
;ope3ewowl6TIM1 A METHOD TO FABRICATE DUAL-METAL GATE FOR N- AND P-FETS
BACKGROUND OF THE INVENTION (1) FIELD OF THE INVENTION The present
invention relates to the fabrication of integrated circuit devices, and
more particularly, to a method of fabricating dual-metal transistors in the
fabrication of integrated circuits. (2) DESCRIPTION OF THE PRIOR ART For
sub-O.lam CMOS technology, there are a number of issues. The choice of gate
dielectric is one issue that will not be addressed here. Other issues
related to the gate stack include: 1) Metal gates are needed to replace
conventional polysilicon gates in order to reduce poly depletion effects.
Depletion effects translate to a reduction in the electric field across the
gate dielectric (EOx) and hence inversion charge density; that is, lower
drive current. The effect will become more pronounced with smaller gate
geometries due to thinner gate oxide, which translates to a higher gate
oxide capacitance. This results in a non-negligible depletion capacitance
in the polysilicon gate as well as the silicon channel. 2) Metal gates are
needed to replace conventional salicided polysilicon gates. Low gate
resistance is difficult to achieve with conventional salicide technology
due to the conflicting demands of good junction integrity and low gate
resistance. On the source/drain, a silicide thickness of less than 20
nanometers is required when gate geometries reach below 70nm for low
specific contact resistivity. On the other hand, it is expected that the
silicide thickness on the gate must be at least 45 nm in order to attain a
sheet resistance of less than 5 ohms/sq for low signal propagation delay.
2 3) Different metals are needed for n+ and p+ gates due to gate work
function considerations in order to achieve symmetrically low threshold
voltages (for low-power devices such as portables) for the NFETs and PFETS.
It is desired to provide a process to address these various concerns. U.S.
Patent 6,001,69B to Kuroda discloses a process for forming CMOS gates using
an inverse gate process. U.S. Patent 5,786,256 to Gardner et al shows an
inverse polysilicon gate process. U.S. Patents 6,119,206 to Yu and
6,189,083 to Tsunashima et al disclose dummy gate polysilicon gate
processes. U.S. Patent 6,066,533 to Yu shows a dual metal gate process.
U.S. Patent 6,033,963 to Huang et al discloses a metal gate process using a
dummy gate. U.S. Patent 5,731,239 to Wong et al teaches a polysilicon gate
process. U.S. Patent 5,997,B74 to Grivna et a1 discloses a two layer metal
gate. Co-pending U.S. Patent Application Serial Number 09/ (CS-00-093) to
N.C. Hwei et al discloses another method of forming dual metal gates that
address the issues described herein above. SUMMARY OF THE INVENTION
Accordingly, a primary object of the invention is to provide a process for
forming metal gates for CMOS transistors in the fabrication of integrated
circuits. 



