
;e3eU R< ~  6 T 1?M1   DESCRIPTION CURING AGENT COMPOSITION FOR EPOXY
RESIN, EPOXY RESIN COMPOSITION AND USE OF THE SAME 5 Technical Field  The
present invention relates to a semiconductor device obtained by sealing a
semiconductor integrated cirsuit with an epoxy resin. The present invention
provides 10 an epoxy resin composition which has various physical prop
erties satisfactory to make the composition usable for its application,
e.g., low hygroscopicity and excellent meltflowability of the resin
composition in particular and which provides overall cracking resistance.
Further, the 15 present invention also relates to an epoxy resin composi
tion comprising a catalyst which causes a functional group such as a
phenolic hydroxyl group or an ester group to react with an epoxy group
quickly, and a cured product of the epoxy resin composition. 20 Background
Art Heretofore, integrated circuits (IC) and large scale integrated circuit
(LSI) have been protected from malfunctions caused by dirt, dust, heat,
moisture or light 25 in an external atmosphere by sealants for protecting
them in order for the circuits to be actually used.   i _ 2 In recent
years, the sealants have been gradually shifted from sealing with metal
materials and ceramic materials to sealing with resins, and at present,
epoxy resin sealants are predominantly used. 5 In particular, in view of
balance between costs and physical properties, epoxy resin compositions
using a phe nol resin as a curing agent are used in large quantities. The
sealants using these epoxy resin compositions have problems such as
improvement in mechanical properties as 10 well as: (i) suppression of
crack occurrence at the time of re flow soldering, and 



(ii) improvement in electrical reliability. Generally, the occurrence of
cracks at the time of 15 reflow soldering in (i) is assumed to be caused by
water in the resin which expands sharply when exposed to high temperatures
at the time of reflow soldering. Hence, means for solving the problem is
largely focused on control of moisture absorptivity of the resin, and
mechanical strength 20 and adhesion of the resin to metal are also involved
in the means on the whole. However, since a reaction between an epoxy group
and a hydroxyl group is a reaction which always produces a hydroxyl group
as shown by the following reaction formula 25 (1), hydrophilicity becomes
higher due to the hydroxyl group, and even if a basic skeleton is rendered
hydrophobic,   - 3  5 a reduction ire the moisture absorptivity as a whole
is lim ited. Reaction Formula (1): A-CH2 CH 0/CHz .~. HO-B --~ A-CHZ CH-CH2
0-B OH (wherein A represents an epoxy residue, and H represents a phenol
residue). As a technique for solving these problems, a tech 10 15 nique
disclosed in, for example, EP 959088 which uses a phosphine oxide
derivative as a curing accelerator has been studied. Since an epoxy resin
composition using the accel erator is cured by use of the phenol resin,
moisture absorptivity is almost the same as that when triphenylphosphine or
imidazole which is a commonly used accelerator is used. As for improvements
in other physical properties, however, a significant improvement in
cracking resistance is seen. Further, its curing behavior has a
significantly 20 great merit from an industrial standpoint in that initial
curing takes long time and complete curing takes short time. Meanwhile,
with respect to the improvement in elec trical reliability in (ii), the
following problems exist. (ii)-1: As a side reaction at the time of curing,
epoxy homopolymerization occurs in some portions. As a re 



sult, hydroxyl groups of the phenol resin become excessive,   - 4  so that
the composition has poor moisture resistance and electric characteristics.
Further, since the epoxy homopolymerized portions and the excessive phenol
resin portions exist in addition to an essential epoxy-phenol resin 5
network, the composition also has poor mechanical properties. (ii)-2:
Mainly due to corrosion of metal portions and current leakage of a
semiconductor which are caused by incorporation of free ions, halogen ions
in particular, the 10 electrical reliability is adversely affected. Of
these, the ion impurities in (ii)-2 are a problem of purification and
purity of the epoxy resin in particular and are not intrinsic. As for the
problem of (ii)1, modification of the resin and/or control of the side re
15 action can cause the epoxy resin composition to fully exhibit physical
properties inherent in the epoxy resin composition. These problems
indicated by (ii)-1 and (ii)-2 influence a technique to be described
hereinafter. 20 That is, for the purpose of reducing the moisture
absorptivity of the resin in the foregoing problem (i), a reaction between
an epoxy group and an ester group as disclosed in Japanese Patent
Application Laid-Open No. 53327/1987 applied by Nishikubo et al. has been
proposed. 25 In the publication, a quaternary onium salt and a crown ether
complex are set forth as preferable catalysts,   - 5  and in a paper
[Addition Reaction of Epoxy Compound with Ester and Its Application to
Synthesis of Polymer, Synthetic Organic Chemistry, Vol. 49, pp. 218 to 233
(1991)] by Nishikubo et al., yields when the catalysts are used as 5 unit
reactions are specifically described. According to the paper, although the
highest yield is 91% which is a yield when tetrabutylammonium chloride is
used, the yields are generally low. It is needless to say that if an ionic
compound 10 such as the quaternary onium salt and the crown ether com plex
remain in a resin used as a sealant for a semiconductor integrated circuit,
this means that the ionic impurities described in the foregoing (ii)-1 are
added as a curing accelerator, thereby causing undesirable results such 15
as an electrical short circuit as well as corrosion of metal portions in
contact with the impurities, and these undesirable results and the
corrosion in turn cause serious defects in products. Meanwhile, in a
general addition reaction between 20 an epoxy resin and a phenol resin, a
phosphine such as tri alkylphosphine or triarylphosphine, imidazole, a
tertiary amine or the like is used as a catalyst, and particularly for
sealing a semiconductor, imidazole and the phosphines are often used. When
these catalysts are used in the reac 25 tion between an epoxy group and an
ester group, imidazole having reaction activity is liable to cause epoxy
homopoly   - 6  merization which is the foregoing side reaction, and the
problem of the foregoing (ii)-2 is remarkable. On the other hand, although
the phosphines do not have these problems, they have slow curing speed and
provide substantially 5 no cured product. Therefore, the idea of preparing
a curing agent for an epoxy resin by esterifying some or a11 hydroxyl
groups of the phenol resin as the curing agent for the purpose of obtaining
lower hygroscopicity has heretofore not been im 10 plemented because no
effective curing catalyst has been available. 



Under such circumstances, in recent years, a phosphazene catalyst for
curing an ester group and an epoxy group effectively has been proposed.
More specifically, it 15 has been found that the phosphine oxide derivative
dis closed in the foregoing EP 959088 is effective for an epoxy-ester
curing reaction. Japanese Patent Application Laid-Open No. 80049/2000
discloses its production and high activity in a unit reaction between an
epoxy group and an 20 ester group (reaction between monofunctional
compounds), and Japanese Patent Application Laid-Open No. 349662/1999
discloses its application to a sealant. However, it has been found that due
to hydrolytic properties of the phosphine oxide derivative, if a cured 25
resin absorbs water with the derivative contained therein and is exposed to
high temperatures as in reflow soldering,   _ 7 _ the derivative is
decomposed easily, and electric conduc tivity increases significantly. That
is, the phosphine ox ide derivative is not suitable as a sealant in some
cases. Further, a phosphazenium compound which is a curing 5 catalyst is
already disclosed in Japanese Patent Applica tion Laid-Open No. 77289/1998
which also discloses that the phosphazenium compound exhibits high activity
in a unit re action between an epoxy group and an ester group. In
consideration of these facts, it may seem to be 10 easy to use the
phosphazenium compound together with an ep oxy resin having two or more
functional epoxy groups and a phenol resin having two or more functional
groups or an ester derivative thereof as a thermosetting resin. However, it
is generally known that a basic reaction does not neces 15 sarily exhibit
the same level of reaction activity under a reaction in a polymer. That is,
it must be considered in the case of a three-dimensional crosslinking
curing reaction that as three-dimensional crosslinking proceeds, skeletal
steric 20 hindrance occurs due to bondings occurring in the vicinity of
functional groups and molecules are fixed along with curing, so that the
curing reaction may not proceed easily. When the ionic phosphazenium
compound is used as a catalyst, it is conceivable that the compound may not
be a 25 favorable catalyst for a sealant with respect to which con trot of
inclusion of ionic substances is generally strict.  



_ g Under the circumstances, in the present invention, an epoxy resin
composition suitable for use as a sealant, a cured product thereof, and a
curing agent composition for the epoxy resin composition. 5 Disclosure of
the Invention An object of the present invention is to provide a
composition for causing a phenol resin for providing a cured epoxy resin
resin having low hygroscopicity and ex 10 cellent electric characteristics
or an ester derivative thereof resulting from esterification of some or a11
hydroxyl groups of the phenol resin with an aliphatic acyl group or
aromatic acyl group to react with an epoxy resin or compound effectively.
In particular, an object of the 15 present invention is to provide an epoxy
resin composition for a semiconductor sealant which is excellent in
cracking resistance and electric characteristics, a cured product of the
composition, a semiconductor device produced by use of the composition, and
a curing agent composition for an ep20 oxy resin. The present inventors
have found that such objects can be achieved by a specific compound
comprising a stable cation and a counter anion and have completed the
present invention on the basis of this finding. 25 That is, the present
invention is a curing agent composition for an epoxy resin which comprises
a compound   g as a curing agent (B) which is selected from the group con
sisting of the following (B1) to (B3): (B1) a phenol compound having two or
more functional groups, 5 (H2) a compound in which a hydroxyl group of a
phenol compound having two or more functional groups is esterified with an
acyl group, and (B3) a mixture of the above compounds (B1) and (B2), and a
salt of a phosphazenium compound as a curing accel 10 erator (C) which is
represented by the following formula (I): N R'2 RIZN_P_NR'2 NR~Z N NR~2
R~2N"~=N"~+ N=~'NR~z Z ~ I NR~z N NRy2 ~~N-P-NR~2 N f~2 (wherein Rls each
represent a hydrogen atom, a linear, branched or cyclic alkyl group having
1 to 10 carbon atoms or an aryl or aralkyl group having 6 to 10 carbon
atoms and 



15 may be a11 the same or different from one another; and Z' represents a
halogen anion, hydroxy anion, alkoxy anion, aryloxy anion or carboxy
anion). Further, the present invention is an epoxy resin composition
comprising:   - 10  (A) an epoxy resin having two or more,epoxy groups in a
molecule, (B) a curing agent, and (C) a curing accelerator, 5 wherein the
curing agent (B) is a compound selected from the group consisting of the
following (B1) to (B3): (B1) a phenol compound having two or more
functional groups, (B2) a compound in which a hydroxyl group of a phenol 10
compound having two or more functional groups is esterified with an acyl
group, and (B3) a mixture of the above (H1) and (B2), and the curing
accelerator (C) is a salt of a phosphazenium compound which is represented
by the above formula (I). 15 Still further, the present invention is a
cured ep axy resin obtained by heat-curing the foregoing epoxy resin
composition. Still further, the present invention is a semicon ductor
device obtained by sealing a semiconductor inte 20 grated circuit by use of
the foregoing epoxy resin composi tion. Still further, the present
invention is an epoxy resin composition comprising: (A) an epoxy resin
having two or more epoxy groups in a 25 molecule, (B) a curing agent, and 



- 11  (C) a curing accelerator, wherein the curing agent (B) is a compound
selected from the group consisting of the following (B1) to (B3): (B1) a
phenol compound having two or more functional 5 groups, (B2) a compound in
which a hydroxyl group of a phenol compound having two or more functional
groups is es terified with an acyl group, and (B3) a mixture of the above
(B1) and (B2), 10 and the curing accelerator (C) is a salt comprising a sta
ble cation and a counter anion. Brief Description of Drawing Fig. 1 is a
graph showing the curing behavior of an 15 epoxy resin composition when
CURELASTOMETER is used. Best Mode for Carrying out the Invention In the
present invention, as a curing accelerator (C), a salt comprising a stable
cation and a counter anion 20 typified by a salt of a phosphazenium
compound which is represented by the foregoing formula (1) is used, and as
the curing agent (B), a compound selected from the group consisting of the
following (H1) to (B3)is used: (B1) a phenol compound having two or more
functional 25 groups, (B2) a compound in which a hydroxyl group of a phenol
- 12  compound having two or more functional groups is esterified with an
acyl group, and (B3) a mixture of the above (H1) and (B2), When the mixture
(B3) is used, a mixing ratio of 5 the compound (B1) and the compound (B2)
is arbitrary and should be determined by determining desired physical
properties of a cured product according to target application and grade. 



That is, hygroscopicity lowers as the number of es 10 ter groups increases,
while adhesion to metal such as a lead frame improves as the number of
hydroxyl groups increases, whereby mechanical strength is improved. In the
epoxy resin composition of the present invention, when the phosphazenium
compound of the formula (1) 15 is used as the essential accelerator, a
reaction between an epoxy group and an ester group which has conventionally
been unable to proceed to a sufficient degree can fully proceed as a curing
reaction, a problem of the side reaction of the foregoing problem (ii) can
be solved, and a 20 cured product which is excellent particularly in
flexibil ity, moisture resistance, cracking resistance and electric
characteristics can be provided, as compared with when conventional
imidazole or triphenylphosphine is used as the accelerator. 25 Further,
even when an unesterified phenol resin is used, heat resistance is improved
and complete curing be   - 13  comes fast, as compared with when the
conventional accel erator is used. In addition, a resin composition
prepared by adding an organic and/or inorganic fillers) (D) to the epoxy 5
resin composition exhibits extremely excellent performance as a sealant for
a semiconductor integrated circuit. Meanwhile, as compared with the
aforementioned prior art using a phosphine oxide derivative as a curing
accelerator, electrical reliability as electrical and elec 10 tronic
products improves. That is, while the phosphine oxide derivative has
hydrolytic properties as a compound and has a problem with respect to
electrical reliability, the phosphazenium com pound used in the present
invention is stable. Thus, the 15 difference in electrical reliability
occurs. That is, the epoxy resin composition of the present invention is
preferably an epoxy resin composition compris ing: (A) an epoxy compound or
resin having two or more func 20 tional groups, (B) a phenol compound or
resin having two or more func tional groups, 0 to 100 mol% of hydroxyl
groups of which have been esterified by acyl groups, or an es 



ter derivative thereof, and 25 (C) a phosphazenium compound represented by
the above formula (1) as a curing accelerator as essential   xo dno,zb
TeC~.nq-a use ' dnoab T~Cdoxdosi u~ ' dnoxb Tddoxd-a u~ ' dnoxb T~u~a u~ '
dnoxb T~Lt~~aut ~ sa qans swore uoq~ao 9 0~. S Z T buin~q dnoxb uoqxgooxpdq
oT~.audTTg u~ 'asaq~ ~p dnoxb Tdu~.aT~iuaud-Z g xo dnoxb Tdu~aT~uaqd-T ~
'dno.zb Tdzuaq a ' dnoxb T~CnTo~. ~ s~ eons dnoxb TdxTgxe u~ pue : dnoxb
T~Iuaud ss eons dnoxb T~,z~ u~ : dnoxb T~Ioap a xo dnoxb T~Iuou O Z ~
'dno,zb T~xac~-T-T~q~.a-Z ~ 'dnoxb T~C~oo-Z g 'dnoxb T~~oo -T ~ 'dnoxb
Td~daq-~ p 'dnoxb T~I~daq-T a 'dnoxb TdxaqoTo~Io ~ ' dnoxb T~~.uadoTo~Lo ~
' dnox6 Td~uad-Z-T~Iq~atu-~, ~ ' dnoxb TAxaq-a u~ 'dnoxb T~~,uadoau ~e
'dnoxb Td~nq-Z-Tdu~au~- a 'dnoxb T~C~uad-~ a 'dnoxb T~L~uadosT ue 'dnoxb
Tel~nq-T-T~q~au~ ST -Z ~ 'dnoxb Tf~uad- ~e 'dnoxb Tl~.uad-Z E 'dnoxb
T~~uad-Z 'dnoxb Td~nq-~. ~ 'dnoxb T~~.nq-s u~ 'dnoxb T~I~nq-a u~ 'dnoxb
Tddoxdost u~e 'dnox6 Tddoxd-a u~ 'dnoxb T~q~a u~ 'dnoxb T~Cq~aut a s~ qons
dnoxb T~LxTs oiTo~o ,zo par~~u~xq ' x~auiT a :uto~~ uaboxpdq a apnTauT tg
~o saTdurexa anT~~x~snTTI OT  xaq~.oua auo wox~ ~uaxa~ -~zp xo a~uas auk
TTY aq dau~ pug su~o~s uoqxso pT off. 9 buznsq dnoxb T~IxT~x~ xo T~x~ ur xo
smo~.~ uoqx~~ pT o~ T buzn~q dnoxb T~xT~ oTTo'~a xo paqou~xq 'xeautT ~
'u~o~~ uaboxp~Iq ~uasaxdex qa~a stg s~uan~t~.sqns ' ( T ) eTnu~xo~ aq~ uI S
paqt.zosap aq TTin~ uoi~uanui ~.uasa,zd aq~ uT pasn si uoTuth ( T )
gTnu~xo~ aq~ ,~q pa~.uasaxdax punodu~oo u~n-ruaz~qdsoqd auk 'xa~~~uTaxag
s~uauodtuoo - i~ t    - 15  



a cyclohexyl group is preferable, and the methyl group and the ethyl group
are more preferable. In the formula (1), Z- represents a halogen anion,
hydroxy anion, alkoxy anion, aryloxy anion or carboxy anion. 5 In addition,
any anions can be used as long as they do not inhibit the effect of the
present invention. Illustrative examples of Z" include a halogen anion such
as a fluorine anion, a chlorine anion, a bromine anion or an iodine anion;
a hydroxy anion; an alkoxy anion de 10 rived from an alcohol such as
methanol, ethanol, n-propanol, isopropanol, allyl alcohol, n-butanol,
s-butanol, t-butanol, cyclohexanol, 2-heptanol, 1-octanol, 1-decanol or
octahydronaphthol; an aryloxy anion derived from an aromatic hydroxy
compound such as phenol, cresol, xylenol, naphthol, 15 2-methyl-1-naphthol
or 9-phenanthrol; and a carboxy anion derived from a carboxylic acid such
as formic acid, acetic acid, propionic acid, butyric acid, isobutyric acid,
caproic acid, decanecarboxylic acid, oleic acid, benzoic acid or naphthoic
acid. 20 Of these, the hydroxy anion; an alkoxy anion de rived from an
alcohol having 1 to 4 carbon atoms such as methanol, ethanol, n-propanol,
isopropanol, n-butanol, sbutanol or t-butanol; an aryloxy anion derived
from an aromatic hydroxy compound having 6 to 8 carbon atoms such as 25
phenol or cresol; and a benzoyloxy anion derived from benzoic acid are
preferable. More preferable are the hydroxy   - 16  anion, a methoxy anion,
a phenoxy anion and the benzoyloxy anion. The mast preferable is the
hydroxy anion. These phosphazenium compounds may be used solely or in
admixture of two or more. 5 These phosphazenium compounds can be
synthesized in accordance with a method disclosed in Japanese Patent Ap
plication Laid-Open No. 77289/1998 or a similar method. In the epoxy resin
composition of the present in vention, the curing accelerator (C) is used
in an amount of 10 0.001 to 25 wt% (0.001 to 25 g/100 g), preferably 0.01
to 15 wt%, more preferably 0.1 to 8 wt%, based on 100 wt% of a resin
component (total of the epoxy resin (A) and the cur ing agent (H)).
Further, in the epoxy resin composition of the pre 15 sent invention,
together with the phosphazenium compound, a generally used, known
accelerator other than the phosphazenium compound, such as imidazole, e.g.,
2-methylimidazole or a phosphine, e.g., triphenylphosphine, may be used in
an amount of 0.5 to 500 wt% of the phosphazenium compound. 20 The
characteristics of the present invention are exhibited readily when the
amount is not higher than 500 wt% (five fold equivalent). 



