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CROSS-REFERENCE TO RELATED APPLICATIONS[NOT APPLICABLE] STATEMENT REGARDING
FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT[NOT APPLICABLE] BACKGROUND OF
THE INVENTION The present invention relates to low surface tension, low
viscosity, aqueous, acidic compositions containing fluoride and organic,
polar solvents for removal of photoresist and organic and inorganic etch or
ash residues and processes for removal of photoresist and etch or ash
residues. More particularly, the invention relates to a composition which
is buffered having a pH value of between about 3 and about 6 and its use in
removing photoresist and etch residue in processes operated at room
temperature or above. The compositions of the present invention are free of
glycols in general and in particular alkylene glycols and polyoxyalkylene
glycols. In the manufacture of semiconductors and semiconductor
microcircuits, it is frequently necessary to coat substrate materials with
a polymeric organic substance. Examples of some substrate materials
includes, aluminum, titanium, copper, silicon dioxide coated silicon wafer,
optionally having metallic elements of aluminum, titanium, or copper, and
the like. Typically, the polymeric organic substance is a photoresist
material. This is a material which will form an etch mask upon development
after exposure to light. In subsequent processing steps, this polymeric
organic substance (photoresist) must be removed from the surface of the
substrate. One common method of removing photoresist from a substrate is by
wet chemical means. The wet chemical compositions formulated to remove the
photoresist from the substrate must do so without corroding, dissolving, or
dulling the surface of any metallic circuitry; chemically altering the
inorganic substrate; or attacking the substrate itself. Another method of
removing photoresist is by a dry ash method where the photoresist is
removed by plasma ashing using either oxygen or forming gas (hydrogen). In
many instances the plasma ash method leaves residues or by    2 ~ MAY 2003
WO 00/44867 PCT/US00/00116 products. The residues or by-products may be the
photoresist itself or a combination of the photoresist, underlying
substrate and etch gasses. These residues or byproducts are often referred
to as sidewall polymers, veils or fences. Various compositions for wet
chemical removal of photoresists and organic and 5 inorganic etch residues
are known in the art. U.S. 5,698,503 discloses a composition for removing
photoresist and residue, containing a polyhydric alcohol, ammonium
fluoride, an organic polar solvent, water, and an acidic buffering
compound, and acetic acid in an amount sufficient to obtain a pH of greater
than about 4 and less than 7. The patent discloses propylene glycol and
polyoxyalkylene glycols as the 10 polyhydric alcohol and compositions such
as, dimethylsulfoxide, dimethyl acetamide, N-methyl pyrrolidone and gamma
butyrolactone as the polar solvents. U.SS. 5,676,760 discloses processing
semiconductor substrates with an electrolyte solution of ammonium chloride,
ammonium acetate, ammonium fluoride, ammonium nitrate, ammonium bromide,
ammoniun iodide, ammoniumsulphate, ammoniumoxalate, 15 ammoniun carbonate,
ammonium citrate, HCI, or ammonia and mixing it with deionized water. U.S.
5,571,447 discloses a composition for removing photoresist and residue
containing a polyhydric alcohol, fluoboric acid, a fluoride containing
compound and a polar solvent. The pH of the composition is less than S. The
patent discloses propylene glycol and polyoxyalkylene glycols as the
polyhydric alcohol, 20 and the polar solvent as preferrably water and/or
dimethylsulfoxide. U.S. 5,320,709 discloses a method for selectively
removing organometallic residues, native silicon oxides, or damaged silicon
oxides created in processing by contacting a substrate with an essentially
anhydrous composition of ammonium fluoride salt dissolved in a polyhydric
alcohol. The patent discloses only glycols as examples of polyhydric 25
alcohols. Compositions such as those described above exhibit a number of
shortcomings. Solvent blends containing DMSO and fluoride (i.e., ammonium
fluoride, HF, etc.) pose health risks to users due to the ability of DMSO
to transport dissolved materials through the skin. Those solvent
compositions containing glycols and a fluoride have a 30 high surface
tension (>40mN/m) and a high viscosity (>40 cps) causing substrate wetting,
spray or bulk distribution difficulties. In addition, many of the known 2
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10 15 20 25 30 PCT/USOO100116 compositions containing fluorides do not