A further object of the invention is to provide a process for forming
dual-metal gate CMOS transistors in the fabrication of integrated circuits.
In accordance with the objects of the invention, a method for forming a
dual-metal gate CMOS transistors is achieved. An NMOS active area and a
PMOS active area are provided on a semiconductor substrate   3 separated by
isolation regions. A pad oxide layer is formed overlying the semiconductor
substrate in each of the active areas. A nitride layer is deposited
overlying the pad oxide layer. The nitride layer is patterned to form a
first dummy gate in each of the active areas. Ions are implanted to form
source/drain regions in each of the active areas not covered by the first
dummy gates. The first dummy gates are isotropically etched to form second
dummy gates thinner than the first dummy gates. Ions are implanted to form
lightly doped source/drain regions in each of the active areas not covered
by second dummy gates. Dielectric spacers are formed on sidewalk of the
second dummy gates. Thereafter, the source/drain regions are silicided. The
second dummy gates and spacers are removed. A first gate dielectric layer
is deposited overlying the substrate and silicided source/drain regions. A
first diffusion barrier layer is deposited overlying the first gate
dielectric layer. A first metal layer is deposited overlying the first
diffusion barrier layer. The first metal layer, first diffusion barrier
layer, and the first gate dielectric layer are patterned to form a first
metal gate in one of the NMOS and PMOS active areas. An oxide layer is
deposited overlying the substrate and the first metal gate. The oxide layer
is polished back to the metal gate. A via is opened through the oxide layer
to the substrate in the other one of the NMOS and PMOS areas. A second gate
dielectric layer is deposited within the via opening. A second diffusion
barrier layer is deposited overlying the second gate dielectric layer. A
second metal layer is deposited overlying the second diffusion barrier
layer and polished back to the oxide layer to form a second metal gate in
the other one of the NMOS and PMOS areas to complete formation of
dual-metal gate CMOS transistors in the fabrication of an integrated
circuit. BRIEF DESCRIPTION OF THE DRAWINGS In the accompanying drawings
forming a material part of this description, there is shown:   4 Figs. 1
through 15 are cross-sectional representations of a preferred embodiment of
the present invention. Fig. 16 is a cross-sectional representation of a
completed integrated circuit fabricated according to a preferred embodiment
of the present invention. DESCRIPTION OF THE PREFERRED EMBODIMENTS The
present invention is a simple manufacturable dual-metal gate process. The
process scheme all-ows great flexibility in the choice of gate materials
using metals. In addition, a simple isotropic etch is used to achieve
reversed LDD and source/drain implantation steps. This is important for
shallow extension regions. It is important to note that different metal
etching rates due to two different metals for NFETS and PFETs is not an
issue in this invention. Referring now more particularly to Fig. 1, there
is shown a semiconductor substrate 10. This is preferably monocrystalline
silicon. Isolation regions, such as shallow trench isolation (STI) 12, are
formed in the substrate to separate active regions. P-well 14 and N-well 16
are formed within the substrate, as is conventional. For example, P-well 19
has been formed in an NMOS active area and N-well 16 has been formed in a
PMOS active area. Punchthrough and threshold voltage adjustment
implantations, not shown, are made as is conventional in the art. 



Referring now to Fig. 2, a pad oxide layer 18 is grown or deposited over
the substrate to a thickness of between about 100 and 150 Angstroms. A
nitride layer 20, such as silicon nitride or SiOxNy, is deposited over the
pad   5 oxide layer 18 to a thickness of between about 2400 and 2600
Angstroms. A photoresist mask 25 is formed over the silicon nitride layer
20. The layer 20 is patterned to form dummy gates, as shown in Fig. 3.
These dummy gates are larger than the final gates will be, by about 1600 to
l800 Angstroms. The resist mask 25 is removed. A second mask 27 is formed
to shield the PMOS in the N-well area. Ions are implanted 29 into the NMOS
active area where they are not blocked by the dummy nitride gate 20 to form
source/drain regions 30. The mask 27 is removed. A third mask 31 is formed
to shield the NMOS area, as shown in Fig. 4. Ions are implanted 33 into the
PMOS active area where they are not blocked by the dummy nitride gate 20 to
form source/drain regions 34. Referring now to Fig. 5, a rapid thermal
annealing (RTA) is performed to activate the dopants. The resist mask 31 is
stripped. Now, an isotropic chemical wet etch is performed to decrease the
width and height of the dummy gates 20. The new dummy gates 40 are smaller
in width than the old gates 20 by 1600 to 1800 Angstroms and are shorter
than the old gates by 1600 to 1800 Angstroms (or a by about 17o). Referring
now to Fig. 6, the second mask 27 is again formed to shield the PMOS area.
Ions are implanted 41 into the NMOS active area where they are not blocked
by the dummy nitride gate 40 to form lightly doped source/drain regions 92.
The mask 27 is removed. The third mask 31 is again formed to shield the
NMOS area, as shown in Fig. 7. Ions are implanted 43 into the PMOS active
area where they are not blocked by the   6 dummy nitride gate 40 to form
lightly doped source/drain regions 94. The mask 31 is removed. Referring
now to Fig. B, an Excimer pulsedlaser annealing is performed to activate
the extension dopants to form shallow junctions and to reduce lateral
diffusion. This completes formation of the LDD and source/drain. Reversing
the LDD and source/drain implantation steps is achieved by the isotropic
etching technique applied to the dummy gates. This is important to the
formation of a well-controlled shallow junction. The shallow junction is
achieved by laser annealing of the LDD dopants after the source/drain RTA
anneal, as described above in reference to Fig. 5. Alternatively, a single
RTA anneal may be performed after the LDD implantation to activate dopants
in both LDD and source/drain simultaneously. Referring now to Fig. 9, a
dielectric layer 96 is deposited over the surface of the substrate and over
the dummy gates 90 to a thickness of between about 800 and 1000 Angstroms.
The dielectric layer 96 may comprise tetraethoxysilane (TEOS) oxide or a
composite layer of plasma-enhanced chemically vapor deposited (PE-CVD) TEOS
(150 Angstroms) and low temperature (less than or equal to 



