
;}~e3e_l\l@66Tl=G 3  5 10   AUTOMATIC PIPETTING DEVICE WITH RINSING The
present invention concerns an automatic pipetting device with rinsing of
the pipetting, this device permitting the restoring of reactive agents and
being able to be used in an analysis robot. It more particularly concerns a
device of this type having a modular 15 structure enabling it to be easily
adapted according to the required precision and specifications as regards
the quantities of products sampled in the pipette and the quantities of
rinsing liquid used. Generally speaking, a large number of devices have
been considered fox 20 carrying out pipette and rinsing cycles,
particularly inside an automatic analysis device,. These devices normally
introduce al least two motorisations, one being used to activate a dosing
syringe, whereas the other is used to drive in rotation a pump for
injecting rinsing liquid. In fact, the dosing syringe provided for small
quantities of liquid does not have sufficient capacity to carry out
rinsing" 'This solution therefore proves to be relatively complex and
expensive., It ?s introduces a pump whose motorisation is costly in terms
of energy and whose fragility and period of life are less effective than
those of a syringe, The reliability of the assembly is thus not everything
expected.. Now this type of device needs to be able to function without
requiring any maintenance for at least seven years at the rate of the robot
on which it is used. 1n the case of a robot of the type   -z described in
the patent FR 2 779 827, this rate is 60 tests per hour for at least two
hours per day and 220 days per year (that is, about 185000 tests).
Furthermore, one drawback of this solution consists in that it only allows
pipette samplings in a single precision range dependent on the dimensions
of the 5 syringe without it being possible to adapt it to other precision
ranges Therefore, the object of the invention is to provide first of all a
pipetting device having a pimple structure using only a single motorisation
for pipette sampling and rinsing and whose reliability and period of life
is similar to those of the pipette syringe so as to obtain optimal
rcliability of the assembly with the possibility of changing the precision
range. 'The invention also concerns a pipetting device whose structure and
kinematics allow a modularisation of the pipette and rinsing elements so as
to be able to obtain great flexibility of usage 5o as to obtain these
results, the pipetting device of the invention includes is at least two
pumping units having different dimensions, these two pumping units 



each including a cylindrical cavity inside which a rod/piston unit slides
with imperviousness, said unit delimiting with said cavity a working
chamber whose volume varies according to the axial position of the
rod/piston unit" The extremities of the two rod/piston units coming out of
the two cavities 2o are coupled to an activation element driven in
translation by a common motorisation,. The working; chamber of cacti of the
pumping units is moreover connected to a circuit successively including a
pipe opening into a rinsing liquid reserve, two successive electrovalvcs
and a tube, possibly flexible, connected to pipctting 2s means, such as a
needle The largest working chamber is then connected into the circuit
portion ensuring; the joining point between the two electrovalves, whereas
the other working chamber is connected into the circuit portion situated
between the second electrovalve and the pipetting means,   -3 Of course,
the device of the invention can in addition include means for controlling
motorisation and the electrovalves designed so as to provide a cycle
including at least; - a pipetting phase in which the first electrovalve is
open, the second 5 electrovalve is closed and the motorisation drives in
translation the two rod/piston units so as to increase the volume of the
two working chambers, the increase of volume of the small chamber
generating sucking up of the liquid to be analysed or of the reactive agent
in the pipetting tncans, whereas the increase of volume of the largest
chamber provokes sucking Io up of the rinsing liquid inside this chamber, -
a delivery phase in which the two electrovalves are in the same state as
during the pipetting; phase, the motorisation then acting in such a way so
as to provoke a reduction of the volumes of said working chambers and a
delivery flow of the liquid to be analysed or of the reactive agent.. 15 -
a rinsing phase in which the first electrovalve is closed, whereas the
second is open, the motorisation driving in translation the two rod/piston
units so as to reduce the volume of the two working chambers by expelling
