
; e3eXPUjjk\pHq"6TP06 1 6 MAY 2002 1 coooo2 An epoxy-resin composition and
use thereof BACKGROUND OF THE INVENTION l.Field of the invention 5 This
invention relates to a semiconductor device where a semiconductor
integrated circuit is sealed with an epoxy resin; to an epoxy-resin
composition with adequate properties for sealing it, in particular reduced
hygroscopicity, good melt flow properties and good overall crack
resistance; and to a cured 10 product thereof. Specifically, this invention
relates to an epoxy-resin composition comprising an at least bifunctional
epoxy resin, in particular an epoxy resin derived from
dihydroxynaphthalene, a biphenol, a novolac resin, a phenol aralkyl resin
or a phenol-dicyclopentadiene resin; an at least 15 bifunctional
ester-containing compound and/or an at least bifunctional ester-containing
resin as a curing agent, in particular an ester-containing resin derived
from a novolac resin, a phenol aralkyl resin, a phenol-dicyclopentadiene or
a naphthol aralkyl resin; and a catalyst capable of quickly 20 reacting an
ester group with an epoxy group, and a cured product thereof. 2.Description
of the Related Art An integrated circuit (IC) or a large scale integrated
circuit {LSI) is practically protected by a sealer for . 25 eliminating
malfunction due to dirt or dust in the outer atmosphere, heat, moisture or
light.   2 1 6 MAY 2002 Such a sealer has been recently shifted from a
metal or ceramic to a resin, and at present sealing is mainly made with an
epoxy resin. Specifically, in the light of balance between cost and 5
physical properties, there have been often used an epoxy-resin composition
comprising a phenol resin as a curing agent. A sealer comprising an
epoxy-resin composition as described above has been demanded to be improved
in its mechanical properties and the following drawbacks; 10 ( 1 ) it
absorbs moisture in the outside air and thus may be cracked due to
explosive gasification of the moisture when exposed to a high temperature
under soldering conditions; (2) there may partially occur
homopolymerization of an epoxy monomer as a side reaction during a curing
process which 15 causes excessive hydroxy groups in a resulting phenol
resin, leading to deterioration of moisture resistance and electric
characteristics, as well as deterioration in mechanical characteristics due
to the presence of epoxyhomopolymerization and excessive phenol-resin parts
other than 20 a desired epoxy-phenol resin network; and ( 3 ) contamination
with free ions, in particular halogen ions may cause corrosion of metal
parts in semiconductor or electric leakage. Ionic impurities as described
in (3) may be controlled 25 by refining the epoxy resin; (1) and (2) may be
controlled by reforming the resin and minimizing side reactions,
respectively,   3 to allow the desired physical properties for an
epoxy-resin composition to be adequately attained. Common sealers recently
used for a semiconductor include a relatively inexpensive combination of
o-cresol novolac type 5 of epoxy resin (trade name: EOCN-102S, Nihon
Kayaku, etc. ) and a phenol novolac resin (trade name: BRG#558, Showa
Kobunshi, etc. ) as a universal grade sealer; and a combination of biphenol
or a tetramethylbiphenol type of epoxy resin (trade name: YX4000, Yuka
Shell Epoxy, etc. ) and a phenol aralkyl resin (trade name: 10 Milex
XLC-4L, Mitsui Chemical Inc. , etc. ) as a high grade sealer. The former
combination is characterized in improved heat resistance by the use of an
epoxy resin and a curing agent having a higher functional group density and
a lower cost, but has a drawback to be improved that its higher functional
group density 15 makes it highly hygroscopic and its higher melt viscosity
reduces the limit of its filler filling rate. The latter combination is
characterized in improved workability because of combining a crystalline
epoxy resin having a melting point of near 100 C and having a reduced
melting viscosity and a lower 20 hygroscopic and flexible phenol aralkyl
resin, and improved crack resistance because of its lower hygroscopicity,
but has been demanded not only to reduce a cost, but also to solve the
problem that its heat resistance is deteriorated due to reduction in its
crosslink density caused by using a mainly 25 bifunctional epoxy resin. 1 6
MAY 2002 In terms of the problem ( Z ) of moisture absorption of a   1 6
MAY 2002 ~4 resin, as long as curing is a reaction between an epoxy group
with a hydroxyl group, the curing reaction inevitably produces a hydroxyl
group as illustrated by the equation below; 



5 B-CH2 ~o% H2 -f- D-OH --1 B-CH2 i H-CH2-OD OH where B is an epoxy residue
and D is a phenol residue. 10 The hydroxyl group may increase the
hydrophilicity of the resin. It may restrict reduction in an overall
coefficient of moisture absorption even when the resin backbone is made
hydrophobic. To solve the problem, JP-A 62-53327 by Nishikubo et al. has
suggested a certain reaction of an epoxy group with an ester 15 group. In
the specification, quaternary opium salts and crown ether complexes have
been listed as a preferable catalyst. In addition, they have shown yields
when using the specific catalysts in a unit reaction, in their paper
(Nishikubo et al., 20 Yuki Gosei Kagaku, vo1.49, 218-233 (1991), "An
addition reaction of an epoxy compound with an ester and its applications
in polymer synthesis". According to the paper, tetrabutylammonium chloride
gives the highest yield of 91 % but the yield are generally low. When
remaining in a resin as a 25 sealer for a semiconductor integrated circuit,
a quaternary opium salt or crown ether may, of course, cause not only   1 6
MAY 2002 5 undesirable effects such as electric short-circuit, but also ,
erosion of metal parts in contact with the sealer, leading to a major
defect. In an addition reaction of an epoxy resin with a phenol 5 resin,
catalysts used include phosphines such as trialkylphosphines and
triarylphosphines; imidazoles; and tertiary amines; particularly imidazoles
and phosphines are often employed for sealing a semiconductor. It is,
however, known that an imidazole compound is highly 10 reactive, but tends
to cause the epoxy-homopolymerization, leading to the problem ( 2 ) . On
the other hand, a phosphine does not cause such a problem, but cures too
slowly. when applying an imidazole compound as a catalyst to an epoxy/ester
curing reaction, a desired addition reaction of an 15 ester group to an
epoxy group may occur in a reaction yield of about 50 % and otherwise there
may occur side reactions such as epoxy homopolymerization, according to the
paper by Nishikubo et al. Thus, the catalyst does not give an acceptable
cured product. 20 According to our replication, it has been found that when
using an imidazole or phosphine compound as a curing catalyst, an
ester-containing resin esterified by an acyl group of this invention does
not essentially react with an epoxy resin to give a cured product. 25
Specifically, the resin composition fails to be gelled for more than 10 min
at 150 to 200 C which is a temperature   1 6 MAY 2002 6 range usually used
for curing, and thus do not provide a cured product, but in reality the
resin composition will be flown out (see, Comparative Examples later). JP-A
9-235451 has been suggested a process where 10 to 5 90 % of a phenol resin
is esterified, which is then used for ester-curing of an epoxy resin to
give a sealer for a semiconductor integrated circuit. The process is based
on a concept that some of phenolic hydroxy groups in the starting phenol
resin are left unreacted 10 and thus the reactive phenolic moieties first
form crosslinks in an initial curing step and the product is then
after-cured by reacting its epoxy groups with ester groups, to give an
ester resin. The specification has disclosed phosphines, imidazoles 15 and
diazabicyclo compounds as a curing catalyst. However, phosphines does not
exhibit adequate performance as a curing catalyst for an epoxy and an ester
group as shown herein ( see, Comparative Examples later); and imidazoles
and diazabicyclo compounds cause epoxy homopolymerization to a significant
20 degree, makes it difficult to adjust a molar ratio of epoxy groups to
functional groups in the curing agent, and adversely affects product's
physical properties as indicated in the paper by Nishikubo et al. In
addition, the specification has indicated that a compound esterified with
an aliphatic acyl 25 group is not preferable for reaction with an epoxy
group.   1 6 MAY 2002 



SUMMARY OF THE INVENTION An object of this invention is to provide an
epoxy-resin composition for sealing a semiconductor with lower
hygroscopicity, good crack resistance and good electric 5 properties,
comprising of epoxy resin, and a phenol resin as a curing agent, whose
hydroxyl group is esterified with an aliphatic or aromatic acyl group, in
combination with a unique curing catalyst (accelerating agent) for
effectively curing the resin; a cured product thereof; and a semiconductor
device using 10 the composition. We have intensely attempted to solve the
above problems and finally have found that a certain accelerating agent may
be used to solve the problems. An epoxy-resin composition according to this
invention 15 can be used in those applications in which a conventional
epoxy-resin composition has been used; in particular as a sealer for a
semiconductor to give a package better in crack resistance than that from a
conventional epoxy resin-phenol resin cured product. 20 Specifically, this
invention provides (a) An epoxy-resin composition comprising (A) an at
least bifunctional epoxy compound and/or an at least bifunctional epoxy
resin, (B) an at least bifunctional ester-containing compound and/or an at
least bifunctional ester-containing resin 25 as a curing agent, 10 to 100 %
of whose hydroxy groups are esterified with aliphatic or aromatic acyl
groups, and (C) an   1 6 MAY 2002 s accelerating agent, the accelerating
agent essentially containing a phosphine oxide represented by general
formula (1): R~ R= ~N' I R3 0=P N=P-N~ C1) I R~ N Re Re 3 where R, to R6
all of which may be the same or not are 10 hydrogen, straight, branched or
cyclic alkyl having 1 to 10 carbons or aryl or aralkyl having 6 to 10
carbons. ( b ) An epoxy-resin composition as described in ( a ) where 15 20
25 (A) the at least bifunctional epoxy compound and/or an at least
bifunctional epoxy resin is selected from an epoxy resin derived from a
dihydroxynaphthalene represented by general formula(2), an epoxy resin
derived from a biphenol represented by general formula ( 3 ) , an epoxy
resin derived from a novolac type of resin represented by general formula (
4 ) , an epoxy resin derived from a phenol aralkyl resin represented by
general formula (5) and an epoxy resin derived from a
phenol-dicyclopentadiene resin represented by general formula (6); o-c~ c
~H 2 2 (2) CHZ CHCH2-0 0   1 6 MAY 2002 ~~ 9 5 where the ring is
substituted with 2 , 3-epoxypropyl groups at 1, 5-, 1,6-, 1,7-, 2,6- or
2,7-positions c~~ ~CHs-o ~ ~ o-~s~ ~_ 0 R, R, ~(3 ) where R, a11 of which
may be the same or not is hydrogen 10 or methyl; 0 0 CHz CHCHs-0 (~Iz-CH~iQ
CHz CHz n Re Ra (4) 15 where Re is hydrogen, methyl or ethyl, and n is an
integer of 0 to 100 whose average is 0 to 15; 20 25 ~0 HsCH ~~ CHZ CHz
(Ro)m CR4)m R~ 0~,,,' CHs ~CH: ;z CH2 (R1)Gl (5) where R9 is hydrogen,
straight, branched or cyclic alkyl having 1 to 10 carbons, alkoxy having 1
to 10 carbons, hydroxyl, phenyl or halogen; m is an integer of 1 to 3; and
n' is an integer of 0 to 100 whose average is 0 to 50;   



~ s MaY zoo2 to ~2 5 where R9 is hydrogen, straight, branched or cyclic
alkyl having 1 to 10 carbons, alkoxy having 1 to 10 carbons, hydroxyl,
phenyl or halogen; m is an integer of 1 to 3; and n" is an integer of 0 to
50 whose average is 0 to 15. 10 ( c ) An epoxy-res in composition as
described in ( a ) or ( b ) where ( B ) the at least bifunctional
ester-containing compound and/or the at least bifunctional ester-containing
resin, 10 to 100 % of whose hydroxy groups are esterified with aliphatic or
aromatic acyl groups, is selected from ester-containing resins 15 derived
from a novolac type of resin represented by general formula  OA OA OA ~z ~z
20 \ /n Re Ra Re where Re is hydrogen, methyl or ethyl; A is hydrogen or 25
acyl where the molar ratio of hydrogen/acyl is 90/10 to 0/100; and n
indicating a repeating unit number is an integer of 0 to    1 6 MAY 2002
"11 100 whose average is 0 to 15, provided when an average of n ~ as a
repeating unit number is zero, the formula represents bisphenol
derivatives; a phenol aralkyl resin represented by general formula 5 (8):
OA OA OA ~a ~z ~2 ~z .. ~ v ~R9~D1 ~9)m ~9~d1 10 where R9 is hydrogen,
straight, branched or cyclic alkyl having 1 to 9 carbons, alkoxy having 1
to 10 carbons, phenyl, hydroxy or halogen; m is an integer of 1 to 3; n'
indicating a repeating unit number is an integer of 0 to l00 whose average
15 is 0 to 50, provided when an average of n' as a repeating unit number is
zero, the formula represents bisphenol derivatives; and A is hydrogen or
acyl where the molar ratio of hydrogen/acyl is 90/10 to 0/100; a
phenol-dicyclopentadiene resin represented by general 20 formula (9); OA OA
OA (9) w~~n,~~ (Rio)m (Rio)m (Rio)m 25 where R,o is hydrogen, straight,
branched or cyclic alkyl   1 6 MAY 2002 I2 having 1 to 10 carbons, phenyl,
hydroxy, halogen or alkoxy having _. 1 to 9 carbons; m is an integer of 1
to 3; n" indicating a repeating unit number is an integer of 0 to 50 whose
average is 0 to 15, provided when an average of n"'as a repeating unit
number is 5 zero, the formula represents .bisphenol derivatives; and A is
hydrogen or acyl where the molar ratio of hydrogen/acyl is 90/10 to 0/100;
and a naphthol aralkyl resin represented by general formula (10); 10 pA p~,
OA CHz GHz CHz CHz n" (10) 15 where n" indicating a repeating unit number
is an integer of 0 to 50 whose average is 0 to 15, provided when an average
of n" as a repeating unit number is zero, the formula represents bisphenol
derivatives; and A is hydrogen or acyl where the molar ratio of
hydrogen/acyl is 90/l0 to 0/100. 20 ( d ) An epoxy-resin composition as
described in any of ( a ) to ( c ) compris ing ( D ) an organic and/or
inorganic filler in the range of 100 to 1900 parts by weight per 100 parts
by weight of (A)+(g). (e) A cured product prepared by heat curing of the 25
epoxy-resin composition as described in (d). (f) A semiconductor device
manufactured by sealing a  



1 6 MAY 2002 13 semiconductor integrated circuit using the epoxy-resin
composition as described in (d). (g) An epoxy-resin composition comprising
(A) an at least bifunctional epoxy compound and/or an at least bifunctional
5 epoxy resin, (B) an at least bifunctional ester-containing compound
and/or an at least bifunctional ester-containing resin as a curing agent,
10 to 100 % of whose hydroxy groups are esterified with acyl groups, and
(C) an accelerating agent, which provides a cured product, below 10 wt% of
which is 10 extracted with refluxing acetone for 2 hours. ( h ) An
epoxy-resin composition as described in Claim ( g ) comprising (D) an
organic and/or inorganic filler in the range of 100 to 1900 parts by weight
per 100 parts by weight of (A)+(B) . (i) A cured product prepared by heat
curing of the 15 epoxy-resin composition as described in (h). (j) A
semiconductor device manufactured by sealing a semiconductor integrated
circuit using the epoxy-resin composition as described in (h).   14
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS This invention typically
provides an epoxy-resin composition comprising (A) an at least bifunctional
epoxy 1 6 MAY 2002 compound and/or an at least bifunctional epoxy resin,
(B) an 5 at least bifunctional ester-containing compound and/or an at least
bifunctional ester-containing resin as a curing agent, 10 to 100 % of whose
hydroxy groups are esterified with acyl groups, and (C) an accelerating
agent, the accelerating agent essentially containing a phosphine oxide
represented by the 10 general formula (1). The epoxy-resin composition of
this invention comprises the phosphine oxide to allow an epoxy group to
quickly and selectively react with an ester group and thus to solve the
above problems in ( 1 ) and ( 2 ) and provides a cured product with
excellent mechanical properties, especially lower 15 hygroscopicity, good
crack resistance and good electric properties. Furthermore, a resin
composition comprising the resin in combination with an organic and/or an
inorganic filler exhibits quite excellent performance as a sealer for a
semiconductor 20 integrated circuit, which has been observed by the
inventors for the first time. There will be described an essential
component, a phosphine oxide represented by general formula (1), as an
accelerating agent. 25 In general formula ( 1 ) , R1 to R6 a11 of which may
be the same or not are hydrogen, straight, branched or cyclic alkyl   1 6
MAY 2002 15 having 1 to 10 carbons or aryl or aralkyl having 6 to 10
carbons . Specifically, Rl to R6 may be selected from hydrogen; aliphatic
hydrocarbons such as methyl, ethyl, n-propyl, isopropyl, n-butyl,
sec-butyl, tert-butyl,l-pentyl,2-pentyl, 5 3-pentyl, 2-methyl-1-butyl,
isopentyl, tert-pentyl, 3 methyl-2-butyl, neopentyl, n-hexyl,
4-methyl-2-pentyl,
cyclopentyl,cyclohexyl,l-heptyl,3-heptyl,l-octyl,2-octyl,,.
2-ethyl-1-hexyl, nonyl and decyl; and aryls and aralkyls such as phenyl,
toluyl, benzyl, 1-phenylethyl and 2-phenylethyl; 10 preferably aliphatic
hydrocarbons having 1 to 6 carbons such as methyl, ethyl, n-propyl,
isopropyl, n-butyl and cyclohexyl; more preferably methyl and ethyl. The
phosphine oxide represented by general formula (1) can be prepared by
reacting phosphorus oxychloride with three 15 molar amount of
imino-tris(unsubstituted or mono- or di substituted amino)phosphorane
asdescribed in G.N.Koian, et al., Journal of General Chemistry of The USSR,
55, 1453 ( 1985 ) . If necessary, it may be further purified by a common
procedure such as column chromatography, distillation and
recrystallization. 20 In an epoxy-resin composition of this invention, (A)
an at least bifunctional epoxy compound and/or an at least bifunctional
epoxy resin may include any compound having two or more epoxy groups in one
molecule. Specifically, it may have epoxy groups formed by oxidation of an
olefin, glycidyl 25 etherif ication of hydroxyl groups, glycidyl amination
of a primary or secondary amine or glycidyl esterification of a   16
carboxylic acid. Compounds which may be subject to such epoxidation include
dihydroxybenzenes such as catechol, resorcine and 



hydroquinone; 5 bisphenols such as 2,6-dihydroxynaphthalene, 1,6
dihydroxynaphthalene, 2,2-bis(4-hydroxyphenyl)propane (bisphenol A),
2-.(3-hydroxyphenyl)-2-(4' hydroxyphenyl)propane,
bis(4-hydroxyphenyl)methane (bisphenol F), bis(4-hydroxyphenyl)sulfone
(bisphenol S), 10 bis(4-hydroxyphenyl)sulfide, bis(4
hydroxyphenyl)methylcyclohexane, bis(4hydroxyphenyl)methylbenzene,
4,4'-dihydroxybiphenyl, 4,4'dihydroxy-2,2',6,6'-tetramethylbiphenyl,
4,4'dihydroxydiphenyl ether, 6,6'-dihydroxy-3,3,3',3' 15
tetramethyl-1,1-spirobiindane and 1,3,3-trimethyl-1-(4
hydroxyphenyl)-1-indan-6-ol; oligophenols such as tetraphenylolethane and
naphthol-cresol resol condensate; 1 6 MAY 2002 phenol resins such as a
phenol novolac represented by 20 general formula (7), a residual moiety
after removing the bisphenol from the novolac ( at least triphenol;
referred to as "VR"), a phenol aralkyl represented by general formula (8),
a naphthol aralkyl represented by general formula (10), and a
phenol-dicyclopentadiene copolymer resin (DPR resin) 25 represented by
general formula (9); aliphatic and aromatic amines such as ethylenediamine,
1 6 MAY 2002 17 propylenediamine, hexamethylenediamine, aniline, 4,4'
diaminophenylmethane (MDA), 4,4'-diaminodiphenyl ether,
4,4'-diaminodiphenylsulfone, 2,2-bis(4,4' diaminophenyl)propane,
m-xylylenediamine, p-xylylenediamine, 5 1,2-diaminocyclohexane and an
aniline aralkyl resin represented by general formula ( 11 ) (trade name:
Anilix, Mitsui Chemical Inc.); NH2 1~2 1~2 ~2 ~2 ~3 LilZ 10 ~R9~ ~9~ ~9~
where R9 is hydrogen or straight, branched or cyclic alkyl having 1 to 9
carbons; and n indicating a repeating unit number 15 is 0 to 50 whose
average is 0 to 15, provided when an average of n as a repeating unit
number is zero, the formula represents a bisaniline compound; aminophenols
such as m-aminophenol, p-aminophenol, 2
(4-aminophenyl)-2-(4'-hydroxyphenyl)propane and 4 20
aminophenyl-4-hydroxyphenyl)methane; carboxylic acids such as phthalic
acid, isophthalic acid, terephthalic acid, tetrahydrophthalic acid,
hexahydrophthalic acid, dimes acid and 1,3-dicarboxycyclohexane; and
hydroxycarboxylic acids such as salicylic acid and 4 25 hydroxybenzoic
acid. Such compounds having an active hydrogen may be   is 5 glycidylated
by a known process . It may be common to react a 1 6 MAY 2002 compound with
an epichlorohydrin in the presence of a hydrogen halide acceptor. It is
well known that a glycidyl ester may be prepared preferably by reacting
methyl carboxylate with glycidol using a metal catalyst, in particular a
thallium compound such as T1N0, and T1 ( OCOCF, ), . Preferable sealers for
a semiconductor integrated 10 15 circuit to which this invention mainly
directs may include glycidyl ethers derived from a phenol compound or
phenol resin; specifically an epoxy compound derived from a
dihydroxynaphthalene represented by general formula (2); 0 0-CHZCN CHZ U
(2~ CHZ CHCHz-0 0 where the ring is substituted with 2, 3-epoxypropyl
groups at 1, 5-, 1,6-, 1,7-, 2,6- or 2,7-positions; an epoxy resin derived
from a biphenol represented by 20 general formula (3); R~ CHz CH(~IIs-0. ~
~ ~-CHaCH-CHz . 0 ~ v0/ R, R, 25 where R, a11 of which may be the same or
not is hydrogen  



or methyl; '19 1 6 MAY 2002 an epoxy resin derived from a novolac type of
resin 5 represented by general formula (4); a CHz CHCHz-0 CNz R, zCH-4pp
CHz . (4) R, where R, is hydrogen, methyl or ethyl, and n is an integer 10
of 0 to 100 whose average is 0 to 15; an epoxy resin derived from a phenol
aralkyl resin 15 represented by general formula (5) 0 ~-CH2CH-CH2 CHz ~z
(R,)m n %'Hz CHz CHCH2-0 CH2 CH2 (Rs)m (5) where R9 is hydrogen, straight,
branched or cyclic alkyl 20 having 1 to 10 carbons, alkoxy having 1 to 10
carbons, hydroxyl, phenyl or halogen; m is an integer of 1 to 3; and n' is
an integer of 0 to 100 whose average is 0 to 50; and an epoxy resin derived
from a phenol-dicyclopentadiene 25 resin represented by general formula
(6); CHz-CHCHz (R,)m 9)m (R~)m 0 zCH-CHz (6)     20 1 6 MAY 2002 where R9
is hydrogen, straight, branched or cyclic alkyl having 1 to 10 carbons,
alkoxy having 1 to 10 carbons, hydroxyl, 5 phenyl or halogen; m is an
integer of 1 to 3 ; and n" is an integer of 0 to 50 whose average is 0 to
15. In an epoxy-resin composition of this invention, (B) an at least
bifunctional ester-containing compound and/or an at least bifunctional
ester-containing resin, 10 to 100 mol% of 10 whose hydroxy groups are
esterified with aliphatic or aromatic acyl groups. Compounds which may be
subject to such esterification may include those having two or more
phenolic hydroxy groups in one molecule; thus a11 of the phenols or the
phenol resins as an epoxy material can be used. Specific 15 examples
include a novolac resin represented by general formula (7'); OH pH OH CHZ
CHz ( T' v w v i~ v 2 0 Re Re il Re where, Re is hydrogen, methyl or ethyl;
and n indicating a repeating unit number is an integer of 0 to 100 whose
average is 0 to 15, such as a phenol novolac resin and a cresol novolac 25
resin, provided when an average of n as a repeating unit number is zero,
the formula represents a bisphenol compound;   ~~21 1 6 MAY 2002 a residual
moiety after removing the bisphenol from the novolac (at least triphenol;
referred to as "VR"); a phenol aralkyl resin represented by general formula
(8'): OH ' .. ~ H 



I~ _. CH2 ~2 ~Z ~ /h~ CR9)m (R9)m (Rs)m ( 8~) 10 where R9 is hydrogen,
straight, branched or cyclic alkyl having 1 to 9 carbons, phenyl, hydroxy,
halogen or alkoxy having 1 to 10 carbons; m is an integer of 1 to 3; n'
indicating a repeating unit number is an integer of 0 to 100 whose average
is 0 to 50, provided when an average of n' as a repeating unit 15 number is
zero, the formula represents a bisphenol compound; a
phenol-dicyclopentadiene resin represented by general formula ( 9' ) ; OA
OA OA (9) 20 ~ ~t~/ ~C'/ Jn,Wt~/ (Rio)m (Rio)m (Rio)m where Rlo is
hydrogen, straight, branched or cyclic alkyl having 1 to 10 carbons,
phenyl, hydroxy, halogen or alkoxy having 25 1 to 9 carbons; m is an
integer of 1 to 3; n" indicating a repeating unit number is an integer of 0
to 50 whose average is 0 to 15,   22 1 6 MAY 2002 provided when an average
of n" as a repeating unit number is zero, the formula represents a
bisphenol compound; and a naphthol aralkyl resin represented by general
formula (10'): 5 OH . OH OH CHz CHz ' - CHz CHz ` ' n" 10`) 10 where n"
indicating a repeating unit number is an integer of 0 to 50 whose average
is 0 to 15, provided when an average of n" as a repeating unit number is
zero, the formula represents a bisphenol compound; These phenol resins may
be esterified by a known process 15 which will be specifically described
below. Esterification agents which may be used for esterifying the above
hydroxy group include organic carboxylic anhydrides, organic carboxylic
acid halides and organic carboxylic acids, which may be appropriately
selected depending on their 20 properties in the light of carbon numbers of
an ester to be produced. Specific esterification agents may include acetic
anhydride, acetyl chloride, acetyl bromide, acetic acid, propionic
anhydride, propionyl chloride, propionyl bromide, propionic acid, butyric
anhydride, butyryl chloride, butyric 25 acid, valeric anhydride, valeryl
chloride, valeryl bromide, valeric acid, pivalyl chloride, pivalic acid,
phenylacetyl   23 chloride, phenylacetic acid, 2-phenylpropionic acid,
3phenylpropionic acid, o-tolylacetic acid, m-tolylacetic acid,
p-tolylacetic acid, cumeic acid, 2-phenylbutyric acid, 4phenylbutyric acid,
benzoic anhydride, benzoyl chloride, 5 benzoyl bromide, benzoic acid,
o-methylbenzoyl chloride, m methylbenzoyl chloride, p-methylbenzoyl
chloride, o i 6 MAY 2002 methylbenzoic acid,m-methylbenzoic
acid,p-methylbenzoic acid, 2,3-dimethylbenzoic acid, 2,4-dimethylbenzoic
acid, 2,5 dimethylbenzoic acid, 2,6-dimethylbenzoic acid, 3,4 10
dimethylbenzoic acid and 3,5-dimethylbenzoic acid; preferably acetic
anhydride, acetyl chloride, benzoic anhydride and benzoyl chloride, which
may be used alone or in combination of two or more as appropriate. The
amount of the esterification agent may be at least 15 10 mol% of hydroxy
groups to be treated. Its upper limit is not specifically restricted and
excessive esterification agent may be removed at the end of the reaction,
but it is below 10-fold moles, preferably 5-fold moles, more preferably
below 3-fold moles in the light of practical factors such as a reaction
volume 20 efficiency and cost. A specific reaction may vary, depending on
the type of the esterification agent; for example, an organic carboxylic
anhydride may be reacted as usual. In brief, an appropriate amount of
organic carboxylic 25 anhydride to be esterified is reacted with a hydroxy
compound and an organic carboxylic acid as a byproduct and the excessive
24 1 6 MAY 2002 organic carboxylic anhydride are removed by an appropriate
procedure such as atmospheric distillation, vacuum distillation, washing
with water and washing with a weak base, e.g., carbonate, or combination
thereof, to give a desired 5 esterified compound. For partial
esterification, an organic carboxylic anhydride may be used in an
appropriate amount, specifically at least 10 mol% in this invention, to
hydroxy to be treated, while for complete esterification, it may used in an
equal or 10 more molar amount to hydroxy to be treated, whose upper limit
may not be restricted when used as a solvent, but may be up to 10-fold mol
in the light of an economic efficiency and a volumetric efficiency of the
reaction. The amount may be similar in a reaction later described where an
organic 15 carboxylic acid is used. 