700 oC) silicon nitride (850 Angstroms). The dielectric layer 46 is
anisotropically etched back using a plasma etch to form spacers 48 on the
sidewalk of the dummy gates 90, as shown in Fig. 10. Thermal budget control
is essential from Fig. 9 onwards by limiting a11 temperatures to below 700
oC. Referring now to Fig. 11, a metal stack is deposited over the
substrate. The metal stack may be cobalt with a titanium cap or nickel with
a titanium cap. The metal stack is annealed whereby it reacts with the
underlying silicon in the source/drain regions to form a metal silicide 50.
The unreacted metal stack over the dummy gates is    removed. This is a
self-aligned silicide (salicide) process. For the nickel silicide process,
the thermal budget is measured and the temperature is kept below 600 oC.
The NiSi process is preferred to minimize abnormal source-drain lateral
dopant diffusion which would result in worse short channel effects.
Referring now to Fig. 11, the dummy nitride gates 40 are removed by hot
H3P04, for example. The underlying oxide layer 18 is removed by a dilute
hydrofluoric acid (1:l00) and a conventional RCA clean. This cleaning step
is time-linked (four hours) to the subsequent high-k dielectric deposition.
Now the dual-metal gates of the present invention are to be fabricated.
First, as shown in Fig. 12, a high dielectric constant (k) material layer
52 is deposited by an atomic layer CVD process over the exposed silicon
substrate and over the salicided source/drain regions, followed by a low
temperature anneal. This high-k layer may contain a stack comprising
silicon oxynitride or silicon oxide followed by one of silicon nitride,
(Ba, Sr9) TiO, TaxOy, TiOx, Hf02, Zr02, and so on. The silicate glass is
first deposited; a subsequent low temperature anneal in an oxygen or
nitrogen ambient produces an oxide or oxynitride layer between the silicate
glass and the silicon substrate. The base layer 52 has a thickness of
between about 30 and 35 Angstroms. Now, a barrier metal layer 54 is
deposited over the base dielectric layer 52. The barrier metal layer may
comprise tantalum, tantalum nitride, titanium nitride, or tungsten nitride
deposited by an atomic layer CVD process to a thickness of between about 50
and 80 Angstroms. Now, a first metal layer 56, comprising molybdenum,
titanium nitride, tungsten, titanium, copper, or silicides, is deposited
over the barrier metal layer to a thickness of between about 1600 and 1800
Angstroms. Finally, an anti   8 reflective coating layer (BARC) 60, such as
silicon nitride or SiOxNy is deposited over the first metal layer to a
thickness of between about 300 and 600 Angstroms. Thickness is based on the
k-value of the BARC layer and subsequent simulation to minimize refection
from the metal layers. The first metal layer stack is now to be patterned
to form the first metal gate. For example, the first gate formed is shown
to be the NFET gate. It will be understood by those skilled in the art that
alternatively, the PFET gate could be formed first. A photoresist mask 70
is formed over the metal stack. The metal stack 60/56/54 and dielectric
layer 52 are etched away where they are not covered by the mask 70 to form
the first metal gate 56, illustrated in Fig. 13. Referring now to Fig. 13,
an oxide layer, such as borophospho-tetraethoxysilane (BPTEOS) 76 or
undoped silicate glass (USG) is deposited to a thickness of between about
5000 and 6000 Angstroms over the substrate and the first metal gate. The
BPTE05 layer 76 is polished back to the anti-reflective coating layer 60,
such as by chemical mechanical polishing (CMP). Now, another photoresist
mask BO is formed having an opening where a second metal gate is to be
formed. The BPTEOS layer 76 is etched through to the substrate where it is
not covered by the mask 80. The mask BO is stripped off by dry ashing and a
wet chemical rinse, for example. Referring now to Fig. 14, a high-k
dielectric layer 82 is deposited within the second gate opening. The high-k
material layer 82 may have the same composition and thickness as the first
gate dielectric layer 52. Now, a barrier metal layer 84 is deposited over
the base dielectric layer 82. The barrier metal layer may comprise titanium
nitride or tantalum nitride deposited by an atomic layer CVD process to a
thickness of between about 50 and 80 



