
;e3e`s`p,j66lT2 CHEMICAL AMPLIFIED PHOTORESIST COMPOSITIONS BACKGROUND OF
THE INVENTION *159159* 1. Field of the Invention The present invention
relates to a photo resist composition, and particularly to a chemical
amplified photoresist composition including polymers, and to a method for
lithography to which the photoresist composition is applied. 5 10 2.
Related Prior Art  Integral circuit layering is crucial in semiconductor
industries such that the number of integral layers on an integral circuit
must be maximized. Therefore, narrower wire widths for lithography are
required. To achieve better resolution, light sources with shorter
wavelengths or exposure systems with larger numerical apertures are
applied. 15 Recently, a tetrapolymer iBMA-MMA-tBMA-MMA (poly isobornyl
methacrylate-methyl methacrylate -t-butyl methacrylate-methacrylic acid) is
reported to be a possible resin system for ArF resist: 20 v ~y . ,Z , O O O
O OH CH3 C(CH3)3 For such polymers, there are still some disadvantages, for
example, low etch resistance and bad adhesion due to the four monomer
composition. Therefore, a new resin for the compositions of resists is
eager to be   developed. U.S. Patent No. 6,271,412 and 6,280,898 and
Japanese Patent Publication No. 2001-242627 have disclosed different
monomers for synthesizing photosensitive polymers, which can form
photoresist 5 compositions and then be applied to semiconductor component
manufacturing. The present invention provides a chemical amplified
photoresist composition, which comprises a polymer containing a novel
lactone alicyclic unit. And the photoresist comprising the polymer provide
10 well-balanced outcome of etching resistance and substrate adhesion.
SUMMARY OF THE INVENTION An object of the present invention is to provide a
chemical amplified photoresist composition, which is suitable for
lithography processes and 15 can exhibit excellent resolution, picture
sharpness and photosensitivity. Another object of the present invention is
to provide a method for manufacturing semiconductor devices by lithography
process, which is particular suitable for ArF, KrF or the like light source
and can exhibit excellent resolution, figures and photosensitivity. 



20 Accordingly, the chemical amplified photoresist composition includes a
polymer having repeated units of the formula (II), 2    (II) wherein Rl is
H, haloalkyl group or C1-C4 alkyl group; R2 is hydroxyl group, C1-C8 alkoxy
group or C1-Cg thioalkyl group; G is (CH2)", O or S, wherein n is 0, 1, 2,
3 or 4; Rc is a lactone group; and m is 1, 2 or 3. 5 The chemical amplified
photoresist composition can further optionally include a photo-acid
generator (PAG), an acid quencher, an additive, a solvent, etc. The
chemical amplified photoresist composition of the present invention can be
applied to general lithography processes, and particularly 10 to the
process of ArF, KrF or the like light source, whereby excellent resolution,
figures and photosensitivity can be achieved. Such processes are well known
by those skilled in this art. The present invention also relates to a
method for manufacturing semiconductor devices by lithography, to which the
above chemically 15 amplified photoresist composition is applied, and
particularly for the exposure process with ArF, KrF or the like light
source. DETAILED DESCRIPTION OF THE INVENTION The chemical amplified
photoresist composition of the present 20 invention includes a polymer
having a repeated unit of the formula (II), which is essentially formed
through a reaction involving a compound of the following formula (I),   R~
O 2 -/R G (CH~ c (I) wherein Ri is H, haloalkyl group or CI-C4 alkyl group;
R2 is hydroxyl group, C1-C8 alkoxy group or C1-C8 thioalkyl group; G is
(CH2)", O or S, 5 wherein n is 0, 1, 2, 3 or 4; Rc is a lactone group; and
m is 1, 2 or 3. This reaction can be performed by self polymerization of
the above compound or copolymerizing the above compound with other vinyl
monomers in the presence of catalysts. One of the methods for preparing the
formula (I) compound is 10 shown below, 



4   0 \ G + ~ O O O G ~O O O G \O O O G ~O O HO G O R2 [ Diels-Alder ] Step
1 [ Reduction ] Step 2 Peroxide Step 3 H+ Step 4 O R~ CI Step 5 O O R~ O \
G ~O R2 wherein R', R2 and G are defined as the above. In Step 1, a proper
diene compound such as butadiene, 5 10 cyclopentadiene, furan and
thiophene, reacts with malefic anhydride to perform the Diels-Alder
reaction. Then, the acid anhydride adducts are reduced under the well-known
conditions in the second Step 2. Preferably reaction is carried out using
sodium boron hydride in dried polar solvent such as dimethylformamide or
tetrahydrofuran. In Step 3, peroxide is provided to oxidize the double-bond
compound into an epoxide. In Step 4, the epoxide reacts with a proper
nucleophilic reagent such as water, alcohol and thiol, to perform a ring
opening addition reaction under an acidic environment and then obtaining a
hydroxyl derivative can be obtained. In Step 5, the hydroxyl derivative
reacts with (alkyl)acryloyl chloride or   acryloyl chloride to perform
esterification resulting in and finally the compound of the formula (I) is
obtained. Detailed procedures for preparing the compound of the present
invention are described in the preferred embodiments. 5 10 The compounds of
the formula (I) can be polymerized or copolymerized with other vinyl
monomers to produce various polymers with or without the assistance of
catalysts. Particularly, when being applied to the 193 nm processes, the
vinyl monomers preferably have no aryl group to enable the light to pass
therethrough. Below are some examples of vinyl monomers, wherein R3 is H,
haloalkyl group, haloalkyl group or C1-C4 alkyl group. R3 ~ R3 ~ R3 ~ R3 ~
R3 ~ R3 O O O O O O HO O O O O O _O OH R3 ~ R3 ~ R3 ~ R3 ~ R3 ~ R3 O O O O
O O O O O O O O OH   R3 O O CH20H ~o HO 0 R3 O O C02H 



O O~ O'~~O O 0 CH2 O'~~O N O O O O HO O 5 According to the compound of the
formula (I), the polymer having a repeated unit of the formula (II) can be
synthesized through self polymerization or copolymerization, O ~H~ c   (II)
wherein Rl, R2, G, Rc and m are defined as the above. The structure unit of
the polymer or copolymers polymerized or copolymerized from compound (I)
can be the following formula (III), 5 formula (IV) or formula (V), R' 9 -r
~ h O O OCH3 O O~ (III) " R' R -O T " OT "i ~O O OC2H5 O O 10 (IV) g h i O
O~~ O O OCH3 O O HO O I O O~ (V) 8   5 wherein R, R' and R" each
independently is H, haloalkyl group or methyl group. In the structure unit
of formula (III) and (IV) g+h+i=1, more preferably g/( g+h+i)=0.01-0. 8,
h/( g+h+i)=0.01-0. 8, i/( g+h+i)=0.01-0. 8; in the structure unit of
formula (V) g+h+i+j=1, more preferably g/(g+h+i+j )=0.01-0 . 5, h/(g+h+i+j
)=0.01-0. 8, i/(g+h+i+j )=0. O 1-0. 8, j /(g+h+i+j )=0.01-0. 8 . The above
polymers can be used individually, or by mixing with one or more thereof.
The polymer of the present invention is preferably soluble in organic 10
solvents, and has a glass transfer temperature (Tg) ranging from 50 to 220 



C, molecular weight ranging from 1,000 to 500,000, and degradation
temperature (Td) greater than 80 C. The method of polymerization is not
restricted, and is preferably 15 done by mixing the above monomers in the
existence of catalysts. The catalysts can be those well known by one
skilled in this art, and preferably 2,2'-azo-bis-isobutyronitrile (AIBN) or
dimethyl-2,2'-azo-bis-isobutyrate radical initiator (V 601 ). The chemical
amplified photo resist composition of the present 20 invention can further
include a photo-acid generator (PAG), an acid quencher, an additive or a
solvent. The above photo-acid generator is not restricted, but can generate
acids under ultraviolet or other radiation sources, and be stable before
exposure. The preferred photo-acid generators are as follows: g+ CF3SO3 S+
C4F9S~3 9   i\ S+ CgF17S~3 \ , \ 0F3 S+ 03S \ / ~ S+ 03S \ \ ~ 0H3 I+ \ / ~
/ ~ I+ CF3S03 I+ ~ / 08F17$03 / \ i" ~ / i\ / ~ + S _03S O C4F9S03 03S O O
~ / \ ~ H30 S~ ~ S+ \ ~ \ / CF3SO3 + CF3SOg _ O ~~5~ CF3S03 0H3 S+ CF3SO3 O
O NOS02CF3 O O \N-O-S-0F3 O O 10  



O O \ II N-O-S I I O O O O F F O \ II N-O-S ~ ~ F O O F F O O \ II N-O-S ~
~ CH3 O O O O \N-O-S O O O O N2 O , etc. F3C-S-C-S-CF3 O O 5 O O \N-O-S-CF3
O O O N2 O or H3C ~ ~ S-C-S ~ ~ CH3 O O The above photo-acid generators can
be used individually, or by 10 15 mixing with one or more thereof. The
photo-acid generator is usually added at 0.1-20 parts per 100 parts of
resin in weight, and preferably 0.5-7 parts. The chemical amplified
photoresist composition of the present invention can further include acid
quencher to adjust the diffusion of acid. The proper acid quenchers are
tetrabutylammonium hydroxide, tetrabutylammonium lactate, tributylamine,
trioctylamine, triethanolamine, tris[2-(2-methoxyethoxy)ethyl]amine,
N-(2,3-dihydroxypropyl)piperidine, N-(2-hydroxyethyl)piperidine, morpholin,
N-(2-hydroxyethyl)morpholin, N-(2-hydroxyethyl)pyrrolidine,
N-(2-hydroxyethyl)piperazine, etc. The acid quencher is usually added at
0.001-10 parts per part of the photo-acid generator in weight, and
preferably 0.01-1 part. n   The additive of the present invention is not
restricted, and can be optionally added or not. Proper amounts of
sensitizers, dissolution inhibitors, surfactants, stabilizers, dyes or
other resins may be a good additive to improve the characteristics of the
photpresist composition. 5 There is no special limit to the solvent of the
chemical amplified photoresist compositions of the present invention.
Preferably, the solvent suitable for the chemical amplified photoresist
compositions of the present invention is higher alcohol (e.g. n-octanol),
glycolic acid and its derivatives (e.g. methyl lactate, ethyl lactate and
ethyl glycolate), glycolic ether and its 10 derivatives (e.g. glycolic
ethyl acetate, glycolic methyl acetate, glycerol methyl acetate),
ketoesters (e.g. methyl acetoacetate, ethyl acetoacetate), alkoxy
carboxylates (ethyl 2-ethoxyacetate, methyl 3-methoxypropionate, ethyl
3-ethoxypropionate, or methyl ethoxypropionate), ketones (methyl ethyl
ketone, methyl pentyl ketone, acetylacetone cyclopentone, 15 cyclohexone,
or 2-hepatone) ketoethers (e.g. diacetoalcohol methyl ether), ketoalcohols
(e.g. acetoalcohol or diacetone ), alcohol ethers (e.g. glycolic butyl
ether or propylene glycol ethyl ether)amides (e.g. dimethylacetamide or
dimethyl formamide), ethers (e.g. phenyl ether or triethylene glycol
dimethyl ether) or mixture thereof. Preferably, the solvent of the chemical



20 amplified photoresist is n-octyl alcohol, propylene glycol methyl ether
acetate, ethyl 3-ethoxypropionate, ethyl 2-ethoxyacetate, methyl
3-methoxypropionate, methylethoxypropionate, methyl ethyl ketone,
methylpentylmethyl ketone, cyclopentanone, methyl acetate, ethyl acetate,
glycolic butyl ether propylene glycol ethyl ether or mixture thereof. 25
The solvent is usually added at 200-2,000 parts per 100 parts of resin in
weight, and preferably 400-1,000 parts. The chemical amplified photoresist
composition of the present invention can be prepared by first dissolving
the polymer in the solvent and 12   then dissolving the other components
therein, or by first dissolving the other components which are mixed
together previously in the solvent and then dissolving the polymer therein.
Impurities in the chemical amplified photo resist composition, for 5
example, metals and halogens, should be minimized. Therefore, the
components can be purified previously, or the produced chemical amplified
photoresist composition is purified before using. In addition to the
traditional lithography processes, the chemical amplified photoresist
composition of the present invention can be 10 particularly applied to the
193nm process. When applying the chemical amplified photoresist
composition, lithography general procedures are performed. The photoresist
composition is first spread on silicon substrates or other substrates by
spinning, spraying, rolling, etc. Usually, the substrate is then baked on a
15 thermoplate to remove the solvent and then exposed with masks to form
patterns. The development solutions for the exposed resist coating can be
an alkali solution, for example, ammonia, triethylamine,
dimethylaminomethanol, tetramethylammonium hydroxide, sodium 20 hydroxide,
potassium hydroxide, sodium carbonate, potassium carbonate,
trimethylhydroxylethylamonium hydroxide, etc. The resolution, shape and
sensitivity of the chemical amplified photoresist composition of the
present invention are good. Besides, the depth of focus, exposure border
and removing border are excellent. 25 More detailed examples are used to
illustrate the present invention, and these examples are used to explain
the present invention. The examples below, which are given simply by way of
illustration, must not be taken to limit the scope of the invention. 13
DESCRIPTION OF THE PRESFERRED EMBODIMENTS Preparation Example l: Synthesis
of Monomer (I-1) O O O 