effectively remove photoresist at room temperature and at elevated
temperatures exhibit unacceptably high oxide and metal etch rates. These
compositions cannot be used at the contact or via level due to their high
oxide etch rate and loss of critical control for patterns. It is the
purpose of the present invention to provide compositions that exhibit
little human or environmental toxicity; provide greater and more efficient
ease of use; minimize corrosion of sensitive metals such as, aluminum,
copper, titanium, and the like; and provide photoresist and residue removal
at lower temperatures. BRIEF SUMMARY OF THE INVENTION The compositions of
the present invention are aqueous, buffered solutions with a pH of from
about 3 to about 6, containing an organic polar solvent, a fluoride, an
acidic buffer solution, and water. Glycols are not present in the
compositions of the present invention and DMSO is not a preferred solvent
because of the health risks attendant with its use in conjunction with the
fluoride containing compositions of the present invention. The compositions
of the present invention optionally include a corrosion inhibitor. The
compositions of the present invention are used to remove photoresist and/or
ash or etch residues formed during the processing of substrates used in the
manufacture of semiconductor and microelectronic devices. The method of
removal using the compositions of the present invention is carried out by
contacting a substrate having photoresist and/or etch or ash residue on its
surface with the compositions of the present invention. The actual
conditions of the process depend among other things on the type of
substrate and the material being removed. A general scheme for removal of a
photoresist and /or etch or ash residue would consist of the steps of
contacting a substrate with the composition of the present invention at
temperatures of at least room temperature; maintaining contact between the
substrate and the composition for a predetermined period of time; rinsing
with water; and drying with an inert gas. BRIEF DESCRIPTION OF THE DRAWINGS
[NOT APPLICABLE] DETAILED DESCRIPTION OF THE INVENTION The present
invention is directed to aqueous, acidic, buffered compositions and methods
of removing photoresist and/or etch or ash residue from the surface of a 3
WO 00/44867 2 ~ MAY 2003 PCT/US00/00116 substrate of a semiconductor or
microelectric device. The compositions consist essentially of an acidic
buffer solution, a polar solvent that is miscible in a11 proportions in
water, a fluoride, and water. The compositions are adjusted to a pH of
about 3 to about 6; and optionally includes a corrosion inhibitor and other
additives 5 known to those skilled in the art that are typically used in
compositions for removing photoresist and/or etch or ash residue. Glycols
and other solvents that would raise the surface tension measured at 25 C to
40mN/m or more and increase the viscosity of the composition to 40 cps at
25 C or more are not included in the composition of the present invention.
Dimethylsulfoxide is not a preferred solvent due to the attendant 10 health
concerns. Preferrably, the compositions of the present invention consist
essentially of; an acidic buffer solution in an amount necessary to obtain
a composition pH of from 3 to 6; 30% by weight to 90% by weight of an
organic polar solvent that is miscible in a11 proportions in water; 0.1 %
by weight to 20% by weight of ammonium fluoride; 0.5% 15 by weight to 40%
by weight water; and up to 15% by weight of a corrosion inhibitor. A pH of
between about 3 and about 9 will allow most sensitive metals to passivate
with minimum corrosion. Removal of highly inorganic etch residues and oxide
skimming however requires a slightly acidic pH. The pH of the compositions
of the present invention is adjusted to between about 3 and about 6 for
best efficacy for 20 cleaning etch residue and passivation of metals. The
pH of the compositions of the present invention are adjusted to a desired
pH within a pH range of about 3 to about 6 with acidic buffer solutions.
Preferrably the pH range is from about 3 to about 6. A preferred buffer
contains an ammonium salt of a carboxylic acid or a polybasic acid. An
example of such an ammonium salt is an ammonium salt of acetic acid or 25
phosphoric acid. Especially prefered is an aqueous solution of ammonium
acetate and acetic acid. Methods of preparing buffer solutions are well
known in the art. The acidic buffer solutions, when added to the
compositions of the present invention provide a buffered composition with a
pH adjusted to minimize corrosion of sensitive metals such as aluminum,
copper, titanium, etc. the acidic buffer solution is added in 30 an amount
necessary to obtain the desired pH. The addition of the acidic buffer 4
2 ~ MAY .20~ ' ' ~ WO 00I44867 PCTNS00/00116 solutions prevents pH swings
due to dilution with water or contamination by bases or acids. The organic
polar solvents useful in the present invention are those solvents that are
miscible in all proportions in water. Dimethylsulfoxide is not a preferred
solvent for 



S purposes of this invention due to attendant health risks. Examples of
acceptable organic polar solvents include, dimethylacetamide (DMAC),
monoethanolamine, nmethylethanolamine, formamide, n-methyl formamide,
gamma-butyrolactone, Nmethylpyrrolidone and the like. The use of DMAC is
preferred. The inclusion of DMAC results in a composition having a surface
tension of <30 mN/m and a 10 viscosity of <10 centipoise. This provides for
better substrate wetting, greater ease of rinsability, and facilitates
spraying applications and bulk distribution at room temperature.
Furthermore, the use of DMAC especially in the presence of water allows the
removal of photoresist (including novolak photoresist) at room temperature.
15 Fluoride is an essential component of the composition of the present
invention. Fluoride containing compositions include those of the general
formula R,,RZ,R3,R4NF where R1,RZ,R3, and R4 are independently hydrogen, an
alcohol group, an alkoxy group, an alkyl group or mixtures thereof.
Examples of such compositions are ammonium fluoride, tetramethyl ammonium
fluoride, tetraethyl ammonium fluoride. 20 Fluoroboric acid can also be
used as the fluoride composition . The fluoride is preferrably present in
amounts of from 0.1% by weight to 20% by weight. Ammonium fluoride is
preferred. Ammonium fluoride is available commercially as a 40% aqueous
solution. Water is present as an element of the present invention. It can
be present 25 coincidentally as a component of other elements of the
invention such as an aqueous ammonium fluoride solution or an aqueous
acidic buffer solution, or it can be added separately. Preferrably, water
is present in amounts of from 0.5% by weight to 40% by weight. The presence
of water also improves the solubility of ammonium fluoride in the
compositions of the present invention and aids in the removal of
photoresist and 30 cleaning of inorganic etch residues. 5    WO 00/44867 z
i Mar.~aa~ PCT/US00/00116 Corrosion inhibitors in an amount of up to 15% by
weight can be added to compositions of the present invention. Preferably,
the inhibitor concentration is from about 0.5% by weight to 8% by weight.
Any corrosion inhibitor known in the art for similar applications, such as
those disclosed in U.S. Patent No. 5,417,877 which are 5 incorporated
herein by reference, may be used. However it has been found that inhibitor
compositions with a pKa greater than 6 do not function as well as inhibitor
compositions having a pKa of less than about 6 in systems with a pH range
of about 3 to about 6. Therefor, preferred inhibitor compositions are those
having a pKa of less than about 6. Examples of preferred inhibitor
compositions include anthranilic acid, 10 gallic acid, benzoic acid,
isophthalic acid, malefic acid, fumaric acid, D,L-malic acid, malonic acid,
phthalic acid, malefic anhydride, phthalic anhydride and the like. Examples
of corrosion inhibitors that may be used but are not preferred include
catechol, pyrogallol, and esters of gallic acid. The compositions of this
invention are especially useful and advantageous for 15 numerous reasons
among which may be mentioned the following. The compositions are water
soluble, non-corrosive to substrates, non-flammable and of low toxicity.
