
;e3e4K4HXr6T18 March 2002   SEMICONDUCTOR FLIP-CHIP PACKAGE AND METHOD FOR
THE FABRICATION THEREOF 10 FIELD OF THE INVENTION This invention relates
generally to semiconductor chips electrically and mechanically connected to
a substrate, particularly to flip-chip configurations. BACKGROUND OF THE
INVENTION Flip-chip technology is well known in the art. A semi-conductor
chip 15 having solder bumps formed on the active side of the semi-conductor
chip is inverted and bonded to a substrate through the solder bumps by,
reflowing the solder. Structural solder joints are formed between the
semi-conductor chip and the substrate to form the mechanical and electrical
connections between the chip and substrate. A narrow gap is left between
the semi-conductor chip and the 20 substrate. One obstacle to flip-chip
technology when applied to polymer printed circuits is the unacceptably
poor reliability of the solder joints due to the   18 March 2002 mismatch
of the coefficients of thermal expansion between the chip, having a
coefficient of thermal expansion of about 3 ppm/ C, and the polymer
substrate, e.g. epoxy-glass having a coefficient of thermal expansion of
about 16 to 26 pprnl C, which causes stress build up in the solder joints.
Because the 5 structural solder joints are small, they are thus subject to
failures. In the past, the solder joint integrity of flip-chip
interconnects to a substrate has been enhanced by underfilling the volume
between the chip and the substrate with an underfill encapsulant material
comprised of a suitable polymer. The underfill material is typically
dispensed around two adjacent sides of the semiconductor 10 chip, then the
underfill material slowly flows by capillary action to fill the gap between
the chip and the substrate. The underfill material is then hardened by
baking for an extended period. For the underfill encapsulant to be
effective, it is important that it adhere well to the chip and the
substrate to improve the solder joint integrity. Underfilling the chip with
a subsequently cured encapsulant has 15 been shown to reduce solder joint
cracking caused by thermal expansion mismatch between the chip and the
substrate. The cured encapsuiant reduces the stresses, induced by
differential expansion and contraction, on the solder joints. The underfill
process, however, makes the assembly of encapsulated flipchip printed wire
boards (PWB) a time consuming, labor intensive and expensive 20 process
with a number of uncertainties. To join the integrated circuit to the
substrate, a flux, generaliy a no-clean, low residue flux, is placed on the
chip or substrate. Then the integrated circuit is placed on the substrate.
The assembly is subjected to a solder reflowing thermal cycle, soldering
the chip to the substrate. The surface tension of the solder aids to self
align the chip to the substrate 25 terminals. After reflow, due to the
close proximity of the chip to the substrate, removing flux residues from
under the chip is such a difficult operation that it is generally not done.
'Therefore the flux residues are generally left in the space 2   



18 March 2002 between the chip and the substrate. These residues are known
to reduce the reliability and integrity of the encapsulant. After reflow)
underfill encapsulation of the chip generally follows. In the prior art,
the polymers of choice for the underfill encapsulation have been , 5
epoxies, the coefficient of thermal expansion and moduli of the epoxies
being adjusted with the addition of inorganic fillers. To achieve optimum
reliability, a coefficient of thermal expansion in the vicinity of 2S ppm/C
is preferred and a modulus of 4 GPa or more. Since the preferred epoxies
have coefficient of thermal expansions exceeding 80 ppmlC and moduli of
less than 4 GPa, the 10 inorganic fillers selected generally have much
lower coefficient of thermal expansions and much higher moduli so that in
the aggregate, the epoxy-inorganic mixture is within the desired range. The
underfill encapsulation technique of the prior art has four principal
disadvantages: 15 1. The reflowing of the solder bump and then underfilling
and curing the encapsulant is a mufti-step process that results in reduced
production efficiency; 2. To underfill a flip-chip assembly takes too. long
because the material must flow through the tiny gap between the chip and
the 20 substrate; 3. The flux residues remaining in the gap reduce the
adhesive and cohesive strengths of the underfill encapsulating adhesive,
affecting the reliability of the assembly; and 25 4. As the size of chips
increase, the limiting effect of capillary action becomes more critical and
makes the encapsulation procedure 3  



18 March 2002 more time consuming, more susceptible to void formation and
to the separation of the polymer from the fillers during application.
Clearly, many improvements to this process axe feasible to increase 5
reliability, reduce the time required and decrease the likelihood of
producing a void in the encapsulant while providing the required low
coefficient of thermal expansion and high modulus. Other prior art methods
of encapsulating the chip have attempted to overcome the above limitations
by applying the encapsulating resin through a 10 hole in the substrate
located near the center of the chip. After the soldering and cleaning
operations) the encapsulating resin is forced through the hole and around
the periphery of the chip to ensure complete coverage of the chip surface .
This method suffers from the need to reserve an area in the center of the
substrate that is free of circuitry in order to provide an unused space for
the hole. It also does 15 not eliminate the problems of entrapped air
bubbles. Another prior art method in U.S. Patent 5,128,746 (Pennisi)
teaches a method wherein an adhesive material including a fluxing agent is
applied to the chip or substrate. The chip is positioned on the substrate
and the solder bumps are reflowed. During the reflow step, the fluxing
agent promotes wetting of the 20 solder to the substrate metallization
pattern and the adhesive material is cured, mechanically interconnecting
and encapsulating the substrate to the component. The limitation of this
technique is that in order for the molten solder to readily wet the
substrate metallization and also to allow the solder, through surface
tension, to self align the chip bumps to the substrate metallization
pattern, the 25 material must maintain very low viscosity during the reflow
step. But the viscosity of these materials is severely increased by the
presence of the required 4   18 March 2002 inorganic fillers. As a result,
this approach has failed to produce a material that can serve as both the
flux and the encapsulant with the required low coefficient of thermal
expansion and high modulus for optimum reliability. Referring to FIGS. 1
and 2, underfilling the chip 100 with a subsequently 5 hardened encapsulant
102 has been shown to reduce solder joint cracking caused by thermal
expansion mismatch between the chip and the substrate 104. The hardened
encapsulant 102 transfers the stresses, induced by differential expansion
and contraction, from the solder joints l05 to deformation of the chip 10Q
and substrate 104 as shown in FIG. 1 for expansion-induced strain at
elevated 10 temperatures and FIG. 2 for contraction-induced strain at
reduced temperatures. In other words, the main effect of the hardened
encapsulant during thermal expansion or contraction is to effectively force
the chip and the substrate to take up the stress caused by the coefficients
of thermal expansion mismatch by bending and bulging the chip and
substrate. This bending and bulging reduces 15 the stress on the solder
joints and virtually eliminates solder fatigue failure. Unfortunately, the
effect of the encapsulant bending the substrate and the 



chip causes its own new set of problems. One such problem is that the
bending makes the chips susceptible to cracking. Another such problem is
that the degree of stress relief is highly dependent on the flexibility of
the under-lying substrate 20 and is thus an unpredictable function of the
design of the printed circuit. Another limitation is that relying on such
bending for stress relief on the solder joints prevents the placement of
flip chips directly opposite one another on a double sided printed circuit.
Another limitation of prior art flip-chip attachment is the difficulty of
25 performing rework. Chip removal, once underfill has been performed, is
very   18 March 2002 destructive to both the printed circuit board and the
chip. Rework is almost impossible with prior art materials and processes.
For example, the prior art procedure for removing an encapsulated die from
a printed wire board is to grind it off manually. 5 Another limitation of
the prior art is the expense of applying solder bumps to a chip. The solder
bumps have been applied to chips by one of several methods . Coating the
solder on the chip bumps by evaporation of solder metals through a mask is
one such method. This method suffers from 1) long deposition times, 2)
limitations on the compositions of solder that can be applied to those 10
metals that can be readily evaporated, and 3) evaporating the metals over
large areas where the solder is ultimately not wanted. Also, since most
solders contain lead, a toxic metal, evaporation involves removal and
disposal of excess coated lead from equipment and masks. Another common
method in the prior art is electroplating of the solder onto the chip pads
through a temporary sacrificial 15 mask. Electroplating is a slow and
expensive process that also deposits the solder over large areas where the
solder is ultimately not wanted. Another method is to screen print solder
paste on the chips pad through a stencil, then reflowing the solder to form
a ball or bump on the pad. This technique is limited to bump dimensions
that can be readily stencil printed, so it is not practical in 20 bump
pitches of 25 microns or less. Another limitation of the prior art is the
difficulty in distributing electrical signals from the small dimension of
the chip to the large dimensions of the substrates. Most chips are
manufactured with the electrical interconnection pads around their
periphery with a pad pitch of 0.25 mm or less. On the other hand, 25
printed circuits are manufactured with pad pitches of 0.25 mm and larger.
This discrepancy in dimensions requires that the chip-to-substrate
interconnection 6   18 MAR 2002 provide some method of redistributing the
chip pad locations over a larger area so that they can match the dimensions
of the printed circuit. Today, this discrepancy is bridged by creating
expensive redistribution layers on the printed circuit. Few manufacturers
are able to produce printed circuits at the tight dimensional tolerances
required for redistribution, but those who are capable of doing so achieve
this with significant production yield penalties. Another method to bridge
the dimension discrepancy involves complete redesign of the chip to
redistribute the electrical pads over the entire area of the- chip, an
expensive procedure that chip manufacturers generally want to avoid.
SUMMARY OF THE INVENTION The present invention provides an electrical
component assembly comprising a substrate having a plurality of pads on a
first surface thereof; an integrated circuit chip having an encapsulant
coated on an active surface thereof, the encapsulant having a plurality of
holes therethrough filled with solder that extends from contacts on the
active surface aligned with the holes through the encapsulant to the
plurality of pads on the substrate; and a layer of flux adhesive between a
subassembly comprising the encapsulant and the solder and the substrate. 7 



18 MAR 2002 In one aspect of the present invention there is provided a chip
with underfilling encapsulant and separate discrete solder bumps pre-coated
and preassembled on the chip for assembly to a substrate. This
configuration provides a simple, cost-effective assembly procedure wherein
the chip/encapsulant/discrete solder bump combination is placed on the
substrate and subsequently heat is applied so that the solder is reflowed
while simultaneously the encapsulant hardens, without the labor intensive
underfill steps of the prior art. In another aspect of the present
invention there is provided a chip precoated with underfilling encapsulant
having holes therein which expose metallized contact pads on the active
surface of the chip. The holes are subsequently filled with molten solder
which is then cooled and hardened to create the chip/encapsulant/discrete
solder bump assembly. The assembly can be placed on a substrate and
subsequently, the solder is reflowed while simultaneously the encapsulant
hardens, eliminating the labor intensive underfill steps of the prior art.
Alternatively, the chip/encapsulant/discrete solder bump assembly is coated
with a thin layer of a flux adhesive and, subsequently, the 7a   18 March
2002 solder is reflowed while simultaneously the flux adhesive and
encapsulant harden. In another aspect of the present invention there is
provided a chip precoated with underfilling encapsulant having holes
therein which expose 5 metallized contact pads on the active surface of the
chip. The holes are subsequently filled with an electrically conductive
adhesive to create a chip/encapsulantlconductive adhesive bumf assembly.
The assembly can be placed on the substrate and subsequently the
encapsulant and conductive adhesive are simultaneously hardened, without
the labor intensive underfill steps of the 10 prior art. The present
invention also provides a substrate precoated with the encapsulant having
holes therein which expose the metallized solder pads on the substrate. The
holes are subsequently filled with molten solder or electrically conductive
adhesive which is then cooled and hardened prior to attachment of the 15
chip to the substrate by reflow. In another embodiment) the substrate has
encapsulant and separate discrete solder columns pre-assembled thereon. In
one aspect of the present invention, there is provided a first portion of
an underfilling encapsulant and separate discrete solder bumps pre-coated
and pre-assembled on a chip for assembly to a substrate. The first portion
of 20 encapsulant can be either a solid or a thick liquid, partially or
fully uncured. A second portion of the encapsulant is applied to the
substrate. The first portion of the encapsulant is filled, preferably
highly filled, with a filler material to produce a reduced coefficient of
thermal expansion and increased modulus. The second portion of the
encapsulant is either lightly filled or completely devoid of filler 25
material. At least the second portion of the encapsulant comprises an
adhesive 8   18 March 2002 material with solder fluxing properties, for
example, an adhesive flux. The first portion of the encapsulant can
comprise a similar material or a conventional epoxy. The first portion is
filled with a filler having a lower coefficient of thermal expansion and
higher modulus than the encapsulant material without 5 filler to increase
the encapsulant's modulus and reduce its coefficient of thermal expansion.
The invention provides a simple, cost-effective assembly procedure wherein
the chip/first portion of encapsulant/ discrete solder bump combination is
placed on the substrate/second portion of encapsulant combination and
subsequently heat is applied so that the solder is reflowed while
simultaneously 10 the encapsulant cures, without the labor intensive,
time-consuming underfill steps of the prior art. Preferably, the second
portion constitutes a relatively thin layer in the overall encapsulant
structure which somewhat intermixes with the first portion during cure and
has minimal effect on the reliability of the flip-chip structure, despite
the second portion having generally a lower modulus and 



