
;e3eeb  TF2 0b6THS2- ~ ,Lt !.>> ~ 2OO~ METHOD FOR FORMING REFRACTORY
METAL-SILICON-NITROGEN CAPACITORS AND STRUCTURES FORMED Field of the
Invention The present invention generally relates to a method for
fabricating semiconductor devices incorporating capacitor elements formed
of refractory metal-silicon-nitrogen and devices formed and more
particularly, relates to a method for fabricating semiconductor devices
that incorporates capacitor elements formed by depositing mufti-layers of
refractory metal-silicon nitrogen in the same process chamber by varying
processing conditions and devices formed by such fabrication. Background of
the Invention In semiconductor' fabrication, capacitors are frequently
formed in-situ in a semiconductor structure. For instance, an in-situ
formed capacitor can be found in a dynamic random access memory device. The
process required for forming 



~~~ ~_y ~ 200g the capacitor is complicated. It involves the deposition of
different layers of materials by different chemical processes, and most
likely, it different process chambers. For instance, layers deposited of a
polysilicon material are frequently used as the electrode, while layers
deposited of an insulating material such as silicon oxide are frequently
used as the capacitor dielectric. The process therefore requires multiple
number of depositions, from multiple number of different materials
conducted in multiple number of process chambers for the forming and
patterning of the capacitor. 004 In modern semiconductor devices,
refractory metals have been frequently used in semiconductor processes to
form vias or contacts. However, refractory metal-nitrogen alloys have not
been used widely in the processing of semiconductor devices. For instance,
only recently, U.S. Patent No. 5,892,281 describes the use of
tantalum-aluminum-nitrogen alloys in semiconductor devices as a diffusion
barrier and an adhesion promoter. The patent discloses the use of Ta-Al-N
in a semiconductor device to prevent inter-diffusion between surrounding
layers, for instance, between two conductor layers; between a semiconductor
layer ~xnd a conductor layer; between an insulator layer and a conductor
layer; between an insulator layer and a semiconductor layer; or between two
semiconductor 2   _ n ,~;~.!~^ 2004 Layers. .A second use of Ta-Al-N is to
promote adhesion with adjacent layers, for instance, between two conductor
layers; between a conductor layer and an insulator layer; between a
semiconductor layer and a conductor layer; or between two semiconductor
layers. However, U.S. Pat. IvTO. a892,281 does not teach any other uses for
tantalum-aluminum-nitrogen alloys in semiconductor fabrication. Summary of
the Invention 



In accordance with the present invention, a method for' forming a
refractory metal silicon-nitrogen capacitor in a semiconductor structure
and the structure formed are disclosed. It is therefore a first aspect of
the present invention to provide a method for forming a capacitor in-situ
in a semiconductor structure that at least mitigates the drawbacks or the
shortcomings of the conventional methods. It is another aspect of the
present invention to provide a method for forming a capacitor in-situ in a
semiconductor structure that requires only the deposition of a single
material. It is a further aspect of the present invention to provide a
method for forming a capacitor in-situ in a semiconductor sttrcture that
requires only the deposition of a single material of refractory
metal-silicon-nitrogen in multiple layers. It is another further aspect of
the present invention to provide a method for forming a capacitor in a
semiconductor structure that requires only the deposition of a single
material of TaSiN in multiple layers under different processing conditions.
It i.s still another aspect of the present invention to provide a method
for forming a capacitor in a semiconductor structure by depositing multiple
layers of a refractory metal-silicon nitrogen each having a different
stoichiomeetry. 3 



- 0 /~,~.~ r 2004 It is yet another aspect of the present invention to
provide a method for forming a capacitor in-situ in a semiconductor
structure by depositing multiple layers of a refractory metal
silicon-nitrogen each having a different sheet resistance value. It is
still another further aspect of the present invention to provide a method
for forming a capacitor in a semiconductor structure by depositing multiple
layers of refractory metal-silicon nitrogen in the same chamber by varying
a flow rate of partial pressure of nitrogen into the chamber. It is yet
another further aspect of the present invention to provide a semiconductor
capacitor structure which has a lower electrode, a middle dielectric layer
and an upper electrode formed of the same refractory metal-silicon-nitrogen
material but with different stoichiometry. 4   `? ~!~! ! `~ 200 



In a preferred embodiment, a method for forming a refractory
metal-silicon-nitrogen capacitor in a semiconductor structure can be
carried out by the operating steps of positioning a preprocessed
semiconductor substrate in a sputtering chamber; flowing :~- gas into the
sputtering chamber; sputter depositing a first refractory
metal-silicon-nitrogen layer on the substrate from a refractory metal
silicide target, or from targets of a refractory metal and a silicon;
flowing NZ gas into the sputtering chamber such that concentration of the
N? gas in the chamber is at least 35% by adjusting the flow rate or partial
pressure of NZ; sputter depositing a second refractory
metalsilicon-nitrogen layer on top of the first refractory
metal-silicon-nitrogen layer; stopping the NZ gas 5   _.. ,:, ~~~ ~,; 200
flow into the sputtering chamber; sputter depositing a third refractory
rr~etal-silicon-nitrogen layer on top of the second refractory
metal-silicon-nitrogen layer; and photolithographically forming the first,
second and third refractory metal-silicon-nitrogen layers into a capacitor.
