
;ije3eZ2W$:6T2@I '27 AUG 2002 BACKGROUND OF THE INVENTION The present
invention relates to a chip carrier, and more particularly, pertains to a
chip carrier constituted of an organic laminate which incorporates
structure compensating for thermal deformation of the carrier Moreover, the
invention relates to a method of counteracting the thermal deformations
encounter by chip carrier especially during solder reflow, which is
predicated on the positioning of metal.-plated throughholes (PTH) formed in
the chip carrier. In considering the structure of chip carrier such as flip
chip attach carriers, especially those which. are constituted of organic
laminates, the positioning of the plated through-holes (PTH) which provide
for electrical interconnections between different printed circuit layers,
the mismatch which is present in the thermal expansion (CTE) between the
plated through-holes, in which the metal plating in the holes normally
comprises ' copper, and the organic laminate material of the printed
circuit board (PCB) or carrier, frequently results in both in-plane and
out-of-plane thermal deformations of the carrier during solder reflow
operations, which have    2 ? AU G 2002 '  2 az~ adverse effect on. the
reliability of the electrical connects at the locations of ball grid array
(BG.A) pads. In essence, the irregular or random spacings of the plated
through-holes (pTH) with regard to the ball grid array (BGA) pads has
evidenced that the closer the proximity of the plated through-hole to a HGA
pad, this considerably increases the thermal deformation of the chip
carrier at the location of the pad, adversely affecting product reliability
through potential. failures of the electrical connections at the pad
position as a consequence of warpage of the organic material of the chip
carrier. Although publications presently address themselves to various
problems associated with different types of arrangements of through-holes
and vias extending through chip carriers, these generally do not concern
themselves with compensating for thermal deformation stresses or strains
tending to deform chip carrier, especially during solder reflow due to
differentials or mismatches in the thermal expansion (CTB) which are
present between the plated through-holes (PTH) and that of the organic
laminate material of the chip carrier having the BGA pads thereon.
DISCUSSION OF THE PRIOR ART 



2 7 AU G 2002  3 Estes, et al., U.S. Patent No. 5,45~,,7~0 which discloses
a printed circuit board incorporating a thermal relief pattern in the form
of a plurality of through-holes surrounding a via which is constructed to
pass through a substrate consisting of an essentially organic laminate.
Although the plurality of aperture define a thermal relief pattern, there
is no disclosure of employing predetermined arrangements of plated
through-holes for controlling deformations produced in the substrate by
mismatches in the thermal) expansion (CTS) between plated through-holes and
organic laminate chip carrier which would hare a tendency to adversely
affect the integrity of electrical connections at ball grid array (HGA)
pads located on the surface of the chip carrier Kondo, et al., U.S. Patent
No. 5,600,884 discloses a method of manufacturing electrical connecting
members which incorporate recesses in spaced relationship with
through-holes and electrically conductive elements extending therethrough.
The recesses are positioned equidistantly intermediate the electrical
connecting members arid are arranged so as to reduce thermally generated
stresses which could conceivably damage or sever the electrically
conductive members.    2 7 AU G 2002 4 Chobot, et al., U.S. Patent No.
5,473,813 discloses methods for the forming of electronic multi-layer
printed circuit boards or cards and of an electronic packages incorporating
the foregoing structures. Although the circuit boards incorporate
through-holes in order to provide at least one thermal relief passage,
there is no disclosure of correlating the positioning of plated
through-holes (PTH) relative to ball grid array (gGA) pads or. an organic
laminate chip carrier so as to compensate for differentials in thermal
expansion (CTE) pending to warp ox deform the chip carrier and cause
possible damage to the electrical interconnections and adversely affect
their operative reliability. McAllister, et al., U.S. Patent No. 5,264,664
is directed to programmable chip to circuit board connections wherein
apertures are provided so as to be able to accommodate connections forming
a module. 



