
;e3ehT9e445D6R.7869TT9IV D._   DIE SUPPORT STRUCTURE BACKGROUND OF THE
INVENTION The invention relates to a method of forming a packaged
semiconductor 5 device and the resulting structure. DESCRIPTION OF RELATED
T In some types of semiconductor die packaging a die is secured to the 10
15 2o surface of a die support structure. Electrical connections are made
between the die and the support stricture. The die, electrical connections,
and at least a part of the support structure are covered with an
encapsulating material to form a semiconductor package. Leads extend from
the package for electrical connection to any eternal circuit. The package
is generally secured to a printed circuit board or other mounting substrate
when in use. One method of reducing the thickness of a conventional
semiconductor device package is to use a thin die support structure. A
thin. support structure is generally about 50 microns to 75 microns thick
while a conventional support stricture is typically about 200 microns
thick. However, a thin support structure is typically about 100 % more
expensive than a conventional thicker structure and thus increases the cost
of packaged semiconductor devices. Another disadvantage of a thin support
structure is that during Fabrication the thin structure flexes and/or bows
more than a thicker stricture. This bowing or flexing can weaken the
strength of the   -, die's attachment to the structure as well as damage
fragile electrical contacts between the die and support structure. Yet
another disadvantage of a thin support structure is its limited ability to
secure and support multiple dies on a single support structure. One method
of 5 constructing multiple die assemblies on a conventional support
structure is to stack dice vertically. U.S. Patent number 5,994,166 issued
November 30, 1999, to Salman Akram and Jerry M. Brooks discloses a
semiconductor package with two die vertically stacked on opposing sides of
a substrate. However, if multiple semiconductor dies are vertically stacked
on a substrate the height of the 10 packaged semiconductor devices
increases. If on the other hand, multiple 



semiconductor dies are mounted horizontally side by side on a support
structure, both the thickness and area of the support stricture must be
increased to support the multiple dies which results in larger packaged
semiconductor devices. Thus, conventional techniques for securing multiple
dies to a single support structure 15 increase the dimensions of packaged
semiconductor devices. It would be advantageous to have a semiconductor
support structure that can secure and support multiple semiconductor dies
which will results in a smaller dimensions semiconductor packages than
conventional techniques while reducing the cost of the die support
structure. 20   3 SUMMARY OF THE INVENTION The invention provides a
packaged semiconductor structure in which multiple semiconductor dies are
secured to a common support structure. In an exemplary embodiment, a
mufti-layered support structure is formed. The 5 support structure has a
central cavity with an open surface at the top and a die support bottom
surface. An aperture with a perimeter smaller than that of the central
cavity is formed from the bottom exterior of the support structure to the
central cavity. A first semiconductor die is supported and secured to the
cavity bottom surface. The first die is electrically connected to the
bottom surface of to the support structure-by electrical connections, e.g.,
wire bonds, which extend from the die through the aperture to electrical
contact areas on the bottom exterior surface of the support structure. A
second semiconductor die is secured on the top surface of the support
structure and electrical connections are made between the second die and
electrical contact areas on the bottom exterior 15 surface of the support
structure. The dies, electrical connections and structure cavity are
encapsulated with encapsulating material to form a packaged semiconductor
assembly.    BRIEF DESCRIPTION OF THE DRAWINGS These and other advantages
and features of the invention will be more readily understood from the
following detailed description of the invention which is provided in
connection with the accompanying drawings. 5 Figure 1 is a top view of a
semiconductor support structure of the invention Figure 2 is a
cross-sectional view of Figure Z; 