The compositions effectively remove photoresist and etch residues at
temperatures as low as 20 C. The compositions are particularily suitable
for use with etched via patterns to remove etch residues and photoresist
while maintaining critical dimension 20 size. Due to their low surface
tension and viscosity, the compositions of the present invention are easily
rinsed from substrates and provide for better wetting of the substrates.
The process of the invention is carried out by contacting a substrate
having an organic or metal-organic polymer, inorganic salt, oxide,
hydroxide, or complex or 25 combination thereof present as a film or
residue, with the described composition. The actual conditions, e.g.
temperature, time, etc. depend on the nature and the thickness of the
material to be removed. In general when it is desired to remove photoresist
the substrate is contacted or dipped into a vessel containing the
composition at a temperature, preferably between 20C and 80C, more
preferably between 20C and 30 60C, most preferably between 20C and 40C for
a period of 1 to 15 minutes; rinsed with water; and dried. Drying is
typically carried out under an inert atmosphere. 6   



. .  .  2 1 M~Y~ 2CC~ WO 00I44867 PCT/US00100116 i Materials removed with
the compositions of the present invention include photoresists known in the
art such as novolak and acrylic based resists; and processing residues
known in the art by such names as sidewall polymers, veils, fences etch
residue, ash residue and the like. 5 Having described the invention, the
following examples are provided to further illustrate and are not intended
to limit the present invention. In the examples below, pH determinations
were made using 5% aqueous solutions at ambient temperature and surface
tension and viscosity measurements were made at 25C. 10 EXAMPLE 1 A
composition according to the present was prepared by mixing the following:
Component wt% acetic acid(glacial) 12.0 ammonium acetate 15.2 15 DMAC S7.5
ammonium fluoride(40% aq) 2.5 water(deionized) 12.4 The pH of the
composition was 4.75. The surface tension of the composition was 28 mN/m
and the viscosity was 10 cps. 20 EXAMPLE 2 (Comparison) A composition
according to example 2 in U.S. Pat. No. 5,698,503 was prepared by mixing
the following ingredients. Component wt% acetic acid(glacial) 4.0 25
ammonium acetate 5.2 propylene glycol 73.0 DMSO 12.3 ammonium fluoride(40%
ag) 5.0 catechol 0.5 30 The pH of the composition was 4.8. The surface
tension was 45 mN/M; and the viscosity was 40 cps. The above composition
did not remove photoresist at 20C or 7    WO 00I44867 2 1 Mk!" 2003
PCT/US00/00116 40C. The rate of etch of an Al/Cu alloy, titanium, tungsten,
a TiN alloy and thermal oxide in a bath containing the above composition
was measured at 20C, 40C, and 60C. The immersion bath method of example 3
was used. Metal etch rates were determined using a Veeco FPP-5000
four-point probe system for blanket metal films 5 on thermal oxide. Thermal
oxide etch rates were determined using a nanospec AFT , optical thickness
measurement tool. Etch rates are in Angstroms/mibnute. Results are given
below in Table I. 8   ' 2 i Y 2003 WO 00I44867 PCTNS00/00116 i a~b
r._~Lb47H  OOO d'z.r H 00 0a vHUw 



W `rO~ COV'~w .r OrOvN MUU0as..ao0 0N~t ~JaEE~ 9   WO 00/44867  EXAMPLE 3 2
1 MAY 2G03 PCTNS00/00116 The formulation of example 1 was used to remove
ash and etch residue S from a substrate with 0.28 micron lines and 0.14
micron spaces at both room temperature(20C) and at 40 C. The process
involved immersing the substrate samples in a bath containing the
composition of example 1; removing the substrate samples from the bath;
rinsing with deionized water; and drying under a nitrogen sparge. At room
10 temperature the immersion time was 20 minutes. At 40C the immersion time
was 10 minutes. The ash and etch residue was removed at both temperatures
without reducing the width of the metal lines (Al/Si/Cu alloy). The
formulation had an oxide etch rate of ~0.3 angstroms/min. at 20C and ~20
angstroms/min at 40C. 15 EXAMPLE 4 The formulation of example 1 was used to
remove novolak photoresist and etch residues from an etched via pattern.
The etched via was immersed in a bath equilibrated at 20C containing the
composition of example 1. Immersion time was 15 minutes. The etched via
pattern 20 was subsequently washed with deionized water and dried under
nitrogen. The photoresist and etch residue were removed without measurably
altering the via size. EXAMPLE 5 The rate of etch of an A1/Cu alloy,
titanium,tungsten, a TiN alloy, and 25 thermal oxide in a bath containing
the composition of example 1 was measured at 20C, 40C, and 60C. The
immersion bath method of example 3 was used. Metal etch rates were
determined with a Veeco FPP-5000 four-point probe system for blanket metal
films on thermal oxide. Thernial oxide etch rates were determined with
nanospec AFT 30 optical thickness measurement tool. Etch rates are in
Angstroms/minute. Results are given below in Table II. 10    ` ` y WO
00/44867 a~...NO1..H l O..dOO Oz._ H CvvvaHwE0v .., H
0dNMMOUaU0wo00G~N~~O~.aEasE~ 2 ~ MAY 20~~ PCT/US00/00116 11  



2 i ~M~Y zoo~~ WO 00/44867 PCT/US00/00116 ~ ` CLAIMS We claim, 1. A low
surface tension, low viscosity, aqueous composition, consisting essentially
of an admixture of; ' a. an acidic buffer solution, b. a polar, organic
solvent that is miscible in a11 proportions in water, c. a fluoride, and d.
