
;e3eBgEBd@@AdBRNCE6>ETEJW I VALVELESS MICROPUMP BACKGROUND OF THE INVENTION
The invention relates generally to apparatus and methods for controlling
the flow of fluids. More particularly, the invention provides a 5 valueless
pump of simple construction, and which may be made quite small using
micromachining techniques. A pump according to the invention may use
internal elements such as airfoil-shaped structures as direction-sensitive
elements for producing different drag forces as fluid flows through the
micropump in different directions. 10 Conventional pump designs typically
use valves as flow directing elements. These valves allow fluid to flow
from the low pressure end to the high pressure end of the pump, and to
prohibit flow of the fluid back from the high pressure end to the low
pressure end. Several types of valves are used in practice. Passive valves
may employ an object such as 15 a movable plate as a direction-checking
component. The plate opens due to a pressure difference when fluid is
pumped forward, and then closes to - - prevent fluid flowing backward when
the pressure is reversed. Such passive valves are popular in many
engineering applications. Certain drawbacks limit the application of such
valves in 20 micropump designs. To begin with, it is not easy to
micromachine the   2 micro-dimensioned moving parts that such valves
require. Secondly, the actions of the moving parts, such as the opening and
closing of the plate, may damage cells within bio-fluids or other fragile
substances. Thirdly, when the working fluid includes particles, the valve
may become blocked 5 by a collection of those particles between the moving
elements. Finally, the continuous opening and closing action may lead to
fatigue in the valves and failure of the micropump. 



Active valves have similar drawbacks, but provide greater freedom for
control of the fluid delivery, and less backflow. Active valves are even 10
more difficult to fabricate, though, because of the greater complexity of
the moving parts and other related structures. Valueless micropumps or
fixed valve micropumps have been devised and are finding increasing
application, especially in bio-engineering applications. There are several
advantages in valueless micropumps. 15 Firstly, the valueless micropumps
are much easier to fabricate using standard micro-machining techniques.
Secondly, valueless micropumps are more reliable because there aye no
moving elements in the inlet and outlet channels. Thirdly, the valueless
micropumps, unlike other pump designs, do not have any moving components in
the inlet and outlet 20 channels, and therefore will not cause much damage
to bio-molecules. Also malfunctions due to blockages are minimized.   3 It
is known in the art to provide a fixed valve conduit in which the design of
the conduit is flow-direction sensitive. A lower drag force is produced
when fluid flows in a forward direction than when the fluid is flowing in a
backward direction. Such designs may be based on the 5 concept of non-unit
drag ratio of the backward flow to the forward flow. The efficiency of the
one-directional flow conduit can be measured by such ratio. The larger the
ratio, the more effective the valuing action of the conduit. It is also
known in the art to provide a micropump having fixed 10 valves fabricated
using micromachining techniques. Again, the design thereof can be based on
the concept of differentiated drag between the forward and backward flows.
Other work has been directed toward the aerodynamic characteristics of
airfoils. Lift and drag forces have been measured for 15 different angles
of attack of airfoils from zero to 180 degrees. Airfoils have been shown to
have different drag values for fluid flows arriving from different
directions. The following table lists measured drag coefficients Cd for
various angles of attack a: 



4 Table 1 a ~ a 5 m m . . . m~ ui a m 5 i zsu C 0.010 0.014 0.018 0.190 ...
0.230 0.140 0.055 0.025 d 3 0 8 0 0 0 0 0 5 Cd is defined by: Cd = Dra9~
s/a P9 Dz Eq. 1 where Drag is the drag force caused by the flow; p is the
density of the working fluid; g is the gravitational force and V is the
flow velocity. 10 From Table 1, the drag ratios between the forward and
backward flow may be obtained (from opposite directions). This ratio, rl,
is also known as the drag efficiency and is defined by: Cdlao-a 15 Cda Eq.
2 Table 2 gives the r~ ratios for a ranging from 0 degrees to 15 degrees,
based on Table 1 and Equation 2.   5 Table 2. Drag efficiency at Reynolds
number 160,000 a I 0 5 10 15 ... n I 2.4272 3.9286 7.4468 1.6842 ... From
Table 2, it can be clearly observed that airfoils can generate very high
drag efficiency. This becomes obvious when it is noted that the 5 airfoil
exhibits its streamline-body characteristic property when the flow
direction is from its leading edge to its trailing edge. In the reverse
flow direction when the flow is from the trailing edge to the leading edge,
the airflow no longer presents itself as a "streamline body" and shows
nonstreamline characteristics. 10 It would be desirable if an improved
micropump could be devised to take advantage of advances in knowledge
regarding the behavior of airfoils in moving fluids. Such a micropump
should be reliable, efficient, of simple construction, and feasible to
fabricate using known micromachining techniques. These and other advantages
are provided by 15 the novel apparatus and methods described herein.
SUMMARY OF THE INVENTION The present invention provides a valueless
micropump which includes a hollow pump chamber having a driving element
coupled   