Figure 3 is a top view of a semiconductor support structure of the
invention after a first semiconductor die has been secured inside a cavity
of the support 10 structure; Figure 4 is an cross-sectional view of Figure
3; Figure 5 is a top view of a semiconductor support structure of the
invention after a second semiconductor die has been secured to the top of
surface of the support structure; 15 Figure 6 is a cross-sectional view of
Figure 5; and Figure 7 is a cross-sectional view of a semiconductor support
stricture of the invention after the semiconductor dies have been
encapsulated   5 D P F I V P ~ V bI 'T The invention will be described as
set Forth in the exemplary embodiments illustrated in Figures 1-7. Other
embodiments may be utilized and structural changes may be made without
departing from the spirit or scope of the 5 invention Figure 1 illustrates
a top view of a semiconductor support structure l00 of the invention.
Figure 2 is an cross-sectional view of Figure 1 taken at line II-II. The
support structure 100 has a top surface 20, exterior perimeter 22, a cavity
42 with interior perimeter 35 and bottom surface 40. An aperture 50 with
interior to perimeter 36 is provided in bottom surface 40. The interior
perimeter 36 of aperture 50 is smaller in size that the interior perimeter
of cavity 42 to form bottom surface 40. The support stricture 100 is formed
of five thin stacked layers 30-34 as shown in Figure 2. In an exemplary
embodiment, the structure 100 is formed of stacked layers of any suitable
semiconductor die support ~s material, such as, for example, Bismaleimide
Triazine (BT) which may be used for all five layers 30-34. It is to be
understood that the illustration of a five-layer structure 100 is exemplary
and that the Support structure 100 could be constructed with less than or
more than five layers. The support structure 100 is fabricated by securing
the 20 five layers 30-J4 to each Other using techniques well known m the
art, for   6 example, with adhesives. The total structure thickness and
number of layers is based on the thickness of a die which will be mounted
within cavity 42 Fund the required spacing for various electrical contacts.
The support structure 100 can be of any dimension (height, length, or
width) suitable for mounting 



5 semiconductor dies. An exemplary thickness T for support structure 100 is
about 500 microns or less and an exemplary depth D of cavity 42 is 400
microns or less. It is to be understood that each layer as shown in Figure
2 could be made of a multi-layer laminate as well. One technique for
fabrication of the support structure 100 is described 1o below. Central
layer 32 is formed of film of about 200 microns thickness, but larger and
smaller thickness are possible. Central layer 32 can also be made of
multiple layers, such as a mufti-layer laminates. The other layers 30-3I,
33-34 thickness can be sized based on the dimensions of the die 60 (Figures
3 and 4) and the desired overall package thickness. It is to be understood
that the 15 exemplary layers 30-34 can comprise similar or different
material and can vary in thickness from each other. Second layer 33 is
secured above central layer 32. Fourth layer 3I is secured below central
layer 32. First layer 34 is secured above second layer 33. Finally fifth
layer 30 is secured to fourth layer 31. It is to be understood that the
method of stacking or fabricating the support structure 100 20 layers 3O-34
and/or method of securing the layers 30-34 can vary without limiting the
scope of the invention.    One advantage of using a conventions Layer
thickness of, for example, 200 microns for central Layer 32 is that such a
conventional layer thickness is commonly available at a lower cost than a
thinner material layer. In an exemplary embodiment, the layers 30- 34
contain interior electrical paths 90 5 through the various layers and
providing electrical paths 90 for the semiconductor dies 60, 80 (Figure 71
from the structure's top surface 20 down to the structure's bottom surface
37. It is to be understood that external electrical paths (not shown)
located on the surface of layers 30-34 are also possible either adjacent to
the cavity's interior perimeter 35 or along the exterior to perimeter 22 of
the structure 100. Also the die 60 (Figure 4), while shown as connected by
wire bottom to electrical contact areas 76 provided on layer 30, can also
connect to the electrical contact areas 76 through conductive vias internal
to the layer 30. An open cavity 42 is formed by layers 30-34 which define a
cavity perimeter 15 35 and a bottom surface 40. The cavity 42 can be any
suitable shape. An aperture 50 is shown formed in the fifth layer 30, i.e.,
which extends from bottom surface 37 to the cavity 42. The aperture 50 has
an aperture perimeter 36 which is smaller than the cavity perimeter 35 to
provide a mounting surface for die 60. The cavity 43 and aperture 50 can be
formed using techniques well 2o known in the art, such as milling.
Alternatively preformed layers having holes 