O O H i Methacryloyl chloride O O CH30H CHZCI2 / Et3N H3C0 (I-1) 5
8,9-epoxy-3-oxo-4-oxa-tricyclo[5.2.1.02'6]decane (16.6 g) is dissolved in
methanol (200 mL), and then reacts with concentrated sulfuric acid (0.25
mL) to performresulting in a ring opening reaction. After the reaction is
completed, the solution is neutralized and concentrated in vacuum. The
residue was dissolved in 200 m1 of methylene chloride and 10 10.2 g of
triethylamine. To this mixture below 15 C, 10.5 g of methacryloyl chloride
was added dropwise. After the completion of addition, the solution was
agitated for 4 hours at room temperature, followed by conventional
extraction and washing. The oily substance collected was purified by silica
gel column chromatography, yielding 18.4 15 g of
9-methoxy-5-oxo-4-oxa-tricyclo[5.2.1.02'6]dec-8-yl methacrylate) (I-1) (
18.4 g), and the yield is of 69 %. 1H-NMR (CDC13, 300MHz) 8 5 .89 ( 1 H,
brs), 5 .3 7 ( 1 H, brs), 4. 81 ( 1 H, m), 3 .96 ( 1 H, m), 3 .67-3 .57
(2H, m), 3.54 (3H, s), 2.79 (1H, m), 2.57 (1H, m), 2.55 (1H, m), 2.37 (1H,
m), 20 1.77-1.74 (4H, m), 1.3 8 ( 1 H, m). '3C-NMR(CDC13, 75MHz) 8 171.4,
165.6, 136.0, 124.8, 84.9, 79.5, 70.0, 51.0, 46.1, 45.7, 40.4, 39.1, 32.4,
17.8. 25 Preparation Example 2: Synthesis of Monomer (I-2) 14   O H O O H ~
acryloyl chloride CH30H CH2CI21 Et3N (I-2)
8,9-epoxy-3-oxo-4-oxa-tricyclo[5.2.1.026]decane (16.6 g) is 5 10 15 20
dissolved in methanol (200 mL), and then reacts with concentrated sulfuric
acid (0.25 mL) resulting to perform in a ring opening reaction. After the
reaction is completed, the solution is neutralized and concentrated in
vacuum. The residue was dissolved in 200 m1 of methylene chloride and 10.2
g of triethylamine. To this mixture below 15 C, 10.5 g of methacryloyl
chloride was added dropwise. After the completion of addition, the solution
was agitated for 4 hours at room temperature, followed by conventional
extraction and washing. The oily substance collected was purified by silica
gel column chromatography, yielding 18.4 g of
9-methoxy-5-oxo-4-oxa-tricyclo[5.2.1.026]dec-8-yl acrylate) (I-1) (18.9 g),
and the yield is of 75 %. 1H-NMR (CDC13, 300MHz, J in Hz) 8 6.38 ( 1 H, dd,
J=17.4, 0.6), 6.11 (1 H, dd, J=17.4, 10.5), 5.82 ( 1 H, dd, J=10.5, 0.5 6),
5 .01 ( 1 H, brs), 4.17 ( 1 H, d, J=5.0), 3 .86 ( 1 H, d, J=5.6), 3.79 (1
H, dd, J=5.6, 2.7), 3.72 (3H, s), 2.95 ( 1 H, m), 2.81 (1 H, m), 2.73 (1 H,
m), 2.56 (1H, brs), 1.95 (1H, d, J=10.9), 1.57 (1H, d, J=10.9).
13C-~R(CDC13, 75MHz) 8 171.9, 165.0, 130.7, l28.6, 85.4, 80.0, 70.5, 51.6,
46.7, 46.2, 40.8, 39.6, 32.9. Preparation Example 3: Synthesis of Monomers
(I-3) 15    O H H+ acryloyl chloride O O C2 0 CH2CI2 / Et3N (I-3) Repeat
steps of Example 2, but replace the initial reactant 5 10 15
8,9-epoxy-3-oxo-4-oxa-tricyclo[5.2.1.026]decaneis with
3,4-epoxy-7-oxo-8-oxa-bicyclo[4.3.0]nonane, and replace methanol with
anhydrous ethanol. The colorless oil product,
4-ethoxy-9-oxo-8-oxabicyclo[4.3.0]non-3-yl acrylate (I-3), is then
obtained. 



1H-NMR (CDC13, 300MHz, J in Hz) 8 6.28 (1H, dd, J=17.4, 1.8), 5.99 (1H, dd,
J=17.4, 10.6), 5.75 (1H, dd, J=10.6, 1.8), 4.91 ( 1 H, brs), 4.11 ( 1 H,
m), 3.85 ( 1H, m), 3.58 ( 1 H, m), 3.44 ( 1 H, m), 3 .22 ( 1 H, m),
2.61-2.47 (2H, m), 2.25 ( 1 H, m), 1.91-1.72 (2H, m), 1.09-0.97 (SH, m).
13C-~R(CDC13, 75MHz) 8 171.6, 164.7, 130.9, 128.0, 71.2, 70.8, 69.2, 63.8,
35.7, 30.3, 25.1, 20.7, 14.9. Preparation Examples 4-7 Repeat steps of
Preparation Example 1, but replace the initial 20 25 reactants and solvents
with those listed in Table A, in which the products are listed. 16    Table
A Initial Reactant Solvent Product Preparation ~ 2-Propanol Example 4 ~ ~ o
0 0 o^ o I-4 Preparation ~ Cyclohexanethiol Example 5 ~ Q o S O O~ O 1-s
Preparation 4 H20, THF Example 6 ~ ~ o HO O O~ O I-6 Preparation 4 Methanol
Example 7 ~ ~ o 0 H3C0 O O' O~ O 1-T Preparation Example 8: Synthesis of
the Polymer of the Formula (II-1) Tetrahydrofuran (20 mL), tert-butyl
methacrylate (2.13 g), m   2-methyl-2-adamantyl methacrylate (4.69 g) and
9-methoxy-5-oxo-4-oxatricyclo[5.2.1.026]dec-8-yl methacrylate (3.99 g) are
mixed in a reactor, and 5 10 then an initiator
2,2'-azo-bis-isobutyronitrile (AIBN) (1.1 g) is added therein to perform
reaction at 65 C. After the reaction is completed, the solution to which
tetrahydrofuran (20 mL) is added is transferred into a container containing
hexane (1L) to generate white precipitate. The precipitate is then dried by
filtration to obtain white powders (8.43 g), i.e., the polymer of the
formula (II-1) with repeated units. The yield is 78%. Weight-average
molecular weight of the polymer measured with GPC is 14,100, and glass
transition temperature (Tg) is 169 C. H3 O , ~ O ~ O OCH Ow0 formula (II-1
) [g=0.30, h=0.40, i=0.30, Mw 14100] 



Preparation Example 9: Synthesis of the Polymer of the formula (II-2)
Tetrahydrofuran (20 mL), tert-butyl methacrylate (2.13 g), 15 20
2-methyl-2-adamantyl methacrylate (4.69 g) and
4-ethoxy-9-oxo-8-oxabicyclo[4.3.0]non-3-yl methacrylate (4.02 g) are mixed
in a reactor. Next, an initiator 2,2'-azo-bis-isobutyronitrile (AIBN) ( 1.1
g) is added to perform reaction at 70 C overnight, and then tetrahydrofuran
(20 mL) is added therein. Next, the solution is transferred into a
container containing hexane ( 1 L) to generate white precipitate. The
precipitate is then dried by filtration to obtain white powders (6.83 g),
i.e., the polymer of the formula is   (II-2) with repeated units. The yield
is 63%. weight-average molecular weight of the polymer measured with GPC is
19,200, and glass transition temperature (Tg) is 121 C. 3 ~'~3 5 10 O ~O O
O Preparation Examples 10-34 H5 formula (II-2) [g=0.30, h=0.40, i=0.30, Mw
19200] Repeat procedures of Preparation Example 1, but different monomers
are used for polymerization and white polymer powders, having the following
formulae (II-3)-(II-27), can be obtained. H3 CH3 OT ~~ -O O O OC2H5 ~~yi
formula (II-3) [g=0.3 0, h=0.40, i=0.3 0, Mw 16200] 19    L009b t MY~I
`0'0=i `0b'0=a `0'0=~~ (G-II) '~In~o~ LOObS t= `0'0=i `0b'0=~I `0'0=~~
(9-II) '~in~o~ L00Gt MY1I `0'0=i `0b'0=a `0'0=~~ (S-II) '~in~o~ LOOGBi MY~I
`0'0=i `0b'0=a `0'0=~l (b-II) ~Tn~o~ oz 



O O O H~O O O p O O ! 4 s H EH~ EH~ O O HO O O O~ O _ ~~ ~ u, , s EH~ EH
O~ O i W sH    CH3 CH3 CH3 ---t-- ~i --...._ O O 0 off "i _ o ~o OH O CH3
CH3 CH3 -.. r 9 r r h --`~ ; ~~p ~p O OH formula (II-8) [g=0.50, h=0.10,
i=0.40, MW=10200] foz mina (Il-9) [g=0.50, h=0.10, i=0,40, MW=9700] formula
(II-10) [g=0.50, h=0.l0, i=0.40, MW=11600] 21      zz LOOSO T ML~I `SZ'0=L
`Ot~'0=i `0'0=~I `S0'0=~~ ~~b I -II) '~Inuuo~ LOOL8--""Y~I `Ot~'0=t
`0t'0=~I `0S'0=~~ ~I-II) ~In~o,I L006 ~'Y1I 



`O~b'0=i `0i'0=a `0S'0=~~ ~Z t -II) '~tnuuo~ LOOSII MY1I O~b'0=i `0I'0=~i
`0S'0=~l ~ I t -II) ~tnuz~o~ O O H~O O O O O O: ( ~ 4 s H O O HO O HO O O
O' s EHO EHO EHO     H3 9 0 O 0 ~o ~o O OC2Hs 0 O H3 C H3 O H3 CH3 =O O =O
I O O O O OwOi  O O -_O formula (II-15) [g=0.05, h=0.30, i=0.40, j=0.25, Mw
13300] formula (II-16) [g=0.05, h=0.30, i=0.40, j=0.25, Mw 12600] formula
(II-17) [g=0.05, h=0.30, i=0.40, j=0.25, Mw 9500] 23   



M 3 CH3 CFi3 g -~" ~ h O ~o 0 ,O H formula (II-18) [g=0.05, h=0.30, i=0.40,
j=0.25, Mw 11100] formula (II-19) [g=0.05, h=0.30, i=0.40, j=0.25, Mw
11700] H3 O h O ~O O ,O formula (II-20) [g=0.05, h=0.40, i=0.30, j=0.25, Mw
10800] 24     L006t MY~t `Ot'O=~ `Sb'0=T `0~'0=~i `SO'O=~~ ~~Z-II) '~inuuo~
LOOSOt MY1I SZ'0=~ `0'0=i `Ot~'0=a `SO 0=~~ ~Z-II) ~in~o~ L0066 MY~ `SZ'0=~
`OE'O=i `0~'0=a `SO'0=~l ~ZZ-II) '~in~o3 L0096 M1H `SZ'0=~ `O'O=i `Ot'0=a
`S0'0=~ ~ t Z-II) ~in~o~ sz 0 0 eH~O O O ~Hz'JO O O O~~ O~ O~ O ~m ~s H    



formula (II-25) [g=0.05, h=0.40, i=0.45, j=0.10, Mw 12600] formula (II-26)
[g=0.05, h=0.40, i=0.45, j=0.10, Mw 13400] formula (II-27) [g=0.05, h=0.40,
i=D.45, j= 0.10, Mw 11700] Example 1: Preparing the Photoresist Composition
The polymer of the formula (II-1) (2 g) obtained from Preparation Example
8, triphenylsulfonium perfluoro-1-butanesulfonate (TPS-PFBS) 5 (0.05 g),
tert-butyl cholate (TBC) (0.06 g), propylene glycol monomethyl 26
ether acetate (PGMEA) ( 10.4 g) and N-(hydroxy methyl)piperidine (0.5 mg)
are mixed well and then filtered through a 0.45 g.m filter. The filtrate is
then spread on a piece of dry silicon by spinning to form a thin film. The
thin film is then dried at l30 C for 90 seconds to obtain a 5 317.6 nm
thick film. Next, the film is exposed under a DW light source with 193 nm
wavelength and 10-35 mj/cm2, and then baked on a thermoplate at 130 C for
90 seconds. Next, the film is developed with tetramethyl ammonium hydroxide
(TMAH) aqueous solution (2.38%), and then washed with deionized water, 10
and spin-dried. The exposed area shows a structure of resolution of 0.15 ~m
under the observation of scanning electronic microscopy (SEM). Examples
2-16: Preparing the Photoresist Compositions Repeat procedures of Example
a, but the polymer is replaced with 15 those obtained from Preparation
Examples 9-15, 21-27 and 31. Table B shows the results. Table B  Example
PolymerThickness of the 