Igarashi, U.S. Patent No. 4,674,182 discloses the utilization of dummy
patterns in order to prevent the Warping of a printed circuit board
component caused by uneven stresses which are generated through differences
in thermal coefficients of expansion between the various employed
materials.    2 7 AUG 2002 5 Finally, Japanese Patent Pulication No.
60-16701 discloses an electrically stable microwave printed circuit board
having pin terminals shielded by providing through-hole structure adjacent
thereto. Although the foregoing publications are to varying _ degrees
indirectly or directly concerned with stress relieving arrangements, and in
some instances, those caused by mismatches in the thermal expansions (CTE)
between electrical, components or metallic components and organic laminate
material chip carriers, none of these concern themselves with correlating
the positioning of plated through-holes (PTH) relative to pads on an
organic laminate chip carrier wherein the pads support ball grid arrays
(BGA) so as to take into consideration thermal deformations of the organic
laminate chip carrier during solder reflow processes, which are caused by
mismatches in the coefficients or extent of thermal expansion (PTFi) of the
metallic-plated through-holes and the BGA pads positioned at predetermined
spacings relative thereto. SUMMARY OF THE INVENTION Accordingly, in order
to compensate for adverse thermal deformations of organic laminate chip
carriers as presently encountered in the prior art, the invention is   



2 7 AU G 2002 A 6 basically directed to, in a single manner, solving the
problems encountered in the effects of thermallygenerated stresses and
strains due to encountered by BGA pads the location relative thereto of
plated throughholes (PTH) in chip carriers, wherein the carriers are
generally of an organic laminate material and the ball grid array (BGA)
pads are located in proximity to the plated through-holes. Basically, due
to the presence of a mismatch in the coefficients or extent of thermal
expansion (CTB) between the plated through-holes, the latter of which may
be plated with copper or similar alloy materials, an investigation has
evidenced that by controlling the uniformity in the positioning or spacing
of the plated through-holes (PTH) relative to the locations of the BGA pads
on the organic laminate carrier, thermal deformations at the site of the
pads can be controlled or eliminated so as to provide for a higher degree
of reliability and long-term integrity of the electrical connections at
those pad positions. In order to accomplish the foregoing, pursuant to the
present invention, a plurality of plated through-holes (PTH) are positioned
equidistantly relative to contact (BGA) pads on a surface of a substrate
which comprises an organic laminate material, so as to be able to control
both in-plane and out-of-plane thermal deformations in   2 7 AU G 2002
the chip carrier material which may be occasioned in a solder reflow
furnace or oven. The equidistant positioning of the plated through-holes
relative to the BGA pads in comparison with the presently conventional
random or irregularly spaced placement of the plated through-holes in the
organic chip carrier has evidenced a significant improvement in the
distribution and resultant reduction of stresses and strains generated
caused by the differentials in the coefficients or extent of thermal
expansion (CTE) between the plated through-holes and the organic chip
carrier material supporting the BGA pads. Accordingly it is an object of
the present invention to provide a chip carrier which comprises a substrate
constituted of an organic material and which supports at least two contact
pads on a first surface with solder elements disposed on the contact pads:
and at least one hole which is a plated through-hole extending
substantially through the substrate with the hole being 



located essentially equidistantly between the two contact pads. A further
object of the present invention resides in the provision of an organic
laminate chip carrier which incorporates at least two pads for ball grid
arrays (BGA) and plated through-holes (PTI~) arranged in symmetrically    2
7 A U G 2002 8 spaced positioning relative to the BGA pads so as to provide
improved and reduced stress and strain relationship at the pads thereby
increasing the reliability of electrical elements and contact connections
by an avoidance o deformations at the pad locations. A still further object
of the present invention is to provide a method of positioning of plated
through-holes (PTH) relative to ball grid array (BGA) pads on an organic
laminate carrier so as to equalize stresses at the pads and thereby
increasing the reliability of electrical connections due to a reduction ,in
thermal deformation caused by a mismatch in the coefficient or extent of
thermal expansion (CTE) between the plated through-holes and the organic
chip carrier material. BRIEF DESCRIPTION OF THE DRAWINGS Reference may now
be had to the following detailed description of a preferred embodiment of
the invention, taken in conjunction with the accompanying drawings; in
which: Figure 1 illustrates a diagrammatic plan view showing a 



presently employed conventional placement of plated   2 7 A U G 2002  9
through-holes relative to BGA pads on an organic laminate carrier Figure 2
illustrates a diagrammatic plan view illustrating the symmetrical.
arrangement of the plated through-holes relative to the pads on the organic
laminate carrier as disclosed by the present invention; Figure 3
illustrates a diagrammatic perspective view of a portion of an organic
laminate chip carrier pursuant to the current state-of-the-art,
representing the positioning of plated through-holes (PTA) relative to the
location of the BGA pads; Figures 4(a) and (b) illustrate, respectively,
sectional views through the organic laminate carrier of Figure 3, taken
along line 4-4 indicating 'the location of the plated through-hole relative
to the pads prior to deformation, and the effects of thermal deformation
during reflow of solder; Figures 5(a) and (b) illustrate, in a
representative similar to Figures 4(a) and (b!. sectional views taken along
line 5-5 in Figure 3 showing the section prior to and subsequent to thermal
deformation during solder reflow;     2 'l A U G 2002 10 