The phosphazenium compound has almost no deliques cent properties. Even in
the following preparation of the 25 composition, it can be handled under a
normal atmosphere as in the case of other compounds.   - 17  In the epoxy
resin composition of the present in vention, the epoxy resin as the
component (A) is an epoxy resin having two or more epoxy groups in a
molecule. As the epoxy resin (A), a variety of conventionally known ep 5
oxy resins can be used regardless of molecular structure, molecular weight
and the like as long as they can be cured by a variety of curing agents as
will be described later. Firstly, preferable examples of the epoxy resin
(A) include a novolac epoxy resin represented by the following 10 formula
(II), a phenol-dicyclopentadiene-type epoxy resin represented by the
following formula (III), a phenolaralkyl-resin-type epoxy resin represented
by the following formula (IV), a naphthol-aralkyl-resin-type epoxy resin
represented by the following formula (V), a biphenol-type 15
epoxy-containing epoxy resin represented by the following formula (VI) or a
bisphenol-type-epoxy-containing epoxy resin represented by the following
formula (VII): ~H CH (B) (wherein R2s each represent a hydrogen atom, a
methyl group or an ethyl group, and n which is the number of recurring 20
units represents an integer of 0 to 50, its average being within a range of
0 to 15),      



- 18  ( III ) 5 10 (wherein R's each represent a hydrogen atom, a halogen
atom, a linear, branched or cyclic aliphatic alkyl group having 1 to 8
carbon atoms, an alkoxy group having 1 to 10 carbon atoms or a phenyl
group, and n which is the number of recurring units represents an integer
of 0 to 50, its average being within a range of 0 to 15), 0 `10 0 `,0 0 `10
CH2 ~ ~ CH2 \ CH2 ~ ~ CH2 \ (IV) Rah R4~ Ra (wherein Rs each represent a
hydrogen atom, a halogen atom, a linear, branched or cyclic aliphatic alkyl
group having 1 to 8 carbon atoms, an alkoxy group having 1 to 10 carbon
atoms or a phenyl group, and n which is the number of recurring units
represents an integer of 0 to 50, its average being within a range of 0 to
15), C `'0 C `'0 C `10 / ~ ~ / / ~ ~ / / CH~CHZ \ CH~CHz ~ I ( V ) n
(wherein R5s each represent a hydrogen atom, a halogen atom, a linear,
branched or cyclic aliphatic alkyl group having 1 15 to 8 carbon atoms, an
alkoxy group having 1 to 10 carbon    - 19  5 10 15 atoms, a phenyl group
or a glycidyl ether group, and n which is the number of recurring units
represents an integer of 0 to 50, its average being within a range of 0 to
15), Rs Rs o / \ r o 0 \ / (vl) R s Rs (wherein R6s each represent a
hydrogen atom, a methyl group or an ethyl group and may be a11 the same or
different from one another), and R' R7 Y 0 0 / \ \ p (Vlt) (wherein R's
each represent a hydrogen atom, an alkyl group having 1 to 10 carbon atoms,
an alkoxyl group having 1 to 10 carbon atoms, an aryl group having 6 to 10
carbon atoms, an aryloxy group having 6 to 10 carbon atoms or halogen and
may be a11 the same or different from one another, and Y represents an
alkylidene having 1 to 10 carbon atoms, an alkylene having 2 to 10 carbon
atoms, a cycloalkylidene having 3 to 10 carbon atoms, a cycloalkylene
having 3 to 10 carbon atoms or a divalent group such as -0-, -CO-, -C02-,
S-, -SO- or -S02-). As the epoxy resin (A), a variety of conventionally   1
y 



- 20  known epoxy resins can be used. For example, an epoxy resin
synthesized from a variety of novolac resins including epichlorohydrin and
bisphenol, an alicyclic epoxy resin or an epoxy resin incorporating a
halogen atom such as 5 chlorine or bromine can be used. The above epoxy
resins can be used solely or in admixture of two or more. Preferable
examples thereof include dihydroxybenzenes such as catechol, resorcin and
hydroquinone, dihydroxynaphthalenes such as 1,4-dihydroxynaphthalene, 1,5
10 dihydroxynaphthalene, 1,6-dihydroxynaphthalene, 2,5 dihydroxynaphthalene
and 2,6-dihydroxynaphthalene, epoxy resins obtained by epoxidating phenolic
hydroxyl groups of a phenol novolac resin represented by the following
formula (XIV): OH OH OH CH2 CH2 (XIV) R14 R14 " R14 15 (wherein R1s each
represent a hydrogen atom, a methyl group or an ethyl group, and n which is
the number of recurring units represents an integer of 0 to 50, its average
being within a range of 0 to 15), a phenol-dicyclopentadien~ resin
represented by the 20 following formula (XV):   - 21  (xv) 15 (wherein R15s
each represent a hydrogen atom, a halogen atom, a linear, branched or
cyclic aliphatic alkyl group having 1 to 8 carbon atoms, an alkoxy group
having 1 to 10 carbon atoms or a phenyl group, and n which is the number of
re 5 curring units represents an integer of 0 to 50, its average being
within a range of 0 to 15), a phenol aralkyl resin represented by a formula
(XVI): OH OH OH CH2 ~ ~ CH2 \ CH2 ~ ~ CH2 \ (XVI) R~s\ ' R16 R1s (wherein
Rlss each represent a hydrogen atom, a halogen atom, a linear, branched or
cyclic aliphatic alkyl group having 1 10 to 8 carbon atoms, an alkoxy group
having 1 to 10 carbon atoms or a phenyl group, and n which is the number of
re curring units represents an integer of 0 to 50, its average being within
a range of 0 to 15), a naphthol aralkyl resin represented by a formula
(XVII): OH OH OH CHz ~ ~ CH2 ~ ~ CH2 ~ ~ CH27~ 17 ~ ~ V 15 (wherein R17s
each represent a hydrogen atom, a halogen atom,  



- 22  a linear, branched or cyclic aliphatic alkyl group having 1 to 8
carbon atoms, an alkoxy group having 1 to 10 carbon atoms, a phenyl group
or a hydroxyl group, and n which is the number of recurring units
represents an integer of 0 to 5 50, its average being within a range of 0
to 15), a biphenol represented by the following formula (XVIII): HO OH (X~)
(wherein Rtes each represent a hydrogen atom, a methyl group or an ethyl
group and may be a11 the same or different from one another) and 10 a
bisphenol represented by a formula (XIX): R19 R19 HO ~ Y OH (X~) (wherein
Rl9s each represent a hydrogen atom, an alkyl group having 1 to 10 carbon
atoms, an alkoxyl group having 1 to 10 carbon atoms, an aryl group having 6
to 10 carbon atoms, an aryloxy group having 6 to 10 carbon atoms or halogen
and 15 may be a11 the same or different from one another, and Y represents
an alkylidene having 1 to 10 carbon atoms, an alkylene having 2 to 10
carbon atoms, a cycloalkylidene having 3 to 10 carbon atoms, a
cycloalkylene having 3 to 10 carbon atoms or a divalent group such as -O-,
-CO-, -COz-,     - 23  S-, -SO- or -S02-), epoxy resins obtained by
epoxidating amino groups of aromatic polyamines such as
4,4'-diaminophenylmethane, 4,4'-diaminodiphenyl ether, 4,4'-diaminodiphenyl
sulfone, 5 2,2'-bis(4,4'-diaminophenyl)propane, m-xylylenediamine, p
xylylenediamine and an aralkyl aniline resin represented by the f of lowing
formula ( XX ) NH2 NHz NHz \ CH2 ~ ~ CH2 \ CH2 ~ ~ CH2 \ ~XX) R20 ` 0 n 20
(wherein R20s each represent a hydrogen atom, a halogen atom, a linear,
branched or cyclic aliphatic alkyl group having 1 10 to 8 carbon atoms, an
alkoxy group having 1 to 10 carbon 



atoms or a phenyl group, and n which is the number of re curring units
represents an integer of 0 to 50, its average being within a range of 0 to
15), and epoxy compounds or resins derived from aminophenols such 15 as
m-aminophenol, p-aminophenol, 2-(4-aminophenyl)-2-(4' hydroxyphenyl)propane
and 4-aminophenyl-(4'-hydroxyphenyl) methane. More preferable of these are
epoxy resins or com pounds obtained by epoxidating a phenol novolac resin,
a 20 phenol dicyclopentadiene resin, a phenol aralkyl resin, a naphthol
aralkyl resin, a biphenol and a bisphenol. In the epoxy resin composition
of the present in   - 24  vention, as the curing agent as the component
(B), any phenolic-hydroxyl-group-containing compounds or resins 0 to 100
mol% of the hydroxyl groups of which have been esterified by acyl groups
and ester derivatives thereof can be 5 used. Firstly, preferable examples
of the curing agent (B) include a novolac resin represented by the
following formula (VIII) or an ester derivative thereof, a phenol
dicyclopentadiene resin represented by the following for 10 mula (IX) or an
ester derivative thereof, a phenol aralkyl resin represented by the
following formula (X) or an ester derivative thereof, a naphthol aralkyl
resin represented by the following formula (XI) or an ester derivative
thereof, a biphenol compound represented by the following formula 15 (XII)
or an ester derivative thereof, or a bisphenol com pound represented by the
following formula (XIII) or an es ter derivative thereof: OA OA \ \ Z CHz
Re " Re "H  (wherein Rs each represent a hydrogen atom, a methyl group or
an ethyl group; n which is the number of recurring units 20 represents an
integer of 0 to 50, its average being within 



a range of 0 to 15; and As each represent a hydrogen atom    - 25  in the
case of the compound (B1) and an aromatic acyl group in the case of the
compound (B2)), (1X) (wherein R's each represent a hydrogen atom, a halogen
atom, a linear, branched or cyclic aliphatic alkyl group having 1 5 to 8
carbon atoms, an alkoxy group having 1 to 10 carbon atoms or a phenyl
group; n which is the number of recurring units represents an integer of 0
to 50, its average being within a range of 0 to 15; and As each represent a
hydrogen atom in the case of the compound (B1) and an aromatic acyl 10
group in the case of the compound (B2)), OA OA OA CH2 ~ ~ CHZ ` CH2 ~ ~ CH2
\ (X) \ 'Rld~ ' Rio (wherein R1s each represent a hydrogen atom, a halogen
atom, a linear, branched or cyclic aliphatic alkyl group having 1 to 8
carbon atoms, an alkoxy group having 1 to 10 carbon atoms or a phenyl
group; n which is the number of recurring 15 units represents an integer of
0 to 50, its average being within a range of 0 to 15; and As each represent
a hydrogen atom in the case of the compound (B1) and an aromatic acyl group
in the case of the compound (B2)),    - 26  OA OA OA OHz I ~ OH2 1 ~ \ OHZ
I ~ OHz ~ \ ~ (X I ) (wherein Rl1s each represent a hydrogen atom, a
halogen atom, a linear, branched or cyclic aliphatic alkyl group having 1
to 8 carbon atoms, an alkoxy group having 1 to 10 carbon atoms or a phenyl
group; n which is the number of recurring 5 units represents an integer of
0 to 50, its average being within a range of 0 to 15; and As each represent
a hydrogen atom in the case of the compound (B1) and an aromatic acyl group
in the case of the compound (B2)), R12 AO ~ ~ ~ ~ OA (X B ) R 2 ~R~ z
(wherein Rl2s each represent a hydrogen atom, a methyl group 10 or an ethyl
group and may be a11 the same or different from one another; and As each
represent a hydrogen atom in the case of the compound (B1) and an aromatic
acyl group in the case of the compound (B2)), and R13 R13 AO ~ OA Y ~ ~
(X~) (wherein R"s each represent a hydrogen atom, an alkyl group 



15 having 1 to 10 carbon atoms, an alkoxyl group having 1 to 10 carbon
atoms, an aryl group having 6 to 10 carbon atoms,   - 27  an aryloxy group
having 6 to 10 carbon atoms or halogen and may be a11 the same or different
from one another; Y represents an alkylidene having 1 to 10 carbon atoms,
an alkylene having 2 to 10 carbon atoms, a cycloalkylidene hav 5 ing 3 to
10 carbon atoms, a cycloalkylene having 3 to 10 carbon atoms or a divalent
group such as -O-, -CO-, -COz-, S-, -SO- or -SOZ-; and As each represent a
hydrogen atom in the case of the compound (B1) and an aromatic acyl group
in the case of the compound (B2)). 10 Particularly preferable examples of
the curing agent (B) include: a phenol novolac resin represented by the
following for mula (XIV): OH OH z CHz 4 ~ R14 H (X1V) (wherein R1s each
represent a hydrogen atom, a methyl group 15 or an ethyl group, and n which
is the number of recurring units represents an integer of 0 to 50, its
average being within a range of 0 to 15), a phenol-dicyclopentadiene resin
represented by the following formula (XV):    28 OH OH OH \ \ (XV) R16 ~ ~
VR15/ ~ V~ v R15 (wherein R15s each represent a hydrogen atom, a halogen
atom, a linear, branched or cyclic aliphatic alkyl group having 1 to 8
carbon atoms, an alkoxy group having 1 to 10 carbon atoms or a phenyl
group, and n which is the number of re 5 curring units represents an
integer of 0 to 50, its average being within a range of 0 to 15), a phenol
aralkyl resin represented by the following formula (XVI): OH OH OH CH2 ~ ~
CHz \ CH2 ~ ~ CHZ \ (X VI) R16 R16 (wherein Rl6s each represent a hydrogen
atom, a halogen atom, 10 a linear, branched or cyclic aliphatic alkyl group
having 1 



to 8 carbon atoms, an alkoxy group having 1 to 10 carbon atoms or a phenyl
group, and n which is the number of recurring units represents an integer
of 0 to 50, its average being within a range of 0 to 15), 15 a naphthol
aralkyl resin represented by the following formula (XVII):   - 29  OH OH OH
pHz I ~ MHz 7 ~ \ ~Hx I ~ ~HZ7~ \ I (XVB) V (wherein R"s each represent a
hydrogen atom, a halogen atom, a linear, branched or cyclic aliphatic alkyl
group having 1 to 8 carbon atoms, an alkoxy group having 1 to 10 carbon
atoms, a phenyl group or a hydroxyl group, and n which is 5 the number of
recurring units represents an integer of 0 to 50, its average being within
a range of 0 to 15), a biphenol represented by the following formula
(XVIII): 8 18 HO ' ` ~ ~ OH (XVI~) R B `R18 (wherein Rtes each represent a
hydrogen atom, a methyl group or an ethyl group and may be a11 the same or
different from 10 one another), and a bisphenol represented by the
following formula (XIX): R19 R19 HO ~ Y 0H (X~) (wherein Rl9s each
represent a hydrogen atom, an alkyl group having 1 to 10 carbon atoms, an
alkoxyl group having 1 to 10 carbon atoms, an aryl group having 6 to 10
carbon atoms, 15 an aryloxy group having 6 to 10 carbon atoms or halogen
and may be a11 the same or different from one another, and Y   - 30
represents an alkylidene having 1 to 10 carbon atoms, an alkylene having 2
to 10 carbon atoms, a cycloalkylidene having 3 to 10 carbon atoms, a
cycloalkylene having 3 to 10 carbon atoms or a divalent group such as -0-,
-CO-, -COz-, 5 S-, -SO- or -SOz-). Esterification of these phenol resins
can be performed in accordance with a known method. Further, an esterifying
agent used to esterify the above hydroxyl groups may be any of an organic
carboxylic anhydride, an organic 10 carboxylic halide and an organic
carboxylic acid. A convenient esterifying agent may be selected according
to characteristics of an esterifying agent based on the number of carbon
atoms of an ester desired to be derived. Specific examples of the
esterifying agent include 15 acetic anhydride, acetyl chloride, acetyl
bromide, acetic acid, propionic anhydride, propionyl chloride, propionyl
bromide, propionic acid, butyric anhydride, butyric chloride, butyric acid,
valeric anhydride, valeric chloride, valeric bromide, valeric acid, pivalic
chloride, pivalic 20 acid, phenylacetic acid, phenyl acetyl chloride, 2 



phenylpropionic acid, 3-phenylpropionic acid, o-tolylacetic acid,
m-tolylacetic acid, p-tolylacetic acid, cumenic acid, benzoic anhydride,
benzoic chloride, benzoic bromide, benzoic acid, o-methylbenzoic chloride,
m-methylbenzoic chlo 25 ride, p-methylbenzoic chloride, o-methylbenzoic
acid, m   - 31  methylbenxoic acid, p-methylbenzoic acid, dimethylbenzoic
acid, and naphthoic acid. These esterifying agents can be used solely or in
admixture of two or more. 5 Further, in the present invention, the rate of
esterification is 0 to 100 mol%, preferably 10 to 100 mol%, mare preferably
50 to 100 mol%, much more preferably 80 to 100 mol%, most preferably 90 to
100 mol%. In this regard, an esterification rate of 0% simply 10 implies a
phenol compound or a phenol resin. In the epoxy resin composition of the
present invention, a phenol compound or phenol resin or an ester derivative
thereof is used as the curing agent for an epoxy resin having two or more
functional groups. Since the ep 15 oxy resin composition of the present
invention is intended for use as a thermosetting resin in the same
applications as a conventional epoxy-phenol cured product is used, such a
combination of the constituents that the composition can take a
three-dimensional structure after cured is desirable. 20 As for the mixing
ratio of the epoxy resin (A) and the curing agent (B), a total of hydroxyl
groups and ester groups, that is, active groups, is 0.5 to 1.5 mole
equivalents, preferably 0.7 to 1.3 mole equivalents, based on 1 mole
equivalent of epoxy groups. In actual use, it is more 25 preferable to
adjust and use a molar ratio with which optimum physical properties of a
cured product can be obtained.   - 32  To prepare the epoxy resin
composition of the pre sent invention, any techniques may be used. For
example, it is possible that the phosphazenium compound of the for mula (1)
as the accelerator is melt-mixed into the curing 5 agent sufficiently in
advance and the mixture is then mixed with the epoxy resin or these may be
mixed together simul taneously. Further, to fully homogenize these
materials, they may be dry-blended in powdery form. 10 In the epoxy resin
composition of the present in vention, as required, an organic and/or
inorganic fillers) as a component (D) and other additives may be added to
the epoxy resin composition. Particularly, when the epoxy resin composition
of 



15 the present invention is used as a sealant for a semicon ductor
integrated circuit, it is desirable to use the organic and/or inorganic
fillers) (D) and a variety of additives such as a colorant, e.g. carbon
black, a mold releasing agent, a coupling agent and a flame retardant for
the 20 purposes of improving its mechanical properties and reduc ing an
overall cost. The amount of the organic and/or inorganic fillers) (D) is
preferably 100 parts by weight to 1,900 parts by weight based on 100 parts
by weight of a total of 25 the epoxy resin (A) and the curing agent (B).
From the viewpoints of moisture resistance and mechanical strength,   - 33
the amount is more preferably not smaller than 250 parts by weight,
particularly preferably not smaller 550 parts by weight. Illustrative
examples of the organic and/or inor 5 ganic fillers) (D) 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 fibers, carbon fibers and aramid fibers. Of these, crystalline
silica and/or fused silica are/is 10 preferably used in the sealant.
Further, in consideration of flowability of the resin composition at the
time of molding, the silicas desirably have spherical shapes or a
combination of spherical shapes and irregular shapes. Further, in the epoxy
resin composition of the pre 15 sent invention, in consideration of
mechanical strength and heat resistance, it is desirable to use a coupling
agent to improve adhesion between the resin and the filler. Illustrative
examples of the coupling agent include a silane coupling agent, a titanate
coupling agent, an aluminate 20 coupling agent and a zircoaluminate
coupling agent. Of these, the silane coupling agent is preferable, and
particularly, a silane coupling agent having a functional group which
reacts with an epoxy group is the most preferable. 25 Specific examples of
such a coupling agent include vinyl trimethoxysilane, vinyl
triethoxysilane, N-(2-amino   - 34
methyl)-3-aminopropylmethyldimethoxysilane,
N-(2-aminoethyl)-3-aminopropyltrimethoxysilane,
3-aminopropyltriethoxysilane, 3-anilinopropyltriethoxysilane,
3-glycidoxypropyltrimethoxysilane, 3-glycidoxypropylmethyldimethoxy 5
silane, 2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 3
methacryloxypropyltrimethoxysilane, and 3-mercaptopropyl trimethoxysilane.
These can be used solely or in combina tion of two or more. It is desirable
that these coupling agents be ad 10 sorbed to the surface of the filler or
solidified by a re action in advance. 