C015 The method for forming a refractory metal-siliconnitrogen capacitor in
a semiconductor structure may further include the step of in-situ annealing
the capacitor at a temperature of at least 80C, or the step of flowing Ar
gas into the sputtering chamber at a flow rate between about 10 sccm and
about 200 sccm, or the step of flowing N~ gas into the sputtering chamber
at a flow rate between about 1 sccm and about 100 sccm. The method may
further include the step of sputter depositing the first and the third
refractory metal-silicon-nitrogen layer to a thickness between about 100
and about 5000 ~, or the step of depositing the second refractory
metal-silicon-nitrogen layer to a thickness between about 100 ~ and about
5000 ~. The method rnay further include the step of sputter depositing the
first and the third refractory metal-silicon-nitrogen layer each having a
sheet resistance of not higher than 50 ohm/sq., or the step of sputter
depositing the second refractory metal-silicon-nitrogen layer which has a
dielectric constant greater than 7.5. The method 6   "~ ~ ~ ~~ 20~~ may
further include the step of sputter depositing the first, second and third
refractory metal-silicon-nitrogen layer formed of a refractory metal
selected from the group consisting of Ta, Nb, V, VJ and Ti . 0016 mhe
present invention is further directed to a semiconductor capacitor
structure which includes a lower electrode formed of a first refractory
metal-silicon-nitrogen material that has a sheet resistance not higher than
50 ohm/sq; a middle dielectric layer formed of a second refractory
metal-silicon- nitrogen material that has a dielectric constant greater
than 7.5; and an upper electrode formed of the first refractory metal-
silicon-nitrogen material. 0017 In the semiconductor structure of a
capacitor, each of the lower electrode and upper electrode is formed to a
thickness between about l00 ~ and about 5000 ~, the middle dielectric layer
is formed to a thickness between about 100 ~ and about 5000 ~. The
refractory metal in the first, second and third refractory
metal-silicon-nitrogen material is selected from the group consisting of
Ta, Nb, V, V~' and Ti. The first refractory metal- silicon-nitrogen
material has a sheet resistance of not higher than 50 ohm/sq., while the
second refractory 7  



metal-silicon- nitrogen material teas a dielectric constant greater than
7.5 BRIEF DESCRIPTION OF THE DRAWINGS 0018 These and other objects,
features and advantages of the present invention will become apparent from
the follovai ng detailed description and the appended drawings in which:
0019 Figure 1 is an enlarged, cross-sectional view of a semiconductor
structure that includes the present invention capacitor formed of three
layers of a refractory metal-siliconnitrogen material. 0020 Figure 2 is a
graph illustrating data obtained in deposition system #1 showing the
dependence of the sheet resistance of the present invention refractory
metal-siliconnitrogen material on the nitrogen content by adjusting
nitrogen gas. 0021 Figure 3 is a graph illustrating data obtained in
deposition system #1 showing the dependence of the film uniformity of the
present invention refractory metal-silicon-nitrogen material on the
nitrogen content by adjusting nitrogen flow. 8   ,, 



-~ l'-~!!~ ~ 20e4 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 0022 The
present invention discloses a method for forming a refractory
metal-silicon--nitrogen capacitor in a semiconductor structure by the
in-situ forming of multiple refractory metalsilicon-nitrogen layers each
having a different stcichiometry on a semiconductor substrate and then,
photolithographically forming the multiple layers into a capacitor. 0023 In
the method, a preprocessed semiconductor substrate is first positioned in a
sputtering chamber, Ar gas is then flown into the sputtering chamber to
sputter deposit a first refractory metal-silicon-nitrogen layer on the
substrate from either a single refractory metal silicide target or from two
targets of a refractory metal and silicon. N~ gas is then flown into the
sputtering chamber until the concentration of the N gas in the chamber
reaches at least 35 o by volume by adjusting the flow or partial pressure