9 Angstroms. Now, a second metal layer 86, comprising molybdenum, titanium
nitride, tungsten, titanium, copper, or silicides, is deposited over the
barrier metal layer 89 and polished back such as by CMP to complete the
second metal gate 86, as shown in Fig. 15. This completes the formation of
dual-metal gates for CMOS transistors. It is important to note that the
process of the present invention allows great flexibility in the choice of
gate materials. The NMOS and PMOS gates can be made of different metals to
fine-tune the gate work function, thereby allowing the fabrication of
symmetrical threshold voltages for both NMOS and PMOS. Processing continues
to form contacts and back end processing, as is conventional in the art.
For example, Fig. 16 illustrates an interlevel dielectric layer 90 covering
the metal gates 56 and 86. Openings have been etched through the interlevel
dielectric layers, and contacts 99 made, for example, as shown, to the
source/drain regions. The process of the present invention provides a
simple, manufacturable dual-metal gate process. The process scheme allows a
great flexibility in the choice of gate materials. By a simple isotropic
etch technique, the LDD and source/drain implantation steps can be
reversed. This is important to the formation of a well-controlled shallow
junction. While the invention has been particularly shown and described
with reference to the preferred embodiments thereof, it will be understood
by those skilled in the art that various changes in form and details may be
made without departing from the spirit and scope of the invention.   10
What is claimed is: 1. A method of forming dual-metal gate CMOS transistors
in the fabrication of integrated circuits comprising: providing an NMOS
active area and a PMOS active area of a semiconductor substrate separated
by 5 isolation regions; forming a pad oxide layer overlying said
semiconductor substrate in each of said active areas; depositing a nitride
layer overlying said pad oxide layer; 10 patterning said nitride layer to
form a first dummy gate in each of said active areas; implanting ions to
form source/drain regions in each of said active areas not covered by said
first dummy gates; 