As a method for producing a semiconductor device by sealing a semiconductor
integrated circuit by use of the epoxy resin composition of the present
invention, low pres 15 sure transfer molding can be said to be the most
commonly used. However, other methods such as injection molding,
compression molding and cast molding can also be used, and a special
technique using a solvent can also be used. Hereinafter, the present
invention will be de 20 scribed in detail with reference to Examples.
However, the present invention shall not be limited by the Examples in any
way. Synthetic Example 1 25 To a glass container equipped with a
thermometer, an agitator, a dropping funnel and a reflux condenser, 312   -
35  g (3 mol) of phenol novolac resin (trade name: BRG#558, product of
SHOWA HIGHPOLYMER, hydroxyl group equivalent: 104 g/eq) was added, and the
internal temperature of the container was raised to 125C. With the internal
tempera s ture kept at the above temperature, 336.9 g (3.3 mol) of acetic
anhydride was added dropwise in two hours under agi tation. Thereafter,
with the internal temperature kept at 125C, the reaction was carried out
for 2 hours, and then the temperature was raised to 140C. At 140 to 150C,
the 10 mixture was aged for 2 hours, and then excessive acetic anhydride
and by-produced acetic acid were distilled off under a reduced pressure at
150C/10 mmHg at the highest. The obtained resin was dissolved in 1,400 g of
toluene and then washed with hot water at 60 to 70C until 15 waste water
becomes neutral, and toluene was distilled off at 150C/5 mmHg at the
highest so as to obtain 370 g of phenol novolac resin having completely
acetylated hydroxyl groups. Its hydroxyl group equivalent was not smaller
than 3,000 g/eq (undetectable). 20 Synthesis Example 2 To a glass container
equipped with a thermometer, an agitator, a dropping funnel and a reflux
condenser, 312 g (3 mol) of phenol novolac resin (trade name: BRG#558,
product of SHOWA HIGHPOLYMER, hydroxyl group equivalent: 25 104 g/eq) was
added, and the internal temperature of the container was raised to 125C.
With the internal tempera   - 36  ture kept at the above temperature, 421.7
g (3 mol) of benzoyl chloride was added dropwise in two hours under
agitation. A hydrogen chloride gas produced during the reaction was
absorbed into a trap. Thereafter, with the internal 5 temperature kept at
125C, the reaction was carried out for 2 hours, and then the temperature
was raised to 140C. At 



140 to 150C, the mixture was aged for 2 hours, and then hydrochloric acid
was removed under a slightly reduced pressure. 10 The obtained resin was
dissolved in 1,400 g of toluene and then washed with hot water at 60 to 70C
until waste water becomes neutral, and toluene was distilled off at 150C/5
mmI~g at the highest so as to obtain 590 g of phenol novolac resin having
completely benzoylated hydroxyl 15 groups. Its hydroxyl group equivalent
was not smaller than 3,000 g/eq (undetectable). Synthetic Example 3 To a
glass container equipped with a thermometer, an agitator, a dropping funnel
and a reflux condenser, 507 20 g (3 mol) of phenol aralkyl resin (trade
name: MIREX XLC-4L, hydroxyl group equivalent: 169 g/eq, product of Mitsui
Chemicals, Inc.) was added, and the internal temperature of the container
was raised to 125C. With the internal temperature kept at the above
temperature, 336.9 g (3.3 mol) 25 of acetic anhydride was added dropwise in
two hours under agitation. Thereafter, with the internal temperature kept
- 37  at 125C, the reaction was carried out for 2 hours, and then the
temperature was raised to 140C. At 140 to 150C, the mixture was aged for 2
hours, and then excessive acetic anhydride and by-produced acetic acid were
distilled off 5 under a reduced pressure at 150C/10 mmHg at the highest.
The obtained resin was dissolved in 1,400 g of toluene and then washed with
hot water at 60 to 70C until waste water becomes neutral, and toluene was
distilled off at 150C/5 mmHg at the highest so as to obtain 609 g of 10
phenol aralkyl resin having completely acetylated hydroxyl groups. Its
hydroxyl group equivalent was not smaller than 3,000 g/eq (undetectable).
Synthesis Example 4 To a glass container equipped with a thermometer, 15 an
agitator, a dropping funnel and a reflux condenser, 507 g (3 mol) of phenol
aralkyl resin (trade name: MIREX XLC-4L, hydroxyl group equivalent: 169
g/eq, product of Mitsui Chemicals, Inc.) was added, and the internal
temperature of the container was raised to 125C. With the internal tem 20
perature kept at the above temperature, 421.7 g (3 mol) of benzoyl chloride
was added dropwise in two hours under agitation. A hydrogen chloride gas
produced during the reaction was absorbed into a trap. Thereafter, with the
internal temperature kept at 125C, the reaction was carried out 25 for 2
hours, and then the temperature was raised to 140C. At 140 to 150C, the
mixture was aged for 2 hours, and then   - 38  hydrochloric acid was
removed under a slightly reduced pressure. The obtained resin was dissolved
in 1,400 g of toluene and then washed with hot water at 60 to 70C until 5
waste water becomes neutral, and toluene was distilled off at 150C/5 mmHg
at the highest so as to obtain 785 g of phenol aralkyl resin having
completely benzoylated hydroxyl groups. Its hydroxyl group equivalent was
not smaller than 3,000 g/eq (undetectable). 



10 Synthetic Example 5 To a glass container equipped with a thermometer, an
agitator, a dropping funnel and a reflux condenser, 540 g (3 mol) of
phenol-dicyclopentadiene resin (trade name: DPR-5000, product of Mitsui
Chemicals, Inc., hydroxyl group 15 equivalent: 180 g/eq) was added, and the
internal tempera ture of the container was raised to 125C. With the
internal temperature kept at the above temperature, 336.9 g (3.3 mol) of
acetic anhydride was added dropwise in two hours under agitation.
Thereafter, with the internal temperature 20 kept at 125C, the reaction was
carried out for 2 hours, and then the temperature was raised to 140C. At
140 to 150C, the mixture was aged for 2 hours, and then excessive acetic
anhydride and by-produced acetic acid were distilled off under a reduced
pressure at 150C/10 mmHg at the high25 est. The obtained resin was
dissolved in 1,400 g of   - 39  toluene and then washed with hot water at
60 to 70C until waste water becomes neutral, and toluene was distilled off
at 150C/5 mmHg at the highest so as to obtain 610 g of
phenol-dicyclopentadiene-resin-type resin having completely 5 acetylated
hydroxyl groups. Its hydroxyl group equivalent was not smaller than 3,000
g/eq (undetectable). Synthesis Example 6 To a glass container equipped with
a thermometer, an agitator, a dropping funnel and a reflux condenser, 540
10 g (3 mol) of phenol-dicyclopentadiene resin (trade name: DPR-5000,
product of Mitsui Chemicals, Inc., hydroxyl group equivalent: 180 g/eq) was
added, and the internal temperature of the container was raised to 125C.
With the internal temperature kept at the above temperature, 421.7 g (3 15
mol) of benzoyl chloride was added dropwise in two hours under agitation. A
hydrogen chloride gas produced during the reaction was absorbed into a
trap. Thereafter, with the internal temperature kept at 125C, the reaction
was carried out for 2 hours, and then the temperature was 20 raised to
140C. At 140 to 150C, the mixture was aged for 2 hours, and then
hydrochloric acid was removed under a slightly reduced pressure. The
obtained resin was dissolved in 1,400 g of toluene and then washed with hot
water at 60 to 70C until 25 waste water becomes neutral, and toluene was
distilled off at 150C/5 mmHg at the highest so as to obtain 810 g of   - 40
phenol-dicyclopentadiene-resin-type resin having completely benzoylated
hydroxyl groups. Its hydroxyl group equivalent was not smaller than 3,000
g/eq (undetectable). Synthetic Example 7 5 To a glass container equipped
with a thermometer, an agitator, a dropping funnel and a reflux condenser,
654 g (3 mol) of naphthol aralkyl resin (trade name: oc-NX-3.2, product of
Mitsui Chemicals, Inc., hydroxyl group equivalent: 218 g/eq) was added, and
the internal temperature of 10 the container was raised to 125C. With the
internal tem perature kept at the above temperature, 336.9 g (3.3 mol) of
acetic anhydride was added dropwise in two hours under agitation.
Thereafter, with the internal temperature kept at 125C, the reaction was
carried out for 2 hours, and 15 then the temperature was raised to 140C. At
140 to 150C, the mixture was aged for 2 hours, and then excessive acetic
anhydride and by-produced acetic acid were distilled off under a reduced
pressure at 150C/10 mmHg at the highest. The obtained resin was dissolved
in 1,400 g of 20 toluene and then washed with hot water at 60 to 70C until
waste water becomes neutral, and toluene was distilled off at 150C/5 mmHg
at the highest so as to obtain 745 g of naphthol aralkyl resin having
completely acetylated hydroxyl groups. Its hydroxyl group equivalent was
not 25 smaller than 3,000 g/eq (undetectable). Synthesis Example 8  



- 41  To a glass container equipped with a thermometer, an agitator, a
dropping funnel and a reflux condenser, 654 g (3 mol) of naphthol aralkyl
resin (trade name: a-NX-3.2, product of Mitsui Chemicals, Inc., hydroxyl
group equiva 5 lent: 218 g/eq) was added, and the internal temperature of
the container was raised to 125C. With the internal tem perature kept at
the above temperature, 421.7 g (3 mol) of benzoyl chloride was added
dropwise in two hours under agi tation. A hydrogen chloride gas produced
during the reac 10 tion was absorbed into a trap. Thereafter, with the
inter nal temperature kept at 125C, the reaction was carried out ' for 2
hours, and then the temperature was raised to 140C. At 140 to 150C, the
mixture was aged for 2 hours, and then hydrochloric acid was removed under
a slightly reduced 15 pressure. The obtained resin was dissolved in 1,400 g
of toluene and then washed with hot water at 60 to 70G until waste water
becomes neutral, and toluene was distilled off at 150C/5 mmHg at the
highest so as to obtain 923 g of 20 naphthol aralkyl resin having
completely benzoylated hy droxyl groups. Its hydroxyl group equivalent was
not smaller than 3,000 g/eq (undetectable). Synthesis Example 9 588 g of
phenol novolac resin having 88% of its hy 25 droxyl groups benzoylated was
obtained in the same manner as in Synthesis Example 2 except that the
amount of benzoyl   - 42  chloride was changed to 371.2 g (2.64 mol). Its
hydroxyl group equivalent was 958 g/eq. Example 1 



1 gram equivalent of o-cresol novolac (trade name: 5 EOCN102S-65, product
of NIPPON KAYAKU CO., LTD., epoxy equivalent: 210 g/eq) as an epoxy resin
and 1 gram equivalent of the acetylated phenol novolac resin (ester
equivalent: 146 g/eq = calculated value) of Synthesis Example 1 as a curing
agent were fully melt-mixed with each other at 10 100C so as to obtain a
homogeneous resin mixture. To the resin mixture, 0.0055 mol of
phosphazenium compound of the foregoing formula (1) wherein R1 was a methyl
group was added as a curing accelerator, and the resulting mixture was
mixed at 120C for 1 minute so as to 15 obtain a resin composition. To 200 g
of the resin composition, a filler and other additives were added in the
following amounts, and the mixture was roll-mixed under heating so as to
obtain a molding material for a sealant: 20 Inorganic Filler [Spherical
Fused Silica (YXK-35R, prod uct of TATSUMORI CO., LTD.)]: 1,440 g Silane
Coupling Agent (SZ-6083, product of Dow Corning Toray Silicone Co., Ltd.):
124 g Carnauba Wax: 90 g 25 Carbon Black: 6 g Antimony Oxide: 20 g   - 43
Using a portion of the molding material, a cured product was obtained under
conditions of 175C/10 min and 150 kg/cm2 and then after-cured at 175C/8 hr
(nitrogen at mosphere) so as to fully cure the product. Physical prop 5
erties were measured by use of the cured product. Further, by use of the
same molding material, test semiconductor devices were prepared by low
pressure trans fer molding, and a cracking test was conducted by means of a
solder bath. 10 Example 2 Tests were conducted in the same manner as in
Exam ple 1 except that the curing agent was changed to the ben zoylated
phenol novolac resin of Synthesis Example 2. Example 3 15 Tests were
conducted in the same manner as in Exam ple 1 except that the epoxy
compound was changed to YX4000H, the curing agent was changed to the
acetylated phenol aralkyl resin of Synthesis Example 3, and a composition
was obtained by a method comprising the steps of fully 20 melt-mixing the
curing agent with the accelerator at 120C in advance and then adding the
epoxy resin. Example 4 Tests were conducted in the same manner as in Exam 



ple 3 except that the curing agent was changed to the ben 25 zoylated
phenol aralkyl resin of Synthesis Example 4. Example 5   - 44  Tests were
conducted in the same manner as in Exam ple 1 except that the curing agent
was changed to the ac etylated phenol-dicyclopentadiene resin of Synthesis
Exam ple 5. 5 Example 6 Tests were conducted in the same manner as in Exam
ple 1 except that the curing agent was changed to the ben zoylated
phenol-dicyclopentadiene resin of Synthesis Exam ple 6. 10 Example 7 Tests
were conducted in the same manner as in Exam ple 3 except that the curing
agent was changed to the ac etylated naphthol aralkyl resin of Synthesis
Example 7. Example 8 15 Tests were conducted in the same manner as in Exam
ple 3 except that the curing agent was changed to the ben zoylated naphthol
aralkyl resin of Synthesis Example 8. Comparative Example 1 A resin
composition was prepared in the same manner 20 as in Example 1 except that
the accelerator was changed to 0.015 mol of triphenylphosphine. However, a
cured product was not obtained. Further, although gelation time was also
measured at 150C and 200C fox 20 minutes, the test was stopped since no
gelation was seen. 25 Comparative Example 2 A resin composition was
prepared in the same manner   



- 45  as in Example 2 except that the accelerator was changed to 0.015 mol
of triphenylphosphine. However, a cured product was not obtained. Further,
although gelation time was also measured at 150C and 200C for 20 minutes,
the test was 5 stopped since no gelation was seen. Comparative Example 3
Tests were conducted in the same manner as in Com parative Example 1 except
that the curing agent was changed to a phenol novolac resin (trade name:
BRG#558, product of 10 SHOWA HIGHPOLYMER, hydroxyl group equivalent: 104
g/eq). Comparative Example 4 Tests were conducted in the same manner as in
Com parative Example 1 except that the curing agent was changed to a
phenol-dicyclopentadiene-resin-type resin (trade name: 15 DPR-5000, product
of Mitsui Chemicals, Inc., hydroxyl group equivalent: 180 g/eq).
Comparative Example 5 Tests were conducted in the same manner as in Exam
ple 3 except that the accelerator was changed to 0.015 mol 20 of
triphenylphosphine and the curing agent was changed to a phenol aralkyl
resin (trade name: MIREX XLC-4L, hydroxyl group equivalent: 169 g/eq,
product of Mitsui Chemicals, Inc.). Example 9 25 Tests were conducted in
the same manner as in Exam ple 3 except that the curing agent was changed
to the phe   - 46  nol novolac resin of Synthesis Example 9 having 88% of
its hydroxyl groups benzoylated. Example 10 Tests were conducted in the
same manner as in Exam 5 ple 3 except that the curing agent was changed to
a mixture of the benzoylated phenol novolac resin of Synthesis Example 2
and a phenol novolac resin (trade name: BRG#558, product of SHOWA
HIGHPOLYMER, hydroxyl group equivalent: 104 g/eq) at a mixing ratio of
88:12 (ratio of functional 



10 groups). Comparative Example 6 A resin composition was prepared in the
same manner as in Example 9 except that the accelerator was changed to
0.015 mol of triphenylphosphine. However, a cured product 15 was not
obtained. Comparative Example 7 A resin composition was prepared in the
same manner as in Example 10 except that the accelerator was changed to
0.015 mol of triphenylphosphine. However, a cured product 20 was not
obtained. (Evaluation Results) The results of the foregoing Examples and
Compara tive Examples are shown in Tables 1 to 4. Gelation times of the
resin compositions prior to the roll mixing were 25 measured at 150C.
Further, physical properties were meas ured in accordance with the
following tasting methods.   - 47   Tg (Glass Transition Temperature): This
was measured in accordance with a TMA needle penetration method (Shimadzu
TMP.-DRW DT- 3 0 ) .  Post-Boiling Water Absorption: An increase in weight
af 5 ter boiled in boiling water of 100C for 2 hours was meas ured.  V.P.S
Test: Test semiconductor devices were molded and left to stand in a bath
kept at a constant temperature of 85C and a constant humidity of 85% for
168 hours. Immedi 10 ately after that, the devices were put in a
FluorinertT"' liquid (product of Sumitomo 3M, FC-70) of 240C. The num ber
of semiconductors whose package resins were cracked was counted. The test
value was expressed in the form of a fraction, with a numerator
representing the number of 



15 cracked semiconductors and n = 5. Table 1 Ex.lEx.2Ex.3Ex.4Ex.5Glass
Transition Temperature C15314810899129Post-Boiling Water
Absorption0.090.160.090.080.08V.P.S Test (Rate of Occurrence of Cracks
%00000~Gelation Time (min' sec"4'41"5'25"5'22"5'52"4'59"~   - 48  Table 2
Ex.6Ex.7Ex.8Ex.9Ex.lOGlass Transition Temperature
C)119111105116116Post-Boiling Water Absorption %0.100.110.060.100.10V.P.S
Test (Rate of Occurrence of Cracks %00000Gelation Time min'
sec"5'56"5'42"5'30"5'35"5'31" Table 3
Comp.Comp.Comp.Comp.Comp.Ex.lEx.2Ex.3Ex.4Ex.5Glass Transition
Temperature----173141100C )Post-Boiling Water
Absorption----0.210.150.12%V.P.S Test (Rate of Occurrence-----321of Cracks
%Gelation Time (min' sec")NotNot3'38"4'41"4.37"CuredCured 5 Table 4
Comp.Comp.Ex.6Ex.7Glass Transition Temperature----CPost-Boiling Water
Absorption----V.P.S Test (Rate of Occurrence-----of Cracks % )Gelation Time
(min' sec")NotNotCuredCured With reference to the foregoing Examples,
curing of the esterified phenol resins and the epoxy resins has been
described in detail. An epoxy resin composition containing 10 the
accelerator and phosphazenium compound of the present   - 49  invention as
essential components and a compound whose hydroxyl groups have been
esterified by acyl groups as a curing agent has far superior hygroscopicity
and is very advantageous in terms of cracking resistance as compared with 5
a conventional epoxy resin/phenol resin cured product. It is thereby
understood that the epoxy resin compound is excellent in cracking
resistance as a sealant. Further, it is realized that when
triphenylphosphine (TPP) which is a conventional accelerator is used, 10
triphenylphosphine does not cause a curing reaction in portions esterified
by acryl groups, as shown by Comparative Examples 1 and 2. From this fact,
it is understood that the esterified curing agent and the phosphazenium
compound are essential components so as to obtain high physical 15
properties as the sealant in the present invention. Example 11 1 gram
equivalent of o-cresol novolac (trade name: EOCN102S-65, product of NIPPON
KAYAKU CO., LTD., epoxy equivalent: 210 g/eq) as an epoxy resin and 1 gram
equiva 20 lent of phenol novolac resin (trade name: BRG#558, product of
SHOWA HIGHPOLYMER, hydroxyl group equivalent: 104 g/eq) as a curing agent
were fully melt-mixed with each other at 100C so as to obtain a homogeneous
resin mixture. To the resin mixture, 0.0055 mol of phosphazenium 25
compound of the foregoing formula (1) wherein a11 Rs were a methyl group
and Z' was a hydroxy anion was added as a cur 



- 50  ing accelerator, and the resulting mixture was mixed at 80C for 1
minute so as to obtain a resin composition. To 200 g of the resin
composition, a filler and other additives were added in the following
amounts, and 5 the mixture was roll-mixed under heating so as to obtain a
molding material for a sealant: Inorganic Filler [Spherical Fused Silica
(YXK-35R, prod uct of TATSUMORI CO., LTD.)]: 1,440 g Silane Coupling Agent
(SZ-6083, product of Dow Corning 10 Toray Silicone Co., Ltd.): 124 g
Carnauba Wax: 90 g Carbon Black: 6 g Antimony Oxide: 20 g Using a portion
of the molding material, a cured 15 product was obtained under conditions
of 150C-Q185C/5 min, 185C/5 min and 150 kg/cm~ and then after-cured at
185C/8 hr (nitrogen atmosphere) so as to fully cure the product. Tests were
conducted with respect to curing behavior and the like. 20 Example 12 Tests
were conducted in the same manner as in Exam ple 11 except that the curing
agent was changed to a phe nol-dicyclopentadiene resin (trade name:
DPR-5000, product of Mitsui Chemicals, Inc., hydroxyl group equivalent: 180
25 g/eq). Example 13   - 51  Tests were conducted in the same manner as in
Exam ple 12 except that the epoxy resin was changed to tetrame
thylbiphenoldiglycidyl ether (trade name: YX4000H, product of JER CO.,
LTD., epoxy equivalent: 184 g/eq). 