15 higher coefficient of thermal expansion than the first portion. An
advantage of the present invention is that the lower viscosity of the
unfilled or lightly filled second portion during the reflow process allows
the solder to flow without impediment from the thick viscosity of the first
portion of the encapsulant. The present invention provides a low
coefficient of thermal expansion and high 20 modulus in the first portion
of the encapsulant while at the same time achieving good solder wetting and
chip self aligning in the second portion of the encapsulant. In another
aspect of the present invention, the chip/first portion of
encapsulant/discrete solder bump assembly described above is coated with a
thin 25 layer of the second portion of the encapsulant which is either
lightly filled or completely devoid of filler material. Placement of the
chip ) solder reflow and adhesive cure follows as described above. 9   18
March 2002 In another aspect of the present invention) there is provided a
method for placing a flip-chip onto a substrate that avoids entrapment of
gas bubbles or creation of voids. The chip, having the first portion of
encapsulant thereon, is oriented at an angle to the substrate having the
second portion thereon, then 5 pivoted about the first point of contact
until the solder bumps on the chip are in contact with the solder pads on
the substrate, creating an underfill of encapsulant material as the chip is
pivoted while expelling the gas from between the chip and substrate .
Another aspect of the present invention provides a chip with underfilling
10 encapsulant pre-coated and pre-assembled on the chip for assembly to a
substrate, wherein the encapsulant consists of more than one layer) each
layer performing one or more distinct functions such as attachment, stress
distribution, electrical redistribution, reworkability, adhesion, or other
functions. The bulk of the encapsulant, consisting of one or more layers,
is applied and partially or fully 15 hardened prior to assembly of the chip
on the substrate. Holes therein which expose metallized contact pads on the
active surface of the chip are subsequently filled with solder or an
electrically conductive adhesive as previously described to create an
encapsulated subassembly. Then a flux adhesive is applied between the
chip/encapsulant/solder bump combination and the substrate which can be 20
fully hardened after or when the chip/encapsulant/solder bump combination
is placed on the substrate and the solder is reflowed. Removal of the chip
from the substrate is made possible by incorporating in the pre-coated
multi-layer encapsulant a polymer layer that can be remelted even after the
chip has been assembled to the substrate. Remelting the solder and 



25 the polymer encapsulant layer allows removal of the chip for repair or
replacement after assembly or for test and burn-in of the chip prior to
final 10   18 March 2002 assembly. Thus the chip can be disassembled from
the substrate without damage to either chip or substrate. In another aspect
of the present invention there is provided a redistribution of the chip's
electrical interconnection pads by incorporating in the 5 pre-coated
multilayer encapsulant an electrical redistribution layer comprising a thin
printed circuit layer with electrical circuitry thereon. The interconnect
pads on the chip are attached by solder bumps, conductive adhesive or wire
bonds to the redistribution layer. The redistribution layer is subsequently
encapsulated. Holes in the encapsulant expose metaliized contact pads on
the active surface of 10 the redistribution layer. The holes are
subsequently filled with solder as previously described. Then a flux
adhesive layer is applied between the chip/encapsulant/redistribution layer
subassembly and the substrate. The flux adhesive is applied remaining
unhardened until the subassembly is placed on the substrate and the solder
is reflowed. 15 Another aspect of the present invention also provides
within the precoated encapsulant a novel compliant flexible structure
wherein the solder and encapsulant expand or contract laterally without
cracking or delaminating upon heating or cooling of the chip and substrate.
The novel encapsulant mainly provides the adhesive mechanical bond required
to hold the chip on the substrate 20 while the solder mainly provides the
electrical interconnection required between the chip and the substrate. The
compliant solder and flexible encapsulant of the present invention absorb
the stress caused by the mismatched coefficients of thermal expansion
without relying on bending of the chip and substrate. Since the mechanical
25 adhesion of the chip to the substrate relies primarily on the
encapsulant, a 11   18 March 2002 relatively soft, fatigue-less, highly
pliable solder is used for the solder bumps to provide the electrical
interconnection of the chip with the substrate. The compliant solder may
have relatively weak mechanical properties on its own , therefore the
encapsulant provides the mechanical strength. Relieving the solder 5 of its
mechanical tasks allows the use of soft, ductile and fluid-like solders,
that deform laterally with the expansion and contraction of the structure
without the fatigue cracking normally experienced by conventional solders.
Another embodiment of the present invention also provides within the novel
compliant encapsulant previously described a compliant conductive 10
adhesive which expands or contracts laterally upon heating or cooling to
absorb the stresses created by the mismatch in the coefficients of thermal
expansion and prevent bending of the chip and substrate. Independent of
each other, the structural properties of the novel encapsuIant provides the
mechanical connection required in the structure while the electrical
properties of the compliant 15 conductive adhesive provides the required
electrical connection between the chip and the substrate. The semiconductor
chip package structures of the present invention provide, among other
advantages, simple chip placement followed by reflow without labor
intensive underfill steps; a solder bumped or conductive adhesive 20 bumped
chip or substrate with an encapsulant pre-attached, with the encapsulant
performing a mechanical function and the solder or conductive adhesive
performing an electrical function; a pre-coated chip encapsulant of two or
more layers, each layer performing a distinct function of attachment or
reworkabiIity; a reworkable flip chip assembly by means of a remeltable
polymer in the 25 encapsulant; an electrical redistribution layer within
the encapsulant; a low-cost method for applying the solder bumps to a flip
chip or flip chip substrate by 



12   18 March 2002 creating holes in a pre-coated encapsulant; and a
low-cost method for applying the conductive adhesive bumps to a flip chip
or substrate by creating holes in a pre-coated encapsulant; and a compliant
chip understructure that includes a fatigue-less solder or conductive
adhesive. 5 BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a diagrammatic
representation of a prior art underfilled flip-chip structure under
expansion-induced strain at elevated temperatures. FIG. 2 is a diagrammatic
representation of a prior art underfilled flip-chip structure under
contraction-induced strain at reduced temperatures. 10 FIG. 3 is an
assembled flip-chip structure in accordance with one embodiment of the
present invention. FIG. 4 is a diagrammatic representation of one
embodiment for forming a flip-chip structure. FIGS. 5-7 are diagramnnatic
representations of another embodiment for 15 forming a flip-chip structure.
FIGS. $ and 9 are diagrammatic representations of another embodiment far
forming a flip-chip structure. FIG. 10 is a diagrammatic representation of
the Clip-chip structure of FIG. 11 after assembly 20 FIG. 11 is a
diagrammatic representation of a flip-chip structure wherein the first
portion of the encapsulant material is applied to the bumped chip and the
second portion is applied to the substrate. FIG. 12 is a diagrammatic
representation of a flip-chip structure wherein the first portion of the
encapsulant material is applied to the bumped chip and the 25 second
portion is applied over the first portion. FIGS. 13 and 14 illustrate a
method for placing a flip-chip onto a printed circuit board that avoids
entrapment of gas bubbles or formation of voids in the 



i 13   18 March 2002 encapsulant. FIG. 15 is a diagrammatic representation
of a compliant flip-chip structure in accordance with the present
invention. FIG. 16 is a diagrammatic representation of the compliant
flip-chip 5 structure of FIG. 15 under expansion-induced strain at elevated
temperatures. FIG. 17 is a diagrammatic representation of the compliant
flip-chip structure of FIG. 15 under contraction-induced strain at reduced
temperatures. FIGS. 18 and I9 are diagrammatic representations of yet
another embodiment for forming a flip-chip structure. 10 FIG. 20 is a
diagrammatic representation of the reworkability of the flil chip structure
of FIGS. 18 and 19. FIGS. 2I and 22 are diagrammatic representations of
still another embodiment of a flip-chip structure. DETAILED DESCRIPTION OF
THE PREFERRED EMBODIMENTS 15 Referring to FIG. 3, an integrated circuit
chip 10 is shown mounted on substrate 20. A plurality of solder pads 12 on
top surface 26 of the substrate 2 are arranged to receive corresponding
solder bumps 14 connected to the contac pads 24 of the chip 10. Each of the
solder pads 12 is metallized so as to becon solderable and electrically
conductive to provide an electrical interconnection 20 between the chip 10
and the substrate 20. With this flip-chip mounting . arrangement, a gap 18
is formed around the solder bumps 14 between the top surface 26 of the
substrate 20 and the bottom surface 16 of the chip 10. The g. 18 typically
varies from 2 to 6 mils. The gap 18 is completely filled with an
encapsulant material 22. in one embodiment of the invention, the
encapsulant 25 material 22 is a compliant polymer composition. One
preferred compliant composition, which is not meant to limit the invention
but only by way of example, is a compliant polyimide-siloxane co-polymer
such as SumiOxy~ 242 14   18 March 2002 A6-SP available from Oxychem, Grand
Island, NY. Alternatively, in another embodiment of the instant invention,
the encapsulant material 22 is a rigid polymer composition. One preferred
composition, which is not meant to limit the invention but only by way of
example, is an anhydride-cured epoxy resin. Other 5 types of encapsulants
known to those skilled in the art are possible. The encapsulant material 22
is applied to the chip in either liquid or adhesive tape form, then
hardened. In another embodiment, the chip 10 having separate discrete
solder bumps 14 pre-assembled thereon is precoated with the encapsulant
material 22 prior to 10 assembly to the substrate 20 (FIG. 4) to alleviate
the underfill problems of the prior art processes and to overcome the
performance limitations of substrates which are pre-coated with a
homogeneous combination of adhesive material, fluxing agent and curing
agent or chips which are pre-coated with a homogeneous combination of
adhesive material, fluxing agent) curing agent and metal particles. 15 The
separate discrete solder bumps with encapsulant material therearound
provide superior electrical performance compared to a distribution of metal
particles spread throughout an encapsulating material. The encapsulating
material 22 is uniformly spread across the surface 16 of the chip 10
between the solder bumps 14 covering the remainder of the chip 10. The chip
10 is then 20 positioned so that the solder bumps 14 are facing the
substrate 20 and aligned 



with the solder pads 12 of the substrate. In one embodiment, the solder
bumps 14 protrude beyond the encapsulant after the encapsulant coating
step. In an alternate embodiment, the solder bumps 14 are covered by the
encapsulant 22 wherein the encapsulant is ground, melted away, shaved off
or otherwise 25 removed to expose the solder bumps prior to attachment to
the substrate. The encapsulant 22 and solder bumps 14 are moved into
intimate contact with the substrate 20 and solder pads 12, respectively.
The assembly is heated to cure the 15   18 March 2002 encapsulant 22 and
reflow the solder using infrared reflow technology, preferably in a
nitrogen blanket to attach the solder bumps 14 to the contact pads 12 of
the substrate 20. ether heating and reflow techniques) known to those
skilled in the art, are possible. The encapsulant 22 provides a continuous
seal between the 5 chip 10 and the substrate 20. In yet another embodiment
(FIG. 5)) the circuitry on the bottom surface 16 of the chip 10 is coated
with the encapsulant 22 then the contact pads 24 are exposed by making vial
28 through the encapsulant 22 (e.g., either with a laser, plasma, chemical
etching, a drill or by photo-imaging and development or any 10 other method
known to one skilled in the art) (FIG. 6). The vias 28 within the
encapsulant 22 are then filled with solder 30 (FIG. 7) or a conductive
adhesive as described in U.S. Patent No. 5,376,403 which is forced into the
holes by solder injection molding, solder jetting, screen printing, or
other methods known to those skilled in the art. With any of these
embodiments) the solder 30 is 15 reflowed to form the electrical connection
between the chip and the substrate while the encapsulant 22 bonds to the
substrate 20 and the chip 10 to form the structural connection. As can be
easily appreciated by one of ordinary skill in the art, any of the
above-described embodiments can be modified by precoating the substrate 20
(rather.than the chip) with the encapsulant 22 or encapsulant 22 20 and
solder 30 combination as shown in FIGS. 8 and 9, respectively. Referring to
FIG. 11, an integrated circuit chip 10 is shown mounted on a substrate 20
in accordance with another embodiment of the present invention. A plurality
of solder pads 12 on top surface 26 of the substrate 20 are arranged to
receive corresponding solder bumps 14 connected to the contact pads (not
shown 25 in this embodiment) of the chip 10. Each of the solder pads 12 is
metallized so as to become solderable and electrically conductive to
provide an electrical  16 