Film (nm)Resolution  (gym)Example 2(II-2)317.80.18Example
3(II-3)326.00.18Example 4(II-4)298.50.15Example 5(II-5)278.80.15Example
6(II-6)321.00.15Example 7(II-7)306.80.18Example 8(II-8)304.50.15Example
9(II-14)320.70.20 27   Example 10(II-15 )3 34.90.20Example
11(II-16)310.20.15Example 12(II-17)296.60.15Example
13(II-18)275.80.15Example 14(II-19)330.50.18Example
15(II-20)309.70.15Example 16(II-24)318.50.20 Accordingly, these chemical
amplified photoresist compositions of the present invention can be
successfully applied to general lithography processes, and particularly to
the ArF, KrF or the like process to obtain 5 superior resolution, picture
sharpness and photosensitivity. From the foregoing description, one skilled
in the art can easily ascertain the essential characteristics of this
invention, and without departing from the scope thereof, can make various
changes and modifications of the invention to adapt it to various usages
and conditions. 10 Thus, other embodiments are also within the claims. 28
WHAT IS CLAIMED IS: 1. A chemical amplified photoresist composition,
comprising a polymer having a repeated unit of the formula (II), 5 (II)
wherein R' is H, haloalkyl group or C1-C4 alkyl group; R2 is hydroxyl
group, C1-C$ alkoxy group or C1-Cg thioalkyl group; G is (CH2)", O or S,
wherein n is 0, 1, 2, 3 or 4; Rc is a lactone group; and m is 1, 2 or 3. 2.
The composition of claim 1, wherein said Rl is H or methyl 10 group. 3. The
composition of claim 1, wherein said RZ is hydroxyl group, C1-C4 alkoxy
group, or thioalkyl group. 4. The composition of claim 1, wherein said m is
1. 5. The composition of claim 1, wherein said G is (CH2)", n is 0, 1 15 or
2. 6. The composition of claim 1, wherein said G is O or S. 7. The
composition of claim 1, wherein said polymer has the following formula (II-
1 ), (II- 2), (II- 3), (II- 4), (II- 5), (II- 6), or (II- 7): 29    



H3 CH3 =O O 3 9 O 3 ~o 0 OCH3 formula (II- 1) p O O OC2H5 formula (II- 2) p
p 3 LH3 CH3 g ~ h ~ ~iO ~O O O I3 CH3 i O O H 5 formula (II- 3) formula
(II- 4) 30     H3 9 -~ ~ h O ~O O O S O O w ~g ~ ~h ~-- I /iO ~O O O O OH
O~Oi CH3 CH3 CH3 O ~ ~ O-r- ~i O O OCH3 -O' O O/ wherein g+h+i=1. formula
(II- 5) formula (II- 6) formula (II- 7) 8. The polymer of claim 1, wherein
g/(g+h+i) ranges from 0.01 to 0.8, h/(g+h+i) ranges from 0.0l to 0.8, and
i/(g+h+i) ranges from 0.01 to 0.8. 31   The composition of claim 1, wherein
said polymer has the following formula (II- 8), (II- 9), (II- 10), (II-
11), (II- 12), or (II- 13): CH3 CH3 CH3 ~9 ~- ~h ~ O O O O OH O OCH3 OwO~ .
CH3 CH3 CH3 ~9 -r ~h -~ ~i  O O O O OH O OC2H5 Ow CH3 CH3 CH3 T ~ h ~-- ~ i



o ~o L-. O OH formula (II- 8) formula (II- 9) formula (II- 10) 32    CH3
CH3 CH3 i 8 T i h ~-- ~i  O ~O rLO O OH formula (II- 11 ) formula (II- 12)
CH3 CH3 CH3 " 9 ~ ~O ~O O O OH O OCH3 formula (II- 13) O O O wherein
g+h+i=1. 10. The polymer of claim 9, wherein g/(g+h+i) ranges from 0.01 to
0.8, h/(g+h+i) ranges from 0.01 to 0.5, and i/(g+h+i) ranges from 0.01 to
0.8. 11. The composition of claim 1, wherein said polymer has the 5
following formula (II- 14), (II- 15), (II- 16), (II- 17), (II- 18), or (II-
19): 33     H3 CH3 formula (II- 14) formula (II- 15) H H3 CH3 CH3 9 T rh
_r- ri =O ~O ~O O O CH3 CH3 CH3 g r h T r, ~ !j O ~O ~O ~O 0 formula (II-
16) O S formula (II- 17) O 34   



5 H3 H T O ~O O O CHg ~h O ~O O O v formula (II- 18) formula (II- 19)
wherein g+h+i+j=1. 12. The polymer of claim 11, wherein g/(g+h+i+j) ranges
from 0.01 to 0.5, h/(g+h+i+j) ranges from 0.01 to 0.8, i/(g+h+i+j) ranges
from 0.01 to 0.8, and j/(g+h+i+j) ranges from 0.01 to 0.8. 13. The
composition of claim 1, wherein said polymer has the following formula (II-
20), (II- 21), (II- 22), or (II- 23): vn3 JO O OH O~O~ JO 35    H H O H3 =O
3 ~.n3 h ~i O ~O O h O ~O O ~3 l0 formula (II- 20) ~l~ O O OCZHS formula
(II- 21 ) p~ yi H3 CH3 CH3 CH3 g T ~ h ~- y =O ~O ~O p p O O~Oi 



H3 CH3 CH3 CH3 g ~- ~ h ~- ~ , -r- y -O O ~O ~.O O O O formula (II- 22)
formula (II- 23) 36     wherein g+h+i+j=1. 14. The polymer of claim 13,
wherein g/(g+h+i+j) ranges from 0.01 to 0.5, h/(g+h+i+j) ranges from 0.01
to 0.8, i/(g+h+i+j) ranges from 0.01 to 0.8, and j/(g+h+i+j) ranges from
0.01 to 0.8. 15. The composition of claim 1, wherein said polymer has the
following formula (II- 24), (II- 25), (II- 26), or (II- 27): CH3 g h i O
O~O O O OCH3 O p formula (II- 24) HO O Ow formula (II- 25) 37    h n~ ~~ O
~o ~o HO O 9 ~ ~~i h n~ ~~ O ~O HO O O formula (II- 26) formula (II- 27)
wherein g+h+i+j=1. 16. The polymer of claim 15, wherein g/(g+h+i+j) ranges
from 0.01 to 0.5, h/(g+h+i+j) ranges from 0.01 to 0.8, i/(g+h+i+j) ranges
from 0.0l to 0.8, and j/(g+h+i+j) ranges from 0.01 to 0.8. 17. The
composition of claim 1, wherein said polymer is soluble in organic
solvents, and has a glass transfer temperature ranging from 50 to 220 C, a
molecular weight ranging from 1,000 to 500,000, and a degradation
temperature greater than 80 C. 18. The composition of claim 1, which
further comprises a 10 photo-acid generator (PAG) having one of the
following formulae: H3 _.. H3 =O 38     \ S+ CF3SO3 



$+ CgF17S03_ / / CF3 S+ 03S \ / S+ C4Fgs~3 S _03S O / S+ -03S \ / / I CH3
I+ ~ / ' ~ ~ I+ \ / ' CF3S03 I+ ~ ~ ' CgF~~S03 O S+ / ~ \ `~ _ \ / CF3SO3
C4F9S03 03S O / \ i' ~ / \ / CF3S03 ~\~/ $ `~ 39 H3C S+ CF3SO3 O   5 CH3 S+
CF3SO3 O O v NOS02CF3 O' O O v n N-O-S ii O O O O O \N-O-S-CF3 O O O F F O
v n N-O-S ~ ~ F O O F F O O ~ O O \N-O-S ~ ~ CH3 ~ \N-O-S-CF3 O ~ O O O O
N2 O O H3C ~ ~ S-C-S ~ ~ CH3 O O ~N-O-S O O O or O N2 O , F3C-S-C-S-CF3 O O
19. The composition of claim 18, wherein said photo-acid generator is added
at 0.1-20 parts per 100 parts of resin in weight. 