therein cm be stacked to form the support structure 100, having cavity 42
and   Substitute Sheet - 8 - - 7 January 2003 aperture 50. It is to be
understood that the cavity depth D could be varied without limiting the
scope of the invention. The cavity depth D is sized based on the thickness
of the semiconductor die 60 (Figure 4) secured inside the cavity 42. An
exemplary dimension for cavity depth D is about 250 microns or less.
Aperture 50 can be any 5 suitable shape. Aperture 50 is sized to provide a
die support surface 40. The dimensions of aperture 50 will vary depending
on the dimension of the first semiconductor die 60 and the necessary
clearance for proper die 60 operation or for electrical connection. It is
to be understood that aperture 50 is optional and is an exemplary way of
providing an electrical contact path between the die 60 and structure '10 ~
100. After support structure 100 is fabricated as shown in Figures 1 and 2,
a semiconductor die 60, shown in Figures 3 and 4, is secured to bottom
layer 30, such as, for example, by adhesive layer, bonding tape or solder
balls 70, using techniques well known in the art. It is to be understood
that more than one semiconductor die 60 can 15 be secured inside the cavity
42, such as two dies 60 stacked on top of each other or side-by-side on the
bottom surface 40. In an exemplary embodiment, semiconductor die 60 is a
board-on-chip (BOC), where a chip has electrical contact areas formed on
the chip surface and the chip is directly bonded to a support surface, such
as, a printed circuit. The semiconductor die 60 is electrically connected
74 to electrical contacts 20 areas 76, such as, for example, bond pads, on
the bottom surface 37 of support structure 100. In an exemplary   9
embodiment, wire bonds 74 extend from the die 60 electrical contact areas
72 through aperture 50 to the support structure electrical contact areas
76. It is to be understood that various materials, types, methods,
techniques, and locations For electrical contacts areas 72, 76 and
electrical connections 74 are possible and 5 that the wire bonds disclosed
above and shown in Figure 4 are only exemplary of one way of electrically
connecting die 60 to electrical contact areas 76 provided on the bottom
surface 37. After semiconductor 60 is electrically connected to the support
structure 100, a second semiconductor die 80 (Fig fires 5-6) is secured to
the top surface 10 20 of the support strucutre 100 by connections 83. In an
exemplary embodiment the second die 80 is a flip chip, a chip or package
where bumps or connecting metal are formed on the chip surface and the chip
is flipped over for 



soldering to a support surface, and is secured by a solder ball connections
8 3 to electrical contact areas 84 located on the top surface 20 of support
structure 100. 15 The second die 80 is arranged to align with various
electrical contact areas 84 which are in electrical communication through
electrical vias 90 through layers 30-34 to electrical contact areas 76 on
the structure bottom surface 37. It is to be understood that the electrical
contact areas between die 80 and the structure bottom surface 37 could also
be by external conductors on the sidewalls 22, 35 20 of the support
structure 100.   Substitute Sheet - 10 - - ~ January 2003 Figure 7 shows a
packaged semiconductor assembly 110 after an encapsulation material 94 has
been deposited in cavity 42 and aperture 50 and beneath die 80. The
encapsulation material 94 can be any well know material suitable for
semiconductor assemblies. The encapsulation material 94 can be selected to
provide under fill support 5 for the second semiconductor die 80 as well as
to reduce the coefficient of thermal expansion between the dies 60, 80 and
structure 100. The encapsulation material 94 is shown covering electrical
contacts 74, 83 of the die 60, 80. It is to be further understood that the
encapsulation process could be broken into two steps, a first step after
the first semiconductor die 60 is secured to the structure 100 and before
the 10 second die 80 is secured.' And a second step after the second
semiconductor die 80 is secured to the structure 100. After the
encapsulation material 94 is deposited, additional electrical contact areas
92 can be added to the semiconductor assembly 110, on electrical contact
areas 76 such as a fine ball grid array along the bottom surface 37 of the
structure 100. It is to be understood that multiple packaged semiconductor
15 assemblies 110 can be formed in a large structure and singulated after
fabrication, or at any intermediate stage of fabrication. Having thus
described in detail the exemplary embodiments of the invention, it is to be
understood that the invention defined by the appended claims is not to be
limited by particular details set forth in the above description as many
apparent 20 variations thereof are possible without departing from the
spirit   11 or scope of the invention. Accordingly, the above description
and accompanying drawings are only illustrative of exemplary embodiments
which can achieve the features and advantages of the invention. It is not
intended that the invention be limited to the embodiments shown and
described in detail herein. The invention is only limited by the scope of
the following claims.  