6 thereto, an inlet channel coupled to the hollow pump chamber and an
opposite outlet channel coupled to the hollow pump chamber. The inlet
channel, the hollow chamber and the outlet channel define a fluid flow path
through the inlet channel, the hollow pump chamber, and the outlet 5
channel. At least one direction-sensitive element is disposed in the flow
path within one of the inlet and outlet channels. The direction-sensitive
element may comprise an airfoil installed in the fluid flow path at an
angle which produces a drag ratio greater than unity on the fluid in the
flow path. The driving element may comprise an electrostatic/ piezoelectric
10 member. The airfoil element preferably has an angle of attack of 0
degrees-10 degrees. Satisfactory results may be produced at an angle of 0
degrees or 10 degrees or at some value therebetween. In accordance with
various embodiments of the invention, a second airfoil element may be
mounted in one of the inlet and outlet channels 15 together with the first
airfoil element. The first and second airfoil elements may both be mounted
in the inlet channel, or they may both be mounted in the outlet channel. As
a further alternative, the first airfoil element may 'be mounted in the
inlet channel and the second airfoil element may be mounted in the outlet
channel. Still further, a first 20 plurality of airfoil elements may be
mounted in the inlet channel and a second plurality of airfoil elements may
be mounted in the outlet channel.   Each of the first and second
pluralities of airfoil elements may comprise a single cascade of such
elements or each may comprise a plurality of cascades of such elements. In
accordance with the invention, the airfoil elements are arranged 5 so that
they produce different drag forces on the fluid as it flows in different
directions. The airfoil elements function as flow rectifying elements,
allowing the fluid to flow more easily in one direction as 



compared with the opposite direction. The drag ratio of the backward flow
against the forward flow of the micropump is therefore larger than unity.
10 A principal feature in accordance with the invention is the ability of
the valueless micropumps in accordance therewith to produce lower forward
flow drag and higher backward flow drag, so that a high flow rate is
produced when compared with other designs. The micropump structure is an
integrated structure and can be fabricated using standard 15 micromachining
techniques. BRIEF DESCRIPTION OF THE DRAWINGS Fig. lA is a top view of a
first embodiment of a micropump in accordance with the invention, which has
a plurality of airfoil elements. 20 Fig. 1B is a front view of the
micropump of Fig. lA.   8 Fig. 2 is a diagrammatic plot of drag coefficient
of an airfoil element for various angles of attack. Fig. 3 is a
diagrammatic plot showing the relationship between the angle of attack and
the drag efficiency. 5 Fig. 4A is the top view of another embodiment of a
micropump in accordance with the invention having a single airfoil element
at an angle of attack of 10 degrees in each of the inlet and outlet
channels. Fig. 4B is a front view of the micropump of Fig. 4A. Fig. 5A is a
top view of a still further embodiment of a micropump in 10 accordance with
the invention, having multiple airfoil elements mounted only in the inlet
channel thereof. Fig. 5B is a top view of a still further embodiment of a
micropump in accordance with the invention having multiple airfoil elements
mounted only in the outlet channel thereof. 15 Fig. 6A is a top view of a
still further embodiment of a micropump in accordance with the invention in
which each of the inlet and outlet 



channels contains a single airflow element at an angle of attack of 0
degrees. Fig. 6B is a front view of the micropump pump of Fig. 6A.   9 Fig.
7A is a top view of yet another embodiment of a micropump in accordance
with the invention having multiple cascades of airfoil elements in each of
the inlet and outlet channels. Fig. 7B is a front view of the micropump of
Fig. 7A. 5 Fig. 8A is a top view of yet another embodiment of a micropump
in accordance with the invention in which a single cascade of airfoil
elements is located in each of the inlet and outlet channels. Fig. 8B is a
front view of the micropump of Fig. 8A. 10 DESCRIPTION OF THE PREFERRED
EMBODIMENTS Figs. lA and 1B are top and front views, respectively, of a
first embodiment of a valueless micropump 10. The micropump 10 includes a
micropump chamber 12 with an electrostatic or piezoelectric membrane 14
mounted thereon. Opposite inlet and outlet channels 16 and 18 are 15
coupled to the micropump chamber 12. As shown in Fig. lA, the valueless
micropump 10 has two airfoil shaped elements 20 mounted in each of the
inlet and outlet channels 16 and 18. The airfoil-shaped elements 20 present
a predetermined angle of attack relative to a central axis or axis of
elongation 22 extending through 20 the micropump 10. One such angle 24 is
shown in Fig. lA. Though these elements are described herein mainly as
"airfoils," it should be appreciated   10 that the pumped fluid may be
either a gas or a liquid, and is by no means limited to air. 