water, where the aqueous composition has a pH of from about 3 to about 6
and is free of glycols. 2. The composition as claimed in claim 1, further
consisting essentially of a corrosion inhibitor. 3. The composition as
claimed in claim 1, wherein the acidic buffer solution contains an ammonium
salt of a carboxylic acid or a polybasic acid. 4. The composition as
claimed in claim 1, wherein the polar solvent is , monoethanolamine,
n-methylethanolamine, formamide, n-methylformamide, dimethylacetamide,
gamma-butyrolactone, N-methylpyrrolidone or mixtures thereof. 5. The
composition as claimed in claim 1, where the fluoride has a composition of
the general formula R,,RZ,R3,R 4NF, where R~,RZ,R3 and R4 are independently
hydrogen, an alcohol group, an alkoxy group, an alkyl group and mixtures
thereof. 12    z 1 Mav 2oas WO 00I44867 PCT/US00/00116 6. The composition
as claimed in claim 2, wherein the corrosion inhibitor has a pKa of less
than about 6. 7. The composition as claimed in claim 2, wherein the
corrosion inhibitor is anthranilic acid, gallic acid, benzoic acid,malonic
acid, malefic acid, fumaric acid, D,L-malic acid, isophthalic acid,
phthalic acid, malefic anhydride, phthalic anhydride or mixtures thereof.
8. The composition as claimed in 3, wherein the acidic buffer is a solution
of ammonium acetate and acetic acid. 9. The composition as claimed in claim
1, where the fluoride is flouroboric acid. 10. The composition as claimed
in claim 5, where the fluoride is ammonium fluoride, tetramethyl ammonium
fluoride, or tetraethyl ammonium fluoride. 11. The composition as claimed
in claim 1 having a surface tension less than or equal to 30 mN/m and a
viscosity of less than or equal to 15 centipoise at 25C. 12. A low surface
tension, low viscosity, composition, consisting essentially of; a. an
acidic buffer solution containing acetic acid and ammonium acetate, b. from
30% by weight to 90% by weight of an organic polar solvent that is miscible
in all proportion in water, c. from 0.1% by weight to 20% by weight of
ammonium fluoride, and d. from 0.5% by weight to 40% by weight of water,
and f. up to 15% by weight of a corrosion inhibitor wherein the pH of the
composition is between 3 and 6 and the composition is free of glycols. 13
1 2 1 MAY 2003 WO 00/44867 PCT/US00/00116 i 13. A low surface tension, low
viscosity, aqueous composition, consisting essentially of an admixture of; 



a. ammonium acetate; b. dimethylacetamide, c. acetic acid, d. a 40% aqueous
ammonium fluoride solution, and e. deionized water, where the pH of the
admixture is from about 3 to about 6 and the composition is free of
glycols. 14. A method of removing photoresist or residue from a substrate,
comprising; applying a composition according to claim 1 to the substrate at
a temperature of from 20C to 80C for a period of time sufficient to remove
the coating from the substrate. 15. The method as claimed in claim 14,
wherein the temperature is from 20C to 60C. t 6. The method as claimed in
claim 14, where the temperature is from 20C to about 40C 17. The method as
claimed in claim 14, where the temperature is 20C.   14
.AY_.As.A9F?.A[.ANy.Aul.AlAe.AY.A3i9.A>y.A l.AlY.Aa .AFYefiloruxgkx"
h=&3}!&'zupkfa\W]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]c
a]c<a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]c"aU]c"a]c"a!'48DFILORUd s
!!,##$%g&& (`(e(f(s(y((~ytoje`[UU]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]c"aU]ca]ca]ca]caU]ca]ca]ca]
ca]ca]ca]caU]ca]ca]c a!((F)))
+|+r,,.X.R//0#1(1)151B1Q122?4456_67\7789[::{vqlgb]XU]]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]caU]ca]c,aU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca!:;; ;; ;;;d??@@@@@@BBBBBBBB$C%C)C*C;C@CCCIC^CC|vqlgb]Xlgb]XU]]c
a]ca]c a]ca]c a]caU]ca]ca]ca]caU]caU]ca]ca]caU]ca]c a]ca]caU]ca]c
aU]ca]ca]ca]ca]ca]caU]ca]c a]ca]c a]ca]ca CCCCCCCCCCC5D6DFD[D`DlDmDwDDD
EZEEcFFnG-K3K4K:KFKfK|wrmhc]Xlgb]XU]]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]
ca]c a]ca]caU]ca]ca]ca]caU]ca]ca]ca]caU]ca]ca]ca]ca]caU]ca]caU]ca
fKgKKKKKKKKKKL#L)L;
L<LHLLLLLLLLLLLLLLLMMzuoid_YTlgb]]caU]ca]c&a]caU]caU]ca]c aU]c
a]caU]ca]ca]caU]ca]caU]ca]ca]caU]ca]ca]ca]ca]c a]caU]ca]ca]c
a]caU]ca]ca]ca]caU]ca MMMN
NdNNXO8P(Q.Q/Q<QXQQRDSSS*TTUUVVVVWxWYXTYYZHZ{upkfa\W]c]ca]ca]ca]ca]ca]caU]c
a]c
aU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]c*a]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca!HZIZJZMZdNNXO8P(Q.Q/Q<QXQQRDSSS*TTUUVVVVWxWYXTYYZHZ{upkfa\W]c]ca]ca]ca
]ca]ca]caU]ca]c
aU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]c*a]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]caefiloaB 10%t&'()-s10%t&'()-10%t&'()-ss10%t&'()-3s-#10%t&'()-!