Figure 6 illustrates a laminate carrier footprint of a printed circuit
board; Figures 7 and 8 illustrate in cross-sectional views, respectively, a
Moire analysis of in-plane thermal deformation of in-plane and out-of plane
deformation of the carrier caused by mismatch in extent of thermal
expansion {CTE) between copper-plated through-holes (PTH) and the organic
material laminate of the circuit board; Figures 9 and 10 illustrate in plan
views, respectively, in-plane deformation and out-of plane deformation of
the printed circuit board of Figure 6; Figures 11 and 12 illustrate,
respectively, on enlarged scales, the plastic strain encountered by the
printed circuit board as a function of the distance b between the location
of the plated through-hole (PTH) and that of the BGA pad, Figure 12 being a
further enlarged fragmentary detail of Figure 11; and Figure 13 illustrates
a graph showing the differences of plastic strain as a function of the
distance b between the location of plated through-hole in Figure 12 and the
location of the BGA pad.   2 7 AUG 2002 11 DETAILED DESCRIPTTON 0f A
PREFERRED EMBODIMENT Referring in detail to the drawings, Figure ~,
generally diagrammatically illustrates a presently employed conventional
pattern of random placement of plated through-holes (PTH) 10 relative to
pads 12 on a substrate 14, such as an organic laminate chip carrier,
wherein the pads 12 are adapted to have ball grid arrays (BGA) or solder
balls arranged thereon for electrical interconnects. As indicated in Figure
1, the random distribution of the plated through-holes 10 represents these
to be at different distances from the respective BGA pads 12, which as
illustrated hereinbelow, leads to temperature~induced stresses or strains
tending to adversely affect the electrical connections at the pads 12 and
resultingly compromising the reliability thereof. In contrast with the
foregoing, as illustrated in Figure 2 of the drawings, the invention
contemplates positioning the plated through-holes 10 in a symmetrical
placement or uniform spacing relative to the pads 12, thereby providing for
an even and reduced stress distribution at the various BGA pads 12.  



2 7 A U G 2D02 12 As shown diagrammatically in Figures 3, 4a, 4b, 5a and
5b, in Figure 3 is a perspective view representative of an organic laminate
chip carrier 14 having pads 12 of copper ms.terial positioned on the
organic laminate chip carriex, wherein the pads are for (BGA) ball grid
array 16, as shown. The pads 12 are essentially equidistantly spaced in an
array on the organic laminate chip carrier 14, the latter o~ which contains
at least two plated through-holes (PTH) 10 wherein, as shown in the
crosssectional, representation in Figure 4(a) and (b) along line 4-4 in
Figure 3, one of the plated through-holes 10 is equidistantly located
between two of the pads 12, whexeas as illustrated in the sectional
representation of line 5-5 in Figure 3, representing Figures 5(a) and 5(b),
a plated through-hole 10 is located i.n closer proximity to one of the pads
12 on the organic laminate chip carrier 14. As ind~.cated in Figures 4(a)
and 5(a) showing the organic laminate carrier 14 prior to being thermally
deformed during solder reflow, Figure 4(a) shows the plated through-hole 10
equidistantly located between two pads 12 on. the upper surface 18 of the
organic laminate carrier 14. During reflow which produces thermal
deformation or swe112ng of the organic laminate carrier 14, as shown in
Figure 9(b), the deformation takes primarily place at the   2 7 AU G 2002
13 location of the plated through-hole (PTH) 10 and extend radially
therefrom, whereby the stresses are equally dispersed towards the pads 12,
and there is no appreciable distortion or strain at the pads 12 which have
the solder balls thereon. .A.s a result, this maintains the integrity and
reliability of the electrical connections at those pads 22. To the
contrary, as illustzated in Figures 5(a) and 5(b} of the drawings,
representing the configuration in which the plated through-hole 10 is
located in closer proximity to one of the pads 12, the edge 20 of the pad
12 which is nearer the plated through-hole 10, as shown by the circle, is
distorted or bent due to the thermal deformation of the carrier 14, so as
to possibly cause damage to the electrical. connect at that ~.ocation,
thereby adversely affecti,~ng the xeliab~.l~.ty of the electronic
circuitry, and possibly leading to failure of the entire system. Reverting
to an analysis of the effect of the plated through-holes 10 on the pads 12
due to deformation of the carrier 14, through cross-section Moire analysis,
as shown in Figure 6 of the drawings, there is illustrated a laminate
carrier footprint 22. As indicated, during z~eflow leading to the thermal
deformation of the organic   2 7 AUG 2002 14 