18 March 2002 interconnection between the chip 10 and the substrate 20.
With this flip-chip mounting arrangement, a gap 18 is formed around the
solder bumps 14 between the top surface 26 of the substrate 20 and the
bottom surface 16 of the chip 10. The gap 18 is completely filled with an
encapsulant material 22. The gap I8 5 typically varies from 2 to 6 mils.
FIG. 10 illustrates one embodiment for forming the flip-chip package
illustrated in FIG. 11 using two pre-coated portions of encapsulant. The
chip 10 having separate discrete solder bumps 14 pre-assembled thereon is
pre-coated with the first portion 37 of an encapsulant material 22 (FIG.
11) prior to 10 assembly to the substrate 20. The first portion 37 contains
a filler material, preferably highly filled) to reduce its coefficient of
thermal expansion and increase its modules relative to the encapsulant
material not having any filler. The substrate 20, having a pattern of
separate discrete sotderable metal pads 12 thereon, is pre-coated with the
second portion 39 of the encapsulant material 15 prior to assembly with the
chip 10. The second portion 39 of the encapsulant material contains little
or no filler material. The two-layer configuration alleviates the underftll
problems of the prior art processes and overcomes the performance
limitations of substrates which are pre-coated with a homogeneous
combination of adhesive material, fluxing agent and curing agent or chips
which 20 are pre-coated with a homogeneous combination of adhesive
material, fluxing agent) curing agent and metal filler particles. The first
portion 37 (FIG. 10) which makes up part of the encapsulating material 22
(FIG. 11) is uniformly spread across the surface 16 of the chip 10 between
the solder bumps 14 to cover the remainder of the chip surface. The 25
second portion 39 (FIG. 10) which makes up part of the encapsulating
material 22 (FIG. 11) is uniformly spread across the surface 26 of the
substrate 20 over 17   18 March 2002 the solderable metal pads 12 covering
the chip region of the substrate 20. The chip 10 is then positioned so that
the solder bumps 14 are facing the substrate 20 and aligned with the solder
pads 12 of the substrate 20. The solder bumps 14 can protrude beyond the
first portion 37 (as shown in FIG. 10) of the encapsulant 5 after the
encapsulant coating step of the chip 10. The encapsulant portion 37 and
solder bumps 14 are moved into intimate contact with the encapsulant
portion 39 and solder pads 12) respectively. The combination of portions 37
and 39 forms 



the encapsulant 22 (FIG. 11). The assembly is heated to cure the
encapsulant 22 and retlow the solder using infrared reflow technology,
preferably in a nitrogen 10 blanket to attach the solder bumps 14 to the
contact pads 12 of the substrate 20. Other heating and reflow techniques)
known to those skilled in the art) can be used in the present invention.
The encapsulant 22 provides a continuous seal between the chip 10 and the
substrate 20. FIG. 12 illustrates another embodiment for forming the
flip-chip package 15 illustrated in FIG. 11 using two pre-coated discrete
portions of encapsulant. The chip 10 having separate discrete solder bumps
14 pre-assembled thereon is pre coated with the first portion 37 of an
encapsulant material 22 (FIG. 11) prior to assembly to the substrate 20. .
The first portion 37 contains a filler material) preferably highly filled,
to reduce its coefficient of thermal expansion and 20 increase its modulus.
The first portion 37 is then pre-coated with the second portion 39 of the
encapsulant material prior to assembly with the substrate 20. The second
portion 39 of the encapsulant material contains little or no filler
material. The first portion 37 (FIG. 12) which makes up part of the
encapsulating material 22 (FIG. 11) is uniformly spread across the surface
16 of 25 the chip 10 between the solder bumps 14 to cover the remainder of
the chip surface. The second portion 39 (FIG. I2) which makes up part of
the encapsulating material 22 (FIG. 11) is uniformly spread over the prior
applied 18   18 March 2002 first portion 37. The chip 10 is then positioned
so that the solder bumps 14 are facing the substrate 20 and aligned with
the solder pads 12 of the substrate 20 as described before. The encapsulant
portions 37 and 39 and solder bumps 14 are moved into intimate contact with
the substrate 20 and solder pads 12. The 5 combination of portions 37 and
39 forms the encapsulant 22 (FIG. 11). The assembly is heated to cure the
encapsulant 22 and reflow the solder as described before to attach the
solder bumps 14 to the contact pads 12 of the substrate 20. FIGS. 13 and 14
illustrate an alternate embodiment for attachment of portion 37 and solder
bumps 14 with the portion 39 and solder pads 12, 10 respectively. This
method is described with respect to the embodiment shown in FIG. 11) but is
equally applicable to the embodiment shown in FIG. 12. The chip 10 is
initially oriented at an angle to the substrate 20. As the encapsulant
portion 37 and the solder bump on the end of the chip 10 are moved into
intimate contact with the portion 39 and solder pad 12, the chip is pivoted
about the first 15 point of contact until all of the solder bumps 14 are in
contact with the solder pads 12. In this manner) any gas that could
possibly be entrapped between the first portion 37 and the second portion
39 is expelled as indicated by arrow 41 in FIG. 14 to prevent formation of
voids in the encapsulant. Generally, the chip 10 is passivated with a thin
layer of either silicon 20 nitride, polyimide, or benzocyclobutene. To
adhere well to the passivation layer (not shown) on the chip 10, a chip
bonding layer (not shown in this embodiment) may incorporate a coupling
agent (not shown) such as a silane. To adhere well to the encapsulant 22,
the coupling agent (not shown) provides a chemically compatible moiety for
bonding. For example) the preferred moieties can be 25 epoxides,
anhydrides) hydroxyls, or other moiety that readily bonds to the
encapsulant 22. 19  



18 March 2002 The adhesive of the first portion 37 can be either an
adhesive flux or a compatible non fluxing adhesive. The significant
properties of the first portion 37 are: 1. After cure, a coefficient of
thermal expansion in the vicinity of 25 5 ppm/C; 2. After cure, a Tg above
120 C; 3. After cure, a modulus greater than 0.1 GPa, preferably greater
than 4 GPa; 4. After cure, high adhesion to the chips passivation layer
that 10 usually consists of silicon nitride, polyimide, or
benzocyclobutene; 5. Solventless; 6. A chemical composition such that it
does not interfere or adversely affect the properties of the second portion
39 of the encapsulant to which it will be mated; and 15 7. After cure, high
adhesion to the second portion 39 of the encapsulant. Since the intrinsic
coefficient of thermal expansion and moduli of most polymeric adhesives do
not satisfy the first or third properties above, the most distinguishing
feature of the first portion 37 of the present invention is that it is 20
filled with a high concentration of a powdered filler having a lower
coefficient of thermal expansion and higher modulus, generally an inorganic
material, and most preferably silica. The filler having a higher modulus
and lower coefficient of thermal expansion than the adhesive alone produces
an adhesive-filler aggregate having desired properties. Examples of such
adhesives are Araldite CW 1195US 25 with cureer HW 1196US available from
Ciba Geigy Corporation and Hysor FP4527 and Hysol FP4511 available from the
Dexter Corporation of Industry California. 20   18 March 2002 Preferably,
the adhesive of the first portion 37 is preferably an adhesive flux. The
significant property of the preferred first portion is that) in addition to
the properties listed above, the preferred first portion adhesive does not
diminish the flow of the solder during the solder reflowing operation. Many
non-fluxing 5 adhesives tend to either cure too quickly or react with the
second portion adhesive in ways that decrease the wetting and spread of the
solder during reflow. Using an adhesive flux highly filled with a powder
filler that imparts the required coefficient of thermal expansion and
modulus to the adhesive flux provides a first portion 37 that has little or
no effect on the spread of the solder. 



10 The embodiment of FIG. 15 is a mufti-layer compliant understructure
configuration having two discrete bonding layers 32 and 34 in combination
with any of the above-described embodiments for the encapsulant and solder.
Chip bonding layer 32 is a thin polymer, or coupling agent, with high
adhesion to the chip passivation layer (not shown) on the face of the chip
10. The chip bonding 15 layer 32 is a thin interfacial layer adhering the
encapsulant material 22 to the chip 10. The substrate bonding Iayer 34 is a
thin, adhesive flux layer adhering the encapsulant 22 to the substrate 20.
The chip bonding layer 32 has the following properties: A 1) chemically
bonds to the encapsulant 22 to provide high adhesive 20 strength to the
encapsulant; and 2) chemically bonds to the passivation layer on the chip
10 to provide high adhesive strength to the chip. Generally) the chip 10 is
passivated with a thin layer of either silicon nitride, polyimide, or
benzocyclobutene. To adhere well to the passivation layer 25 (not shown) on
the chip 10, the chip bonding layer 32 may incorporate a 21   18 March 2002
agent (not shown) such as a silane. To adhere well to the encapsulant 22,
the coupling agent (not shown) provides a chemically compatible moiety for
bonding. For example, the preferred moieties can be epoxides, anhydrides,
hydroxyls, or other moiety that readily bonds to the encapsulant 22. 5 The
substrate bonding layer or adhesive flux 34 is a composition with the
following properties: 1) a strong fluxing agent that removes oxides from
the metal surfaces to be soldered and promotes wetting of the metal pads to
be soldered; 2) crosslinks into an adhesive polymer during the soldering
operation, 10 chemically immobilizing the fluxing agent and the flux
reaction byproducts; 3) has a sufficiently low viscosity during the
soldering operation that it does not impede the flow of the molten solder;
4) after curing, no cleaning or washing for flux removal is required; 15 5)
high adhesive strength after cure; 6) corrosion resistance and resistance
to degradation at soldering temperatures; and 7) does not evolve any gases
that can cause voids or bubbles in the 



adhesive during curing. 20 In general terms, the substrate bonding layer or
adhesive flux 34 comprises a liquid or solid composition which acts as both
a primary fluxing agent and a crosslinicing monomer or polymer. More
specifically, the adhesive fluxes comprise the following: 1) chemical
components with carboxylic acid moieties for fluxing; 25 2) chemical
components with polymerizable moieties for crosslinlcing the composition;
22   18 March 2002 3) a chemical or mechanical mechanism for impeding or
preventing the onset of polymerization of the composition until the solder
has melted and wetted all the surfaces to be soldered; and 4) optional
solvents, fillers, moderating agents, surfactants ) modifiers, 5 resins and
other additives performing desirable functions and generally known to those
skilled in the art. A number of compositions are known in the prior art
comprising these features, such as described in US Patent Nos. 5,376,403,
5,088,189, S,136,365 and 5,128,746. A preferred composition is directed to
fluxing adhesive compositions that 10 include a fluxing agent comprising a
single active component which is capable of functioning as both a primary
fluxing agent and a crosslinking monomer. Generally, depending upon the
intended end use, the inventive themnally curable adhesive composition
comprises (a) a fluxing agent having a carboxylic acid group and one or
more carbon-carbon double bonds, (b) optionally, a crosslinkable diluent,
(c) 15 optionally, a free-radical initiator, and (d) optionally, a resin.
In addition the thermally curable adhesive composition may include a
solvent for adjusting the viscosity. Other viscosity modifiers, thickeners
and thixotropic agents may also be added. Fillers, such as silica powder,
can be employed for increased modulus and lower thermal coefficient of
expansion. 