the rinsing liquid they contain towards the pipetting means.. Of course,
the device of the invention could include a number n of zo pumping units
whose rod/piston units are connected to a given activation, clement and
whose working chambers are respectively connected to a circuit including a
number n of elcctrovalves in series respectively connected in the circuit
portions ensuring the joining points between the electrovalves concerning
the n-1 first valves, the smaller working chamber of the nth valve being
connected to the 2s circuit portion situated between this n`'` electrovalve
and the pipetting means. Said control means are then designed in such a way
that in each of said phases a specific number of elecirovalves is found in
a closed state whereas the other valves, namely a number n-i, arc found in
an open state. Advantageously, the device of the invention could include a
Plurality of   -4 modules each including one pumping unit of the said type
whose working chamber is connected to a circuit portion including one
electrovalve. This circuit portion then includes at cacti of its
extremities means for connecting to the circuit portion of another module
and/or to the pipe opening into the rinsing liquid s reserve and/or to the
tube connected to the pipetting means, The coupling means 



between the motorisalion and the rod/piston units are then designed to
allow coupling of the number of the desired modules,. Embodiments of the
invention are described hereafter given by way of non-restrictive examples
with reference to the accompanying drawings on which v to Figure 1 is a
skeleton diagram of a pipetting device conforming to the invention using
two syringes Figure 2 is a liming diagram of a complete operating sequence
of the pipetting device shown cm figure 1., Figure 3 is a diagrammatic
cutaway view of an embodiment of the device ~ s shown on figure 1 " Figure
4 is an exploded perspective view of the embodiment shown on figure 3.
Figure S is a perspective view of the device of figure 4 in an assembled
state, zo Figure 6 is diagrammatic cutaway view of a modular' pumping unit
able to be used in a pipette device conforming to the invention" Figure 7
is a diagrammatic representation of the pumping unit of figure 5., In the
example shown on figure l, the pipetting device includes two pumping units
1, 2 each including a cylindrical body C;, C' in which a piton P, P1 2s
moves and which dolimits with a bottom F, F' a variable volume working
chamber" This piston is integral with a rod 'f, 'T' corning out of the body
on the side opposite to the bottom r and which is coupled to a translation
activation mechanism introducing   .S_ - a coupling element AC on which the
rods T and T' are fiixed (there is a play between T, T' and AC'. to
mitigate any defects ofparallelism), - a rack CR integral with the coupling
clernent AC which extends parallel to the axis of the cylindrical bodies C,
C', s - a pinion fN driven by a step motor MP which gears wi111 the rack
C'.R, The bottom of each of the bodies C, C' is flitted with a piper C0,
C'.0' making the corresponding working charl~ber communicate with a circuit
including in series a pipe CPS opening into a rinsing liquid reserve RT.,,
two io successive clcctrovalves >JV1, EVZ and a flexible tube TS connected
to a mobile pipetting needle AP, This needle Af is activated so as to be
able to be engaged in various receptacles, such as, ibr example as shown, a
reserve RE containing a sample or a reactive agent, an analysis receptacle
1ZA and a rinsing chamber PR,. More specifically, the pipe Cn is connected
to the circuit i n the gap of the 15 clectrovalves EV 1, EV2., 'hhe pipe
CCf opens into the circuit portion ensuring the joining point between the
electrovalve EV2 and the needle AP,. Control of the electrovalves IJV~, ~VZ
and of the anotor MP is ensured by a ~nicrc~cc~ntroller MC" The optical
sensor only Furnishes the "zero" position of the system.. 



2o In this example, the state of the valve ~V~ is still opposite that of
the valve EV->, that is when the valve EVE is open, the valve EV2 is closed
and vice versa. the functioning of the pipetting device previously
mentioned shall be described herea~cr with reference to the timing diagranz
of figure 2,. According to this timing diagram.. in the initial state, the
needle nP is 2s engaged in the reserve RF, the valves 1JV ~, EV2 being
respectively situated in the open and closed positions The motor M!' is
inactive, the pistons being in the idle pOS1t1U11 (position 0)., 'fhe two
working chanZbers of the pumping units are filled with rinsing liquid. The
pipetting phase is then carried out by means of a rotation of the motor
_g. MP (negative direction) so as to move the two pistons P, P' downwards.