laminate~chip carrier 24, as a result of a mismatch in the coeffic~.ent or
extent of thermal e~cpansion (CTE) between the copper-plated (PTH) 10 and
that of the laminate 14, both the in-plane 24 and out-of-plane thermal
deformations 26 are encountered in that particular region, as shown in
Figures 7 and 8 of the drawings in cross-sectionally enlarged views, and
also in the plan Views of Figures 9 and 10 relative to failure rates for
in-plane deformation and out-of-plane deformation of the organic laminate
carrier 14 for symmetrical and non-uniform spacings of plated throughholes
10. As illustrated zn Figures 11 and 12, respectively showing a section of
a carrier, and a fragmentary detail portion on a larger scale illustrative
of a cross-sectional representation of the location of a BG.A. pad 12 and a
plated through-hole (PTH) 10, the symbol ~ represents the distance between
the edge 30 of the pad 12 which is pz~oximate the adjacent edge 34 of the
closest L~TH. Accordingly, as indicated in Figure 13, graphically
representing pJ.astic strain ~crexsus PTH location between 0 and 100C
isothermal loading, the closer the proximity between the PTH and the pad as
measured, the higher is the plastic strain in the organic laminate chip
carrier 14.   2 7 AU G 2002 15 Accordingly, by optimizing the spacings
between the plated through-holes (PTHs) 10 and the BG,A pads ~.~ so as to
provide a more uniformly arrayed distribution or distances therebetween,
there is obtained a reduction in thermal stress peaks in comparison with
previously more closely spaced BGA pads and PTHs, thereby avoiding or
reducing to tenable levels the strains at the edges of the BGA pads, and
resultingly increasing the reliability of the connects and operative life
expectancy of the entire system. While there has been shown and described
what are considered to be preferred embodiments of the invention, it
w~.~.l, of course, be understood that various modifications and changes in
foam or detail could readily be made without departing from the spirit of
the invention. It is, therefore, intended that the invention be not limited
to the exact form and detail herein shown and described, nor to anything
less than the whole of the invention herein disclosed as hereinafter
claimed.  



2 7 A U G 2002 16 CLAIMS Having thus described our invention, what we claim
is: 1. A chip carrier comprising: (a) a substrate constituted of an organic
laminate material having an upper surface; (b) at least two contact pads
for electrical interconnects being located in predetermined spaced
relationship on said upper substrate surface; and (c) at least one plated
through-hole extending substantially through said substrate between said
upper surface and a lower surface of said substrate, said at least one
plated through-hole being located substantially equidistantly spaced
between said at least two contact pads, said organic laminate material
having a substantially different coefficient of thermal expansion than said
at least one plated through-hole so as to cause said substrate to expand at
a greater rate at the locations of said contact pads than at the location
of said at least one plated through-hole, and whereby the equidistant
spacing of said at least one plated through-hole from said at least two
contact pads reduces in-plane and out-of plane generated thermal stresses
and strains in the substrate in the regions of each of said contact pads.
2. A chip carrier as claimed in claim 1, wherein said at least one plated
through-hole is copper-plated. 3. A chip carrier as claimed in claim 1,
wherein solder elements are disposed on said contact pads. 4. A chip
carrier as claimed in claim 3, wherein said at least two contact pads are
constituted of copper, said solder elements comprising solder balls. 5. A
chip carrier as claimed in claim 1, wherein a plurality of said contact
pads are arranged in spaced relationship about the upper surface of said
substrate so as to form an array of said contact pads; and a plurality of
said plated through-holes are formed in said substrate intermediate said
contact pads in substantially equidistant spacings between adjacently
located of each of said array of contact pads.   2 7 AU G 2002 17 