The micropump chamber 12 is of generally cylindrical configuration so as to
have a circular top 26, an opposite circular bottom 28, and a wall 5 30 of
circular configuration extending between the top 26 and the bottom 28. An
electrostatic or piezoelectric membrane 14 serves as the driving member for
the micropump 10. The membrane 14 is of generally circular configuration
and is mounted on the top 26 of the chamber 12. Opposed inlet and outlet
channels 16 and 18 are coupled to the micropump 10 chamber 12 through
openings 32 and 34 respectively in the circular wall 30 of the micropump
chamber 12. The inlet and outlet channels 16 and 18 and the micropump
chamber 12 are arranged so that the central axis or axis of elongation 22
extends through each of the inlet and outlet channels 16 and 18 and through
the center of the micropump chamber 15 12. The inlet channel 16 has
opposed, generally parallel sidewalls 38 and 40 extending between a top 42
and a bottom 44. The top 42 and bottom 44 are generally planar and
continuous with the top 26 and bottom 28, respectively, of the micropump
chamber 12. Similarly, the 20 outlet channel 18 includes opposed, generally
parallel sidewalls 46 and 48 extending between a top 50 and a bottom 52.
The top 50 and the bottom   11 52 are generally planar and continuous with
the top 26 and bottom 28, respectively, of the micropump chamber 12. As
shown in Fig. 1B, the airfoil-shaped elements 20 within the inlet 5 channel
16 extend upwardly from the bottom 44 to the top 42 thereof. Similarly, the
airfoil-shaped elements 20 within the outlet channel 18 extend upwardly
from the bottom 52 to the top 50 of the outlet channel 18. In the valueless
micropump 10 of Figs. lA and 1B, each of the inlet 



10 15 and outlet channels 16 and 18 has two of the airfoil-shaped elements
20 mounted therein. As will become apparent from the discussion to follow,
however, other arrangements of airfoil-shaped elements 20 are possible. It
is possible, for example, to mount a single one of the elements 20 or a
plurality of the elements 20 in one or the other but not both of the inlet
and outlet channels 16 and 18. It is also possible to provide each of the
inlet and outlet channels 16 and 18 with a single cascade or a plurality of
cascades of airfoil elements 20. As shown in Fig. lA, each of the
airfoil-shaped elements 20 has a leading edge 54 and a trailing edge 56.
Fluid flows through the inlet channel 16, the micropump chamber 12 and the
outlet channel 18 in a 20 direction shown by arrows 58 and 60 at the inlet
channel 16 and the outlet channel 18 respectively. The airfoil-shaped
elements 20 are   12 mounted so that the leading edge 54 of each faces in
an upstream direction relative to the flow. As previously noted, each
airfoil-shaped element 20 is mounted so as to be at a desired angle of
attack relative to the central axis 36. As previously noted, one such angle
24 is shown in 5 Fig. lA. Fig. 2 is a diagrammatic plot of drag coefficient
as a function of angle of attack for an airfoil element of particular
configuration. In the particular example shown, when the angle of attack is
less than 11 degrees, the drag is very small. 10 As described above, a drag
ratio can be defined as the ratio between the drag generated when the flow
is from the leading edge to the trailing edge of the airfoil, and the drag
generated when the flow is from the trailing edge to the leading edge. This
ratio provides a relative measure of 



flow resistance through the micropump from the two opposing flow 15
directions and is useful to define or quantify the efficiencies of
valueless pumps. If the ratio is larger than unity, the drag generated when
the working fluid flows from the leading edge to the trailing edge is lower
than that generated when the flow is in the opposite direction. In other
words, if the airfoil element is mounted in a channel of a micropump, and
an 20 alternating-flow fluid passes through, fluid will flow more easily
and thus preferentially in a direction from the leading edge to the
trailing edge of   13 the airfoil element. Over time, a net flow of fluid
will occur in this direction. If the ratio is less than unity, a net flow
from the trailing edge to the leading edge results, and if the ratio is
equal to unity, there will be no net flow. The higher the ratio, the higher
will be the net flow, and thus 5 the higher the efficiency of the valueless
micropump. Equations 1 and 2, above, can be used to calculate drag
coefficients and drag ratios for a given airfoil configurations. Fig. 3 is
a diagrammatic plot of the relationship between angle of attack and drag
efficiency as calculated using equations 1 and 2. The drag ratio increases
steadily from 10 2.4272 at a = 0.0 to a maximum of 7.4468 at a = 10.0. This
maximum is several times unity, which suggests that airfoil elements of
this type can find effective use as direction sensitive flow control
elements in valueless pump configurations of the type described in this
document. As previously noted, there is no special limitation on the number
of 15 airfoil-shaped elements 20 that can be mounted in the inlet and
outlet channels 16 and 18. Figs. 4A and 4B are top and front views of a
second embodiment of a valueless micropump 70. In this embodiment, a
sir3gle airfoil-element 20 is mounted in each of the inlet and outlet
channels 16 and 18. Like reference numerals are used to identify parts of
the valueless 20 micropump 70 similar to those of the valueless micropump
10 of Figs. lA 