20. The composition of claim 1, which further comprises an acid 10
quencher, said acid quencher is tetrabutylammonium hydroxide,
tetrabutylammonium lactate, tributylamine, trioc~ylamine, triethanolamine,
tris[2-(2-methoxyethoxy)ethyl]amine, N-(2,3-dihydroxypropyl)piperidine,
N-(2-hydroxyethyl)piperidine, morpholin, N-(2-hydroxyethyl)morpholin,
N-(2-hydroxyethyl)pyrrolidine, or N-(2-hydroxyethyl)piperazine. 40   21.
The composition of claim 20, wherein said acid quencher is added at
0.001-10 parts per part of said photo-acid generator. 22. A method for the
lithography of a semiconductor device wherein the composition as claimed in
claim 1 is used as a chemical 5 amplified photoresist. 23. The method of
claim 22, wherein said lithography comprising an exposure step using a
light source with 193nm. 41 .AfL.AL.A u&.A n99.AF(&.A
99.A9.A399.A9%.A599.A99.A u&9.Au99.A39.A3u9.A &%.Ax{&%.A &%.A39%.A&.A;
YL.Ay&.Ay9.Af9%.AYL.An9.A3N&%.A3!L.A39.A A%.A9.AN9.A%.A9u9.AL.AH
`9.Af9.AF&%.A!9%.AY&9.A9`:sm -0/,X45 /C
,X,X(X,#.#.<|>|>|>|>>?>?|>>>?>>>>???>???~>???>?????????>>>8>~|>~||>~|>~?~~?
?~?~~~~>>~?~??~??~??~?~?~?~?~?~~~||?<?||>><|xxx|~>><?||?x>|<<|>x8>|<||>??|>
~~>|???x~>|>??????>||>|?0?|<~?~???x>???|>>|`?||>>|>|?x?>|<<|??>>|||x>>|||~>
?<<>>?>||>>?>?||<>?>~|x||>>>||||>>>>>?>?>??>?>>>>?>?>?>??>??????????>?>?>y?
>?>?>>>?>?~????`0x|<>~|||>>x|~>?????????????????0|><|>>|x>>?????|>|||x||>||
~|>>>13~?9<<||||<>>|>??|||>>??>>><x|>>?????DP:('=45 'C
==(=#.#.??`8?>p?????>??????????????????~?~???x??||<?<<?<>??~???~~?p?x|||<?<
???????<?<?~?~?~?~?~?|?|?|?|?~~~~||>?||?||0?||p?|xp?|x?|?|?|?|?|?|?|?|??|~?
||?|?|?|?|?|?|??|?|?|???|??||?|<?|<?|<?|<?|<??|x?|?|???|??|~?|?|???|?|?|??|
??|?|<?|>?|>>?|??>|??>|?|?|>|>|>>|?>|>|?>|>|>|?||?0??|?||||??>|??><<>??????
??x?x?|<<<????????????????~~>?????????~~~?P:s''<45 'C
<<(<#.#.|<<<<<>|<?~|?~?~?~?~??~??~?~???|?~??|??~~?~?|?|?|?x?0???????||~>|??
????p|?|?>?>????|>????|~?pp~0??>>>>>>>>>>>>>>>?>>>>>>>>>>>|>>>>>>>>?>~>~>>>
>>>>>>?>?>??>>|~?~~>???>>>>>>??~?>>??>>~?~?~~|~??|x~?|~|~|~<~?~|||x|<<<???~
???????px?xx?x<<>?>?xx||?8???>??>>>>?>?>>>>>>>>>>>>>?>?>?>>>>>?>?>>>>>>>>>>
>>>>>>>????~~??????????~~~?8:`045 C
`0`0(0`#.#.???????~~~?~~~~?????~~~?~<~?~?~?~~?????~????????|xxxxx??~><||||x
|<<><<<|xxx||<>>|||<<>?><|||>>~|xx<>>?>|||>>><<><|||~?>>|xx|~>><|||<>><||~>
9<?>~||<<><<||>>>|x0p??????????~??~??~??~????8????????????~?>????????0:
{<G45 <C
GG(G#.#.<?????????<?????????????>?|?>8??>?8?>|?~????|?|?~x?~?|?|>|>~~~??8x|
?|||?|||||||||||xx<|>>`>p?|?|>>>~>~>|?|?x>|~|~?|~>||?>|?|?>?||?>?~?>>?>?>>>
>?>??>>??>>?>~>|?>>|>>|~>|?~>x~>x>>x>>?>>|>>|>>|>|>~>|>>|>>~~>>>~>>>>~>>>>>
>~>x><|>x><>p>~>~>?~>~~>~>~>~>~>~>>>>?>>>>>?>>>>>>>>>>?>~?????>0`>~~>~>>>?>
?>??0~????????~~~~>~~~>>??>?~~~~~~??~~~|~|~>~~~~?~~~~?~~~x~p~x~x~?>~>~~~~~~
~~?~?><~|~<~>~x~0~~~~?~~???|?|?>????~????~~~>>>>>~>~>>~>|~??>|?>?>?>??>>>?>
?>>>`><?p><p8>|x|>|<|>|||><||>x8|>>|>?|>?|>|>|>|>>?|>>|>>|>||>xx<|?>|<|>>x|
>>|>|>?|>|>|?>|?|?||<>|||?|>?|>x||>|x|><|>>|?>|>|>?|?>>?x?>?|>?3<>>>?>~>|>|
>|>|>|>?|<>|<<|<|x|?<|||<?<|<<>|><|<|>|>|>|>|?<|?<||><8>|<<<|<|||<x<||><|>>
|>|>|>|>|>|<|<|<>|<~|<|||<||<><|<|<|<|<<<<<>|<||x|||>|>|||||<<8>>?????>>||?
x<>?>|>??x>|>>|>?x||>?>>?x>|||<|~>?|<>|><?|<|?<>|>|>??|???~><<|x|<x<<><<x<|
<|x|<>>><|?x>?x>x>x>~???????>????????`???????????=:M|aP45 |C
aPaP(Pa#.#.G??@~?~??????????o?8???????????<?~|???_?????~?????xxx8><<>>|<<><
x<x<x>>||>|>xxxx?x??px|>~~>||>~<?>x>|||||??<>?>>~|?|<>~~8|>|>><|x|~>?|?xx<>
>>>??|x>8|<|x~>><?<88|>>|~?|||>|?||x|?~<><|~>>||o||?a?|????p~~3?~???????~?~
????????o??~`D9:Fh@45 FC
h@h@(@h#.#.???????~~~~??????~~?p~?~x|8|<|~x?>>>>p<<|<|<<>x>|><<<|xxxx?
x|>>~>~|><<>??x?|~|~>xx~<|>|>?>>>||~x>xx>~|>|x?<<<>x>|><~xxx|~~~>|><|x;
?|?p>?|>|<>?8|><@?><?|??|??>???????>?~~~~?8~~~>?~?~??????????G:`##T45 #C
TT(T#.#.????????????????~?~`~p?????????????/????`????><><|x|x|x?|>>|||||x>|
x<x<||>x>>xx<x|~>>>|?xxx<>|><>><<~|>>???>?~||??~|????????>|>>|?|?|x|><<x|>>
>>~|~|~|?pp<<||~>|<>>|>x>~xx~<|>||>||x<>>>?|>A|<8xx????~??>>~>?x?x~??~?~?|?
~??px8>|?<?>??????>>>p|>|>|?x>?>???????>>?>>?|??~??>??>??????|>>>>>>?p?0???
?d: {V{HL45 V{C
HLHL(LH#.#.`~>>>~?~~?~~~~~?~~~?~~~~?~~~~0>~>~~>~~>~~?~~?~?~?~??~???~~?~~?~~
|??~~|?~~<~~8~~x~~p~~~~??~~~~x~~`~~?~~??~~<?>|>>8~||xx||>>>>||||<x>x||||>x>
??pxx?|~<|~<~<~<><?>>?>?>||??|c~<|?<||?<|3|<||?><|?><|?><|><|><`?><????><><
><?x?<>>x?|?>|?<?|?<?|<|<|<|<?|<><<<?<|<<<~><?~?>||???>||>?|||<?||<>|<|<|<?
|<|<|<|<|<||||||?8|?|||||?|||||||||?||`|??0|?|?|?|~|~|~|~f?~~?~????|?|?|||?
||??|?|?|??|?|?|??|?|?||||||||?|||||?||||||||||||||<8??????????~???~??~~??~
?~~?~~~~~~~~????????????????<||||>>?><x|<>>>>||<>??<<|?|?>>??>>|?|<?>??>>||
>>><|x~>??>>~~?????>~|p|>?~>~~~|~~|~>?>||~>??>~||<>>>>>><<|xxx|<>>>><<|x|||
~>>>><|xxyxxx~???~???????????><????????~~~????L: G45 C
GG(G#.#.>???????~~~??~???~??~???~~~~~?88~~?~~~~|~|?|???~???????~?~~?~?>>>`p
?xx>`x>x>|>?<>>?>>~x|||<>>x|<<<<p0>xx?||?||>|~~~|~>|<>?>>?>>?>?>>x~>x~~x|||
|~|?>|???????>>c>?>?8?>?>?>>1>g>>?>>??>??>?>>>|>?|>?~>~>~>>>><>?><?>|>|?>|>
?>~~>>>|~>~<~>|||~|>|||~|>~|~~>>|p~>>>||>>?|<>`?|>|?|?|>|>|?>|><><><>>>>>>>
>>>>>>>?>>?~????~???~>>>>>?>?>????0????~~?~~>>?|?|>?????????????|<???>>>?>>
>?>>>>>>>>>>>xp`?????????????????~?~?~~~?~???????x???????????~?~?~?~~?>?>?>
?><?>x>?x>><>|>>>?>|><>>>>>?>>>>>>>~>>|>?|x>|>|>|~|~<~~~~~>~~~|~~~~~~|~>|~<
>~|>~?~~>~??><|x|x|~~~~|~?|~>~~~~?>||||~~?~~~x~|?|>|>~~~>?~?<~~~~?~||||<|>|
||>|>|||x|||||||||~|>||>|>>||||||||||?|||||<|>|~|?||||??||>|<|<x|?x?|~>??><
|?>><||<x>>x>|xx??||>>|?|~|x<8|>?><<<<xxxx|<>>>>>>>||xxxx|<<<>>>||||???????
????????????~?x??0?????????????????????D:%"!hd45 !C
hdhd(dh#.#.?~~0~~??????8?><~???????????????????<|<<|<|>|>x|||><<><|xx|>>>>>
?>><<<|||<?<|||?>?>|?x<?8xx|>>?>||?~x>?|<<?x>?>x<x|?????>?<>|>|x|><<>|?||>|
>>>|xx|>>>>||<<>><<xx|<>?>?<><||||~>>~>|>x~>?><||<|>|>?x<|?|~??~?????>?<?<<
?|?x>?|???B:KY45 C
KYKY(YK#.#.????~?~???????~?~?????~~???????????~?????xx?x?xxpx?x<<x<x<<><<<<
<8xxxx<<||xxxx|x<x<||<<<|||x<<<xxpxxx8x<x>x|<><><<`<x8>>||x<>>>||<x>>|||||>
~?||||?><x|x<>>?>?<?x|?|?>?>?>>|xx|?>>?>??<x|xx|?>??>>?~|?~||?|~?|~>>>>>||x
x||<~>>>><>|>||||<<>>>>>|~x||x||||>>>?>>|>|x???|x|~`>???<?|??>|?|x???x|<>?>
>|?|<?><|??|>>p>x>x>8xp|???????x||?????????????????????????????0~~?~?`?????
????~~?????p?~?~???????????~????~~~?~?`~~~?~?~~||~|??????|?|||?p|||?||||?||
|||>|>|||?|8||||||||?||8?||||||||||?||>?||>>||<~|||||||~?>||>?>||>|>?||?|x|
?||||~|~|?~|~|?~|??~?~?>>>>>>?>?>>??>?>?~?|?|?|????>|>|>~|>~~||>~?~>?>>|x<|
p<<<?~??~~>|>|8p?|||?0|???|b><<|~~||???~~|?~~?|>?~~|??~~|p~~|p|~||x?|~||x>|
~||||~|~|?|~|>|?~|?||~|~3`~~??~??~~????????~~~~~?~?~~~??~?~~|x?~~?||?<<4>:d
C45 C
dCdC(Cd#.#.??????????????x?~????????????????><||xxxx|<<<>><<<xxx||<<>><8x|>
>?>~|||<>><||||?>~|x||>~?||x|>>?>>~|x|~>?>~|x|~>?>|||>>?>|||>>>|`xx~>>?>|||
<>?><|||>>>>|?x>?x>>>????????~x>???x?~????????o:q727?45 27C
??(?#.#.?<~<88px|?><?>|8<8<??<?8><|x><xx|xx<||><<x><?<|???~xxxxxx`<<~>??|?<
>||>>||<pp?<||||?~~?~|~~|~>|?||||||||~|||?|~>|~~|?|?|||||?|<??????8D:OX45 C
OXOX(XO#.#.|8?|~~~|~|?~|?~|?~|??~|?~|~|~|?<~|???~|???~|???????~|?~|??|??|?|
>|?|<||<|>|<|??|<|???|?<|???~?~|????~|???~|?~|~||~|??|x?x`8<8|<|<|>|>?>?>~>
?>||?||||||||~~~~~~|||||||||>|>|>||||<<||?><>~<>~<>x|<|||>||x|xx|xx<x?x>?|>
|??|>|??||?||?|?|??||x|?a||??x||xx|?<x??x|?<x||?<x||<xx|<xx|x??x|x|x??|?|||
||||x||0||||x<|x>>|?x><|xx||x||x||?||p||||p|?|>|?|>|?x|?~?||>||>|>|?8|?|?||
||?|?|?|?|?|x|||<|?|?|?|?|>|>|?|?|?|??|?|??|?|?x??x????????????x~x~||?|??|?
?x?x?x~?>?~?>???~<0x~x||>|~~>??x?>?x>x>x??>|?>x?>x??x?x~~?x???x?x0>x>x>x>x>
x>x~?>x?>x>x>x>x?>x>x>xx>x?>x>x>x?>x?>x?>x?>x>x?>x?>x>x?>x?>x?>x>x>x>x>x>p>
?????????????????????????????????????~??????>8<<?<`pxxx?><<x|x<>>>>>?<><|xx
?xx|?<>??>?>|?x???x|?|?>?~x>8<|xx|>>?|>??>>|x|<>||>~||||<xx|>><<x>x<<xx|~||
><<>?><?<8?xp>|?||??|>?><<<|?xx|<>??~>><?|x?|??<?>~|x`~|>~|?>x?<?x>`||>xp|>
?x|||<~>>?~>|~><<<|x?xx<x>?x|<?>><>>><|xxxx|<<<<????|8?????~~~?~~~8????????
????D:EPT45 C
PTPT(TP#.#.<<??~~??8???>|??~~??~~??~~??~>???~>??~>???~?>???~>??~>??~>??~>?~
~?~?~??????~?>?>?~>?????~>?~???~|>?|??~|~?|??~<~?|??~~8~|??>~~>??>~~???~~??
?~?~???~~???~~???~~>?~~<~~~~x>>>~?|>?~??????????????????????8?|8?0||?x`||?x
>?|??~???~>?>|???>|?~~>|?|>>|>|~>~~?>~>>?>????????????0?>?p>??>?>??p>??????
?????>>>>>?`>>?x>>|>>|>~|>|~?>|~8x?>x?>p>>>>??x>|>?>>?>??||??<?>~|~<>~~||<>
|~x<|>|8<|>x<x>x<>0<>?<>>>>><><>>>>>?>>>?>>>>>>>>?>?>>?>????~?<>~>??~?~???~
?8`<??~??~??~??~~~???????~????????????????~>|<>????||>??~?~?~?~x||>>??????|
<>?????~?????????????<||~~???????>>|xx|><|>|>><?><|<<|>>>?|xx????><|<|?~???
?|||???>>x||?~>>?><||?~|>>>?>~|||~>>?>~|||~~~>?~||x|~>?|||?>?>~|??|~>>>~|x|
>>?>>|>?>?|<?p>>?|x?~~?>?||s~??|~>>??|<><||xx|~>>????~xx>xx<>>?<?<?<<8xx|<<
>>><<xxxx|||???????>?????~~~~~~~~~??c:3e1&145 &1C
(#.#.p?~~???8?>~?8?px|||<>>|||>x>xxx`?x8x<x<x>x>>>??>>>>><><`<0p~??>>?>>>??
9?|p>|p|<>|p|<|>xp|<||>x|x|||>||x||~>||<<>>||<>>||x<>||x<><|xx<>>|x<||>>|x<
<|>>|xxx>>x|>>>x|>~<>|><>|<><x>x<px|>p8px<>pxx?>>`x>>x>x>>|>>x<8><><|<><>|>
8>>x>>>x>>>>>>>>>>>?|x>>x|>>x<>>>?>>>>f>||>|<<x>x?x?~?>><>|x>x|><>?ppx>~??x
~??>???>??|?>>|>>|x>~?<>~?>??>??>>>x>??|?<><8>p>??>>?<>x<>xx><>?>>?>?<>~<~x
<>?x8<|8?>p|p>|>|<??|x||<x|<!:H45 C
HH(H#.#.??~??????????~????<???~??????~~?~ppp?|<08>|~??<?<<8?8~x?xpxxx8?<<<>
?~??<<<8xxxp???xx<>><|xx<<><|xxxx<<>??<<|xx<|<||||??<?<8xxx|<88<<><x8|x<x>x
x<>x||<|x|xxx<?>?x??<?<??>?`~~~?~>~>~<~<~x>`x?xp?x????????xx<?<?<?<<>x<x<<x
|xx|<><>?|<x<xp8~x?>xxx8|8?<?~~??~<||>?||<?|x???|x?~x??~~~?|~|???~|?~~|?~~~
~~~~~~~~?~~?`~p?~~x???~<x???~<<>?~88>~~xx8~?~<x~~<p~~??~??~??|>~><<|?|?||>x
|<<|x<|?x|<?xx8~>x8>??<p??~<p??????????x??>|??<<?|?~8~p8???xp?8p?8??<???8??
???80~<?~~~>??~?~?~|?~x>~|x~x<~x<p~<xpx8?xxx|<<?<?x<<|<<<<<><0?xy>?xpp>?xxx
<?xx><x?>>????>0p>?>pp>?>xxx>?>8x>8?><|~>|?<>|>|x<>xxx<>||xxx||>|8xxx<<<|p<
<<|xx<p|xx>p>xx>p|>x<>x<?8<?<>x<x>8>><|<|<x<|x|`y>?9?|<<<??<<??|<?>x|<<x<||
<|>|<x>>||>|?|>|x|x||<pp<<<<<<?<>>1>?>?~><<||xx>~3~~~~?~~~??????x??????~<~>
~~~~~~~~~?~~<:-1445 C
44(4#.#.????x?~???`???~???_~???~??pxx|<p|<<?8?xxx?~p?x?xx8<<?>~?><<88?xpp`?
?x<>>><xxx<<<||x`?|?|>?<?<?|?x?????>?>>8?xp?`x<<<|xxx<>>x<<x<||p|x||x<xx8<?
???~~??~?xq~?<}~<><<x|<<x<~?0<~?<>~?|??|???p?~c??x<<><<>x<x|>|>x|xxxpx>|<<<
>x<xx<<<|xx?>><xx>~>?<|??<x?x~?~~?~~~?~x?~?~0??~<?~|?~????~?~??~~?|~<x>xx<x
??><x<<<x>|?x?>|?|????x?x?<x?>>p<|?<>x|<?p<<|x<|?x?<x<p|?~??<x?~??<??~|??~|
~||><<><x?<x~<<?~<<<?x<>?<<?||x|???||x~?|x?<??|?<?|>?|??|?|?|??|??|??|x|||p
<>?>?>????|~||||||<x|<>x|<>|<|><<?8|xx|?xx|>?8|>>8|?|<x<|<|x<|x|<|x<x|<||>p
|<||||>||?||>||>|||||||xx||xx||xx||x>|<|<x<|p<|x|>xx|x>xx?<xxx>x?|px>8<x><x
><x|>x|p?x|x|>|x|>|x>x>>x>x>>x<x>>>px<x>>><px|x><>>xxxxxx<>>xxxxxxxx|>>||xx
xx8>><|xxx><>><xx|>0<xx|>>xx<>>x>>x>?x><<ycx>?g<x>??>|<?|<x><|><|>x<x|x<|x?
<x<<<<<pp<`<p<||||?|??|<<|<<<||>|x>|?|?|||||||||||||||||||||||||`|||||<<???
?????????????~???0~~??>:M\45 C
\\(\#.#.??????|??~??~???????~???>><88xp<xxx|x~<<<???~???x|<?|<?||<xxx||>||>
|?<8xp><x||?>~>~?>>~?<|<?xxx?<x?<?>?????>?x|<xx?<<x?<?>?x>?????x??0|>0x|>x<
>x>>|>>>>?|?<?<>>>>>|<>||>>>>>|><><>x>>|>|>>?>?>?~x?>~x>>~>>>>~>>x>~x>~>~>>
><><~>x~>|~>><~>><~~><?~>|>?8>~?>><0x?x~qx?x>x><>><|<<x<x<x?~>x<|<<|<|x>x<>
x8<pxxx???~?>><|~~<|~~x~~|x~>|??<~<0s??||~~~~~~?`xx>|x<<><|><>xx?x?~x?~~~~?
?~?~?~?~??|?>|?>x~?><<~?p>x<<~?x~>><x~|~>|<~~??>|>~??>???>???>??>?>>~~>~~>?
>?>?>x??>><???><<??><x|??><|x??~>x<p>>?>>?>>??>?>?>x>9x???>???>??????>|><<<
~x<<<xx>|<8|<<>p>p?x?x<??x<?8|>?<x<<x<>?x<<?|?x><><|><<><s>x>||>><<><>>>>x8
>|`x<>~8||>x||<xx<<>|x<<>>|><|<><>>|||<x>x|xx>|x|?>ppp<?>x<>x<>x>>|>>x<>>xx
<>>|x>>||>>~x<>>><>>>>>><<|>>>><x>>>>|x>>>>0>>>?>?>>0>>>>08|x>xx>xx>>`xx>>>
>>|>|>|>|>|<|>|<>|>>x>xxx?>xpx>xpx>8>>x>x>x?>x>x>p|||<>>??><>><>><<<|<|<x<x
<<<<<<<<<<<`<<<<<<<<<<<<<<<<<<???????~~x~~~?~?~?~~~?~?????????????_:sY 