Y%10%tt&'()-oruxdEs10%t&'()-10%t&'()-
10%t&'()-910%t&'()-010%t&'()-(10%t&'()-ghijk}_@- 10%&'()-!$m%10%&'()- 10t
10t 10tYf;10%t&'()-S 10%th&'()-$S 10%t&'()-$}" h=dE_@10%&'()-,z
10%&'()-"10%&'()- 10%&'()-F !10%&'()-- 10%&'()-=&3}dE_@96&!10%&'()- /
10%&'()-s.10%&'()-s' 10%&'()-s%F"10%&'()-Y10%&'()-!#$%&'4D_@9 10%&'()-!<F
10%&'()-zF10%&'()- 10 10 10 y;s10%&'()-710%&'()-DFILORUdE_@
710%&'()-.10%&'()-&10%&'()-10%&'()-l10%&'()-&,s10%&'()-UddE_@lz
10%z&'()-@2lz 10%+&'()-@2lz 10%&'()-@2lz 10%&'()-@2lz 10%&'()-@2#
10%&'()-_@y#10%\&'()-! 10%&'()-10%\&'()- 10%\&'()- 10 10 109;s10%&'()- s
!!,##dE_@&"10%\&'()-@f 10%\&'()-f10%\&'()-@L 10%\&'()-`  "10%\&'()- @y
10%\&'()-#$%g&& (`(dE_@6f 10%\&'()- S0y 10%\&'()-l.#10%\&'()- @'
10%\&'()-@&!10%\&'()-@10%\&'()-`(b(c(d(e(f(s(((~_@FS 10%&'()-z'10%&'()-!N
10%&'()-10%&'()- 10\ 10\ 10\sf;s10%\&'()-(F))) +|+r,aB~_@10%&'()-
"10%&'()-10%&'()-! $10%44&'()-9 10%&'()- 



10%&'()-r,,.X./R//dE~_@.F"10%&'()-( 10%&'()-( 10%&'()-y&10%&'()- 10%&'()-L
10%&'()-/0#1%1&1'1(1)151bC10%M&'()-l 10%M&'()- 10 10 10;
`10%&'()-610%&'()-L0 10%&'()-51B1Q122?44aBbCG"10%M&'()-9 10%M&'()-9
10%M&'()-g 10%M&'()-S#10%M&'()-!6l,10%&'()-4m556_67\7dEbC$f 10%M&'()-9!f
10%M&'()-
10%M&'()-m"10%M&'()-f&10%M%&'()-f&10%M&'()-\77889[::dEbCs6"10%M&'()- /
10%M&'()-F.#10%M&'()- ' 10%M&'()-' 10%M>&'()-&!10%M&'()- :;;;;;
;;;;b@!0y&10%""&'()-7lf:10%&'()-`10%&'()-M 10M 10M 10ML@;
t10%M&'()-810%M&'()- ;;;R<<==>xY8b@ ay&10%&'()-7y&10%5&'()-7!ay&10%00&'()-7
fy&10%2&'()-7!ay&10%tt&'()-7!a5$0y&10%&'()-7>c>>>d???}\;b@  ky&10%p&'()-7
ky&10%@&'()-7 fy&10%&'()-7y&10%&'()-7!ay&10%55&'()-7
ay&10%&'()-7?@@@@@@@@a?  !`Y910%&'()-10%z&'()- l10%z&'()- 10 10 10;
s10%&'()- py&10%&'()-7@@BBBBBBB{\QF;  10z 10z 10zS;s10%z&'()- +'10%^U^&'()-
)!+'10%cc&'()- !+'10%ZZ&'()- S#y10%z]&'()-BBBBBBBwZ=QF;   10%)>)>&'()-:
10%)>)>&'()-:! 10%)>)>&'()-:!L*+10%)>)>&'()-!\
+10%))&'()-!+10%yy&'()-BBBCCCCdFQF;   '3 10%)>)>&'()-: 10%)>)>&'()-:!
10%)>)>&'()-:! 10%)>)>&'()-:'3CCCCCC C CiL*! 10%)>)>&'()-: 10%)>)>&'()-: 



10%)>)>&'()-:'3 10%)>)>&'()-: 10%)>)>&'()-:! 10%)>)>&'()-: CCCCCCCChK.!