14 and 1B. Again, each of the airfoil-shaped elements 20 is mounted at a
desired angle of attack relative to the central axis 22. In designing
micropumps according to the invention, careful consideration should be
given to the number of airfoil elements used, the 5 flow-rate, and the
power consumption. Additional airfoil elements increase the drag ratio and
thus the directional efficiency and flow-rate, but this also results in
higher power consumption. It is not necessary to mount the airfoil-shaped
elements 20 in both the inlet channel 16 and the outlet channel 18.
Alternative arrangements 10 are shown in Figs. 5A and 5B. In the embodiment
of Fig. 5A, a valueless micropump 72 has two of the airfoil-shaped elements
20 mounted in the inlet channel 16 and no airfoil-shaped elements mounted
in the outlet channel 18. Conversely, the embodiment of Fig. 5B shows a
valueless micropump 74 in which two of the airfoil-shaped elements 20 are
15 mounted in the outlet channel 18, with none in the inlet channel 16.
Again, like or similar components in Figs. 5A and 5B are identified by the
same reference numerals as those used in the embodiment of Figs. lA arid
1B. The angle of attack of the airfoil-shaped elements 20 can be of any 20
value as long as the airfoil produces a drag ratio larger than unity. It
has   15 been found, however, that an angle of attack between zero and 10
degrees provides superior results. Figs. 6A and 6B are top and front views,
respectively, of a further embodiment of a valueless micropump 76, in which
each of the inlet and 5 outlet channels 16 and 18 contains a single one of
the airfoil-shaped 



elements 20 mounted at an angle of attack of 0 degrees. This differs from
the approximately 10 degrees angle of attack shown in the embodiment of
Figs. lA and 1B, but still provides a reasonable flow-rate. To increase the
flow rate, cascades of airfoil elements 20 can be 10 used. This is
illustrated in Figs. 7A and 7B, which are top and front views of yet
another embodiment of a valueless micropump 78. Unlike the valueless
micropumps of the prior embodiments, the micropump 78 of Figs. 7A and 7B
includes a micropump chamber 80 of generally rectangular configuration,
with a rectangular electrostatic/piezoelectric 15 membrane 82 mounted on a
top 84 of the micropump chamber 80. The top 84 and an opposite bottom 86 of
the micropump chamber 80 are of rectangular configuration and are generally
continuous with an opposite _ top 88 and bottom 90 of an inlet channel 92,
respectively, and an opposite top 94 and bottom 96 of an outlet channel 98.
A central axis 100 extends 20 through the inlet channel 92, the micropump
chamber 80 and the outlet channel 98, and fluid flows in directions shown
by arrows l02 and 104 at   16 the inlet to the inlet channel 92 and the
outlet of the outlet channel 98 respectively. In the valueless micropump 78
of Figs. 7A and 7B, each of the inlet and outlet channels 92 and 98 is
provided with cascades of the airfoil 5 shaped elements 20 arranged in
multiple rows or cascades 106, l08 and 110. The cascades 106, 108 and l10
of the airfoil-shaped elements 20 within each of the inlet and outlet
channels 92 and 98 increase the directional efficiency of the valueless
micropump 78. In valueless micropumps utilizing cascades of airfoil-shaped
10 elements 20, such as the valueless micropump 78 of Figs. 7A and 7B,
there need not be any particular number of cascades. Figs. 8A and 8B, for
example, are top and front views of yet another embodiment of a valueless 