Substitute Sheet - 12 - - 7 January 2003 What is claimed as new and desired
to be protected by Letters Patent is: 1. A die support structure
comprising: a bottom and sidewalls extending from said bottom, said bottom
and sidewalls defining a cavity, said bottom having an aperture therein,
said aperture having a 5 smaller perimeter than said cavity, said sidewalls
defining an upper die support surface which has an opening therein, said
bottom defining a lower die support surface, and said cavity extending from
the opening to said lower die support surface, wherein a top surface of
said upper support surface is adapted to support at least one die; and 10 a
top surface of said lower die support surface is adapted to support at
least one die within said cavity. 2. The die support structure of claim 1,
wherein said support structure further comprises a plurality of laminated
layers which form said bottom and sidewalls. 3. The die support structure
of claim l, wherein said support structure has a 15 conductive path from
said upper die support surface to said bottom. 4. The die support structure
of claim 3, wherein said conductive path is internal to said sidewalls. 5.
The die support structure of claim 3, wherein said conductive path is
external to said sidewalls. 20 6. The die support structure of claim 1,
further comprising electrical contact areas   Substitute Sheet - 13 - - 7
January 2003 on said support structure bottom surface. 7. The die support
structure of claim 6, further comprising solder balls connected with said
electrical contact areas. 8. A semiconductor assembly comprising: 5 a die
support structure wherein said support structure has a cavity, said cavity
being defined by, an upper die support surface which has an opening
therein; and a lower die support surface having an aperture therein, said
aperture having a smaller perimeter than said cavity, said cavity extending
from said opening to said 10 lower die support surface; and at least one
semiconductor die secured, within said cavity, to a top surface of said
lower die support surface. 9. The semiconductor assembly of claim 8,
wherein said support structure further comprises a plurality of laminated
layers. 15 10. The semiconductor assembly of claim 8, wherein said support
structure has a 



conductive path from said upper die support surface to an opposing side of
said support structure. 11. The semiconductor assembly of claim 10, wherein
said conductive path is internal to said support structure. 20 12. The
semiconductor assembly of claim 10, wherein said conductive path is
Substitute Sheet - 14 - - 7 January 2003 external to said support
structure. 13. The semiconductor assembly of claim 8, wherein said support
structure has electrical contact areas on said support structure bottom
surface. 14. The semiconductor assembly of claim 13, further comprising
solder balls 5 connected with said electrical contact area. 15. The
semiconductor assembly of claim 8, wherein said at least one semiconductor
die is a board-on-chip. 16. The semiconductor assembly of claim 8, wherein
said at least one semiconductor die is electrically coupled to said support
structure. 10 17. The semiconductor assembly of claim 8, wherein said at
least one semiconductor die is electrically coupled to said support
structure. 18. The semiconductor assembly of claim 17, wherein said at
least one semiconductor die has at least one wire bond extending from said
die to at least one electrical contact area on said support structure. 15
19. The semiconductor assembly of claim 18, wherein said at least one wire
bond extends from said at least one die through said aperture to said at
least one electrical contact area. 20. A semiconductor assembly comprising:
a die support structure wherein said support structure has a bottom and
sidewalls   Substitute Sheet - 15 - - 7 January 2003 extending from said
bottom, said bottom and sidewalls defining a cavity, said bottom having an
aperture therein, said aperture having a smaller perimeter than said
cavity, said sidewalls defining an upper die support surface which has an
opening therein and said bottom defining a lower die support surface, said
cavity extending from the 5 opening to said lower die support surface, each
of said upper and lower die support surfaces being adapted to support at
least one die; and at least one semiconductor die secured within said
cavity, to an upper surface of said lower die support surface. 21. A
semiconductor assembly comprising: 10 a die support structure wherein said
support structure has a cavity, said cavity 



being defined by an upper die support surface which has an opening therein
and a lower die support surface wherein said cavity extends from the
opening to said lower die support surface, said lower support surface
having an aperture therein, said aperture having a smaller perimeter than
said cavity; 15 at least one semiconductor die secured, within said cavity,
to a top surface of said lower die support surface; at least one electrical
connection between said at least one semiconductor die and said support
structure; and at least a portion of said semiconductor assembly
encapsulated with 20 encapsulation material. 22. A semiconductor assembly
comprising: a semiconductor support structure wherein said structure has a
cavity, said   Substitute Sheet - 16 - - 7 January 2003 cavity being
defined by an upper die support surface which has an opening therein and a
lower die support surface having an aperture therein, said aperture having
a smaller perimeter than said cavity, said cavity extending from said
opening to said lower die support surface; S at least one semiconductor die
secured, within said cavity, to a top surface of said lower die support
surface; and at least one semiconductor die secured to an upper surface of
said upper die support surface. 23. The semiconductor assembly of claim 22,
wherein said at least one 10 semiconductor die secured to said upper die
support surface is a flip chip. 24. The semiconductor assembly of claim 22,
wherein said at least one semiconductor die is electrically coupled to said
support structure. 25. A semiconductor assembly comprising: a die support
structure wherein said structure has a cavity, said cavity being 15 defined
by an upper die support surface which has an opening therein and a lower
die support surface having an aperture therein, said aperture having a
smaller perimeter than said cavity, said cavity extending from said opening
to said lower die support surface; at least one semiconductor die secured,
within said cavity, to a top surface of 20 said lower die support surface,
said die electrically coupled to said structure; at least one semiconductor
die secured to a top surface of said upper die support   Substitute Sheet -
17 - - 7 January 2003 surface, said die electrically coupled to said
structure; and 