//'X45 /C
'X'X(X'#.#.?0`~px?p??~>8|????|???q????????????????~~~?x||~>><|x||>>>><x||<>
80>>||<>??<|?|<>??>|~x~~|~?|?>??~~>~|?|?|~??>??><><|||>??>~~||~><||~>?><|||
>?>>~888x|x|>0``x>|>><||<>>><|||~><xx???~~~~~~~~~~???~>>~?x|>>|<>???|>?>???
???~~~~??????>|?|?>|>~|x??>?>~||~|||~|>>???>>>pg8|<>???~~|~~>??|?||>||>>>|<
8??8x|8:!c045 C
c0c0(0c#.#.?????????????~~?~~p|~~~~~?~~~|?~????p??????~|x|?x|xx|x?~x||><><>
>|xxxx|>~>>|>||x|?|>>>~||~>><|x|?>>?<||>|>>~|xxxx>|>>|>|>||<|>|x|>>>>|<><>>
|x?0|>~<>|>>><~>xx0~|>|?|<|>|??0????`???~~?~~??????`G:`#x#T45 x#C
TT(T#.#.???????0?????????`???????????x???????????????xx||>>>>|>||xx<>>>|||x
xx||<>>><<<<>>>||||<>>~||x|>>><|||<>>>|?x?x?|?|>>~?x|>~|>|xx|>><>|x?<>>|?|x
|>>?>>||<>|`>8|<>><|><||~>>>~?|>~x|<?>>||>||p??>||?~~~~~<~?~~~>?>??????|<>|
|>??x|>>??||>||???G:`#x#T45 x#C
TT(T#.#.8???~~~~~~~~~????`???????????????xx~<<<x|x|xxx<<>>>><<xxx|x<<<><|x|
>>>|x|<>>~|||>>??>?|???|?~>???~>>?>~|x<<>>~||~>><|x|>>>>|||<<>0?<<|x>|~~>?>
>|x?>||<<>||?>>~xxxx0??>||~?~?~?~~~~c?????????||>xxxx|~>?x?||>???||>????TI:
Z$N$d45 N$C
dd(d#.#.?~????0x|?~???????~????????????x??~?|<<><<|xxx<>>>>>>><||xxxx<<<>~>
<|?x|>>??>|~xxx?x<<?>>||?>||xx`||><?|?<??<<?xx|>>>?>??x|>>>>>>|~xxx<>>>|xx|
>>>~||>??>|||>??>||>><|||<>?<|~||>>><?><||xx??0p??p0?~?><8xx?x???????x>????
???d: {V{HH45 V{C
HHHH(HH#.#.??~?????????????~????????`???????~?????x|<><>><>8xxxxxx||<<>|||x
xxx8>8<<<><>|x?x9|><<>x?x|>|~<|?x>||>>>>?~|>|x<<??<>>|~??~~>~|?~||~|>>~~~~~
>~~?~~~|?|~|~>~|~~~?~?~~~?~~>~<~x|~|?~>?~>|||p~|~~~~?~~~>~<~|x?|>||||?||||?
?||||>||||>?||||?|?||>>>x?|?<>?~>>>|><>><>>|>>>>>>>>>>x>>|>>>>>>>|>>>>>>>>>
>><>><>|>|>>>>>>>>>><<>`?>|>~>~<~|`08~~||?~~~?~~~~~~?~~~?~~~?~|?~?~~~?~~|??
~?~~|?~?~~~~~~~~~~~~?~~?~~?~~|~?~~|~?~~|~~~?~~~0?~~~?~~~~~~~~~?~??~?~~|~x|?
|88||~~~~~~~~~~~~~~~~~~~~~~~?~~~~~~?~?~?~~?~~?~~~~~~~?~?~~?~~~?~~~~~~~|~|~~
~~??~`????||?|||||||||||||||?|?||||~||||8|||?|?~||?~<|>><|>>??|>>>|~>||~>|>
~|>~|>|?~~~|??>|?>?`|~>||>?|>?|>?|??||||||x|x|x|?x?|?x|?|?3||||||||?||?|?||
?~|>?>???||x||<~<~>>>?>|>>~|>~~~~~|x>|?|p<p><>>>xx||>>>>x||||?<>x?|?|?|~|8|
>|>|x>?x>|???~?>??>>>~<~?|||~?????p??x?p???p?????????T4:- T45 C
TT(T#.#.??~???>?????p????????????<???????????????>???????><x<||>x>>?x<|<|||
|<>>>|<|<<|<x<x>|x<<>><<<|xxxx|<>>>><x8x8|x|<><||>>>>?|x<>><||<>><x|<>><|||
>>>x|||>>>||x|x|>>>>|xx<>>|?>|??x?9x||??x>?<<<|>|<||||||><|p|x|>>?<||>>><x|
>>>|x|<>>>~xx~~>>|?|x||>>|?|?|?<<<x?x>?>0x<<>|?x???||>><<?x?x|?>>~~||x0|?0|
8|?||?<?????????~?????????????????~x|||||?|??|?||?|||?|?|/|>??????~??????~?
?~?~????p??0???|?~??~?|`|||??|~||?`???||?|?|?|??~|?||||?||||||||?|?|8|~~8|~
|x|~<||~8||~>x|~<>x|~>>?x|~>>`x>|~~?~x>|>~~8~x>|?~||x~|~>|x||~~~|~|~x~?||~?
~||~|>||~|?~|~~?~|~~>~>|??~<`|y?|x<xx|pxxx~x~?x~g>~~7x?x????????x?????????x
??x|?|?>~?>>>~>~|~||||x?<8>>~>~|~||>>|>~|~<|>|||>||||8|||||||||||||||||||||
||||||||||||||||||||||||x|||x||>|p||||||>?>|?|>>?8>???>????>????|<>???x<??x
0????x???????>????>????????????????????|???~??|???~????>????>???~x???~???~?
???>????>????>???>??p~??~??~c??~???????????~?????>????>????>???>????>????>?
?>?>???>?>?~??>??>??>?>p?>?PG:`#L#T45 L#C
TT(T#.#.???~?????~~?????????p???~??>><<|||<<<>>>>>|x||x||>x`0>||<>>?<|x|>x?
|<>|>????>?~?||?<?<??><||~>?>~x~>?>~|||x>>x<||>>p>x|>>>><>||x|>>>>>|<x|xx><
~<|<x????>~<~|????~???|<??x||>x<>?|||>`pp00:745 C
77(7#.#.>>>>>>>>>>>>>>>>>>>>>?>>>>?>|?>>x~>>`>>?~>??>??????????~???x~??x??x
??x??|?|??x?~|??|???|??|??~??~~??~~??~~<??~~?~~>?~>?~?????????????????????|
????????:g(745 (C 77(7#.#.0:' 45 C   (
#.#.????????~?????x?|????~?~?~???????????????~????>||>>><<<|x<<<<<xx<<<<x>x
x<<>>>>>><|xx>><|xxxxx||<>xx|<<<<<0|0><8>|x|<>>?|<>>|||~>><|||>?<||><>>|xx|
|>>?>?>|x>?||<|>>x?|<>>||?||??|?>||>><?|><|||x|||>|>|?||||>|~>|||x||>|>|||x
|||<|>||x>?>?>>>>>x>x>|>>>>>>>|>x>|>|>>>>>>|>~|>>|>?<>~>|>x|>x?~|~>~>~?~~p~
?~>?>?>~>~>?>?<>|>|~|~>?~~~~~~?~??>>|xxx|~>~>~?~~~~?~~~~?~>~|~|~|~<~~<~~?~?
?~|~>~>~>~~?~~>~~~~?~??~?~?~?<~?~~~?~~?~?~??~?|??~|??~|??|||~||>><?????????
??????????????~??~?????>?>?>?>>~>~~>~>>?>?>??>?>??>?>>>>?>?>?>??>>>~>?8a~??
?~?????>>>~>~?~>~??>~?>?????????~??~~????????>??>??>??>?>?>?>??>???>3???>??
>??>??>?>>|~?>|>|?>>?>?>?>?>~x>|<|?<|<|<|>|<|<>|>?|>|>|>|>|>|><8|>>||>>||>>
?||>?||>?||>?||>?||>p8?||>><?||>>~?||>>~?|?8>>??|>>?|?~>x>?|?|>x>?|>|>||?>>
?|~||?>>>?||x~>>?|>>x|>?|>>8|>?<0>>>?<>>>?>?>>>>x?>>>>>x>>>>?>|?>>?>?>|>??>
??>|~?>?>~~???>?>~?>??>>>?>>??>??>>>>>??>@>>>>>?>>>|x?>>x?<>>x??<?>>x<>>|??
|>>|?|>~|?~>|?>>|#|>?>~??||>>>|~>>>~>?>>>>>>??>>|>~>>~>>>>|>??>~>>>~>~>>>>?
>>>>>>>p>>>>>>>>>>>>>>>>>>>>>>>>>>>>>,8:a<45 C
a<a<(<a#.#.p?????~??????~~~~8p?~~??????0~????~????~x?`x|xx|?>>>x<xxxx|x<>>>
<|x||x<<<>0?><||||>p?>?~|x|<>??>|||<>><?|?|?|>?????????><<||<>?>~x|||>>><||
<>>>|||x><>||x|<>><<x<<>><xx?0xxxp8???~???????????~??~???????????~????8:`<4
5 C
`<`<(<`#.#.?????~~~~~~~~~~~?????~?~>~`>~?~?~~~~????~????????>>>><<|xx|<<>>>
>><|xx|||<>><<?10|<~||xx>|||~>><|x|~>??>~|x???|?<>???>~~>><|x|>>>~||>?>||||
<>||~~?s>>>??>>|x|<>>||||>><<|xx|?p???????~??~?~~?~?~?~???????????`D:%"!hd4
5 !C
hdhd(dh#.#.??~~~??>~???????<????~???<<<<>><<|xxx||~>>><<||xxxx|>|>|>||>|>|x
|>|~>|p??x~~>?><?||>>||x>??><?<|~x||||?~??>><>|x<||x>>|x|?><||||>|>||||||||
~|>|||||||>|>|<|||~|~||?||||||||>|>||||>x|?|||||||||>|>||||>||?|||||||p9||>
|~||||||>|>||||||||||>>|||>||<|><|?x|x?>>|x<<>>?>~|||?x`????~~?????y~?????`
: jM<45 jC
M<M<(<M#.#.?????????????~?~???0?p??????????~???????????~x|?x|x|<x?>?????>>?
>||||x|x>?>??>?x<x|x||x<>>>?>>||x~>>~||~>><||x|>?>???~~~>?<xx|x|>~~~?~?????
>x|p||x>>|>>||><||x||><x>>|~>>?>~||x|?~|????|?<|><>|????>?|?s|x|>x?>x????p?
????|y>|>|>|>>~|||~>>>|>x>|x>|x|>>>>|>|>|?><||<<0><<|?>?<??????xx|?~?|???~?
??~??~?~?~?~8??~8~pp|>>?|?<?x>??????8??x|p?|>>|<|?|>?8??~?>?~~~8~~8~~x?~~|~
>~x???~>>|???~|~?~x>?~?~0?~~??~~?~~8~~8~x?~p~x~|?~><|~|><??~>?>?~?~??|~x?~?
??x?~??x~~?~??~?|||>||||>|<|?|||<?~9>><>?|>?<?x||x~y>x|>||?|>|?>x||x|x>x|||
>||>|||>x||>|>|<p|p>x|>x|<|||||>|~||?>|?|>>|>>>?||>|?>~?|>||~||?x~|||>|xx|>
|||?<||?|>||~|>~|>>||<>||>|>?>>||>|>>x<||>>|>x<||>>>xx|~>>xx|>>x>x|?>|>||?>
>><|>>><|>>~~?>?9|?8??|?|||?|?8<g0`|0>|>x||>x|||||||~|?||>>>?|>>~|?~|?|?|||
||p|p||||?||||||||s|?|~||||||||||~|?|?|||||||||||xp|p|||???????????????????
???????????????>?<??????????????????????????????????????F:`_# #T45  #C
TT(T#.#.???????p???8???????|????x<<<<><<|xxxxx|<<>>||xxpxx8<<>>><?<><|x|>>|
|x|<>>|x||>><|?x??x?x<>???||>>>>|x||<?>||||>><|x|>>>~|x|<<>``|>><|>||x|>>>>
||>|||<>>||?>>|xy???>|?????~?~?~?~?~?~?~??>????|~>x|>>|<>??|~|~>~>~~?3~~A:
s f X|45 f C
X|X|(|X#.#.????????>?>???????~???????|<<<|xxxx|>>>><|xx||<<<<x|xxxx<>>?0>>|
||<>?>|x||>>>?<xx><|?xx>>??<>|~?|x???|<>?>~||>|?|<|<||||?||||||||~|>|||>|><
|>||>|>|>>|>|>||>||>>|>>|>|>|>|>>|><|>x|>|>|>|>|>||>>|>?|>|>|>>>>|>|>>|>|>|
>>>>>|>|>|>>|><|>||>|>x|>||>>|>>>?p>>|>>x>x>x>x>>>>>|>|>>>><><>>>~~~>~|~|<~
<<||x|>><|?|?<>>?>?><?|~xx????~~>?p??????????-IROQij)v6I[{vqlgb]X]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]cTa]ca]c
a]ca]ca]caU]ca]ca! J   i!&l;
%o&jQzupkfa\W]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]caD]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!`7v"9^_w{vqlgb]X]]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]caU]ca]ca]c$a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca!f"$i}wrmhc]X]]caU]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]cPa]ca]ca]ca]ca]cPa]ca]c$a]ca]ca]ca]ca]ca]ca! '+02KNDG? ~
,!u!!!!!!!{vqlfa[V]caU]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]caU]ca]caU]ca]ca!!!!!!"""""+"6"9"?"A"F"H"P"T"
V"r"}"""""""""""""|wrmhc^Ylfa[V]c]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]ca]
ca]caU]ca]ca]caU]ca]ca]ca]c<a]c$aU]ca]c$a]ca]ca]ca]ca]caU]ca]c<a
""""####!#.#J#N#P#T#c######$_$f$$&&,()+,...>/}xsnid_Z]c]]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!>/c///40f0001W111*2s2}22233}33334v445K5v5|555556
6}xsnic^X]U]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]ca]ca]ca]ca]ca]ca! 6666^68K9b9/:E:::::::;
;N;P;S;V;Y;;;5<<>>\>?,@/@~ytnid_Znic^X]U]]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]caU]ca]ca]c^a]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca
/@0@4@d@j@@@@@AABB3CLCCCCCCCCCC2DKDODnDDDDDD{upkfa\Vnic^XU]ca]ca]ca]ca]ca]c
aU]ca]ca]ca]ca]caDt]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]
ca]caD$]ca DDDDDBE}EEFFFcFFQHTHaHiHyHHHHI
I#I+K1KKKKKKKKL|wrmgb\WU]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca!LLALLM
MMM)MNMQMRMVMcM|MMMMMMMMMMN$N'N-NMNQNkNrNsN|N~ytoje`[V]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caD]ca]ca]ca]ca]caU]ca]ca]ca]ca]
ca]ca!|NNNNNNNNNNNNNNNNNOO*OCOLO\OuOOOOOOOOO~vqid\W~ytoje`[V]]caD}]ca]caDC]
ca]caD(]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c$a]ca]c$a]ca]ca]ca
U]ca]caD]ca]caOOOOOOOO
PP0PCPJPOPiP}PPPPPPPPPPPPPPPPPP{vqlgb]Xje`[V]]]ca]ca]ca]c"a]c"a]ca]c"a]ca]c
a]caDT]ca]caD]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca
PPPQQ
QQQ"QMQ]QQQQQQQQQQQQQQQR(R8RYRcRfRhRjRqR}xsnid_ZU]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]c$a]ca]caU]ca]ca]ca]caD]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca]ca]ca]
ca!qRtRRRRRRRRRRRR%S4S_SoSSSSSSSSSSSSSSSSzumh`[S}xsnidDF]ca]caD|]ca]caD`]ca
]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]caD,U]ca]caD$]ca]ca]c
a]ca]ca]caSSSSST T0TIT[TkTTTT UOUUUUUUUUUU<VVV
WJWpWWW{vqlgb]XSid]ca]ca]ca]ca]ca]ca]ca]ca]ca]caD" ]ca]caD@]ca]caD| 