5 Example 14 Tests were conducted in the same manner as in Exam ple 13
except that the curing agent was changed to a naph thol aralkyl resin
(trade name: a,-NX-3.2, product of Mitsui Chemicals, Inc., hydroxyl group
equivalent: 218 g/eq). 10 Example 15 Tests were conducted in the same
manner as in Exam ple 14 except that the curing agent was changed to a
phenol aralkyl resin (trade name: MIREX XLC-4L, hydroxyl group equivalent:
169 g/eq, product of Mitsui Chemicals, Inc.). 15 Example 16 Tests were
conducted in the same manner as in Exam ple 11 except that the epoxy resin
was changed to a phenol dicyclopentadiene-resin-type epoxy resin (trade
name: EPICHRON HP-7200, product of DAINIPPON INK AND CHEMICALS, 20 INC.,
epoxy equivalent: 262 g/eq). Example 17 Tests were conducted in the same
manner as in Exam ple 16 except that the curing agent was changed to a
phenol aralkyl resin (trade name: MIREX XLC-4L, hydroxyl group 25
equivalent: 169 g/eq, product of Mitsui Chemicals, Inc.). Example 18   - 52
Tests were conducted in the same manner as ~n Exam ple 17 except that the
epoxy resin was changed to a phenol aralkyl-resin-type epoxy resin: MIREX
XLC-4L (product of Mitsui Chemicals, Inc., hydroxyl group equivalent: 169 5
g/eq) epoxidated in accordance with a conventional method. Example 19 Tests
were conducted in the same manner as in Exam ple 11 except that the epoxy
resin was changed to a dihy 



droxynaphthalenediglycidyl ether (trade name: EPICHRON HP 10 4032, product
of DAINIPPON INK AND CHEMICALS, INC., 150 g/eq). Example 20 Tests were
conducted in the same manner as in Exam ple 19 except that the epoxy resin
was changed to bisphe 15 nol-A-type diglycidyl ether (trade name: EPICOAT
828, prod uct of JER CO., LTD., epoxy equivalent: 184 g/eq). Comparative
Example 8 Tests were conducted in the same manner as in Exam ple 11 except
that the accelerator was changed to 0.008 mol 20 of triphenylphosphine
(TPP). Comparative Example 9 Tests were conducted in the same manner as in
Exam ple 12 except that the accelerator was changed to 0.008 mol of
triphenylphosphine (TPP). 25 Comparative Example 10 Tests were conducted in
the same manner as in Exam   - 53  ple 13 except that the accelerator was
changed to 0.015 mol of triphenylphosphine (TPP). Comparative Example 11
Tests were conducted in the same manner as in Exam 5 ple 14 except that the
accelerator was changed to 0.015 mol of triphenylphosphine (TPP).
Comparative Example 12 Tests were conducted in the same manner as in Exam
ple 15 except that the accelerator was changed to 0.015 mol 10 of
triphenylphosphine (TPP). Comparative Example 13 Tests were conducted in
the same manner as in Exam 



ple 16 except that the accelerator was changed to 0.008 mol of
triphenylphosphine (TPP). 15 Comparative Example 14 Tests were conducted in
the same manner as in Exam ple 17 except that the accelerator was changed
to 0.008 mol of triphenylphosphine (TPP). Comparative Example 15 20 Tests
were conducted in the same manner as in Exam ple 18 except that the
accelerator was changed to 0.008 mol of triphenylphosphine (TPP).
Comparative Example 16 Tests were conducted in the same manner as in Exam
25 ple 19 except that the accelerator was changed to 0.008 mol of
triphenylphosphine (TPP).   - 54  Comparative Example 17 Tests were
conducted in the same manner as in Exam ple 20 except that the accelerator
was changed to 0.015 mol of triphenylphosphine (TPP). 5 Comparative Example
18 Tests were conducted in the same manner as ~.n Exam ple 11 except that
the accelerator was changed to 0.008 mol of 2-undecylimidazole. Comparative
Example 19 10 Tests were conducted in the same manner as in Exam ple 12
except that the accelerator was changed to 0.008 mol of 2-undecylimidazole.
Comparative Example 20 Tests were conducted in the same manner as in Exam
15 ple 13 except that the accelerator was changed to 0.015 mol of
2-methylimidazole. Comparative Example 21 Tests were conducted in the same
manner as in Exam ple 14 except that the accelerator was changed to 0.015
mol 20 of 2-methylimidazole. Comparative Example 22 



Tests were conducted in the same manner as in Exam ple 15 except that the
accelerator was changed to 0.015 mol of 2-methylimidazole. 25 Comparative
Example 23 Tests were conducted in the same manner as in Exam   - 55  ple
16 except that the accelerator was changed to 0.008 mol of
2-undecylimidazole. Comparative Example 24 Tests were conducted in the same
manner as in Exam 5 ple 17 except that the accelerator was changed to 0.008
mol of 2-undecylimidazole. Comparative Example 25 Tests were conducted in
the same manner as in Exam ple 18 except that the accelerator was changed
to 0.008 mol 10 of 2-undecylimidazole. Comparative Example 26 Tests were
conducted in the same manner as in Exam ple 19 except that the accelerator
was changed to 0.008 mol of 2-undecylimidazole. 15 (Evaluation Results) The
results of the foregoing Examples and Comparative Examples are shown in
Tables 5 to 10. A method for testing curing behavior is as follows.
Further, Fig. 1 is a graph showing the curing behavior of an epoxy resin
com 20 position when CURELASTOMETER is~ used. Curing Behavior: This was
measured by CURELASTOMETER V model manufactured by NSC. Mold: P-200
Temperature: 175C (fluctuated) Frequency: 100 cycle/min Amplitude Angle: tl
25 Amount of Sample: 4.5 g   - 56  Table 5 Ex.llEx. l2Ex. l3Ex. l4Ex.
l5Glass Transition Temperature (~C)179147138135119Flexural Strength (Kgf
mm2)14.913.51212.512.3Flexural Elastic Modulus ( Kgf /mm2
)15001540167016101650Post-Boiling Water Absorption
(%)0.160.090.080.110.09V.P.S Test 



(Number of Cracks/10)00000Gelation Time (min'
sec")3'O1"3'31"5'12"5'02"5'13"Torque Start tsx (min'
sec")10"19"1'05"1'12"1'10"10% Cured t' c (min'
sec")19"34"1'24"1'41"1'31"~90% Cured t' c (min'
sec")2'21"3'15"2'58"3'17"3'07" Table 6 Ex. l6Ex. l7Ex. l8Ex. l9Ex.20Glass
Transition Temperature 'C158129131146140Flexural Stren th
Kgf/mm213.813.51313.612.2Flexural Elastic Modulus K f
/mm214601590162015301630Post-Boiling Water
Absorption0.140.110.120.140.13V.P.S Test Number of Cracks/1000000Gelation
Time min' sec"3'28"3'18"3'31"3'20"5'22"Torque Start tsx (min'
sec"}09"11"13"09"1'35"10% Cure t' c (min' sec")22"23"25"21"2'07"`90% Curd
t' c (min' sec" )2' 55"~2' 45"~2' 37" ~2' 35"I4' 57"   - 57  Table 7 Comp.
Ex.8Comp. Ex.9Comp. Ex.lOComp. Ex.llComp. Ex. l2Glass Transition
Temperature C175145106115102Flexural Strength
Kgf/mm213.913.512.212.413Flexural Elastic Modulus K f
/mm215001500155015401540Post-Boiling Water Absorption
(%0.220.150.10.10.09V.P.S Test Number of Cracks/1022111Gelation Time min'
sec"5'08"6'55"4'23"4'28"4'39"Torque Start tsx (min' sec")18"35"29"28"29"10%
Cured t' c (min' sec")23"43"41"39"39"I9-0% Cured t' c (min'
sec")5'48"9'22"9'29"7'21"6'58" Table 8 Comp. Ex. l3Comp. Ex. l4Comp. Ex.
l5Comp. Ex. l6Comp. Ex. l7Glass Transition Temperature
C152126129l47138Flexural Strength Kgf/mm212.812.812.612.712.3Flexural
Elastic Modulus K f /mm214401550146015151550Post-Boiling Water Absorption
%)0.210.170.180.220.13V.P.S Test Number of Cracks/1022221Gelation Time min'
sec"5'13"6'31"6'~2"5'45"4'33"Torque Start tsx (min' sec")17"21"21"29"29"10%
Cured t' c (min' sec")29"31"30"41"41"~0% Cured t' c (min'
sec")5'55"6'22"6'21"6'09"6'29"   



- 58 _ Table 9 Comp. Ex.lBComp. Ex. l9Comp. Ex.20Comp. Ex.21Comp.
Ex.22Glass Transition Temperature (C)175144107116104Flexural Strength K
f/mm214.113.512.312.412.6Flexural Elastic Modulus Kgf
/mm214801510155015301510Post-Boiling Water Absorption
(%)0.210.150.10.090.12V.P.S Test Number of Cracks/1022111Gelation Time min'
sec"4'25"5'22"4'37"4'45"4'41"Torque Start tsx (min' sec")23"27"38"30"26"10%
Cured t' c (min' sec")30"40"59"52"51"I90% Cured t' c (min'
sec")5'13"6'18"9'45"7'11"6'45" Table 10 Comp. Ex.23Comp. Ex.24Comp.
Ex.25Comp. Ex.26Glass Transition Temperature C151125127146Flexural Stren th
K f/mm212.912.812.313.7Flexural Elastic Modulus Kgf /mm2
)1410147014901540Post-Boiling Water Absorption0.20.150.160.2V.P.S Test
Number of Cracks/102212Gelation Time min' sec"4'52"5'19"5'22"4'55"Torque
Start tsx (ma.n' sec")22"25"25"25"10% Cured t' c (min' sec")33"34"36"35"90%
Cured t' c (min' sec")5F25"5'31"5'18"5'54" 5 Example 21 0.05 g of
phosphazene compound of the formula 1 wherein a11 Rls were a methyl group
was dissolved in 100 g of pure water and then boiled at 95C for 20 hours
and then at 125C for 20 hours (in a glass autoclave). Thereafter,   _ 59 _
conductivity of the water was measured. Comparative Example 25 Conductivity
was measured in the same manner by use of 0.05 g of
tris[tris(dimethylamino)phospholanilidene 



5 amino]phosphine oxide in place of the phosphazene compound of Example 18.
The results of the foregoing Example and Compara tive Example are shown in
Table 11. 10 Table 11 Ex.21Com .Ex.25Processing
Temperature95C125C95C125CConductivity (~,s/cm)10010494413 As is understood
from these conductivities, while the essential phosphazene catalyst in the
present invention shows constant conductivity regardless of the processing
15 temperature, thereby interring it from analogy that the catalyst is
stable, the phosphine oxide compound of the Comparative Example shows that
conductivity became over four times larger as the temperature increased
from 95C to 125C. That is, it is assumed that at high temperatures, 20 it
produces a conductive material of some type by decompo sition. Therefore,
it has been found that they have a large difference with respect to
electric characteristics as a sealant. Further, as has already been
described with refer 25 ence to Examples, it is understood that when a
phosphazene   - 60  compound which is an essential accelerator in the
present invention is used in a case where a phenol resin is used as a
curing agent, improvements in physical properties such as an increase in Tg
and lowered moisture absorptivity can be 5 recognized and, what is more,
distinctive curing properties can also be seen, as compared with when
conventionally used general-purpose triphenylphosphine is used. That is,
the gelation time is significantly reduced, and the time required for 90%
curing in measurement of an 10 increase in torque along with curing by use
of the CURELAS TOMETER is significantly reduced. This leads to a reduction
in cost along with a shortened production cycle in industrial production of
a sealant and makes a great contribution from an industrial standpoint. 15
Industrial Applicability As described above, the epoxy resin composition
obtained by the present invention can be used in industrial fields in which
the conventional epoxy resin composition 20 has been used. Particularly,
when used as a sealant for a semiconductor, it provides a package with
better cracking resistance than the conventional epoxy resin/phenol resin
cured product does.  



- 61  CLAIMS 1. A curing agent composition for an epoxy resin, comprising a
compound as a curing agent (B) which is se 5 lected from the group
consisting of the following (B1) to (B3): (B1) a phenol compound having two
or more functional groups, (B2) a compound in which a hydroxyl group of a
phenol 10 compound having two or more functional groups is esterified with
an acyl group, and (B3) a mixture of the compounds (B1) and (B2), and a
salt of a phosphazenium compound as a curing accel erator (C) which is
represented by the following formula 15 (I): N R'2 R12N_P_NR'2 2 N 2 R'
N-P~N-P N=P~NR~ CI) N~2 N NR~z R~2N-P-NR~2 N f~2 (wherein R's each
represent a hydrogen atom, a linear, branched or cyclic alkyl group having
1 to 10 carbon atoms or an aryl or aralkyl group having 6 to 10 carbon
atoms and may be a11 the same or different from one another; and Z'   - 62
represents a halogen anion, hydroxy anion, alkoxy anion, aryloxy anion or
carboxy anion). 2. The composition of claim 1, wherein Rls in the 5 formula
(1) are each a methyl group or an ethyl group. 3. The composition of claim
1, wherein Z' in the formula (1) is a hydroxy anion. 10 4. The composition
of claim 1, wherein the curing agent (B) is a novolac resin represented by
the following formula (VIII) or an ester derivative thereof, a
phenoldicyclopentadiene resin represented by the following formula (IX) or
an ester derivative thereof, a phenol aralkyl 15 resin represented by the
following formula (X) or an ester derivative thereof, a naphthol aralkyl
resin represented by the following formula (XI) or an ester derivative
thereof, a biphenol compound represented by the following formula (XII) or
an ester derivative thereof, or a bisphenol com 20 pound represented by the
following formula (XIII) or an ester derivative thereof: 



- 63  OA OA \ \ 2 CH2 R8 " Rs CH (11a) (wherein Res each represent a
hydrogen atom) a methyl group or an ethyl group; n which is the number of
recurring units represents an integer of 0 to 50, its average being within
a range of 0 to 15; and As each represent a hydrogen atom 5 in the case of
the compound (B1) and an aromatic acyl group in the case of the compound
(B2)), (IX) (wherein R9s each represent a hydrogen atom, a halogen atom, a
linear, branched or cyclic aliphatic alkyl group having 1 to 8 carbon
atoms, an alkoxy group having 1 to 10 carbon 10 atoms or a phenyl group; n
which is the number of recurring units represents an integer of 0 to 50,
its average being within a range of 0 to 15; and As each represent a
hydrogen atom in the case of the compound (B1) and an aromatic acyl group
in the case of the compound (H2)),     - 64  OA A OA CH2 ~ ~ CH2 \ CH2 ~ ~
~ CH2 ` (X) Rl ~ ~ ~ R10 (wherein R1s each represent a hydrogen atom, a
halogen atom, a linear, branched or cyclic aliphatic alkyl group having 1
to 8 carbon atoms, an alkoxy group having 1 to 10 carbon atoms or a phenyl
group; n which is the number of recurring 5 units represents an integer of
0 to 50, its average being within a range of 0 to 15; and As each represent
a hydrogen atom in the case of the compound (B1) and an aromatic acyl group
in the case of the compound (B2)), oA oA oA CHz I ~ CHz , ~ \ CHz I ~ CH;'
~ \ I (X I V (wherein Rlls each represent a hydrogen atom, a halogen atom,
10 a linear, branched ar cyclic aliphatic alkyl group having 1 to 8 carbon
atoms, an alkoxy group having 1 to 10 carbon atoms or a phenyl group; n
which is the number of recurring units represents an integer of 0 to 50,
its average being within a range of 0 to 15; and As each represent a
hydrogen 15 atom in the case of the compound (B1) and an aromatic acyl
group in the case of the compound (H2)),   - 65  AO 



OA (XB) (wherein Rl2s each represent a hydrogen atom, a methyl group or an
ethyl group and may be a11 the same or different from one another; and As
each represent a hydrogen atom in the case of the compound (B1) and an
aromatic acyl group in the 5 case of the compound (B2)), and R13 R13 AO ~
OA Y ~ ~ (XIB) (wherein Rl's each represent a hydrogen atom, an alkyl group
having 1 to 10 carbon atoms, an alkoxyl group having 1 to 10 carbon atoms,
an aryl group having 6 to 10 carbon atoms, an aryloxy group having 6 to 10
carbon atoms or halogen and 10 may be a11 the same or different from one
another; Y repre sents an alkylidene having 1 to 10 carbon atoms, an
alkylene having 2 to 10 carbon atoms, a cycloalkylidene having 3 to 10
carbon atoms, a cycloalkylene having 3 to 10 carbon atoms or a divalent
group such as -O-, -CO-, -CO~-,  15 S-, -SO- or -S0~-; and As each
represent a hydrogen atom in the case of the compound (B1) and an aromatic
acyl group in the case of the compound (B2)). 5. An epoxy resin composition
comprisings    ' - 66  (A) an epoxy resin having two or more epoxy groups
in a molecule, (B) a curing agent, and (C) a curing accelerator, 5 wherein
the curing agent (B) is a compound selected from the group consisting of
the following (B1) to (B3): (B1) a phenol compound having two or more
functional groups, (B2) a compound in which a hydroxyl group of a~phenol 10
compound having two or more functional groups is esterified with an acyl
group, and (B3) a mixture of the (B1) and (B2), and the curing accelerator
(C) is a salt of a phosphazenium compound which is represented by the
following formula (I): N R'2 R~2N_P_NR~2 N R'2 N+ N R'2 ~ R2N-P=N-i-N=~-NR2
Z'~ ~ I J NR~2 N NR~2 



R~2N-P-NR~2 N f~2 15 (wherein Rls each represent a hydrogen atom, a linear,
branched or cyclic alkyl group having 1 to 10 carbon atoms or an aryl or
aralkyl group having 6 to 10 carbon atoms and may be a11 the same or
different from one another; and Z' represents a halogen anion, hydroxy
anion, alkoxy anion,   - 67  aryloxy anion or carboxy anion). 6. The
composition of claim 5, wherein Rls in the formula (1) each represent a
methyl group or an ethyl group. 5 7. The composition of claim 5, wherein Z'
in the formula (1) represents a hydroxy anion. 8. The composition of claim
5, wherein the epoxy 10 resin (A) having two or more epoxy groups in a
molecule is a novolac epoxy resin represented by the following formula
(II), a phenol-dicyclopentadiene epoxy resin represented by the following
formula (III), a phenol-aralkyl-resin-type epoxy resin represented by the
following formula (IV), a 15 naphthol-aralkyl-resin-type epoxy resin
represented by the following formula (V), a biphenol-type-epoxy-containing
epoxy resin represented by the following formula (VI) or a
bisphenol-type-epoxy-containing epoxy resin represented by the following
formula (VII): 'H CH 20 (wherein R's each represent a hydrogen atom, a
methyl group or an ethyl group, and n which is the number of recurring
- 68  units represents an integer of 0 to 50, its average being within a
range of 0 to 15), ( III ) (wherein R's each represent a hydrogen atom, a
halogen atom, a linear, branched or cyclic aliphatic alkyl group having 1 5
to 8 carbon atoms, an alkoxy group having 1 to 10 carbon 



atoms or a phenyl group, and n which is the number of re curring units
represents an integer of 0 to 50, its average being within a range of 0 to
15), 0 `'0 0 `'0 0 `10 CH2 ~ ~ CH2 \ CH2 ~ ~ CH2 \ (IV) R4\ R4 R4 (wherein
R's each represent a hydrogen atom, a halogen atom, 10 a linear, branched
or cyclic aliphatic alkyl group having 1 to 8 carbon atoms, an alkoxy group
having 1 to 10 carbon atoms or a phenyl group, and n which is the number of
recurring units represents an integer of 0 to 50, its average being within
a range of 0 to 15), C `'0 C `'0 C `'0 R5 \ \ CH2 ~ ~ CH2 ~ \ CH2 ~ ~ CH2 ~
\ ~ ( V ) n 15 (wherein R5s each represent a hydrogen atom, a halogen atom,
- 69  a linear, branched or cyclic aliphatic alkyl group having 1 to 8
carbon atoms, an alkoxy group having 1 to 10 carbon atoms, a phenyl group
or a glycidyl ether group, and n which is the number of recurring units
represents an inte 5 ger of 0 to 50, its average being within a range of 0
to 15), 0 ~ (VI) (wherein Rss each represent a hydrogen atom, a methyl
group or an ethyl group and may be a11 the same or different from one
another), and R7 R' Y 0 0 / \ \ p (Va) 10 (wherein R's each represent a
hydrogen atom, an alkyl group having 1 to 10 carbon atoms, an alkoxyl group
having 1 to 10 carbon atoms, an aryl group having 6 to 10 carbon atoms, an
aryloxy group having 6 to 10 carbon atoms or halogen and may be a11 the
same or different from one another, and Y 15 represents an alkylidene
having 1 to 10 carbon atoms, an alkylene having 2 to 10 carbon atoms, a
cycloalkylidene having 3 to 10 carbon atoms, a cycloalkylene having 3 to 10
carbon atoms or a divalent group such as -0-, -CO-, -COz-,     - 70  