at least a portion of said semiconductor assembly is encapsulated with
encapsulation material. 26. A semiconductor assembly comprising: 5 a die
support structure wherein said structure has a cavity, said cavity being
defined by an upper die support surface which has an opening therein and a
lower die support surface having an aperture therein, said aperture having
a smaller perimeter than said cavity, said cavity extending from said
opening to said lower die support surface; 10 at least one board-on-chip
secured, within said cavity, to a top surface of said lower die support
surface, said board-on-chip electrically coupled to said support structure;
and at least one flip chip secured to a top surface of said upper die
support surface, said flip chip electrically coupled to said support
structure. 15 27. A method of fabricating a die support structure for
supporting multiple dice comprising the steps of: providing a semiconductor
support structure having a top and bottom surface; providing a cavity in
said support structure, said cavity being defined by an upper die support
surface which has an opening therein, sidewalls, and a lower die 20 support
surface connected with said sidewalls, said cavity extending from said
opening to said lower die support surface; and providing an aperture in
said lower die support surface, said aperture extending   Substitute Sheet
- 18 - - 7 January 2003 from the support structure bottom surface to said
cavity, said aperture having a smaller perimeter than said cavity. 28. The
method of claim 27, wherein said support structure comprises a plurality of
laminated layers. 5 29. The method of claim 27, further comprising
providing a conductive path in said support structure from said upper die
support surface to the bottom surface of said support structure. 30. A
method of forming a semiconductor assembly comprising the steps of:
providing a die support structure having a top and bottom surface; 10
providing a cavity in said support structure, said cavity being defined by
an upper die support surface which has an opening therein, sidewalls, and a
lower die support surface connected with said sidewalk, said lower die
support surface having an aperture therein whereby said aperture has a
smaller perimeter than said cavity, and said cavity extending from said
opening to said lower die support surface; and 15 securing at least one
semiconductor die to said lower die support surface. 31. The method of
claim 30, wherein said at least one semiconductor die is a board 



on-chip. 32. The method of claim 30, further comprising the step of
electrically coupling said at least one semiconductor die to said support
structure. 20 33. A method of forming a semiconductor assembly comprising
the steps of:   Substitute Sheet - 19 - - 7 January 2003 providing a die
support structure having a top and bottom surface; providing a cavity in
said support structure, said cavity being defined by an upper die support
surface which has an opening therein, sidewalls which provide said upper
die support surface, and a lower die support surface, said cavity extending
from 5 said opening to said lower die support surface; providing an
aperture to said lower die support surface, said aperture extending from
the support structure bottom surface to said cavity, said aperture having a
smaller perimeter than said cavity; securing at least one semiconductor die
to said lower die surface; and 10 securing at least one semiconductor die
to said upper die support surface. 34. The method of claim 33, wherein said
at least one semiconductor die secured to said upper die support surface is
a flip chip. 35. The method of claim 33, further comprising the steps of at
least partially encapsulating said support structure with encapsulation
material. 15 3b. A method of fabricating a support structure for supporting
multiple dice comprising the steps of: forming sidewalls which extend from
a bottomwall, said sidewalls connected to said bottom wall having an upper
die support surface, said bottom wall having a lower die support surface,
said sidewalls and bottomwall defining a cavity for housing a 20
semiconductor die, and said bottomwall having an aperture wherein, said
aperture having a smaller perimeter than said cavity.   Substitute Sheet -
20 - - 7 January 2003 37. The method of claim 36, wherein said sidewalls
comprise a plurality of laminated layers. .AY .A.ANl.Af.Afl .AE .AY .A
.Au.A.A/.A2.A.A.Ar.A.Ar.AE.ASn .A57}
ZK1lVYmzupkfa\W]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]c^a]ca]ca]ca]c<^a]c<aU]c<a]ca]cRa! 