20 1. Fluxing_Agents. The preferred fluxing agent has the structure RCOOH,
wherein R comprises a moiety which include two or more carbon-carbon double
bonds. For high flux activity due to the presence of multiple carboxylic
acids, the preferred fluxing agent is a carboxylic acid that is selected
from the group consisting 25 of compounds represented by Formulae I, II,
III, and IV and mixtures thereof, 23   18 March 2002
HOOCCH=CH(O)COR'80C(O)CH=CHCOOH (I) RZHZC(HCOR)"CHZOR3 (II) [X'X~X3X4]C
(III) R"COOH (IV) 5 wherein R'8 is an alkyl having 1 to 16 carbons,
preferably 1 to 9 carbons, and more preferably 1 to 3 carbons, wherein n is
an integer from 1 to 16 preferably an integer from 1 to 9, and more
preferably an integer from 1 to 3, wherein each of R', R'-, ...R, is
independently selected from -C(O)CH=CHCOOH, and H, wherein X`, X', X', and
X", are each independently selected from -CH2OH and -CH2OC(O)CH=CHCOOH, 10
and wherein R" is a moiety having two or more carbon-carbon double bonds
and an amine moiety. The fluxing agent typically comprises about 0.01
%-100%, preferably about 5%-80%, and more preferably about 10%-70% by
volume of the thermally curable adhesive composition. A particularly
preferred fluxing agent which has lowviscosity and high flux activity is
tris (malefic acid) glycerol monoester which is 1S described in Example 1.
The fluxing agents of the preferred flux exhibit flux activities that are
superior to that of prior art polymer-fluxing agent mixtures. Since the
inventive fluxing agents are intrinsically self crosslinking, the preferred
thermally curable adhesive composition does not require the use of epoxy
resins for crosslinking. As a corollary, 20 the shelf life or pot life of
the preferred composition is long and its flux activity high relative to
conventional polymer-fluxing mixtures that include epoxy resins. Further,
the adhesion properties, mechanical integrity, and corrosion resistance
achieved with the fluxing agents are superior to those achieved with prior
art polymer fluxing agents because there is no need to add aggressive
fluxing activators. The 25 inventive fluxing agents are fully cross-linked
and a11 components thereof are 



chemically immobilized upon curing. Even the reaction by-products of flux
24   18 March 2002 deoxidization of the metals may be chemically bound in
the polymer matrix. Carboxylic acids function well as fluxing agents to
remove oxides from metals. In addition, carboxylic acids are also very
effective crosslinking moieties when present in their reactive form in a
fluxing composition containing a suitable thermosetting S resin, such as an
epoxy. For this reason, in the prior art, chemical protection of the
carboxylic acid was essential to achieving stability and preventing
premature reactions. Protection was achieved by binding the fluxing agent
with a chemically or thermally-triggered species so that it becomes
reactive only at or near the time that the solder melts. However, with the
present invention, no such protection is necessary 10 because the
compositions can be formulated without any components that can crosslink
with the carboxylic acid moiety. This results in a fluxing agent that can
function at its full strength with the metal oxides to produce fluxing that
is superior to any heretofore polymerizable fluxing agent. The flux
activity of the inventive fluxing agent in some applications may be too
high thereby requiring dilution of the 15 fluxing agent to prevent
formation of undesirable gaseous by-products. With the inventive fluxing
agent, the principal crosslinking mechanism occurs at the carbon-carbon
double bonds existing in the fluxing agent molecule and not at the
carboxylic acid groups. The carboxylic acids do not react with the double
bonds, therefore on its own, in the absence of other molecules that can
react with the 20 carboxylic acid, the fluxing agent does not polymerize at
ambient temperatures. It is at elevated temperatures that the double bonds
begin to open and react with other opened double bonds to crosslink. Since
each fluxing agent molecule contains at least two double bonds, the
molecules crosslink into polymeric networks. By eliminating the need for a
separate thermosetting resin in the flux 2S composition, as is required in
the prior art, the flux activity can be kept very high without concern
about pre-maturely cross-linking the thermosetting resin. By 2S 



18 March 2002 crosslinlsing the fluxing agent itself, an adhesive having a
higher glass transitioi temperature and lower coefficient of thermal
expansion can be created withou sacrificing fluxing activity. A preferred
embodiment of the fluxing agent has an amine moiety that i: 5 incorporated
into the fluxing agent molecule itself. The generalized structure fog
carboxylic acids containing two or more carbon-carbon double bonds and alsc
containing an amine is: R~ C O H !i O in which R' comprises at least one
amine group and two carbon-carbon double bonds. For high flux activity due
to the presence of multiple carboxylic acids, the presently 10 preferred
carboxylic acids containing double carbon-carbon bonds has the general
structure: /CH2-CH20R3 N\ CH2-CH20R~ `CH2-CH2-OR5 where R3, R4, and RS are
either -H or -OCCH=CHCOOH. For its low viscosity and high flux activity, a
particularly preferred amine containing fluxing agent is tris (malefic
acid) triethanolamine monoester which is described in Example 2. 26   18
March 2002 The fluxing agent molecules having an amine moiety can moderate
each other without the addition of a separate component, as illustrated
here: The net result of this moderating mechanism is to cause the fluxing
agent to 



gel at room temperature. Yet, as the temperature is elevated above
approximately 50 5 100 C, these materials will liquefy readily to a low
viscosity liquid, indicating the ~H~ N CH2-CH20-OC-CH=CH- ~ =O
HOOCCH=CHCO-OCH1CH2 O- CH2-CHZO-OC-CH=CH-COOH \N/ CHZ-CH20-OC-CH=CH-C=O ~
0-/ N+ thermal disassociation of these ionic bonds. Thus the carboxylic
acid moiety is then fully discharged to flux the oxidized metal surfaces at
temperatures above 50-100 C. Fluxing agents that do not contain nitrogen
(e.g., amine) as represented, for example, by Formulae I, II, III, and IV,
typically are liquid at ambient temperatures 10 (~23 C). Therefore, no
solvent is required. In contrast, amine containing fluxing agents are solid
or semi-solid at ambient temperatures and form gels with the addition of
water or other solvent. Thus, by employing both amine and non-nitrogen
containing fluxing agents and optionally including a solvent, a thermally
curable adhesive composition having the consistency of a tacky gel mixture
can be 15 formulated. With the present invention, thermally curable
adhesive compositions can be formulated to be in the liquid, gel, or solid
state. 27   18 March 2002 2. Diluents. The presence of carbon-carbon double
bonds) in the preferre 5 10 15 fluxing agent molecule allows much
flexibility in the formulation of a flu composition with exceptional
thermomechanical properties. This is achieved by th addition of double bond
containing diluents that can also crosslink with the preferre flux to
create a superior adhesive. This technique permits the design of fluxin
adhesive compositions that can attain high crosslink densities, which are
desirabl for good thermomechanical properties and good adhesion. Moreover,
this i accomplished without the concern of premature crosslinlting and
reduced pot lif associated with the prior art. Preferred diluents include,
for example, (a) pent erythritol tetraacrylate, C(CH~OOCCH=CH~)4, (b)
triallyl-1,3,5-triazine-2,4, ( 1 H,3H,SH)-trione, (c)
tris(2-(acryloxy)ethyl)isocyanurate, and mixtures thereo Diluents (b) and
(c) have the following structures: CH2CH=CH2 O~N~O CHZ=CH-CH2-N ~
N-CH2CH=CH2 O CH2CHzOCOCH=CHz O~N~O CHZCHzOCOCH=CH2-N ~ N-CHZCH20COCH=CHZ 0
Other double bond compounds, many of which are commercially available,
including for example, diahyl phthalate and divinyl benzene can also be
used. Hydrophobi diluents as described are preferred but hydrophilic
diluents can also be employe when appropriate. The diluent when employed
typically can comprise up to abo~ 90%, preferably between about 5%-80%, and
more preferably between about 50/ 80% by volume of the thermally curable
adhesive composition. One benefit of employing hydrophobic diluents is that
their presence tends ~ 



20 reduce the amount of water which the cured adhesive composition will
absorb. Tl reason is that the fluxing agent, when crosslinked, will have
active carboxylic grout that can attract water, even though these
carboxylic groups, being part of a networ are immobile. Water acts as a
plasticizes which softens the cured adhesi~ 28   18 March 2002 composition.
The use of hydrophobic diluents which are crosslinked to the fluxing agent
will counteract the hydrophilic effects of the carboxylic acid groups.
Indeed, the cured adhesive compositions containing hydrophobic diluents can
have less than 2% (wt) moisture when exposed to ambient conditions. 5 3.
Free Radical Initiators. While the preferred thermally curable adhesive
flux composition can be cured using heat alone, the cross linking reaction
can be initiated and facilitated by the presence of free-radicals,
including, for example, those generated by benzoyl peroxide, butyl
hydroperoxide, 2,2'-azobisisobutyronitrile, and mixtures thereof. These
free radical initiators or sources are commercially available. 10
Free-radicals can be created in-situ by exposure of the free-radical
initiator to heat, radiation, or other conventional energizing sources.
Introduction of an appropriate free-radical initiator can accelerate the
onset of crosslinking to the desired moment in a solder reflow operation.
The presence of a small amount of free-radical crosslinking initiator in
the fluxing agent can be used to control the rate and the 15 temperature of
crosslinking of the fluxing agent, ensuring effective fluxing action and
strong adhesion of the fluxing agent to the substrates upon curing. The
free radical initiator when employed typically comprises up to about 5%,
preferably between about 0%-3%, and more preferably about 0.3%-I% by weight
of the thermally curable adhesive composition. 20 4. Resins. The preferred
thermally curable adhesive flux composition does not require resins;
further, compositions that do not iuiclude resins tend to have longer pot
lives and lower viscosities during solder reflow. However, as an option, a
resin can be employed and it functions to increase the adhesion of the
cured composition to the substrate and to increase the cohesive strength
and glass transition temperature 25 of the cured composition. The resin may
be any suitable resin that is compatible (i.e., 29   18 March 2002
blendable) with the preferred fluxing agent. By blendable is meant that the
resins do not have to be chemically bonded to the fluxing agent and/or
diluent, however preferred resins can crosslink with the carboxylic acid
groups in the fluxing agent o~ by other reactive moieties, such as optional
-OH groups, in the diluent. Resins whicl 5 meet these requirements include,
but are not limited to, epoxies, phenolics,, novalac: {both phenoIic and
cresolic), polyurethanes, polyimides, bismaleimides, maleimides cyanate
esters, polyvinyl alcohols, polyesters, and polyureas. Preferred resins
1,4cyclohexanedimethanol diglycidyl ether, 3,4-epoxycyclohexylmethyl 3,4~
epoxycyclohexanecarboxylate, N,N-diglycidyl-4-glycidyl-oxyanilline,
bisphenol A 10 based epoxy resins, and mixtures thereof. These are
commercially available. Suitable compounds (including polymers) can also be
modified to form resin that are blendable with the diluent and/or the
carboxylic acid fluxing agent. Examples of such compounds are acrylics,
rubbers (butyl, nitrite, etc.), polyamides. polyacrylates. polyethers,
polysulfones, polyethylenes, polypropylenes, polysiloxanes, 15 polyvinyl
acetates/polyvinyl esters, polyolefins, cyanoacrylates, and polystyrenes.
Generally, any compound can fimction as a resin if it can be modified to
contain at least one of the following illustrative functional groups that
act as reactive sites for polymerization: anhydrides, carboxylic acids,
amides, amines, alcohols/phenols. nitrites, carbamates, isocyanates,
sulfonamides, semicarbazones, oximes, hydrazones. 20 cyanohydrins, areas,
phosphoric esters/acids, thiophosphoric esters/acids, phosphoric
esters/acids, phosphites, phosphonamides, and sulfonic esters/acids. For
example, a polyolefin which has no reactive sites for binding and has poor
adhesive properties is typically not a suitable resin, however, a
carboxylated polyolefin functions well when matched with a suitable
cross-linking agent. A combination of these and other 25 resins, such as
non-cross-linkable thermoplastic resins, may also be used as resins Resins
when employed can comprise up to about 80%, preferably between above
10%-80%, and more preferably about 60%-70% by volume of the thermally
curable adhesive composition. 30  



18 March 2002 In preparing the preferred fluxing composition, the
proportions of the four components may be varied over a considerable range
and still yield acceptable fluxing activity as well as good post cured
material properties. Preferably, the fluxing composition employed does not
produce gaseous byproducts that can result in the 5 formation of bubbles in
the final cured composition. This can be achieved with thermally curable
adhesive compositions preferably formulated as follows: a) Fluxing agent
comprising about 5%-80% (voi) of the composition; b) Diluent comprising
about 5%-80% (vol) of the composition; c) Free radical initiator comprising
about 0%-3% (wt) of the composition; 10 and d) Resin comprising about
0%-80% (vol) of the composition. Some of the thermally curable adhesive
compositions within these ranges may exhibit undesirably high moisture
absorption, low glass transition temperatures, or high coefficients of
thermal expansions after cured, but they remain useful as fluxing 15
compositions in applications where these characteristics are not critical.
Most preferably, the thermally curable adhesive composition after being
cured has a coefficient of thermal expansion of about 25 ppm/C, a glass
transition temperature in excess of 150 C and moisture content of less than
2%. These 20 characteristics can be achieved with thermally curable
adhesive compositions preferably formulated without any free radical
initiator or resin but comprising about 10%-70% (vol) fluxing agent and
about 20%-80% (vol) diluent. While, again, some of the fluxing agents
within these ranges may exhibit high coefficient of thermal expansion or
low glass transition temperature when cured, they 25 remain useful as
fluxes in applications where these characteristics are not critical. In
order for the thermally curable adhesive composition to achieve the largest
31 