In general, an esterification reaction is often conducted in the presence
of an inert organic base such as pyridine, piperidine and triethylamine.
When an epoxy-resin composition of this invention is to be used for an
electric or electronic 20 applicationsuch assealing asemiconductor
integrated circuit, it is, however, recommended to prevent such a
nitrogencontaining organic base from remaining in the system. It may be,
therefore, desirable to finally introduce a water-rinsing process. However,
since the reaction may be sufficiently 25 completed without such an organic
base, it is most desirable to conduct the reaction without any organic base
in this   1 6 MAY 2002 25 invention. A reaction temperature is 60 to 200 C,
preferably 80 to 180 C, in particular 100 to 160 C. A reaction time may
significantly vary depending on types 5 of reactants and a reaction
temperature, but may be generally 1 to 25 hours . It may be practically
recommended to determine an end point while following consumption of an
esterification agent or hydroxy by an appropriate method such as high
performance liquid chromatography and gas chromatography. 10 In the
reaction, a solvent may be used or not. The reaction can be conducted neat,
when a hydroxy-containing material may be adequately fused at a reaction
temperature as well as an esterification agent is a liquid or can be
dissolved in the resin at the reaction temperature without adversely 15
affecting the reaction. If necessary, any solvent which is inert to the
reaction may be used; for example, aromatic hydrocarbons such as benzene,
toluene, xylenes, chlorobenzene, o-dichlorobenzene and Biphenyl ether;
aprotic polar solvents such as N,N 20 dimethylformamide,
N,N-dimethylacetamide, N-methyl-2pyrrolidone,
N,N-dimethyl-2-imidazolidinone, dimethyl sulfoxide and sulfolane; ethers
such as tetrahydrofuran, dioxane, ethyleneglycol dimethyl ether and
diethyleneglycol dimethyl ether; and ketones such as acetone, methyl ethyl
ketone 25 and methyl isobutyl ketone, which may be used alone or in any
appropriate combination.   26 1 6 MAY 2002 The reaction may be conducted
under an ambient, increased (in an autoclave) or reduced pressure, and in
the air or in an atmosphere of an inert gas such as nitrogen, argon and
helium, preferably nitrogen. 5 There will be described a reaction when an
organic carboxyl halide is used as an esterification agent, wherein common
procedures may be also used. Hydroxy may be reacted with an organic
carboxylic halide in an appropriate amount to achieve a desired degree of
10 esterification. In the reaction, hydrogen halide as a byproduct may be
trapped in the reaction system by a sufficient amount of base which is
inert to the reaction, such as pyridine, piperidine and triethylamine, or
may be immediately, as a gas, discharged from the system during the
reaction to be trapped 15 by a water or alkali trap placed outside of the
reaction system. The latter alternative where the hydrogen halide gas is
immediately discharged from the system may be preferable for avoiding
contamination with a nitrogen-containing or ionic compound as described
above. 20 It may be more preferable to conduct the reaction under a stream
of a gas inert to the reaction. For partial esterification, an organic
carboxyl halide may be used in an appropriate amount to hydroxy to be
treated, specifically at least 10 mol% since a compound at least 10 mol% 25
of which has been esterified is used in this invention, while for complete
esterification, it may used in an equal or slightly   1 6 MAY 200Z 27 more
molar amount to hydroxy to be treated. It may be used in a largely
excessive amount without limitations, but in the light of an economic
efficiency, a volumetric efficiency and complexity in workup after the
reaction, may be 10-fold mol, 5 preferably 5-fold mol, more preferably
3-fold mol to hydroxy. A reaction temperature, use of a solvent in the
reaction and a type of the reaction may be as described above for an
organic carboxylic anhydride. When an organic carboxylic acid is used as an
10 esterification agent, a procedure may be as described above for an
organic carboxylic anhydride, and in addition the reaction needs an acid
catalyst; for example, inorganic acids such as hydrochloric acid, sulfuric
acid, phosphoric acid and polyphosphoric acid; organic sulfonic acids such
as p 15 toluenesulfonic acid, methanesulfonic acid, ethanesulfonic acid,
dimethylsulfonic acid and diethylsulfonic acid; superacids such as
trifluoromethanesulfonic acid; acidic ion-exchange resins such as
alkanesulfonic acid resins; and superacid type of ion-exchange resins such
as 20 perfluoroalkanesulfonic acid resin. The amount of the acid catalyst
may be, to the weight of the reactants, 0.00001 to 5 wt%, preferably 0.0001
to 1 wt%, more preferably 0.001 to 0.1 wt% for a superacid; 1 to 100 wt%,
preferably 10 to 50 wt% for an ion-exchange resin; and 0.01 to 25 10 wt%,
preferably 0.1 to 5 wt% for the others. A lower level may make the reaction
too slow to be completed in a practical   1 6 MAY 2002 28 period, while a
higher level may cause side reactions to a significant degree or lead to
cost increase, for example, associated with more complex process for
removing the catalyst. There have been described three types of
esterification 5 agents. In any case, if it is necessary to give a highly
purified esterified product, a water-washing step may be introduced at the
end of the reaction, where a water-washable solvent such as toluene,
xylene, methyl isobutyl ketone, methyl ethyl ketone and ethyl acetate may
be used and an organic layer 10 may be washed until there is detected no
contamination with acidic components or ionic impurities in a washing
waste. In this invention, an esterification rate may be 10 to 100 mol%,
preferably 50 to 100 mol%, more preferably 80 to 100 mol%, most preferably
90 to 100 mol%. 15 An esterified compound with an esterification rate of 10
to 100 mol% thus obtained may be used as a curing agent for an epoxy resin,
as is for a conventional phenol resin. Specifically, it may be used as a
curing agent for an at least bifunetional epoxy resin to provide a product
as a thermosetting 



20 resin which may be utilized to those applications using a conventional
epoxy-phenol cured product. Physical properties for a cured product
demonstrate that epoxy groups are efficiently reacted with ester groups to
give an epoxy-resin cured product of this invention. It may be also 25
supported that a solvent extraction rate is very low for the cured product.
1 6 MAY 2002 29 Briefly, for example, when extracting a milled cured
product of this invention with a solvent such as acetone, it exhibits an
extract rate of below 10 wt%, preferably below 5 wt%, more preferably below
1 wt%. 5 The most prominent feature of the cured product of this invention
is that it has a significantly lower coefficient of moisture absorption
than an epoxy-phenol cured product and has considerably excellent
flexibility owing to the presence of an ester group. Furthermore, while an
epoxy-phenol cured product 10 after curing has hydroxy groups in its
structure, hydroxy groups are esterified in the cured product of this
invention, leading to improvement in electric properties. An epoxy resin
has been conventionally used in combination with a phenol resin as a curing
agent, especially 15 in an application as a sealer. Its performance
improvement is significantly related to reduction in its coefficient of
moisture absorption. Moisture contained in a resin may be instantly
gasified when being suddenly exposed to higher than 200 C as in IR reflow,
to generate force as observed in phreatic 20 explosion. It may cause
cracks, which adversely affect a variety of physical properties and may
cause peeling of a sealer from a chip in the worst case. As evident from
the above characteristics, this invention may contribute to solving the
problem for both low 25 hygroscopicity and crack resistance. A mix
proportion of an epoxy resin / a curing agent may   1 6 MAY 2002 30 be
adjusted such that there exist 0.5 to 1.5 equivalents, preferably 0.7 to
1.3 equivalents of active groups (hydrogen or ester) to epoxy groups, which
may be preferably adjusted to provide optimal physical properties of a
resulting cured 5 product. An epoxy resin or curing agent may be used alone
or in combination of two or more. In an epoxy-resin of this invention,
phosphine oxide compound, as an essential accelerating agent, may be
contained 10 in a proportion of 0 . 001 to 25 wt% ( g/100 g ) , preferably
0 . O1 to 15 wt%, more preferably 0.1 to 5 wt% to the entire epoxy-resin
compos ition ( the total of the res in components , i . a . , the epoxy
resin and the curing agent). It corresponds to a molar equivalent of 1.5 x
10'6 to 4.5 x 10'2 mol/100 g, more preferably 15 1.5 x 10'5 to 2.5 x 10'i
mol/100 g, most preferably 1.5 x 10'` to 1.0 x 10'' mol/100 g. In an
epoxy-resin composition of this invention, the phosphine oxide may be used
with a common well-known accelerating agent including imidazoles such as 2
20 methylimidazole, phosphines such as triphenylphosphine, tertiary amines
such as triethylamine and diazabicyclo compounds such as
1,8-diazabicyclo(5,4,0)undec-7-ene in an amount of d . 5 to 500 wt% to the
phosphine oxide, as long as it does not adversely affect the effects of
this invention. 25 In an epoxy-resin composition of this invention, (D) an
organic and/or an inorganic filler or other additive may be,   1 6 MAY 2002
31 if necessary, added to the epoxy-resin composition. In particular, when
the composition is used as a sealer for a semiconductor circuit, it may
desirably contain an organic and/or an inorganic filler for improving its
mechanical 5 properties and overall cost reduction, and a coloring agent
such as carbon black for preventing malfunction due to light. In addition,
it may preferably contain a mold release, a coupling agent and a flame
retardant. The amount of the organic and/or inorganic filler may be 10 100
to 1900 parts by weight, preferably at least 250 parts by weight, more
preferably at least 550 parts per 100 parts by weight of (A)+(B) in the
light of moisture resistance of mechanical strength. Organic and/or
inorganic fillers which may be used 15 include powders such as silica,
alumina, silicon nitride, silicon carbide, talc, calcium silicate, calcium
carbonate, mica, clay and titanium white; and fibers such as glass fiber,
carbon fiber and aramid fiber. Among these, suitable fillers for a sealer
are crystal silica and/or fused silica, which are 20 preferably sphere or a
mixture of sphere and amorphous in the light of their fluidity during
molding of the resin composition. Furthermore, it is preferable to add a
variety of additives in an epoxy-resin composition of this invention, in
the light of mechanical strength and heat resistance. For 25 example, it
may be preferable to use a coupling agent for improving adhesiveness of a
resin to an inorganic filler; such 



1 6 MAY 2Q02 32 a coupling agent may be a silane, titanate, aluminate or
zircoaluminate coupling agent, preferably a silane coupling agent;
particularly a silane coupling agent having a functional group capable of
reacting an epoxy group. 5 Specific coupling agents which may be used
include vinyltrimethoxysilane, vinyltriethoxysilane,
N-(2aminomethyl)-3-aminopropyl-methyl-dimethoxysilane,
N-(2aminoethyl)-3-aminopropyl-trimethoxysilane,
3-aminopropyltriethoxysilane, 3-anilinopropyl-triethoxysilane, 3 10
glycidoxypropyl-trimethoxysilane, 3-glycidoxypropyl-methyl dimethoxysilane,
2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane,
3-methacryloxypropyl-trimethoxysilane and
3-mercaptopropyl-trimethoxysilane, which may be used alone or in
combination of two or more. 15 Such a coupling agent is preferably
pre-immobilized on the surface of the inorganic filler via adsorption or
reaction. An epoxy-resin composition of this invention may be used to seal
a semiconductor integrated circuit to give a semiconductor device, commonly
by low-pressure transfer 20 molding, but other processes may be used; for
example, injection molding, compression molding and cast molding.
Furthermore, a special process using a solvent may be employed. Examples
This invention will be detailed with reference to, but 25 not limited to,
examples. preparation Example 1 for a curing agent   33 In a glass vessel
equipped with a thermometer, an agitator, a dropping funnel and a reflux
condenser was placed 507 g ( 3 mol ) of a phenol aralkyl resin (trade name:
Milex XLC-4L, hydroxy equivalent: 169 g/eq; Mitsui Chemical Inc. ), and the
vessel was 5 heated to an internal temperature of 125 C. While keeping the
internal temperature, 336.9 g (3.3 mol) of acetic anhydride was added
dropwise under stirring over 2 hours . The reaction was continued at 125 C
for 2 hours, and then the mixture was heated to 140 C. After maturing the
reaction at 140 to 150 C for 2 10 hours, the excessive acetic anhydride and
acetic acid, by product, was evaporated in vacuo under the condition of up
to 150 C/10 mmHg. The resin thus obtained was dissolved in 1400 g of
toluene, washed with warm water at 60 to 70 C until a washing waste became
15 neutral, and toluene was evaporated under the condition of up to 150 C/5
mmHg to give 609 g of a resin whose hydroxy groups were completely
acetylated. Its melt viscosity (as determined with a cone type of
melt-viscometer (ICI); hereinafter, the same is applied) was 20 3.4 poise
at 100 C, 1.0 poise at 125 C and 0.5 poise at 150 C, and its hydroxy
equivalent was more than 3000 g/eq (undetectable). Preparation ExamD~e 2
for a curing agent In a reaction vessel as described in Preparation Example
25 1 was placed 507 g(3 mol) of a phenol aralkyl resin (trade name: 1 6 MAY
2002 Milex XLC-4L, hydroxy equivalent: 169 g/eq; Mitsui Chemical   34 1 6
MAY 2002 Inc. ) , and the vessel was heated to an internal temperature of
125 C. While keeping the internal temperature, 245.0 g of acetic anhydride
(2.4 mol) was added dropwise under stirring over 2 hours, and then the
mixture Was treated as described in 5 Preparation Example 1 to give 590 g
of a resin, 80 mol% of whose hydroxy groups were acetylated. Its melt
viscosity was 1.2 poise at 125 C and 0.7 poise at 150 C, and its hydroxy
equivalent was 880 g/eq. Preparation Example 3 for a curing agent 10 In a
reaction vessel as described in Preparation Example 1 was placed 507 g ( 3
mol ) of a phenol aralkyl resin (trade name: Milex XLC-4L, hydroxy
equivalent: 169 g/eq; Mitsui Chemical Inc. ), and the vessel was heated to
an internal temperature of 125 C. While keeping the internal temperature,
153.1 g of 15 acetic anhydride (1.5 mol) was added dropwise under stirring
over 2 hours, and then the mixture was treated as described in Preparation
Example 1 to give 561 g of a resin, 50 mol% of whose hydroxy groups were
acetylated. Its melt viscosity was 2.0 poise at 125 C and 1.1 poise 20 at
150 C, and its hydroxy equivalent was 359 g/eq. Preparation Example 4 for a
curing agent In a reaction vessel as described in Preparation Example 1 was
placed 507 g(3 mol) of a phenol aralkyl resin (trade name: Milex XLC-4L,
hydroxy equivalent: 169 g/eq; Mitsui Chemical 25 Inc. ), and the vessel was
heated to an internal temperature of 125 C. While keeping the internal
temperature, 23 . 6 g of acetyl   1 6 MAY 2002 35 chloride ( 0 . 3 mol )
was added dropwise under stirring over 1 hours . The reaction was continued
at 125 C for 2 hours and then the mixture was heated to 140 C. The reaction
system became red due to hydrogen chloride 5 as a byproduct. The reaction
mixture was matured at 140 to 150 C for 2 hours, heated to 160 C and was
slightly vacuumed with a tap aspirator to become slightly yellowish and
clear as was before the reaction. Hydrogen chloride as a byproduct was
exhausted from the top of the reflux condenser outside the system 10 and
trapped by an alkali trap via an inlet tube. The resulting resin was
removed to give 520 g of a resin, 10 mol% of whose hydroxy groups were
acetylated. Its melt viscosity was 2.0 poise at 125 C and 1.1 poise at 150
C, and its hydroxy equivalent was 192 g/eq. 



15 Preparation Example 5 for a curing, agent In a reaction vessel as
described in Preparation Example 1 was placed 507 g(3 mol) of a phenol
aralkyl resin (trade name: Milex XLC-4L, hydroxy equivalent: 169 g/eq;
Mitsui Chemical Inc. ), and the vessel was heated to an internal
temperature of 20 125 C. While keeping the internal temperature, 464.0 g of
benzoyl chloride (3.3 mol) was added dropwise under stirringover 4 hours .
The reaction was continued at 125 C for 2 hours . Then, the mixture was
heated to 150 C and was matured at'150 to 155 C for 2 hours. Hydrogen
chloride as a byproduct was 25 immediately exhausted outside the system by
a nitrogen stream and trapped by an alkali trap for neutralization.   1 6
MAY 2002 36 The resulting resin was dissolved in 2500 g of toluene and
washed with 300 g of 5 % sodium hydroxide aq. The organic layer was
separated and was washed with warm water at 60 to 70 C until the organic
layer became neutral. Toluene was 5 evaporated under the condition of up to
150 C/5 mmHg, to give 810 g of a resin whose hydroxy groups were completely
benzoylated. Its melt viscosity was 4.8 poise at 125 C and 1.3 poise at 150
C, and its hydroxy equivalent was more than 3000 g/eq 10 (undetectable).
P,~eparation Example 6 for a guying agent In a reaction vessel as described
in Preparation Example 1 was placed 507 g ( 3 mol ) of a phenol aralkyl
resin ( trade name: Milex XLC-4L, hydroxy equivalent: 169 g/eq; Mitsui
Chemical 15 Inc . ) and 610 . 8 g of benzoic anhydride ( 2 . 7 mol ) , and
the vessel was gradually heated to 125 C over 2 hours while stirring was
initiated when it became possible. Then, the mixture was reacted at 125 C
for 2 hours and heated to 150 C) The reaction mixture was matured at 150 to
155 C for 2 hours and cooled to 20 110 C. To the reaction mixture was added
2500 g of methyl isobutyl ketone to give a homogeneous solution. Benzoic
acid as a byproduct was neutralized with 2000 g of 10 % sodium carbonate
aq. The organic layer was washed with warm water at 60 to 70 C until a
washing waste became neutral. 25 Methyl isobutyl ketone was evaporated
under the condition of up to 150 C/5 mmHg, to give 783 g of a resin, 90
mol% of whose   1 6 MAY 2002 37 hydroxy groups were benzoylated. , Its melt
viscosity was 5.2 poise at 125 C and 1.5 poise at 150 C, and its hydroxy
equivalent was 1780 g/eq. ~~paration Example 7 for a curing agent 5 In a
reaction vessel as described in Preparation Example 1 was placed 507 g(3
mol) of a phenol aralkyl resin (trade name: Milex XLC-4L, hydroxy
equivalent: 169 g/eq; Mitsui Chemical Inc. ), and the vessel was heated to
an internal temperature of 125 C. While keeping the internal temperature,
348.5 g of 10 benzoyl chloride ( 2 . 55 mol ) was added dropwise under
stirring over 4 hours . The reaction was continued at 125 C for 2 hours .
Then, the mixture was heated to 150 C and was matured at 150 to 155 C for 2
hours. Hydrogen chloride as a byproduct was immediately exhausted outside
the system by a nitrogen stream 15 and trapped by an alkali trap for
neutralization. The resulting resin was dissolved in 2500 g of toluene and
washed with warm water at 60 to 70 C . Toluene was evaporated under the
condition of up to 150 C/5 mmHg, to give 779 g of a resin, 85 % of whose
hydroxy groups were benzoylated. 20 Its melt viscosity was 4.9 poise at 125
C and 1.4 poise at 150 C, and its hydroxy equivalent was 1420 g/eq.
Preparation Example 8 for a curing agent In a reaction vessel as described
in Preparation Example 1 was placed 507 g ( 3 mol ) of a phenol aralkyl
resin ( trade name 25 Milex XLC-4L, hydroxy equivalent: 169 g/eq; Mitsui
Chemical Inc. ) and 339 .3 g of benzoic anhydride ( 1. 5 mol ) , and the
vessel   1 6 MAY 20D2 38 was gradually heated to 125 C over 2 hours while
stirring was initiated when it became possible. Then, the mixture was
reacted at 125 C for 2 hours and heated to 150 C. The reaction mixture was
matured at 150 to 155 C for 2 hours and cooled to 5 110 C. To the reaction
mixture was added 2500 g of methyl isobutyl ketone to give a homogeneous
solution. Benzoic acid as a byproduct was neutralized with 2000 g of 5 %
sodium carbonate aq. The organic layer was washed with warm water at 60 to
70 C until a washing waste became neutral. 10 Methyl isobutyl ketone was
evaporated under the condition of up to 150 C/5 mmHg, to give 659 g of a
resin, 50 mol% of whose hydroxy groups were benzoylated. Its melt viscosity
was 5.7 poise at 125 C and 1.6 poise at 150 C, and its hydroxy equivalent
was 390 g/eq. 15 Preparation Example 9 for a curing agent In a reaction
vessel as described in Preparation Example 1 was placed 507 g(3 mol) of a
phenol aralkyl resin (trade name: Milex XLC-4L, hydroxy equivalent: 169
g/eq; Mitsui Chemical Inc. ), and the vessel was heated to an internal
temperature of 20 125 C. While keeping the internal temperature, 84.3 g of
benzoyl chloride (0.6 mol) was added dropwise under stirring over 2 hours .
The reaction was continued at 125 C for 2 hours . Then, the mixture was
heated to 150 C and was matured at I50 to 155 C for 2 hours. Hydrogen
chloride as a byproduct was 25 immediately exhausted outside the system by
a nitrogen stream and trapped by an alkali trap for neutralization.   1 6
MAY 200Z 