W   @3 h
6k_O>|wrmhc^Y]]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]ca!Ua=!fh~[gZH|wrmhc^X]U]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]c^a]ca!+{5)yZgXG
;!!!!{vqlgb]X]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca!!"J"""+#r##$X$$$L%%%%I&&&2'''#(K((
(I)))7***7+B+}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!B+++:,,,8---=..../S///I0000
P1115222/333"4q444}xsnid_Z]]]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]ca]ca!4 5^556_667]77
8Z889]9990:::; ;o;;<_<<<
=1=~==+>>}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!>>%?)????7@@@!A1AAAABDBBBB6CHCC
C*DLDDD
E8EEEE:F}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!:F^FFFFKGGGHNHtHHHFIII&JYJJKK<KK
KLfLL McMMM
N6NN}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!NN0OOO
P*PyPPPP!QpQQQFRRRR#SpSSST\TTTUqUUV#VsVV}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!
VWEWWWWX\XXYZYcYY
ZZlZZZ[e[[\`\\\]]]y]]]4^^^^}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!^(_y__#`x``ai
araabRb{bbcaccc;
ddddEeeefXfffgeggh}xsnid_Z]]]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]ca]ca!h<hehhh`aiaraabRb{bbca
ccc;
ddddEeeefXfffgeggh}xsnid_Z]]]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]ca]ca7}aBY`10%Z&'()-
g10%Z&'()- YG10%&'()-!G10% M M&'()-10%Z&'()-10%Z&'()-
dE610%Z&'()-3+10%Z&'()-10%Z&'()- 10%Z&'()-310%Z&'()-s 10%Z&'()-
ZKdE9$10%Z&'()- !10%Z&'()- 10%Z&'()- f 10%Z&'()-& 10%Z&'()-
10%Z&'()-1ldE110%Z&'()-/310%Z&'()-L-- 10%Z&'()-+&10%Z&'()-( 10%Z&'()-
y&10%Z&'()-STUVYbC 10%`&'()-10%`&'()-SM10%`&'()- 10Z 10Z 10Z`6 10%Z&'()-
410%Z&'()-m W  dEbCg 10%`&'()- 10%`&'()-@ 10%`&'()-'!10%`&'()-- 10%`&'()- Y
10%`&'()-   @3dEbC&10%`&'()-L$f 10%`&'()-! 10%`&'()- 



10%`&'()-y 10%`&'()-&T10%`&'()- h      dE:/ 10` 10`f510%`&'()-13 10%`&'()-/
10%`&'()-`-10%`&'()- +10%`&'()-3(10%`&'()-    6xY:/ 10`&!10%M&'()-10%M&'()-
l 10%M&'()-10%M&'()-10%M&'()-,`10%M&'()- 10`k_dE:/ 10`910%M&'()-
y!10%M&'()-&10%M&'()-10%M&'()-@ 10%M&'()-S10%M&'()-O>dE:/ 10M
10M`-10%M&'()- +l10%M&'()-(!10%M&'()-&10%M&'()-L$10%M&'()-!g 10%M&'()-
UxY:/ 10M310%&'()-10%&'()-  s10%&'()-@m10%&'()-@10%&'()-`10%&'()- 10MadE:/
10M&$10%&'()-f 10%&'()- 10%&'()-310%&'()-10%&'()- 10%&'()-=!cdedE:/ 10
104&10%&'()-210%&'()-yS/M10%&'()-,Y10%&'()-)10%&'()-s'10%&'()-efh~[gxY:/
10910%&'()-10%&'()- F10%&'()-,'10%&'()-  10%v&'()-`10%&'()- 10gZHdE:/ 10
10%&'()-f:!10%&'()-F@ 10%&'()- 10%&'()-- 10%&'()-s&10%&'()-H+{dE:/
10/10%&'()-,,s10%&'()-y)!10%&'()- '10%&'()-l% 10%&'()-#10%&'()-5)bC
1010%M&'()- @`10%M&'()- 10 