of N2, a second refractory metal-silicon-nitrogen layer is then sputter
deposited on top of the first refractory metal-silicon-nitrogen layer. The
N~ gas flow is then stopped to deposit a third refractory
metal-silicon-nitrogen layer on top of the second refractory
metal-silicon-nitrogen layer. After the deposition of all three refractory
metal-silicon-nitrogen layers, the layers are photolithographically formed
into a capacitor. 9   -c,~,UJ200~r 0024 The present invention novel method
may be followed by an optional annealing step, wherein the capacitor
structure is in- situ annealed at a temperature of at least 80C, and
preferably at a temperature of at least 100C. In the preferred embodiment,
the Ar gas flows into the sputtering chamber at a flow rate between about
10 sccm and about 200 sccm. The N~ aa~ flows into the sputtering chamber
during the formation of the middle refractory metal-silicon-nitrogen layer
of high sheet resistance at a flow rate between about 1 sccm and about 100
sccm. 0025 The invention further discloses a semiconductor 



structure of a capacitor that is constructed by a lower electrode, a middle
dielectric layer and an upper electrode. The lower electrode and the upper
electrode are both formed of a first refractory metal-silicon-nitrogen
material that has a sheet resistance not higher than 50 ohm/sq., while the
middle dielectric layer is formed of a second refractory
metal-silicon-nitrogen material that has a dielectric constant greater than
7.5. Each of the lower and upper electrodes and the middle dielectric layer
is formed to a thickness between about 100 ~ and about 5000 A. first, the
second and The refractory meta~_ in the the third refractory 1. 0   - o ~~
~ ~oo~ metal-silicon-nitrogen materials may be selected from the group
consisting of Ta, Nb, V, W and Ti. 0026 Referring initially to Figure 1,
wherein an enlarged, cross-sectional view of the present invention CMOS
structure 10 with a capacitor stack 20 and an insulating material layer 12
formed on top is shown. A lower electrode layer 14, a dielectric layer 16
and an upper electrode layer 18 are deposited of refractory
metal-silicon-nitrogen materials that have different stoichiometry and
patterned over the diffusion barrier 22. The insulating material layer 12
is deposited over the entire wafer and contact openings 24,26 and 28 are
etched which are latter filled with a conductive material for forming
electrical contacts to the diffusion barrier 22, the fuse 30 and the
resistor 32, respectively. In the particular structure 10, shown in Figure
1, the diffusion barrier 22 prevents reaction between the lower electrode
14 and the polysilicon contact via 34. The fuse 30 can be blown by forcing
a large current through the line-fuse material-via structure causing
excessive heating and melting in the fuse material and thus, loss of
electrical conductivity. 0027 A refractory metal-silicon-nitrogen material
such as TaSiN has wide range of electrical resistivities depending on 11 



` 0 A~!~ 200g the stoichicmetry of the TaSiN film. For instance, under
normal DC sputtering conditions, films ranging from 0.2 ohm-crri to nearly
10" ohm-cm can be obtained by varying the nitrogen to argon ratio, i.e,
from 4 vol. % to 50 vol. % by adjusting flow rate or partial pressure of
nitrogen At higher nitrogen ratios, the film becomes insulating. The rate
of increase in electrical resistance with nitrogen flow is monotonic, but
the increases are much steeper at the higher nitrogen flow ratios. 0028
Table 1 shows data on the relationship between the sheet resistance of
TaSiN films and the nitrogen percentage in the argon sputtering plasma. The
materials listed in Table 1 were deposited in deposition system #1 by
adjusting the flow of Nz into the Ar sputtering plasma. The forty-nine
point resistance measurement indicates that film non-uniformity increases
as sheet resistance increases with greater amounts of nitrogen in the
sputtering plasma. For example, a significant uniformity degradation occurs
when nitrogen content increases from 40 to 44, which is accompanied by a
sheet resistance increases of an order of magnitude. 1. 2   J i`~~ ~.! ~ ~
-~ ~''~; 2004 Table 1 N~ in Ar Sputtering RsUniformityPlasma (vol.