39 The resulting resin was dissolved in 2500 g of toluene. and washed with
warm water at 60 to 70 C . Toluene was evaporated under the condition of up
to 150 C/5 mmHg, to give 565 g of a resin, 20 % of whose hydroxy groups
were benzoylated. 5 Its melt viscosity was 6.0 poise at 125 C and 1.8 poise
at 150 C, and its hydroxy equivalent was 232 g/eq. Preparation Example 10
for a curinc~aent In a reaction vessel as described in Preparation Example
1 was placed 507 g ( 3 mol ) of a phenol aralkyl resin ( trade name: 10
Milex XLC-4L, hydroxy equivalent: 169 g/eq; Mitsui Chemical Inc. ) , and
the vessel was heated to an internal temperature of 125 C. While keeping
the internal temperature, 371.2 g of benzoyl chloride ( 2 . 64 mol ) was
added dropwise under stirring over 4 hours . The reaction was continued at
125 C for 2 hours . 15 Then, the mixture was heated to 150 C and was
matured at 150 to 155 C for 2 hours. Hydrogen chloride as a byproduct was
immediately exhausted outside the system by a nitrogen stream and trapped
by an alkali trap for neutralization. The resulting resin was dissolved in
2500 g of toluene 20 and washed with warm water at 60 to 70 C. Toluene was
evaporated under the condition of up to 150 C/5 mmHg, to give 779 g of a
resin, 88 % of whose hydroxy groups were benzoylated. Its melt viscosity
was 4.9 poise at 125 C and 1.4 poise at 150 C, and its hydroxy equivalent
was 1450 g/eq. 25 Preparation Example 11 for a curing agent A resin, whose
hydroxy groups were completely acetylated   1 6 MAY 2002 40 (435 g) was
prepared as described in Preparation Example 1, except that the phenol
aralkyl resin was replaced with 312 g of a phenol novolac resin (trade
name: BRG#558, hydroxy equivalent: 104 g/eq; Showa Kobunshi)(3 mol). 5 Its
melt viscosity was 3.4 poise at 100 C, 1.0 poise at 125 C and 0.5 poise at
150 C, and its hydroxy equivalent was more than 3000 g/eq (undetectable).
Preparation $~xample 12 for a curina aaent In a reaction vessel as
described in Preparation Example 10 1 was placed 312 g of a phenol novolac
resin (trade name: BRG#558, hydroxy equivalent: 104 g/eq; Showa Kobunshi)(3
mol) and 500 g of chlorobenzene, and the vessel was heated to an internal
temperature of 50 C. The internal temperature was maintained to give a
homogeneous solution. Acetyl chloride ( 188 .4 g, 2 .4 15 mol) was added
dropwise under stirring over 2 hours. The reaction was continued at 50 to
55 C for 10 hours . Hydrogen chloride as a byproduct was immediately
exhausted outside the system by a nitrogen stream and neutralized by an
alkali trap. At the end of the reaction, chlorobenzene was completely 20
evaporated under the condition of up to 150 C/10 mmHg. The resulting resin
was dissolved in 1400 g of toluene and washed with warm water at 60 to 70 C
. Toluene was evaporated under the condition of up to 150 C/5 mmHg, to give
410 g of a resin, 80 mol% of whose hydroxy groups were acetylated. 25 Its
melt viscosity was 1.2 poise at 125 C and 0.7 poise at 150 C, and its
hydroxy equivalent was 554 g/eq.   41 Prp~aration Example 13 for a curing
agent A resin, whose hydroxy groups were completely benzoylated (618 g) was
prepared as described in Preparation Example 5, except that the phenol
aralkyl resin was replaced with 312 g 5 of a phenol novolac resin (trade
name: BRG#558, hydroxy equivalent: 104 g/eq; Showa Kobunshi)(3 mol). Its
melt viscosity was 4.9 poise at 125 C and 1.5 poise at 150 C, and its
hydroxy equivalent was more than 3000 g/eq (undetectable). 10 Pregaratio~
Exa~ple 14 for a curing aqe~t A resin, 90 mol% of whose hydroxy groups were
benzoylated (588 g) was prepared as described in Preparation Example 6,
except that the phenol aralkyl resin was replaced with 312 g of a phenol
novolac resin (trade name: BRG#558, hydroxy 15 equivalent: 104 g/eq; Showa
Kobunshi)(3 mol). Its melt viscosity was 5.2 poise at 125 C and 1.7 poise
at 150 C, and its hydroxy equivalent was 1134 g/eq. Preparation Example 15
for a curing agent In a reaction vessel as described in Preparation Example
20 1 was placed 312 g of a phenol novolac resin (trade name: BRG#558,
hydroxy equivalent: 104 g/eq; Showa Kobunshi) ( 3 mol) , and the vessel was
heated to an internal temperature of 125 C. While keeping the internal
temperature, 371.2 g of benzoyl chloride ( 2 . 64 mol ) was added dropwise
under stirring over 4 hours . The 25 reaction was continued at 125 C for 2
hours. Then, the mixture 1 6 MAY 2002 was heated to 150 C and was matured
at 150 to 155 C for 2 hours .   1 6 MAY 2002 42 Hydrogen chloride as a
byproduct was immediately exhausted outside the system by a nitrogen stream
and neutralized by an alkali trap. 



The resulting resin was dissolved in 2500 g of toluene 5 and washed with
warm water at 60 to 70 C . Toluene was evaporated under the condition of up
to 150 C/5 mmHg, to give 580 g of a resin, 88 mol% of whose hydroxy groups
were benzoylated. Its melt viscosity was 4.8 poise at 125 C and 1.5 poise
at 150 C, and its hydroxy equivalent was 958 g/eq. 10 Preparation Example
16 for a curing agent A resin, 50 mol% of whose hydroxy groups were
benzoylated (468 g) was prepared as described in Preparation Example 8,
except that the phenol aralkyl resin was replaced with 312 g of a phenol
novolac resin (trade name: BRG#558, hydroxy 15 equivalent: 104 g/eq; Showa
Kobunshi)(3 mol). Its melt viscosity was 5.5 poise at 125 C and 1.8 poise
at 150 C, and its hydroxy equivalent was 260 g/eq. P~paration Example 17
for a curing agent A resin, whose hydroxy groups were completely acetylated
20 (679 g) was prepared as described in Preparation Example l, except that
the phenol aralkyl resin was replaced with 555 g of a
phenol-dicyclopentadiene resin (trade name: DPR#3000, hydroxy equivalent:
185 g/eq; Mitsui Chemical Inc.)(3 moI). Its melt viscosity was 2.0 poise at
125 C and 1.1 poise 25 at 150 C, and its hydroxy equivalent was more than
3000 g/eq (undetectable).   1 6 MAY 2002 43 preparation E~a_mple 18 for a
curing agent In a reaction vessel as described in Preparation Example 1 was
placed 555 g of a phenol-dicyclopentadiene resin (trade name: DPR#3000,
hydroxy equivalent: 185 g/eq; Mitsui Chemical 5 Inc.)(3 mol) and 1500 g of
toluene, and the vessel was heated to an internal temperature of 50 C. The
internal temperature was maintained to give a homogeneous solution. Acetyl
chloride ( 111. 8 g, 1. 5 mol ) was added dropwise under stirring over 2
hours . The reaction was continued at 50 to 55 C for 12 hours. Hydrogen 10
chloride as a byproduct was immediately exhausted outside the system by a
nitrogen stream and neutralized by an alkali trap. At the end of the
reaction, the mixture was washed with warm water at 60 to 70 C. Toluene was
evaporated under the condition of up to 150 C/5 mmHg, to give 610 g of a
resin, 50 15 mol% of whose hydroxy groups were acetylated. Its melt
viscosity was 1.2 poise at 125 C and 0.7 poise at 150 C, and its hydroxy
equivalent was 391 g/eq. Preparation Example 19 for a curing agent A resin,
whose hydroxy groups were completely benzoylated 20 (866 g) was prepared as
described in Preparation Example 5, except that the phenol aralkyl resin
was replaced with 555 g of a phenol-dicyclopentadiene resin (trade name:
DPR#3000, hydroxy equivalent: 185 g/eq; Mitsui Chemical Inc.)(3 mol). Its
melt viscosity was 2.6 poise at 125 C and 1.1 poise 25 at 150 C, and its
hydroxy equivalent was more than 3000 g/eq (undetectable).   44 p,
reparation Example 20 for a curing~,d,~e L A resin, 90 % of whose hydroxy
groups were benxoylated (830 g) was prepared as described in Preparation
Example 6, except that the phenol aralkyl resin was replaced with 555 g 5
of a phenol-dicyclopentadiene resin (trade name: DPR#3000, hydroxy
equivalent: 185 g/eq; Mitsui Chemical Inc.)(3 mol). Its melt viscosity was
3.4 poise at 125 C and 1.6 poise at 150 C, and its hydroxy equivalent was
1944 g/eq. Preparation Example 21 for a curing agent 10 A resin, 88 % of
whose hydroxy groups were benzoylated (822 g) was prepared as described in
Preparation Example 1, except that the phenol aralkyl resin was replaced
with 555 g of a phenol-dicyclopentadiene resin (trade name: DPR#3000,
hydroxy equivalent: 185 g/eq; Mitsui Chemical Inc.)(3 mol). 15 Its melt
viscosity was 2.6 poise at 125 C and 1.0 poise at 150 C, and its hydroxy
equivalent was 1633 g/eq. Preparation Example 22 for a curing agent A
resin, 40 % of whose hydroxy groups were benzoylated (675 g) was prepared
as described in Preparation Example 20, 20 except that the amount of
benzoic anhydride was 271. 4 g ( 1. 2 mol ) . Its melt viscosity was 3.4
poise at 125 C and 1.7 poise at 150 C, and its hydroxy equivalent was 349.9
g/eq. Preparation Exa~ple 23 for a~r~,ng accent 



A resin, whose hydroxy groups were completely acetylated 25 (760 g) was
prepared as described in Preparation Example 1, 1 6 MAY 2002 except that
the phenol aralkyl resin was replaced with 639 g   1 6 MAY 2002 45 (3 mol)
of a naphthol aralkyl resin (trade name: a-NX-3.2, hydroxy equivalent: 213
g/eq; Mitsui Chemical Inc.). Its melt viscosity was 2.0 poise at 125 C and
1.1 poise at 150 C, and its hydroxy equivalent was more than 3000 g/eq 5
(undetectable). preparation Example 24 for a curing agent A resin, 50 mol%
of whose hydroxy groups were acetylated (695 g) was prepared as described
in Preparation Example 18, except that the phenol-dicyclopentadiene resin
was replaced 10 with 639 g(3 mol) of a naphthol aralkyl resin (trade name:
a-NX-3.2, hydroxy equivalent: 213 g/eq; Mitsui Chemical Inc.). Its melt
viscosity was 1.2 poise at 125 C and 0.7 poise at 150 C, and its hydroxy
equivalent was 447 g/eq. Preparation Example 25 for a curing accent 15 A
resin, whose hydroxy groupswere completely benzoylated (946 g) was prepared
as described in Preparation Example 5, except that the phenol aralkyl resin
was replaced with 639 g(3 mol ) of a naphthol aralkyl res in ( trade name :
a-NX-3 . 2 , hydroxy equivalent: 213 g/eq; Mitsui Chemical Inc.). 20 Its
melt viscosity was 4.9 poise at 125 C and 1.8 poise at 150 C, and its
hydroxy equivalent was more than 3000 g/eq (undetectable). Preparation
Example 26 for a curing agent A resin, 90 mol% of whose hydroxy groups were
benzoylated 25 (912 g) was prepared as described in Preparation Example 6,
except that the phenol aralkyl res in was replaced with 63 9 g ( 3   1 6
MAY 2002 46 mol ) of a naphthol aralkyl resin (trade name: a-NX-3 .2,
hydroxy equivalent: 213 g/eq; Mitsui Chemical Inc.). Its melt viscosity was
5.2 poise at 125 C and 2.1 poise at 150 C, and its hydroxy equivalent was
2224 g/eq. 5 g~e~aration Example 27 for a curing aaent A resin, 88 mol% of
whose hydroxy groups were benzoylated (910 g) was prepared as described in
Preparation Example 10, except that the phenol aralkyl resin was replaced
with 639 g(3 mol) of a naphthol aralkyl resin (trade name: a-NX-3.2,
hydroxy 10 equivalent: 213 g/eq; Mitsui Chemical Inc.). Its melt viscosity
was 5.0 poise at 125 C and 1.9 poise at 150 C, and its hydroxy equivalent
was 1867 g/eq. Preparation Example 28 for a curing~gent A resin, 50 mol% of
whose hydroxy groups were benzoylated 15 (790 g) was prepared as described
in Preparation Example 8, except that the phenol aralkyl resin was replaced
with 639 g(3 mol) of a naphthol aralkyl resin (trade name: a-NX-3.2,
hydroxy equivalent: 213 g/eq; Mitsui Chemical Inc.). Its melt viscosity was
5.2 poise at 125 C and 2.1 poise 20 at 150 C, and its hydroxy equivalent
was 478 g/eq. Example 1 one gram equivalent of bisphenol-A type of
diglycidyl ether (trade name: Epicoat 828, Yuka Shell Epoxy, epoxy
equivalent: 184 g/eq) and the acetylated phenol aralkyl resin 25 from
Preparation Example 1 (estimated ester equivalent = 211 g/eq. ) as an epoxy
resin and a curing agent, respectively, were   1 6 MAY 2002 47 melted and
kneaded at 80 C to give a homogeneous resin mixture. To the resin
composition was added 0 . 055 mol of a phosphine oxide represented by
general formula ( 1 ) where a11 of Rl to R6 are methyl ( hereinafter,
referred to as "PZO" ) , and the mixture 5 was kneaded at 50 C for 1 min to
give a resin composition. To 200 g of the resin component were blended a
filler and other additives in the following proportions, and the mixture
was heated and kneaded with a roll to give a molding material 



for a sealer. 10 Inorganic filler: 720 g [a mixture of 50 parts by weight
of sphere fused silica (Halimic S-C0, Micron) and 50 parts by weight of
amorphous fused silica (Fusedrex RD-8, Tatsumori)] Silane coupling agent:
62 g 15 (SZ-6083, Toray Dow Corning Silicone) Carnauba wax 45 g Carbon
black: 3 g Antimony oxide: 10 g A portion of the molding material thus
prepared was cured 20 under the conditions of 150 C --> 185 C/5 min, 185 C/
5 min and 150 kg/cmz, and was subjected to after-curing under the condition
of 185 C/8 hr in an atmosphere of nitrogen to be adequately cured. Various
physical properties were determined for the cured 25 product. The same
molding material was used to prepare a semiconductor device for testing, by
low-pressure transfer   1 6 MAY 2002 48 molding. It was then subject to a
crack initiation test using a solder bath. The results are shown in Table
1. A gel time for a resin composition before roll kneading 5 was determined
at 150 C (hereinafter, the same is applied).   1 6 MAY 2002 49 abl
Example12345678pJoportion(wt arts)-Main ingredientsEpicoat
828184184E1031S189189EOCN 7D00204204SPIDG233233-Curing
agentsPrep.Exam.1211.-.-.-Prep.Exam.5273-.-.--Accelerating agentPZO
(mod0.0055-~.-.-.-~.-Physical
2Lperties-Glass-transition110111113114114115113117temperature(C)-Flexural
strength12.212.412.412.612.212.412.412.6(Kgi/mm~-Bend elastic
coast.16501640162016101450144014201410(Kgf/mm~-Boiling
water0.090.090.090.080.090.090.090.08absorption (%)-VPS
test00000000(cracked/10)-Gel '
time5'23"5'28"5'42"5'42"5'23"5'28"5'42"5'41"(min,sec)   1 6 MAY 2002 50 A
molding material for a sealer was prepared as described in Example 1,
except that a tetraphenylolethane type of epoxy resin represented by
formula (12) (trade name: E1031S, Yuka 5 Shell Epoxy, epoxy equivalent: 189
g/eq) was used as an epoxy resin. ~zo ~(~-0 ~CHz ~~EI, CH-CH (1 2) 1 ~
CH2-CHCHf-0 ~ 0-G~ISCH- T The material was processed as described in
Example 1 for determining physical properties of a cured product and for a
crack test for a test semiconductor device. 15 The results are shown in
Table 1. ~,;~ple 3 A molding material for a sealer was prepared as
described in Example 1, except that a naphthol-cresol resol condensate type
of epoxy resin represented by formula (13) (trade name: 20 EOCN7000, Nihon
Kayaku, epoxy equivalent: 204 g/eq) was used as an epoxy resin. CH2
~HC~2"'~ ~'CHSCH CHz ~'~i2CH ~i2 o l 0 0 4C12 4Ct2 25 CHs ( 1 3 )   1 6 MAY
2002 ~51 The material was processed as described in Example 1 for
determining physical properties of a cured product and for a crack test for
a test semiconductor device. The results are shown in Table 1. 5 Example 4
A molding material for a sealer was prepared as described in Example 1,
except that a spirobiindane diphenol type of epoxy resin represented by
formula (14) (trade name: SPIDG, Mitsui Chemical Inc., epoxy equivalent:
233 g/eq) was used as an epoxy 10 resin. ~: c~z c~cHz-o 0 ,~ o . .o 0 



CHa ~a ( 1 4 ) 15 The material was prpcessed as described in Example 1 for
determining physical properties of a cured product and for a crack test for
a test semiconductor device. The results are shown in Table 1. 20 Examples
5 to8 Molding materials for a sealer was prepared as described in Examples
1 to 4 , except that a curing agent was the benzoylated phenol aralkyl
resin from Preparation Example 5 and a molar ratio of epoxy/functional
groups (hydroxy + ester) was 1/1. 25 The materials were processed as
described in Examples 1 to 4 for determining physical properties of a cured
product and   1 6 MAY 2002 52 for a crack test for a test semiconductor
device. The results axe shown in Table 1. Comparative Examples 1 to 4 We
attempted to prepare molding materials as described 5 in Examples 1 to 4
using an unesterified phenol aralkyl resin (trade name: Milex XLC-4L;
Mitsui Chemical Inc., hydroxy equivalent: 169 g/eq) as a curing agent and
triphenylphosphine ( TPP ) as an accelerating agent, but the compositions
exhibited too poor curing properties to allow a gel time to be determined
10 or a molding to be prepared. Therefore, TPP was increased to 0.015 mol
for determining a gel time. The results are shown in Table 2. Consequently,
gel times were reduced to a similar level to those in Examples. Thus,
molding materials for a sealer were 15 prepared as described in Examples.
The materials were processed as described in Examples 1 to 4 for
determining physical properties of a cured product and for a crack test for
a test semiconductor device. The results are shown in Table 2.   1 6 MAY
2002 ~53 Comp. Example12345678~rooortiontwt -Main ingredientsEpicoat
828184184E1031S189189EOCN 7000204204SPIDG233233-Curing
agentXLC-4L169-~~---~--~--Accelerating agentsTPP (mod0.015--~~-C11Z
(mol)0.015-.-Physical ploQerties-Glass-transition119121122125i
21122122125temperature(C)-Flexural
strength12.212.412.412.612.813.012.212.4(Kgflmm~-Bend elastic
coast.14501440142014101460146014501440(Kgf/mm~-Boiling
water0.130.150.160.120.130.150.150.13absorption (%)-VPS
test12211222(cracked/10)-Gel
time4'03"3'48"3'52"4'21"3'58"3'39"3'43"4'08"(min,sec)   1 6 MAY 200z 54
Comparative Examples 5 to 8 We attempted to prepare molding materials as
described in Examples 1 to 4 using an unesterified phenol aralkyl resin
(trade name: Milex XhC-4L; Mitsui Chemical Inc., hydroxy 5 equivalent: 169
g/eq) as a curing agent and 2-undecylimidazole (CllZ ) as an accelerating
agent, but the compositions exhibited too poor curing properties to allow a
gel time to be determined or a molding to be prepared. Therefore, C112 was
increased to 0.015 mol for determining a gel time. 10 The results are shown
in Table 2. Consequently, gel times were reduced to a similar level to
those in Examples . Thus, molding materials for a sealer were prepared, as
described in Examples. The materials were processed as described in
Examples 1 15 to 4 for determining physical properties of a cured product
and for a crack test for a test semiconductor device. The results are shown
in Table 2. Comparative Examples 9 to 16 Molding materials as described in
Examples 1 to 8 using 20 triphenylphosphine as an accelerating agent in an
amount of 0.015 mol. We have attempted to prepare moldings, using the
materials, which were, however, flown out before curing and moldings were
not formed. Then, we have attempted to determine their gel times, but 25
they failed to gel at 150 C or 200 C in 15 min. Thus, the determination was
discontinued (Table 3).   1 6 MAY 2002 ~5 5 be3 Comp.
E~mple910111213141516Prooortion(wt parts)-Main ingredientsEpicoat
828184184E1031S189189EOCN 7000204204SPIDG233233-Curing
agentsPrep.Exam.1211-.-.-Prep.Exam.S273.-.-.--Accelerating agentTPP
(mod0.015-~.-.-.-~.-~hysiCdl
prO~erties-Glass-transitiontemperature(C)-Flexural strength(Kgf/mm~-Bend
elastic const.No cured products(Kgf/mm~-Boiling waterabsorption (%)-VPS
test(cracked/10)-Gel time(min,sec)    1 6 MAY 2002 



56 omparative Examples 17 to 24 Molding materials as described in Examples
1 to 8 using 2-undecylimidazole(C11Z) as an accelerating agent in an amount
of 0.015 mol. We have attempted to prepare moldings, using the 5 materials,
which were, however, flown out before curing and moldings were not formed.
Then, we have attempted to determine their gel times, but they failed to
gel at 150 C or 200 C in 15 min. Thus, the determination was discontinued
(Table 4).   1 6 MAY 2002 57 Comp.
Example1718192021222324Prop~rtion~(~r~yartsl-Main ingredientsEpicoat
828184184E1031S189189EOCN 7000204204SPIDG233233-Curing
agentsPrep.Exam.1211-.--Prep.Exam.S273-~.--Accelerating
agentCIiZ(mo~0.015-~-~.-~.-Physical oro
eg-rties,-Glass-transitiontemperature(C)-Flexural strength(Kgt/mm~-Bend
elastic coast.No cured products(Kgf/mm~-Boiling waterabsorption (%)VPS
test(cracked/10)-Gel time(min,sec)    1 6 MAY 2002 58 Examples 9 to 16
Molding materials for a sealer was prepared as described in Example 1,
except that an epoxy resin was 2,2',6,6' tetramethylbiphenol diglycidyl
ether (trade name: YX-4000H; 5 Yuka Shell Epoxy, epoxy equivalent: 184
g/eq), a curing agent was one of the acylated phenol resins listed in Table
5, and a molar ratio of epoxy/functional groups ( hydroxy + ester ) was
1/1. The materials were processed as described in Example 1 10 for
determining physical properties of a cured product and for a crack test for
a test semiconductor device. The results are shown in Table 5.   59 fable 5
Example910111213141516Prooortionfwt oartsl-Main
ingredientYX4000H184~~.-.-.-.-.--Curing
agentsPrep.Exam.1211Prep.F~cam.5273Prep.Exam.ll146Prep.Exam.l3208Prep.Exam.
l7227Prep.Exam.l9289Prep.F~cam.23255Prep.F~cam.25317-Accelerating agentPZO
(mod0.0055t-~~4-~~-rPhysical nro ep
rties-Glass-transition10810d110108106102113105temperature(C)-Flexural
strength12.212.212.812.B12.212.112.412.9(Kgf/mm~-Bend elastic
const.16501650166016601650162016201690(Kgf/mm~-Boiling
water0.080.080.080.100.100.08p.110.07absorption (%)-VPS
test00000000(cracked/10)-Gel
time5'23'5'42'5'28'5'48'5'23"5'5T5'42'5'33'(min,sec) 1 6 MAY 200Z   60
E~p~,es 17 to 24 1 6 MAY 2UQ2 Molding materials for a sealer was prepared
as described in Example 1, except that an epoxy resin was o-cresol novolac
type of epoxy resin (trade name: EOCN-102S; Nihon Kayaku, epoxy 5
equivalent: 210 g/eq), a curing agent was one of the acylated phenol resins
listed in Table 6, and a molar ratio of epoxy/functional groups (hydroxy +
ester) was 1/1. The materials were processed as described in Example 1 for
determining physical properties of a cured product and for 10 a crack test
for a test semiconductor device. The results are shown in Table 6.   1 6
MAY 2002 61 be6 Example17181920212223I 24psooortion(wt oartsl-Main
ingredientEOCN102S210.-.-.-.-.-.-.--Curing
agentsPrep.Exam.1211Prep.E~mm.5273prep.Exam.l
l146Prep.Exam.l3208Prep.Exam.17227Prep.Exam.l9289Prep.E~am.23255Prep.
Exam.25317-Accelerating agentPZO (mod0.0055~.-.-~.-.-.-~hysical
properties-Glass-transition141120156150130119148132temperature(C)-Flexural
strength12.412.312.112.711.712.312.113,1(Kgf/mm~-Bend elastic
coast.16901660157016601500164016201680(Kgf/mm~-Boiling
water0.080.130,090.170.060.110,070.11absorption (%)-VPS
test00000000(cracked/10)-Gei '
time4'51"5'48"4'33"5'27"5'04"5'58"5'10"5'33"(min,sec)   1 6 MAY 2002 62
Examples 25 to 32 Molding materials for a sealer was prepared as described
in Example 1, except that an epoxy resin was 1,6 dihydronaphthalene
diglycidyl ether (trade name: Epicron 5 HP4032; Dainihon Ink Chem., epoxy
equivalent: 150 g/eq), a curing agent was one of the acylated phenol resins
listed in Table 7, and a molar ratio of epoxy/functional groups (hydroxy +
ester) was 1/1. The materials were processed as described in Example 1 