10 10f`6- 10%&'()- 4 10%&'()-1 10%&'()- )yZdEbC 1010%M&'()-F 10%M&'()-,
10%M&'()-10%M&'()-`10%M&'()- 10%M&'()-gXdEbC
10L$10%M&'()-"10%M&'()-10%M&'()- y!10%M&'()-&10%M&'()-t10%M&'()-G   ;!!dEbC
101y 10%M&'()-/10%M&'()-`-y 10%M&'()-
+310%M&'()-("10%M&'()-&10%M&'()-!!!!!!"J""bC 10
10%t&'()-&10%t&'()-M10%t&'()- 10M 10M 10M6-10%M&'()-F4y
10%M&'()-""+#r##$X$dEbC
1010%t&'()-10%t&'()-310%t&'()-10%t&'()-10%t&'()-L10%t&'()- X$$$L%%%%dEbC
10&10%t&'()-@#s10%t&'()- 10%t&'()-G10%t&'()-Y!10%t&'()-
10%t&'()-%I&&&2'''dEbC
1034!10%t&'()-110%t&'()-/10%t&'()-L-10%t&'()-+10%t&'()-( 10%t&'()-'
(!("(#(K(((I){\= 10F "10%4|&'()- "10%4|&'()- !`#10%||&'()- !110%4|4|&'()-S
10t 10t 10ts610%t&'()-I)))7***7+dE{\=
10"10%4|&'()-"10%4|&'()-"10%4|&'()-,"10%4|&'()- S$10%4|&'()- "10%4|&'()-
7+B+++:,,,dE{\= 10($10%4|&'()-@&"10%4|&'()-$"10%4|&'()-!"10%4|&'()-
10%4|&'()-S10%4|&'()-,8---=.....dE:/ 104| 104|&6t10%4|&'()-3$10%4|&'()-
1"10%4|&'()-@/"10%4|&'()--"10%4|&'()-*"10%4|&'()-.../S///I0xY:/
104|f"10%/&'()-3f 10%/&'()-3L 10%/&'()- 3- 10%/&'()- 310%/&'()-`10%/&'()-
104|I0000P111dE:/ 104|fF 10%/&'()-f10%/&'()-Y10%/&'()-`S10%/&'()-Fs
10%/&'()-3  10%/&'()-15222/333dE:/ 104|fY`-
10%/&'()-F+10%/&'()-,(`!10%/&'()-Fy& 10%/&'()-F9$10%/&'()- 



F!- 10%/&'()- 3"4q444444 5_@ 104| 10%B&'()- !Qu&'10%KBKB&'()-S 10/ 10/ 10/
4 10%/&'()-Y110%/&'()-Y/ 10%/&'()- 5^556_667dE_@ 104|Y#10%B&'()- "10%B&'()-
@$10%B&'()-"10%B&'()- F #10%B&'()-  #10%B&'()- 7]77 8Z889dE_@
104|$"10%B&'()-!"10%B&'()-l"10%B&'()- ,$10%B&'()-"10%B&'()-"10%B&'()-
9]9990:::dE_@ 104|1"10%B&'()-,/"10%B&'()- - 10%B&'()-*10%B&'()-l($10%B&'()-
,&"10%B&'()- :;;;; ;o;;<bC 104|9 10%m&'()- 10%m&'()- 10%m&'()- 10%m&'()-
10B 10B 10B3`10%B&'()-<_<<<<<< =1=~_@ 104|10%4|&'()-m10%4|&'()-
!y,10%4|4|&'()-f 10m 10m 10m10%m&'()- 10%m&'()-1=~==+>>>%?dE~_@
104|10%4|&'()- yS 10%4|&'()-&"10%4|&'()- 



,t$10%4|&'()- "10%4|&'()-S10%4|&'()- %?)????7@@dE~_@ 104|)"10%4|&'()-
%10%4|&'()- #"10%4|&'()-  10%4|&'()-9$10%4|&'()- 10%4|&'()-@@!A1AAAAAAdE:/
104| 104|9$10%4|&'()- `610%4|&'()-4"10%4|&'()- 010%4|&'()-."10%4|&'()-
Y+10%4|&'()- AABDBBBB6CuV7/ 104fM$10% U&'()- `10% U&'()-f  10% U&'()-"10%
U&'()-  10% U&'()- !XS10% U U&'()-f 104|6CHCCC*DLDDdE7/ 104fM$s!10% U&'()-
F10% U&'()-"10% U&'()-10% U&'()- s10% U&'()-310% U&'()-DD E8EEEEdE7/
104fM$110% U&'()-."10% U&'()- 



f,$10% U&'()-@)G10% U&'()-&"10% U&'()- #10% U&'()- E:F^FFFFFFF_@ 104G
10%Z&'()-!g'10%;;&'()-S 10 U 10 U 10 U9$10% U&'()- `610% U&'()-  4"10%
U&'()-FKGGGHNHtHdE_@ 104Y10%Z&'()-  "10%Z&'()-f10%Z&'()-
"10%Z&'()-fm10%Z&'()- "10%Z&'()- tHHHFIII&JdE_@ 104)"10%Z&'()-
'"10%Z&'()-`$@10%Z&'()-"$10%Z&'()- @10%Z&'()- "10%Z&'()-&JYJJKK<KKKKdE:/
10Z 10Z9910%Z&'()-
610%Z&'()-310%Z&'()-1"10%Z&'()-@/$10%Z&'()-,10%Z&'()-KKKLfLL McMuV7/
10ZS$10%4|&'()- "10%4|&'()- l "10%4|&'()- ,"10%4|&'()- "10%4|&'()-
!af10%4|4|&'()-g 10ZcMMM N6NNNdE7/ 10ZS$ "10%4|&'()-L$10%4|&'()-
10%4|&'()-&10%4|&'()- , 10%4|&'()-@`10%4|&'()-N0OOO P*PyPdE7/ 