S-, -SO- or -S02-). 9. The composition of claim 5, wherein the curing agent
(B) is a novolac resin represented by the following 5 formula (VIII) or an
ester derivative thereof, a phenol dicyclopentadiene resin represented by
the following formula (IX) or an ester derivative thereof, a phenol aralkyl
resin represented by the following formula (X) or an ester derivative
thereof, a naphthol aralkyl resin represented by 10 the following formula
(XI) or an ester derivative thereof, a biphenol compound represented by the
following formula (XII) or an ester derivative thereof, or a bisphenol
compound represented by the following formula (XIII) or an ester derivative
thereof: OA OA \ \ z CHz Ra " Ra ^H 15 (wherein Res each represent a
hydrogen atom, a methyl group or an ethyl group; n which is the number of
recurring units represents an integer of 0 to 50, its average being within
a range of 0 to 15; and As each represent a hydrogen atom in the case of
the compound (B1) and an aromatic acyl group 20 in the case of the compound
(B2)),    - 71  (wherein R's each represent a hydrogen atom, a halogen
atom, a linear, branched or cyclic aliphatic alkyl group having 1 to 8
carbon atoms, an alkoxy group having 1 to 10 carbon atoms or a phenyl
group; n which is the number of recurring 5 units represents an integer of
0 to 50, its average being within a range of 0 to 15; and As each represent
a hydrogen atom in the case of the compound (B1) and an aromatic acyl group
in the case of the compound (B2)), OA OA OA CH2 ~ ~ CH2 ~ CHZ ~ ~ CH2 \ (X)
1d~ ~ Ri0 (wherein R1s each represent a hydrogen atom, a halogen atom, 10 a
linear, branched or cyclic aliphatic alkyl group having 1 to 8 carbon
atoms, an alkoxy group having 1 to 10 carbon atoms or a phenyl group; n
which is the number of recurring units represents an integer of 0 to 50,
its average being within a range of 0 to 15; and As each represent a
hydrogen 15 atom in the case of the compound (B1) and an aromatic acyl
group in the case of the compound (B2)),    - 72  OA OA OA CHz ~ ~ CHz ' ~
\ CHz ~ ~ CH 1, / \ ~ (X I ) V ~~ R v (wherein Rlls each represent a
hydrogen atom, a halogen atom, a linear, branched or cyclic aliphatic alkyl
group having 1 to 8 carbon atoms, an alkoxy group having 1 to 10 carbon
atoms or a phenyl group; n which is the number of recurring 5 units
represents an integer of 0 to 50, its average being 



within a range of 0 to 15; and As each represent a hydrogen atom in the
case of the compound (B1) and an aromatic acyl group in the case of the
compound (B2)), AO A (XB) (wherein Rlss each represent a hydrogen atom, a
methyl group 10 or an ethyl group and may be a11 the same or different from
one another; and As each represent a hydrogen atom in the case of the
compound (B1) and an aromatic acyl group in the case of the compound (B2)),
and R~ s R~ s AO ~ OA (XIB) (wherein Rl's each represent a hydrogen atom,
an alkyl group 15 having 1 to 10 carbon atoms, an alkoxyl group having 1 to
10 carbon atoms, an aryl group having 6 to 10 carbon atoms,    - 73  an
aryloxy group having 6 to 10 carbon atoms or halogen and may be a11 the
same or different from one another; Y represents an alkylidene having 1 to
10 carbon atoms, an alkylene having 2 to 10 carbon atoms, a cycloalkylidene
hav 5 ing 3 to 10 carbon atoms, a cycloalkylene having 3 to 10 carbon atoms
or a divalent group such as -0-, -CO-, -C0~-,  S-, -SO- or -SOz-; and As
each represent a hydrogen atom in the case of the compound (B1) and an
aromatic acyl group in the case of the compound (B2)). 10 10. The
composition of claim 5, containing an or panic and/or inorganic fillers)
(D) in an amount of 100 to 1,900 parts by weight based on 100 parts by
weight of a to tal of the epoxy resin (A) having two or more epoxy groups
15 in a molecule and the curing agent (B). 11. A cured epoxy resin obtained
by heat-curing the epoxy resin composition of claim 5. 20 12. A
semiconductor device obtained by sealing a 



semiconductor integrated circuit by use of the epoxy resin composition of
claim 5. 13. An epoxy resin composition comprising: 25 (A) an epoxy resin
having two or more epoxy groups in a molecule,   Y 4 - 74  (B) a curing
agent, and (C) a curing accelerator, wherein the curing agent (B) is a
compound selected from the group consisting of the following (B1) to (B3):
5 (B1) a phenol compound having two or more functional groups, (B2) a
compound in which a hydroxyl group of a phenol compound having two or more
functional groups is es terified with an aryl group, and 10 (B3) a mixture
of the above (B1) and (H2), and the curing accelerator (C) is a salt
comprising a sta ble ration and a counter anion.
.A..A.A&.A.A9.Al9.AL.AL.AL.AY{&.AY{9.Al&.AlU9.A@_.A9.A`.AYL .Ah99.AA`.Ah
.A`.AUL.A`.As.As.AL.A&.A.Ase.A{92
.Ale.A`.A.A9.A.A`.A`.A`.A{s.As.Af{&.A.A`.Al9.As.Als.Alh`.AF.A.Ahy.Al.AL.As.
A%.A .A9.A.A@Ps.As.AU9y.AL9.As.Ah.A.Ah&%.A`_.A`.AU.A.Asr.As
.AL.A{L.A"$6:`T845 C
T8T8(8T#.#.`~?<|`|?????|?~?????~~~~~~~|?|?????????????????~~~>?>>~~~~?|>?>?
>>???????????????>?>?>?>~>~>~?0<~?q?~?~>~>~>~>~?~>~?~?>??>?>?>??>>>???>>>>~
?~?~>~>~>>???|?~|?~?~?|?|~?~?~??????????????????????????~~~~~>???????~????0
?x?????`????~??????@:`E  Tp45  C
TpTp(pT#.#.??????????xxx?|?|?~~?~?????????????<>~?~?????????~?~????????????
~~???????`|p|||????????|||||||||||~~~~~~~~~~~~~~|???????????????~?~?~~~~?~?
?????~~~?~????????????????????|~>>>?>?>?????>?>????????????>?>>>~|?|???????
??????t;:`^T`45 ^C
T`T`(`T#.#.???|???>?????????????????????????~??????????~?????~?????????????
x????????~????????~?~?~?~?~?<>?~?~~~|~??????8???x?|?~??????????????????????
????????????~:cc/(45 cC
/(/(((/#.#.>>?~?~?~???????????~?~?~?~?|????????????????????????????????~??~
?????~0??~??~????~>???~>?8?~|??|?~|?????<???<?|???????????????????x??x???||
p|?~????>?>??>?>?>>|?????|???~???~???>?>???>??<??????|?|???????|?>|?~???|?x
~?x>>x?>~>x??~>?x?~?>x??|p>x?|p>><|>|>>|>?||>?||>?|~>><|~><|~>>||>>||>?||>?
>|>?>|>>|>>|?>?|>?|>?|>x|>x|>?0|>?8|>??a|>?|>||?>|??aq<p>|`>0>?3|>>|cx|>>x|
>>x|>>x|>>x1|>>p>|>?>>|>?>>|~>>>|~>>>|~>>>|>~>>|>~>>|>|>>|~|>>|~x>>|~>>|~>>
|~>>|~>>|~>>|~>>|~>>|~>>|~>>|~>>x|~>?>|?~`1>>|>>>|>??>>>>??>>?~?|0??~|????~
|??>|?>?|?>>??>>???>~???>?~?>~?||??????????>????>???>>????>>??>>~??~????|>?
|>?|?||??xx?x????xx|||>>>?>>~~||||>>????>||?||?~|>~>~>>?>>>~><~?<~?~>>>>?>?
>?|p>>|?>|?><~>~~>???0?????p8x??<<??????xx??0>x|????>??>??<|??~<???????????
????????????`:z[f[$45 f[C
$$($#.#.???????~?~?>??>x?~~>?~~~?~~~?~~~?~?~?~?~?~?~?~?~?~??~??~??0~?p~?~??
~??~??~???~?0~?~~>~|~?~>><~`?~|?~~<`?~|~~>?~x?~~>??~0~~>???~~~?~~??~|8>??~|
x??>|~||x?~|???~|||???~?|~|~|??||~|>|????|?~|>x>>?~xx??>>~x??>?~x~>~xx?>?~x
>|??~x??~x??~x|??|????~???~???`~?>?>?>???>?????????|?|>|??>????|~~??~??~??~
?~~||?>??|~>||>???||????|||???>|||>?>|||<~>`|||<~>p?|~||?>p?|>|<|<>|>~|<>|>
?|x>p>|>>|0>>|>~|>||>|>||>|<||>|||||||||||||||||||>||>||>x|>x|?||?||?|||||?
1?|c|p?>|?|x|xx88?x?>|?xx8xx0|x|x?gx>xxx>xxxxx|xx|?xx|?||?||?|x|?|xx|?||x|?
||x|?||?x|?||?|?||>|?||>|?>||>x|?>|~<x|?~|~|x|?||~xx|?||~xx|?||~x|?|x~x|?|~
x|8~x|~x?|?>~x|>~x|?~|~??~|??~~?>~????p~?~???|??|?????|?|?|<a?|x???????xxx>
?x>???x~???????x~>x~>x|?>x?|??|??|?~?|???x??x?p???????????~?>>|>|>|>>>>>>>>
>>>>>>>>>~>~>|>|>|>|>|>>>>>|>|>>>>>>>>>>>>>>?>?>~>|>|>>>>>>>||||||||||||||x
8p>>>~>~??>~??~??>~?~~|?~~?~?~?~?~?~?~?~>~?~>~?~>~?~>~?>~?~??~??~??>??>?>>~
?>>~?>?~?>?~?>~?~~??~~??~~~?~~?~~?~~??~~?><?DS:'')F)I45 F)C
II(I#.#.0~p??????8?????~?||||||?|?|?|?~????>????????~?~?~~~>?????<<???????s
?0>?????`??~???1???~?????????~????~????????0c~??|????????|p?0?????~?x??????
??????~???~~~?????????~??????????~????~?|?|a80~???????~???~??8?>??><<????||
||xx$<:MsXP45 



C
XPXP(PX#.#.?????>?>~?~~??~??~>>>?>>>~?~>?~~???????????????????????~~~~~?~p~
x~~?~~~~~~~~~~~~~~~~~~~~~?~?~?~~~?~g~~~~~~?~?98?~~~?~??~?~~~~?~~?~~~>>~~~~~
~~~~~~~~~~?~~~~~?~~~????????????????????????????????>>??~?~?~??????????????
????????????~?~?~???????????????????????????????????????????>>><>~???????:
%dc0945 cC
0909(90#.#.??????`~~x?||?||???|p?|????????????~~?`8~?<><?>|??>|~???||||||~|
x|?`~||?x?>||???`>|<?<?|?>|<??||<?>?<?x>????<<x>>??<<?x??|>?|????~?????????
???????????????????????~??~~?~|???~|?|??~~?<??>~~??<><~~~>~><~~>>>?|~~?>>|?
?~>?|>>|>~>?|>>|>~>|>>|?>~>|>||?x>x~~>>|~>x~~>>|~>|~~>?>|~>|~~>>||~|~>>>|x|
<~>>>|p|<~~>>||>~~>||>~~>|x~~>|x~~?>|x~>?>|~>?>|~>?>|~>?>|~>?>|~>?>|~~?>|~~
?>|~~?>|~~?>|~~?>|~88~??|0?>|~~?>|~??>|~??>|~??|~3x|`~~0x|~>x|~>x|~~xp>|~~>
||>>||>>>|~~>>|~~?>|~~?>|~~?>||~|?>||~|?>|~~|?>|~~|?>|~~|?>|~~|?>|>~~|?>|>~
~|?>|>~~|?>||~~|?>||~~|?>||~~|?>|x~~~?>|x~~>>>||~>>>||~>>>||~>>>|8|~>>?>||~
>>?>||~>>?>|~~>|?>|1>|>>|>|>>?|~|>?<??~>?>?~0>???|?|????|?||??|?|???|??|?|?
??|???|???>?|?>|??>||?|?????>>????>?????|?||<x|?0?x?|??|?|?0|?1|??<??>>??||
||||?|?|>|>|>|~||||||||||||||||>|>|?|?||||||||||<<>|>|~|||||<|<|<|<<<<<<|||
|<<<<<<<<|||<<<<?8`??~??~?~~~??~~>??|?>?|?>~?>~||||||~~~~~>?>?|>?|???~??~??
?????0:91<45 C
1<1<(<1#.#.x???>?????<>>????????????????~~~?~~88||||||||~~~||~~?~~~~~|~~~||
|c|~~~~>?~?|?||?|?||?~|?~?~??|?|?~?~~?????????????>?>?~????????????~???????
????????~>???????????????~~~~???~~????||~~~~>>??????????>>>~~~|?p3:E;45 C
E;E;(;
E#.#.????????~~????????>?~~?~???????~~?~?~?~?~?~?~??~?~?~?~?~?~?~?~?~?~?~?~
?~?? ~?? ~??`~??~??~?>~?>~?>~?~~?~~?~~?~~?~~~~~~?~?~?~?~?~?~?~?~?~?~? ~? ~?
~?~?~?~?~?~?~?~?~?~?~?~?|?|?~?~?~?~?~?~?~?~??~?~~~~?????????||~~>>?????????
?|~~~>>?~~~????>?????????~~~????:'g\f\ 45 f\C   (
#.#.>~~~?~?????????~?~~~?p?????~|?~~|??~~???8~~??8~???|~???>|??>~?>????>0|>
??>x?|>?>x?p|>??|?|?~???|x`|???|?|?>|???>|??>|?>|??>|?>>|?????>~??????>~???
|?>>||???||???<??|>?~??y>?>?0>?>?????????|???|???>??>?????????>?????>??<~?<
~?<??||||?|x||x~?|x>?|x>|x>|x>p?|x>>?|>~|>~?|>?|>?>|>?>|>?p~||>?p||||>?|8||
>>||~>>~|>>>>|>>>>|>>>>|?>?>|>?>|>?|>?|>?||>?||>>||>>`?|>><g>>>>>>>g8~?<00?
~9px|>x~|>||>|>|>>>|>>>|>>>|>>|>>>|>>>|>>>|>>>|>>~|>>||>>||>>||>>>|>>>|>>>|
~~>||~>||~>||~>|>>|>>|>>|>>|>>|>?>`~?~|~?~0~???`???????>?81|?>?~~???||??>??
>??>??|??|??>?|?>??>?>???~?>?~?<|???||||??|???????x|?|<>>>>>><|||||~>>>>~|x
xp`p0<??>?~~?|?||>x~<~|>||>~|?|>|>|><?>?<?>?<~|?>>>||?>>||?>>~x>><?><?><?>|
?>|~|~|~<>??~>~<DH:y$#045 #C
00(0#.#.8p||~~~~~~~p~~~~~~~~~?~~?~?~~p~~~~~~~>~??0~>|>|>|>~~>x~~>?>???~>??>
|~~???x???>~p10`x???????|?8<|??~~~~0??~~~~??>?~?|??~?~>~??>~~?~~?~????~?~??
??~~~????~?|q~?~>9x><p|0x8????>c?x|??|~>|~~?~>?~~~?|>?????~?~?~???>~?|?~~??
~??~?~?~??~~~????~??~?????~??|????~~???~~xxx>~~>~><???~~??????????p?????~?~
?~?>?>??>??>?~??~??????~?>>??x?p6:sEX845 C
X8X8(8X#.#.?????????????????????????????????<?>?~?~???x???????????????~??~?
?8??~<>>~>~??????????????????~~~~~~>>?>????????????????????????????????????
???????????????????????????????????????>>>?><??????????~x????||~~~>>~~~????
??x8??p??~|?x??|??|~???????????A:s f Xp45 f C
XpXp(pX#.#.????<<~?~??>?>????????????????????????????????????????~?~0~~~~~~
?~~~?~???~~~~~~~~~~?~~~~??q0???~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~?~~~~????????
?????~~?~~~~????????????~~~<????x<>>>>??>>>>><x?x???????DB:! \e45  C
\e\e(e\#.#.<?????????`>~~???????????????~?00p??????????????????????????????
????????????????????????????????????????????????????????>?>>><???||~~>?>?>?
?>?>?>???>?>?>?>?>?>??~?~|||???3????????????:bb,(45 bC
,(,(((,#.#.x????<8<|<~~~~~~~?~?~~<?<~>???????>?<?|?>?~>>8>~>~~8x?>|<|<|??|<
||?0?>~p?~~~~?~8?x<x<???>?x<????x<???x<?????x<???x<??<x<???0??x<?|<?|<??|<?
~|??????????~>y|>??>x?|||?|?<??||<?>?|<???<??>?>??????~?~>|???~??>|~<>|||<>
<||?<><|?|<><|~<><|~><?>||~>|<>||~?|<>||<?||<><|?|<><||<><|<><|<?>||<>><|<>
<|<><|<>||<>||<><|<><|<?><||<>>||||<>>||||<>>||||<>>||||<>>||||<>><<||<~>><
``?~`|<?><?|<<?|<<|<<x|0<<||?<~?<~|||<|<<|~||<|<><|>||<|<|<|>||<|<|||>|<|>|
||>||8<|>|||>||<|~||||<|~|||>|<|>||>|<|><|>|<|<<|<|><|<|><|<|>||<|>||<|>|||
<|>|||<|>|||<|>|||<|>|||<|<|||||<|||<|<||<|<||<|<<|8<|<<|x<|><|<|>||<|>||?<
|??|?<|?~??<|?><??|>~>?|>?|???|<?`??|?|<??|?<??||?|??|??>?<?>?<?><>>>?>?>>?
?~??~????~~?|?|???|?||??|????????>????>?>>>>>>>>>>>>|>>|>>|>|><>>>>>>>>>>>>
>||>||~||||||<||<||||~|~||||||||||||||`||||~||||||||?||~|?|<>|?||<>|>||>|~|
>|~|>|||?||||||||||||||||`|||||||?||>||>|||>>|?|`|?||<||>?<|?<<??8????~`?|>
>>>?>?>>>>>>>>p?>>x?>?>x>>x>x?>??>8>8?>0>x>>x>>?>?>?>?>?|>>???>??>??>>?>?>>
>?>?>>??>?>?>????>?>~~<<M:&&&H45 &C
HH(H#.#.>>??>?~~~~?~~>~>~>>>????8`088x~>~??~~?|c~????~~~~?~?>??>?~?~~?~~~?~
x|?~~?>??~?|?~~?~?~??~|??~~???????~~~?~???>?~?~?00?>~~~?~?>>?>???~??|??~~?~
?~?~>~????~??????~>~|~????~|?~>|?~????>~~~?~??|?~~~~?~~?p????~~`~??~?~>?p??
f`?<??~???~???>|?~~>>~~?~?>???l4:'I@45 C
I@I@(@I#.#.p???0x|???>?????>??????>>~8?>~<?~~??~??????????????????~??8~<>?>
~~~>??????>>~?????????????`~?????????>?>?>y??>?>?>?>?>>>>>???~?~??|??|??|??
|??|?|?|?|>|>|>~?~?~?|?|?|?|?x?????~>?>>>>>>???????????~|????~~~~>?????~???
??~??~~~||????`:&y]]$45 ]C
$$($#.#.?????~?~??????>?><p|<|||?~||?~??~?|??>|x?|??|?<<?||<~??|?|~????|?|~
??>|?~>|???|>|?|?>|x|>||?|?>||??|>~|??>~>?>?>????>??>???>??>x?>x?~?>|??|?~?
||?????|~~??|~~|>?>>?>?>>?????????????????|??|?>~?|<|>>?||?|~<||~|><<|~|?><
<||><<|?|><?<||><<||><|||><||||?>||<||?>||<||?~|<<||>~|>|||>~<>|||><>|||><>
|||~<||||~<||||~|||||<~|||||>>~||<||>>~||<||>>~||<||>?~||<||>~||<||~~<|<|||
~>|||||~|0<<||~`0||||||||||??||~~f`p~?|||||~|||||~|||||~|||||~|||||?~||||?~
||||?~||||>~||||>~|||||~|||||~||||~||||~||||~||||~||||~||||~||||~|>|||~|>||
|~|>|||~|>|||~|||||~|||||~||||~||||?~|~||?||~|||||~|||||~||||?||?|?||||1g0`
~|????|?????|>`????|>???|>|~``?|~???|~??||????|||????~??>??>?>??>?>>>?>?>?>
~||??????????>??>>??<||??|?|??<|||~>>>????>>>~||x|>>??>>~|||p`~~>>>>?>|~>~~
???????????????????????>??????>>>~>~~>~??M:e&&&045 &&C
00(0#.#.??0~|~~~~~~~~~~~~???~?<?~|?~??~??~??~??~?~~?~??|?|?~?~?~?~~<?<<<|||
g?~?~?~~>???~??`??????>~??~~?|???~~~~>~~|?~??~?~~????~~~~?>?>~??~?~|~|?~?>~
~?????>~~~??>?||<a<??><??>?>>g>??~~~?~????~~|~??~????????~~~>~>~|?||~?~????
~~~~~~??~~~~~~~??~????????~~|~0p?~???>|?|~???~~?>~||~>>??????~?~???~~~~>?>?
???>?~>??~>?>>>|?>|?>??>`?>>?>?>>>>~>|?>`|?>|>|>||>????fhxy\]yz}~GJYjlp|wrm
hc^Y]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]ca]ca]c<a]cRaU]c a!n`a  ! " H     23    3
}xsnid^Y]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!3 n   



,5`agij9i}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!ijmqrSY~XRSXY67`aP}xsnid_Z]]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca!iop?EJK?s*+i}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!i,-I[ \
!!!!!!!!!!!#"$"."/"0"i"z"{"""""}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!"""###Q###
#######$$$$$%6%f%{%|%%%%%%%%%}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!%&L&&&&&&5's
'w'=(?((()):)R)S)))\*L+M+V+++,,,,,,}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!,,,1-9
-q--------/.0.4.9.:.p.u....../=/M/O/y/////|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
!////000A0\0c0000001F1{1111111222<2p2q2x2222}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!222#303Z3[3c3d3e33333333334/4g4t444445R5\55555}xsnid_Z]]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca!5555556Q6S6T6V6W6q666666#7U7v7w777778=8e8f8n8888}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!88(9)93949Y:g:h::::::2;x;y;
<<<<======,>3>f>g>m>o>p>}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!p>}>>>$?Y????????
@@@0@1@L@@@@@@@@*A^AAAAAAA}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!AAAAAAABB!B%B&B
9B:BTBgBhBrBsBBBBBBBBBBCCTCCCC}xsmhc^XU]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!CCCDNDDEEE
E=FuFFF
GKGGGGHRHHHHHHHCIDIMINI[I\ImI}xsnid_ZU]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!mInIInJoJ}J
~JJJJJJKKHKIKUKVKKKKKKKK7L8LULVLfLgLzL{LL}xsnid_ZU]]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
!LLLLLLLCMDMuMvMMMMMKNRN\N]NnNpNNNNNNNNNNOOOEO}xsnid_ZU]]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca!EOOOOOOOO%PbPPPPPPQHQIQ\QQQQQQQQQQQ"R#R0R1RER}xsnid_ZU]]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca!ERRRRRRRRRRS<S{SSSSSSTITTTTTT5UiUxUyUUUcVdVV}xsnid_ZU]]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca!VVVW#W$W:WlWoWrWvWWWWW)XEXFXGXHXIXJXNXUX]X_XbXXXYYYxZ~ytoje`
[Vnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caD_]ca]caD<]ca]caD]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca xZyZ2[V[p[r[}[~[[[\\'\(\,\3\5\8\;
\Y\Z\\\]]]]H]]]]]]^~ytoje`[V]ca]ca]ca]c$a]ca]ca]ca]ca]ca]ca]c$a]ca]ca]ca]ca
]ca]ca]ca]ca]caDt]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca!^
^e^f^^^__=_>_l_m__`
```u`v```````faaaaaaaaa|wrmhc^Y]c]ca]ca]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]ca]ca]ca]ca]ca!aaaaaaabb@bJbKbb
bbbbbbcccccc\ccc;
d>dEdJdMd~xrlgb]Xmhc^Y]]ca]c$a]ca]caU]caU]caU]caU]caU]ca]caU]ca]caU]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
MdWdYddd:e=e>exeeeeeeefIffffffff7gYg\g]gfggggggg|wrmhc]X]]caU]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca!gggghhhhbhchh/i4i5iaibihikisiiiijj'j(j,j4jCjNjOjjjj~ytoje`[V]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
]caDPb]ca]ca]ca]caU]ca!jj2knkkkkkkkllXlYl]ldlxlllllllmmm[memfmtmummmmzupkfa
\W]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caD]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca!mmm0nlnnnnnnnoDoroso}oooooo-p.p1pJpKp^p_pjpppp
pp}xsnid_Z]]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!ppppppppppqqqqPqQqkqlqqqqqqqqqqr7rJrK
rprrr}xsnid_Z]]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!rrrrrss!sssts}s~sssttt<t=tItwtxttt
ttttt1uouuuu}xsnid\W]]caDm]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!uuvvvvwxxxyyyyzzzz)z4z5zzz{
T{{{{|"|#|T|||}xsnid_ZU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca
]caV]ca]ca]ca]caD<]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!|||})}1}D}}}}}}~~~~~~~~
~~'-@NOy}xsnid_Y]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]ca]ca!UqHI}xsnid_ZUnid_Y]ca]ca]ca]ca
]ca]ca]ca]ca]caU]ca]caU]ca]ca]caU]ca]ca]caDq]ca]ca]ca]caU]ca]ca]ca]ca]caU]c
a]caU]ca]caU]ca]ca
2HINUbftxv$9Bzupkf`[V]]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca
V]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!*+\|}MTbcS\]{vqlgb]X]]]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU
]ca]ca]ca]ca]ca]ca]ca]ca!]xy/0F
/0BCPQ`ar}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!rs -.
=?D`a}xsnid_Z]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!axOV7uGHI=}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!=>EGH-eklmXGHOP,-jk}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!Uqr/0
pq.23}xsnid_Z]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!3hrs':n X6py
!&b}xsnid_Z]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!bH
Bq7!_I}xsnid_Z]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!q@L9s$bN[8t}xsnid_Z]]]]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca!VjCJ{+_$X ,Xb
}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!RI>H<z(LeS}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!7r3oJC]AMc!7k}xsnid_Z]]]]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]ca]ca]ca!>w'.h/5nZ(01+2:;
4<=|wrmhc^Y]]]]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!=t~U?F,^RQw=+5Cw}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!w&0>Ey+_P@|Q}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!K4?s#*5i
+_A^x&Z}xsnid_Z]]]]]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!<\sN1NeJD[0}xsnid_Z]]]]]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca!%<pm $XLdm7 > F G
`hi>?}xsnid_Y]]]]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!?IOv}~~ysnhc]X}xsnid_Y]]]caU]ca]c
aU]ca]caU]ca]caU]ca]ca]ca]ca]ca]c^a]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]c
a]caU]ca]ca]ca]c^a]ca
$_R|wrmhc^Ynid_Y]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]
ca]ca]ca]ca]ca]c^a]caU]ca]caU]ca]caU]ca]caU]ca
,89I0i%X3h>!E!L!~!!!!."6"l"|wrmhc^Y]]]]ca]ca]ca]ca]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]ca]ca!l"""",#e#m#
########$$%8%q%%'^(e(o(q(u(}(((s)))ytoid_Zmhc^Y]]]]]ca]ca]caU]ca]ca]caU]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]c.a]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca
]ca
))*R***++++++++++------f.////00001(2|wrmhc^YTmhc^]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]caV]ca]caV]ca]ca]caU]ca]caU]ca]ca]ca]caD8]ca]caDl]ca]ca]ca]ca]ca]ca
U]ca
(23N33333334$4<4V4444585l5555,6.6g6i66666777}xrmhc^Ymhc^]ca]ca]ca]ca]ca]caU
]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caD]ca]ca]ca
]ca]ca]ca 7 8G8I8z888998:;;
;I;;;;;;;;;;;;.<j<<<===p==~ytoje`[Vmhc^]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]caDHP]ca]caD]ca]caD]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
==>>>>>>>???
?J?K?O?V?=@x@}@@@@A)AhASBBBC@CACECzupkfaYTmhc^]caDpX]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]caD]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]ca]c
a ECLC`CCCDD0EEEF FFOF<GbGcGgGnG8I]IeIgIkI:K;
K?KFK|KKtLLLzupkfa\Wmhc^]c]ca]ca]ca]ca]ca]ca]caD]ca]caU]ca]caU]ca]ca]ca]ca]
caDT]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
L'MPMSMZMMMNLNlNvNyN{N~NNNN:O;
O?OFO/PjPPQ?QBQtQQQQRRR|wrmhc^Ymhc^]c]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]caD]ca]ca]ca]caU]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
RRS0S[SSSSSSSSTMTTTTTUFUUUQQQQRRR|wrmhc^Ymhc^]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]caU]ca]ca]ca]ca]ca]ca]cafh
xygH)&10% h&'()-M z10% h&'()-y@s10% h&'()- M10% h&'()-10% h&'()-&S10%
h&'()-10% F&'()-Ly\@}G}^?)&10% h%s!10% h&'()-s9#10% h&'()-s!9#10%&'()-sY
10% h&'()-M$10% h&'()-s!M$10%&'()-sGJYghijl}oaS410%4_&'()-M 10 10
10!0#10%&'()-S!0#10%!!&'()-S.10% h&'()-- 10%
h&'()-lp8n_^<aS4!D#10%x|x|&'()-k!#10%4J4J&'()-kF
10%4|&'()-s#10%4|&'()-S!Ss#10%||&'()-S10%4&'()-H .'yW5aS4!`0F%10%
&'()-f!"F%L$10% | |&'()-!F%L$10%&'()-!L$10%44&'()-t!IL$10%}}&'()-t
TL$10%&'()-t'auV7!Y`!10%m&'()-s10%m&'()-&10%m&'()- 