o)(Ohm/scr)_149points,
%14?..5.784.4728.64.71035.64.91343.34,g1652.914.72071.524.524100.734.328l51
.474.432255.55.836528.39.240172717.2441466329.84865777044.3 0029 Tables 2
and 3 show electrical properties for two TaSiN compositions which are
insulators and can be used as a dielectric for a capacitor application. The
materials listed in Tables 2 and 3 were deposited in deposition system #2
by adjusting the partial pressure of Nz into the Ar sputtering plasma. The
capacitance, dissipation factor and dielectric constant are shown as a
function of applied frequency. For both films, the dissipation factor
increased with increasing frequency whereas the dielectric constant is
slightly lower at higher frequencies primarily due to the higher loss
(dissipation factor). The error in the measurements is within  100. 13   _
n ,~,1~ ~ z00~t 



Table 2 75.5 nm Ta:Si:N 7.7:30.7:61.6 (50o N~~ in Ar) Frequency Capacitance
Dissipation Dielectric hz ~- -.(pF) _ Factor ___,_ Constant 10 k 249 pF
0.020 9.5 40 k 292 pF 0.021 9.2 100 k 238 pF 0.029 9.1 Table 3 58.7 nm
Ta:Si:N 9.8:30.2:59.9 (30o N~ in Ar) Frequency Capacitance Dissipation
Dielectric ~ hz) (pF) Factor Constart 10 k 282 pF 0.010 8.4 40 k 274 pF
0.034 8.1 100 k 267 pF 0.050 7.9 0030 As shown in Tables 2 and 3, the first
sample in Table 2 has a composition of Ta:Si:N of 7.7:30.7:61.5 and was
prepared with 50 vol. o nitrogen in Ar plasma. The second sample shown in
Table 3 has a composition of 9.8:30.2:59.9 and was prepared with 30o
nitrogen in Ar plasma. The dielectric constant for the materials is shown
as a function of frequency by using a C-V measurement technique. The
dielectric constant decreases slightly with frequency due to the increase
in the dissipation factor. The dielectric constant of the present
inventior_~ TaSiN is between about 8.C and about 9.5. 19   - 9 ~,! ~ r 200g
0031 Referring now to Figure 2, wherein a graph plotted of sheet resistance
of. the TaSiN films as a function of nitrogen in the sputtering plasma is
shown. Figure 3 shows a grape plotted of resistance uniformity also as a
function of nitrogen in the sputtering plasma. The uniformity degrades with
higher percentages of Ivy in the Ar sputtering plasma. 0032 The present
invention novel method uses a mufti-layer structure of TaSiN, each with a
different composition to achieve a final material resistance. By utilizing
the novel method, the process window for the fabrication process can be
greatly increased. For example, it is possible to obtain sheet resistance
values between 15 K-ohm/square to insulate with a better uniformity
control. 0033 Another benefit made possible by the present invention novel
method is the possibility for depositing mufti-layer films in-situ to
fabricate a capacitor. For example, first deposit a low sheet resistance
film to a predetermined thickness as the bottom electrode, then deposit
from the same target but ~~rith a higher nitrogen flow to form a dielectric
film, and finally deposit the third low sheet resistance film as the top
electrode. the present invention novel method may optionally include an in-
situ annealing step such that the sandwiched film 



15   _ g ~, ~_! ~ 2004 is ready for capacitor patterning. the fabrication
cost and therefore, method not only suitable for applications, such as
integration suitable for implementing high- c packaging level. This allows
a reduction in made the present invention semiconductor front-end with
devices, but alsc density capacitors at the 0034 The present invention
novel capacitor may be formed by a refractory metal-silicon-nitrogen
material such as TaSiN. The refractory metal may also be selected from the
group of elements consisting of Nb, V, W and Ti. In a typical refractory
metalsilicon-nitrogen composition of TaSiN, the composition may contain
between about 5 at. o and about 55 at. ~ Ta, between about 10 at. % and
about 45 at. % Si, and between about 30 at. s and about 80 at. o N. The
semiconductor structure wherein the capacitor is formed may also include a
conductive element used to establish electrical connection with the
capacitor. The conductive element may be formed of doped polysilicon, metal
silicide, polycide, refractory metal, aluminurr~, copper and alloys
thereof. 0035 The reflractory metal-sillCOli-nitrogen films, such: as
faSiN, have the advantage of being either insulating or 16   - 9 A l.~ ~
200g resistive depending on the ratio of refractory metal to the silicon to
the nitrogen. The films are thermally stable to annealing at temperature up
to 800C. 0036 The present invention novel method can further be used to
fabricate a modulated RC stack structure by modulating the mixture of
nitrogen to argon during a sputtering deposition process. 