10 for determining physical properties of a cured product and for a crack
test for a test semiconductor device. The results are shown in Table 7.   1
6 MAY 2002 63 Ta_ ble 7 F~mple2526272829303132~roportiont ~rtsl-Main
ingredientHP4032150.-.-~.-.-.-.--Curing
agentsPrep.Exam.2203Prep.Exam.6263Prep.F~cam.l2138Prep.6mm.14198Prep.Exam.1
8206Prep.F~m.20279Prep.F~cam.24234Prep.Exam.26307-Accelerating agentPZO
(mod0.0055~~.-.-p~ysical
properties-Glass-transition125119136134125119140125temperature(C)-Flexural
strength12.912.812.812.812.912.913.613.5(Kgf/mm~-Bend elastic
const.16201615154515551550155016101580(Kgf/mm~-Boiling
water0.090.08d.090.090.080.090.090.08absorption (%)-VPS
test00000000(cracked/10)-Gel
time4'38"4'42"4'20"4'25"4'21"4'45'3'29"4'52"(min,sec)   1 6 MAY 2002 64
Examples 33 to 40 Molding materials for a sealer was prepared as described
in Example 1, except that an epoxy resin was a phenol aralkyl type of epoxy
resin (trade name: E-XLC-LL; Mitsui Chemical Inc. , 5 epoxy equivalent: 235
g/eq), a curing agent was one of the acylated phenol resins listed in Table
8, and a molar ratio of epoxy/functional groups (hydroxy + ester) was 1/1.
The materials were processed as described in Example Z for determining
physical properties of a cured product and for 10 a crack test for a test
semiconductor device. The results are shown in Table 8.   1 6 MAY 2002 65
ab a Example3334353637383940Proportion(wt nartsl-Main
ingredientE-XLC-l_L235r-m-~-rrr-r.-Curing
agentsPrep.Exam.3190Prep.Exam.7257Prep.Exam.9190Prep.Exam.l3208Prep.Exam.l5
196Prep.Exam.l9289Prep.Exam.21277Prep.Exam.27305-Accelerating agentPZO
(mot)0.0055.-.-.-.-.-~.-Phvsical
properties-Glass-transition125125129135137113115130temperature(C)-Flexural
strength12.612.512.712.212.312.312.413.0(Kgf/mm~-Bend elastic
coast.16701670166016101590156015551650(Kgf/mm~-Boiling
water0.090.100.110.090.100.090.090.08absorption (%)-VPS
test00000000(cracked/10)-Gel
time4'48"4'13"3'15"4'41'4'15"4'37"4'19"4'25'(min,sec)   1 6 MAY 2002 66
Molding materials for a sealer was prepared as described in Example 1,
except that an epoxy resin was a phenol dicyclopentadiene type of epoxy
resin (trade name: Epicron 5 HP-7200; Dainihon Ink Chem., epoxy equivalent:
262 g/eq), a curing agent was one of the acylated phenol resins listed in
Table 9, and a molar ratio of epoxy/functional groups (hydroxy + ester) was
1/1. The materials were processed as described in Example 1 10 for
determining physical properties of a cured product and for a crack test for
a test semiconductor device. The results are shown in Table 9. A gel time
for a resin composition before roll kneading was herein determined at 150 C
(hereinafter, the same is 15 applied). Physical properties were herein
determined as follows. -Tg (glass-transition temperature): determined by a
TMA needle inserting technique (Shimazu; TMA-DRW DT-30); -Flexural
strength, coefficient of elasticity: 20 determined according to JIS K-6911;
-Roiling water absorption: determined by measuring a weight increase after
heating 2 hours in boiling water at 100 C V.P.S.test: immediately after
being placed in a 25 thermo-hygrostat at 85 C and 85 % for 168 hours, test
semiconductor deviceswere soaked in Frolinate liquid(Sumitomo   1 6 MAY 200
67 3M; FC-70) at 240 C. Semiconductors whose package resin had a crack were
counted. The results are given as a fraction where a numerator is the
number of semiconductors having a crack and a denominator is the number of
tested devices.   1 6 MAY 2002 ' 68 a 9 Example4142434445464748_Proportion
~i~artsl-Main ingredient.HP-7200262-~-~-.-~.--Curing
agentsPrep.Exam.4173Prep.Exam.B221Prep.Exam.l0261Prep.Exam.l6156Prep.Exam21
277Prep.Exam?2227Prep.Exam.27305Prep.Exam28265-Accelerating agentPZO
(mot)0.0055.-.-~-.-.-.-.-Physical
orooerties-Glass-transition128125120145118120124128temperature(C)-Flexural
strength13.212.912.712.813.113.513.i13.5(Kgf/mm~-Bend elastic coast.15301
S40156015251540150015501550(Kgf/mm~-Boiling
water0.l20.100.090.110.090.090.090.10absorption (%)-VPS
test00000000(cracked/10)-Gel,
time3'28"4'06'4'42"4'01'4'47"3'57"5'25'4'05'(min,sec)   



1 6 MAY 2002 69 The resin composition of Example I7 (epoxy
resin/benzoylated phenol aralkyl resin/PZO before kneading an inorganic f
filler ) was cured under the conditions as described 5 in the above
Examples , and it was milled with a small mill ( Sample Mill, SK-M10 type;
Kyoritsu Riko). The milled powder (30 g) was extracted with 300 g of
acetone using a Soxhlet extractor for 2 hours. After drying up the extract,
an extraction ratio of 0.l5 % 10 was obtained. As described with reference
to examples in detail, an epoxy-resin composition of this invention
comprising a phosphine~oxide as an essential accelerating agent and an
ester-containing compound as a curing agent can give a cured 15 product
much more improved in hygroscopicity and flexibility than a conventional
epoxy resin-phenol resin cured product, as well as very advantageous as to
crack resistance. Thus, it may be understood that it exhibits quite good
crack resistance as a sealer for a semiconductor integrated circuit. 20 As
seen in Comparative Examples, a composition comprising a conventionalcuring
catalyst including triphenylphosphine or an imidazole compound fails to
give a cured product, i.e., an ester-containing moiety is inadequately
cured. It may be evidenced that an esterified curing agent and 25 a
phosphine oxide catalyst are essential for achieving excellent physical
properties for a sealer in this invention.   1 6 MAY 2002 ~o What is
claimed is: 1. An epoxy-resin composition comprising (A) an at least
bifunctional epoxy compound and/or an at least bifunctional epoxy resin,
(B) an at least bifunctional ester-containing 5 compound and/or an at least
bifunctional ester-containing resin as a curing agent, 10 to 100 % of whose
hydroxy groups are esterif ied with aliphatic or aromatic acyl groups , and
( C ) an accelerating agent, the accelerating agent essentially containing
a phosphine oxide 10 represented by general formula (1): R. Rz ~N' 0=P
N=p_N~R3 (1) I R~ ~N~ Rs R5 3 15 where R1 to R6 a11 of which may be the
same or not are hydrogen, straight, branched or cyclic alkyl having 1 to 10
carbons or aryl or aralkyl having 6 to 10 carbons. 2. An epoxy-resin
composition as claimed in Claim 1 where 20 (A) the at least bifunctional
epoxy compound and/or an at least bifunctional epoxy resin is selected from
an epoxy resin derived from a dihydroxynaphthalene represented by general
formula ( 2 ) , an epoxy resin derived from a biphenol represented by
general formula ( 3 ) , an epoxy resin derived from a novolac type of resin
25 represented by general formula ( 4 ) , an epoxy resin derived from a
phenol aralkyl resin represented by general formula (5) and   1 6 MAY 2002
71 5 an epoxy resin derived from a phenol-dicyclopentadiene resin
represented by general foriitula (6); 0 0-CHZCH CHZ ~J CHz CHCHZ-0 0 (2)
where the ring is substituted with 2 , 3-epoxypropyl groups 10 at 1, 5-,
1,6-, 1,7-, 2,6- or 2,7-positions CHz ; HcHz-o ~ 0 0-CHzCH-cHz 0 0 R, R, 15
Zo C3) where R, a11 of which may be the same or not is hydrogen or methyl;
~~\ ~~\ CHz-CHCH=-0 CHz-CHCHz zCH.-CH2 CHz CHz ( 4 ) n R, Ra R, where RB is
hydrogen, methyl or ethyl, and n is an integer of 0 to 100 whose average is
0 to 15; /~\ O~HZCH-CHz 25 CHz CHz v (R,)m CH-CH z CH z -CHCH ~-0 CHz CHz
(5) nr (R9)m 



72 16 MAY 2002 where R9 is hydrogen, straight, branched or cyclic alkyl
having 1 to 10 carbons, alkoxy having 1 to 10 carbons, hydroxyl, 5 phenyl
or halogen; m is an integer of 1 to 3 ; and n' is an integer of 0 to 100
whose average is 0 to 50; /~\ /.~\ /~\ GH2-CHCHz-0 CHz-CHCH2 CHzCH-CHz 10 -
w w~ w ~Ra)m (R~)m (Ro)m (6) where R9 is hydrogen, straight, branched or
cyclic alkyl having 1 to 10 carbons, alkoxy having 1 to 10 carbons,
hydroxyl, phenyl or halogen; m is an integer of 1 to 3 ; and n" is an
integer 15 of 0 to 50 whose average is 0 to 15. 3. An epoxy-resin
composition as claimed in Claim 1 where (B) the at least bifunctional
ester-containing compound and/or the at least bifunctional ester-containing
resin, 10 to 100 of whose hydroxy groups are esterified with aliphatic or
20 aromatic acyl groups, is selected from ester-containing resins derived
from a novolac type of resin represented by general formula (7): OA OA OA
25 CHz CHZ (7) Re Ra RB   73 16 MAY ZOOZ where Ra is hydrogen, methyl or
ethyl; A is hydrogen or 5 acyl where the molar ratio of hydrogen/acyl is 9
0 / 10 to 0 / 100 ; and n indicating a repeating unit number is an integer
of 0 to 100 whose average is 0 to 15, provided when an average of n as a
repeating unit number is zero, the formula represents bisphenol
derivatives: 10 a phenol aralkyl resin represented by general formula (8):
OA OA OA CNZ CHz ~-CHZ CHz v 15 (R9)m (R9)m (R9)m ( 8 where R9 is hydrogen,
straight, branched or cyclic alkyl having 1 to 9 carbons, alkoxy having 1
to 10 carbons, phenyl, hydroxy or halogen; m is an integer of 1 to 3; n'
indicating 20 a repeating unit number is an integer of 0 to 100 whose
average is 0 to 50, provided when an average of n' as a repeating unit
number is zero, the formula represents bisphenol derivatives; and A is
hydrogen or acyl where the molar ratio of hydrogen/acyl is 90/10 to 0/100;
25 a phenol-dicyclopentadiene resin represented by general formula (9);
74 OA OA OA Vin" (Rio)m (Rio)m (Rio)m 5 1 6 MAY 2002 where Rlo is hydrogen,
straight, branched or cyclic alkyl having 1 to 10 carbons, phenyl, hydroxy,
halogen or alkoxy having 1 to 9 carbons; m is an integer of 1 to 3; n"
indicating a repeating unit number is an integer of 0 to 50 whose average
is 0 to 15, 10 provided when an average of n" as a repeating unit number is
zero, the formula represents bisphenol derivatives; and A is hydrogen or
acyl where the molar ratio of hydrogen/acyl is 90/10 to 0/100; and a
naphthol aralkyl resin represented by general formula 15 (10); OA OA OA CH2
CHz--~ CHz CHz n" (1 0) 20 where n" indicating a repeating unit number is
an integer of 0 to 50 whose average is 0 to 15, provided when an average of
n" as a repeating unit number is zero, the formula represents bisphenol
derivatives; and A is hydrogen or acyl where the molar 25 ratio of
hydrogen/acyl is 90/10 to 0/100. 4. An epoxy-resin composition as claimed
in Claim 2 where   75 



1 6 MAY 2002 (B) the at least bifunctional ester-containing compound and/or
the at least bifunctional ester-containing resin, 10 to 100 % of whose
hydroxy groups are esterified with aliphatic or aromatic acyl groups, is
selected from ester-containing resins 5 derived from a novolac type of
resin represented by general formula (7): OA OA OA CHz CHz ( ? ) to in Re
Re R, where RB is hydrogen, methyl or ethyl; A is hydrogen or 15 acyl where
the molar ratio of hydrogen/acyl is 90/10 to 0/100; and n indicating a
repeating unit number is an integer of 0 to 100 whose average is 0 to 15,
provided when an average of n as a repeating unit number is zero, the
formula represents a bisphenol compound; 20 a phenol aralkyl resin
represented by general formula (8): OA OA OA CH2 CH2 ~2 CH2 v w v i h~ 2 5
(R9)m (R9)m (R9)m ( 8 )   OA OA OA ' CH2 CH2 ~`~ ~ CH2 CHZ n (1 0) 1 6 MAY
2002 5 where n" indicating a repeating unit number is an integer of 0 to 50
whose average is 0 to 15, provided when an average of n" as a repeating
unit number is zero, the formula represents a bisphenol compound; and A is
hydrogen or acyl where the molar ratio of hydrogen/acyl is 90/10 to 0/100.
10 ~ 5. An epoxy-resin composition as claimed in any of Claims 1 to 4
comprising (D) an organic and/or inorganic filler in the range of 100 to
190D parts by weight per 100 parts by weight of (A)+(B). 6. A cured product
prepared by heat curing of the 15 epoxy-resin composition as claimed in
Claim 5. 7. A semiconductor device manufactured by sealing a semiconductor
integrated circuit using the epoxy-resin composition as claimed in Claim 5.
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N.A`%.A.AY.A9.A.A9.A{9.A.AY.A39.A.A_.A9R.AY.A{&R.A9,.A(`.AUy?.Al,.A
.A,.A.A9y.A?.A3.A.A90.A`.A.A.A{.A6.A.Af2.Af(.A;f.A#.AL{sU.A
A&.A`.AF&#.AS.AU%.A9(.A3.Ae2.A@.Ahy.AYL.AF.A h_.A SY .A Y .A9.Af,8:`@T45 C
@T@T(T@#.#.?????????????>?>?>?>??????>>>><<<<<>`~?????<<<<>>????????8??????
???xx|||>>>?????????~??????>>~>>>?>~?xc?8x?<xx?<|x?~|?8??8>???>?>??????????
????>?>??>>?8>?>?8?~?8??<??<??|>?x>?~x>>>>~x~~?????>`?<~?????????~|~<??????
???????????89:s&@GX45 @C
GXGX(XG#.#.????????~~~>>>8~~~?~????????????????|8??????~?????>????~??~~|~?<
~?<~?>~?>~?>~?~~~?0~~?????~?>|?>|><~~~<~~~<~~<~~<~~|~~>>>>>~~<?~?~?~~?~~~??
???????????????`~~???>???????????~??~??|???|???|???|???<|??<|??<|??|??|?|?|
?|?????????????|?|?|?|?|??|??|??|>?|>?>??>?????????????>?~?????????~8?:mm.T
45 .C
TT(T#.#.p???8<??>???????????????????????????p8?>???~????????~?????x?x??<??<
?|??x?x??<??x???x???x???x????x????x??~???x??????|?|??|?||<??<??><~?~?~???8x
??x?????????~0??????8>?|?<?|??<<?<???>??~??????????????????????????????????
????~?????~???~??????????????????~??????????~????~????~???????~???~??????~?
????~????~?????~~?????~~?????>~????>????>???>????~????~~??~???|?~??~????~??
~?????~??~????~???~????~???|~???>???|~???>??~???>?~??>?`?~??>??????????>??0
g?>???>???>???>?>?>?>?>>??>>??x?><?????>?<???????|8~p????~??||???~??||?~??|
~?~?~>?~~~??~~~|??~~~~|???~~~~????|~~?|~>?~?~~>??>?~~???>?~~????>~~???>~~??
>?~~?>?~~?>?~>??>?~>??>>?>????~>??8??~????????>?0?~???~??~?~??~????????????
??????????????????????????~~??~???????????????????~~??>?????????0???~~~~~>>
~~~?????x???????~??>??|??|?~???x????|???w???<???yy~????y???yy??y1???x1??ya?
???~????|~??|?>??|?>~<|>>>|~>?y?||>?a?~x|>??8~x|>??~?x|>?~x|>???1x~??xx~??x
|??x|??|?|?~<??y<???g|???x|g?|???|<??|<?|<?x~>??8x>>??x?>?|x?>?8|?<?|<??~>~
>???????x~8x???????~??????|?0??????x???????????????p4N: &&|45 &C
||(|#.#.??|~>??????????????????????????????????????>>~?~????????????????~?~
~~~??~??~?~~~~~~~?~<~~~??~??~?>?>?><<?|<??q<?~<~<|<|<<`>~~q~~~~~?~??~?~????
?????~??????????????~~~~~xxx0????<??~??~~??x?x?xxx?xxx>?????|||~|~|~|~|?|?|
??~p???~|?????x???????????????7:_<45 C
_<_<(<_#.#.|???`x????x?x??|x??|xx??|xx|x||x||x||x||x||x||x||xx?|xx|xx||~??|
|??><????????????????<????????????p?p??p?p?pp0?000?????????~~??~??~~??~~???
?????????>?>>?<?<??g???>>~>????????????????????~?~?~??~?|??????????????????
|||~~~??????????>????<???<?~?<??~>??~>??|>??|>~?|>~?|>~?>~?>?>?<??|????p???
?0??0????>??>?>?>??>??>??>??>??>??>?>?>?????????????p?`?p??????~?~?????|?~?
~??~?~?~>?>?>?>?>?>?D`y
ij{|zupkfa\W]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]caU]caU]ca]ca]ca]cTa!JSZ[t HJWV, i   Wpqx
}xsnid_Z]c]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]ca]ca]ca]ca]ca]ca]ca]ca]ca! - d
'NPJbc}}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!!$b?+,8y1q "a
{vqlgb]X]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]caU]ca]ca]ca]ca]ca]caU]ca]ca!
$%>?IJTvw5xa$a0j}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!j8[ ) a
!`!g!!!!!!!!!!!"""""}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!"""#M######$@$M$f$$$
%"%#%K%D&X&&&&&&#'`'((Q((((}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!(((((()B)))))
)**$*H*N*R*W*k*m*u****+++[+^+a+d+-}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]c"a]ca]c"a]ca]c"a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!---
----(.@.B.H.N.......(/+/./9/G/M/P/Q/W/`/g/n/r/U0V0zupkfaYnid_Z]]D]ca]ca]ca]
ca]ca]ca]caU]ca]ca]c$a]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]c,a]ca]ca
]ca]ca]c"aU]ca]c0a
V0W0X0\0i0l0o0q000.1S1122222222243v333333D4I4J4[4{vqlga[Unid_ZU]caU]caU]ca]
ca]ca]ca]caDTa]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca
]ca]c(a]caD(]ca]ca
[4e4f44444445@5D5E5}555+6,6=6~666666677C7P7S778Y8zupkfa\WU]]ca]ca]ca]ca]ca]
ca]ca]ca]c a]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]caU]caU]ca]ca]ca]ca]ca]ca!Y
8888 9&939C9K99r:::5;B;u;
;;;;$<E<<<<=>V>>>?<?q??|wrmhc^YU]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c a]c
a]ca]ca]ca]ca]caU]ca!???@2@l@y@@@A%B&CaCmCCC"DbDvDDDD5EuEEEEE6FsFFFG]G|wrmh
c^YU]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca!]GGGH:HqHHHI&JKRKKKKKLLSLLLL!MHM
NENbNNNNN1OqOO}xsnid_ZU]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!O PGPPPPPQ+QhQQQQQ R
RRURRRS-ScSSSS6TiTTTTTTUzupkfa\WU]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]caU]ca]caU]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!U-U:UVVVVVpWW
WWW0XHXtXzX}XXXXXYY/Y1YAYDYFYGYLYYYYYY|vpje`[VU]ca]ca]ca]caU]caU]caU]ca]ca]
caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
!YYYZZ$Z1Z3Z8Z<ZDZRZVZZZZ[@[w[z[[[[[[[[[[[[[[zumh`[Vje`[VU]ca]caD]ca]caDhl]
ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]ca]ca]ca]
ca]ca]ca]ca [[\]\\\]=]z]]^^^^_____X___`T`Y`f```a
aa)a/aGazupkf`[VU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca
UV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!Gaa}bbbccc?cyccdEdHdUdddeee
-e5ereeef@fofff$g[ggh}xsnid_ZU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c a]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!hhiii-jbjojjjk\k
kkk'lflgmmmmnLnnnnnoqr@s+ttt|wrmhc^YU]c]ca]ca]ca]ca]ca]ca]ca]caU]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!ttt
uuvvwx2z5zBz|zzz{D{{{{|N|K}}\~~~~6v}xsnid_ZU]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!Fll
a.hR(dW5tH}xsnid_ZU]c]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!H^3&b/WHUX}xsnid_ZU]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!=QO7u.;
>R+j1kQ}xsnid_ZU]c]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca! DaM
HXWs'^n!`c{vpkfa\WU]]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]c^a]ca]ca]c^a]ca]ca!cph8axP]`}wS`cNzupkfa\WU]]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca
]ca]ca]ca]c^a]ca]ca]ca]ca!I\_@j-:=`1)nhT{vqlgb]XU]]]ca]ca]ca]ca]ca]ca]ca]ca
]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]
ca!&_,9<4Weh3@C{3nI{vqkfa\WU]]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca!Cu.f=JM,tmd<?iV{up
kfa\WU]]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]c^
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!8r#T%klNR'a{vqlga\WU]]ca]ca]c^a]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]c^a]
ca]ca]ca!C|Q>DH,e<{vqlga\WU]]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca!<y)j}!^Eo
4k,bQS~ysnid_Ylga\WU]]U]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]c
^a]ca]ca]ca]ca]ca]ca]ca]c^aU]ca]ca]ca]ca]ca]ca]ca S^a HZ6t Kv*d;
hytoje`[VU]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]c^a]ca]ca]c
a]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca!<y(a8wT^
J^W~ytoje`[VU]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca
]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]c^a!Zv48TTI{vpke^Yje`[VU]c]ca
U]c^a]c^a]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca
gr:CkprvG|wrmhc^XSje]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]caU]ca]ca
U]ca]caU]ca]caU]ca]ca]c^a]caU]ca]caU]ca]caU]ca]caU]ca BQ*7;
tE}xsmhc]Xje]ca]caU]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]cFa]caU]ca]
ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]caU]ca]caU]ca
*9<u<|u5uEjw{zupkfa\Wca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca
]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]cXa]c.aU]ca]ca!{Y m     



.j~ ;D. g
|vqlgb]XSkf]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]
ca]ca]c^a]caU]ca]caU]ca]caU]ca]ca]c^a]caU]ca +O;
s*D~%9^i$QV]d|wqle^Wgb]XSkf]ca U]c^a U]c^a
U]c^a]caU]ca]caU]ca]caU]ca]ca]c^a]caU]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
c^a]ca]ca]ca]ca]ca]cad@Mz(58{vojd_ZUkf]]ca]ca]caU]ca]ca
U]c^a]caU]ca]caU]ca]caU]ca]ca]c^a]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]
ca]ca]caU]ca]ca 8I6s2` !(=ztoid_ZSkf
U]c^a]ca]ca]caU]ca]ca]c^a]caU]ca]ca]caU]ca]caU]ca]ca]c^a]caU]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a !$1j( ^
!8!]!j!m!q!x!|!~!!!!!!!!!""###W#ytnic^XSkf]ca]c^a]caU]ca]caU]ca]caU]ca]ca]c
^a]caU]ca]caU]ca]caU]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]c^a
W#Z#########0$4$g$p$y$z$$$$$$$$%G%y%%%,&k&}&&&|wrmhc^YTkf]]ca]ca]ca]ca]ca]c
a]ca]ca]ca]c^a]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]c
a]caU]ca]caU]ca &$'I'V'Y'c'i'''''''0(3(((()
)#)w){)))))))))*zuojd_YThc^YTkf]]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]
ca]c^a]caU]ca]caU]ca]caU]ca]caU]ca]ca]c^a]caU]ca
U]c^aU]ca]ca]ca]ca****V*W*Z*[*******&+d+++",U,,,,!-.-1-6-=-W-k----{uojd_YTk
f]]caU]ca]ca]c^a]caU]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^aU]ca]ca]
caU]ca]caU]ca]caU]ca]caU]ca]caU]ca ----;
.>...//////M/Q/a/e/k/o/////(0104050<0=000|vqkf`[Ujd_YTkf]]U]ca]caU]ca]caU]c
a]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]c^a]caU
]ca]caU]ca]ca]ca0000+1f111
222i222233m3z3334M4t44445T55556666}xsnic^Y]U]c]ca]caU]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!666
66677"707A8T889I9W999:%:*:-:X:::;A;v;
;;;;'<|wrmhc]XSni]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]caU]ca
]caU]ca]ca]c^a]caU]ca]caU]ca]ca]c^a]caU]caU]caU]ca
'<^<<<=>?>}>>"?\?????q@@AAAAABBDDDDDD
EEEE|wrmhc^Yca]]ca]ca]c*a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!E"E^EaEEEEEEEEEF
FBF}FFFFFFFFFFFG<G}GGG8HqHH}xsnid_Zca]]]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*a]ca]ca]ca]ca!HHIXIIIJNJ
[JJJJJJJKIKLOLTL]LoLqLLLM>MMRNNNNNN}xsnid_Zca]]]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!NNN
NONOOOPOPPPPPPQQAQQQR.RkRnR{RpSSSSSST[T'U}xsnid_Zca]]]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!'U`UeUnU}UUUUUUUUVWAWWWWW.XbXXXSST[T'U}xsnid_Zca]]]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca
UV]caV]caU]ca]ca]ca]caD`y`A
10%&'()-M10%&'()-`10%&'()-!JP10%hh&'()-'10%&'()-
10%&'()-ydEF%9!10%&'()-lf#m"10%&'()-&!10%&'()-l#10%&'()-s&!10%&'()-#10%&'()
-JSt dEl96!10%&'()-Y4&10%&'()-  f210%&'()-010%&'()-.Y10%&'()-l,#10%&'()-
EFGHJWbC` !10%O&'()-G10%R&'()-F'10%O&'()-t10%O&'()- 10 10 10,8-10%&'()-V, i
dEbC`!10%O&'()-#10%O&'()-`9!10%O&'()-Yy#10%O&'()-fM10%O&'()-`@10%O&'()-
WxdEbC,10%O&'()-` %!10%O&'()-@##10%O&'()-`L!!10%O&'()-10%O&'()-`, 10%O&'()-
- d     dE:/ 10O 10O`8!10%O&'()-&6#10%O&'()- F4#10%
&'()-0`1`10%O&'()-Y`s0!10%O&'()-.10%O&'()-   'NxY:/ 10O#10%z&'()-
,&!10%z&'()-LL10%z&'()-l L10%z&'()-y:!10%z&'()- l`10%z&'()- 10OPJdE:/
10O&!&!10%z&'()-F!10%z&'()-f&!10%z&'()-`s10%z&'()-z#10%z&'()-L!10%z&'()-J}d
E:/ 10O'10%z&'()- 610%z&'()-Y.&!10%z&'()-f,#10%z&'()-
$9!10%z&'()-#"10%z&'()-!$bbC 10OY !10%&'()- `!10%&'()-10%&'()- 'm10%&'()-
10z 10z 10zs710%z&'()-?aBbC 10O!10%&'()-@#10%&'()-F
10%&'()-!IL10%&'()-3s10%&'()-L10%&'()- 8ydEbC 10O&!10%&'()-l
$10%&'()-,#10%&'()-9!!10%&'()-Y Yg10%&'()-f 10%&'()-1qdE:/ 10
108G10%&'()-6f#10%&'()-l.!10%&'()-,&!10%&'()-* 10%&'()- (310%&'()- "axY:/
10 y10%Z&'()- 3-10%Z&'()-3 !10%Z&'()- !10%Z&'()-@s10%Z&'()-'&m10%Z&'()-  