6. A chip Garner as claimed in claim S, wherein said plated through-holes
are arranged in said substrate so as to effectively reduce said thermal
stresses and strains in said substrate at the locations of said contact
pads so as to eliminate thermally-induced deformations of said substrate in
the regions of said contact pads. 7. A method of forming a chip carrier
from a substrate constituted of an organic laminate material having an
upper surface, said method comprising the steps of: (a) locating at least
two contact pads for electrical interconnects in spaced relationship on
said upper substrate surface, and (b) forming at least one plated
through-hole extending substantially through said substrate between said
upper surface and a lower surface of said substrate, said at least one
plated through-hole being located substantially equidistantly spaced
between said at least two contact pads, said organic laminate material
having a substantially different coefficient of thermal expansion than said
at least one plated through-hole so as to cause said substrate to expand at
a greater rate at the locations of said contact pads than at the location
of said at least one plated through-hole, and whereby the equidistant
spacing of said at least one plated through-hole from said at least two
contact pads reduces in-plane and out-of plane generated thermal stresses
and strains in the region of each of said contact pad. 8. A method as
claimed in claim 7, wherein said at least one plated throughhole is
copper-plated. 9. A method as claimed in claim 7, wherein solder elements
are disposed on said contact pads. 10. A method as claimed in claim 9,
wherein said at least two contact pads are constituted of copper, said
solder elements comprising solder balls. 11. A method as claimed in claim
7, wherein a plurality of said contact pads are arranged in spaced
relationship about the upper surface of said substrate so as to form an
array of said contact pads; and a plurality of said plated through-holes
are formed in said   2 7 AU G 2002 is substrate intermediate said contact
pads in substantially equidistant spacings between adjacently located of
each of said array of contact pads. 12. A method as claimed in claim 11,
wherein said plated through-holes are arranged in said substrate so as to
effectively reduce said thermal stresses and strains in said 



substrate at the locations of said contact pads so as to eliminate
thermally-induced deformations of said substrate in the regions of said
contact pads. .A3 .A .An.AFR.AYn.A.A5 .AS .A .Ay.AY%.AF.A .AFY .A e.AA?.A
.AR/*0W`ip&
rs<=o|wrmhc^Y]ca]ca]ca]ca]ca]c(a]cPa]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]c<a]ca!oq bc;WZhik
W7Zabde#-GH78FH||wrmhc^Y]ca]ca]ca]c*a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]c(a]ca]c^a]ca]ca]ca]ca]ca]ca]ca!<C!/Za,-jr}xsnib]X]ca]c
a
U]c^a]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!r - . / f m s
!"O"R"""""{vqlgb]X]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]caU]c
a]c(aU]c(a]ca]ca!"T#[#h#$@$F$H$O$x$z$$*%+%:%<%A&g&p&&#()(*(E(O(R(x(((((')^)
m)zupkfa\W]c(a]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]c^a]c^a]ca]ca]ca]ca]ca]c(a]c(
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!m)n)p)))***M+N+w+++,|-}-----(///0M
1111111122}xsmga\W]ca]ca]c^a]c^a]c^a]ca]c(a]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!2K3L3x31424I4J4T4U444444556
*6-69t;
;;<=?i@v@y@BgEiEuE}xsnid^Y]]c(aU]c(a]ca]ca]ca]c(a]ca]ca]ca]ca]ca]c(a]ca]ca]
ca]c(a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!uExETFgGvGGGHHH)I
_InIqIxIJMVNNSOPQQMRSVV\WWXYYcYY}xsnid_Z]]]ca]ca]c"a]c(a]ca]ca]ca]ca]ca]ca]
ca]ca]c(a]ca]ca]ca]ca]ca]ca]ca]ca]c(a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!YYIZ
ZZGHHH)I_InIqIxIJMVNNSOPQQMRSVV\WWXYYcYY}xsnid_Z]]]ca]ca]c"a]c(a]ca]ca]ca]c
a]ca]ca]ca]ca]c(a]ca]ca]ca]ca]ca]ca]ca]ca]c(a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca*0hI10%&'()-f10%&'()-zS 10%&'()- sM10%&'()-3I`*10%&'()- < 10%&'()-
~_@M10%m&'()-M" 



10%m&'()-Z 10 10 10":10%&'()-s*y 10%&'()-F !"!10%&'()-
;WXYZhxmbC#10%Z&'()- 10m 10m 10m3L10%m&'()-,
10%m&'()-sf10%m&'()-s10%m&'()-hikW7b456dE:/ 10Z 10ZS#10%Z&'()-m  @
10%Z&'()-10%Z&'()-y10%Z&'()- Lt10%Z&'()-M10%Z&'()-`678FH|xV4/
10!%10%hh&'()-!#10%==&'()- 10%&'()-10%&'()-@#10%&'()-F10%&'()- 