10*|*| 10*|*| 10*|*|!`0F%10%*|*|&'()-f`0F%10%4g&'()-f 3 n
aBuV7!YG10%m&'()-Y10%m&'()-L 10%m&'()-!q 10%&'()-FF 10%m&'()-Yf10%m&'()-
,5gdEuV7!Yf10%m&'()-lZ10%m&'()-Ys!10%m&'()-Y
10%m&'()-&10%m&'()-f10%m&'()-g9mdEuV7!Y&/10%m&'()--3"10%m&'()-,,,
10%m&'()-/ 10%m&'()-&L*10%m&'()-lF`!10%m&'()-mPQRSYxmbC!Y10%m&'()- 10m 10m
10mY7&!10%m&'()-y5:!10%m&'()-`3L10%m&'()-1
10%m&'()-Y=~'X9zX6mbC!!!3:$10%PSPS&'()-!3:$10%FF&'()-9$10%m&'()-!9$10%UEUE&
'()-!X-#10%ff&'()-!I-#10%&'()-2}oPC!!!3:$10%PSPS910%m&'()- 10mm 10mm
10mm!)#10%mm&'()-!)#10%^^&'()-!)#10%^N^N&'()-Pi}[9PC!!!0K9$10%PP&'()-
!K9$10%PEPE&'()- f#10%m&'()-10%m&'()-!S#10%&'()- !N#10%aa&'()-
i<=>?E}oaS4910%&'()- 10mm 10mm 10mm!.M$10%mm&'()-_ !.M$10%cc&'()-_
,0$10%m&'()-+10%m&'()-E?s#iIzX9aS4&9$10%4&'()-s!&9$10%huhu&'()-s!lM$10%88&'
()-!lM$10%mm&'()-10%&'()-!6#10%&'()-SI.  7!!!!!wi[M4&9$10% 10 10
10!y2$10%&'()-s!y2$10%ww&'()-s!%#10%&'()-!%#10%ww&'()-!!!."i"""dEM4&"10%&'(
)-910%&'()-FY  10%&'()-3ys!10%&'()-3@
10%&'()-L10%&'()-"#Q####$dEM4&YF`!10%&'()-sf&$10%&'()-G10%&'()-F10%&'()-F`!
10%&'()-F`!10%&'()-$%6%f%%%&dEM4&,#10%&'()-l*10%&'()-l,)t10%&'()-L'10%&'()-
l%:10%&'()-##10%&'()-&L&&&&5'p'q'r'dE:/ 



10 108 10%&'()-96&$10%&'()-Y4 10%&'()-y2Y10%&'()-l0:!10%&'()-l.
10%&'()-r's'w'=(?([((:)rP1/
#10%m&'()--!#10%KK&'()--!+#10%&'()--,s10%m&'()-!Ys!10%mm&'()-tL10%m&'()-
10:)*\*V+&,,,,zXJ</  10PP 10PP!!.#10%PP&'()-G !.#10%==&'()-G
!l%'$10%mm&'()-TF#10%m&'()-@!F#10%FaFa&'()-@,,,,,1-9-q-rS4/
"10%/&'()-s10%/&'()-F l f10%/&'()-`10%/&'()-s!10%/&'()-!)yL10%]]&'()-
10PPq----4.p.u.dE4/ "10Y10%/&'()-y"10%/&'()-S 10%/&'()-F
S10%/&'()-Z10%/&'()-:10%/&'()-u...../=/yZ;4/ - 10%/&'()-,+'10%/&'()-
!f10%22&'()- !f10%@@&'()- !f10%&'()-  -`f10%&'()- =/y///0A0Y0Z0[0dE:/ 10/
10/810%/&'()-L6M10%/&'()-l410%/&'()-210%/&'()-@0"10%/&'()-.!10%/&'()-[0\0c0
00001xW8/ 10/9 "10%&'()- 9 "10%``&'()-sY 10%&'()-yy10%&'()-s
10%&'()-Y&M10%&'()- 10/1F1{1112<2aB8/
10/z10%&'()-!KYS$10%&'()-s10%&'()-10%&'()-S10%&'()-
10%&'()-<2x222#303c3dE8/
10/)Z10%&'()-F9'10%&'()-Fl%`!10%&'()-l#M$10%&'()-3!
10%&'()-3s!10%&'()-c33334/4g4dE8/
10/3410%&'()-YS2310%&'()-s0'10%&'()-Y.10%&'()-,&$10%&'()-F*
10%&'()-g4t44444444bC 



10/y10%&'()-s 10%&'()-Y9M10%&'()- 10 10 10710%&'()-&6910%&'()-45R5\5555dEbC
10/'10%&'()-z10%&'()-10%&'()- 10%&'()-9T10%&'()- Y 10%&'()-56Q6q6666dEbC
10/l# 10%&'()-!10%&'()-310%&'()-3
S10%&'()-YS#10%&'()-y10%&'()-6#7U7778=8dEbC
10/Y010%&'()-Y.10%&'()-l,!10%&'()-l*
10%&'()-)10%&'()-9'10%&'()-=8n88888888xmbC 10/Y&M10%&'()- 10 10
10810%&'()-610%&'()-F4,10%&'()-YS210%&'()-8C9n9Y::2;;zX6mbC
10!l:$10%mm&'()-
!'lSm"10%mm&'()-s10%&'()-!s$10%&'()-!s$10%??&'()-!s$10%<<&'()-;
<<=)>*>+>,>3>zl^P1 l9`10%&'()- 10mpmp 10mpmp 10mpmp!+.&$10%mpmp&'()-F
!.&$10%__&'()-F l:$10%u&'()- !+l:$10%ww&'()- 3>m>}>>>$?Y?dE^P1
l9`10%F@10%&'()-#10%&'()-3910%&'()-Y 10%&'()-3y@10%&'()-3-
10%&'()-Y????@L@@dE^P1 l9`10%F
10%&'()-F10%&'()-lS10%&'()-FM!10%&'()-F10%&'()-10%&'()-@@@*A^AAAdE^P1
l9`10%l)10%&'()-Y9'M!10%&'()-l%10%&'()-#10%&'()-F!@ 10%&'()-Y
10%&'()-AAA!BTBBBdE^P1
l9`10%34:10%&'()-S2f10%&'()-s0F10%&'()-.10%&'()-,10%&'()-
*10%&'()-BBCCCCTCCCbC l9`10%Ls10%&'()- s "10%&'()- 10%&'()- 



10 10 108'10%&'()-&6m"10%&'()-CCDNDDEE^<bC l!a 10%&'()-!  10%&'()-!8
10%&'()- 10%&'()- 10%&'()-f#@&10%&'()-EEE=FuFFFdEbC l!a@S&s$10%&'()- s$-
10%&'()- S"s10%&'()-  :!10%&'()-  10%D&'()- $10%&'()- F GKGGGGHdEbC l!a1
10%&'()-/z#10%&'()--@ 10%,&'()-+10%&'()-*`!10%&'()- F(F
10%&'()-HRHHHHHHHHxmbC l!9`10%m&'()- 10 10
10y:`10%&'()-710%&'()-@510%&'()-L3@ 10%&'()- HIIIJJKwX6mbC !F %10%..&'()-S
%10%m&'()-! %10%33&'()-!I$10%PP&'()-G !$10%mm&'()-G !@$10%55&'()-G
KKLLMHNINJNKN}[M?1  10YEYE 10YEYE 10YEYE!.'$10%YEYE&'()-F !.'$10%33&'()-F
%#10%m&'()-@!%#10%AA&'()-@F %10%m&'()-SKNRNNNNOEOdEM?1  10YEYE 



10@#10%&'()-FL10%&'()-l 10%&'()-310%&'()-3
10%&'()-`L10%&'()-EOOOO%PbPPdEM?1  10YEYE
10lYM!10%&'()-y#10%&'()-Fs!10%&'()-10%&'()-F10%&'()-F @
10%&'()-PPPQ\QERRdEM?1  10YEYE
10,#10%&'()-l%`!10%&'()-s#9$10%&'()-!10%&'()-Y @10%&'()-Y9
10%&'()-RRRS<S{SSSSdE:/ 10 108f10%&'()-96&$10%&'()-Y4
10%&'()-y2F10%&'()-0`10%&'()-l.@ 10%&'()-SSSSTITTTxY:/ 10,m"10%&'()- L
10%&'()- l 10%&'()-T 10%&'()-10%&'()-YLM10%&'()- 10TT5UiUUUVdE:/
103Fs!10%&'()-sYy#10%&'()-3 10%&'()-10%&'()- , 10%&'()-
10%&'()-VW:WlWoWrWvWdE:/ 10L!-10%&'()--10%&'()--10%&'()-F`'10%&'()-F%
10%&'()-l##10%&'()-vWWW)XEXGXIXKXgK//&*10%&'()-`*10%&'()-`*10%&'()-`Y6'10%&
'()-4#10%&'()-Y3- 10%&'()-31!10%&'()-KXLXMXNXUX]X_XbXYbC&*10%&Y!10%Z&'()-4
(10%Z&'()-`10%Z&'()- "Y 10%Z&'()-9L10%Z&'()- 10 10
10YYY2[V[r[[zX9bC&*3`!10%Z&'()-!fs3. 10%&'()-!P3. 10%rbrb&'()-"!10%Z&'()-F
!`10%55&'()-!010%rr&'()-[['\)\*\+\,\3\5\eF&*3,`t10%G&'()-`M10%G&'()- 10Z
10Z 10Z`10%Z&'()-7m"10%Z&'()-5:!10%Z&'()-5\8\;
\\\]H]_@eF&*!10%G&'()-!!10%&'()- ih!10%K &'()-ZY
10%G&'()-s110%G&'()-l(10%G&'()-H]]]]]_``aB7F 10G9F710%G&'()-&!10%G&'()-
10%G&'()- !a 10%  &'()- 10%G&'()-,s!10%G&'()-` `````fabgEF
10G!#10%hh&'()-s!a#10%>>&'()-3 !X#10%xhxh&'()-3 sM10% h&'()-10% h&'()-` 10G



10Gb@bbcc\cc}^<EF 10!X,`$10%&'()-N`*H$10%
h&'()-!0,9$10%&&&'()-!,9$10%44&'()-ls!10% h&'()-t#10% T&'()-sc;
d<d=d>dEdJdMd:euV7YZ"10%Z&'()-L!f10%Z&'()-#10%Z&'()-``10%Z&'()- 10 l l 10 l
l 10 l l!X,`$10% l l&'()-N:exeeeefIf^?uV79 "10%Z&'()-!9 "10%&'()-!9
"10%[[&'()-&LM10%Z&'()-l`10%Z&'()-#10%Z&'()-Iffff7gYggdEuV7/
10%Z&'()-.`10%Z&'()-@,M!10%Z&'()-s*,
10%Z&'()-("10%Z&'()-&L!10%Z&'()-ggghhhhhhuj_@LL10%m&'()- 10Z 10Z
10ZL10%Z&'()-z'F7 %10%Z&'()-!n2 10%&'()-!i2 10%;
;&'()-hh/ihikisiidEj_@L!10%m&'()-sF10%m&'()-
10%m&'()-10%m&'()-,10%m&'()-F`!10%m&'()-iii,j4jCj2kaBj_@,)`!10%m&'()-
sy#`10%m&'()-!sy#`10%&'()-!10%m&'()-l10%m&'()-l`!10%m&'()-2knkXlZl[l\l]ldlx
leFF 10%4|&'()-``10%4|&'()- 10m 10m
10m99'10%m&'()-'y2!10%m&'()-0m"10%m&'()-xlllm[mmmdEeF10%4&'()-M!10%4|&'()-@
@#10%4|&'()-` 10%4|&'()- M10%4|&'()-9S10%4|&'()-mmm0nlnnn}^?eF#
10%4|&'()-!m"10%4|&'()-, :!10%4|&'()-  "10%4|&'()-@!6 "10%jj&'()-@!
"10%&'()-@noDo}oooodEeF.Z10%4|&'()--M!10%4|&'()-F+"10%4|&'()-`y)10%4|&'()-'
10%4|&'()-%:!10%4|&'()-o1pjppp qqqqdYNC 104| 104|
104|`@810%4|&'()-`610%4|&'()-4"10%4|&'()-210%4|&'()-9010%4|&'()-qqqr7rprrdE
YNC Y10%&'()-l10%&'()-
'10%&'()-@10%&'()-3`!10%&'()-sL10%&'()-rr!stItttdEYNC
ls'10%&'()-Y%M!10%&'()-#"10%&'()-YlM!10%&'()-t#10%&'()-Y
10%&'()-tttttt1u}^?YNC`39!10%&'()-Y1 10%&'()-  "-10%&'()- -10%&'()-! 9*m
10%&'()-s!9*m 10%&'()-s1uouuuuuuuveFY`!10%Z&'()-sM10%Z&'()- 10 10
10L&*M10%&'()-s 7, 10%&'()-,5#10%&'()-vvvwwxy}[9eF!9*$10%
&'()-!/`#10%..&'()-S:$10%Z&'()-!S:$10%
&'()-!S:$10%..&'()-@#10%Z&'()-yyyyyyy)z{uS4F3"10%m&'()-!d
10%&'()-lL`10%m&'()- 10   10   10   10%  &'()-)!:9*$10%  &'()-{T{{{{ 



||a?uS4F!f10%[[&'()-!f10%mm&'()-Y Z10%m&'()-Y@
10%m&'()-3`s!10%m&'()-m"10%m&'()-|T|||})}9}dEuS4F!
F.310%m#&'()--l@,z10%m&'()-l`*M!10%m&'()-l(
10%m&'()-&&$10%m&'()-$L!10%m&'()-9}D}}}}}}}~uj_@F!&L10%&'()- 10m 10m
10m7!10%m&'()-6"10%m&'()- 4:!10%m&'()-!
F.310%&'()--~~'-@ydEj_@F!10%&'()-Y310%&'()-S`!10%&'()-F!10%&'()-s!10%&'()-3
`!10%&'()-sy}^?j_@F(9!10%&'()-
F%10%&'()-3%t10%&'()-!i`S"910%&'()-!S"910%&'()-Y10%&'()-UqdH=2 10 10
"10%&'()-110%&'()-&010%&'()-lF.'10%&'()-ly,- 10%&'()-*"10%&'()-=lJH=2 10
10!N  s$10%&'()-l!D  s$10%&'()-l!  s$10%EE&'()-l!]  s$10%;&;
&&'()-l!)M10%&'()- 10=2KLMwUG92 10 10=V=V 10=V=V!y)$10%=V=V&'()-3
!y)$10%..&'()-3 !p`$10%ZZ&'()-!$10%&'()-!I
s$10%&'()-lMNUvoP12s10%4|&'()-,#10%4|&'()-l3"10%4|&'()-!&`, 10%ZbZb&'()-!n,
10%&'()-sM10%4|&'()- 10=V=V$BaB12s10'`10%4|&'()-%`!10%4|&'()-#:!10%4|&'()-
!%  m10%||&'()-y10%4|&'()-9m10%4|&'()-\aB12s104!10%4|&'()-2
10%4|&'()-0:!10%4|&'()-   +10%4|&'()-!p
+10%&'()-Lf)10%4|&'()-JKLMTS2_=!&$10%%N%N&'()- !N#10%ZZ&'()-S9M10%Z&'()-
104| 104| 104|y810%4|&'()-6$10%4|&'()-2Fg}[<1=
10Z[,/$10%Z[&'()-g!,/$10%33&'()-g##10%Z&'()-G 