10T5dE:/ 10 "10%Z&'()- 10%Z&'()-3
10%Z&'()-3@!10%Z&'()-3L10%Z&'()-,l10%Z&'()-5xa$dE:/ 10
33%!10%Z&'()-S#g#10%Z&'()-3s!!10%Z&'()- 10%Z&'()-310%Z&'()-3
10%Z&'()-$a0jdE:/ 10 96#10%Z&'()- Fl410%Z&'()-F2!10%Z&'()-G30!10%Z&'()-3.
10%Z&'()- ,z#10%Z&'()- j8bC 10 s!10%&'()-s!10%&'()-s10%&'()-'m10%&'()-  10Z
10Z 10ZF8!10%Z&'()-8[ ) a dEbC 10  3910%&'()-S:10%&'()-s10%&'()-f#10%&'()-3
&10%&'()-10%&'()-a   !`!g!!dEbC 10
!10%&'()-&10%&'()-`!10%&'()-`!10%&'()-l#10%&'()-&s!10%&'()-!!"#M##$dEbC
10l4%10%&'()-0s!10%&'()-.s!10%&'()-l,#10%&'()-F%s!10%&'()-lf#"10%&'()-$=$>$
?$@$M$f$$$~_@ 10s`Y10%b&'()- &10%b&'()-Y 10%b&'()-!10%bb&'()-m 10 10
10lL6"10%&'()- $ %K%D&X&&&dE~_@
10sys!10%b&'()-10%b&'()-f10%b&'()-s&s!10%b&'()-lFz#10%b&'()-sS
10%b&'()-&&#'`'((Q((dE~_@
10l.10%b&'()-,10%b&'()-s%s!10%b&'()-,#"10%b&'()-9!&10%b&'()-sl10%b&'()-(()B
))))))dYNC 10 10b 10b 10b7s!10%b&'()- 6S#10%b&'()- 4`!10%b&'()-2
10%b&'()-3sL0`!10%b&'()-))))$*H*R*b@YNC 10!t&10%y&y&&'()- &10%&'()-f3
M!10%5&'()-fS 10%5&'()-3s10%5&'()-'m10%5&'()-R*W*k*u****z[<YNC
10!10%5&'()-10%5&'()-10%5&'()-!&10%--&'()-! &10%m m &'()-!v &10%c m c m
&'()-*+[+^+a+d+-dEYNC 103:!10%5&'()-3&6 10%5&'()-&,
10%5&'()-&#10%5&'()-S10%5&'()-` 10%5&'()----------xk^Q2 1
(10%O&'()-10P'10P10P L310%P&'()-!YL310%m5m5&'()-!L310%00&'()-!0L310%
&'()----(.B.H.N.}[<^Q2 1 10%O&'()- !Ns10%UU&'()-z!s10% O O&'()-z!Q`s
10%OO&'()-ls10%O&'()-3310%O&'()- N.......^?^Q2 1 m10%O&'()- !H
sS10%OOOO&'()- !FsS10%PP&'()- s10%O&'()- 10%O&'()-f10%O&'()-
.(/+/./9/G/M/}[<^Q2 1F.10%O&'()- !#  ( 10%OO&'()-F!& (
10%--&'()-FL610%O&'()-, 10%O&'()-!~@#-#10%OO&'()-M/P/`/n/r/U0W0}[<^Q2 



1f`10%OO&'()-!`s2 10%OO&'()- @#+l10%O&'()- !  (10% 2 2&'()-3!D (10%K K
&'()-3y 10%O&'()-W0Y0Z0[0\0i0l0o0q0yZ; 110%&'()-L 10%&'()-10%&'()-'10%&'()-
10OO 10OO 10OO (s10%OO&'()-&q000.1S112dEyZ; 1M!10%&'()-#10%&'()-
10%&'()-M!10%&'()-,&!10%&'()-  910%&'()- 2222222a?yZ;
1!@`S)"10%CC&'()-S)"10%&'()-!S)"10%\3\3&'()-&'10%&'()-3
3%10%&'()-S#10%&'()-243v3333333{peF 1!@&'m10%@&'()- 10 10 10
10%&'()-m,8:!10%&'()- 96#10%&'()- 3 Y4"10%&'()- 33D4[4444dBpeF
1!!sS10%&'()-MF310%@&'()-10%@&'()-&Lz10%@&'()-`93"10%@x&'()-3F10%@&'()-
4445@5}55dEpeF 1!!L&!M!10%@&'()-LFM!10%@&'()-LS!10%@&'()- s10%@&'()-
10%@&'()-sS10%@&'()-M55=6~6666dEpeF 1!!y,M10%@&'()-*10%@&'()-`(
10%@&'()-L&M!10%@&'()- L$'!10%@&'()-"#10%@&'()- 6677@7A7B7C7P7}rg\=
1'10%@&'()- 10@ 10@ 10@810%@&'()- 6 10%@&'()-! .10%@y@y&'()-!r
.10%,,&'()-P7S7778Y88aBg\= 1F"10%@&'()- 9!10%@&'()-
!10%@&'()-!""10%@@&'()-s0"10%@&'()-s3 10%@&'()-888 9&9C9K9a?g\=
1!.*Y"10%n$n$&'()-!
Y"10%AA&'()-Lyz10%@&'()-s10%@&'()-F10%@&'()-&&!10%@&'()-K99r:::5;B;dEg\=
1!.92s10%@&'()-90:!10%@&'()-93.:!10%@&'()- S,f#10%@&'()-
$`!10%@&'()-"y#10%@&'()-B;u;;;;;;;;bC 1! Y10%T&'()-'9m10%T&'()- 10@ 10@
10@7-10%@&'()- 5&10%@&'()- 310%@&'()- ;$<E<<<<=dEbC
1!!10%T&'()-3F"10%T&'()- & 10%T&'()-9z10%T&'()-&F
10%T&'()-&f&10%T&'()-=>V>>>?<?dEbC 1!"10%T&'()-!10%T&'()-&  10%T&'()-&@
10%T&'()-`S10%T&'()-t10%T&'()-<?q???????@bC 1!L10%(&'()-`Y G10%(&'()-l 10T
10T 10T&(10%T&'()-&&10%T&'()-$10%T&'()-@2@l@y@@@AdEbC
1!`s!10%(&'()-f#10%(&'()-s!10%(&'()-'&10%(&'()-S 10%(&'()-
&10%(&'()-A%B&CaCmCCCdEbC 1!)`!10%(&'()-&'&10%(&'()-F%10%(&'()-
f#s!10%(&'()-s!10%(&'()- l"10%(&'()-C"DbDvDDDDdEbC 1!4m 10%(&'()-02@
10%(&'()-Z010%(&'()-.m 10%(&'()- ,#10%(&'()-*`!10%(&'()-D5ErEsEtEuEEEEbC
1!:!10%O&'()- 10%O&'()-&10%O&'()- 10( 10( 10(@8`!10%(&'()- L6#10%(&'()- 



EE6FsFFFGdEbC 1!s "10%O&'()-3s`10%O&'()-3y 10%O&'()-S&!10%O&'()-`10%O&'()-
S10%O&'()-G]GGGH:HqHdEbC
1!Y10%O&'()-sy10%O&'()-&!10%O&'()-#10%O&'()-!10%O&'()-M!10%O&'()-qHHHI&JKRK
dEbC
1!6-#10%O&'()-sl.S&10%c&'()-,#10%O&'()-s$!10%O&'()-#!10%O&'()-9!:!10%O&'()-
RKKKKKKKKLbC 1!10%<&'()-  10%<&'()-10%<&'()-0l 410%<&'()-Y 10O 10O 10Os7
10%O&'()-LLSLLLL!MdEbC 1!10%<&'()- 10%<&'()-@10%<&'()-`10%<&'()-l 10%<&'()-
10%<&'()-!MHM NENbNNNdEbC 1!('10%<&'()-'10%<&'()-3%10%<&'()- S#9!10%<&'()-z
10%<&'()- 10%<&'()-NNN1OqOO PdEbC 1!Y4S&10%&'()-0!10%<&'()-.!10%<&'()-
,m"10%<&'()- *10%<&'()-'Lm10%<&'()- PGP~PPPPPPPbC
1!LS10%b&'()-YF10%b&'()-`'&10%b&'()-  10< 10<
10<,810%<&'()-L610%<&'()-PQ+QhQQQQdEbC 1!`@10%b&'()-` 10%b&'()-l:10%b&'()-`
10%b&'()-`&@10%b&'()-0L "10%&'()-YQQ RRURRRz[<bC 1"-#10%b&'()-`!
10%b&'()-3g10%b&'()-!10%&'()-:!10%ZZ&'()-:!10%&'()-:RS-ScSSSSdEbC
1F.T10%b&'()-f,F10%b&'()-s*10%b&'()-(T10%b&'()-`&&10%b&'()-`$
10%b&'()-S6TiTTTTTTTdYNC 1 10b 10b 10b710%b&'()- 5m 10%b&'()-3g10%b&'()-
`210%b&'()-`&0 10%b&'()-TTTU-U:UVVdEYNC 1 &
Z"10%T&'()-9'm10%T&'()-`,10%T&'()-`&10%T&'()-310%T&'()-10%T&'()-VVVVVpW~WWa
?YNC 1!`10%TT&'()-'!10%&'()-'& 10%T&'()-" 10%T&'()-Y
10%T&'()-s910%T&'()-WWWW0XHXtXcAYNC 1!!..10%''&'()-,,=
10%T&'()-sL*y10%T&'()- &l(:10%T&'()-`&10%T&'()- 10%&'()-'tXzX}XXXXXXX~_@ 1!
l10%&'()-0f10%&'()- 10T 10T 10T`710%T&'()-
510%T&'()-!..10%@@&'()-XXYY/YAYDYaB~_@ 1!  10%&'()-!8
@Z10%&'()-&10%&'()-10%&'()- F 10%&'()-'L10%&'()-DYLYYYYYYY}^?~_@ 1
`Z10%&'()-10%&'()-l10%&'()-:10%&'()- !r  l 10%00&'()- !P l 10%88&'()-
YYZ$Z1Z3ZLZ}^?~_@ 1S10%&'()-FYls10%&'()-t! ` 10%&'()- !` 10%&'()-
@10%&'()-l"10%&'()-LZRZVZZZZ[aB~_@ 1f,s!10%&'()-s*9!10%&'()-
lf,10%&'()-(:10%&'()- $y#m10%&'()- !9PS10%&'()-F[@[w[z[[[[dE~_@ 1:10%&'()-
410%&'()-S210%&'()- l510%&'()- 



&0:10%&'()-F.@10%&'()-[[[[[[[[[gK@5 1 10 10f10%&'()-f 10%&'()- ",;l10%&'()-
410%&'()-S@;10%&'()- 09;310%&'()-[[[[\]\\\xY:5 1 10&,10%&'()-3@#10%&'()-
S9!10%&'()-  `10%&'()-&10%&'()-l10%&'()- 10\]=]z]]^^dE:5 1
10Y,#g10%&'()-L!10%&'()-Y#10%&'()-L!10%&'()-L!10%&'()-
10%&'()-^^^___X_z[<:5 1 10 `010%&'()-YL'm"10%&'()-!`YL'm"10%&'()-!l
PYL'm"10%&'()-!YL'm"10%&'()- %10%&'()-X___`Q`R`S`T`Y`xmbC 1 100lZ10%(&'()-3
10 10 10810%&'()-Y&6#10%&'()-34-&10%&'()- 2M!10%&'()-3Y`f```a aadBmbC 1
10!`FF10%&'()-@-10%(&'()-`10%(&'()-sl
10%(&'()-y10%&'()-G&10%(&'()-a)a/aGaa}bbz[<mbC 1 103#@#10%(&'()-!10%(&'()-
f#10%(&'()-!`FF10%((&'()-!FF10%&'()-!FF10%>>&'()-bbcc*c?cyc}[<mbC 1 10
210%(&'()-3!3)10%((&'()-!yP3)10%((&'()-!3)10%&'()-&10%(&'()-
$z10%(&'()-yccdBdCdDdEdHdUdbC 1 109'`m10%<&'()-F10%<&'()- 10( 10( 10(8
10%(&'()-F6f#10%(&'()- 34!10%(&'()- Udddee-e5ea?bC 1 10!p 10%dZdZ&'()-S!
10%<<&'()-S 10%<&'()- 10%<&'()-m"10%`&'()-s9!10%<&'()-m5ereeef@fofdEbC 1
10!p "@10%<&'()- 10%<&'()-g10%<&'()-&!10%<&'()- :!10%<&'()- 3#10%<&'()-
offf$g[gghdEbC 1
10!p-:!10%<&'()-,#10%<&'()-9*M10%<&'()-F(!10%<&'()-f&!10%<&'()-$10%<&'()-hh
iiiiii-jbC 1 10!F3#10%-u&'()-&&!10%-u&'()-F10%-u&'()- 10< 10< 10<7
10%<&'()-  5f#10%<&'()--jbjojjjk\kdEbC 1 10!#10%-u&'()-
9-10%-u&'()-LZ10%-u&'()-&!10%-u&'()-s'm10%-u&'()-
&@10%-u&'()-\kkkk'lflgmdEbC 1
10!&$M!10%-u&'()-##10%-u&'()-9!10%-u&'()-9Y10%-u&'()-9y'!10%-u&'()-9m10%-u&
'()-gmmmmnLnndEbC 1 10!6#10%-u&'()-
410%-u&'()-L110%-u&'()-Y9L0:!10%-u&'()-Y.10%-u&'()- , 10%-u&'()-nnnnnnnop_=
1 



10!k`Y`$10%&'()-!tY`$10%&'()-9'10%&'()-10%&'()- 10-u 10-u
10-uL7:!10%-u&'()-pqqrs@s+t}^<_= 1 10!pY.#10%&'()-m Y %#10%&'()-y!pdY
%#10%&'()-yY#10% &'()-y!pY#10%&'()-yY`$10%&'()-+tttttttt ucB 1 10!p
@#10%[[&'()- (@#10%&'()-, 10%Z&'()-&'9m10%Z&'()- 101010Y.#10%&'()-m
uuvvwxyzX6cB 1
!f%#10%&'()-!\W%#10%&'()-!k#10%ZZ&'()-g&#10%Z&'()-!a&#10%&'()-!(@#10%ZZ&'()
-y/z0z1z2z5zBz|zzuV7 1 !YY !10%Z&'()- y10%Z&'()-&'10%Z&'()-@l10%Z&'()- 10
10 10!k%#10%&'()-zz{D{{{{dBuV7 1 !Y!`3&!10%&'()-3&!10%Zj&'()-3&!10%Z&'()-@
L!10%Z&'()-3,10%Z&'()-3L!10%Z&'()-{|N|K}}\~~dEuV7 1 !Y!f,#10%Z&'()-
$&!10%Z&'()-"g#10%Z&'()- 3s!10%Z&'()-z 10%Z&'()-310%Z&'()-~~~6vdE:/ 10Z
10Z37!10%Z&'()- 5#10%Z&'()- 3%10%Zs&'()-2!10%Z&'()-  &010%Z&'()-
F.310%Z&'()-FrP1/ &$10%y&'()-!&$10%<<&'()-!&$10%kk&'()-!&$10%\\&'()-S
10%&'()-`'9l10%&'()- 10ZF.lEla}[9+/ 10!.#10%&'()- !L.#10%&'()-
3%y#10%9&'()-y!3%y#10%&'()-yz#10%&'()-y!~z#10%&'()-y.hgH/ 10!.#1L9
10%-u&'()-LY 10%-u&'()-Lfz 10%-u&'()- 3l10%-u&'()-'9m10%-u&'()- 10 10RdEH/
10!S10%-u&'()-Ls10%-u&'()-y#10%-u&'()-L!10%-u&'()-Y3"10%-u&'()-
,10%-u&'()-(dWdEH/ 10!`F.10%-Q&'()-
S,Y"10%-u&'()-L$!10%-u&'()-"y#10%-u&'()-L!T10%-u&'()-`F 10%-u&'()-5tdYNC0!
10-u 10-u 10-u`710%-u&'()-5#10%-u&'()-`3!10%-u&'()-`1!10%-u&'()-
&010%-u&'()-HdEYNC0! 3M10% h&'()-F:!10% h&'()-F M!10% h&'()- S10%
h&'()-,10% h&'()-,&10% h&'()-^dEYNC0!  10% h&'()-F10% h&'()-F:!10%
h&'()-#10% h&'()-FL:!10% h&'()-fl#10% h&'()-3&bdEYNC0! Y0m10% h&'()-F.:!10%
h&'()-,3"10% h&'()-F3%:!10% h&'()-S##10% h&'()-Fs!:!10% h&'()-
/WxmbC0!9'10%&'()- 10 h 10 h 10 h 810% h&'()- L6F10% h&'()-FY4%10% &'()-
,210% h&'()- {Y7mbC0!~Y#10%%%&'()-G !Y#10%&'()-!~MY#10%%%&'()-
Y#10%77&'()-)!yY#10%  &'()- 10%&'()-EFGzXJ<C0! 10** 10**!Yl.#10%**&'()-
!Yl.#10%**&'()- Y&"10%&'()-!~jY&"10%%%&'()-!~Y#10%%%&'()-G GHUX=uV7C0@
10%&'()-`L!10%&'()-  10%&'()-10%&'()- 10%&'()-9'910%&'()- 10**=QdE7C0@ 



F#10%&'()-10%&'()-t10%&'()-`!10%&'()-`!10%&'()-3S#10%&'()-OdE7C0@
$`!10%&'()-F#m"10%&'()-9!G10%&'()-Y 10%&'()-y10%&'()-M!10%&'()-7udE7C0@
F6"10%&'()-4,&10%&'()-,2L!10%&'()-9010%&'()-Y.&!10%&'()-3y,#10%&'()-+,-.;
>RbC0@lY:!10%b&'()-L!10%b&'()-l 10%b&'()-'10%b&'()-  10 10
107L!10%&'()-R+j1kdEbC0@'10%b&'()-` %
10%b&'()-@#z#10%b&'()-`!10%b&'()-`f#10%b&'()-L9z 10%b&'()-Q
DdEbC0@F4#10%&'()-`s010%b&'()-`.
10%b&'()-,z#10%b&'()-s*10%b&'()-`(10%b&'()-DabC0@s 10%O&'()-10%O&'()-Y
10%O&'()- 10b 10b 10b`810%b&'()-96m10%b&'()-M HdEbC0@`!10%O&'()-
"10%O&'()-`&!10%O&'()-#10%O&'()- s !10%O&'()-
`&!10%O&'()-HXWsdEbC0@`S&10%O&'()-`s$!10%O&'()-"z#10%O&'()-`
!10%O&'()-10%O&'()-s10%O&'()-s'^ndEbC0@`110%O&'()-/10%O&'()-s-10%O&'()-+g#1
0%O&'()-`*!10%O&'()-3(10%O&'()-!]^_`cxmbC0@`FG10%&'()-m 10O 10O
10O`Y7!10%O&'()- F(10%O&'()-
y5g#10%O&'()-310%O&'()-cphaz[9mbC0!t#10%&'()-#10%&'()-!ye#10%&'()-!~#10%&'(
)-!y#10%&'()-&'9m10%&'()-xMN}[9+C 10!s.#10%&'()- !y`.#10%&'()- !y.#10%&'()-
,10%&'()-Y +10%&'()- !y#10%&'()-NOP]`}wa?C
10!!~Y9#10%%%&'()-!\$10%&'()-!$10%&'()- 10%&'()-`'l10%&'()- 10 10w}[<?C
10!Y %#10%&'()-!txY
%#10%&'()-Y#10%&'()-f!iY#10%**&'()-f!MY#10%88&'()-fY9#10%&'()-PQRS`crS4010%
@&'()-3 10%@&'()-'&10%@&'()-  10** 10** 10**!Y.:$10%**&'()-
!~Y.:$10%%%&'()- NdErS4010Lf10%@&'()-Ls10%@&'()- Y#10%@&'()-
910%@&'()-L!10%@&'()-9 :!10%@&'()-I\dErS4010` 10%@&'()-10%@&'()-
LG10%@&'()- 10%@&'()-L&!10%@&'()- F10%@&'()-
@jdBrS40![90!10%@@&'()-L.10%@&'()- ,#10%@&'()- 9l%!10%@&'()-ty#y#10%@&'()-
L! 10%@&'()-j*+,-:=bC0!S 10%&'()-`'910%&'()- 10@ 10@ 10@9f8!10%@&'()-
6#10%@&'()-&4!10%@&'()-=`1)dEbC0!'!10%&'()-#10%&'()- G10%&'()-  10%&'()-l
,10%&'()- `10%&'()-)nhTdEbC0!f)!10%&'()- ''!10%&'()-F
%10%&'()-#10%&'()-F'!10%&'()-f#10%&'()- T&_dEbC0!4 10%&'()-Y
210%&'()-1G10%&'()-4/10%&'()-&-#10%&'()-
Y+10%&'()-)*+,9<4b@0!as$10%tt&'()-f 10%&'()-&`10%&'()- 10 10
108!10%&'()-6#10%&'()- 4WewX6b@0!y[%#10%&'()-, #10%&'()-!L,
#10%&'()-!ps$10%&'()-!fRs$10%yy&'()-!ts$10%&'()-0123@CrS40,
10%<&'()-'yl10%<&'()-  10 10 



10!@/#10%&'()- !~@/#10%&'()- %#10%&'()-C{3ndErS40,
10Z10%<&'()--#10%<&'()-10%<&'()- M!10%<&'()- :!10%<&'()- L10%<&'()-IdErS40,
10 ##10%<&'()-3:!10%<&'()-s
S#10%<&'()-s!10%<&'()-10%<&'()-@10%<&'()-Cu.dErS40, 10/:!10%<&'()-
&-#10%<&'()-F+10%<&'()-S)s10%<&'()-':!10%<&'()-%&!10%<&'()-.f:;<=aVK@0, 10<
10<
10<810%<&'()-610%<&'()-410%<&'()-!V0'!10%J<J<&'()-0'!10%&'()-=JM,t}[9VK@0!l
L$10%&'()-!ylL$10%
&'()-!plL$10%&'()-!tlL$10%uu&'()-@10%&'()-&'10%&'()-tmd9:}[9+@ 10  !xl/#10%
&'()- !Hl/#10%&'()- l&- 10%&'()-
Y+10%&'()-!~lFz#10%&'()--!~lFz#10%&'()--:;<?igH@ 10  !xl/#1S 10%(&'()- s
10%(&'()- 10%(&'()-10%(&'()- 10%(&'()- 10   10  V8dEH@ 10
!xl3310%(&'()-10%(&'()- 10%(&'()-  10%(&'()-&10%(&'()-F 10%(&'()-8r#TdEH@
10  !xl$10%(&'()-3,#910%(&'()-L!10%(&'()-Y 10%(&'()- y
10%(&'()-10%(&'()-%kldEH@ 10  !xl 6f#10%(&'()-l. 10%(&'()-
,@#10%(&'()-*10%(&'()- (10%(&'()-&10%(&'()-NbC0  !x L
10%G&'()-@10%G&'()-L'10%G&'()- 10( 10( 10(7 10%(&'()-(m10%(&'()-NRdEbC0
!x3y 10%G&'()-39!10%G&'()-@,#10%G&'()-l 10%G&'()-3
s10%G&'()-3,M!10%G&'()-'adEbC0  !x3 9!10%G&'()-Y& 10%G&'()-l
F10%G&'()-fG10%G&'()-3s310%G&'()- 10%G&'()-C|dEbC0  !xl
Y+10%G&'()-3f)10%G&'()-3'310%G&'()- %10%G&'()-
#`10%G&'()-3!10%G&'()-Q>dEbC0  !x6#10%G&'()- 410%G&'()- 32!10%G&'()- 30y
10%G&'()-33/9!10%G&'()-&-#10%G&'()-D~_@0  !s!10%<&'()-  L10%<&'()-
`10%<&'()-!I10%<<&'()- 10G 10G 10GY810%G&'()-DHdE~_@0
!`10%<&'()-s`!10%<&'()- #10%<&'()-`&!10%<&'()-Ff#10%<&'()-sS!10%<&'()-
,edE~_@0  !`(y10%<&'()-s&10%<&'()-
%:10%<&'()-,#10%<&'()-sL!s!10%<&'()-`Y!10%<&'()-<y)dE~_@0  !
4:10%<&'()-s2M!10%<&'()-3``0 10%<&'()-s.s!10%<&'()-,#10%<&'()-
*M10%<&'()-)jz{|}bC0  !s 10%g&'()-10%g&'()-0FF 10%g&'()-F 10< 10<
10<810%<&'()-6#10%<&'()- !^EdEbC0  !&F10%g&'()-S10%g&'()- & 10%g&'()-
Y"10%g&'()-&!10%g&'()- 9 10%g&'()-Eo 4dEbC0
!9'10%g&'()-&Y%10%g&'()-y##10%g&'()-&!10%g&'()-#10%g&'()-910%g&'()-4k,bdEbC
0  !210%g&'()-&0-10%g&'()-Z.10%g&'()- ,g#10%g&'()- 9*
10%g&'()-s)10%g&'()-NOPQ^xmbC0  !(m10%m&'()- 10g 10g 10g&S8!10%g&'()-
(910%g&'()-`6S#10%g&'()-s410%g&'()-^a HZdEmbC0  !,  10%m&'()- !10%m&'()- l
10%m&'()- 