micropump l12 in which a single cascade 1l4 of the airfoil-shaped elements
20 is used in each of inlet and outlet channels 116 and 118. 15 Like the
valueless micropump ?8 of Figs. 7A and 7B, the micropump 112 of Figs. 8A
and 8B has a rectangular micropump chamber 80 and a _ rectangular
electrostatic/piezoelectric membrane 82 in the manner of the embodiment of
Figs. 7A and 7B. The inlet and outlet channels l16 and 118 of Figs. 8A and
8B are similar to the inlet and outlet channels 92 and 20 98 of the
embodiment of Figs. 7A and 7B, but are shorter in length. A central axis
120 extends through the inlet channel 1l6, the micropump   17 chamber 80
and the outlet channel 118. Fluid flows in a direction illustrated by an
arrow 122 at the inlet end of the inlet channel 116 and an arrow 124 at the
outlet of the outlet channel 118. The various embodiments of valueless
micropumps in accordance 5 with the invention are shown and described
herein in terms of direction sensitive drag-producing elements which are
airfoil-shaped elements such as the elements 20. However, the invention is
not limited to airfoils. The drag-producing elements can assume any
appropriate shape as long as the resulting drag ratio is larger than unity.
10   18 l~1 41T/IQ What is claimed is: 1. A valueless micropump comprising:
a hollow pump chamber having a driving element coupled thereto; an inlet
channel coupled to the hollow pump chamber; an outlet channel coupled to
the hollow pump chamber; 



5 the inlet channel, the hollow pump chamber and the outlet channel
defining a fluid flow path through the inlet channel, the hollow pump
chamber, and the outlet channel; and at least one direction-sensitive
element disposed in the flow path within one of the inlet and outlet
chambers. 10 2. A valueless micropump according to claim 1, wherein the at
least one direction-sensitive element comprises an airfoil. 3. A valueless
micropump according to claim 2, wherein the airfoil is installed in the
fluid flow path at an angle which produces a drag ratio greater than unity
on fluid in the flow path.   19 4. A valueless pump comprising: a pump
chamber; an electrostatic/piezoelectric member disposed at the pump
chamber; 5 an inlet channel coupled to the pump chamber; an outlet channel
coupled to the pump chamber; and an airfoil element mounted in one of the
inlet and outlet channels, the airfoil element producing a drag ratio
greater than unity. 5. A valueless pump according to claim 4, wherein the
pump is a micropump. 5. A valueless pump according to claim 4, wherein the
airfoil element has an angle of attack of 0 degrees - 10 degrees. 7. A
valueless pump according to claim 4, wherein the airfoil element has an
angle of attack of approximately 0 degrees. 8. A valueless pump according
to claim 4, wherein the airfoil element has an angle of attack of
approximately 10 degrees.  



20 9. A valueless pump according to claim 4, further comprising a second
airfoil element mounted in the one of the inlet and outlet channels
together with the first-mentioned airfoil element. 10. A valueless pump
according to claim 6, wherein the first mentioned airfoil element and the
second airfoil element are both mounted in the inlet channel. 11. A
valueless pump according to claim 6, wherein the first mentioned airfoil
element and the second airfoil element are both mounted in the outlet
channel. 12. A valueless pump according to claim 4, wherein the first
mentioned airfoil element is mounted in the inlet channel, and further
including a second airfoil element mounted in the outlet channel. _ 13. A
valueless pump according to claim 4, comprising a first plurality of
airfoil elements mounted in the inlet channel and a second plurality of
airfoil elements mounted in the outlet channel.   21 14. A valueless pump
according to claim 13, wherein each of the first and second pluralities of
airfoil elements comprise a single cascade of such elements. 15. A
valueless pump according to claim 13, wherein each of the first and second
pluralities of airfoil elements comprise a plurality of cascades of such
elements. 16. A valueless pump comprising: a pump chamber of generally
cylindrical configuration having opposite upper and lower walls of
generally circular configuration and a sidewall of generally circular shape
extending between the opposite upper 5 and lower walls; 



an electrostatic/piezoelectric membrane of generally circular configuration
disposed on the upper wall opposite the lower wall; an elongated inlet
channel coupled to the side wall of the pump chamber at an opening therein
and having opposite upper and lower walls 10 which are joined to and
generally coplanar with the upper and lower walls of the pump chamber; an
elongated outlet channel coupled to the side wall of the pump chamber at an
opening therein opposite the opening therein at which the   22 elongated
input channel is coupled and having opposite upper and lower 15 walls which
are joined to and generally coplanar with the upper and lower walls of the
pump chamber; and an airfoil element mounted in one of the inlet and outlet
chambers and extending between the opposite upper and lower walls thereof.
17. A valueless pump according to claim 16, wherein the elongated inlet
channel and the elongated outlet channel lie along a common axis of
elongation extending through the pump chamber. 18. A valueless pump
according to claim 17, wherein the airfoil element forms an angle of 0
degrees -10 degrees with the common axis of elongation. 19. A valueless
pump according to claim 18, wherein the airfoil element forms an angle of
approximately 0 degrees with the common axis of elongation. 20. A valueless
pump according to claim 18, wherein the airfoil element forms an angle of
approximately 10 degrees with the common axis of elongation. .A3
.AF.F.AYA3Y.AAF.AYA3l .AF.F.A3 y.Al.F.A3[F.A33.A3.3.A3A3.AF3.A3.3.AHF.A.
.AlA3".AYU .AA .A. ?.Al.AlA1n>J!jEP,w# 