15 isotropically etching said first dummy gates to form second dummy gates
thinner than said first dummy gates; implanting ions to form lightly doped
source/drain regions in each of said active areas not covered by said 20
second dummy gates; forming dielectric spacers on sidewal k of said second
dummy gates; thereafter siliciding said source/drain regions; thereafter
removing said second dummy gates and 25 said spacers; depositing a first
gate dielectric layer overlying said substrate and said silicided
source/drain regions; depositing a first diffusion barrier layer overlying
said first gate dielectric layer; 30 depositing a first metal layer
overlying said first diffusion barrier layer; patterning said first metal
layer, said first diffusion barrier layer, and said first gate dielectric
layer to form a first metal gate in one of said NMOS 35 and PMOS active
areas;   11 depositing an oxide layer overlying said substrate and said
first metal gate and polishing back said oxide layer to said first metal
gate; opening a via through said oxide layer to said 40 substrate in the
other one of said NMOS and PMOS areas; depositing a second gate dielectric
layer within said via opening; depositing a second diffusion barrier layer
overlying said second gate dielectric layer; 45 depositing a second metal
layer overlying said second diffusion barrier layer and polishing back said
second metal layer to said oxide layer to form a second metal gate on said
other one of said NMOS and PMOS areas to complete formation said of
dual-metal gate CMOS 50 transistors in the fabrication of an integrated
circuit. 2. The method according to Claim 1 further comprising forming a
P-well in said NMOS active area and forming an N-well in said PMOS active
area. 3. The method according to Claim 1 wherein said pad oxide layer
comprises silicon dioxide and has a thickness of between about l00 and 150
Angstroms. 4. The method according to Claim 1 wherein said nitride layer
has a thickness of between about 2400 and 2600 



Angstroms. 5. The method according to Claim 1 wherein said source/drain
ions are activated by a rapid thermal annealing after said source/drain
ions are implanted and wherein said lightly doped source/drain ions are
activated by a laser annealing after said lightly doped source/drain ions
are implanted. 6. The method according to Claim 1 wherein said source/drain
ions and said lightly doped source/drain ions are activated by a single
rapid thermal annealing after said lightly doped source/drain ions are
implanted.   12 7. The method according to Claim 1 wherein said step of
siliciding said source/drain regions comprises siliciding a
cobalt/titanium-cap layer or a nickel/titanium-cap layer. 8. The method
according to Claim 1 wherein said dielectric layer comprises
borophospho-tetraethoxysilane (BPTEOS) oxide or undoped silicate glass
having a thickness of between about 5000 and 6000 Angstroms. 9. The method
according to Claim 1 wherein said step of removing said second dummy gates
comprises using hot H3P09. 10. The method according to Claim 1 wherein said
first and second gate dielectric layers comprise a high-k silicon oxide
layer having a thickness of between about 30 and 35 Angstroms. 11. The
method according to Claim 1 wherein said first diffusion barrier layer
comprises tantalum, tantalum nitride, titanium nitride, or tungsten nitride
and has a thickness of between about 50 and 80 Angstroms. 12. The method
according to Claim 1 further comprising depositing a anti-reflective
coating layer overlying said first metal layer wherein said anti-reflective
coating layer comprises silicon oxynitride or silicon nitride and has a
thickness of between about 300 and 600 Angstroms. 13. The method according
to Claim 1 wherein said first and second metal layers may comprise
different materials and wherein said materials are molybdenum, titanium
nitride, tungsten, copper, titanium, or silicides. 19. A method of forming
dual-metal gate CMOS transistors   13 



in the fabrication of integrated circuits comprising: providing an NMOS
active area and a PMOS active area of a semiconductor substrate separated
by isolation 5 regions; forming a pad oxide layer overlying said
semiconductor substrate in each of said active areas; depositing a nitride
layer overlying said pad oxide layer; 10 patterning said nitride layer to
form a first dummy gate in each of said active areas; implanting first ions
to form source/drain regions in each of said active areas not covered by
said first dummy gates; 15 isotropically etching said first dummy gates to
form second dummy gates thinner than said first dummy gates; implanting
second ions to form lightly doped source/drain regions in each of said
active areas not 20 covered by said second dummy gates; thereafter driving
in said first and second ions in a single rapid thermal annealing step;
forming dielectric spacers on sidewalk of said second dummy gates; 25
thereafter siliciding said source/drain regions; thereafter removing said
second dummy gates and said spacers; depositing a first gate dielectric
layer overlying said substrate and said silicided source/drain regions; 30
depositing a first diffusion barrier layer overlying said first gate
dielectric layer; depositing a first metal layer overlying said first
diffusion barrier layer; patterning said first metal layer, said first 35
diffusion barrier layer, and said first gate dielectric layer to form a
first metal gate in one of said NMOS and PMOS active areas; depositing an
oxide layer overlying said substrate and said first metal gate and
polishing back said oxide   