18 March 2002 spreading and wetting by the solder, it must achieve and
maintain low viscosity up to the temperature at which the solder melts and
wets the metallizations. If the composition becomes too thick before the
solder has melted, it will impede the flow of the solder melt and reduce
the degree of metal soldering. For this reason, the 5 curing of the
composition must occur slowly relative to the time required to reach the
melting point of the solder. This can be achieved by selection of the
components with appropriate crosslinking temperatures and formulating the
appropriate proportions by use of a differential scanning calorimeter to
control reaction rates and times. The thermally curable adhesive
composition can also be used as a fluxing 10 adhesive for use in sinterable
conductive ink compositions that comprises: a) 1 % to 65% (wt) of a high
melting point metal or metal alloy powder, typically comprising Cu powder,
however, other metals such as, for example, Ag, Au, Pt, Pd Be, Rh, Ni, Co,
Fe, Mo, and high-melting point alloys thereof; b) 6% to 65% (wt) of a low
melting point metal or metal alloy powder 15 (solder}, typically comprising
Sn, Bi, Pb, Cd, Zn, Ga, In, Hg, Sb, or an alloy thereof or other metal
having a melting point that is lower than that of the high melting metal
powder in part (a); and c) 5% to SO% (wt) of the thermally curable adhesive
flux composition that also serves a flux composition and as an adhesive. 20
Preferably the conductive ink composition comprises 13% to 65% (wt) of the
high melting point metal, 6% to 29% (wt) of the low melting point metal,
and/or 5% to 35% (wt) of the thermally curable adhesive flux composition.
Techniques for employing electrically conductive ink compositions are
described in U.S. Patents a376,403, 5,538,789, and 5,56S,267 which are
incorporated 25 herein. During the curing process of the sinterable
conductive ink compositions, in order for the solder alloy to readily wet
the other powder and sinter, the principal requirement of the thermally
curable adhesive composition is that the polymers not 32  



18 March 2002 harden before melting of the solder powder is achieved.
Additionally, after curing, the composition must act as an adhesive that
strongly binds the cured ink composition to the printed circuit board
substrate. The flux compositions of the instant invention are particularly
suited for these applications. 5 The inventive thermally curable
composition exhibit the following features: a) provides sufficient flux
activity to promote the solder bump to readily wet the metallization on the
substrate during solder reflow, without the presence of corrosive flux
activators that can contaminate the silicon chip; b) promotes solder
wetting and self alignment of the chip to the pads on the 10 substrate by
action of the wetting force of the molten solder, during the solder reflow
cycle, no curing of the flux composition occurs until the solder bump has
been melted; c) reduces or eliminates gaseous evolution during the reflow
cycle that would otherwise create voids; 15 d) cures quickly and soon after
solder bump melts; e) demonstrates little shrinkage of the composition
during curing to minimize the stress resulting from the curing process and
subsequent cooling; and f) forms strong adhesion of the cured composition
to the chip, substrate and solder joints. 20 SYNTHESIS OF FLUXING AGENTS
EXAMPLE 1 Preparation of tris (malefic acid) glycerol monoester, a
non-amine fluxing agent with the structure: /CH20-CO-CH=CH-COOH
HOOC-CH=CH-OC-O-C -H ~CHZO-CO-CH=CH-COOH 33   18 March 2002 



Three moles of malefic anhydride (294 grams) were heated in a flask at 80C
until fully melted at which time one mole of glycerol (92 grams) was slowly
added thereto. The composition was constantly stirred and maintained at 80
C for three hours. The temperature was then raised to 110C for one hour to
complete the 5 reaction. Thereafter the product was allowed to cool to room
temperature. The reactants were kept in a nitrogen atmosphere throughout.
Monitoring the reaction on a Fourier-transform infrared spectrometer, the
OH vibrational band at 3,400-3,500 cm'' of the glycerol was observed to
become minimized while an ester vibration band at 1,710-l,740 cm's appeared
and maximized, indicating complete reaction of the 10 glycerol and the
anhydride. This fluxing agent is characterized by its low viscosity and
high flux activity. EXAMPLE 2 Preparation of tris (malefic acid)
triethanolamine monoester: an amine fluxing agent, with the structure: j
H2-CH20-OC-CH=CH-COOH HOOCCH=CHCO-OCH 2CH2-N~ CH2-CH20-OC-CH=CH-COOH 15
Three moles of malefic anhydride (294 grams) were heated in a flask at 80
until fully melted at which time one mole of triethanolamine ( 149 grams)
was slog added thereto over the course of one hour, so that gelation did
not occur. 'I composition was constantly stirred and maintained at 80C. To
ensure that the react went to completion, the product was maintained at 80
C with constant stirring for 20 additional hour. The reactants were kept in
a nitrogen atmosphere throughout. Then product was allowed to cool to room
temperature. Monitoring the reaction on a Fouri transform infrared
spectrometer, the OH vibrational band at 3,400-3,500 cm ' of
triethanolamine was observed to become minimized while an ester vibration
bans 34   18 March 2002 1,7l0-1,740 cm'' appeared and maximized, indicating
complete reaction of the triethanolamine and the anhydride. This fluxing
agent is also characterized by its low viscosity and high flux activity. 5
EXAMPLE 3 Preparation of methyl meso-erythritol tetramaIeic acid monoester:
39 g malefic anhydride was heated to 80  C until all the malefic anhydride
was melted before 12.2 g of meso-erythritol was added under mechanical
stirring. The temperature was then raised to 130  C for 30 minutes followed
by cooling down to 10 8090C for 2 hours. The reaction is: H O CH20H O ~
H,CHOC-CH=CH-COOH CHOH HOOC-CH=CH-COC CHOH + 4 ( O ~ HOOC-CH=CH-COCA ` 



CH2OH O O H i HO"-CH=CH-COOH H O EXAMPLE 4 Preparation of pentaerythritol
ethoxylate tetramaleic acid monoester: 3 9 g malefic anhydride was heated
to 80  C until all the malefic anhydride was melted before 27 g
pentaerythritol ethoxylate (average Mn ca 270) was added under 15
mechanical stirring. The reactants are stirred at 80C for 2~3 hours to
complete the reaction. The reaction is: O O II C[CH2(OCH20CH2)~OHJ4 + 4 I O
--~ C[CH2(OCH20CH2)"O-C-CH=CH-COOH]4 O 35   18 March 2002 EXAMPLE 5
Preparation of adonitol pentamaleic acid monoester: 49 g malefic anhydride
was heated to 80  C until all the malefic anhydride was melted before 15.2
g of adonitol was added under mechanical stirring. The 5 temperature was
then increased to 120 C for 30 minutes followed by cooling down to 80  C.
The reactants were stirred at 80  C for 3 hours to finish the reaction. The
reaction is: H o CH20H O II I ECHOIC-CH=CH-COOH CHOH HOOC-CH=CH-COC ---~ I
CHOH + 5 ~ O HOOC-CH=CH-COC O CHOH O OI H~CHOC-CH=CH-COOH CHZOH
CHOC-CH=CH-COOH II H O The embodiment of FIG. 15 of a compliant multilayer
encapsulating structure comprises a soft solder that is more compliant than
conventional tin-lead 10 eutectic solder or the.95 % lead-5 % tin solder
used often for flip chip solder bumps. There are at least two methods for
accomplishing this ) and other methods will be known to those skilled in
the art. One method comprises a tin-lead solder that has been modified with
a small concentration, generally less than 1 % , of an additive or
additives. One such additive, described in US Patent 5,308,578, is a small
15 concentration of cadmium, indium, antimony, or combination thereof which
is 



known to increase the fatigue life of the solder by up to twenty fold.
Another method involves incorporating a small concentration of tin-copper
or tin-nickel intermetaliic which is known to decrease fatigue-induced
microstructural coarsening leading to fatigue failure in tin-lead solder.
20 36   18 March 2002 Another method for increasing the compliance of
solder in the present invention involves using a low-melting point solder.
It is well known in the art that solders become more compliant as the
temperature is elevated to approach their melting temperatures. In the
instant invention, the preferred solder has a melting 5 point near the
highest operating temperature of the flip chip. Near such a melting point,
the solder provides little mechanical resistance to the compliance of the
chipto-substrate interconnection and will readily conform to the stress
induced by expansion or contraction of the interconnect during temperature
excursions with little fatigue. 10 Another method for increasing the
compliance of solder in the present invention involves using a non-eutectic
solder operating between the liquids and soIidus temperatures. It is well
established that in non-eutectic solders, there exist a temperature region
in which the solder is neither fully solid nor fully liquid, but 15 instead
is a mixture of both phases, i.e., the plastic range. In the plastic range,
the solder does not flow as liquid, yet it has very little mechanical
integrity or structural strength. Under stress in the plastic range, the
solder will flow readily, conforming to the applied stress without cracks
or fatigue, provided the solder is not allowed to leak out of the solder
bump by the encapsulating polymer. For this 20 reason, a non-eutectic
solder alloy can be selected that will be plastic over most of the
temperature range experienced by the chip interconnect. Such solders may
contain, but are not limited to, alloys of tin, lead, bismuth, indium,
cadmium, gallium, zinc, antimony, and other metals known to the art of
soldering. 25 With the present invention illustrated in FIG. 15, as the
flip-chip configuration is heated causing the substrate 20 to laterally
expand greater than the chip 10 because of the mismatch in the thermal
coefficients of expansion between the chip and substrate, the complaint
solder 14 and flexible encapsulant material 22 37   18 March 2002 deform by
expanding with the substrate 20 to absorb the strain without causing
bending of the chip and substrate (FIG. 16). Likewise, as the flip-chip
configuration is cooled below ambient temperature, the complaint solder 14
and flexible encapsulant 22 contract with the substrate 20 to absorb the
strain (FIG. 5 17). In another embodiment of the invention, there is a chip
10 having solder bumps 14 pre-assembled thereon and being pre-coated with a
mufti-layer encapsulant material 36 prior to assembly to the substrate 20
(FIG. 18). The multi 10 layer encapsulant material 36 is uniform across the
surface of the chip 10 between the solder bumps I4. Each layer of the
mufti-layer encapsulant material 36 perform distinct functions. Layers 38
and 40 are attachment and stress distribution layers. Layer 42 is the
reworkability layer. Layers 38 and 40 are generally stiffer than layer 42.
Layers 38 and 40 are generally polymers or polymers filled with I S
inorganic materials so as to have a high modulus and a law coefficient of
thermal expansion such as polyimide. Layer 42 is generally a meltable
polymer such as a thermoplastic, for example a polyimide - siloxane
co-polymer. The layers can be comprised of coated tape, such as SunuOxy
ITA-5l20 or ITA-5315 available from Oxychem, Grand Island, New York. A flux
adhesive 34 as described previously 20 is applied between the
chip/encapsulant/solder bump combination and the substrate. The solder is
reflowed and the flux adhesive 34 is hardened. Rework is made possible by
the layer 42. The layer 42 and solder bumps 14 are remelted and the chip 10
is pulled away from the substrate 20 (FIG. 20). The flux adhesive 34 firmly
retains the layer 40 and part of the solder bumps 14 on the substrate 20 25
while the chip bonding layer 38 firmly retains the other part of the solder
bumps 14 on the chip 10 as the reworkable layer 42 separates without damage
to the chip 10 or the substrate 20. 38 



18 March 2002 In another embodiment of the present invention, there is
provided a multi layer encapsulant material 44 attached to a chip 10 (FIG.
21). Within the multi layer encapsulant 44 is an electrical redistribution
layer 46 of electrically conductive traces 48 on an insulating layer 50.
The insulating layer 50, such as a 5 polymer, encapsulate the solder bumps
52 and 54. Solder bump 52 is connected to the chip 10 in a conventional
manner. Solder bumps 54 are attached to the closely spaced contact pads 24
by the electrically conductive traces 48 of the redistribution layer 46.
Flux adhesive 34 as described previously retains the chip/multi-layer
encapsulant/solder bump combination on the substrate 20 (FIG. 10 22). It
will now be apparent to those skilled in the art that various
modifications, variations, substitutions, and equivalents exist for various
elements of the invention but which do not materially depart from the
spirit and scope of the invention. 15 Accordingly, it is expressly intended
that all such modifications, variations, substitutions and equivalents
which fall within the spirit and scope of the invention as defined by the
appended claims be embraced thereby. 39   18 MARCH 2002 CLAIMS: 1. An
electrical component assembly, comprising: (a) a substrate having a
plurality of pads on a first surface thereof; (b) an integrated circuit
chip having an encapsulant coated on an active surface thereof, the
encapsulant having a plurality of holes therethrough filled with solder
that extends from contacts on the active surface aligned with the holes
through the encapsulant to the plurality of pads on the substrate; and (c)
a layer of flux adhesive between a subassembly comprising the encapsulant
and the solder and the substrate. 2. The electrical component assembly of
claim 1 wherein a first portion of the coated encapsulant and the solder
are located on the integrated circuit chip and a second portion of the
coated encapsulant is located on the substrate. 3. The electrical component
assembly of claim 1 wherein a first portion of the coated encapsulant and
the solder are located on the integrated circuit chip and a second portion
of the coated encapsulant is coated on the first portion. 4. The electrical
component assembly of claim 2 or 3 wherein the first portion of the coated
encapsulant comprises a polymeric adhesive and a filler. 5. An electrical
component assembly, comprising: (a) a substrate having a plurality of pads
on a first surface thereof; and 