10ZbC 10!%1`10%&'()-#10%&'()-YM10%&'()-` 10 10
10f3+m10%&'()-@S%10%&'()-/^?bC 10!, 10%&'()-!YF%10%&'()-!YF%10%++&'()-
310%&'()-10%u&'()-S10%&'()-bC 10!s`10%&'()-`10%&'()-`"10%&'()-F 10 10
10210%&'()-/ 10%&'()-y    - . / bC 10!9s10%&'()-L10%&'()-`@#10%&'()- 10 10
10y'10%&'()-@ @10%&'()-/ f  !""h#dEbC 10!10%&'()-10%&'()-10%&'()- 10%&'()-F



10%&'()-10%&'()-h#$@$F$$'%(%)%*%dYNC 10! 10 10 101@
10%&'()-l.10%&'()-zl+10%&'()-)f 10%&'()-%Y10%&'()- *%+%:%<%A&&#(dEYNC 10!
10%&'()-Z10%&'()-
10%&'()-Fs10%&'()-#S10%&'()-L10%&'()-M#(E(x(((')[)\)])dE:/ 10
10&310%&'()-1310%&'()-l.910%&'()-F+Y10%&'()-z)m10%&'()-&10%&'()-])^)m)n)p))
*w+xY:/ 10 10%(&'()-3f 10%&'()-f 10%(&'()-s10%(&'()-YM10%(&'()-M#10%(&'()-
10w+,|-}-~-----xmbC 10#10%b&'()- 10( 10( 10(y>M10%(&'()-M ;`10%(&'()-`3 



F+F10%(&'()- @ 10%(&'()----(///0dEmbC 10"10%b&'()-10%b&'()-"10%&'()-
"10%b&'()-"10%b&'()-y10%b&'()-0M11111111bC 1010%g&'()-$Y10%g&'()- 10b 10b
10bS#10%b&'()-!!10%b&'()- "10%&'()-11x346666*6xmbC 10#F10%B&'()- 10g 10g
10g)S 10%g&'()-f 10%g&'()-3 g 10%g&'()-10%g&'()-*6-69q;r;s;t;;;bC
10L10%g&'()-#10%g&'()- 10B 10B 10B@&$@10%B&'()- 



@10%B&'()-l10%B&'()-;<=?f@g@h@i@v@xmb@ 10!"FYz)10%:!:!&'()- 10g 10g 10g3+f
10%g&'()-S 10%g&'()-sg 10%g&'()- g 10%g&'()- v@y@BdEeEfEgEuExE~\=
1010%(&'()-!" )10%!(!(&'()-9 10 10 10sf
10%&'()-!Ay'10%&'()-10%&'()-xETFgGvGGGHdE~\= 10@
10%(&'()-10%(&'()-s,10%(&'()-10%(&'()-s 10%(&'()-FL
10%(&'()-HHH)I\I]I^I_InIrdV7 103% 10%O&'()- 10(( 10(( 10((!)`$10%((&'()-(
10%(&'()-y& 10%(&'()-! 10%(&'()-nIqIxII"JJJ}[9dV7 



10!L@ 10%WW&'()-`!L@ 10%RR&'()-`!L@ 10%OO&'()-`!L@
10%&'()-`t10%O&'()-f10%O&'()-JMVNNSOPPPzXJ<7 10! 10OO 10OO!
5l"10%OO&'()-m!90!10%OO&'()-!Y+!10%OO&'()-!&Z10%OO&'()-Ym"10%O&'()-
PPQQMRRnSSoM+7!"10%bb&'()-!"10%&'()-!"10%]]&'()-!`"10%bb&'()-10%b&'()-#
10%b&'()- 10OOSVV\WWXXXzXJ<7!"10 10bb
10bb!6G"10%bb&'()-3!1!10%bb&'()-!-`!10%bb&'()-!3(`!10%bb&'()-"10%b&'()-:XXY
YcYYYIZuV77!,"10%b&'()-10%b&'()-L10%b&'()- 10%b&'()-y10%b&'()-f# 10%b&'()-F
10bbIZZZIZuV77!,"10%b&'()-10%b&'()-L10%b&'()-
10%b&'()-yys10%b&'()-10%b&'()- 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
FontY6)"]&*.3s8h=fB^FMUW\^`bdfhjlnprtvxz|~or"m)2uEYZ@ABCDEFGHh6/
h#*%#(])w+-01*6;v@xEHnIJPSXIZZIJKLMNOPQRSTUVWXYZ[\]^_`abcde6Times New
RomanArialCourier New"h Root EntryWordDocument2
!"#$%&'()*+,-./0123456789:;<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefgh 