0037 The present invention novel method for forming refractory
metal-silicon-nitrogen capacitors and the structures formed have therefore
been amply described in the above description and in the appended drawings
of Figures 1-3. 0038 While the present invention has been described in an
illustrative manner, it should be understood that the terminology used is
intended to be in a nature of words of description rather than of
limitation. 0Q39 Furthermore, while the present invention has been
described in terms of a preferred embodiment, it is to be appreciated that
those skilled in the art will readily apply these teachings to other
possible variations of the inventions. 17   9 ~~..i r 200 0090 The
embodiment of the invention in which an exclusive property or privilege is
claimed are defined as follows. 18   - 9 A U G 2004 19 What is claimed is:
1. A semiconductor capacitor structure comprising: a lower electrode formed
of a first refractory metal-silicon-nitrogen material having a 



sheet resistance not higher than 50 ohm/sq; a middle dielectric layer
formed of a second refractory metal-silicon-nitrogen material having a
dielectric constant greater than 7.5; and an upper electrode formed of said
first refractory metal-silicon-nitrogen material. 2. A semiconductor
structure of a capacitor according to claim 1, wherein each of said lower
electrode and upper electrode being formed to a thickness between about 100
A and about 5000 ~. 3. A semiconductor structure of a capacitor according
to claim l, wherein said middle dielectric layer being formed to a
thickness between about 100 ~. and about 5000 ~. 4. A semiconductor
structure of a capacitor according to claim 1, wherein said refractory
metal in said first and second refractory metal-silicon-nitrogen materials
being selected from the group consisting of Ta, Nb, V, W and Ti. 5. A
semiconductor structure of a capacitor according to claim l, wherein said
first refractory metal-silicon-nitrogen layer has a sheet resistance of not
higher than 50 ohm/sq. 6. A semiconductor structure of a capacitor
according to claim 1, wherein said second refractory metal-silicon-nitrogen
layer has a dielectric constant greater than 7.5. 7. A method for forming a
refractory metal-silicon-nitrogen capacitor in a semiconductor structure
comprising the steps of: positioning a preprocessed semiconductor substrate
in a sputtering chamber; flowing Ar gas into said sputtering chamber; j   -
9 fi~, ~I ~ 2004 20 sputter depositing a first refractory metal-silicon
nitrogen layer on said substrate; 



flowing NZ gas into said sputtering chamber such that concentration of said
NZ gas in said chamber is at least 35% by adjusting the flow or partial
pressure of NZ; sputter depositing a second refractory
metal-silicon-nitrogen layer on top of said first refractory
metal-silicon-nitrogen layer; stopping said NZ gas flow into said sputter
chamber; sputter depositing a third refractory metal-silicon-nitrogen layer
on top of said second refractory metal-silicon-nitrogen layer; and
photolithographically forming said first, second and third refractory
metal-silicon nitrogen layers into a capacitor. A method for forming a