(b) an integrated circuit chip having an encapsulant coated on an active
surface thereof, the encapsulant having a plurality of holes therethrough
filled with solder that extends from contacts on the active surface aligned
with the holes through the encapsulant to the plurality of pads on the
substrate, wherein a first portion of the coated encapsulant and the solder
are located on the integrated circuit chip and a second portion of the
coated encapsulant is located on the substrate, the first portion of the
coated encapsulant comprises a polymeric adhesive and a filler and the
second portion of the coated encapsulant is an adhesive material with
solder fluxing properties. 40   18 MARCH 2002 6. The electrical component
assembly of claim 5 wherein a first portion of the coated encapsulant and
the solder are located on the integrated circuit chip and a second portion
of the coated encapsulant is coated on the first portion. 7. An electrical
component assembly, comprising: (a) an integrated circuit chip having a
plurality of pads on an active surface thereof; and (b) a substrate having
an encapsulant coated on a first surface thereof, the encapsulant having a
plurality of holes therethrough filled with solder that extends from
contacts on the first surface aligned with the holes through the
encapsulant to the plurality of pads on the integrated circuit chip,
wherein a first portion of the coated encapsulant and the solder are
located on the substrate and a second portion of the coated encapsulant is
located on the integrated circuit chip, the first portion of the coated
encapsulant comprises a polymeric adhesive and a filler and the second
portion of the coated encapsulant is an adhesive material with solder
fluxing properties. 8. The electrical component assembly of claim 7 wherein
a first portion of the coated encapsulant and the solder are located on the
substrate and a second portion of the coated encapsulant is coated on the
first portion of the coated encapsulant. 9. An electrical component
assembly, comprising: (a) a substrate having a plurality of pads on a first
surface thereof; (b) an integrated circuit chip having an encapsulant on an
active surface thereof, the encapsulant comprising a first encapsulant
portion having a plurality of holes therethrough filled with solder that
extends from contacts on the active surface aligned with the holes through
the first encapsulant portion to the plurality of pads on the substrate;
and (c) a second encapsulant portion comprising flux adhesive that is
positioned between the substrate and a subassembly comprising the
encapsulant and the solder. 10. The electrical component assembly of claim
9 wherein the first encapsulant portion and the solder are located on the
integrated circuit chip and the second encapsulant portion is located on
the substrate. 41   18 MARCH 2002 11. The electrical component assembly of
claim 9 or 10 wherein the first encapsulant portion comprises a polymeric
adhesive and a filler. 12. The electrical component assembly of claim 9
wherein the first encapsulant portion and the solder are located on the
integrated circuit chip and the second encapsulant portion is coated on the
first encapsulant portion. 13. An electrical component assembly,
comprising: (a) a substrate having a plurality of pads on a first surface
thereof; and (b) an integrated circuit chip having an encapsulant on an
active surface thereof, the encapsulant having a plurality of holes
therethrough filled with solder that extends from contacts on the active
surface aligned with the holes through the encapsulant to the plurality of
pads on the substrate, wherein a first portion of the encapsulant and the
solder are located on the integrated circuit chip and a second portion of
the coated encapsulant is located on the substrate, the first portion
encapsulant comprising a first encapsulant portion and the second portion
of the coated encapsulant comprises a flux adhesive. 14. The electrical
component assembly of claim 13 or 14 wherein the first portion of the
coated encapsulant comprises a polymeric adhesive and a filler. 15. The
electrical component assembly of claim 13 wherein the first portion of the
encapsulant and the solder are located on the integrated circuit chip and
the second portion of the coated encapsulant is coated on the first
portion. 16. An electrical component assembly, comprising: 



(a) an integrated circuit chip having a plurality of pads on an active
surface thereof; and (b) a substrate having an encapsulant on a first
surface thereof, the encapsulant having a plurality of holes therethrough
filled with solder that extends from contacts on the first surface aligned
with the holes through the encapsulant to the plurality of pads on the
integrated circuit chip, wherein a first portion of the encapsulant and the
solder are located on the substrate and a second portion of the coated
encapsulant is located on the integrated 42   18 MARCH 2002 circuit chip,
the first portion of the coated encapsulant comprises a filler polymer and
the second portion of the coated encapsulant comprises an adhesive flux.
17. The electrical component assembly of claim 16 wherein the first portion
of the coated encapsulant comprises a polymeric adhesive and a filler. 18.
The electrical component assembly of claim 16 or 17 wherein the first
portion of the encapsulant and the solder are located on the substrate and
the second portion of the coated encapsulant is coated on the first portion
of the coated encapsulant. 19. An integrated circuit assembly comprising:
(a) at least one integrated circuit having an active surface with a
plurality of separate discrete solderable contacts thereon; (b) a plurality
of discrete solder bumps positioned on the active surface of the integrated
circuit such that one or more of the solderable contacts has a solder bump
associated with it, said solder bumps electrically interconnected with its
associated contact pad; and (c) an encapsulant comprising at least two
portions wherein (i) a first portion comprises a polymer; and (ii) a second
portion comprises an adhesive flux. 20. The integrated circuit assembly of
claim 19 wherein the first portion comprises a polymer and an inorganic
filler. 21. The integrated circuit assembly of claim 19 or 20 wherein the
second portion encapsulant contains little or no filler. 



22. The integrated circuit assembly of claim 19, 20 or 21 wherein the first
portion covers at least a portion of the surface of the integrated circuit
and lies between the solder bumps . 23. The integrated circuit assembly of
any of claims 19 to 22 wherein the solder bumps protrude beyond the first
portion. 43   18 MARCH 2002 24. The integrated circuit assembly of any of
claims 19 to 23 wherein the second portion comprises an adhesive flux
encapsulant comprising carboxylic acid moieties for fluxing and
polymerizable moieties for crosslinking. 25. A method for making an
electrical component assembly that comprises the steps of: (a) providing an
integrated circuit having a plurality of discrete solder bumps positioned
on the active surface thereof such that one or more of the solderable
contacts has a solder bump associated with it, said solder bumps
electrically interconnected with its associated contact pad; (b) providing
a printed circuit substrate having a substrate surface with a plurality of
discrete metallized pads thereon at least one pad corresponding to at least
one solder bump on said integrated circuit; (c) applying to the active
surface of the integrated circuit and solder bumps a first encapsulant
portion; (d) disposing a second portion encapsulant portion comprising an
adhesive flux between the coated integrated circuit and the printed circuit
substrate such that there exists adhesive flux between the coated
integrated circuit and the printed circuit substrate; (e) placing the
integrated circuit on the printed circuit substrate whereby the solder
bumps are aligned with their corresponding contact pads on the printed
circuit and there 



exists a layer of adhesive flux between the coated integrated circuit and
the printed circuit; (f) heating the combined parts to melt the solder on
the solder bumps and simultaneously reflow the molten solder over the
printed circuit contact pads; and (g) allowing the solder and encapsulant
materials to harden. 26. The method of claim 25 wherein in step (d) the
adhesive flux is applied to the printed circuit substrate. 27. The method
of claim 25 wherein in step (d) the adhesive flux is applied to the coated
integrated circuit. 44   18 MARCH 2002 28. The method of claim 25, 26 or 27
wherein the first encapsulant portion comprises a polymer and a filler
having a lower coefficient of thermal expansion. 29. A method for making an
integrated circuit flip chip assembly comprising the steps of: (a)
providing an integrated circuit having an active surface with a plurality
of discrete metallized solderable contact pads thereon; (b) providing a
printed circuit substrate having a substrate surface with a plurality of
discrete metallized pads thereon at least one pad corresponding to at least
one discrete metallized solderable contact pad on said integrated circuit;
(c) applying an encapsulant over said active surface and the plurality of
discrete contact pads of the integrated circuit wherein said encapsulant
comprises at least a first portion that includes a polymer; (d) creating
one or more openings through said encapsulant such that one or more of said
plurality of discrete contact pads has an opening associated with it, with
each opening exposing said solderable metallization on a contact pad; (e)
filling each opening with solder; 



(fj interposing an adhesive flux portion between said printed circuit
substrate and said coated integrated circuit; (g) placing said encapsulated
integrated circuit on said printed circuit substrate to form a combined
unit whereby said openings in said encapsulated integrated circuit are
aligned with said corresponding pads on said printed circuit and there
exists a portion of adhesive flux at least on or around said solder in said
encapsulant openings; (h) heating said combined unit to melt at least said
solder and simultaneously to soften at least said adhesive flux to a low
enough viscosity so as not to impede the spread of said molten solder over
said printed circuit substrate pads; and (i) allowing said molten solder
and said softened encapsulants to harden such that said solder in said
encapsulated chip openings extends continuously from at least one
metallized contact pad on said active surface of said integrated circuit to
said corresponding pad on said printed circuit substrate. 30. The method of
claim 29 wherein the one or more openings through said encapsulant in step
(d) are created by laser-drilling. 45   18 MARCH 2002 31. The method of
claim 29 wherein the one or more openings through said encapsulant in step
(d) are created by chemical etching. 32. The method of claim 29 wherein the
one or more openings through said encapsulant in step (d) are created by
photoimaging. 33. The method of any of claims 29 to 32 wherein the first
portion of said encapsulant comprises a mixture of a polymer and an
inorganic filler. 34. The method of any of claims 29 to 33 wherein in step
(d) said solder in said openings protrudes beyond said first encapsulant
portion into a second encapsulant portion. 35. The method of any of claims
29 to 34 wherein in step (fj said adhesive flux 



portion is applied to said printed circuit substrate. 36. The method of any
of claims 29 to 34 wherein in step (fj said adhesive flux portion is
applied over the surface of said encapsulated integrated circuit and said
filled openings. 46 .A!.Af.A.A.AS%.A,.A r.Ae.Ay[r.A,[9.ASn.A[,.A.An2
.A.AH,R.A .A .An .A.A&5.An .A!.AL!.A[.AH.A.AnR.AYH.A
[y.An.A!y.Ae.A5.An.A[.A.AH.AlH.AF[R.A.A.A.A,.A.A?.AWq'lI$2}E9l{vqlgb]X]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]caU]c<aU]c<a]ca!2rNOTbR&zQ=!d!!}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!!!
N"""L####O$]$Z%3'#*,,,..1110355555?6X8!:\;
<<|wrmhc^Y]]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!<=>(@CEEE^EEEKFFFFGRGGG1IIItJJKDKKK.Lx
LLLLEMO}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!OPRSST%VXY[[[\\G]]]^`^^^^(_J____`
^```(a|aa}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!aMbObUbcbReYgoiuixiiijkmao~qqqr
r<ss+tt
unuuvXvvHwww'x{vqlgb]X]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]caU]c
a]ca!'xyxxyhyiyoy}yzz{{|Y|}}2~~n5"(6wi
_}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!%nShn|"(6
L#3z(}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!(
>JP^.}e#ntQ*uVh|wrmhc^Y]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]caU]c
a]ca]ca]ca]ca]ca]ca]ca]ca!VQ^dr.y+}&iO&ryo}wrmhc^Y]]ca]ca]ca]ca]ca]ca]c^a]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a!ou41y+~${&w
rjpjb}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!bNL7~$*8@Z7|wrmhc^Y]]ca]ca]ca]ca]ca
]ca]ca]c
a]c8a]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca!#)7g/(~hWgzupkfa\W]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!%3bg~'/L
*a_V4qzupkfa\W]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca
]caV]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca!qIB*z\Z`ngU?$|}xsnid_Z]c]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca!_88mLLd1~X^}xsnid_Z]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!^l(oNTb(*4vil
WRm|wrmhc^Y]]ca]ca]ca]ca]ca]ca]ca]ca]caU]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! O\`9-|dx
M{vqlgb]X]]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]ca]ca]ca]ca]caU]ca!MvntlUK*0>FcK6
z!~!$$%'g(m(}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!m({()),g-Q...0001^111C2223m3
33C44445E555
6766}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!666C7l7r777(8]8889a999+::::;];
;<j<<"=l===O>j>>>}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!>>>7????4@i@@AYAAB(B|BB
C8CCCDYDDETEEEGFFF#GlGG}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!GGGH9HHHIHIIIEJ{J
J'K1K4KDYDDETEEEGFFF#GlGG}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]caWqgH)y#M10%'o&'(
)-S!10%'o&'()-S t10%'o&'()-
10%'o&'()-#10%'o&'()-"10%'o&'()-'10%'o&'()-'lIdE)y#M10%'o&'()f`610%'o&'()-3
M10%'o&'()-,,G10%'o&'()-s*T
10%'o&'()-S(M10%'o&'()-Y'10%'o&'()-Ik~\=y#M10%!10%&'()-m!!10%&'()-m!!10%::&
'()-m'10%&'()- 10'o 10'o 10'o8Z10%'o&'()- %!"wU6+= 10f;
s10%&'()-!Mf(m"10%ee&'()-Z!Hf(m"10%``&'()-Z!f(m"10%RR&'()-Z!t!10%&&&'()-!~!
10%&'()-"#$2}EmN/s 10%`&'()-@,10%`&'()- 10%`&'()-@Y10%`&'()-
@S10%`&'()-'10%`&'()- 10 



