;@FKOTY^d'iYnsx}Fmi'u[ '#\).49?EL[QXapgGsyk[TX
.uF "#%V&'()+N,y-./*1x2346P789:;
<F>'?o@ACC[I~JKLN4OFP[QRSV7W[XYZ[^bdcdeghik(lZqrs8u~v[wxy{&|I}~Fs#,}+g$JMj*
W:LhB^Ak~gcvMS`[   !"#$%&'()*+,-./0123456789:;<=>?@AB6Times New
RomanArialCourier New"h Root EntryWordDocument
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;<=>?@ABCDEFG 