10%)>)>&'()-: 10%)>)>&'()-:'3! 10%)>)>&'()-: 10%)>)>&'()-:
10%)>)>&'()-:'3CCCCCCC CmO-!! 10%)>)>&'()-:'3 10%)>)>&'()-: 10%)>)>&'()-:
10%)>)>&'()-:'3 10%)>)>&'()-: C!C"C#C$C%C&C'CjN2!!10%+&'()- 10%+&'()-
33M10%+&'()-L 10%)>)>&'()-:'3 10%)>)>&'()-:
10%)>)>&'()-:'C(C)C+C,C-C.C/CnP4!!10%+&'()- '.10%+&'()- 10%+&'()-
:10%+&'()- '.10%+&'()- /C0C1C2C3C5C:C;CnN0!!'.-10%+&'()- 10%+&'()-
10%+&'()- '.10%+&'()- 10%+&'()- ;C=C>C?C@CCCECFCnN2!!10%+&'()- -10%+&'()-
10%+&'()- '.10%+&'()- 10%+&'()- 10%+&'()- FCGCHCICJCKCLCMCsW;
!!F10%+&'()-F10%+&'()-F10%+&'()-F10%+&'()-10%+&'()- -'.10%+&'()-
MCNCOCPCQCRCSCTCfJ.!!F10%+&'()-F10%+&'()-F10%+&'()-F10%+&'()-F10%+&'()-)?!F
10%+&'()-TCUCVCWCXCYCZCfJ.!!F10%+&'()-F10%+&'()-F10%+&'()-F10%+&'()-F10%+&'
()-F10%+&'()-)?!ZC[C\C]C^C`CdCbB.!!F10%+&F10%+&'()-F10%+&'()-F10%+&'()-F10%
+&'()-F10%+&'()-)?!dCeCfCgChCiCjCfJ.!!F10%+&F10%+&'()-F10%+&'()-F10%+&'()-F
10%+&'()-F10%+&'()-)?!jCkClCmCnCoCpCfJ.!!F10%+&F10%+&'()-F10%+&'()-F10%+&'(
)-F10%+&'()-F10%+&'()-)?!pCqCsCtCvCwCxCz^B.!!F10%+&F10%+&'()-&F10%+&'()-&F1
0%+&'()-F10%+&'()-F10%+&'()-)?!xCyCzC{C|C}C~CCfJ.!!F10%+&'()-F10%+&'()-F10%
+&'()-F10%+&'()-F10%+&'()-)?!F10%+&'()-CCCCCCCfJ.!!F10%+&'()-F10%+&'()-F10%
+&'()-F10%+&'()-F10%+&'()-F10%+&'()-)?!CCCCCCCfJ.!!F10%+&'()-F10%+&'()-F10%
+&'()-F10%+&'()-F10%+&'()-F10%+&'()-)?!CCCCCCC~bF.!!F10%+&'(F10%+&'()-F10%+
&'()-F10%+&'()-F10%+&'()-F10%+&'()-)?!CCCCCCCfJ.!!F10%+&'(F10%+&'()-F10%+&'
()-F10%+&'()-F10%+&'()-F10%+&'()-)?!CCCCCCC~bF.!!F10%+&'(F10%+&'()-F10%+&'(
)-F10%+&'()-F10%+&'()-F10%+&'()-)?!CCCCCCCzZ>.!!F10%F10%+&'()-&F10%+&'()-F1
0%+&'()-F10%+&'()-F10%+&'()-)?!CCCCCCCCfJ.!!F10%+&'()-F10%+&'()-F10%+&'()-F
10%+&'()-)?!F10%+&'()-F10%+&'()-CCCCCCCCbF*F10%+&'()-F10%+&'()-F10%+&'()-F1
0%+&'()-F10%+&'()-)?!F10%+&'()-CCCCCCC~^>*F10%+&F10%+&'()-F10%+&'()-F10%+&'
()-F10%+&'()-F10%+&'()-)?!CCCCCCC}]A*F10%+&F10%+&'()-F10%+&'()-F10%+&'()-F1
0%+&'()-()?!F10%+&'()-CCCCCCCbB*F10%+&F10%+&'()-F10%+&'()-F10%+&'()-F10%+&'
()-)?!F10%+&'()-CCCCCCCCfJ.F10%+&'()-F10%+&'()-F10%+&'()-F10%+&'()-)?!F10%+
&'()-F10%+&'()-CCCCCCCCgK-'P+10%+&'()-+10%+&'()-+10%+&'()-F10%+&'()-)?!F10%
+&'()-CCCCCCCCiM1+10%+&'()-+10%+&'()-+10%+&'()-'P+10%+&'()-+10%+&'()-+10%+&
'()-CCCCCCCCpT4+10%+&'()-+10%+&'()-'P+10%+&'()-+10%+&'()-+10%+&'()-'PCCCCCC
CCmO/+10%+&'()-'P+10%+&'()-+10%+&'()-(+10%+&'()-('P+10%+&'()-CCDDDDDDrV8'P+
10%+&'()-+10%+&'()-+10%+&'()-'P+10%+&'()-+10%+&'()-DDDDD
DDDrV:+10%+&'()-+10%+&'()-+10%+&'()-'P+10%+&'()-+10%+&'()-+10%+&'()-D 



DDDDDDDlL0+10%+&'()-+10%+&'()-'P+10%+&'()-+10%+&'()-+10%+&'()-'PDDDDDDDDrT4
+10%+&'()-'P+10%+&'()-+10%+&'()-+10%+&'()-'P+10%+&'()-DDD
D#D$D%D&DnR4'P+10%+&'()-+10%+&'()-+10%+&'()-'P+10%+&'()-+10%+&'()-&D'D(D)D*
D-D/D3DnN.+10%+&'()-+10%+&'()-+10%+&'()-'P+10%+&'()-+10%+&'()-+10%+&'()-3D4
D5D7D=D>D?D@DhL0+10%+&'()-+10%+&'()-''P+10%+&'()-+10%+&'()-+10%+&'()--'P@DA
DBDCDDDEDFDHDrT4+10%+&'()-'PP+10%+&'()-+10%+&'()-+10%+&'()-'P+10%+&'()-HDID
JDKDMDNDODPDnR4'P+10%+&'()-+10%+&'()-+10%+&'()-'P+10%+&'()-+10%+&'()-PDQDRD