!"##10%FF&'()-G & " 10%Z&'()-!'&$10%33&'()- %qDxdE= 10Z[10%&'()-!Il
-#10%&'()- !Sl -#10%uu&'()- !Sl -#10%&'()- L10%&'()- 10Z[ 10Z[x}^<E=
10Z[!,/&$10%hzhz&'()-4 % %10%W&'()-@!%
%10%meme&'()-@#10%&'()--!#10%mm&'()--l10%&'()-LMNOVuV7 10F  10%&'()-F
10%&'()-Z10%&'()-`L10%&'()- 10rr 10rr 10rr!&,/&$10%rr&'()-4 7udEuV7 10F
F10%&'()-G10%&'()-Fz10%&'()-3  10%&'()-@#10%&'()-3`S 10%&'()-GEdEuV7 10F
#"10%&'()-!10%&'()-l G 10%&'()-lL 10%&'()-Yl:!10%&'()-#10%&'()-E-kdEuV7 10F
l4 10%&'()-y210%&'()-010%&'()-.10%&'()--#10%&'()-l%M!10%&'()-sXL_=
10!$10%pp&'()-S!6$10%&'()-SL10%&'()- 10 10 108 10%&'()-L6!10%&'()-LqU}[<_=
10#&$10%&'()- !!#&$10%cc&'()- 



"10%&'()-!03$10%YY&'()- !3$10%YY&'()- $10%&'()-S .rS4 1!10%Z&'()-F
10%Z&'()-9M10%Z&'()- 10^^ 10^^ 10^^!".#10%^^&'()-3 !.#10%YY&'()-3 .h':dErS4
1!10F10%Z&'()-f#10%Z&'()-10%Z&'()-l10%Z&'()-l 10%Z&'()-Y@ 10%Z&'()-:n
XdErS4 1!10L'
10%Z&'()-l%10%Z&'()-##10%Z&'()-!L!10%Z&'()-10%Z&'()-10%Z&'()-6pydErS4
1!10F4 10%Z&'()-0F10%Z&'()-.- 10%Z&'()-,'$10%Z&'()-&*10%Z&'()-)10%Z&'()-&_@
1#10%Z&'()-f!D#10%&'()-fM10%Z&'()- 10Z 10Z 10Z7
10%Z&'()-6"10%Z&'()-&b*1HzX9_@ 1, '$10%Z[&'()- !,, '$10%..&'()- !,
'$10%**&'()- !"&$10%88&'()-  !&$10%.J.J&'()-
v3C!10%Z&'()-H&rP1,#10%G&'()-f!D,#10%&'()-f`M10%G&'()- 10== 10==
10==!.#10%==&'()-  !.#10%33&'()-   }[:rP1
Y:$10%*`*&'()-!Y:$10%88&'()-!Y:$10%EE&'()-#10%G&'()-!#10%&'()- 10%G&'()-
w}oP1FM!10%&'()-l`M10%&'()- 10KK 10KK 



10KK!,) %10%KK&'()-!,) %10%88&'()-!,)
%10%33&'()-BqdBoP1FM!10!&9$10%htht&'()-Y10%&'()-F 10%&'()-F 10%&'()-
10%&'()-@F"10%&'()-7!_dEoP1FM!10!,#10%&'()-l%G"10%&'()-M##10%&'()-!10%&'()-
l  10%&'()-l9T10%&'()-_Ib@FM!1!$10%&'()-`M10%Z&'()- 10 10
108L!10%&'()-96z#10%&'()-.L!10%&'()-xz[9b@!%$10%**&'()-@l$10%ZE&'()-@!l$10%
%S%S&'()-@$10%Z`&'()-!$10%%%&'()-!P$10%ZEZE&'()-~_=!!I@#10%}$}$&'()-s`10%4|
&'()- 10Z 10Z 10Z&,810%Z&'()-!.$10%ZZ&'()--%$10%Z&'()-@]q@ xY7~_=!%&$10%
&'()-'$10%4?&'()- !+'$10%||&'()- !'$10%&'()-  f@#10%M&'()-)!S@#10%&'()-
}oP=!%&$10%  sM10%m&'()- 10|| 10|| 10||!"2y#10%||&'()-s!2y#10%&'()-s!%&$10%
| |&'()-BVu{Y7P=!+l&$10%KK&'()- !l&$10%ASAS&'()-
&$10%mI&'()-y!&$10%FSFS&'()-y
&$10%AA&'()-y!&$10%))&'()-yLrS410%&'()-&M10%&'()- 10qq 10qq
10qq!-#10%qq&'()-!+-#10%PP&'()-3+10%m&'()-L9sdErS410l 10%&'()-l
10%&'()-#10%&'()-l&- 10%&'()-ll  10%&'()-ly
10%&'()-$bdErS410lt!10%&'()-f%10%&'()-3L!10%&'()-S&$10%&'()-ls
10%&'()-l`!10%&'()-N[8dErS410*10%&'()-) 10%&'()-9'
10%&'()-l%10%&'()-#10%&'()-!10%&'()-8tVdErS4106#10%&'()-93410%&'()-S2
10%&'()-s010%&'()-.10%&'()-,m"10%&'()-Vj~];!"10%mm&'()-S
I"10%u&'()-S!N"10%EE&'()-SL10%m&'()- 10 10 107M!10%&'()-jSfI}[<~];
!%$10%m&'()-@!%$10%88&'()-@&$10%m&'()-@!&$10%AA&'()-@F#10%ms&'()-f!F#10%AA&
'()-f@ABCJ{sT5'10%m&'()-`L10%m&'()-10mm10mm010mm /"10%mm&'()-3
)!{/"10%&'()-3 !v/"10%ff&'()-3 {+_dEsT5'10Y 10%m&'()-410%m&'()-@10%m&'()-3`
10%m&'()-Yl !10%m&'()-F- 10%m&'()-$XdEsT5'10l 10%m&'()-Y9
10%m&'()-Y10%m&'()-y10%m&'()-Y10%m&'()-Y 10%m&'()-
,XbdEsT5'10010%m&'()-.10%m&'()-,z#10%m&'()-l%M!10%m&'()-#9$10%m&'()-l!10%m&
'()-b 



xmbC'l9M10%&'()- 10m 10m 10m,810%m&'()-L6 10%m&'()-l4
10%m&'()-&210%m&'()-RdEmbC'10%&'()-F10%&'()- 9910%&'()-3Y  10%&'()- y@
10%&'()-10%&'()-IdEmbC'3- 10%&'()-310%&'()-lf10%&'()-3&10%&'()-F 10%&'()-3
10%&'()->HdEmbC'F)10%&'()-Y9'10%&'()-Fl%
10%&'()-l#:$10%&'()-F!10%&'()-F10%&'()-<z(LedEmbC'610%&'()-lF410%&'()-Ff210
%&'()-F.`!10%&'()-l,#10%&'()-*10%&'()-eSbC'Fs10%&'()-3s!10%a&'()-F
10%&'()-sL10%&'()- 10 10 10710%&'()-7rdEbC'Y"10%&'()-Y
10%&'()-Y`!10%&'()-G10%&'()-F
10%&'()-S10%&'()-3odEbC'%&10%&'()-#9$10%&'()-l!'!10%&'()-l,
`!10%&'()-L310%&'()-Yl10%&'()-JdEbC'.10%T&'()-.10%&'()--:$10%&'()-3+
10%&'()-S)10%&'()-ls'10%&'()-C~bC'310%&'()-3 10%&'()-sL10%&'()- 10 10 10@8
10%&'()-`6:$10%&'()-]AMcdEbC'Yl10%&'()-l410%&'()-F
10%&'()-S#10%&'()-s10%&'()-3
10%&'()-c!7kdEbC's'10%&'()-Y%10%&'()-#L10%&'()-l" 10%&'()-Y,
10%&'()-L10%&'()-k>wdEbC'l2- 10%&'()-0F10%&'()-. 10%&'()--L10%&'()-l3+
10%&'()-lS)M!10%&'()-w$%&'.hbC'F 10%&'()-Y`M10%&'()- 10 10
10@8L10%&'()-`69$10%&'()-ll4 10%&'()-h/5ndEbC'Y10%&'()-3
10%&'()-,#10%&'()-F` 10%&'()-  S10%&'()- @ 10%&'()-nZaBbCF!10%&'()-F
10%&'()-39M!10%&'()-!"ly#10%rtrt&'()-FM!10%&'()-F 10%&'()-(016;
@EiJ+C)&'!10%&'()-)&'!10%&'()-)&'!10%&'()-)&'!10%&'()-)&'!10%&'()-F&10%&'()
-
l#M10%&'()-EJKhkosxY:+C)&'!1)&'!10%&'()-)&'!10%&'()-)&'!10%&'()-)&'!10%&'()
-/KIA!)&'!10%&'()-swz~sY:+C)&'!1)&'!10%&'()-)&'!10%&'()-/KIA!)&'!10%&'()-)&
'!10%&'()-)&'!10%&'()-T:+C)&'!1)&'!10%&'()-/KIA!)&'!10%&'()-)&'!10%&'()-)&'
!10%&'()-)&'!10%&'()-eF+C)&'!1)&'!10)&'!10%&'()-)&'!10%&'()-)&'!10%&'()-)&'
!10%&'()-)&'!10%&'()-)&'!10%&'()-
xY:+C)&'!1)&'!10%&'()-)&'!10%&'()-)&'!10%&'()-)&'!10%&'()-)&'!10%&'()-/KIA!
&'()*+2:wV5) lYF 10%#&'()- lM10%#&'()- 10 10
10)&'!10%&'()-/KIA!)&'!10%&'()-:;@EJOUdDwV5) lYF
1<k!10%#&'()-<k!10%#&'()-<k!10%#&'()-<k!10%#&'()-<k!10%#&'()-<k!10%#&'()-UV
sw{tT4wV5<k!10%#&'()-<k!10%#&'()-<k!10%#&'()-<k!10%#&'()-<k!10%#&'()-/KD<!s
S3wV5<k!10%#&'()-<k!10%#&'()-<k!10%#&'()-/KD<!0<k!10%#&'()-<k!10%#&'()-O3wV
5<k!10%#&'()-/KD<!<k!10%#&'()-<k!10%#&'()-<k!10%#&'()-<k!10%#&'()-_?wV5<k!1
0<k!10%#&'()-<k!10%#&'()-<k!10%#&'()-<k!10%#&'()-<k!10%#&'()-<k!10%#&'()-
&,tT4wV5<k!10%#&'()-<k!10%#&'()-<k!10%#&'()-<k!10%#&'()-<k!10%#&'()-%/KD<!,
234<=CsW7wV5P!10%$&'()- P!10%$&'()-
l10%$&'()-<k!10%#&'()-/KD<!<k!10%#&'()-CIOU[\]O3wV5P!10%$&'()-
/KD7!P!10%$&'()- P!10%$&'()- P!10%$&'()- P!10%$&'()-
]bglqvw_/wV5/KD7!P!10%$&'()- P!10%$&'()- 



P!10%$&'()- P!10%$&'()- P!10%$&'()- wdDwV5/KD7!P!10%$&'()- P!10%$&'()-
P!10%$&'()- P!10%$&'()- P!10%$&'()- P!10%$&'()- |`DwV5/KD7!P!10%$&'()-
P!10%$&'()- P!10%$&'()- P!10%$&'()- P!10%$&'()- /KD7!tT4wV5/P!10%$&'()-
P!10%$&'()- P!10%$&'()- P!10%$&'()- /KD7!P!10%$&'()- sW;wV5/P!10%$&'()-
P!10%$&'()- P!10%$&'()- /KD7!P!10%$&'()- P!10%$&'()-  |\<wV5/P!10%$&'()-
P!10%$&'()- /KD7!P!10%$&'()- P!10%$&'()- P!10%$&'()- 'O3wV5/P!10%$&'()-
/KD7!P!10%$&'()- P!10%$&'()- 



P!10%$&'()- P!10%$&'()- '()*+,-tDwV5/P!10%$/KD7!P!10%$&'()- %P!10%$&'()-
P!10%$&'()- P!10%$&'()- P!10%$&'()- -GKOU[a_?wV5/P!10P!10%$&'()-
P!10%$&'()- P!10%$&'()- P!10%$&'()- P!10%$&'()- P!10%$&'()-
abciopqtX<wV5/P!P!10%$&'()- P!10%$&'()- P!10%$&'()- P!10%$&'()- P!10%$&'()-
%/KD7!qrst~x\<wV5/P!l%10%$&'()- l%10%$&'()-  @$&10%$&'()-P!10%$&'()-
/KD7!P!10%$&'()- eG+5l%10%$&'()- '@l%10%$&'()- l%10%$&'()- l%10%$&'()-
7'@l%10%$&'()- iM/5'@l%10%$&'()- l%10%$&'()- l%10%$&'()- '@-l%10%$&'()-
l%10%$&'()- eI-5l%10%$&'()- 



l%10%$&'()- l%10%$&'()- '@-l%10%$&'()- l%10%$&'()- l%10%$&'()-
!dH,5l%10%$&'()-  l%10%$&'()-  '@l%10%$&'()- l%10%$&'()- l%10%$&'()-
'@!"#=AEFGfH,5l%10%$&'()-  '@l%10%$&'()- l%10%$&'()- l%10%$&'()-
'@l%10%$&'()- GMSTUeD,5l%10%$&'( Y4:!10%#&'()- 9f210%$&'()-l%10%$&'()-
'@l%10%$&'()- l%10%$&'()- <=>?F0<vU4l% 0 %10%:$&'()- 8,#10%#&'()-&
),#10%p:$p&'()-& M10%':$'&'()-10$10$10$ 8"10%$&'()-<^E,^|[:vU4l%
9410%':$'&'()-8 \)#10%:$&'()-* ) \)#10%!&'()-*  L'10%':$'&'()- + %10%
&'()- ' %10%<#&'()-^RvU4l% l10%:M$:&'()-  10%:M$:&'()- Y 10%:M$:&'()-
M10%:M$:&'()-10 :$ 10 



:$ 10 :$  &L6'$10% :$ &'()-Qw|[:vU4l%  10%:M$:&'()- s10%:M$:&'()-
l10%:M$:&'()- 910%:M$:&'()- YYg10%:M$:&'()- y-#10%:M$:&'()-=+|[:vU4l%  '
10%:M$:&'()- $`$10%+M$+&'()- & "10%:M$:&'()- S @10%:M$:&'()- 10%:M$:&'()-
10%:M$:&'()-+5Cw&|[:vU4l%  4 10%:M$:&'()- 2 10%:M$:&'()- 0 10%:M$:&'()-
9/10%:M$:&'()- &-z10%:M$:&'()- Y+10%:M$:&'()-&0;<=>EyvU4l%   10%t$t&'()-
10%t$t&'()- lM10%t$t&'()-10:M$:10:M$:10:M$: f810%:M$:&'()-
s610%:M$:&'()-+_|[:vU4l%  3`!10%t$t&'()- 3 10%t$t&'()- F10%t$t&'()-
f10%t$t&'()- 3s10%t$t&'()- 3  10%t$t&'()-P|[:vU4l%  Y!10%t$t&'()- F,
10%t$t&'()- F`M!10%t$t&'()- 10%t$t&'()- lg10%t$t&'()-
FM10%t$t&'()-@||[:vU4l%  -10%t$t&'()- YF+ 10%t$t&'()- Yf)10%t$t&'()-
Y'M!10%t$t&'()-  %10%t$t&'()- l#g10%t$t&'()-Q |[:-410t$t l@810%t$t&'()-
`6"10%t$t&'()- l410%t$t&'()- Y2M!10%t$t&'()- 010%t$t&'()-
Y.10%t$t&'()-KbA410t$t  3L10%`s$`&'()- F 10%`s$`&'()- 3`!10%`s$`&'()-
10%`s$`&'()- lL`10%`s$`&'()-10t$t10t$t4?s#|[:A410t$t !10%`s$`&'()- F
10%`s$`&'()- F- 10%`s$`&'()- 10%`s$`&'()- F10%`s$`&'()-
,"10%`s$`&'()-#*5i|[:A410t$t Y% 10%`s$`&'()- #&$10%`s$`&'()- Y!
10%`s$`&'()-  10%`s$`&'()- F910%`s$`&'()- YF'10%`s$`&'()-+_|[:A410t$t
010%`s$`&'()- l.10%`s$`&'()- ,10%`s$`&'()- Y+M!10%`s$`&'()- @)10%`s$`&'()-
Ys'10%`s$`&'()-A^x|obU410 sM10%M`$M&'()-10`s$`10`s$`10`s$` 810%`s$`&'()-
96&10%`s$`&'()- lY410%`s$`&'()- l2M!10%`s$`&'()-&Z|[:bU410  Y310%M`$M&'()-
S#10%M`$M&'()- s10%M`$M&'()- Y M10%M`$M&'()- Y10%M`$M&'()-
F`!10%M`$M&'()-<\s|[:bU410  `10%M`$M&'()- lM10%M`$M&'()- s10%M`$M&'()-
lM!10%M`$M&'()- 10%M`$M&'()- YM10%M`$M&'()-N|[:bU410  f)10%M`$M&'()-
'9!10%M`$M&'()- %10%M`$M&'()- #&10%M`$M&'()- l"10%M`$M&'()- l,
M!10%M`$M&'()-1Ne|[:bU410  &410%M`$M&'()- 2M10%M`$M&'()- 010%M`$M&'()-
.9!10%M`$M&'()- -:$10%M`$M&'()- 3+L10%M`$M&'()-JvU410 S10%`s$`&'()-
3`10%`s$`&'()- l`10%`s$`&'()-10M`$M10M`$M10M`$M @810%M`$M&'()-
`6&$10%M`$M&'()-JD[|[:vU410  ,9$10%`s$`&'()- Y`M10%`s$`&'()-
YM!10%`s$`&'()- 10%`s$`&'()-   #10%`s`&'()- 8  #10%s$&'()-0|[:vU410
(10%`s$`&'()- &'L10%`s$`&'()- "f#&$10%Ls$L&'()- !10%`s$`&'()-
lM10%`s$`&'()- YM!10%`s$`&'()-%<p|[:-410`s$` 9710%`s$`&'()- 6:10%`s$`&'()-
@2M!10%`s$`&'()- &`010%`s$`&'()- .M10%`s$`&'()- *$10%`s$`&'()-m bA410`s$`
3#10%s$&'()- 10%`s$`&'()- 33 `10%`s$`&'()-  ss!10%`s$`&'()-
L10%`s$`&'()-10`s$`10`s$` $XL|[:A410`s$` Y`!10%`s$`&'()- 10%`s$`&'()- Y
M10%`s$`&'()- `&$10%`s$`&'()- 10%`s$`&'()- F`10%`s$`&'()-LdCm|[:A410`s$`
s010%`s$`&'()- .10%`s$`&'()- (#10%`o`&'()- (#10%Qs$Q&'()- lF% 10%`s$`&'()-
y# 10%`s$`&'()-4 5 6 7 > F G vU910`s$`,!10%%"&'()- 10%%"&'()-
39M10%%"&'()-10`s$`10`s$`10`s$` 3410%`s$`&'()- ,2Y10%`s$`&'()-G M T [ b i j



_/vU9/K\J!,!10%%"&'()-,!10%%"&'()-,!10%%"&'()-,!10%%"&'()-,!10%%"&'()-j
dDvU9/K\J!,!10%%"&'()-,!10%%"&'()-,!10%%"&'()-,!10%%"&'()-,!10%%"&'()-,!10%
%"&'()-
sS3vU9/,!10%%"&'()-,!10%%"&'()-,!10%%"&'()-,!10%%"&'()-/K\J!,!10%%"&'()-
sS3vU9/,!10%%"&'()-,!10%%"&'()-,!10%%"&'()-/K\J!,!10%%"&'()-,!10%%"&'()-
3O3vU9/,!10%%"&'()-/K\J!,!10%%"&'()-,!10%%"&'()-,!10%%"&'()-,!10%%"&'()-37<
AFKP_?vU9/,!10,!10%%"&'()-,!10%%"&'()-,!10%%"&'()-,!10%%"&'()-,!10%%"&'()-,
!10%%"&'()-PQ\rtvxtT4vU9/,!10%%"&'()-,!10%%"&'()-,!10%%"&'()-,!10%%"&'()-,!
10%%"&'()-%/K\J!xz|}sS3vU9/,!10%%"&'()-,!10%%"&'()-,!10%%"&'()-/K\J!0,!10%%
"&'()-,!10%%"&'()-oS3vU9/,!10%%"&'()-,!10%%"&'()-/K\J!,!10%%"&'()-,!10%%"&'
()-,!10%%"&'()-O3vU9/,!10%%"&'()-/K\J!,!10%%"&'()-,!10%%"&'()-,!10%%"&'()-,
!10%%"&'()-
#$_/vU9/K\J!,!10%%"&'()-,!10%%"&'()-,!10%%"&'()-,!10%%"&'()-,!10%%"&'()-$@F
LRX^dDvU9/K\J!,!10%%"&'()-,!10%%"&'()-,!10%%"&'()-,!10%%"&'()-,!10%%"&'()-,
!10%%"&'()-^_`hipwxX8vU9/K!10%!&'()-Q!10%!&'()-Q!10%!&'()-Q
&10%!&'()-%,!10%%"&'()-/K\J!w~oS3vU9/!10%!&'()-Q!10%!&'()-Q/K@%v!!10%!&'()-
Q!10%!&'()-Q!10%!&'()-Q_/vU9/K@%v!!10%!&'()-Q!10%!&'()-Q!10%!&'()-Q!10%!&'(
)-Q!10%!&'()-QdDvU9/K@%v!!10%!&'()-Q!10%!&'()-Q!10%!&'()-Q!10%!&'()-Q!10%!&
'()-Q!10%!&'()-Q    $
tT4vU9/!10%!&'()-Q!10%!&'()-Q!10%!&'()-Q!10%!&'()-Q!10%!&'()-Q/K@%v!$ ) . /
M R 