refractory metal-silicon-nitrogen capacitor in a semiconductor structure
according to claim 7 further comprising the step of in-situ annealing said
capacitor at a temperature of at least 80C. 9. A method for forming a
refractory metal-silicon-nitrogen capacitor in a semiconductor structure
according to claim 7 further comprising the step of flowing said Ar gas
into said sputter chamber at a flow rate between about 10 sccm and about
200 sccm. 10. A method for forming a refractory metal-silicon-nitrogen
capacitor in a semiconductor structure according to claim 7 further
comprising the step of flowing said NZ gas into said sputter chamber at a
flow rate between about 1 scem and about l00 sccm. 11. A method for forming
a refractory metal-silicon-nitrogen capacitor in a semiconductor structure
according to claim 7 further comprising the step of sputter depositing said
first and said third refractory metal-silicon-nitrogen layer to a thickness
of between about l00 .'3. and about 5000 A. 12. A method for forming a
refractory metal-silicon-nitrogen capacitor in a semiconductor 



structure according to claim 7 further comprising the step of sputter
depositing said second refractory metal-silicon-nitrogen layer to a
thickness of between about 100 . ~ and about 5000 [R^.1_I1300]OGSG7.tio;
::mjj   - ~ d, I ~ ~ ~OO~r 21 13. A method for forming a refractory
metal-silicon-nitrogen capacitor in a semiconductor structure according to
claim 7 further comprising the step of sputter depositing said first and
said third refractory metal-silicon-nitrogen layer each having a sheet
resistance of not higher than 50 ohm/sq. 14. A method for forming a
refractory metal-silicon-nitrogen capacitor in a semiconductor structure
according to claim 7 further comprising the step of sputter depositing said
second refractory metal-silicon-nitrogen layer which has a dielectric
constant greater than 7.5. 15. A method for forming a refractory
metal-silicon-nitrogen capacitor in a semiconductor structure according to
claim ? further comprising the step of sputter depositing said first,
second and third refractory metal-silicon-nitrogen layers formed of a
refractory metal selected from the group consisting of Ta, Nb, ~', W and
Ti. I 6. A method for forming a refractory metal-silicon-nitrogen capacitor
in a semiconductor structure according to claim 7 further comprising the
step of sputter depositing said first, second and third refractory
metal-silicon-nitrogen layers from a sputtering target of refractory metal
silicide. 17. A method for forming a refractory metal-silicon-nitrogen
capacitor in a semiconductor structure according to claim 7 further
comprising the step of sputter depositing said first, second and third
refractory metal-silicon-nitrogen layers from two sputtering targets of a
refractory metal and a silicon. [R:`~.LIBOO]OGSG7.doc:mjj
.AL.A9.A.l,.A.A.A.Al.A9.AS.A.AVF.A9.A&.A9.A`A.A9.AL.A`.A.AHY.AUlIj4LQ^z$bcg
vHItuFY t 



}xsnid_Z]ca]ca]ca]ca]ca]c&a]ca]ca]ca]ca]ca]ca]ca]ca]ca]c&a]cRa]cRa]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c&a!t