SDTDWDXDYDnR6+10%+&'()-+10%+&'()-+10%+&'()-'P+10%+&'()-+10%+&'()-+10%+&'()-
YDZD[D]D^D_D`DlDmD^= 3 10%P%&'()- 3310%P%&'()-%10+10+10+
3,=t10%+&'()-+10%+&'()--'PmDwDD EZEEcF|[:^= 3110%P%&'()- 33f10%P%&'()-
3y10%P%&'()-  33 @10%P%&'()- =10%#&'()-& 39-10%P%&'()-cFFaGnGzHI&I|[:^=
10%&'()- 10%u#&'()- 10%P%&'()- 3`10%&'()- |`10%P%&'()-
310%P%&'()-&IJ-K0K1K2K3K4KFKvU4 3l 10%+&'()- 3l10%+&'()-10P%10P%10P% 33;
10%P%&'()- 10%&'()- 3a10%P%&'()-FKIKJKKKLKMKQKRKgG+4Yl 10%+&'()-:Yl
10%+&'()-:#3TYl 10%+&'()-:Yl 10%+&'()-:Yl 10%+&'()-:Yl
10%+&'()-:RKSKTKUKVKWKXKYKlP44Yl Yl 10%+&'()-:Yl 10%+&'()-:Yl 10%+&'()-:Yl
10%+&'()-:#3TYl 10%+&'()-:Yl 10%+&'()-:YKZK[K\K]K^K_K`KlH,4Yl
10%+&'()-:&#3TYl 10%+&'()-:Yl 10%+&'()-:Yl 10%+&'()-:Yl
10%+&'()-:&#3T`KaKbKcKdKeKfKhKlP04Yl 10%+&'()-:Yl 10%+&'()-:Yl
10%+&'()-:#3TYl 10%+&'()-:Yl 10%+&'()-:Yl 10%+&'()-:hKiKjKkKmKnKoKhL04Yl
10%+&'(Yl 10%+&'()-:Yl 10%+&'()-:Yl 10%+&'()-:Yl 10%+&'()-:&#3TYl
10%+&'()-:oKpKqKrKsKtKuKlH04Yl 10%+#3TYl 10%+&'()-:Yl 10%+&'()-:Yl
10%+&'()-:&Yl 



10%+&'()-:#3TuKyKzK{K|K}K~KKgK/4Yl 10%+&'()-:Yl 10%+&'()-:#3TYl
10%+&'()-:Yl 10%+&'()-:Yl 10%+&'()-:Yl 10%+&'()-:KKKKKKKKlP44Yl
10%+&'()-:Yl 10%+&'()-:Yl 10%+&'()-:Yl 10%+&'()-:#3TYl 10%+&'()-:Yl
10%+&'()-:KKKKKKKKhD)Yl 10%+&'()-:#3TYl 10%+&'()-:Yl 10%+&'()-:Yl
10%+&'()-:Yl 10%+&'()-:#3TKKKKKKKKmM1Yl
10%8+&'()-10%8+&'()-'<l10%8+&'()-l10%8+&'()-10%8+&'()-
L10%8+&'()-sKKKKKKKKnP0Yl
10%8+&'()-'<10%8+&'()-10%8+&'()-10%8+&'()-'<10%8+&'()-KKKKKKKKiM/Yl'<)10%8+
&'()-10%8+&'()-(10%8+&'()-('<10%8+&'()-10%8+&'()-KKKKKKKKiN2YlS10%8+&'()-
10%8+&'()-'<10%8+&'()-10%8+&'()-10%8+&'()-10%8+&'()-KKKKKKKtD2YlS10%8+/K@#}
QS10%8+&'()- S10%8+&'()- S10%8+&'()- S10%8+&'()- S10%8+&'()-
KKKKKKKtX2YlS10%8+/K@#} QS10%8+&'()- S10%8+&'()- S10%8+&'()- S10%8+&'()-
S10%8+&'()- S10%8+&'()- KKKKKKKxX82YlS10%8+&'()- S10%8+&'()- S10%8+&'()-
S10%8+&'()- S10%8+&'()- /K@#} 



QKKKKKKKw[?2YlS10%8+&'()- S10%8+&'()- S10%8+&'()- S10%8+&'()- (/K@#}
QQS10%8+&'()- KKKKKKK|`D2YlS10%8+&'()- S10%8+&'()- S10%8+&'()- /K@#}
QS10%8+&'()- S10%8+&'()- KKKKKKK|`D2YlS10%8+&'()- S10%8+&'()- /K@#}
QS10%8+&'()- S10%8+&'()- S10%8+&'()- KKKKKKK`D2YlS10%8+&'()- /K@#}
QS10%8+&'()- S10%8+&'()- S10%8+&'()- S10%8+&'()- KKKKKKKtD2Yl/K@#}
QS10%8+&'()- S10%8+&'()- S10%8+&'()- S10%8+&'()- S10%8+&'()-
KKKKKKKoS2Yl/K@#} QS10%8+&'()- S10%8+&'()- (S10%8+&'()- (S10%8+&'()-
(S10%8+&'()- (S10%8+&'()- KKKKKKK|`D2YlS10%8+&'()- S10%8+&'()- 



S10%8+&'()- S10%8+&'()- S10%8+&'()- /K@#} QKKKKKKLx\@2YlS10%8+&'()-
S10%8+&'()- S10%8+&'()- S10%8+&'()- /K@#} QS10%8+&'()-
LLLLLLL|`D2YlS10%8+&'()- S10%8+&'()- S10%8+&'()- /K@#} QS10%8+&'()-
S10%8+&'()- LLLL LLL|`D2YlS10%8+&'()- S10%8+&'()- /K@#} QS10%8+&'()-
S10%8+&'()- S10%8+&'()- LLLLLLL[?2YlS10%8+&'()- (/K@#} QQS10%8+&'()-
S10%8+&'()- (S10%8+&'()- (S10%8+&'()- LLLLLLLp@2Yl/K@#} QS10%8+&'()-
S10%8+&'()- S10%8+&'()- S10%8+&'()- S10%8+&'()- LLLLL L!LpT2Yl/K@#}
QS10%8+&'()- S10%8+&'()- S10%8+&'()- 



S10%8+&'()- S10%8+&'()- S10%8+&'()-
!L"L#L)L*L+L,Lx\@2YlY+10%8+&'()--Y+10%8+&'()--Y+10%8+&'()--
f&10%8+&'()-3S10%8+&'()- /K@#}