]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caDx ]ca]ca
WFXXXXDYWY_Y`YZZl[[[A\\\]H]]]]]$^X^_^^^7_u____`}xsnid_Zca]]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca!```i```3a6a7a;
aBaEaGaKaMaOaTamaaaaaaaaaaaaaaaa|wojb]X}xsnid_Zca]ca]caD]ca]caDh]ca]ca]ca]c
aU]ca]ca]ca]caU]ca]ca]ca]ca]c$a]caU]ca]ca]ca]ca]ca]caD9]ca]ca]ca]ca]ca]ca]c
aaaaaabbKbTbebubbbb c%c+cdcccccccdd"d2d;
d@dPd`dqdtd~ytoje`[Vc]ca]ca]ca]ca]ca]c$a]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]caU]ca]caU]ca!tdudydddddddddddddddeeeZ
eeee9f<f=f>f?fCfFfJfzrme`[V~ytoje`[Vc]ca]ca]caD]ca]caD4a]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]caU]caU]caU]caU]ca]ca]ca]ca]ca]ca]ca]caV]ca]ca]caD]caJf[flfnfff
ffffffffffffffffffffgggggg|wrlfa\VPU]caU]ca]ca]caU]caU]ca]ca]ca]ca]ca]caD>]
ca]caD7]ca]caD]ca]caD@]ca]caD]ca]ca]ca]ca]c$a]caV]ca]ca]ca]ca]ca]cagg*g;
ghhhhhhhhhhhhhhhhhhhhhhhikimi~iii}wrmhc^YTc]ca]ca]ca]ca]ca]ca]caU]ca]ca]caU
]ca]ca]caU]ca]caU]ca]ca]caU]ca]ca]ca]caDo]ca]caU]ca]caU]caU]ca]ca]ca]ca]ca
iiiiijjjjkk*k-k.k2k4k5k<kBkGkIkQkTkWkYk_kakcktkkmmzuoje`[Vhc^YTc]]ca]ca]ca]
ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]c$a]caU]ca]ca]caD#]ca]ca]ca]ca]ca]ca]ca]c
a]ca]caD@]ca]caD<]cammmmmmmmmmmmnnnn$n&n(n<nRnYnbnknpn{nnnnnnnn}xsnid_ZTcU]
ca]ca]ca]c$a]ca]ca]ca]c*a]ca]ca]c$a]ca]ca]ca]ca]caU]ca]caU]ca]ca]ca]caU]ca]
ca]caDH]ca]caDP]ca]caU]ca]ca]ca
nnnnnnnnnooo0o6o\omooo5pupxpqqrSrrrr+s]s`s}xsni}xsnid_ZTcU]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]ca]ca]
ca]ca]ca]ca-IlOQaBSs10%&'()-!`ssm10%&'()-!`ssm10%&'()-ssm10%;
&'()-SL10%&'()-f10%&'()-QijdE@#10%&'()- 3`!10%&'()-&!10%&'()-f10%&'()-
`10%&'()- 10%&'()-)va?!`y,10%&'()-!H y,10%&'()- *
10%&'()-(10%&'()-&!10%&'()-  %10%&'()-6|}~bC!9S:10%<&'()- s10%<&'()-  10 10
10Y:10%&'()- ,810%&'()- 610%&'()- IdEbC!s10%<&'()- LG10%<&'()- s10%<&'()-
10%<&'()- s10%<&'()- s3 910%<&'()-[ J  dEbC! 9!!10%<&'()- l10%<&'()-
`yL10%<&'()-310%<&'()-fg 10%<&'()- 10%<&'()-   idEbC!,10%<&'()- *T
10%<&'()- (10%<&'()- &10%<&'()- %F10%<&'()- `#10%<&'()-3 !&leF!  10%(&'()-
s@10%(&'()-Y&10%(&'()-  10< 10< 10<.s10%<&'()-m =s10%<&'()-;    %dEeF!
10%(&'()- s10%(&'()- &  10%(&'()- F10%(&'()- S310%(&'()- 10%(&'()-
%o&jdEeF!39! 10%(&'()- Y10%(&'()- sy10%(&'()- 10%(&'()-  10%(&'()-
10%(&'()- QdE:/ 10( 10(.10%(&'()- ,`!10%(&'()-  +!10%(&'()- ,)10%(&'()-
'@10%(&'()-#`10%(&'()-  `oP1/ , 10%(&'()- 10%(&'()-m
10%(&'()-!@9T10%((&'()-!y9T10%YY&'()-!m9T10%qq&'()- 10(7vdE1/ , 10%
"y10%(&'()-s `10%(&'()- 10%(&'()-10%(&'()-4`10%(&'()- F10%(&'()-  {Y7
!,t10%  &'()-M![ &10%::&'()-!v &10%00&'()-!s&10%&'()- 10( 10( 