p
-|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]ca]ca]ca]ca]ca]ca]ca]caU]ca]cTa!-sC \
iAcN4|~|wrmhc]X]caV]ca]ca]ca]ca]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!xzF_#iD#j|wrmhc^Ymhc]X]]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]caV]c
a]caV]ca V]c^aV]ca /qHgE`4 y
![!!!)"i""""1#l#n###}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!#$@$$$%C%%%%=&&&&5'{
''''(P(z(((?)t)))*[***
+N+}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!N+++*,s,,,- -c---B.../Z///+0n0u000;
11122`22223}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!3^333333;
4445a5556Z666+7q7t777I8888*9m999
: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!::D;
;;"<h<<==P===:>r>>?L???+@x@@@CAAABgBBBB7CsC}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!sCCDLDDDEWEEE'FgFFFCGGGGGG*HEHHHIbIII(JwJJJ9KKK}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!KLULLL2M~MMMMNeNNN6OlOOO:PPPQUQQQ%RpRRSSGSSST}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!TPTTT(UWU]U`UkUUUUVOVVVVAWnWqWWW&XtXXXXXY"YRYYYZ|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]ca]caU]c
a]ca]ca]ca]ca]ca]ca]ca!ZHZSZZZ[D[[[[\N\\\]]]]]]]C^^^
_M_P____-`v````}xsnid_Z]]]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!`8aaaabUbbbb@cccc"dAddddC
eeeffUffff3gBg}xsn}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]ca1naBL`$10%&'()-m"10%&'(
)- 10%&'()-10%&'()-s10%&'()-!S10%&'()->JdE"F"10%&'()-YS
$10%&'()-&10%&'()-Y"10%&'()-Y"10%&'()- yY"10%&'()-!jEaB110%&'()-
!Ss-$10%&'()-&FF+$10%&'()-)Y"10%&'()-&Y"10%&'()- $F"10%&'()-PbCY
G"10%&'()-,Z"10%&'()-F10%&'()- 10 10 10396$10%&'()-4m10%&'()-,w#
dEbC10%&'()-`10%&'()-3G"10%&'()-:$10%&'()-m"10%&'()-G"10%&'()-# p
-sdEbC'3"10%&'()-%Z"10%&'()-f#10%&'()-9!m10%&'()-$10%&'()-Z"10%&'()-C \
dEbCF4$10%&'()-2Y"10%&'()-&0"10%&'()-ZY.Y"10%&'()-,,F"10%&'()-l*$10%&'()-\



ibCZ"10%&'()-Y Z"10%&'()-'10%&'()-310%&'()- 10 10 10 7@10%&'()-Ac^?bCf#3
10%&'()-!yl$10%  &'()-'10%&'()-10%&'()-`F"10%&'()-!9$10%&'()-&NdYNC 10 10
10F.F"10%&'()-&,F"10%&'()-Y)$10%&'()-'F"10%&'()-%m10%&'()-4|~dEYNC
`10%&'()-10%&'()-z 10%&'()- '!10%&'()-l,`10%&'()-F10%&'()-<wV7YNC*910%&'()-
P,$10%nCn&'()-!t ,$10%&'()-!y
,$10%&'()-!,$10%&'()-!>L10%++&'()-guvwxzbC10%&'()-l
10%&'()-,10%&'()-310%&'()- 10 10
10,F"10%&'()-rF_zX9bC210%&'()-!~Yl+$10%&'()-@)F"10%&'()-!pl"$10%&'()-S!
3`$10%&'()-!3`$10%&'()-_#ibCY m"10%&'()-m"10%&'()-F10%&'()- 10 10
10`63"10%&'()-3410%&'()-iD#dEbCZ"10%&'()-`Z"10%&'()-3Z"10%&'()-M$10%&'()-m"
10%&'()-m"10%&'()-#j/qdEbC'F"10%&'()-%10%&'()-f#`10%&'()-9!F"10%&'()-$10%&'
()-F"10%&'()-HgdEbCF4$10%&'()-2F"10%&'()-0F"10%&'()-mY.F"10%&'()-,,F"10%&'(
)-l*$10%&'()-FgE`bC10%&'()-ss10%&'()-F m"10%&'()-Z"10%&'()- 10 10 10 7
"10%&'()-4 y   ![!dEbCl$10%&'()-F"10%&'()- yZ"10%&'()-LZ"10%&'()-Z"10%&'()-
M$10%&'()-[!!!)"i"""dEbC,.10%&'()-ml)`10%&'()-'Y"10%&'()-%F"10%&'()-S#F"10%
&'()-!F"10%&'()- 