14 90 layer to said first metal gate; opening a via through said oxide
layer to said substrate in the other one of said NMOS and PMOS areas;
depositing a second gate dielectric layer within said via opening;
depositing a second diffusion barrier 95 layer overlying said second gate
dielectric layer; depositing a second metal layer overlying said second
diffusion barrier layer and polishing back said second metal layer to said
oxide layer to form a second metal gate on said other one of said NMOS and
PMOS areas 50 to complete formation said of dual-metal gate CMOS
transistors in the fabrication of an integrated circuit. 15. The method
according to Claim 14 further comprising forming a P-well in said NMOS
active area and forming an N-well in said PMOS active area. 16. The method
according to Claim 19 wherein said pad oxide layer comprises silicon
dioxide and has a thickness of between about 100 and 150 Angstroms. 17. The
method according to Claim 19 wherein said nitride layer has a thickness of
between about 2400 and 2600 Angstroms. 18. The method according to Claim 19
wherein said step of siliciding said source/drain regions comprises
siliciding a cobalt/titanium-cap layer or a nickel/titanium-cap layer. 19.
The method according to Claim 14 wherein said dielectric layer comprises
borophospho-tetraethoxysilane (BPTEOS) oxide or undoped silicate glass
having a thickness of between about 5000 and 6000 Angstroms. 20. The method
according to Claim 14 wherein said step of removing said second dummy gates
comprises using hot H3P09.   15 21. The method according to Claim 19
wherein said first and second gate dielectric layers comprise a high-k
silicon oxide layer having a thickness of between about 30 and 35
Angstroms. 22. The method according to Claim 14 wherein said first and
second diffusion barrier layers comprise tantalum, tantalum nitride,
titanium nitride or tungsten nitride and have a thickness of between about
50 and BO Angstroms. 23. The method according to Claim 19 wherein said
first and second metal layers may comprise different materials and wherein
said materials are molybdenum, titanium nitride, tungsten, copper,
titanium, or silicides. 



29. A method of forming dual-metal gate CMOS transistors in the fabrication
of integrated circuits comprising: providing an NMOS active area and a PMOS
active area of a semiconductor substrate separated by isolation 5 regions;
forming a pad oxide layer overlying said semiconductor substrate in each of
said active areas; depositing a nitride layer overlying said pad oxide
layer; 10 patterning said nitride layer to form a first dummy gate in each
of said active areas; implanting first ions to form source/drain regions in
each of said active areas not covered by said first dummy gates and driving
in said first ions using rapid 15 thermal annealing; isotropically etching
said first dummy gates to form second dummy gates thinner than said first
dummy gates; implanting second ions to form lightly doped 20 source/drain
regions in each of said active areas not covered by said second dummy gates
and driving in said   16 second ions using a laser annealing; forming
dielectric spacers on sidewal k of said second dummy gates; 25 thereafter
siliciding said source/drain regions; thereafter removing said second dummy
gates and said spacers; depositing a first gate dielectric layer overlying
said substrate and said silicided source/drain regions; 30 depositing a
first diffusion barrier layer overlying said first gate dielectric layer; 