10(=s10%(&'()- "9^mzX6{Y7
!,10%vv&'()-!,10%XVXV&'()-10%&'()-&!`F10%&'()-F!0`F10%&'()-F!fPt10%&'()-Mmw
~wX9{Y7 !s'10%&'()- %10%&'()-F!Cf 10%&'()-!.f 10%&'()-!f
10%&'()-!,10%&'()-bC ! 10%(&'()-`9L10%(&'()- 10 10 10)!10%&'()-MF3
10%&'()-)s10%&'()-f^<bC !!HS&910%(Q(Q&'()-9!:10%sPsP&'()-!H:10%(L(L&'()-sy
10%(&'()- L  10%(&'()-  @10%(&'()-oMC
!!HS&910!F10%&'()-f!0910%::&'()-`!3910%zz&'()-` 10TT 10TT
10TT!.S&910%TT&'()-9wX6MC
!L10%@@&'()-l910%G&'()-!#s10%00&'()-9!09Z10%??&'()-`!.9Z10%uu&'()-`!,10%@@&
'()-"$iwX9MC !+@10%G&'()-
)#10%G&'()-3!@10%XX&'()-!<@10%&'()-!`910%G*G*&'()-!4910%]]&'()-_=
!!9!10%&'()-!9!10%&'()- 10G 10G 10Gs99 10%G&'()-210%G&'()--10%G&'()- }[9_=
!!s 10%mm&'()-!{s 10%&'()-!F`10%&'()-!d`z10%11&'()-sz10%&'()-s10%&'()-
}[<_= !! 0Y10%&'()-! 0Y10%&'()-!n0 0Y10%;U;U&'()-Y*10%&'()-
3+10%&'()-!f#10%&'()- '+-./02~_@ !!`9f 10%<&'()-  s10%<&'()- 10 10
10=`10%&'()-:10%&'()- 



! 0Y10%&'()-KNdE~_@ !!@ 10%<&'()-  @10%<&'()-``L10%<&'()- l
10%<&'()-`910%<&'()- `9f 10% &'()- DG? ~ dE~_@ !!s&10%<&'()-  10%<&'()-
10%<&'()-`10%<&'()- 10%<&'()- 10%<&'()- ~    ,!u!!dE~_@ !!F110%<&'()-
,/10%<&'()- s-10%<&'()- *10%<&'()- (10%<&'()-4* 10%<&'()-!!!!!!!!!{Y7 !!9G
10%ss&'()-!H9G 10%&'()- 10< 10< 10<>s10%<&'()-!310% <
<&'()-!`3`10%<<&'()-!!!"""""wX6{Y7 !10%xRxR&'()- 10%g&'()-
!0&10%oo&'()-!`10%&'()-!`10%oo&'()-!L10%EE&'()-""+"6"9"?"H"P"}[<{Y7 !
10%g&'()- !9T10%xx&'()-p9T10%g&'()-!L9T10%&'()-!&3$S10%&'()-0
"l10%g&'()-P"V"r"""""zX6{Y7 !.s10%%%&'()-!.10%x@x@&'()-!.10%ee&'()-!!0F(y
10%22&'()-f!(F(y 10%CC&'()-fP,10%g&'()-"""""""""{Y7 !!s9 10%}}&'()- !s9
10%&'()-  10g 10g 10g=10%g&'()-!0&.10%&'()-!&.10%8S8S&'()-"""""""wU3{Y7 !>9
10%<<&'()-!q9 10%ee&'()-!9 10%&'()-!5s9 10%&'()- !s9 10%&'()- !s9 10%&'()-
"#####!#wV4{Y7 !!.3 10%""&'()-
@&10%x:x&'()-!:@&10%<<&'()-!q@&10%e5e5&'()-!@&10%??&'()-!9
10%&'()-!#.#J#N#P#T#c#zX6{Y7 !!!0@3 10%<<&'()-!.@3 



10%""&'()-s!10%<&'()-!\0 10%PP&'()-!X 10%<<&'()-!03 10%&'()- c######$}^?{Y7
!!!0s3%F10%<&'()-  Y410%<&'()-* 10%<&'()-LS#G10%<&'()- !0f:10%
&'()-!f:10%<<&'()-$_$f$$&&&&&dYNC !!!0 10< 10<
10<=10%<&'()-s,!10%<&'()-y`*10%<&'()- s)f10%<&'()-s' 10%<&'()-
&',(d))*+}[<YNC !!!3#10%(&'()-!f3#10%F(F(&'()- #10%&'()-!p
#10%P(P(&'()-&M!10%(&'()-!&M!10%((&'()-+I,,-....zX9.C 10(=10%(&'()-!e
+#10%{({(&'()-y!x +#10%v(v(&'()-y! +#10%ll&'()-y "f#10%&'()-!~
"f#10%^(^(&'()-....>/c///40mN/ :!10%<&'()-  10%<&'()- `10%<&'()- s10%<&'()-
sS 10%<&'()- s9 10%<&'()-  10( 10(40f0001W11dEmN/ :!10%<m10%<&'()-
`F10%<&'()-  ,10%<&'()- L10%<&'()- `YY10%<&'()- s`10%<&'()- 11*2s2}222dEmN/
:!10%<@&g10%<&'()- s`$10%<&'()- "10%<&'()-  F"10%<&'()-z
10%<&'()-10%<&'()-233}33334v4dEmN/ :!10%<110%<&'()- / 10%<&'()- -10%<&'()-
+:10%<&'()- *"10%<&'()-  (10%<&'()- v445K5v5y5z5{5|5dYNC :!10% 10< 10<
10<=10%<&'()-Y:10%<&'()- ,8s!10%<&'()-4610%<&'()-  3#10%<&'()-
|55556^67}[9YNC
!\3#10%))&'()-:!!3"10%&'()-&!=`3"10%&'()-&!3"10%&'()-&s10%&'()-
s10%&'()-78K9b9/:E::xW5YNC !3#10%^^&'()-:! 3#10%c~c&'()-:!!~3#10%&'()-:!
3#10%YY&'()-:!'!y3#10%FF&'()-:!!f3#10%33&'()-:!:::::::;N;~\:
!!S10%&'()-!0Z10%Y-Y-&'()-Z!Z10%&'()-Z 10 10 10=10%&'()-3910%&'()-3N;P;S;V;
Y;;;dE~\: !!g 10%&'()-  10%&'()- 3l1 10%&'()-FL'10%&'()-3
10%&'()-fs10%&'()-;5<<<>\>??dE~\: 



!!s!10%&'()-:s!10%&'()-:s!10%v &'()-:s!10%&'()-:F 10%&'()-f:10%&'()-
?,@/@1@2@3@4@M@d@bC !!0Y10%h&'()-Z!9#Y10%((&'()-Z 10 10 1010%&'()-=10%&'()-
7z10%&'()- d@j@@@@@AdEbC !!sFM!10%`&'()-3'10%(&'()-
10%(&'()-Ss10%(&'()-m10%(&'()- , 10%(&'()-AABB3CLCCdEbC
!!+10%(&'()-3)z10%(&'()- sFM!10%&'()-sFM!10%&'()-sFM!10%(&'()-sFM!10%c
&'()-CCCCCCCCCdH=2  10( 10(3&s10%(&'()-=10%(&'()-f/410%(&'()-s- 10%(&'()-
3: 10%(&'()- Y1 10%(&'()-CCC2DODnDDDrP12
x10%&'()-[-!@x10%|{|{&'()-[-x10%&'()-[-!"x10%SS&'()-[-!x10%&'()-[-&`10%&'()
- 10(DDDDBE}EEE}^?42  10=10%&'()- `910%&'()- l7F10%&'()-
!x10%aa&'()-[-x10%Y&'()-[-!lx10%dd&'()-[-EEEFFFcFFQHmN/ s  10%(&'()- sy
10%(&'()- ss10%(&'()-  ,10%(&'()- 10%(&'()-`&`!10%&'()- 10
10QHTH_HaHiHyHH}^?mN/ s  10  10%(&'()- '10%(&'()- !HY
'10%((((&'()-!C10%#(#(&'()-10%X&'()-`10%(&'()-HHHI I#I+KdEmN/ s
10F.`!10%(&'()- 7 10%(&'()-3Y.10%(&'()-f,10%(&'()- s*10%(&'()- "-10%(&'()-
+K.K/K0K1KKKKKbC s  1033% 10%&'()-s10%&'()-S10%&'()-s9- 10%&'()- 10( 10( 



10(=10%(&'()-KKKKLLALa?bC s  10!F10%&'()-F10%=&'()-10%&'()-
10%&'()-!s010%@@&'()-z10%&'()-zALLMMM)MNMz[<bC s * 10%&'()-* 10%&'()-!nL)m
10%;;&'()-!4L)m 10%==&'()-'10%&'()-!l'!10%&'()-NMQMSMTMUMVMcM|MMeF s
@&10%'o&'()- L 10%'o&'()- yl -10%'o&'()-  10 10
10L10%&'()-=10%&'()-MMMMMMMdEeF s  (&10%'o&'()- & 10%'o&'()- %@10%'o&'()-
&10%'o&'()-   10%'o&'()- @10%'o&'()-MMN$N'N-NMNa?eF s
!+l10%RR&'()-!4l10%[[&'()-&10%'o&'()- s6'10%'o&'()- 4 10%'o&'()-
2@10%'o&'()- MNQNkNrNsN|NN}[<eF s s, 10%'o&'()-!*10%oo&'()-"
10%'o&'()-310%'o&'()-!X910%oo&'()-!910%@*@*&'()-NNNNNNNNN];
s!0`,10%&'()-!`,10%``&'()-!pY10%&'()-m!Y10%||&'()-m 10'o 10'o
10'o010%'o&'()- NNNNNOOz[<]; 



s!y`-10%`&'()-l  10%`&'()- y'10%`&'()-
!y"10%..&'()-!"10%&'()-!"10%``&'()-O*OCOLO\OuOOdE]; s!y*-10%`&'()- (
10%`&'()- y'10%`&'()- y10%`&'()- & 10%`&'()- yF'10%`&'()- OOOOOOOOOvkL
s!&10%&'()- 10` 10` 10`,&`10%`&'()-l10%`&'()-M10%`&'()-s=10%`&'()-OOOOOO
PdEvkL s! 910%&'()- Y 10%&'()- f10%&'()- 10%&'()- y-10%&'()- y-10%&'()-
PP0PCPOPiP}PdEvkL s!  s610%&'()- L4m 10%&'()- 2,10%&'()-  (10%&'()- &
10%&'()- %10%&'()- }PPPPPPP}^<vkL s!!0#10%**&'()- #10%&'()- !#10%XX&'()-
&10%&'()-!:0S10%MM&'()-Y S10%&'()-Y PPPPPPPPPyZ; s  10%&'()-l
10%&'()-l10%&'()- 10** 10** 10**010%**&'()- s10%**&'()- PPPPPPP}[<yZ; s
z10%&'()-!K 



T10%33&'()--! T10%&'()--! T10%==&'()--  10%&'()-010%&'()-mPPPPQQ Q^?yZ;
s$10%&'()-!f 10%k5k5&'()-!f 10%OO&'()-010%&'()-my$10%&'()- 10%&'()-
QQQ"QMQ]QQaByZ;
sy-10%&'()-y-10%S&'()-f-10%&'()-f-10%S&'()-p$F10%&'()-!K`&10%77&'()-QQQQQQQ
QQ{peF s&10%&'()- 10 10
10Y)10%&'()-=10%&'()-(-10%&'()-(-10%X&'()-QQQQQQRaBpeF sS&-10%&'()-  3
10%&'()- @10%&'()-!`10%&'()--10%&'()- 9`10%&'()-R(R8RYRcRfRhRdEpeF
s0%10%&'()-m"10%&'()- fS-10%&'()- ys10%&'()- f10%&'()- S10%&'()-
hRoRqRtRRRRaBpeF sS,-10%&'()- y(@10%&'()-y(@10%p&'()-`Y%10%&'()-!`0
$g10%@@&'()-  $g10%&'()- RRRRRRRRReC s!vY`-10%&'()-!Y`-10%&'()- 10 10
10@&'10%&'()-`f10%&'()-=10%&'()-R%S4S_SoSSSwU3eC !2 10%&'()-!!2
10%&'()-!v$,10%&'()-!$,10%&'()-!vl-10%&'()-!l-10%&'()-SSSSSSS}^BeC !2 1
10%&'()-S :10%&'()-!ES7 10%bb&'()-0S10%&'()-!T10%&'()-10%&'()-SSSSSSSSTlM
!2 1 1 