10%m&'()-F9- 10%m&'()-, 10%m&'()-Z6tdEmbC0  ! 3 10%m&'()- S"10%m&'()- `
10%m&'()-F 10%m&'()-Y 10%m&'()-10%m&'()- KvdEmbC0  !-y#10%m&'()-
%!10%m&'()-#f#10%m&'()-!10%m&'()-  10%m&'()-l 10%m&'()- *ddYNC0  ! 10m 10m
10m 8 10%m&'()-6S#10%m&'()- Y 410%m&'()-010%m &'()- . 10%m&'()- ;hdEYNC0  !
10%&'()-    10%&'()-@&10%&'()-`!10%&'()-@10%&'()-`'l10%&'()-<y(dEYNC0  !
Fy10%&'()-!10%&'()- 10%&'()-  10%&'()- 10%&'()-10%&'()-(a8wdEYNC0  ! %
10%&'()-F#-#10%&'()-!10%&'()- 10%&'()-9l10%&'()-  Yy10%&'()-wT^dEYNC0  !
1z10%&'()-4@/-10%&'()-39-`10%&'()-  Y+y10%&'()-y)10%&'()-' 10%&'()- JxmbC0
!'10% h&'()- 10 10 108 10%&'()-F6@#10%&'()-4 10%&'()-2s10%&'()-^dEmbC0
!f"10% h&'()- Y!10% h&'()- Y3 !10% h&'()-  S`10% h&'()-Fs!10% h&'()-,S 10%
h&'()-WZdEmbC0  !Yls!10% h&'()-y10% h&'()-Y10% h&'()-F!10% h&'()-Y!10%
h&'()- M10% h&'()-ZvdEmbC0  ! l+910% h&'()-)10% h&'()-'M10% h&'()-%M10%
h&'()-#10% h&'()-Yls!10%  &'()-TTdEmbC0  !6"10% h&'()- 4Y"10% &'()-3Y3:10%
h&'()-Y 1M!10% h&'()- Y,/:!10% h&'()-L-$10% h&'()-TbC0  !
10%Z&'()-!10%Z&'()- 10%Z&'()-(10%Z&'()- 10 h 10 h 10 hY8 10% h&'()-IbC0  !3
10%&'()-`'10%&'()- 10Z 10Z 10Z@#10%Z&'()-910%Z&'()-10%Z&'()-wU3bC0 !(h
10%44&'()-l"!(h 10%44&'()-l"!(h 10%44&'()-l"!(h 10%44&'()-l"'!(h
10%44&'()-l")!`10%44&'()-x63bC0 !Ao  uk;!(h 10%44&'()-l"!(h 10%44&'()-l"!(h
10%44&'()-l"!(h 10%44&'()-l"nQ4C0 !(h 10%44&'()-l"(h 10%44&'()-l"(h
10%44&'()-l"(h 10%44&'()-l"(h 10%44&'()-l"(h 10%44&'()-l"(h
10%44&'()-l"aD'4(h 10%44&'()-l"(h 10%44&'()-l"!(h 10%44&'()-l"Ao  uk;(h
10%44&'()-l"(h 10%44&'()-l"nQ4(h 



10%44&'()-l"(h 10%(h 10%44&'()-l"(h 10%44&'()-l"(h 10%44&'()-l"(h
10%44&'()-l"(h 10%44&'()-l"(h 10%44&'()-l"z]@Q4(h 10%44&'((h 10%44&'()-l"(h
10%44&'()-l"!(h 10%44&'()-l"!(h 10%44&'()-l"Ao  uk; i'4Ao  uk;(h
10%44&'()-l"(h 10%44&'()-l"(h 10%44&'()-l"!(h 10%44&'()-l"(h
10%44&'()-l"eH4Ao  uk;(h 10%44&'()-l"(h 10%44&'()-l"(h 10%44&'()-l"!(h
10%44&'()-l"(h 10%44&'()-l"!(h 10%44&'()-l" !+b@H4Ao  uk;!(h
10%44&'()-l")Ao  uk;(h 10%44&'()-l"(h 10%44&'()-l"!(h
10%44&'()-l"+,-12348iL*!(h 10%44&'()-l" (h 10%44&'()-l"(h 10%44&'()-l"(h
10%44&'()-l"!(h 10%44&'()-l"(h 10%44&'()-l"(h 10%44&'()-l"89:@ABC~aD'*(h
10%44&'()-l"(h 10%44&'()-l"(h 10%44&'()-l"!(h 10%44&'()-l")Ao  uk;(h
10%44&'()-l"CGHIJNOe#Ao  uk;!(h 10%44&'()-l"(h 10%44&'()-l"(h
10%44&'()-l"(h 10%44&'()-l"!(h 10%44&'()-l"O^_`abcdnQ4o  uk;(h
10%44&'()-l"(h 10%44&'()-l"(h 10%44&'()-l"(h 10%44&'()-l"(h 10%44&'()-l"(h
10%44&'()-l"(h 10%44&'()-l"defgswa?nQ4o  uk;(h 



10!(h 10%44&'()-l"!(h 10%44&'()-l"Ao  uk;(h 10%44&'()-l"(h
10%44&'()-l"wz}}`C4o  uk;(h 10!(h 10%44&'()-l"(h 10%44&'()-l"(h
10%44&'()-l"!(h 10%44&'()-l"!(h 10%44&'()-l"!(h 10%44&'()-l"~aD'4(h
10%44&'()-l"(h 10%44&'()-l"(h 10%44&'()-l"!(h 10%44&'()-l"Ao  uk;(h
10%44&'()-l"|Z'4(h 10%44&'()-l"(h 10%44&!(h 10%44&'()-l"!(h
10%44&'()-l"-!(h 10%44&'()-l"!(h 10%44&'()-l"(h 10%44&'()-l"gJ-4((h
10%44&'()-l"(h 10%44&'()-l"(h 10%44&'()-l"(h 10%44&'()-l"(h 10%44&'()-l"Ao
uk;I'4!(h 10%44&'()-l"lAo  uk;h(h 10%44&'()-l"(h 10%44&'()-l"(h
10%44&'()-l"(h 10%44&'()-l"xV44!(h !(h 10%44&'()-l"u!(h 10%44&'()-l"!(h
10%44&'()-l"!(h 10%44&'()-l"!(h 10%44&'()-l"!(h 10%44&'()-l"z]@44!(h !(h (h
10%44&'()-l"(h 10%44&'()-l"Ao  uk;!(h 10%44&'()-l"!(h 10%44&'()-l"nQ4(h (h
10%44&'()-l"(h 10%44&'()-l"(h 10%44&'()-l"(h 10%44&'()-l"(h 10%44&'()-l"(h
10%44&'()-l"(h 10%44&'()-l"zX6nQ4(h !(h 10%44&'()-l"h!(h 10%44&'()-l"!(h
10%44&'()-l"!(h 10%44&'()-l"Ao 



uk;"&*.2xVnQ4(h !(h 10%44&'()-!(h 10%44&'()-l"-!(h 10%44&'()-l"-!(h
10%44&'()-l"-!(h 10%44&'()-l"!(h 10%44&'()-l"23CDEFGgJ-4(h 10%44&'()-l"(h
10%44&'()-l"(h 10%44&'()-l"(h 10%44&'()-l"(h 10%44&'()-l"Ao  uk;
GHIJKL_I'4!(h 10%44&'()-l"lAo  uk;h(h 10%44&'()-l"(h 10%44&'()-l"(h
10%44&'()-l"(h 10%44&'()-l"_dinsx}xV44!(h !(h 10%44&'()-l"u!(h
10%44&'()-l"!(h 10%44&'()-l"!(h 10%44&'()-l"!(h 10%44&'()-l"!(h
10%44&'()-l"}z]@44!(h !(h (h 10%44&'()-l"(h 10%44&'()-l"Ao  uk;!(h
10%44&'()-l"!(h 10%44&'()-l"nQ4(h (h 10%44&'()-l"(h 10%44&'()-l"(h
10%44&'()-l"(h 10%44&'()-l"(h 10%44&'()-l"(h 10%44&'()-l"(h
10%44&'()-l"zX6nQ4(h !(h 10%44&'()-l"h!(h 10%44&'()-l"!(h 10%44&'()-l"!(h
10%44&'()-l"Ao  uk;xVnQ4(h !(h 10%44&'()-!(h 10%44&'()-l"-!(h
10%44&'()-l"-!(h 10%44&'()-l"-!(h 10%44&'()-l"!(h 10%44&'()-l"gJ-4(h
10%44&'()-l"(h 10%44&'()-l"(h 10%44&'()-l"(h 10%44&'()-l"(h 10%44&'()-l"Ao
uk;I'4!(h 10%44&'()-l"lAo  uk;h(h 10%44&'()-l"(h 10%44&'()-l"(h 



10%44&'()-l"(h 10%44&'()-l" xV44!(h !(h 10%44&'()-l"u!(h 10%44&'()-l"!(h
10%44&'()-l"!(h 10%44&'()-l"!(h 10%44&'()-l"!(h 10%44&'()-l"!"12z]@44!(h
!(h (h 10%44&'()-l"(h 10%44&'()-l"Ao  uk;!(h 10%44&'()-l"!(h
10%44&'()-l"23456789nQ4(h (h 10%44&'()-l"(h 10%44&'()-l"(h 10%44&'()-l"(h
10%44&'()-l"(h 10%44&'()-l"(h 10%44&'()-l"(h 10%44&'()-l"9:DFHJzX6nQ4(h !(h
10%44&'()-l"h!(h 10%44&'()-l"!(h 10%44&'()-l"!(h 10%44&'()-l"Ao  uk;
JLNPRTxVnQ4(h !(h 10%44&'()-!(h 10%44&'()-l"-!(h 10%44&'()-l"-!(h
10%44&'()-l"-!(h 10%44&'()-l"!(h 10%44&'()-l"TUbcdefgJ-4(h 10%44&'()-l"(h
10%44&'()-l"(h 10%44&'()-l"(h 10%44&'()-l"(h 10%44&'()-l"Ao  uk;
fghijkwI'4!(h 10%44&'()-l"lAo  uk;h(h 10%44&'()-l"(h 10%44&'()-l"(h
10%44&'()-l"(h 10%44&'()-l"w}xV44!(h !(h 10%44&'()-l"u!(h 10%44&'()-l"!(h
10%44&'()-l"!(h 10%44&'()-l"!(h 10%44&'()-l"!(h 10%44&'()-l"z]@44!(h !(h (h
10%44&'()-l"(h 10%44&'()-l"Ao  uk;!(h 10%44&'()-l"!(h 10%44&'()-l"nQ4(h (h
10%44&'()-l"(h 10%44&'()-l"(h 



10%44&'()-l"(h 10%44&'()-l"(h 10%44&'()-l"(h 10%44&'()-l"(h
10%44&'()-l"xW6(h  ``Y3310%g'g&'()- `9'10%g'g&'()- 1044 1044 1044(h
10%44&'()-l"Ao  uk;G|Z96(h   `@ 10%g'g&'()-  !te 10%{{&'()-
`l"10%g'g&'()-  `s 10%g'g&'()- `s 10%g'g&'()-  `10%g'g&'()-B|[:6(h
`s'y10%g'g&'()- `s%-10%g'g&'()- `#10%g'g&'()- `s!10%g'g&'()- `s 10%g'g&'()-
`y10%g'g&'()-Q|[:6(h    p 1@ 10%w%w&'()-   1@ 10%'&'()- `/10%g'g&'()-
`&-@#10%g'g&'()- `sF+ 10%g'g&'()- `f) 10%g'g&'()-'()*7;tvU4(h
`f10%T&T&'()-Z `lG10%T'T&'()- ``'l10%T'T&'()-107Q%7107Q%7107Q%7 0 1@
10%7Q%7&'()- `` 1@ 10%gKg&'()-tE|[:vU4(h  ` `!10%T'T&'()- ` `L10%T'T&'()-`
` 10%T'T&'()- `,10%T'T&'()- `s9M10%T'T&'()- `sY !10%T'T&'()- *|[9vU4(h  !x
Y10%lYlY&'()-& ` Y10%TpT&'()-&` `m10%T'T&'()- `10%T'T&'()- `s!10%T'T&'()-
`s!10%T'T&'()-*9<u|[:vU4(h  ! `*10%T'T&'()- `(:10%T'T&'()-` `s&!10%T'T&'()-
`$L10%T'T&'()- ` #10%T'T&'()- <` Y10%0'0&'()-&vU4(h  `l 10%'&'()-
`'m10%'&'()- 10'10'10'  Y.$10%'&'()-  C Y.$10%'&'()-  ` y,
10%T'T&'()-<|u|[:vU4(h  ` `9sM!10%'&'()-` `F@#10%'&'()- `10%'&'()-
`&10%'&'()- ` `10%'&'()- `9`10%'&'()-u5u|[:vU4(h  ` `f#10%'&'()-`
`9!M!10%'&'()- `10%'&'()- `M10%'&'()- `L10%'&'()- `#10%'&'()-Eghijw|obU4(h
`'10%*b#*&'()- 10'10'10' `*M10%'&'()- `L)M10%'&'()- `9&'M!10%'&'()-
`F%10%'&'()-w{_?bU4(h  `'6 10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!6
10%*b#*&'()-+!6 10%*b#*&'()-+! `lG10%*b#*&'()-=?bU4(h  `Ao  6
10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!pT84(h  6
10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!6
10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!jJ*86 10%*b#*&'()-+!6
10%*b#*&'()-+!Ao  6 10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!pT86 16
10%*b#*&'()-+!66 10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!6 



10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!bF*86 10%*b#*&'()-+!6
10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!Ao  J*86
10%*b#*&'()-+!Ao  6 10%*b#*&'()-+!66 10%*b#*&'()-+!6 10%*b#*&'()-+!6
10%*b#*&'()-+!      pT466 10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!6
10%*b#*&'()-+!66 10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!       fJ.46
10%*b#*&'()-+!*6 10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!Ao  6
10%*b#*&'()-+!     ! " k)4Ao  6 10%*b#*&'()-+!6 10%*b#*&'()-+!6
10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!" 0 1 2 3 4 5 6 tX<Ao  6
10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!6 



10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!6 7 8 9 @ D G fF&<6
10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!Ao  6 10%*b#*&'()-+!6
10%*b#*&'()-+!G I L O R U X _?<6 10%*b#*&6 10%*b#*&'()-+!6 10%*b#*&'()-+!6
10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!X Y n o p q r
jN2<6 6 10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!6
10%*b#*&'()-+!+Ao  r s t u v w  N.<6 10%*b#*&'()-+!Ao  6 10%*b#*&'()-+!6
10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!        cG+6 10%*b#*&'()-+!6
10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!6 



10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!       fJ.+6 10%*b#*&'()-+!6
10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!Ao  6 10%*b#*&'()-+!
h&+Ao  6 10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!6
10%*b#*&'()-+!        oS7o  6 10%*b#*&'()-+!6 10%*b#*&'()-+!6
10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!+6 10%*b#*&'()-+!6
10%*b#*&'()-+!       fF&76 10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!Ao
6 10%*b#*&'()-+!6 10%*b#*&'()-+!      _?76 10%*b#*&6 10%*b#*&'()-+!6
10%*b#*&'()-+!6 10%*b#*&'()-+!6 



10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!jN276 6 10%*b#*&'()-+!6
10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!+Ao  /N.76
10%*b#*&'()-+!Ao  6 10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!6
10%*b#*&'()-+!/49>CHM_?76 10%6 10%*b#*&'()-+!6 10%*b#*&'()-+!6
10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!MRWXabc}aE)76
10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!Ao  6 10%*b#*&'()-+!6
10%*b#*&'()-+!cdefghitX76 10%*b#*&'()-+!6 10%*b#*6 10%*b#*&'()-+!6
10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!6
10%*b#*&'()-+!ij~^>X76 10%*b#*&6 10%*b#*&'()-+!6 10%*b#*&'()-+!6
10%*b#*&'()-+!6 10%*b#*&'()-+!Ao  _X76 10%*b#*&6 10%*b#*&'()-+!6
10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!6
10%*b#*&'()-+!jN276 6 10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!6
10%*b#*&'()-+!6 10%*b#*&'()-+!+Ao  N.76 10%*b#*&'()-+!Ao  6 10%*b#*&'()-+!6
10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!_?76 10%6 10%*b#*&'()-+!6
10%*b#*&'()-+!6 



10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!}aE)76
10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!Ao  6 10%*b#*&'()-+!6
10%*b#*&'()-+!tX76 10%*b#*&'()-+!6 10%*b#*6 10%*b#*&'()-+!6 10%*b#*&'()-+!6
10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+! ~^>X76
10%*b#*&6 10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!Ao
"$_X76 10%*b#*&6 10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!6
10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!$%23456jN276 6
10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!6
10%*b#*&'()-+!+Ao  6789:;EN.76 10%*b#*&'()-+!Ao  6 10%*b#*&'()-+!6
10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!EKQW]ci_?76 10%6
10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!6
10%*b#*&'()-+!6 10%*b#*&'()-+!iouv}aE)76 10%*b#*&'()-+!6 10%*b#*&'()-+!6
10%*b#*&'()-+!Ao  6 10%*b#*&'()-+!6 10%*b#*&'()-+!tX76 10%*b#*&'()-+!6
10%*b#*6 10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!6 10%*b#*&'()-+!6
10%*b#*&'()-+!6 10%*b#*&'()-+!|[:6 10%*b# 6310%*?'*&'()-  6F(10%*?'*&'()- 



10*b#*10*b#*10*b#*6 10%*b#*&'()-+!Ao  . g  |[::6 10%*b# 6& 10%*?'*&'()-
6F"10%*?'*&'()- 6S 10%*?'*&'()-  6s 10%*?'*&'()- 6 10%*?'*&'()-
6s910%*?'*&'()-+O|[::6 10%*b# 6,#T#10%*?'*&'()- 69!f10%*?'*&'()-
6l10%*?'*&'()- 6y 10%*?'*&'()- 6z10%*?'*&'()- 610%*?'*&'()-;s|[::6 10%*b#
6l. 10%*?'*&'()- 6,@#10%*?'*&'()- 6*10%*?'*&'()- 6s(10%*?'*&'()-
6&&10%*?'*&'()- 6%10%*?'*&'()-*D~|[NA46 1010*?'*10*?'*10*?'* 6810%*?'*&'()-
66T#10%*?'*&'()- 6 4"10%*!*&'()-  6@2 10%*?'*&'()- 6s`0 10%*?'*&'()-
}]=NA46 1010*? X10%Nx$N&'()-! X10%Nx$N&'()-! X10%Nx$N&'()-! !10%Nx$N&'()-
63310%cx$c&'()- 6`'fl10%cx$c&'()-!$_?NA46 1010*? X10%Nx$N&'()-!
X10%Nx$N&'()-! X10%Nx$N&'()-! X10%Nx$N&'()-! X10%Nx$N&'()-!
X10%Nx$N&'()-!$%:;<=>jN2NA46  X10%Nx$N&'()-! X10%Nx$N&'()-! X10%Nx$N&'()-!
X10%Nx$N&'()-! X10%Nx$N&'()-!Ao. g#T>?@ABCUN.NA4 X10%Nx$N&'()-!Ao. g#T
X10%Nx$N&'()-! X10%Nx$N&'()-!. X10%Nx$N&'()-! X10%Nx$N&'()-!UVWXYZ[\tX<4 X1
X10%Nx$N&'()-!. X10%Nx$N&'()-! X10%Nx$N&'()-! X10%Nx$N&'()-!
X10%Nx$N&'()-!. X10%Nx$N&'()-! X10%Nx$N&'()-!\]^jnopbF*< X10%Nx$N&'()-!
X10%Nx$N&'()-! X10%Nx$N&'()-! X10%Nx$N&'()-!Ao. g#T
X10%Nx$N&'()-!pquvwxyp.<Ao. g#T1 X10%Nx$N&'()-! X10%Nx$N&'()-!
X10%Nx$N&'()-! X10%Nx$N&'()-! X10%Nx$N&'()-!ykO/A X10%Nx$N&'()-!
X10%Nx$N&'()-! X10%Nx$N&'()-!( X10%Nx$N&'()-!( X10%Nx$N&'()-!
X10%Nx$N&'()-! X10%Nx$N&'()-!fJ./ X10%Nx$N&'()-! X10%Nx$N&'()-!(
X10%Nx$N&'()-!Ao. g#T X10%Nx$N&'()-! 



X10%Nx$N&'()-!kO/ X10%Nx$N&'()-! X10%Nx$N&'()-! X10%Nx$N&'()-!
X10%Nx$N&'()-! X10%Nx$N&'()-! X10%Nx$N&'()-!( X10%Nx$N&'()-!fJ*/
X10%Nx$N&'()-! X10%Nx$N&'()-!( X10%Nx$N&'()-! X10%Nx$N&'()-!
X10%Nx$N&'()-!Ao. g#TJ./ X10%Nx$N&'()-!Ao. g#T X10%Nx$N&'()-!
X10%Nx$N&'()-!. X10%Nx$N&'()-! X10%Nx$N&'()-!tX< X10% X10%Nx$N&'()-!g
X10%Nx$N&'()-! X10%Nx$N&'()-! X10%Nx$N&'()-! X10%Nx$N&'()-!. X10%Nx$N&'()-!
X10%Nx$N&'()-!bBtX< X10% X10%Nx$N&'()-! X10%Nx$N&'()-! X10%Nx$N&'()-!Ao.
g#T X10%Nx$N&'()-!kO< X10% X X10%Nx$N&'()-! X10%Nx$N&'()-! X10%Nx$N&'()-!
X10%Nx$N&'()-! X10%Nx$N&'()-! X10%Nx$N&'()-!fJ.< X10%Nx$N&'()-!
X10%Nx$N&'()-!( X10%Nx$N&'()-!( X10%Nx$N&'()-!( X10%Nx$N&'()-!Ao. g#T  =.<
X10%Ao. g#T X10%Nx$N&'()-! X10%Nx$N&'()-! X10%Nx$N&'()-!
X10%Nx$N&'()-!%&'()*+tX< X10% X10%Nx$N&'()-! X10%Nx$N&'()-! X10%Nx$N&'()-!%
X10%Nx$N&'()-!X X10%Nx$N&'()-! X10%Nx$N&'()-! X10%Nx$N&'()-!+,-.7=@fF&<
X10%Nx$N&'()-! X10%Nx$N&'()-! X10%Nx$N&'()-!Ao. g#T X10%Nx$N&'()-!
X10%Nx$N&'()-!@BEHKMP_?< X10%Nx$N& X10%Nx$N&'()-! 