depositing a first metal layer overlying said first diffusion barrier
layer; patterning said first metal layer, said first 35 diffusion barrier
layer, and said first gate dielectric layer to form a first metal gate in
one of said NMOS and PMOS active areas; depositing an oxide layer overlying
said substrate and said first metal gate and polishing back said oxide 40
layer to said first metal gate; opening a via through said oxide layer to
said substrate in the other one of said NMOS and PMOS areas; depositing a
second gate dielectric layer within said via opening; depositing a second
diffusion barrier 95 layer overlying said second gate dielectric layer;
depositing a second metal layer overlying said second diffusion barrier
layer and polishing back said second metal layer to said oxide layer to
form a second metal gate on said other one of said NMOS and PMOS areas 50
to complete formation said of dual-metal gate CMOS transistors in the
fabrication of an integrated circuit. 25. The method according to Claim 29
further comprising forming a P-well in said NMOS active area and forming an
N-well in said PMOS active area. 26. The method according to Claim 29
wherein said nitride layer has a thickness of between about 2900 and 2600
Angstroms.   17 27. The method according to Claim 24 wherein said step of
siliciding said source/drain regions comprises siliciding a
cobalt/titanium-cap layer or a nickel/titanium-cap layer. 28. The method
according to Claim 29 wherein said dielectric layer comprises
borophospho-tetraethoxysilane (BPTEOS) oxide or undoped silicate glass
having a thickness of between about 5000 and 6000 Angstroms. 29. The method
according to Claim 29 wherein said step of removing said second dummy gates
comprises using hot H3P04. 30. The method according to Claim 24 wherein
said first and second gate dielectric layers comprise a high-k silicon
oxide layer having a thickness of between about 30 and 35 Angstroms. 



31. The method according to Claim 29 wherein said first and second
diffusion barrier layers comprise tantalum, tantalum nitride, titanium
nitride, or tungsten nitride and have a thickness of between about 50 and
BO Angstroms. 32. The method according to Claim 24 wherein said first and
second metal layers may comprise different materials and wherein said
materials are molybdenum, titanium nitride, tungsten, copper, titanium, or
silicides. .A,.AIu.Au.AIu.A,.A,.A,u.A,.A.A,.AI.Au.A,u.AI.A,.Afu.A:V5V%y{S
Z7Y#
}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! Q"U###X$$#')
+!+T,|-00d0o0j2l23c567999+<~=>??@AA}xsnid_Z]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]ca!AACEE6I
I9JDJjKDLGLLM8NNOPPQQQ9SVVLXOXrXZP[[b\]]}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!]\
^_^__` aaapdsdij k
kkllmmnwoXZP[[b\]]}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:Vq5VeF|10%&'()-!I
10%&'()-I 10%&'()-@010%&'()-*10%&'()-fV10%&'()-V%vwxy{}oPI10%&'()- 10 10
10!,l+"10%&'()- !I@"10%&'()-C!I3"10%&'()-y{S  



Z}^<P!I0*"10%&'()-` '
10%&'()-!I@"10%&'()-pIs10%&'()-6l10%&'()-!I!10%&'()-Z7rS4H,"10%8&'()-*,"10%
8&'()-*Is10%8&'()- 10 10
10!I410%&'()-!I\/10%&'()-`7Y#uS1!I"10%&'()-`!I10%&'()-&I10%&'()- 1088 1088
1088! 7C10%88&'()- 410%8&'()-k}[M?1 10 10
10!I43"10%&'()-I\&"10%&'()-D!I\&"10%&'()-D!Il!10%&'()- 10%&'()- Q"}[9M?1
10!,l""10%&'()-!I!10%&'()-!I@"10%&'()-!I|3"10%&'()-I"10%&'()-Is10%&'()-Q"U#
#####X$$rS1!I| 10%&'()-I10%&'()-I10%&'()- 



10 10 10!,5!10%&'()-`!, ."10%&'()-$#'()+++ +!+zl^P1Is10%&'()- 10 10
10!,1"10%&'()-PH,0!"10%&'()-!,0!"10%&'()-!,"10%&'()-}!+T,|-d0o0g2h2i2j2}[M?
1 10 10 10!,
."10%&'()-#,+10%&'()-!I"10%&'()-3!I"10%&'()-3I"10%&'()-j2l23c56799}[9+1
10!,\/4"10%&'()-!,'4"10%&'()-!,@"10%&'()-!Il"10%&'()-I"10%&'()-Is10%&'()-99
999+<~=>a?1 10!!,#"10%88&'()-p!I"10%88&'()-P!I@"10%88&'()-
Ig10%8&'()-Is10%8&'()- 10 10>?????@z@@uS10!HI|"10%qq&'()-!I|"10%&'()-
10%&'()-,10%&'()- 1088 1088 