W sS3vU9/!10%!&'()-Q!10%!&'()-Q!10%!&'()-Q/K@%v!0!10%!&'()-Q!10%!&'()-QW \
a f g r
oS3vU9/!10%!&'()-Q!10%!&'()-Q/K@%v!!10%!&'()-Q!10%!&'()-Q!10%!&'()-Q
_/vU9/K@%v!!10%!&'()-Q!10%!&'()-Q!10%!&'()-Q!10%!&'()-Q!10%!&'()-Q
dDvU9/K@%v!!10%!&'()-Q!10%!&'()-Q!10%!&'()-Q!10%!&'()-Q!10%!&'()-Q!10%!&'()
-Q
tT4vU9/!10%!&'()-Q!10%!&'()-Q!10%!&'()-Q!10%!&'()-Q!10%!&'()-Q/K@%v!
"sS3vU9/!10%!&'()-Q!10%!&'()-Q!10%!&'()-Q!10%!&'()-Q/K@%v!!10%!&'()-Q"&,-IP
XsS3vU9/!10%!&'()-Q!10%!&'()-Q!10%!&'()-Q/K@%v!!10%!&'()-Q!10%!&'()-QXbiqrs
tuoTG:9/10!10!!10%!&'()-Q/K@%v!!10%!&'()-Q!10%!&'()-Q!10%!&'()-Quv}uU59/ 



!10%!&'()- !10%!&'()- !10%!&'()- !10%!&'()- s10%!&'()- YM10%!&'()-10!_?59/
!10%!&'()- !10%!&'()- !10%!&'()- !10%!&'()- !10%!&'()- !10%!&'()-sS359/
!10%!&'()- !10%!&'()- !10%!&'()- !10%!&'()-/K@3! !10%!&'()-oS359/
!10%!&'()- !10%!&'()-/K@3! !10%!&'()- !10%!&'()- !10%!&'()- %()BO359/
!10%!&'()-/K@3! !10%!&'()- !10%!&'()- !10%!&'()- !10%!&'()-BKPUZ_d_?59/ !10
!10%!&'()- !10%!&'()- !10%!&'()- !10%!&'()- !10%!&'()- !10%!&'()-detT459/
!10%!&'()- 



!10%!&'()- !10%!&'()- !10%!&'()- !10%!&'()-%/K@3!sS359/ !10%!&'()-
!10%!&'()- !10%!&'()-/K@3!0 !10%!&'()- !10%!&'()-O359/ !10%!&'()-/K@3!
!10%!&'()- !10%!&'()- !10%!&'()- !10%!&'()-_/59/K@3! !10%!&'()- !10%!&'()-
!10%!&'()- !10%!&'()- !10%!&'()- $(,0dD59/K@3! !10%!&'()- !10%!&'()-
!10%!&'()- !10%!&'()- !10%!&'()- !10%!&'()-01LPTX\tT459/ !10%!&'()-
!10%!&'()- !10%!&'()- !10%!&'()- !10%!&'()- /K@3!\`a~sS359/ !10%!&'()-
!10%!&'()- 



!10%!&'()- !10%!&'()-/K@3! !10%!&'()-tS759/ i!10%!&'()-h  y10%!&'()-
!10%!&'()-/K@3! !10%!&'()- !10%!&'()-_?59/ i i!10%!&'()-h i!10%!&'()-h
i!10%!&'()-h i!10%!&'()-h i!10%!&'()-h i!10%!&'()-hO359/ i!10%!&'()-h/K@$u!
i!10%!&'()-h i!10%!&'()-h i!10%!&'()-h i!10%!&'()-h _?59/ i!10 i!10%!&'()-h
i!10%!&'()-h i!10%!&'()-h i!10%!&'()-h i!10%!&'()-h i!10%!&'()-h8=BGLtT459/
i!10%!&'()-h i!10%!&'()-h i!10%!&'()-h i!10%!&'()-h
i!10%!&'()-h%/K@$u!LQRkty~sS359/ i!10%!&'()-h i!10%!&'()-h i!10%!&'()-h
i!10%!&'()-h/K@$u! i!10%!&'()-h~oS359/ i!10%!&'()-h i!10%!&'()-h/K@$u!
i!10%!&'()-h i!10%!&'()-h i!10%!&'()-h_/59/K@$u! i!10%!&'()-h i!10%!&'()-h
i!10%!&'()-h i!10%!&'()-h i!10%!&'()-hdD59/K@$u! i!10%!&'()-h i!10%!&'()-h
i!10%!&'()-h i!10%!&'()-h i!10%!&'()-h i!10%!&'()-hsS359/ i!10%!&'()-h
i!10%!&'()-h i!10%!&'()-h i!10%!&'()-h/K@$u! i!10%!&'()-h#)*GKOsS359/
i!10%!&'()-h i!10%!&'()-h i!10%!&'()-h/K@$u! i!10%!&'()-h
i!10%!&'()-hOSW[\w{oS359/ i!10%!&'()-h i!10%!&'()-h/K@$u! i!10%!&'()-h
i!10%!&'()-h i!10%!&'()-h{O359/ i!10%!&'()-h/K@$u! i!10%!&'()-h
i!10%!&'()-h i!10%!&'()-h i!10%!&'()-h_/59/K@$u! i!10%!&'()-h i!10%!&'()-h
i!10%!&'()-h i!10%!&'()-h i!10%!&'()-h|`@/K@$u!K !10%k#&'()-K !10%k#&'()-)
F10%k#&'()- sM10%k#&'()-h10!10!10! i!10%!&'()-h_?|`@/K@$u!K !10%k#&'()-K
!10%k#&'()-K !10%k#&'()-K !10%k#&'()-K !10%k#&'()-K !10%k#&'()-5:oS3|`@/K
!10%k#&'()-K !10%k#&'()-/K;.!K !10%k#&'()-K !10%k#&'()-K
!10%k#&'()-:>BFJNO_/|`@/K;.!K !10%k#&'()-K !10%k#&'()-K !10%k#&'()-K
!10%k#&'()-K !10%k#&'()-Oinsx}dD|`@/K;.!K !10%k#&'()-K !10%k#&'()-K
!10%k#&'()-K !10%k#&'()-K !10%k#&'()-K !10%k#&'()-tT4|`@/K !10%k#&'()-K
!10%k#&'()-K 



!10%k#&'()-K !10%k#&'()-K !10%k#&'()- /K;.!sS3|`@/K !10%k#&'()-K
!10%k#&'()-K !10%k#&'()-/K;.!0K !10%k#&'()-K !10%k#&'()-O3|`@/K
!10%k#&'()-/K;.!K !10%k#&'()-K !10%k#&'()-K !10%k#&'()-K
!10%k#&'()-!#_?|`@/K !10K !10%k#&'()-K !10%k#&'()-K !10%k#&'()-K
!10%k#&'()-K !10%k#&'()-K !10%k#&'()-#$<BHNTtT4|`@/K !10%k#&'()-K
!10%k#&'()-K !10%k#&'()-K !10%k#&'()-K !10%k#&'()-%/K;.!TZ[x|sS3|`@/K
!10%k#&'()-K !10%k#&'()-K !10%k#&'()-K !10%k#&'()-/K;.!K
!10%k#&'()-sS3|`@/K !10%k#&'()-K !10%k#&'()-K 



!10%k#&'()-/K;.!K !10%k#&'()-K !10%k#&'()-oS3|`@/K !10%k#&'()-K
!10%k#&'()-/K;.!K !10%k#&'()-K !10%k#&'()-K !10%k#&'()-O4|`@/K
!10%k#&'()-/K;.!K !10%k#&'()-K !10%k#&'()-K !10%k#&'()-K !10%k#&'()-cC|`@/K
!10%c10%#&'()-{c10%#&'()-{c10%#&'()-{c10%#&'()-{c10%#&'()-{
@lm10%#&'()-!'-34QU9|`@/Kc10%#&'()-{)?;
.c10%#&'()-{c10%#&'()-{c10%#&'()-{c10%#&'()-{QTX\`de_5|`@/)?;.;
c10%#&'()-{c10%#&'()-{c10%#&'()-{c10%#&'()-{c10%#&'()-{ed:|`@/))?;
.c10%#&'()-{c10%#&'()-{c10%#&'()-{c10%#&'()-{c10%#&'()-{dD|`@/))?;
c10%#&'()-{c10%#&'()-{c10%#&'()-{c10%#&'()-{c10%#&'()-{c10%#&'()-{zZ:|`@/)c
10%#&'()-{c10%#&'()-{c10%#&'()-{c10%#&'()-{c10%#&'()-{)?;
.!#zZ:|`@/)c10%#&'()-{c10%#&'()-{c10%#&'()-{c10%#&'()-{c10%#&'()-{)?;
.#%&>DJPyY9|`@/)c10%#&'()-{c10%#&'()-{c10%#&'()-{c10%#&'()-{)?;
.c10%#&'()-{PVWuy}yY9|`@/)c10%#&'()-{c10%#&'()-{c10%#&'()-{c10%#&'()-{)?;
.c10%#&'()-{yY9|`@/)c10%#&'()-{c10%#&'()-{c10%#&'()-{c10%#&'()-{)?;
.c10%#&'()-{yY9|`@/)c10%#&'()-{c10%#&'()-{c10%#&'()-{c10%#&'()-{)?;
.c10%#&'()-{$_yX7|`@/) @l4 10%#&'()-{ @92g10%#&'()-
@@010%#&'()-c10%#&'()-{)?;.c10%#&'()-{_vU4/ @l`10%C$&'()- @l10%C$&'()-
@sM10%C$&'()-10#010#10# @8 10%#&'()- @96M!10%#&'()-R,|[:vU4/ @ @10%C$&'()-@
@10%C$&'()-@ @l310%C$&'()- @,S#10%C$&'()- @l` 10%C$&'()- @
10%C$&'()-,89?@KLgKvU4/ @
@10v9^10%C$&'()-v9^10%C$&'()-v9^10%C$&'()-@v9^10%C$&'()-v9^10%C$&'()-
@SZ10%C$&'()-LMdiotzvV6vU4/
v9^10%C$&'()-v9^10%C$&'()-v9^10%C$&'()-v9^10%C$&'()-v9^10%C$&'()-)?
?h]z{zZ:vU4/
v9^10%C$&'()-v9^10%C$&'()-v9^10%C$&'()-v9^10%C$&'()-v9^10%C$&'()-)?
?h]IyX7vU4/  %!10%$&'()- #10%$&'()- !`!10%$&'()- & 10%$&'()-v9^10%C$&'()-)?
?h]0i|[:vU4/   0s10%$&'()- .#10%$&'()- ,10%$&'()- +M!10%$&'()- @) 10%$&'()-
`' 10%$&'()-%X|obU4/ 9M10%&+$&&'()-10$10$10$ 8#10%$&'()- L96410%$&'()- l4
10%$&'()- y2 10%$&'()-3h|[9bU4/ !$10%&&&'()- $10%+$&'()- $10%&"&&'()-
k10%&+$&&'()- #10%y+$y&'()-' #10%t+$t&'()-'v ;!<!=!>!E!L!vU4/ `10%#&'()-'
LL10%#&'()-10#10#10# l%M$10%#&'()-  l%M$10%+$&'()-  l%M$10%A bA &'()-
L!~!!!!."6"|[:vU4/  10%#&'()-  g10%#&'()-  z10%#&'()- S,"10%#&'()-
L10%#&'()- Ll 410%#&'()-6"l"""",#e#|[:vU4/  !10%#&'()-  @ 10%#&'()-
&10%#&'()- Y310%#&'()- y#10%#&'()-   10%#&'()-e#m######|[:vU4/   y&10%&'()-
y&10%#&'()-  ty&10%&'()- 



y&10%&'()-  N6`y&10%n`n&'()-  #10%#&'()-#$$$$$%8%q%vU4/ S 10%&+$&&'()-
L10%&+$&&'()-  F10%&+$&&'()- sL10%&+$&&'()-10#10#10#
2!10%#&'()-q%%&'([(\(](^(|[NA4/10+$10+$10+$ %9$10%+$&'()- %9$10%+$&'()-
#10%&+$&&'()-3  &#10%+$&'()-3  Y 10%&+$&&'()-^(e(o(}(((s)|[:NA4/10
@L!10%#&'()-   10%#&'()- L 10%#&'()- v>0Fl 10%&'()-' Fl 10%"&'()-'
M10%#&'()-s))))*R**|[:NA4/10 &10%#&'()- $:!10%#&'()- "`!10%#&'()-
"10%#&'()- 10%#&'()- @#10%#&'()-**+++++++wj]</10
sM10%$&'()-10#10#(10#'10%#&'()-g`l 10%#&'()- 9*`!10%#&'()-
Y('$10%#&'()-+++,--f.|[:j]</10 a@  %10%$&'()--  @  %10%[\[&'()- ,F
$10%\-#\&'()-z P,F $10%\$\&'()-z `,F $10%g%g&'()-z ,F
$10%TT&'()-zf.Q////////vU4/ s10%$&'()-  s 10%$&'()- &L10%$&'()-10p#10p#10p#
+)'$10%p#&'()-   l)'$10%$&'()-  /00001(2|[:vU4/  '&$10%$&'()- lt!10%$&'()-s
`310%/$/&'()-S 310%&'()-S 10%$&'()-
FF!10%$&'()-(23N333333|[>14/10$y10%$&'()- &710%$&'()- 3S10%$&'()-
2`!10%$&'()- 90$10%$&'()- l(!10%-#&'()-s33334$4<4V4bA4/10$   ` 10%$&'()-
10%$&'()- 10%$&'()-   10%$&'()- `G10%$&'()-10$10$V4444585l5|[:A4/10
y"10%$&'()-   10%$&'()- 10%$&'()-   S10%$&'()-  10%$&'()- f@
"10%$&'()-l5555,6>6O6|[:A4/10  `$10%&'()-  D2` `$10%&'()-  !M!10%$&'()-
t!10%$&'()- 3 



910%$&'()- YF10%$&'()-O6w66677777|obU4/1 `M10%$&'()-10$10$10$ 1!10%$&'()-
0!10%$&'()- v  `$10%&'()-  0 `$10%$&'()- 77 8G8I8z88|[:bU4/1  10%$&'()-
s10%$&'()- ,@t10%$&'()- `F"10%$&'()- l 10%$&'()- l10%$&'()-88998:;;|[:bU4/1
110%$&'()- %M!10%$&'()-s ##10%$&'()- l`!10%$&'()-t #10%$&'()- &10%$&'()-;
;I;;;;;;cF94/1 10$-10%$&'()--10%$&'()-s -10%$&'()-s 6- 10%$&'()-
5$10%$&'()-  110%$&'()-;;;;;;;.<bA4/1 10 `!10%#&'()- "10%#&'()- Y10%#&'()-
YS 10%#&'()- M10%#&'()-10$10$.<j<<<===p=|[:A4/1  !S M!10%hh&'()-Y
&s10%#&'()- FL!10%#&'()- f, 10%#&'()- ,!10%#&'()- 9!10%#&'()-p===>?
?J?|Z9A4/1  7L$10%#&'()- !$`,,2 10%kk&'()- {,,2 10%.#&'()- *M!10%#&'()-s
('$10%#&'()- 0`S M!10%&'()-YJ?L?M?N?O?V?=@x@}@yX7/1  F10%#&'()--
@f!10%#&'()-) `!10%#&'()- M10%#&'()-10#10#10#10%#&'()-}@@@@AA)A|[:yX7/1
!10%#&'()-z y-!10%/&'()-z 10%#&'()- `!10%#&'()-1  10%#&'()-
SG10%#&'()-S)AhASBBBC@C|[:yX7/1   7!10%#&'()- ,5M!10%#&'()- L3 10%#&'()-
l1m"10%#&'()-1 *`!10%#&'()-s  (#10%#&'()-@CBCCCDCECLC`CCCyX7/1  Y`@
10%$&'()-  Z10%$&'()- YG 10%$&'()-
sM10%$&'()-10#10#10#&10%#&'()-&CDD0EEEF|[:yX7/1   09$10% &'()-'
9$10%$#&'()-' ll`!10%$&'()-M #10%$&'()-1 Y s!10%z#&'()-s S!10%$&'()-F
FFOF<GbGdGeG|[>17/10$  9$10%$&'()-' l410%$&'()- ,`!10%$&'()- +$10%$&'()-1
'10%$&'()- z9$10%$&'()-'eGfGgGnG\H8IaIkIbA7/10$ I`S 10% &'()- `S 10%&'()-
,#10%;#;&'()-  ,#10%E#E&'()-  s`10%#&'()-10$10$kIIJ:K<K=K>K?KFKsfY8/10
LM10%$&'()-10d"10d"10d"s &10%d"&'()-y &3%10%d"&'()- &3%10%"&'()-
&3%10%#&'()-FK|KKtLLL'M|[:fY8/10  lS 10%$&'()- Yss!10%$&'()-d "10%$&'()-
YG"10%$&'()- m10%l &'()-  m10% &'()-'MPMSMZMMMN|[:fY8/10  l(, 10%$&'()-
&:$10%$&'()-d $M!10%$&'()-  g10%$&'()-    10%$&'()- l
m10%$&'()-NLNlNvN~NNN|[:fY8/10  l4M!10%$&'()-   . 10%8$8&'()-@d  .
10%&'()-@  . 10%&'()-@ ,,y10%$&'()- L*`!10%$&'()-NN:O<O=O>O?OFO/PzY8/10
3s!10%&+$&&'()-t- LL10%&+$&&'()--10$ 10$10$s10%$&'()- @8!10%$&'()-
`6#10%$&'()-/PjPPQ?QBQtQ|[:zY8/10  F310%&+$&&'()- f10%&+$&&'()-
YS10%&+$&&'()- Fs!10%&+$&&'()- F!10%&+$&&'()-
!10%&+$&&'()-tQQQQRRRR|[:zY8/10  ,-#10%&+$&&'()- l)10%&+$&&'()-
L'10%&+$&&'()- !#10%&+$&&'()- lM!10%&+$&&'()-
Y`!10%&+$&&'()-RS0S[SSSSSS|[NA4/110&+$&10&+$&10&+$& 810%&+$&&'()-
&6:$10%&+$&&'()- &F410%&+$&&'()- l010%&+$&&'()- .
10%&+$&&'()-SSSSSTMT|[:NA4/110 L10%&&'()- ll 10%&&'()-  10%&&'()- 10%&&'()-
LM10%&&'()- 10%&&'()-MMTTTTTUFU|[:NA4/110 y 10%&&'()- 10%&&'()- f10%&&'()-
`10%&&'()- F10%&&'()- ,,t!10%&&'()-FUUU|[:NA4/110 y 10%&&'()- 10%&&'()-
f10%&&'()- `10%&&'()- 9S10%&&'()- Y 10%&&'()- Normal" "Heading 13]c"
"Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c"
"Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default Paragraph
FontiR>r$)[-15+;@EJKPMU+Y
]=ae\inrvz~MLNB&*>=6u=!]%(,048N<D@fD>H>LPRVXZ\^`bdfhjlnprtvxz|~3
ii"%,/258p>ACmILEOERVxZ^aMdgjmpru|]ra=3b=w?l")(27=ECLRU 



!"#$%&'()*+,-./0yGl' gmYiEI!"$&r':),q-u.=/[01<2c3g4456=88;
3>Y?@ABCEFHHKKNEOPRSTVvWKXY[5\H]`bc:eIfghi2kxlmnoqrt1uvy{|9}~y=M2xEL.:&H _
L8Vj{beckwhnEs:U,C]w'-aq!G<^+&#J LG j   3Px$^w$ W
"XuBd0\L~O{:O#TQe#P_,LzL!6"e##q%^(s)*+f./(23V4l5O678;
;.<p=J?}@)A@CCFeGkIFK'MNN/PtQRSMTFUU123456789:;<=>?@ABCDEFGHIJKLMNOPQRSTUVW
XYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~   !"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}6Times
New RomanArialCourier New"h Root EntryWordDocument
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 