109ldEmN/s 10%`@L
10%`&'()-@Y10%`&'()-310%`&'()-@310%`&'()-@,10%`&'()-@310%`&'()-2rdEmN/s
10%`&*10%`&'()-l(z10%`&'()-&z10%`&'()-%"10%`&'()-@f#10%`&'()-!10%`&'()-NdEm
N/s 10%`l410%`&'()-2G10%`&'()-0M10%`&'()-,@/
10%`&'()--&10%`&'()-+310%`&'()-OQRSTbbCs 10%  10%t&'()-'10%t&'()- 10` 10`
10`&;s10%`&'()-710%`&'()-63"10%`&'()-
(xRwX6bC!&!10%00&'()-Y"10%tW&'()-!`Y"10%&'()-!Y"10%&'()-!6& 10%&'()-!&
10%@@&'()-}rg\=!9'10%&'()- 10t 10t 10tS;
10%t&'()-!Dy/!10%0"0"&'()-!y/!10%''&'()-&!10%t&'()-&zQdEg\=!10%&'()-LM!10%&
'()- m10%&'()-3 S10%&'()-y10%&'()-10%&'()-=!d!!dEg\=!
&410%&'()-S@#10%&'()-10%&'()-S`!10%&'()-
F10%&'()-f10%&'()-!!N"""L##dEg\=!0M10%&'()-
,/10%&'()-Ss-Y"10%&'()-+10%&'()-*10%&'()-Y(10%&'()-###L$M$N$O$]$Z%bC!10%&'(
)-'10%&'()- 10 10 10S79!10%&'()-
610%&'()-210%&'()-Z%&3'n()#*`+z[9bC!!,f/m"10%&'()-,m"10%&'()-F!`,m"10%&'()-
F!,m"10%&'()-F@sY"10%]&'()-!@sY"10%}}&'()-`+,,,,,,..~_@!!@10%(&'()-
s10%(&'()-f&10%(&'()- 10 10 10@;10%&'()-!H,f/m"10%&'()-.1
11111035~\:!!!10%BB&'()-!s10%BB&'()--S&910%B&'()- 10( 10(
10(:s10%(&'()-!Y!z
10%((&'()-555555?66J8_=!!!!y4"10%""&'()-!y4"10%""&'()-,L10%&'()-s'10%&'()- 



10B 10B 10BY; 10%B&'()-J8X89!:;\;<z[9_=!!`0m"10%55&'()-y) "10%&'()-'!y)
"10%55&'()-'!`G"10%''&'()-s!G"10%"h"h&'()-sy4"10%&'()-<<<<<<=E>>_@!!9!10%&'
()-!;9!10%&'()-`'10%&'()- 10 10
10&:s10%&'()-`0m"10%{&'()->?(@eABC2DzX6_@!R@0!10%&'()-!Q,!10%&'()-!n,!10%&'
()-!,!10%&'()-@& "10%&'()-!@& "10%jj&'()-2DEEEEEE^EE~_@!R-10%&'()-
310%&'()- L'10%&'()- 10 10
10:s10%&'()-!L@0!10%&'()-EEKFFFFGRGdE~_@!R10%&'()-F10%&'()-`Z10%&'()-
10%&'()-@10%&'()-F M10%&'()- RGGG1IIItJdE~_@!R& 10%&'()-%310%&'()-ff#
10%&'()-10%&'()-f3"10%&'()- 310%&'()-tJJKDKKK.LdE~_@!RY410%&'()- 2:10%&'()-
0m10%&'()--Z10%&'()-S+ 10%&'()-&*10%&'()-.LxLLLLLLLEMbC!Ry
G10%:&'()-s',10%:&'()- 10 10 10,;
10%&'()-710%&'()-S610%&'()-EMMrOOPMRR}[9bC!!MF%3"10%&'()-!iF%3"10%&'()-f
10%:&'()-9!10%:&'()-!9!10%&'()-!9!10%&'()-RSSSSSST>U~_=!!!1L!10%kk&'()-z&'1
0%:&'()- 10: 10: 10:@;10%:&'()-2 10%:&'()-!2
10%&'()->U%VV>XXYYwU6~_=(!10%:&'()-&!(!10%&'()-&!i3"10%&'()-S!s3"10%&'()-S!
3"10%--&'()-S!1L!10%k%k%&'()-zY[[[[[[[\{\=@10%:&'()-L'10%:&'()- 10: 



10: 10:&@;10%:&'()-!Mf/"10%ZZ&'()-!f/"10%&'()-\\G]]]^`^dE{\=Y
10%:&'()-@10%:&'()- 3@10%:&'()-@S10%:&'()-
@10%:&'()-910%:&'()-`^^^^(_J__dE{\= "Y10%:&'()-&!10%:&'()-
310%:&'()-@10%:&'()- ,10%:&'()-,
10%:&'()-___`^```dE{\=@+10%:&'()-@`*10%:&'()-(10%:&'()-@L'y10%:&'()-
%s10%:&'()-@9$y10%:&'()-`(a|aaaMbObaB{\=S&(M10%:&'()-`@3310%:&'()-!,010%ff&
'()-010%:e&'()-@/10%:&'()- -10%:&'()-ObRbSbTbUbcbbb*c];
!y!10%::&'()-`!!10%&'()-` y'!10%?&'()-`'10%4|&'()- 10: 10: 10:610%:&'()-*c
d{ddRee gwU3];
!!M!10%||&'()-,!!M!10%4]4]&'()-,!!10%&'()-`!j!10%||&'()-`!!10%&'()-`!!10%&'
()-` gYghoirisitiuii}rg\=!s',10%-u&'()- 104| 104| 104|,,;
10%4|&'()-!Q-`!10%jj&'()--!-`!10%||&'()--!M!10%4&'()-,ijjklmmowX6g\=!!%!10%
uu&'()-3"10%-&'()-!o3"10%uu&'()-!3"10%uu&'()-!6F !10%cc&'()-!6F
!10%cucu&'()-oaop~qqqqqq}rg\=!!&'10%\&'()- 10-u 10-u 10-u3;10%-u&'()-!Q
.Z"10%&'()-@!
.Z"10%&'()-@%!10%-&'()-qrr<ss+ttdBg\=!!!SF10%g_g_&'()-@@10%\&'()-S,m10%\&'(
)-z@10%\&'()-`10%\&'()-S&10%\&'()-t
unuuvXvvdEg\=!!!S#310%\&'()-zSF"10%\&'()- 10%\&'()-S
10%\&'()-SM10%\&'()-Sm10%\&'()-vHwww'xyxxdEg\=!!!f&010%\&'()-S.
10%\&'()-S-10%\&'()-
+f10%\&'()-(z10%\&'()-S&Y10%\&'()-xyhyiylymynyoy}yxmbC!!!'10%M&'()- 10\ 10\



10\L610%\&'()-&'M10%\&'()-`fL310%\&'()-110%\&'()-}yzz{{|Y|dEmbC!!!10%M&'()-
,,10%M&'()-,10%M&'()-g 10%M&'()-9L
10%M&'()-,Z10%M&'()-Y|}}2~~naBmbC!!,)10%M&'()-!p&10%MM&'()-f#G10%M&'()-y"10
%M&'()-y 10%M&'()-@ 10%M&'()-5"%&'dE:/ 10M
10Ml&610%M&'()-,310%M&'()-1s10%M&'()-,010%M&'()-,.10%M&'()-
,m10%M&'()-'(6wi xY:/
10M,,10%M&'()-z,G10%M&'()-,g10%Mh&'()-9s10%M&'()-,10%M&'()-`'10%M&'()- 10M
_%ndE:/ 10M,  10%M&'()-
10%M&'()-,z10%M&'()-,fM10%M&'()-,10%M&'()-@s10%M&'()-SaB:/
10M,110%M&'()-0@10%M&'()-,)10%M{&'()-!t&10%MM&'()-g,#410%M&'()-z3"
10%M&'()-hklmn|_= 10M!9s10%EE&'()-m !9s10%@@&'()-m 9'10%:&'()- 10M 10M
10MYL610%M&'()-,9310%M&'()-1<"wU3_= 1!' 10%&'()-!t' 10%&'()-!'
10%E6E6&'()-!pL310%&'()-!fL310%&'()-!pL310%@@&'()-"%&'(6 bC 1!'
109G10%"&'()-10%"&'()-z :10%"&'()-'10%"&'()- 10: 10: 10:610%:&'()- *L#^?bC
1!93"10%"&'()-!y93"10%SS&'()-10%"&'()-S910%"&'()-3!10%""&'()-10%&'()-#3z(dE
bC 1!#10%"&'()-9!`10%"&'()-,  10%"&'()-10%"&'()-10%"&'()-&10%"&'()-( 



>JMNwX9.C 10"f;10%"&'()-8310%"&'()-!H9F1 "10%22&'()-!9F1
"10%""&'()-!M&'"10%""&'()-!&'"10%&'()-NOP^.}dBC
10"!fl10%&'()-!al10%&'()-!910%22&'()- !910%;;&'()- `'10%:&'()- 10"
10"}e#z[9BC 10"!p0310%22&'()-3-&10%:&'()-!`' 10%;n;n&'()-`' 10%:&'()-!`'
10%SS&'()-!`' 10%;;&'()-#nqrstbC 10"!pFLs!10%g&'()-s10%g&'()-'10%g&'()- 10:
10: 10:Y610%:&'()-0310%:&'()-3Q*dEbC 10"!p 10%g&'()-Y10%g&'()-9`10%g&'()-
f10%g&'()-L` 10%g&'()-Fs10%g&'()-*uVhdEbC 10"!p
&10%g&'()-&$m10%g&'()-@#10%g&'()-&!10%g&'()- 10%g&'()-9&10%g&'()-hVdEbC
10"!p`210%g&'()-`010%g&'()-L,/10%g&'()--10%g&'()-
*10%g&'()-&Y(@10%g&'()-Q^abcdrxmbC 10"!p'10%&'()- 10g 10g 10g;10%g&'()-
710%g&'()-6G"10%g&'()-LY410%g&'()-r.ydEmbC 10"!pl
m10%&'()-10%&'()-9t10%&'()-l 



10%&'()-l 10%&'()-  10%&'()-+}&idEmbC 10"!psf#Y10%&'()-
10%&'()-s&3"10%&'()-l10%&'()-10%&'()-10%&'()-O&rdEmbC
10"!p010%&'()-L/G"10%&'()- +10%&'()-&*10%&'()-l(10%&'()-
&10%&'()-ryorstudYNC 10"!p 10 10 10S;
10%&'()-`&910%&'()-710%&'()-510%&'()-y210%&'()-u41ydEYNC 10"!p &10%z&'()-
9,10%z&'()- 910%z&'()-`!10%z&'()-10%z&'()-'10%z&'()-y+~$dEYNC 10"!p
9)10%z&'()-&'10%z&'()- @&10%z&'()-"10%z&'()-&310%z&'()-yZ"10%z&'()- ${&w
dEYNC 10"!p 9S510%z&'()- 9310%z&'()-110%z&'()-
9.10%z&'()--"10%z&'()-9F+10%z&'()- rbC 10"!p`3 10%g&'()-s'10%g&'()- 10z 10z