1088!
.!10%88&'()-@AAASBBFCxV4uS10!!I"10%&'()-}!7I"10%&'()-}!I"10%qq&'()-}!HI"10%
&'()-}
I"10%&'()-}!I|"10%&'()-FCCCgDDEEwU3uS10!!,,"10%&'()-C!0,,"10%&'()-C!H,,"10%
::&'()-C!,,"10%&'()-C!I"10%&'()-}!I"10%qq&'()-}EEEEETFFGrP10!!,,"10%&'!HI"1
0%&'()-D!I"10%--&'()-D!I"10%&'()-D,10%&'()- 10 10
10GmH6II9JDJjK}^?P10!!,*10%&'()-P'10%&'()-$G10%&'()-10%&'()-}!0HI"10%&'()-D
!HI"10%&'()-DjKALBLCLDLGLLM8NbC0!!,c10%/&'()-C6P10%/&'()-6F10%/&'()-,10%/&'
()- 10 10 100310%&'()-8NNOPPQQQQdE:/ 10/
10/\810%/&'()-110%/&'()-\/10%/&'()-(10%V&'()-l"10%/&'()-6*10%/&'()-QQQ[RR9S
S
ToM+/!,"10%&'()-!7,"10%&'()-!f"10%&'()-!Hf"10%&'()-!0f"10%{{&'()-,10%&'()-
10/ TzTU_UUVVwU4+/!
,("10%&'()-m!X,"10%00&'()-!,"10%&'()-!,"10%&'()-!,"10%&'()-!7,"10%&'()-VVV)
WWIXJXKXwUG9/!  10
10!,("10%&'()-m!,("10%&'()-m!,("10%&'()-m!H,("10%&'()-m!,("10%&'()-mKXLXOXr
XXxYOZZoM+/!7HI"10%&'()- !HI"10%&'()- !HI"10%&'()- !I"10%&'()-
_*10%&'()-,10%&'()- 



10ZP[[b\]]Y^Z^[^dE:/ 10
105F10%&'()-&@/10%&'()-(10%&'()-#G10%&'()-C|D10%&'()-`P10%&'()-C[^\^_^__`
apaxY7/ 10!0I"10%&'()-(|10%&'()-10%&'()-PG10%&'()-6*10%&'()-,10%&'()-
10paaaNbbccczX67/ 10!,N&"10%&'()-!,N&"10%&'()-!(,N&"10%&'()-!,N&"10%&'()-
%10%&'()-!HI"10%&'()-ccmdndodpdsddrP/ 10!,N&"10%!f"10%jj&'()-@&I10%&'()-
10gg 10gg 10gg!H,N&"10%gg&'()-!,N&"10%00&'()-ddQeeffffxV4P/
10!f"10%O^O^&'()-@&!f"10%xx&'()-@&!Hf"10%rr&'()-@&
f"10%yy&'()-@&!0f"10%&'()-@&!f"10%""&'()-@&fggDhhiiwU3P/
1!0Hf"10%jmjm&'()-@&!Hf"10%bb&'()-@&!Hf"10%&'()-@&!f"10%xx&'()-@&!f"10%&'()
-@&!7Hf"10%xx&'()-@&ijkkk k kklbC 1!0Hf"10P10%L&'()-610%L&'()-,10%L&'()- 10



10 105G10%&'()-`|010%&'()-`llmmnwodbC
1!0Hf"10P10%L&'()-0*10%L&'()-l"d10%L&'()-G10%L&'()-lC10%L&'()-G10%&'()-#
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 Fontx (i/6<BCINKU[[oahwlprtvxz|~
A]woIJKLV{Z7Q"$!+j29>@FCEGjK8NQ
TVKXZ[^pacdfilwoMNOPQRSTUVWXYZ[\]^_`abcdefghijk6Times New RomanArialCourier
New"h Root EntryWordDocument   !"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmn 