10%Z&'()-10%Z&'()- 10 10 10310%&'()-S#10%&'()-@10%&'()-T T0TIT[TkTTdElM !2
1( 10%Z&'()- &10%Z&'()- f10%Z&'()-  10%Z&'()- y10%Z&'()- s`10%Z&'()- TTT
UOUUUUdE)f10%Z&'()-=10%Z&'()-:Z"10%Z&'()- 8@
10%Z&'()-396-10%Z&'()-3F4m10%Z&'()- f*10%Z&'()-
UUUUUUU<VViJf10%Z&'()-10%&'()- 10%&'()- &!10%&'()-  10Z 10Z
10Zf"10%Z&'()-f-10%Z&'()-VV WJWpWWWdEiJf10%Z&'()-9!10%&'()- Y10%&'()-
y10%&'()- `m10%&'()-Y "10%&'()- 10%&'()-WFXXXXDYWYdEiJf10%Z&'()-l"10%&'()-3
"10%&'()- s10%&'()- 10%&'()- 10%&'()- 3#10%&'()-3WY_Y`YhYiYqYYYnO5Jf1'
10%&'()-h' 10%&'()-h' 10%&'()-h' 10%&'()-h' 10%&'()-h'
10%&'()-h@&`10%&'()-YYYYYYYYeK,J' 10%&'()-h' 10%&'()-h#31l ' 10%&'()-h'
10%&'()-h' 10%&'()-h' 10%&'()-hYYYYYYYeF,J' 10%&'(' 10%&'()-h' 10%&'()-h'
10%&'()-h#31l ' 10%&'()-h' 10%&'()-hYYYYYYYeF,J' 10%&'(' 10%&'()-h'
10%&'()-h' 10%&'()-h' 10%&'()-h#31l ' 10%&'()-hYYZZZZZeA,J' 10%#31l '
10%&'()-h' 10%&'()-h' 10%&'()-h' 10%&'()-h#31l ZZ%Z+Z0Z1Z;ZBZdJ+J'
10%&'()-h' 10%&'()-h#31l ' 10%&'()-h' 10%&'()-h' 10%&'()-h'
10%&'()-hBZHZMZNZXZ_ZeZeF+J' 10%&'(' 10%&'()-h' 10%&'()-h' 10%&'()-h#31l '
10%&'()-h' 10%&'()-heZjZkZuZ}ZZZeF+J' 10%&'(' 10%&'()-h' 10%&'()-h'
10%&'()-h' 10%&'()-h#31l ' 10%&'()-hZZZZZZZZZ{[;' 10i 10%#&'()- i 10%#&'()-
10#10#%10# 3=10%#&'()-' 10%&'()-h#31l ZZZZZZZ_?{[;' 10i 10%#&'()- i
10%#&'()- i 10%#&'()- #31] i 10%#&'()- i 10%#&'()- ZZZZZZZ_?{[;' 10i
10%#&'()- i 10%#&'()- i 10%#&'()- i 10%#&'()- #31] i 10%#&'()- ZZZ[[
[[`<{[;' 10#31] i 10%#&'()- i 10%#&'()- i 10%#&'()- i 10%#&'()- #31]
[[!['[,[-[8[`D{[;' 10#3i 10%#&'()- #31] i 10%#&'()- i 10%#&'()- i 10%#&'()-
i 10%#&'()- 8[@[F[K[L[W[_[{_?{[;' 10#i 10%#&'()- i 10%#&'()- 



#31] i 10%#&'()- i 10%#&'()- i 10%#&'()- _[e[j[k[l[[[_>{[;' 10#
3910%"&'()-3 3 10%"&'()- i 10%#&'()- #31] i 10%#&'()- i 10%#&'()-
[A\\\]H]]|[:{[;' 1 3$ 10%"&'()-  3"G10%"&'()-  3 z10%"&'()-  310%"&'()-
310%"&'()-  3f310%"&'()- ]]]]]]]$^X^vU4 3 310%"&'()-  3  s10%"&'()-
3-10%"&'()-10"10"10" 3=10%"&'()- 33'Y10%"&'()-X^_^^^7_u__|[:vU4 3
33#@10%"&'()-3 3  s!10%"&'()-F3 310%"&'()-  3f 10%"&'()-  3&10%"&'()-F
3Z10%"&'()- ___```i``|[:vU4 3 33 s0m10%"&'()- 3 3FY.Z10%"&'()-3 33
,,-10%"&'()-  3  *@10%"&'()-  3'g10%"&'()-  3  %10%"&'()-Z``3a6a8a9a:a;
aEasfY8  3 '10%gLg&'()--10"10"10"s10%"&'()-Y  3=10%"&'()- 3410%"&'()-3 33
2M10%"&'()- EaGaMaOaTamaa|[:fY8   3P&10%gLg&'()- 3PL10%gLg&'()-
10%PLP&'()- 33@`10%gLg&'()- 3f@10%gLg&'()-& 6` '10%jj&'()-aaaaaaa|[:fY8
3>10%gLg&'()- 3`3t10%gLg&'()-  ]%g10% q &'()- 3f@/10%gLg&'()- ff@/10%L&'()-
3f!10%gLg&'()-gaaaaaaaab}\;     T@ 10%^^&'()- 3@ 10%^&'()- 3`10%
&'()-10gLg10gLg10gLg&2`10%gLg&'()-%10%gLg&'()-bb3bKbTbebub|[:}\;   3 `10%
&'()-  3Y010% &'()-  10%('(&'()- T10%&'()- 010%"V"&'()-) 10%&'()-ubbbb
c%c(c)c|[:-;10  3=10% &'()- 33710% &'()- 35 10% &'()-3 3  210% &'()-
3)s10% &'()- ) 3s10% &'()- )c*c+cdccccdbA;10  3 &-10%b&'()-  hY 10%!&'()-
Y 10%&'()-  3s10% ! &'()-  310% ! &'()- 10 10 dd2d@dPd`dqd|[:A;10  33*10% !
&'()-  3 s10% ! &'()-  3L`10% ! &'()-  h&%10%&'()-m &%10%||&'()-m
h&-10%!&'()- qdtdvdwdxdyddddzY810  3310%gL"g&'()- - c0&&10% &'()-m- &&10%
&'()-m-10 ! 10 ! 10 ! (`10% ! &'()- 3=10% ! &'()-ddddeee|[:zY810
3/10%gL"g&'()-  9`!10%&'()-  #9`!10%WL"W&'()-  9`!10%&'()-  9`!10%&'()-
3310%gL"g&'()-eZeeee9f<f|[:zY810   3>10%gL"g&'()- 39!10%gL"g&'()-  3Y 



7'10%gL"g&'()-  3510%gL"g&'()- 33 10%gL"g&'()-  3F l1z10%gL"g&'()-
<f>f@fAfBfCfFfJf[f}\;10    3,10% &'()-  3 10% &'()- 3@10%
&'()-10gL"g10gL"g10gL"g910%gL"g&'()- Y Z10%gL"g&'()-[flfnfffff|[:}\;10
33s10%&'()-` 3|@/10% &'()- 7``! 10% &'()-  ``! 10% &'()-  3310% &'()-) 310%
&'()- ffffffffcF)910% &'()-910% &'()-L$`10% &'()-L10% &'()-- 3s=10% &'()-
3)L310% &'()-) 3&10% &'()- ffffffffgyX7910% 3v10%&'()- 310%r"&'()-
310%r"&'()-) 3f,s10%r"&'()-10 10 10 910% &'()-gggggg*g|[:yX7910%  3
10%r"&'()-   310%! !&'()-y h310%vr"v&'()-y 310%r"&'()-1 10%r"&'()- h3
10%qr"q&'()-*g;gNghhhh|[:yX7910%  3`S@10%r"&'()-  i`S@10%&'()-
3#`!10%&'()- 3#`!10%r"&'()-1 3#`!10%&'()- Ly10%Er"E&'()-ZhhhhhhhhhzY8910%
3310%`E `&'()-- 310%`E `&'()--10r"10r"10r"L10%r"&'()- 3=10%r"&'()-
310%r"&'()-hhhhhhh|[:zY8910%   `10%&'()- 310%`"`&'()- 0`y10%&'()-r 3`y10%`E
`&'()- 39m10%`E `&'()- 310%`E `&'()-mhhhhhi"i|[:zY8910%   g9L!`10%&'()-@
39,10%`E `&'()-  N9,10%{{&'()- r  9,10%&'()-  49 10%aE a&'()-m 3y10%`E
`&'()-s"i6igikimi~ii|[:zY8910%   3@s310%`E `&'()-  3@y&10%`E `&'()-
399910%`E `&'()-r 709L!`10%dJd&'()-@ 39L!`10%``&'()-@
D9L!`10%e&'()-@iiiiiiiiij~]<910%    +f!10%"&'()- !f!10%b&'()-10`E `10`E
`(10`E `310%`E `&'()-9Y 10%`E `&'()- 3L=10%`E `&'()-ijjjjkk*k|Z9~]<910%
3&*10%"&'()- !P10%&'()-  310%"&'()-   10%&&&'()-  Q10%O&'()-
4f!10%\!&'()-*k-k/k0k1k2k<kGkYkzY8910%  ) `  10%!&'()- 3 t10%"&'()-
10%C!C&'()--10"10"10"9$ 10%"&'()- 3=10%"&'()-Yk_kcktkkkUl|Z9zY8910%
F"f#10%S!S&'()-@!F"f#10%N N &'()-@ 3310%"&'()-  3l10%"&'()-  6 310%"&'()-F
33`10%"&'()-UlNmmmmmm|[>zY8910%   ```10%"&'()- 3>10%"&'()- 3Z10%"&'()-
3,&Z10%"&'()-: 3F"f#10%B&'()-@ F"f#10%X"X&'()-@mmmmmmmnnyX7910% ;9s10%
&'()-)  10% &'()- F 10% &'()- ?L910%&'()-10"10"10"
10%"&'()-sn(n4n<nRnYnbn|[:yX7910%  Dl(10% &'()- 3 f&10% &'()-  I0#:10%
&'()-  10% &'()-1  }0 10%88&'()-  @10% &'()-bnknpn{nnnn|[:yX7910%
3P,Y('10% &'()- 3f& 10% &'()-  31f10%i&'()- 31f10%&'()-1 n1f10%&'()- 3+l10%
&'()- nnnnnnnn|[:-710kk L110%kk&'()- L110%6Q6&'()- 3=10% &'()- 3110%
&'()--1  110%==&'()-- Y0FF.S10%T&'()-nnnnnnnnbA710kk  l&10%"&'()-
l&10%PP&'()- ?&10%< &'()- '&10%&'()- 3"10%"&'()-10kk10kknnooo0o6o|[:A710kk
&10%m m&'()- +&10%"&'()- &10% &'()- &10%Z"Z&'()-  10%Z Z&'()-   



10%3&'()- 6o\omooooo|[:A710kk 3F l(10%"&'()-  ;410%i &'()-` D410%&'()-`
h0410%z"z&'()-` 00410%vv&'()-` 410%^^&'()-`o5pupxpqqqqq|[NA41010"10"10"
3=10%"&'()- 3.!10%"&'()- 3Y 110%"&'()- 33 ,10%"&'()-  3*10%"&'()-
qrSrrrr+s|[:NA41010 3 10%"&'()-  3y10%"&'()-  310%"&'()-  3 g10%"&'()-
3s10%"&'()-  310%"&'()- +s]s`s|[:NA41010 3 10%"&'()-  3y10%"&'()-
310%"&'()-  3 g10%"&'()-  3=10%"&'()- 3F10%"&'()-  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 Font~
/#+{273=@B0HUJKLMNOPRWZ:^^*`xaBccef1hjkn`ptvxz|~!">/
6/@DL|NOPqRSW`atdJfgimn`s !"#$%&'()*+,-./01Q % m ~
!!""P""""!#c#$&+.4012v4|57:N;;?d@ACCDEQHH+KKALNMMMMNNNOOO P}PPPP
QQQRhRRRSSTTUVWWYYYYYZBZeZZZZZ[8[_[[]X^_`Eaaabub)cdqdde<f[fffg*ghhh"iiij*kY
kUlmnbnnnn6ooq+s`s23456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~6Times
New RomanArialCourier New"h Root EntryWordDocument
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~        



! " # $ % & ' ( ) * + , - . / 



0 1 2 3 4 5 6 7 8 9 : ; < = > ? @ A B C D E F G H I J K L M N O P Q R S T U
V W X 



Y Z [ \ ] ^ _ ` a b c d e f g h i j k l m n o p q r s t u v w x y z { | } ~









!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