""1#i#j#k#l#n##bC,10%&'()-F10%&'()- 10 10 103S510%&'()-3
10%&'()-010%&'()-##$@$$$%dEbCs10%&'()-3m"10%&'()-:$10%&'()-10%&'()-10%&'()-
l
10%&'()-%C%%%%=&&dEbC%3"10%&'()-y#10%&'()-9!10%&'()-$10%&'()-10%&'()-@10%&'
()-&&&5'{'''''dE:/ 10
102@10%&'()-010%&'()-l.F"10%&'()-,,F"10%&'()-l*$10%&'()-'10%&'()-'''(P(z(((
xY:/ 109$10%&'()- @10%&'()-:10%&'()-Y Z"10%&'()-10%&'()- F10%&'()-
10(?)t)))*[*dE:/ 10f#F"10%&'()-&!m10%&'()-
l10%&'()-T10%&'()-`10%&'()-3F"10%&'()-[*** +N+++dE:/
1000f#10%5&'()-mY.3"10%&'()-,,10%&'()-Y)z10%&'()-'
"10%&'()-%3"10%&'()-+*,s,,,,,,-bC 10Z"10%&'()-310%&'()- 10 10 10
74"10%&'()-34$10%&'()-23"10%&'()-- -c---B..dEbC 10LZ"10%&'()-
Z"10%&'()-M$10%&'()-Z"10%&'()-10%&'()-F &10%&'()-../Z///+0dEbC
10%F"10%&'()-S# "10%&'()-!F"10%&'()-l$10%&'()-F"10%&'()- F"10%&'()-
+0n0u000;11dEbC 102F"10%&'()-00%10%&'()-YF.F"10%&'()-,10%&'()-
Y)10%&'()-'F"10%&'()- 1122222`22bC 10F -10%&'()-G"10%&'()-310%&'()- 



10 10 107G"10%&'()-34$10%&'()-2223^333dEbC 10`410%&'()-
Z"10%&'()-Z"10%&'()-Z"10%&'()-10%&'()-10%&'()-3333;444dEbC
10&!Z"10%&'()-F"10%&'()-F"10%&'()-Y) 10%&'()-l
10%&'()-10%&'()-45a5556Z6dEbC
10F.10%&'()-,@10%&'()-)m"10%&'()-'Y"10%&'()-%Y"10%&'()-S#Y"10%&'()-Z666+7n7
o7p7q7t7xmbC 10310%&'()- 10 10
107F"10%&'()-34$10%&'()-2Y"10%&'()-0F"10%&'()-Yt777I8888dEmbC 10
10%&'()-f10%&'()-F"10%&'()-Y"10%&'()-Y Y"10%&'()-Z"10%&'()-8*9m999 :f:dEmbC
10f#F"10%&'()-&!Y"10%&'()-l$10%&'()--10%&'()-3"10%&'()-`Y"10%&'()-f:::D;
;;"<dEmbC
10&0F"10%&'()-FF.F"10%&'()-,F"10%&'()-Y)$10%&'()-'Y"10%&'()-%Y"10%&'()-"<h<
<=====P=bC 10Z"10%&'()-310%&'()- 10 10
107m"10%&'()-34$10%&'()-2F"10%&'()-P===:>r>>?dEbC 10LF"10%&'()-
10%&'()-10%&'()-F"10%&'()-$10%h&'()-F F"10%&'()-?L???+@x@@dEbC 10%10%&'()-
f#3"10%&'()-9!3"10%&'()-l$10%&'()-F"10%&'()-F"10%&'()-@@CAAABgBdEbC
1023"10%&'()-00F"10%&'()-YY.F"10%&'()-,,F"10%&'()-l*$10%&'()-'10%&'()-gBBBB
BBB7CsCbC 10m10%&'()-Y M10%&'()-Z"10%&'()-310%&'()- 10 10
10F4$10%&'()-sCCDLDDDEdEbC 10F"10%&'()- 