A!{4!}}~9}xsnid_Z]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]ca]ca]ca]ca]ca!$8Vk8!C"D"j"A#|wrmhc^Y]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]c6a]ca]ca]c&a!A#B#]#b#c####!$"$8$9$$$$$$J%%7&<&&&.'3'6'H'L'M'j(k((((|wr
mhc^Y]ca]ca]ca]ca]ca]ca]ca]c&aU]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!((())++ ,!,y,z,,,,,#-[----.U.....
/B///:00%1Y1}xsnid_Z]]ca]ca]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!Y1v111111111122233O5P5+6]6^6
66666666677]7^7}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]c&a]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c6a]ca]ca]ca!^777R8S8899";*;5;9;G;O;
t;
;j<<<>???L?????????@C@ztoid_ZU]ca]ca]ca]ca]c^a]ca]c^a]ca]c^a]ca]ca]ca]c&a]c
a]ca]ca]ca]ca]c^a]ca]ca]c&a]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!C@^@t@@@@BBBB
C+C,C`CaCCCmDDDEH$H6HHVIXIqIIJJJJL|wrmhc^Y]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]c&a]ca]ca]ca]ca]ca]ca]ca]ca]c^a!LL
LL(L)LBLCLgLtLuLvLwLxLyLLLLLLMNNENNN3OPPPQBQ{QQQ}xsnid_Z]ca]]c&a]ca]ca]ca]c
&a]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]ca]ca!QQQ2R^RRR=SSTU<VVbWWWWWXXIYrYYZ-ZZZZ|[[z\x]]^|wrmhc^Y]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]c&a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca!^^___aoaa&bbpccdeeXIYrY
YZ-ZZZZ|[[z\x]]^|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]c
a]c&a]ca]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c&a]ca]ca]caIj4iK-s$10%:&'()-$10%:&
'()-&&!10%:&'()-z10%:&'()-yL310%:&'()-f
Z10%:&'()-#10%:&'()-3L^z$biK-F(10%:&'()-&`$10%:&'()-&$!10%:&'()-!g10%:&'()-
'10%:&'()-ss$10%:&'()-F`$10%:&'()-bcdefgveFF(10%:&'9$10%&'()- 9$10%&'()-m
$10%&'()-310:10:10:#210%:&'()-"9- 10%:&'()-FbCF(10%:LM$10%M&'()-
s$10%M&'()-M$10%M&'()-%l10%M&'()-m 10 10 1037`10%&'()-Y t
AdEbCF(10%:!10%M&'()-F"10%M&'()- ,!10%M&'()-m
10%M&'()-10%M&'()-yM$10%M&'()-!{4dEbCF(10%:Y(s$10%M&'()-@&!10%M&'()-$!10%M&
'()-!!10%M&'()-10%M&'()-`$10%M&'()-!}dEbCF(10%:S5`$10%M&'()-&93!10%M&'()-1z
10%M&'()-.s$10%M&'()-,!10%M&'()-* 



10%M&'()-}}bCF(10%:$10%`&'()- 9!10%`&'()-%10%`&'()-F 10M 10M 10M;
`10%M&'()-7S10%M&'()-}~9dEbCF(10%::!10%`&'()-`10%`&'()-$10%`&'()-s$10%`&'()
-S&!10%`&'()- 9-10%`&'()-9_=F(10!|$10%``&'()-'!%10%<T<T&'()-Z 10` 10`
10`y910%`&'()-`S#10%`&'()-3$10%`&'()-!"#$8VbC8F
10537s10%5&'()-&$10%5&'()-#&&$10%5&'()-M%10%&'()-l 10` 10`
10`S9s10%`&'()-k8!j"]#_#mN/Y7`10%5&'()-,$10%5&'()- &
"#10%5&'()-$10%5&'()-&$10%5&'()-0'l10%5&'()-m 105
105_#`#a#b#c####$bCY7`10%`$10%&'()--LM10%&'()-s10%&'()-`$10%&'()-&10%&'()-Z
105 



105 105$$$J%%7&<&dEbCY7`10%LS&10%&'()-L #10%&'()--`#10%&'()- L&#10%&'()-`
#10%&'()-`#10%&'()-<&.'0'1'2'3'6'H'y'~_=Y7`!9y$10%&'()-Z
%S10%H&'()-F!%S10%&'()-F 10 10
109Y7`10%&'()-9&*$10%&'()-y'(,,,,,,,bCY7`!#10%5&'()-Y%10%5&'()-Z 10H 10H
10H 7s10%H&'()-&$10%H&'()- 9y$10%H&'()-Z
,#-[--.U..dEbCY7`!LF$10%5&'()-&s@#10%5&'()-
s3#10%5&'()-s$10%5&'()-3$10%5&'()-3#10%5&'()- ..
/B///:0dEbCY7`!&Y($10%5&'()- 9S&#10%5&'()- &Y"$10%5&'()-'Lf
#10%5&'()-3LL#10%5&'()- `y10%5&'()-:00%1Y1v11111dE:/ 105
1053710%5&'()-4`10%5&'()-2
10%5&'()-f210%5&'()-&.$10%5&'()-L*$10%5&'()-:1112+666666xYNC85 10H 10H 10H
710%H&'()-2$10%H&'()-'&$10%H&'()-@#&y&$10%H&'()-@&F10%H&'()-m 



105668";';(;);*;9;xmb@85 10!&10%&'()-S 10 10