During this movement, the piston 1" creates suction of the liquid contained
in the reserve RE inside the needle AI' and one portion of the flexible
tube TS, whereas the piston P sucks up the rinsing liquid contained in the
reserve RE. s During the next phase, the needle PA is moved fir example so
as to be placed above the analysis receptacle R~." Once in this position,
the device can start the delivery phase during which the motor MI' rotates
in the opposite direction so as to put the pistons P, P' baclc to their
idle positions {position U),. Whilst this is happening, the electrovalves
to stay its the same sate as previously and the piston P' delivers the
liquid, previously taken in the needle AP, inside the receptacle I2A,
whereas the piston P delivers the rinsing liquid inside the reserve, Once
this delivery phase has ended, the needle AP is brought to the right of the
rinsing chamber PR so as to allow execution of a rinsing phase. Daring this
new phase, the state of the electrovalves is inverted, the electrovalve
.EVE being closed and the electrovalve EV2 open, whereas the motor MP is
activated so as to deliver the rinsing liquid contained in the two syringes
in the direction o1 the pipetti.ng needle, In fact, this delivery takes
place in several states each corresponding to zo one or several steps of
the motor MP.. Unce the rinsing phase has been completed, the device starts
a tilling phase during which the electrovalve EV, is open, wheretis the
electrovalve EVE is closed The motor MI' is then activated so as to move
the pistons P, P' downwards to provoke the required suctiorl~, During this
tilling phase, the puliiping unit 2 ?s provokes sucking up of air by the
needle Al'.. AS a result, the return of the device to its initial state
involves an air eVdCL1i1t1Un phase during which the electrovalves EV 1, EVZ
axe respectively closed and open azad tire motor MP is activated so as to
obtain a delivery of the rinsing liquid contained in the units 1 and 2
through the needle.   _7_ When the air is remcwed, the device returns to
its initial state in which the electrovalvcs r,Vl, rV2 are respectively in
the open state and closed state and where the pistons occupy the idle
position 0. 



Advantageously, the previously described device could be dimensioned so s
as to be able to be compatible with currently used analysis robots. By way
of example, in this device used on a robot as described in rR 2 779 X27 ; -
the minimum volume to be pipetted could be equal to 5 ul, the maximum
volume being equal to 250 ~~1, (this volume being determined by adjusting
the number of steps of the motor during the suction and covering phases); -
tbr restoring the reactive agents, the maximum volume to be pipctted could
be equal to 8 n11, - the start delivery rate could be 24..4 p.l/s or 73"2
~1/s, the upper dclivczy rate being about 3G6 ~1/s, ~ s - the device could
be made to carry out 10 successive rinsings with a volume of 15U p.l with a
duration of 10U ms per one rinsing, The pressure of the rizasing stages
could be 3 bars, - the motor MP used may consist of a step back-geared
motor including 20U steps per revolution, zo - the divmeter of the piston
ofi the body of the pipetting unit I could be equal to 14 mm, whereas the
diameter of the piston of the body of the pipetting unit 2 could be 3 rrnn,
the length ofthe two bores could be 55 mm, In the example shown on tit;ures
3, 4 and 5, the bodies of the two pipettinb zs units l, 2 are integrated in
a given plastic block BL made, for example of Plexiglas {registered
trademark) having an approximately parallelepiped shape This body includes
two bores AL1, ALA centered parallel to the vertical axis c~f symmetry of
the block, said bores opening outside the level of the lower face of the
block.. !n their upper portion, these two bores end by two respective   _g_
conical portions PC1, I'C2 situated at a specific dist~u~ce liom the upper
face.. In the volume between the two bores ALA, ALZ, a cavity C'.A is
provided which opens onto the lower face and the front face, as well as a
vertical passage PV extending between the upper face of the cavity CA acrd
the upper fact of the 5 block" Secured to the Jowcr fact of the block is a
base EM including two traversing vertical passages in which mounted sliding
imperviously are two respective rod/piston units TP t, '!:'1'2 made for
example of stain less steel respectively engaged in the bores AL1, AL2,
sliding imperviousness here being t o obtained with the aid of dynamic