Q,L-L.L0L1L2L3LhL2YlY+10Y+10%8+&'()--Y+10%8+&'()--Y+10%8+&'()--fY+10%8+&'()
--#3hY+10%8+&'()--3L4L6L7L8L9L:LhD2Yl#3hY+10%8+&'()--Y+10%8+&'()--fY+10%8+&
'()--Y+10%8+&'()--#3h:L;
L=L?LALBLDL`D2YlY+10%8+&'()--#3hY+10%8+&'()--Y+10%8+&'()--Y+10%8+&'()--Y+10
%8+&'()--DLELFLGLHLJLKLLLhL0YlY+10%8+&'()--Y+10%8+&'()--Y+10%8+&'()--#3hY+1
0%8+&'()--Y+10%8+&'()--Y+10%8+&'()--LLMLNLPLQLRLSLhL0YlY+10%8+&'()--Y+10%8+
&'()--Y+10%8+&'()--Y+10%8+&'()--Y+10%8+&'()--#3hY+10%8+&'()--SLTLULVLWLXLYL
ZLlH,Y+10%8+&'()--#3hY+10%8+&'()--Y+10%8+&'()--Y+10%8+&'()--Y+10%8+&'()--#3
hZL[L\L]L^L`LaLbLhL0Y+10%8+&'()--Y+10%8+&'()--Y+10%8+&'()--#3hY+10%8+&'()--
Y+10%8+&'()--Y+10%8+&'()--bLcLdLfLgLhLiLhL0Y+10%8+&'()--Y+10%8+&'()--Y+10%8
+&'()--Y+10%8+&'()--Y+10%8+&'()--#3hY+10%8+&'()--iLjLkLlLmLnLoLpLlH,Y+10%8+
&'()--#3hY+10%8+&'()--Y+10%8+&'()--Y+10%8+&'()--Y+10%8+&'()--#3hpLqLrLsLtLu
LvLwLlP4Y+Y+10%8+&'()--Y+10%8+&'()--Y+10%8+&'()--#3hY+10%8+&'()--Y+10%8+&'(
)--Y+10%8+&'()--wLxLyLzL{L|L}L~LlP,#3hY+10%8+&'()--Y+10%8+&'()--Y+10%8+&'()
--Y+10%8+&'()--&#3hY+10%8+&'()--~LLLLLLL[?,#3hY+10%8+&'()--0#3hY+10%8+&'()-
-Y+10%8+&'()--Y+10%8+&'()--Y+10%8+&'()--LLLLLLL{_C,#3hY+10%8+&'()--Y+10%8+&
'()--#3hY+10%8+&'()--Y+10%8+&'()--Y+10%8+&'()--LLLLLLLLlP4#3Y+10%8+&'()--Y+
10%8+&'()--Y+10%8+&'()--Y+10%8+&'()--#3hY+10%8+&'()--Y+10%8+&'()--LLLLLLLhD
4#3Y+10%#3hY+10%8+&'()--Y+10%8+&'()--Y+10%8+&'()--Y+10%8+&'()--#3hLLLLLLLLg
G+Y+10%8+&'()--Y+10%8+&'()--#3hYY+10%8+&'()--YY+10%8+&'()--Y+10%8+&'()--Y+1
0%8+&'()--LLLLLLLLhL0Y+10%8+&'()--Y+10%8+&'()--Y+10%8+&'()--Y+10%8+&'()--#3
hY+10%8+&'()--Y+10%8+&'()--LLLLLLLLLreX6!!lY%10%$$&'()- 108+108+108+(  @
=10%8+&'()- h`  10%H8+H&'()-Y+10%8+&'()--&#3hLMMcMMMN|[:eX6!  10%"&'()-&1
10%9&'()-& 9:$10%]$]&'()-  9:$10%&'()-  10%$&'()-y  lY%10%F#&'()- N
NdNNXO8P(Q|[:eX6! C/s$10%zP z&'()-1 >&10%z$z&'()-  !10%$&'()-
>,s10%z$z&'()-g  10%$&'()-&  10%(&'()-&(Q+Q,Q-Q.Q/Q<QQRvU4 +`'10% r+ &'()-
DdYM'10%^r+^&'()- lY10%r+&'()-   10%:r+:&'()-@10$10$10$
;10%$&'()-RDSSS*TTU|[:vU4   `'10%:r+:&'()-D 4 10% r+ &'()-   f10%:r+:&'()-
L10%:r+:&'()-  yz 10%:r+:&'()- '410%r+&'()-yUUUOVVVVV|[:-410:r+:  f;
10%:r+:&'()-D t3-3(10% * &'()-, 3-3(10% ,! &'()-,  k3-3(10% * &'()-,
p3-3(10% j &'()-,  t*10%:r+:&'()-VVVVWXWxWW_>410:r+:   10%&'()-
FY%10%UIU&'()-!"FY%10%##&'()-!
FY%10%1$1$&'()-!$FY%10%n"n"&'()-10:r+:10:r+:WWYXTYYZHZ|[:>410:r+:  9*
10%%&'()- ?%10%%&'()-g : 10%%&'()-g > 10%%&'()-'  10%%&'()-   10%&'()-
HZIZJZMZ|[:>410:r+:  9* 10%%&'()- ?%10%%&'()-g : 10%%&'()-g  @;10%%&'()-'
9-y?10%%&'()-  9-510%%&'()-` 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
Fontj%d%'.8=?_A2HI-NSMW\^`bdfhjlnprtv'(:CfKMHZMZ<=>?@ABCo}=DU#`((r,/514\7:;
;>?@BBC CC C'C/C;
CFCMCTCZCdCjCpCxCCCCCCCCCCCCCCCCCCDDDD&D3D@DHDPDYDmDcF&IFKRKYK`KhKoKuKKKKKK
KKKKKKKKKKKKLLLLL!L,L3L:LDLLLSLZLbLiLpLwL~LLLLLLLLN(QRUVWHZMZDEFGHIJKLMNOPQ
RSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~6Times New RomanArialCourier
New"h Root EntryWordDocument2   !"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