10ZS$Y .Z10%4|&'()-+'10%4|&'()-)$10%4|&'()- L'f10%4|&'()- %"10%4|&'()-
""10%4|&'()- yPPPP!QmQnQoQpQdYNC 10ZS 104| 104| 104|F:10%4|&'()-
810%4|&'()-4g10%4|&'()-Y 2Z10%4|&'()-L0:10%4|&'()- pQQQFRRRRaBYNC 10ZS@$10%
h&'()- M10% h&'()-  "10% h&'()-@"10% h&'()-"10% h&'()- !k@10% h
h&'()-gR#SpSSST\TdEYNC 10ZS!"10% h&'()-s10% h&'()- "10% h&'()-M10% h&'()-
10% h&'()-f 10% h&'()-\TTTUqUUVdEYNC 10ZS0"10% h&'()- -"10% h&'()-+$10%
h&'()-S)10% h&'()- '10% h&'()-#-10% h&'()-V#VsVVWWWWEWxmb@ 10Z!kS10% h
h&'()-@ 10 h 10 h 10 h&910% h&'()- 6@ 10% h&'()- 410% h&'()- S210%
h&'()-EWWWWX\XXdEmb@ 10Z!&"10% h&'()- Ss$10% h&'()- s10% h&'()- l '10%
h&'()-10% h&'()- 10% h&'()- XYZYcYY ZZdEmb@ 10Z!"z10% h&'()-y "10% h&'()-
0$10% h&'()-'10% h&'()-"10% h&'()- y"10% h&'()- ZlZZZ[e[[dEmb@ 



10Z!3110% h&'()- .10% h&'()- ,s10% h&'()-s*$10% h&'()- L'-10% h&'()-$10%
h&'()- [\`\\\\\\]xmb@ 10Z!6S10% h h&'()-S 10 h 10 h 10 hF:10% h&'()- 810%
h&'()- 5$10% h&'()- 3"10% h&'()-]]]y]]]4^^dEmb@ 10Z! "10% h&'()-@$10%
h&'()- 10% h&'()-S#10% h&'()- 10% h&'()- "10% h&'()- ^^^(_y__#`dEmb@
10Z!$"10% h&'()- Y""10% h&'()-  $10% h&'()- ,10% h&'()- 10% h&'()- 10%
h&'()-#`x``aiaraadEmb@ 10Z!4"10% h&'()- 0:10% h&'()-."10% h&'()-Y+!10%
h&'()- ,)10% h&'()-&"10% h&'()- abObPbQbRb{bbc~_@ 10Z ,10%&'()-   10%&'()-
!HXS '10%&'()-, 10 h 10 h 10 h9!10% h&'()-L610% h&'()-caccc;ddddE~_@ 10Z3
10%&'()- F"10%&'()-  @10%&'()- 10%&'()-3"10%&'()- 



3l "10%&'()- ddEeeefXfdE~_@ 10ZF3(10%&'()- F%"10%&'()- F"-10%&'()- F
"10%&'()-,SG"10%&'()-  s10%&'()-XfffgegghdE~_@
10Z,6$10%&'()-F4"10%&'()-F,2"10%&'()-  /10%&'()-
F-s10%&'()-@+$10%&'()-h9h:h;h<hehhh~_@ 10Z,6$10%&'@10%T&'()--#10%T&'()-
!t10%TT&'()-f 10 10 10F9@10%&'()- Normal" "Heading 13]c" "Heading 23]c"
"Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c"
"Heading 83]c" "Heading 93]c"A "Default Paragraph FontU e"%+189>CHoNTYQ_;
eejlnprtvxz|~!B+4>:FNV^hhIJKLMNOPQRSTU   egH)!"X$%'I)7+,.I013
579:<1=%?@A6CDEFtH&JKcMNyPpQR\TVEWXZ[]^#`acdXfhhVWXYZ[\]^_`abcdefghijklmnop
qrstuvwxyz{|}~6Times New RomanArialCourier New"h Root EntryWordDocumentT9
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