10Y710%&'()-9:$10%&'()-:s9$10%&'()-% 10%&'()-y9;G;O;f;q;r;s;t;iO+@#3K
10%"&'()-310%"&'()-310%"&'()-310%"&'()-310%"&'()-&10%"&'()-St;
;;;;;;;`F,@#10%"&'()-310%"&'()-3#3K
10%"&'()-310%"&'()-310%"&'()-310%"&'()-3;
;;;;;;;iJ0@#10%"&'()-310%"&'()-310%"&'()-310%"&'()-3#3K
10%"&'()-310%"&'()-3;;;;;;;eA0@#10%"#3K
10%"&'()-310%"&'()-310%"&'()-310%"&'()-3#3K
;;;;;;;;iO0@#10%"&'()-310%"&'()-3#3K
10%"&'()-3110%"&'()-310%"&'()-310%"&'()-3;
;;;;;;;iJ0@#10%"&'()-310%"&'()-310%"&'()-310%"&'()-3#3K
10%"&'()-310%"&'()-3;;;;;;;eA0@#10%"#3K
10%"&'()-310%"&'()-310%"&'()-310%"&'()-3#3K ;;<<
<<<<eK,@#10%"&'()-3K10%"&'()-3#3K
10%"&'()-310%"&'()-310%"&'()-310%"&'()-3<<<<<$<(<)<iJ0@#10%"&'()-310%"&'()-
310%"&'()-310%"&'()-3#3K 



10%"&'()-310%"&'()-3)<*<-<3<7<8<9<eA0@#10%"#3K
10%"&'()-310%"&'()-310%"&'()-310%"&'()-3#3K
9<<<A<B<G<H<K<Q<eK,@#10%"&'()-3K10%"&'()-3#3K
10%"&'()-310%"&'()-310%"&'()-310%"&'()-3Q<V<W<X<[<b<c<h<eK,@#10%"&'()-3K10%
"&'()-310%"&'()-310%"&'()-3(#3K 10%"&'()-310%"&'()-3h<i<j<>?????tgZ9
&0&10%"'&'()-105'105'105' &F710%5'&'()- &&$10%5'&'()-10%"&'()-3#3K
??L????@|[:gZ9  &`T10%"'&'()- &10%"'&'()- &` 10% &'()-( ` 10%$&'()-(
&v_10%"'&'()- &10%"'&'()-@C@t@@BBBBB|[NA410"'10"'10"' & 710%"'&'()-
&9'$10%"'&'()- ( &9 10%$ &'()-( &09 10%%&'()- &9
10%,$&'()-BCmDEH!H"H#H$H|[NA410&10&10& &710%&&'()- &`9$$10%&&'()--(
&s,$10%&&'()-  ( &$10%&&'()-S &Y%10%&&'()-3$H6HH%IqIIgL|[:NA410
&L:$10%"'&'()- &&$10%"'&'()-& &q Hn10%"'&'()-,( &Hn10%"'&'()-,(
&10%"'&'()-, &0%10%"'&'()-gLLLLLLLMENvU4 &s&$10%'&'()-@ &&$10%'&'()-
&0&10%'&'()-10"'10"'10"'( &Y710%"'&'()-
&9,2$10%"'&'()-MENNN3OPPPPPP|[NA410'10'10'& &l710%'&'()-& &L`*'$10%'&'()-
&`S $10%'&'()-( &`F&$10%'&'()-  &ssY10%'&'()-PQBQ{Q~QQQQQ|obU4 @10% '
&'()-10&10&10&& &Y710%&&'()- &`l10%&&'()-( &s$10%&&'()-
%10%S&&'()-3QQQQ2R^RR|[:bU4  &- 10%s's&'()-  &9 10%s's&'()- & &"10%4'4&'()-
&&"10%ss&'()-( &10%s's&'()- &10%s's&'()-RR=SSTU<V|[:bU4  &(!10%s&s&'()-
&"$10%s's&'()-3& &!10%s's&'()- &S$10%s's&'()-( &:10%s's&'()-
&s910%s's&'()-<VVbWWWWWWW|obU4 &@&Y10%`'`&'()-Z10s's10s's10s's&
&3:10%s's&'()- &y510%s's&'()-( &2`!10%s's&'()-
&-!10%s's&'()-WWLXXXIYrY|[:bU4 & &10%`'`&'()- &10%`'`&'()- & &y10%`'`&'()-
&`!10%`'`&'()-( &`!10%`W$`&'()- &910%`'`&'()-rYYZ-ZZZZ|[:bU4 & &lf
10%`'`&'()- 



&310%`'`&'()-& &10%`'`&'()- & 10%`'`&'()-( &S10%`'`&'()-
&Z10%`'`&'()-Z|[[z\x]]^|[:bU4 & &Y+:$10%`'`&'()- &)#10%`'`&'()- &
&@#`$10%`'`&'()-  &`$10%`'`&'()-f( &-#10%`'`&'()- &$10%`'`&'()-^^______avU4
&Ls$10%'&'()- &F%l10%'&'()-Z10`'`10`'`10`'` &l:10%`'`&'()-(
&s3S#10%`$&`&'()- &1#10%`'`&'()- aoaa&bbpcc|[:vU4 & &-#10%'&'()- &
&F#10%'&'()- &$10%'&'()- &f 10%'&'()- ( &, "10%'&'()-
&-#10%'&'()-cdee|[:vU4 & &-#10%'&'()- & &F#10%'&'()- &$10%'&'()-
&F:10%'&'()-( &,#$10%'&'()-z &$10%'&'()- Normal" "Heading 13]c" "Heading
23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading
73]c" "Heading 83]c" "Heading 93]c"A "Default Paragraph Fontf#a
2$).3)8<?#EIMNT\bfhjlnprtvxz|~t A#(Y1^7C@LQ^eHIJKLMNOPQRb}}9_#$<&y',.:0169;
t;
;;;;;;<)<9<Q<h<?@B$HgLENPQR<VWrYZ^aceSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwx
yz{|}~6Times New RomanArialCourier New"h Root EntryWordDocument
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