X10%Nx$N&'()-! X10%Nx$N&'()-! X10%Nx$N&'()-! X10%Nx$N&'()-!
X10%Nx$N&'()-!PQefghijN2<  X10%Nx$N&'()-! X10%Nx$N&'()-! X10%Nx$N&'()-!
X10%Nx$N&'()-! X10%Nx$N&'()-!Ao. g#TijklmnN.< X10%Nx$N&'()-!Ao. g#T
X10%Nx$N&'()-! X10%Nx$N&'()-!. X10%Nx$N&'()-! X10%Nx$N&'()-!tX< X1
X10%Nx$N&'()-!. X10%Nx$N&'()-! X10%Nx$N&'()-! X10%Nx$N&'()-!
X10%Nx$N&'()-!. X10%Nx$N&'()-! X10%Nx$N&'()-!fJ.< X10%Nx$N&'()-!
X10%Nx$N&'()-! X10%Nx$N&'()-! X10%Nx$N&'()-!Ao. g#T X10%Nx$N&'()-!t2<Ao.
g#T X10%Nx$N&'()-!1 X10%Nx$N&'()-!. X10%Nx$N&'()-! X10%Nx$N&'()-!
X10%Nx$N&'()-!oS7A X10%Nx$N&'()-! X10%Nx$N&'()-! X10%Nx$N&'()-!(
X10%Nx$N&'()-!( X10%Nx$N&'()-!( X10%Nx$N&'()-!( X10%Nx$N&'()-!fJ.7
X10%Nx$N&'()-! X10%Nx$N&'()-! X10%Nx$N&'()-!Ao. g#T X10%Nx$N&'()-!
X10%Nx$N&'()-!tX7 X10%Nx$N&'()-! X10% X10%Nx$N&'()-!1 X10%Nx$N&'()-!.
X10%Nx$N&'()-! X10%Nx$N&'()-! X10%Nx$N&'()-! X10%Nx$N&'()-!~bF*7
X10%Nx$N&'()-! X10%Nx$N&'()-! X10%Nx$N&'()-! X10%Nx$N&'()-!
X10%Nx$N&'()-!Ao. g#TN.7 X10%Nx$N&'()-!Ao. g#T X10%Nx$N&'()-!1
X10%Nx$N&'()-!. X10%Nx$N&'()-! X10%Nx$N&'()-!  



tX< X1 X10%Nx$N&'()-!. X10%Nx$N&'()-! X10%Nx$N&'()-! X10%Nx$N&'()-!1
X10%Nx$N&'()-!. X10%Nx$N&'()-! X10%Nx$N&'()-! !"#fJ.< X10%Nx$N&'()-!
X10%Nx$N&'()-! X10%Nx$N&'()-! X10%Nx$N&'()-!Ao. g#T
X10%Nx$N&'()-!#$%&'()t2<Ao. g#T X10%Nx$N&'()-!1 X10%Nx$N&'()-!.
X10%Nx$N&'()-! X10%Nx$N&'()-! X10%Nx$N&'()-!)89:;<=>oS7A X10%Nx$N&'()-!
X10%Nx$N&'()-! X10%Nx$N&'()-!( X10%Nx$N&'()-!( X10%Nx$N&'()-!(
X10%Nx$N&'()-!( X10%Nx$N&'()-!>?@AKLMfJ.7 X10%Nx$N&'()-! X10%Nx$N&'()-!
X10%Nx$N&'()-!Ao. g#T X10%Nx$N&'()-! X10%Nx$N&'()-!MNOPQRStX7
X10%Nx$N&'()-! X10% X10%Nx$N&'()-!1 X10%Nx$N&'()-!. X10%Nx$N&'()-!
X10%Nx$N&'()-! X10%Nx$N&'()-! X10%Nx$N&'()-!STabcdefJ.7 X10%Nx$N&'()-!
X10%Nx$N&'()-! X10%Nx$N&'()-! X10%Nx$N&'()-! X10%Nx$N&'()-!Ao.
g#TefghijtN.7 X10%Nx$N&'()-!Ao. g#T X10%Nx$N&'()-!1 X10%Nx$N&'()-!.
X10%Nx$N&'()-! X10%Nx$N&'()-!tuvwxyz{tX< X1 X10%Nx$N&'()-!. X10%Nx$N&'()-!
X10%Nx$N&'()-! X10%Nx$N&'()-!1 X10%Nx$N&'()-!. X10%Nx$N&'()-!
X10%Nx$N&'()-!{|}fJ.< X10%Nx$N&'()-! X10%Nx$N&'()-! X10%Nx$N&'()-!
X10%Nx$N&'()-!Ao. g#T X10%Nx$N&'()-!t2<Ao. g#T X10%Nx$N&'()-!1
X10%Nx$N&'()-!. X10%Nx$N&'()-! 



X10%Nx$N&'()-! X10%Nx$N&'()-!~]<Ao. q`10%'&'()-  10%S'S&'()-
(fm10%S'S&'()-10Nx$N.10Nx$N10Nx$N- X10%Nx$N&'()-! X10%Nx$N&'()-!@|[:~]<Ao
S10%S'S&'()-- `s@10%S'S&'()-- @#10%S'S&'()-- s`!10%S'S&'()- s`!10%S'S&'()-'
10%S'S&'()- MwxyzvU5A; 610%I#&'()-! F 10%I#&'()-
s'f10%I#&'()-10S'S10S'S10S'S s&-10%S'S&'()-' s3M!10%S'S&'()-_?vU5A;;
610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!;
610%I#&'()-!}aE)vU; 610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!AoFO  U3;
610%I#&'()-!; 610%I#&'()-!tXvU; 610%I#&'()-!; 610%I#; 610%I#&'()-!;
610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!fJ.vU;
610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!AoFO
U3N.vU; 610%I#&'()-!AoFO  U3; 610%I#&'()-!1; 610%I#&'()-!F; 610%I#&'()-!;
610%I#&'()-!kO3; 610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!(;
610%I#&'()-!(; 610%I#&'()-!(; 610%I#&'()-! fF*3; 610%I#&'()-!;
610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!AoFO  U3; 610%I#&'()-!p.3AoFO  U3;
610%I#&'()-!;; 610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!;
610%I#&'()-!&'(,-./kO3A; 610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!(;
610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!(; 



610%I#&'()-!/345;<=aE)3; 610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!AoFO  U3;
610%I#&'()-!(; 610%I#&'()-!=>BCDEIpP3; 610%I#&'()-!; 610; 610%I#&'()-!;
610%I#&'()-!O; 610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!;
610%I#&'()-!IJYZ[\]jN23; 6; 610%I#&'()-!; 610%I#&'()-!'; 610%I#&'()-!;
610%I#&'()-!; 610%I#&'()-!AoFO  U3]^_`abnN.3; 610%I#&'()-!AoFO  U3;
610%I#&'()-!; 610%I#&'()-!F; 610%I#&'()-!; 610%I#&'()-!nrux{|}~cG+;
610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!;
610%I#&'()-!; 610%I#&'()-!~fJ.+; 610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!;
610%I#&'()-!AoFO  U3; 610%I#&'()-!d.+; 610%I#&'()-!; 610%I#&'()-;
610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!jN2+;
610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!'AoFO
U3N.+; 610%I#&'()-!AoFO  U3; 610%I#&'()-!; 610%I#&'()-!F; 610%I#&'()-!;
610%I#&'()-!_?+; 610%; 610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!;
610%I#&'()-!; 610%I#&'()-!; 



610%I#&'()-!aE)+; 610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!AoFO  U3;
610%I#&'()-!; 610%I#&'()-!tX+; 610%I#&'()-!; 610%I#; 610%I#&'()-!;
610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-! fJ.+;
610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!AoFO
U3&N.+; 610%I#&'()-!AoFO  U3; 610%I#&'()-!1; 610%I#&'()-!F; 610%I#&'()-!;
610%I#&'()-!&'()*+,-tX<; 61; 610%I#&'()-!F; 610%I#&'()-!; 610%I#&'()-!;
610%I#&'()-!1; 610%I#&'()-!F; 610%I#&'()-!; 610%I#&'()-!-./BCDEfJ.<;
610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!AoFO  U3;
610%I#&'()-!EFGHIJKt2<AoFO  U3; 610%I#&'()-!1; 610%I#&'()-!F; 610%I#&'()-!;
610%I#&'()-!; 610%I#&'()-!KTUVWXYZoS7A; 610%I#&'()-!; 610%I#&'()-!;
610%I#&'()-!(; 610%I#&'()-!(; 610%I#&'()-!(; 610%I#&'()-!(;
610%I#&'()-!Z[\]rfF*7; 610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!AoFO  U3;
610%I#&'()-!; 610%I#&'()-!tX7; 610%I#&'()-!; 610%; 610%I#&'()-!1;
610%I#&'()-!F; 610%I#&'()-!; 



610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!fJ.7; 610%I#&'()-!; 610%I#&'()-!;
610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!AoFO  U3N.7; 610%I#&'()-!AoFO  U3;
610%I#&'()-!1; 610%I#&'()-!F; 610%I#&'()-!; 610%I#&'()-!tX<; 61;
610%I#&'()-!F; 610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!1; 610%I#&'()-!F;
610%I#&'()-!; 610%I#&'()-!fJ.<; 610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!;
610%I#&'()-!AoFO  U3; 610%I#&'()-!t2<AoFO  U3; 610%I#&'()-!1;
610%I#&'()-!F; 610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!oS7A; 610%I#&'()-!;
610%I#&'()-!; 610%I#&'()-!(; 610%I#&'()-!(; 610%I#&'()-!(; 610%I#&'()-!(;
610%I#&'()-!fJ.7; 610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!AoFO  U3;
610%I#&'()-!; 610%I#&'()-!tX7; 610%I#&'()-!; 610%; 610%I#&'()-!1;
610%I#&'()-!F; 610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!fJ.7;
610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!AoFO
U3N.7; 610%I#&'()-!AoFO  U3; 610%I#&'()-!1; 



610%I#&'()-!F; 610%I#&'()-!; 610%I#&'()-!tX<; 61; 610%I#&'()-!F;
610%I#&'()-!; 610%I#&'()-!; 610%I#&'()-!1; 610%I#&'()-!F; 610%I#&'()-!;
610%I#&'()-!%&'(h[NA; 6110I#10I#10I#; 610%I#&'()-!; 610%I#&'()-!AoFO  U3;
610%I#&'()-!(58I|[:A;  ;9 10%h'h&'()- ;Lt10%h'h&'()- I ; z10%h'h&'()-(
;9&10%h'h&'()- ;Y10%h'h&'()- ;(m10%h'h&'()- 6s2|[:A;  ;@#10%h'h&'()-
;9g10%h'h&'()-I ;LY10%h'h&'()-( ;Ly 10%h'h&'()- ;9 10%h'h&'()-
;F"10%h'h&'()-2`vU5v 10%_%&'()-$ ;L10%_%&'()- ;10%_%&'()-10h'h10h'h10h'h
;'10%h'h&'()- ;L10%h'h&'()-_?vU5v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v
10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$}aE)vUv 10%_%&'()-$v 10%_%&'()-$v
10%_%&'()-$AoA' ;JTv 10%_%&'()-$v 10%_%&'()-$tXvUv 10%_%&'()-$v 10%_%v
10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v
10%_%&'()-$fJ.vUv 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v
10%_%&'()-$AoA' ;JTN.vUv 10%_%&'()-$AoA' ;JTv 10%_%&'()-$1v 10%_%&'()-$Av
10%_%&'()-$v 10%_%&'()-$_?vUv 10%v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v
10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$}aE)vUv 10%_%&'()-$v 10%_%&'()-$v
10%_%&'()-$AoA' ;JTv 10%_%&'()-$v 10%_%&'()-$tXvUv 10%_%&'()-$v 10%_%v
10%_%&'()-$v 10%_%&'()-$v 



10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$ ,0123~bF*vUv
10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$AoA'
;JT345678EN.vUv 10%_%&'()-$AoA' ;JTv 10%_%&'()-$1v 10%_%&'()-$Av
10%_%&'()-$v 10%_%&'()-$EFJKLMNOpT8v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v
10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$OPQ^_`dfJ*8v 10%_%&'()-$v
10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$AoA' ;JTv 10%_%&'()-$defghijt28AoA'
;JTv 10%_%&'()-$1v 10%_%&'()-$Av 10%_%&'()-$v 10%_%&'()-$v
10%_%&'()-$jwxyz~kO3Av 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$(v
10%_%&'()-$(v 10%_%&'()-$(v 10%_%&'()-$fJ.3v 10%_%&'()-$(v 10%_%&'()-$(v
10%_%&'()-$AoA' ;JTv 10%_%&'()-$v 10%_%&'()-$pT3v 10%_%&'()-$(v 1v
10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v
10%_%&'()-$fJ.3v 10%_%&'()-$(v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v
10%_%&'()-$AoA' ;JTJ*3v 10%_%&'()-$AoA' ;JTv 10%_%&'()-$v 10%_%&'()-$v
10%_%&'()-$v 10%_%&'()-$tX8v 1v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v 



10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$fJ.8v 10%_%&'()-$v
10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$AoA' ;JTv 10%_%&'()-$p.8AoA' ;JTv
10%_%&'()-$v 10%_%&'()-$Av 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$tX<AoA' ;v
10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$Av 10%_%&'()-$v
10%_%&'()-$v 10%_%&'()-$fF&<v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$AoA'
;JTv 10%_%&'()-$v 10%_%&'()-$ "%'_?<v 10%_%&v 10%_%&'()-$v 10%_%&'()-$v
10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$'(>?@ABjN2<v v
10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$AoA'
;JTBCDEFGYN.<v 10%_%&'()-$AoA' ;JTv 10%_%&'()-$v 10%_%&'()-$Av 10%_%&'()-$v
10%_%&'()-$Y]aeimq_?<v 10%v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v
10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$quyz}aE)<v 10%_%&'()-$v 10%_%&'()-$v
10%_%&'()-$AoA' ;JTv 10%_%&'()-$v 10%_%&'()-$tX<v 10%_%&'()-$v 10%_%v
10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v
10%_%&'()-$~^>X<v 10%_%&v 



10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$AoA' ;JT_X<v 10%_%&v
10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v
10%_%&'()-$jN2<v v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v
10%_%&'()-$AoA' ;JTN.<v 10%_%&'()-$AoA' ;JTv 10%_%&'()-$v 10%_%&'()-$Av
10%_%&'()-$v 10%_%&'()-$ _?<v 10%v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v
10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$()*}aE)<v 10%_%&'()-$v 10%_%&'()-$v
10%_%&'()-$AoA' ;JTv 10%_%&'()-$v 10%_%&'()-$*+,-./0tX<v 10%_%&'()-$v
10%_%v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v
10%_%&'()-$01@EJO~^>X<v 10%_%&v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v
10%_%&'()-$AoA' ;JTOTY^ch_X<v 10%_%&v 10%_%&'()-$v 10%_%&'()-$v
10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$hixyz{|jN2<v v
10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$AoA'
;JT|}~N.<v 10%_%&'()-$AoA' ;JTv 10%_%&'()-$v 10%_%&'()-$Av 10%_%&'()-$v 



10%_%&'()-$_?<v 10%v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v
10%_%&'()-$v 10%_%&'()-$}aE)<v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$AoA'
;JTv 10%_%&'()-$v 10%_%&'()-$tX<v 10%_%&'()-$v 10%_%v 10%_%&'()-$v
10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$~^>X<v
10%_%&v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$AoA' ;JT_X<v
10%_%&v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v
10%_%&'()-$jN2<v v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v 10%_%&'()-$v
10%_%&'()-$AoA' ;JTN3<v v 10%_%&'()-$AoA' ;JTv 10%_%&'()-$v 10%_%&'()-$Av
10%_%&'()-$v 10%_%&'()-$ $1jvU4v  LL910%,',&'()- L'10%,',&'()-
Lsl10%,',&'()-v L`10%,',&'()-10r%10r%10r%( L's10%r%&'()-j( ^   |[:vU4v  L
L&10%,',&'()-L L310%,',&'()- L L10%,',&'()-L Ly#10%,',&'()- L !10%,',&'()-
( L,!10%,',&'()- !8!Z![!\!]!j!m!vU4v  L3l 10%^%&'()-
L`'l10%^%&'()-10,',10,',10,',L LSs10%,',&'()- L s10%,',&'()-(
Ls!10%,',&'()-m!q!y!|!!!!_?vU4v  L3 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$
10%^%&'()-$ 10%^%&'()-$ <`910%^%&'()-!!!!!!=?vU4v  LAo< N pJ 10%^%&'()-$
10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$!!!!!!!!tX<4v  L 10%^%&'()-$ 



10%^%&'()-$ 10%^%&'()-$% 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$
10%^%&'()-$!!!!!!!fJ.<4 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$Ao< N pJ
10%^%&'()-$ 10%^%&'()-$!!!!!!!tX<4 10%^%&'()-$ 10% 10%^%&'()-$1
10%^%&'()-$< 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$!!!!!!~^>X<4
10% 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$Ao< N pJ!!!!!!_X<4 10%
10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$
10%^%&'()-$!!!!"""jN2<4 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$
10%^%&'()-$Ao< N pJ"""""""N.<4 10%^%&'()-$Ao< N pJ 10%^%&'()-$ 10%^%&'()-$<
10%^%&'()-$ 10%^%&'()-$""""""""oS74 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$
10%^%&'()-$( 10%^%&'()-$( 10%^%&'()-$( 10%^%&'()-$"""+","0"1"fF*7
10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$Ao< N pJ
10%^%&'()-$1"2"3"4"5"6"7"t27 Ao< N pJ 10%^%&'()-$1 10%^%&'()-$< 10%^%&'()-$
10%^%&'()-$ 10%^%&'()-$7"E"F"G"K"L"M"N"kO3 A 



10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$( 10%^%&'()-$(
10%^%&'()-$N"O"P"Q"^"_"`"fJ.3 10%^%&'()-$( 10%^%&'()-$( 10%^%&'()-$Ao< N pJ
10%^%&'()-$ 10%^%&'()-$`"a"e"f"g"h"i"pT3 10%^%&'()-$( 1 10%^%&'()-$
10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$
10%^%&'()-$i"j"w"x"y"z"{"fJ.3 10%^%&'()-$( 10%^%&'()-$ 10%^%&'()-$
10%^%&'()-$ 10%^%&'()-$Ao< N pJ{"""""""I)3 10%^%&'()-$Ao< N pJ 10%^%&'()-$
10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$""""""""tT8 1 10%^%&'()-$ 10%^%&'()-$
10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$"""""""fJ.8
10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$Ao< N pJ
10%^%&'()-$"""""""p.8Ao< N pJ 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$
10%^%&'()-$ 10%^%&'()-$""""""""oS7Ao 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$$
10%^%&'()-$ 10%^%&'()-$( 10%^%&'()-$( 10%^%&'()-$"""""""fJ.7 10%^%&'()-$
10%^%&'()-$ 10%^%&'()-$Ao< N pJ 10%^%&'()-$ 10%^%&'()-$"""""""tX7 



10%^%&'()-$ 10% 10%^%&'()-$ 10%^%&'()-$p 10%^%&'()-$ 10%^%&'()-$
10%^%&'()-$ 10%^%&'()-$"""""#~^>X7 10% 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$
10%^%&'()-$Ao< N pJ######_X7 10% 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$
10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$##$#%#&#'#(#jN27 10%^%&'()-$ 10%^%&'()-$
10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$Ao< N pJ(#)#*#+#,#-#?#N.7 10%^%&'()-$Ao<
N pJ 10%^%&'()-$ 10%^%&'()-$< 10%^%&'()-$ 10%^%&'()-$?#C#G#K#O#S#W#_?7 10%
10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$
10%^%&'()-$W#[#_#`#p#q#r#}aE)7 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$Ao< N pJ
10%^%&'()-$ 10%^%&'()-$r#s#t#u#v#w#x#tX7 10%^%&'()-$ 10%^% 10%^%&'()-$
10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$x#y#####~^>X7
10%^%& 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$Ao< N pJ######_X7
10%^%& 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$
10%^%&'()-$#######jN27 



10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$Ao< N
pJ#######N.7 10%^%&'()-$Ao< N pJ 10%^%&'()-$ 10%^%&'()-$< 10%^%&'()-$
10%^%&'()-$#######_?7 10% 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$
10%^%&'()-$ 10%^%&'()-$##$$$$$}aE)7 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$Ao<
N pJ 10%^%&'()-$ 10%^%&'()-$$$$$$$$tX7 10%^%&'()-$ 10%^% 10%^%&'()-$
10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$$$&$+$0$5$~^>X7
10%^%& 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$Ao< N
pJ5$:$?$D$I$N$_X7 10%^%& 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$
10%^%&'()-$ 10%^%&'()-$N$O$^$_$`$a$b$jN27  10%^%&'()-$ 10%^%&'()-$
10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$Ao< N pJb$c$d$e$f$g$q$N.7 10%^%&'()-$Ao<
N pJ 10%^%&'()-$ 10%^%&'()-$< 10%^%&'()-$ 10%^%&'()-$q$s$u$w$y${$}$_?7 10%
10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$ 



10%^%&'()-$}$$$$$$$}aE)7 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$Ao< N pJ
10%^%&'()-$ 10%^%&'()-$$$$$$$$tX7 10%^%&'()-$ 10%^% 10%^%&'()-$ 10%^%&'()-$
10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$$$$$$$~^>X7 10%^%&
10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$Ao< N pJ$$$$$$_X7 10%^%&
10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$
10%^%&'()-$$$$$$$$jN27  10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$ 10%^%&'()-$
10%^%&'()-$Ao< N pJ$$$$$$$N37  10%^%&'()-$Ao< N pJ 10%^%&'()-$ 10%^%&'()-$<
10%^%&'()-$ 10%^%&'()-$$$$$$$%G%y%vU4  `10%>'&'()- `  10%>'&'()-
`&10%>'&'()- `10%>'&'()- `L'&10%>'&'()- %10^%10^%10^%y%%%,&k&}&&|[:vU4  ` `
`10%>'&'()-` `l`10%>'&'()-` `y`!10%>'&'()- ` ``!10%>'&'()-` `"10%>'&'()-
`10%>'&'()-&&$'F'G'H'I'V'Y'vU4  `F10%$&'()- `9'S10%$&'()-10>'10>'10>'` `
10%>'&'()-` ` Y10%>'&'()- `F,#10%>'&'()- Y'c'j'm'p's'v'_?vU4  `~<
10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%
`10%$&'()-v'y'|''''=?vU4  `AoA  f,~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~<
10%$&'()-%''''''''tX<4  `~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%%~< 



10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%'''''''fJ.<4~<
10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%AoA  f,~< 10%$&'()-%~<
10%$&'()-%'''''''tX<4~< 10%$&'()-%~< 10%~< 10%$&'()-%1~< 10%$&'()-%A~<
10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%''''''~^>X<4~< 10%~<
10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%AoA  f,''''''_X<4~< 10%~<
10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~<
10%$&'()-%'''''''jN2<4~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~<
10%$&'()-%~< 10%$&'()-%AoA  f,'''''''N.<4~< 10%$&'()-%AoA  f,~<
10%$&'()-%~< 10%$&'()-%A~< 10%$&'()-%~< 10%$&'()-%'(((((((oS74~<
10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%(~< 10%$&'()-%(~<
10%$&'()-%(~< 10%$&'()-%(((((((fF*7~< 10%$&'()-%~< 10%$&'()-%~<
10%$&'()-%~< 10%$&'()-%AoA  f,~< 10%$&'()-%(((((( (t27~< AoA  f,~<
10%$&'()-%1~< 10%$&'()-%A~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%
(.(/(0(4(5(6(7(kO3~< A~< 10%$&'()-%~< 10%$&'()-%~< 



10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%(~< 10%$&'()-%(~<
10%$&'()-%7(8(9(:(F(G(H(fJ.3~< 10%$&'()-%(~< 10%$&'()-%(~< 10%$&'()-%AoA
f,~< 10%$&'()-%~< 10%$&'()-%H(I(M(N(O(P(Q(pT3~< 10%$&'()-%(~< 1~<
10%$&'()-%~~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~<
10%$&'()-%Q(R(_(`(a(b(c(fJ.3~< 10%$&'()-%(~< 10%$&'()-%~< 10%$&'()-%~<
10%$&'()-%~< 10%$&'()-%AoA  f,c(g(h(i(j(k(w(I)3~< 10%$&'()-%AoA  f,~<
10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%w(x(y(z({(|(((tT8~< 1~<
10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~<
10%$&'()-%~< 10%$&'()-%(((((((fJ.8~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~<
10%$&'()-%AoA  f,~< 10%$&'()-%(((((((p.8AoA  f,~< 10%$&'()-%~~<
10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%((((((((oS7Ao~<
10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%%~< 10%$&'()-%~< 10%$&'()-%(~<
10%$&'()-%(~< 10%$&'()-%(((((((fJ.7~< 10%$&'()-%~< 10%$&'()-%~<
10%$&'()-%AoA  f,~< 10%$&'()-%~< 10%$&'()-%(((((((tX7~< 10%$&'()-%~< 10%~< 



10%$&'()-%~< 10%$&'()-%,~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~<
10%$&'()-%((((((~^>X7~< 10%~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~<
10%$&'()-%AoA  f,(((((((k)7AoA  f,~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~<
10%$&'()-%~< 10%$&'()-%())))) ))oS7AoA  f,~< 10%$&'()-%~< 10%$&'()-%~<
10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%)) ))
)$)()fF&7~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%AoA  f,~< 10%$&'()-%~<
10%$&'()-%(),)0)4)8)<)@)_?7~< 10%$&~< 10%$&'()-%~< 10%$&'()-%~<
10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%@)A)Q)R)S)T)U)jN27~< ~<
10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%AoA
f,U)V)W)X)Y)Z)m)N.7~< 10%$&'()-%AoA  f,~< 10%$&'()-%~< 10%$&'()-%A~<
10%$&'()-%~< 10%$&'()-%m)r)w)|))))_?7~< 10%~< 10%$&'()-%~< 10%$&'()-%~<
10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%)))))))}aE)7~<
10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%AoA  f,~< 



10%$&'()-%~< 10%$&'()-%)))))))tX7~< 10%$&'()-%~< 10%$~< 10%$&'()-%~<
10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%))))))~^>X7~<
10%$&~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%AoA  f,))))))_X7~<
10%$&~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~<
10%$&'()-%)))))))jN27~< ~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~<
10%$&'()-%~< 10%$&'()-%AoA  f,))))))*N.7~< 10%$&'()-%AoA  f,~< 10%$&'()-%~<
10%$&'()-%A~< 10%$&'()-%~< 10%$&'()-%***** *%*_?7~< 10%~< 10%$&'()-%~<
10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~<
10%$&'()-%%***/*0*?*@*A*}aE)7~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%AoA
f,~< 10%$&'()-%~< 10%$&'()-%A*B*C*D*E*F*G*tX7~< 10%$&'()-%~< 10%$~<
10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~<
10%$&'()-%G*H*R*T*V*X*~^>X7~< 10%$&~< 10%$&'()-%~< 10%$&'()-%~<
10%$&'()-%~< 10%$&'()-%AoA  f,X*Z*\*^*`*b*_X7~< 10%$&~< 10%$&'()-%~<
10%$&'()-%~< 10%$&'()-%~< 