10z,;10%z&'()-L810%z&'()-7"10%z&'()-jpjdEbC 10"!pLm10%g&'()- L@m10%g&'()-
!10%g&'()-L10%g&'()-`9l10%g&'()- & 10%g&'()-jbNdEbC
10"!pLF(10%g&'()-&10%g&'()-@#@10%g&'()-L10%g&'()-"10%g&'()-LFm10%g&'()-NL7d
EbC
10"!pLS210%g&'()-`010%g&'()-L.10%g&'()-L-G"10%g&'()-L+10%g&'()-L)10%g&'()-7
~$'()*8xmbC 10"!p&'10%-u&'()- 10g 10g 10gf;
10%g&'()-`910%g&'()-Y7F"10%g&'()-&510%g&'()-8@dEmbC
10"!p,m10%-u&'()-ZF!10%-u&'()-`10%-u&'()-l F 10%-u&'()-Z10%-u&'()-
Z10%-u&'()-Z}^?mbC 10"!p3"10%-u&'()-s910%-u&'()-sl10%-u&'()-
!&z10%&'()-M!&&z10%uu&'()-Ms10%-u&'()-*7#aBmbC 10"!ps9-
10%-u&'()-s+10%-u&'()-s)10%-u&'()-
!FSy#f10%susu&'()-Sy#f10%-u&'()-s!10%-u&'()-#&'()7bC 10"!psm10%O&'()-
M10%O&'()- s&10%O&'()- `'10%O&'()- 10-u 10-u 10-u f;10%-u&'()-g&/~\=bC
10"!&m10%O&'()-!+P l10%22&'()- 



!  l10%OO&'()-   l10%0&'()- `!10%O&'()- ,410%O&'()-(~hdEbC 10"!7
"10%O&'()-0m10%O&'()-,/ "10%O&'()--Z10%O&'()-`+10%O&'()-(G10%O&'()-hbC
10"!s10%&'()- 10%&'()-'10%&'()- 10O 10O 10O ;10%O&'()-L9m10%O&'()-Wga?bC
10"!!`Xs10%&'()-`L&10%&'()-'!T`L&10%SS&'()-'
y10%&'()-l)10%&'()-10%&'()-"#$dE:/  10 10;10%&'()-  310%&'()-Y3 10%&'()-1
10%&'()-
,&10%&'()-Ms10%&'()-$%3bLrP./!*m10%((&'()-Y!e3!10%((&'()-@!o3!10%((&'()-@!1
s!10%((&'()-Y 310%(&'()-s'10%(&'()- 10*{~_=!*m1! !10%OO&'()- `'10%O&'()-
10( 10( 



10(F;10%(&'()- 03"10%(&'()-`!C 03"10%((&'()-`{aO}[<~_=!*m$ "10%O&'()-!$
"10%OO&'()-Y!10%O&'()-!Y!10%OO&'()- !10%&'()- ! !10%OO&'()- _{\=!*m9Y
m10%g&'()-'10%g&'()- 10O 10O 10O @;10%O&'()-![- "10%OO&'()-!-
"10%OO&'()-_V4dE{\=!*m&f@10%g&'()- L 10%g&'()-3`!10%g&'()-``310%g&'()-`
310%g&'()- `310%g&'()-4qIdE{\=!*mL
G10%g&'()-&sZ10%g&'()-&-10%g&'()-l10%g&'()-&Z10%g&'()-
&10%g&'()-B*zdE{\=!*m+ "10%g&'()-9*Z10%g&'()-9l(Z10%g&'()-&10%g&'()-
f#10%g&'()-9!Z10%g&'()-z\ZdE{\=!*m&&910%g&'()- 5s!10%g&'()-L
4m10%g&'()-&f210%g&'()- L/g10%g&'()-9`-10%g&'()-Z]^_`ngbC!*mL10%g&'()-
3!10%g&'()-`F 10%g&'()-L'10%g&'()- 10g 10g 10g;10%g&'()-gU?dEbC!*m9
@10%g&'()-9`10%g&'()-10%g&'()-10%g&'()-Y10%g&'()-LS10%g&'()-$|dEbC!*m9*10%g
&'()-Y(10%g&'()-9&10%g&'()-9%10%g&'()-f#G"10%g&'()-!10%g&'()-_8dEbC!*m5m"10
%g&'()-L 410%g&'()-f210%g&'()-9/s10%g&'()-9`-10%g&'()-+G"10%g&'()-8bC!*m
F10%@&'()-'10%@&'()- 10g 10g 10g;10%g&'()-L&910%g&'()-
L710%g&'()-mLdEbC!*m!10%@&'()-L3m10%@&'()-syf10%@&'()-sm10%@&'()-Lm10%@&'()
-ZFss!10%@&'()-LddEbC!*mL$m10%@&'()-,#10%@&'()-s!10%@&'()-Lm10%@&'()-
s910%@&'()-sF10%@&'()-1~dEbC!*m`010%@&'()-.10%@&'()-9-10%@&'()-s)10%@&'()-L
3(10%@&'()-sy&10%@&'()-mDX[\]^l}rg\=!*m`'10%O&'()- 10@ 



10@ 10@f;10%@&'()-!L0s 410%&'()-!Cs
410%@@&'()-@2&10%@&'()-lD(z[9g\=!!m10%OO&'()-10%O&'()-!n& "10%OO&'()-M!&
"10%OO&'()-Ml!10%O&'()-!;l!10%BOBO&'()-(XoNQRSTwXMB7! 10O 10O 10OF;
10%O&'()-!M3+3"10%OO&'()-@!`3+3"10%OO&'()-@!` ,#f10%OO&'()- ! ,#f10%OO&'()-
Tb(*dEMB7! 10O 1lft10%O&'()-10%O&'()-Lz10%O&'()- 10%O&'()-3  10%O&'()-
s'10%O&'()-*4vildEMB7! 10O 110%O&'()-@ 10%O&'()-l@ 10%O&'()-sf10%O&'()- Y
10%O&'()-f10%O&'()- lW}^?MB7!
10+10%O&'()-*10%O&'()-!V0M!10%]O]O&'()-M!10%O&'()-!dM!10%kk&'()-S10%O&'()-W
RmtdBMB7!
10!C`s4F10%JJ&'()-y210%O&'()-0M!10%O&'()-010%O&'()-/`!10%O&'()-s-s10%O&'()-
t ~_@! 10&10%O&'()- 10%O&'()-'10%O&'()- 10O 10O 



10O;10%O&'()-!Xs4F10%OO&'()- O\`z[<~_@! 1010%2&'()-10%O&'()-!K10%RXRX&'()-
10%O&'()-!8,f 10%?O?O&'()-z!F10%OO&'()-9-|~_@~_@!
100'!10%O&'()-*10%O&'()-!&'!10%OO&'()-$10%O&'()-!q10%x7x7&'()-010%O&'()-|dd
YNC! 10 10O 10O 10OFy;10%O&'()-s9
10%O&'()-7&10%O&'()-610%O&'()-210%O&'()-M9z[9YNC!
!#&!10%&'()-!10%@&'()-!h!10%&'()-!!10%&'()-!  Z10%@@&'()-'10%@&'()-9x  {\:!
!!K 10%&'()-'10%&'()- 10@ 10@ 10@S;10%@&'()-!K29!10%&'()-!P#&!10%&'()-  M
vz[9{\:!
!,L!10%RR&'()-l'!10%&'()-F!Yl'!10%\\&'()-F!l'!10%WW&'()-F@!10%&'()-!@!10%DD
&'()-nqrst~_@! !&F10%&'()- l m10%&'()- s'10%&'()- 10 10 10@;
10%&'()-!),L!10%tt&'()-lUKdE~_@! !y 410%&'()- 



410%&'()-m10%&'()-Y@ 10%&'()-`F10%&'()-  310%&'()-K*-./0>xmbC! !@&10%H&'()-
10 10 10Y;10%&'()-%10%&'()-#G10%&'()-F3"
10%&'()->FwcKzX6mbC!!"10%HH&'()-F!y#10%&'()-!y#10%HH&'()-!y#10%YY&'()-!y#10
%&'()-10%H&'()-K6HwU6+C 10H<10%H&'()-!&*#10%HH&'()- !&*#10%&'()-
!&*#10%&'()- ! %#10%HH&'()-!s"10%HH&'()-F  "!z!~!jKC 10H<10%Lm10%5&'()-@
10%5&'()-@ 10%&'()-!"10%55&'()-Z@&10%5&'()- 10H 10H~!$$%L%%&'wU3KC
10!&&z#10%55&'()-!&&z#10%55&'()-!&&z#10%KK&'()-!&&z#10%&'()-!&
"10%55&'()-Z!#10%55&'()-'g(j(k(l(m({())~\:0!!  "10%55&'()-Y!
10%55&'()-S&10%5&'()- 105 105
105&<10%5&'()-!&5"10%55&'()-m)*b*,g-Q..wU6~\:0!s-S
10%&'()-!&&#10%55&'()-F!&!#10%55&'()-!&#10%55&'()-y!&#10%&'()-y!&#10%&'()-y
...000000uj_@0!,&10%\&'()- 105 105
105<10%5&'()-!&2"10%55&'()-&0m10%5&'()-s-S
10%5&'()-01^111C22dEj_@0!"10%\&'()-9 10%\&'()-M10%\&'()-
10%\&'()-g10%\&'()-G"10%\&'()-223m333C4dEj_@0!
10%\&'()-10%\&'()-F,10%\&'()-10%\&'()-410%\&'()-Y10%\&'()-C44445E55dEj_@0!l
(10%\&'()-%10%\&'()-f#10%\&'()-!10%\&'()- L10%\&'()-`"10%\&'()-55
676666dEj_@0!3410%\&'()-y2"10%\&'()-0 10%\&'()-/10%\&'()-s-g
10%\&'()-*10%\&'()-6C7l7o7p7q7r777bC0!S 10%\&'()-,&10%\&'()- 10\ 10\
10\<10%\&'()-L910%\&'()-7 10%\&'()-7(8]8889a9dEbC0!-#10%\&'()-910%\&'()-
&10%\&'()-Z10%\&'()-y10%\&'()-!10%\&'()-a999+::::dEbC0!10%\&'()-Y10%\&'()-"
10%\&'()- 10%\&'()-S10%\&'()-&!10%\&'()-:;];;<j<<dEbC0! %!10%\&'()-f#
10%\&'()-!@ 10%\&'()-
"10%\&'()-`10%\&'()-10%\&'()-<"=l===O>j>dEbC0!0L10%\&'()-,/
10%\&'()-+10%\&'()-*Y10%\&'()-l(Z10%\&'()-&"10%\&'()-j>>>>>>>>7?bC0!'10%H&'
()-@&10%H&'()- 10\ 10\ 10\<10%\&'()-5s10%\&'()-34 10%\&'()-7????4@i@@dEbC0!
10%H&'()-Y 



10%H&'()-10%H&'()- &10%H&'()-S- 10%H&'()-310%H&'()-@AYAAB(B|BdEbC0!3
10%H&'()-y910%H&'()-M!10%H&'()-10%H&'()-s10%H&'()-!10%H&'()-|BBC8CCCDdEbC0!
@#Z10%H&'()-!@10%H&'()-m10%H&'()-9
10%H&'()-M10%H&'()-"10%H&'()-DYDDETEEEdEbC0!&L-10%H&'()-&+S#10%H&'()-*10%H&
'()-F(10%H&'()-&!10%H&'()-$`!10%H&'()-EGFFF#GlGGdEbC0!&&910%H&'()-l7t10%H&'
()-4 10%H&'()-S2-#10%H&'()-&0
10%H&'()-/10%H&'()-GGGGGGH9HHbC0!`10%H&'()-y&10%H&'()-S10%H&'()-@&y10%H&'()
- 10H 10H 10H;
10%H&'()-HHIHIIIEJdEbC0!10%H&'()-"10%H&'()-10%H&'()-10%H&'()-10%H&'()-
10%H&'()-EJ{JJ'K1K4KdEbC0!10%H&'()-y<10%H&'()-f#10%H&'()-!!10%H&'()-
10%H&'()-10%H&'()- Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c"
"Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c"
"Heading 93]c"A "Default Paragraph
Font#SN!).29BIPXT_tfnnv'~m'Osct)($_]Ss/l%-q4;
D4HLNPRTVXZ\^`bdfhjlnprtvxz|~!<Oa'x(obq^Mm(6>G4KI"!#Z%`+.5J8<>2DERGtJ.LEMR>
UY\`^_`Ob*c gioqtvx}yY|' " #(N}#*hrruy$ jN78#h${_4zZgl(T*lWt |9
K>K~!').02C4567a9:<j>7?@|BDEGHEJ4K   !"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxy6Times New
RomanArialCourier New"h Root EntryWordDocument
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 