l10%&'()-`-10%&'()-33"10%&'()-M$10%&'()-G"10%&'()-EWEEE'FgFFdEbC
10l)$10%&'()-'F"10%&'()-%3"10%&'()-S#F"10%&'()-
&!F"10%&'()-l$10%&'()-FFCGGGGGGGGdYNC 10 10 10
1034$10%&'()-210%&'()-0m10%&'()-F.F"10%&'()-,F"10%&'()- GG*HEHHHIdEYNC 10
M$10%<&'()-Y"10%<&'()-10%<&'()-Y 10%<&'()-,Y"10%<&'()-F
10%<&'()-IbIII(JwJJdEYNC 10
&!Y"10%<&'()-Y$10%<&'()-10%<&'()-@10%<&'()-`m"10%<&'()-
Y"10%<&'()-JJ9KKKLULdEYNC 10
F.#10%<&'()-,Y"10%<&'()-F)$10%<&'()-'F"10%<&'()-%Y"10%<&'()-f#l"10%<&'()-UL
LL2M{M|M}M~MMxmbC 10 10% h&'()- 10< 10< 10<
7Z"10%<&'()-4$10%<&'()-2Z"10%<&'()-&0Z"10%<&'()-ZMMMNeNNNdEmbC 103"10%
h&'()-`$10% h&'()-m"10% h&'()-s10% h&'()-3 10% h&'()-Z"10%
h&'()-N6OlOOO:PPdEmbC 10@#Y"10% h&'()-!Y"10% h&'()-Y$10% h&'()-l10%
h&'()-4f10% h&'()- 9Y"10% h&'()-PPQUQQQ%RdEmbC 100Z"10% h&'()-Y3.&'10%
h&'()-,Y"10% h&'()-F)$10% h&'()- 'F"10% h&'()-l%Y"10% h&'()-%RpRRRSSSSGSbC
10Z"10%&'()-310%&'()- 10 h 10 h 10 h6G"10% h&'()- 4$10% h&'()- 23"10%
h&'()-GSSSTPTTTdEbC 



10`Y"10%&'()- F"10%&'()-L$10%&'()-10%&'()-&10%&'()-Y
Z"10%&'()-T(UWUZU[U\U]U`UkUbC 1010%&'()-s 10%&'()- 10 10
10l10%&'()-10%&'()-Y"10%&'()-kUUUUVOVVdEbC 10lL$10%&'()-4y10%&'()-9
10%&'()-L10%&'()-10%&'()-s10%&'()-VVVAWnWqWWdEbC 10)m10%&'()-Y'
10%&'()-l%10%&'()-@#m10%&'()-!@10%&'()-F"10%&'()- WW&XtXXXXXXxmbC 10  10%
h&'()- 10 10 104F10%&'()-2F"10%&'()- 0m10%&'()-Y,@10%&'()-XXXY"YRYYdEmbC 10
10% h&'()-10% h&'()-Y10% h&'()-s10% h&'()- F 10% h&'()-Z10%
h&'()-YYZHZSZZZdEmbC 10'10% h&'()-%10% h&'()-!y10% h&'()-10% h&'()-y10%
h&'()-L10% h&'()-Z[D[[[[[[[xmbC 10y  10%T&'()- 10 h 10 h 10 h4`10%
h&'()-2m10% h&'()-F.10% h&'()-,10% h&'()-[\N\\\]]dEmbC
109&10%T&'()-Y"10%T&'()-l10%T&'()-sF10%T&'()-F
m"10%T&'()-10%T&'()-]]]]]]C^^dEmbC
10)10%T&'()-'Y"10%T&'()-%m10%T&'()-!10%T&'()-Y"10%T&'()-l10%T&'()- ^^
_J_K_L_M_P__bC 10m10%&'()-10%&'()- 10T 10T 



10T210%T&'()-0Z"10%T&'()-F3.!10%T&'()-___-`v```dEbC
10F10%&'()-9`10%&'()-m"10%&'()-Z10%&'()-s10%&'()-3 m"10%&'()-``8aaaabdEbC
10)10%&'()-'10%&'()-l%M10%&'()-@#G"10%&'()-!Z"10%&'()-10%&'()-bUbbbb@ccccdE
:/ 10 106F"10%&'()-4m10%&'()-2
10%&'()-l0$10%&'()-Y3.F"10%&'()-,10%&'()-cccc"dAdddxY:/
1010%&'()-y10%&'()-L10%&'()-l $10%&'()-  Z"10%&'()-y 10%&'()-
10ddCeeeffdE:/ 10Y%10%&'()-#m"10%&'()-
Y10%&'()-M10%&'()-SF"10%&'()-Y10%&'()-fUffff3gBgdE:/
10610%&'()-4F"10%&'()-y2m10%&'()-.10%&'()-+3"10%&'()-)m10%&'()- 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 wk
$)/p4:?D}JP\RUXL\`Bdhjlnprtvxz|~-#N+3:sCKTZ`BgJKLMNOPQRSTUV# \
_i#g[!"#%&'([*+-.+01234Z6t78f:"<P=?@gBsCEFGIJULMNP%RGSTkUVWXYZ[]^_`bcdfBgWX
YZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~6Times New RomanArialCourier New"h
Root EntryWordDocumentE   !"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