10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%b*c*p*q*r*s*t*jN27~< ~< 10%$&'()-%~<
10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%AoA  f,t*u*v*w*x*y**N.7~<
10%$&'()-%AoA  f,~< 10%$&'()-%~< 10%$&'()-%A~< 10%$&'()-%~<
10%$&'()-%*******_?7~< 10%~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~<
10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%*******}aE)7~< 10%$&'()-%~<
10%$&'()-%~< 10%$&'()-%AoA  f,~< 10%$&'()-%~< 10%$&'()-%*******tX7~<
10%$&'()-%~< 10%$~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~< 10%$&'()-%~<
10%$&'()-%~< 10%$&'()-%********|[:~< 10%$ 310%'&'()- '10%'&'()-10$10$10$~<
10%$&'()-%AoA  f,**&+d+++",|[::~< 10%$ ``L!10%'&'()- ll"10%'&'()-
`&!10%'&'()-  `L!10%'&'()-  '10%'&'()- L10%'&'()-",U,,,,-- -!-|[NA4~<
1010'10'10' '10%'&'()- `10%'&'()- `L!10%'&'()- 310%'&'()-
`S10%'&'()-!-.-1-6->-A-D-}]=NA4~< 1010 a10%$&'()-.% a10%$&'()-.%
a10%$&'()-.% 910%$&'()- 10%8%&'()- &10%8%&'()-D-G-J-M-P-S-V-_?NA4~< 1010
a10%$&'()-.% a10%$&'()-.% a10%$&'()-.% a10%$&'()-.% a10%$&'()-.%
a10%$&'()-.%V-W-l-m-n-o-p-jN2NA4~<  a10%$&'()-.% a10%$&'()-.% a10%$&'()-.%
a10%$&'()-.% a10%$&'()-.%.AoT  (v)_p-q-r-s-t-u--N.NA4 a10%$&'()-.%AoT  (v)_
a10%$&'()-.% 



a10%$&'()-.%T a10%$&'()-.% a10%$&'()-.%--------tX<4 a1 a10%$&'()-.%T
a10%$&'()-.% a10%$&'()-.% a10%$&'()-.% a10%$&'()-.%T a10%$&'()-.%
a10%$&'()-.%------bBtX<4 a1 a10%$&'()-.% a10%$&'()-.% a10%$&'()-.%AoT  (v)_
a10%$&'()-.%-------_?<4 a1 a10%$&'()-.% a10%$&'()-.% a10%$&'()-.%
a10%$&'()-.% a10%$&'()-.% a10%$&'()-.%-------jN2<4 a10%$&'()-.%
a10%$&'()-.% a10%$&'()-.% a10%$&'()-.% a10%$&'()-.%.AoT  (v)_-------N.<4
a10%$&'()-.%AoT  (v)_ a10%$&'()-.% a10%$&'()-.%T a10%$&'()-.%
a10%$&'()-.%--------oS74 a10%$&'()-.% a10%$&'()-.% a10%$&'()-.%
a10%$&'()-.%( a10%$&'()-.%( a10%$&'()-.%( a10%$&'()-.%-------fF*7
a10%$&'()-.% a10%$&'()-.% a10%$&'()-.% a10%$&'()-.%AoT  (v)_
a10%$&'()-.%-------t27 AoT  (v)_ a10%$&'()-.%1 a10%$&'()-.%T a10%$&'()-.%
a10%$&'()-.% a10%$&'()-.%-..... ..kO3 A a10%$&'()-.% a10%$&'()-.%
a10%$&'()-.% a10%$&'()-.% a10%$&'()-.%( a10%$&'()-.%( a10%$&'()-.%......
.fJ.3 a10%$&'()-.%( a10%$&'()-.%( 



a10%$&'()-.%AoT  (v)_ a10%$&'()-.% a10%$&'()-.% .!.%.&.'.(.).pT3
a10%$&'()-.%( a1 a10%$&'()-.% a10%$&'()-.% a10%$&'()-.% a10%$&'()-.%
a10%$&'()-.% a10%$&'()-.%).*.7.8.9.:.;.fJ.3 a10%$&'()-.%( a10%$&'()-.%
a10%$&'()-.% a10%$&'()-.% a10%$&'()-.%AoT  (v)_;.?.@.A.B.C.P.I)3
a10%$&'()-.%AoT  (v)_ a10%$&'()-.% a10%$&'()-.% a10%$&'()-.%
a10%$&'()-.%P.Q.R.S.T.U.Y.Z.tT8 a1 a10%$&'()-.% a10%$&'()-.% a10%$&'()-.%
a10%$&'()-.% a10%$&'()-.% a10%$&'()-.% a10%$&'()-.%Z.[.\.i.j.k.l.fJ.8
a10%$&'()-.% a10%$&'()-.% a10%$&'()-.% a10%$&'()-.%AoT  (v)_
a10%$&'()-.%l.m.n.o.s.t.u.p.8AoT  (v)_ a10%$&'()-.% a10%$&'()-.%
a10%$&'()-.% a10%$&'()-.% a10%$&'()-.%u........oS7Ao a10%$&'()-.%
a10%$&'()-.% a10%$&'()-.%% a10%$&'()-.% a10%$&'()-.%( a10%$&'()-.%(
a10%$&'()-.%.......fJ.7 a10%$&'()-.% a10%$&'()-.% a10%$&'()-.%AoT  (v)_
a10%$&'()-.% a10%$&'()-.%.......tX7 a10%$&'()-.% a10% a10%$&'()-.%
a10%$&'()-.% a10%$&'()-.% a10%$&'()-.% a10%$&'()-.% a10%$&'()-.%......~^>X7
a10% 



a10%$&'()-.% a10%$&'()-.% a10%$&'()-.% a10%$&'()-.%AoT  (v)_......_X7 a10%
a10%$&'()-.% a10%$&'()-.% a10%$&'()-.% a10%$&'()-.% a10%$&'()-.%
a10%$&'()-.%.......jN27 a10%$&'()-.% a10%$&'()-.% a10%$&'()-.% a10%$&'()-.%
a10%$&'()-.%.AoT  (v)_....../N.7 a10%$&'()-.%AoT  (v)_ a10%$&'()-.%
a10%$&'()-.%T a10%$&'()-.% a10%$&'()-.%///////_?7 a10% a10%$&'()-.%
a10%$&'()-.% a10%$&'()-.% a10%$&'()-.% a10%$&'()-.% a10%$&'()-.%//
/!/1/2/3/}aE)7 a10%$&'()-.% a10%$&'()-.% a10%$&'()-.%AoT  (v)_ a10%$&'()-.%
a10%$&'()-.%3/4/5/6/7/8/9/tX7 a10%$&'()-.% a10%$ a10%$&'()-.% a10%$&'()-.%
a10%$&'()-.% a10%$&'()-.% a10%$&'()-.% a10%$&'()-.%9/:/M/R/W/\/~^>X7 a10%$&
a10%$&'()-.% a10%$&'()-.% a10%$&'()-.% a10%$&'()-.%AoT  (v)_\/a/f/k/p/u/_X7
a10%$& a10%$&'()-.% a10%$&'()-.% a10%$&'()-.% a10%$&'()-.% a10%$&'()-.%
a10%$&'()-.%u/v//////jN27 a a10%$&'()-.% a10%$&'()-.% a10%$&'()-.%
a10%$&'()-.% a10%$&'()-.%.AoT  (v)_///////N.7 a10%$&'()-.%AoT 



(v)_ a10%$&'()-.% a10%$&'()-.%T a10%$&'()-.% a10%$&'()-.%///////_?7 a10%
a10%$&'()-.% a10%$&'()-.% a10%$&'()-.% a10%$&'()-.% a10%$&'()-.%
a10%$&'()-.%///////}aE)7 a10%$&'()-.% a10%$&'()-.% a10%$&'()-.%AoT  (v)_
a10%$&'()-.% a10%$&'()-.%///////tX7 a10%$&'()-.% a10%$ a10%$&'()-.%
a10%$&'()-.% a10%$&'()-.% a10%$&'()-.% a10%$&'()-.% a10%$&'()-.%//////~^>X7
a10%$& a10%$&'()-.% a10%$&'()-.% a10%$&'()-.% a10%$&'()-.%AoT  (v)_//00
00_X7 a10%$& a10%$&'()-.% a10%$&'()-.% a10%$&'()-.% a10%$&'()-.%
a10%$&'()-.% a10%$&'()-.%000 0!0"0#0jN27 a a10%$&'()-.% a10%$&'()-.%
a10%$&'()-.% a10%$&'()-.% a10%$&'()-.%.AoT  (v)_#0$0%0&0'0(020N.7
a10%$&'()-.%AoT  (v)_ a10%$&'()-.% a10%$&'()-.%T a10%$&'()-.%
a10%$&'()-.%20406080:0<0>0_?7 a10% a10%$&'()-.% a10%$&'()-.% a10%$&'()-.%
a10%$&'()-.% a10%$&'()-.% a10%$&'()-.%>0@0B0C0P0Q0R0}aE)7 a10%$&'()-.%
a10%$&'()-.% a10%$&'()-.%AoT  (v)_ a10%$&'()-.%
a10%$&'()-.%R0S0T0U0V0W0X0tX7 



a10%$&'()-.% a10%$ a10%$&'()-.% a10%$&'()-.% a10%$&'()-.% a10%$&'()-.%
a10%$&'()-.% a10%$&'()-.%X0Y0c0i0o0u0~^>X7 a10%$& a10%$&'()-.% a10%$&'()-.%
a10%$&'()-.% a10%$&'()-.%AoT  (v)_u0{00000_X7 a10%$& a10%$&'()-.%
a10%$&'()-.% a10%$&'()-.% a10%$&'()-.% a10%$&'()-.% a10%$&'()-.%0000000jN27
a a10%$&'()-.% a10%$&'()-.% a10%$&'()-.% a10%$&'()-.% a10%$&'()-.%.AoT
(v)_0000000N37 a a10%$&'()-.%AoT  (v)_ a10%$&'()-.% a10%$&'()-.%T
a10%$&'()-.% a10%$&'()-.%0000000+1f1vU4 a 9& 10%&&'()- 9F `10%&&'()- 9
f10%&&'()- 9f10%&&'()- 99'm10%&&'()- $10$10$10$f111 222i22|[:vU4 a 9
93#10%&&'()-9 9 10%&&'()-9 9t10%&&'()-9 9`!10%&&'()- 9 9L!10%&&'()-
9@#10%&&'()- 22233m3z33|[:vU4 a 9 9 %10%&&'()-9 93#m10%&&'()-9 9"10%&&'()-9
9 , 10%&&'()- 9 9 LM10%&&'()- 9l 10%&&'()-334M4t444|[:vU4 a 9 9
1M!10%&&'()- 9 9  @/,10%&&'()-9 93`-10%&&'()-9 9  +10%&&'()-9 9)10%&&'()- 9
'10%&&'()-445T555555|obU4 a 9`'10%S+$S&'()- 10&10&10&9 989!10%&&'()-9 936
10%&&'()- 9 94z10%&&'()- 93Y10%&&'()-556666666vU4 a 910%$&'()- 9YZ10%$&'()-
9&'@m10%$&'()-10S+$S10S+$S10S+$S9 9M!10%S+$S&'()- 910%S+$S&'()-6666666_?vU4
a 9N{ (10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%N{
(10%$&'()-.%N{ (10%$&'()-.%6666666]A%vN{ (10%$&'()-.%N{ (10%$&'()-.%AoA ]
<$N{ (10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%66666666tX<N{ 



(10%$&'(N{ (10%$&'()-.%(N{ (10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%(N{
(10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%6666666fJ.<N{ (N{ (10%$&'()-.%N{
(10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%AoA ] <$666777
7I)<N{ (10%$&'()-.%AoA ] <$N{ (10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%N{
(10%$&'()-.% 7777777_?<N{ (10%$N{ (10%$&'()-.%N{ (10%$&'()-.%N{
(10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%N{
(10%$&'()-.%77!7"7172737}aE)<N{ (10%$&'()-.%N{ (10%$&'()-.%N{
(10%$&'()-.%AoA ] <$N{ (10%$&'()-.%N{ (10%$&'()-.%37475767778797tX<N{
(10%$&'()-.%N{ (10%$N{ (10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%N{
(10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%97:7F7J7K7L7M7~bF*<N{
(10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%AoA
] <$M7N7O7P7Q7R7^7N.<N{ (10%$&'()-.%AoA ] <$N{ (10%$&'()-.%1N{
(10%$&'()-.%AN{ (10%$&'()-.%N{ (10%$&'()-.%^7_7c7d7e7f7g7h7pT8NN{
(10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%N{
(10%$&'()-.%N{ (10%$&'()-.%h7i7j7w7x7y7}7fJ*8N{ (10%$&'()-.%N{
(10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%AoA 



] <$N{ (10%$&'()-.%}7~777777t28AoA ] <$N{ (10%$&'()-.%1N{ (10%$&'()-.%AN{
(10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%77777777kO3AN{ (10%$&'()-.%N{
(10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%(N{ (10%$&'()-.%(N{
(10%$&'()-.%(N{ (10%$&'()-.%7777777fJ.3N{ (10%$&'()-.%(N{ (10%$&'()-.%(N{
(10%$&'()-.%AoA ] <$N{ (10%$&'()-.%N{ (10%$&'()-.%7777777pT3N{
(10%$&'()-.%(N{ (1N{ (10%$&'()-.%NN{ (10%$&'()-.%N{ (10%$&'()-.%N{
(10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%7777777fJ.3N{ (10%$&'()-.%(N{
(10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%AoA ]
<$7777777J*3N{ (10%$&'()-.%AoA ] <$N{ (10%$&'()-.%NN{ (10%$&'()-.%N{
(10%$&'()-.%N{ (10%$&'()-.%77777777tX8N{ (1N{ (10%$&'()-.%N{ (10%$&'()-.%N{
(10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%N{
(10%$&'()-.%7777777fJ.8N{ (10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%N{
(10%$&'()-.%AoA ] <$N{ (10%$&'()-.%7777777p.8AoA ] <$N{ (10%$&'()-.%N{
(10%$&'()-.%AN{ (10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%78888888tX<AoA ]
N{ (10%$&'()-.%N{ (10%$&'()-.%N{ 



(10%$&'()-.%N{ (10%$&'()-.%AN{ (10%$&'()-.%N{ (10%$&'()-.%N{
(10%$&'()-.%8888$8+8.8fF&<N{ (10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%AoA
] <$N{ (10%$&'()-.%N{ (10%$&'()-.%.8184878:8=8@8_?<N{ (10%$&N{
(10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%N{
(10%$&'()-.%@8A8U8V8W8X8Y8jN2<N{ N{ (10%$&'()-.%N{ (10%$&'()-.%N{
(10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%.AoA ] <$Y8Z8[8\8]8^8p8N.<N{
(10%$&'()-.%AoA ] <$N{ (10%$&'()-.%N{ (10%$&'()-.%AN{ (10%$&'()-.%N{
(10%$&'()-.%p8t8x8|8888_?<N{ (10%N{ (10%$&'()-.%N{ (10%$&'()-.%N{
(10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%8888888}aE)<N{
(10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%AoA ] <$N{ (10%$&'()-.%N{
(10%$&'()-.%8888888tX<N{ (10%$&'()-.%N{ (10%$N{ (10%$&'()-.%N{
(10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%N{
(10%$&'()-.%888888~^>X<N{ (10%$&N{ (10%$&'()-.%N{ (10%$&'()-.%N{
(10%$&'()-.%N{ (10%$&'()-.%AoA ] <$888888_X<N{ (10%$&N{ (10%$&'()-.%N{
(10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%N{
(10%$&'()-.%8888888jN2<N{ (N{ (10%$&'()-.%N{ 



(10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%.AoA ] <$888888
9N.<N{ (10%$&'()-.%AoA ] <$N{ (10%$&'()-.%N{ (10%$&'()-.%AN{ (10%$&'()-.%N{
(10%$&'()-.% 9999"9'9,9_?<N{ (10%N{ (10%$&'()-.%N{ (10%$&'()-.%N{
(10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%N{
(10%$&'()-.%,9196979@9A9B9}aE)<N{ (10%$&'()-.%N{ (10%$&'()-.%N{
(10%$&'()-.%AoA ] <$N{ (10%$&'()-.%N{ (10%$&'()-.%B9C9D9E9F9G9H9tX<N{
(10%$&'()-.%N{ (10%$N{ (10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%N{
(10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%H9I9X9]9b9g9~^>X<N{ (10%$&N{
(10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%AoA ]
<$g9l9q9v9{99_X<N{ (10%$&N{ (10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%N{
(10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%9999999jN2<N{ (N{ (10%$&'()-.%N{
(10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%.AoA ]
<$9999999N.<N{ (10%$&'()-.%AoA ] <$N{ (10%$&'()-.%N{ (10%$&'()-.%AN{
(10%$&'()-.%N{ (10%$&'()-.%9999999_?<N{ (10%N{ (10%$&'()-.%N{
(10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%N{ 



(10%$&'()-.%9999999}aE)<N{ (10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%AoA ]
<$N{ (10%$&'()-.%N{ (10%$&'()-.%9999999tX<N{ (10%$&'()-.%N{ (10%$N{
(10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%N{
(10%$&'()-.%999999~^>X<N{ (10%$&N{ (10%$&'()-.%N{ (10%$&'()-.%N{
(10%$&'()-.%N{ (10%$&'()-.%AoA ] <$99999:_X<N{ (10%$&N{ (10%$&'()-.%N{
(10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%N{
(10%$&'()-.%:::::::jN2<N{ (N{ (10%$&'()-.%N{ (10%$&'()-.%N{ (10%$&'()-.%N{
(10%$&'()-.%N{ (10%$&'()-.%.AoA ] <$:::::::N3<N{ (N{ (10%$&'()-.%AoA ] <$N{
(10%$&'()-.%N{ (10%$&'()-.%AN{ (10%$&'()-.%N{ (10%$&'()-.%::::*:-:X:::vU4N{
( 9!10%'&'()- M!10%'&'()- 9 10%'&'()-{ 10%'&'()- '10%'&'()-$10$10$10$:;A;v;
;;;|[:vU4N{ (  10%'&'()- 9&10%'&'()- F10%'&'()- 9S@10%'&'()- s10%'&'()-
-#10%'&'()-;'<^<<<=>|[:vU4N{ (  Y%:!10%'&'()- f##10%'&'()-  !&!10%'&'()-
10%'&'()- L10%'&'()- 910%'&'()->?>}>>"?\???|[:-410' S8!10%'&'()- `6
10%'&'()- `l410%'&'()-  09!10%'&'()- .&!10%'&'()- ,#10%'&'()-
??????q@@bA410'  -#10%-&-&'()- ~x-#10%%&%&'()- o-#10%>&'()- 10%-&-&'()-
@&l10%-&-&'()-10'10'@DAAAAAA|[:A410' Y" 10%-&-&'()-   10%`t`&'()-
10%6&6&'()-   10%[[&'()- Y#10%-&-&'()-y Y#10%&&'()-yABBDDDDDD|obU410
`'l10%@'@&'()- 10&10&10& tY-#10%&&'()-  Y-#10%&&'()-  Ys$#10%-&-&'()-
MYs$#10%&&'()-DDDDDEE|[:bU410   J10%ii&'()-H 10%'&'()-H  {10%@'@&'()-
!10%@'@&'()-  Ys10%@'@&'()- Y10%@'@&'()-E"E^EaEEEE|[:bU410    :10%q"q&'()-
:10%@'@&'()- `10%@'@&'()- 10%@'@&'()- F M10%@'@&'()-  9$10%@'@&'()-3EEEEEF
F|[:bU410   0&'10%#&'()- $10%@'@&'()- 3 #`10%@'@&'()-  F"m10%@'@&'()- 



Yf, 10%@'@&'()- l#10%@'@&'()- F9FBF}FFFF|[:bU410  8F3F10%@"@&'()-4
0F3F10%!&'()-4 210%@'@&'()-   &0s10%@'@&'()-  &'10%~~&'()- \3&'10% '
&'()-FFFFFFFFF|[NA41010 7# 10 7# 10 7#  `310% 7# &'()-3  310%|'|&'()-3
310%@#@&'()-3 0F3F10% &'()-4 |{`F3F10%6'6&'()-4FFG<G}GGG|[:NA41010
:@F$10%!&'()- !F$10%+'&'()- :!10%f+'f&'()- 3  10%f+'f&'()- 'm10%f+'f&'()-
10%f+'f&'()-G"H8HqHHHI|[:NA41010 3s!10%f+'f&'()- s!10%f+'f&'()-
L!10%f+'f&'()-   10%f+'f&'()-  `F$10%"&'()-
YF$10%f"f&'()-IXIIIJNJ[J|[:NA41010 ,10%f+'f&'()-  *$10%f+'f&'()-
(10%f+'f&'()- 't!10%f&f&'()- 3%M!10%f+'f&'()-
S#10%f+'f&'()-[JJJJJJJJJ|obU410 10%f+'f&'()-10Y +'Y 10Y +'Y 10Y +'Y  y
S2!10%Y +'Y &'()-  S2!10%&'()- 010%f+'f&'()-
.10%f+'f&'()-JJKIKLOLTL|[:bU410  @10%f+'f&'()-  L#10%f+'f&'()-
M!10%f+'f&'()- -#10%f+'f&'()- 10%f+'f&'()-  9'Sm10%f+'f&'()-
TL]LqLLLM>M|[:bU410  )M!10%f+'f&'()- 9'!10%f+'f&'()-  Y%10%f+'f&'()- `
10%f&f&'()- P  10%!&'()- g   10%G$G&'()->MMRNNNNNNN|obU410
10%f+'f&'()-10f+'f10f+'f10f+'f s610%f+'f&'()- 34#10%f+'f&'()-
,M!10%f+'f&'()-  +#10%f+'f&'()-NNNNNONO|[:bU410  `!10%f+'f&'()-
10%f+'f&'()- &10%f+'f&'()- s10%f+'f&'()- [@Y@10%ff&'()-'
Y@10%z`!z&'()-'NOOOPOPPP|[:bU410  m10%f+'f&'()-  M!10%f+'f&'()-
@&!10%f+'f&'()- 3L#10%f+'f&'()-  l:!10%f+'f&'()-
L!10%f+'f&'()-PPPPQQAQ|[:bU410   ,10%f+'f&'()-  3+10%f+'f&'()-
909$g10%M!&'()- z 9$g10%Z+'Z&'()-  !S10%f+'f&'()-
10%f+'f&'()-AQQQR.RhRiRjRkR|[NA41010f+'f10f+'f10f+'f   s610%f+'f&'()-
410%f+'f&'()- 2s!10%f+'f&'()- 0`!10%f+'f&'()-
.`!10%f+'f&'()-kRnR{RpSSSS|[:NA41010 10%&&'()-  10%&&'()- 10%&&'()-
F9!10%&&'()- `'l10%&&'()- 10%&&'()-SSSST[T'U|[:NA41010 Y#`!10%&&'()-
!#10%&&'()-  10%&&'()- 0!10%  B  &'()-   !10%&&'()-
J!10%:&'()-'U`UeU}UUUUUU|[NA41010&10&10& 0y/ 10%&&'()- 9y/ 10%a&'()- y/
10%W$&'()- -10%&&'()- +#10%&&'()-UUUUVWAW|[:NA41010 &$10%'&'()-
sY!10%'&'()- Yy#10%'&'()- 9'10%'&'()- 40`10%t!t&'()- b
`10%'&'()-AWWWWW.XbX|[:NA41010 "10%'&'()- &!10%'&'()- F10%'&'()-
`&10%'&'()- `!10%'&'()- s!10%'&'()-bXXX|[:NA41010 "10%'&'()- &!10%'&'()-
F10%'&'()- `&10%'&'()- L& 10%'&'()- `$10%'&'()- Normal" "Heading 13]c"
"Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c"
"Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default Paragraph FontG
?!&*[-0B48<tBHMQUXS]Dafkq1w|G-_OR,+2<;|P)iy'\!H$'
*-237<ACGKjORUZ\^`bdfhjlnprtvxz|~
j"(-V0[4Y8?]GOUY[GahtHc<S{d8W#&*-06'<EHN'UX   !"#$%&'()*+,-./y   J5$j8a
!$$&()R**--N..M/W0q0223456P78K9B;;=<?@ACDEGqHRKL!MN
PPQRSTVVWtXXDYYLZ[[[\^X_Y`abycUd5eofh-j\kgmnp+t
uyz{~FG=RDHscNwj=)T4C.=t:8ND)E4^Z(wZT+8COdw2G_}29JTfwt*uw  " 6 G X r
/Mci$6Ei$>U\py+@Pi#)>MSet{/=I]n~&-EKZ(23EOdj'BYq*0Oh|j
m!!!!!!!!"""1"7"N"`"i"{""""""""##(#?#W#r#x######$$5$N$b$q$}$$$$$$$y%&Y'v'''
''''''((
(7(H(Q(c(w((((((((()()@)U)m)))))))*%*A*G*X*b*t******",!-D-V-p----------.
.).;.P.Z.l.u.......//3/9/\/u///////0#020>0R0X0u0000f1234566666
773797M7^7h7}77777777778.8@8Y8p8888888 9,9B9H9g99999999::::;>?@ADEE
FFFGI[JJTL>MNNOPAQkRS'UUAWbXX0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~  



!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~6Times
New RomanArialCourier New"h Root EntryWordDocumentP
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