gaskets,. The upper extremities of these rod/piston units are conical,
whereas their lower cxtrcrrritics include two respective throats enabling
them to be tixed Lo the extremities of a horizontal branch of an inverted T
actuation element PA and enabling them to be dismantled" t5 The vertical
branch of this actuation clerrrent PA is tixed to the lower extremity of a
vertical rail 1tV able to move in vertical translation ~u~d Whlcll 



passes into the cavity by means of an orifice provided in the bast and then
through the passage PV, Thin rail RV bears a rack C1Z on which the pinion
PN gears, said pinicm 2o bciz~g activated by a hack-geared motor (block at
the broken points MP) and which is housed in the cavity. Moreover, two
electrovalvcs EV,, r,V~ are mounted on the front face of the body in
communication with pipes made in the block 13 in accordaxace with the
circuit shown on figure 1., 25 In addition, an optical fork rC) is provided
for detecting the "zero" position of the rail RV" The functioning o1~ this
device is identical to the one previously described and shall trot be
described here in detail, Nevertheless, it proves that Ibis solution is
particularly advantageous   _9_ owing to its compactness, its case of
integration, its aptitude to eliminate the bubbles by means of the conical
shapes, its precision which dcheds on that ofi the rod/piston units TPr,
TP2 which can be machined a.t an extremely highperfi~rmmce precision, and
its reliability., 5 Tn particular, the elimination of bubbles is due both
to the conical shapes of the rod/piston units TPI, TPZ and the cylindrical
bores AL,, AT,2, as well as the surface stile of these elements..
r'urthermorc, the passage of bubbles is facilitated due to the fact flat
the conical shape PCI of. the cylindrical bore ALA with the smaller
diameter communicates directly with the pipe connected to the pipetting ~ o
means AP. Of course, the invention is not limited to employing this
solution. It also concerns a modular device rising pumping modules able to
be assembled to each ether in the way indicated on figures 6 and 7. !n this
example, each module M, to M4 includes a cylindrical cavity CC1, CC~ in
which a rod/piston unit '1'P'c, 'f1''2 activated by a motorisaticz (block
MU) common to a1I the rod/piston units 'f1"~, '1'Y'z is able to sl ide
imperviously, This module includes a body having two parallel assembling
laces TAI, Fn.2 lrltU wh1C11 ii traversing pipe CT opens, 1S1
COInn)ll111C'cLt1011 Wlth the cylindrical cavity CC1 and laving one portion
able to be sealed off by a needle 2o activated by an electromagnet (the
unit constituting an electrovalve 1rV'1). At tile level of the assemhly
fillces, the orif ces of this pipe CT are equipped with connection mcarls
for the scaled connection of pipe sections CT of several modules when the
latter are assembled together via their assembly faces and fixed in this
position, fir example by tie rods TR 25 Similarly to the 1regoing, the pipe
obtaiticd by the connection of the various traversing pipes CT is connected
on one side to the rinsing liquid receptacle 1ZL,, and on the other side to
a pipetting needle AP" 1'he electrovalves EV' arld the motorisation MU are
connected to a microprocessor control circuit MC.   -to In addition, each
of the modules M~ to M4 also lnChldCS a pipe CP in communication with tl~c
cylindrical cavity CC~ and which opens onto the upper face of, the rnodulc
via an orifice constituting a parallel outlet SP~ This pipe G!' can be
sealed off by a needle controlled by an electromagnet, the unit forming an
s clectrovalve r,V'2 similar to the electrov~rlves EV'~ and controlled by
the control circuit. 'fhis parallel outlets SP can be connected to the
pipette needle AP by means of a common collector. It is clear that this
modular structure benelits from its extreme flexibility 1 o and can be
adapted to ~z larbe number of situations by varying the nttmhcr of modules,
by selecting modules having cavities with a suitable dia~x~eter, by
grouping modules having electrovalvcs exhibiting the same slates, by
selecting the outlets most suitable for carrying o~it the desired
fimctions, etc, of course, this selection cast be provided by a protramnle
implemented by tfac control circuit is MC,   -11 



~~lalmS 1. Automatic pipetting device with rinsing, this device allowinS
the restoration of reactive agents and being able to be used in an analysis
robot, s characterised in that it comprises at least two pumping un its (
1, 2) of different capacities, each comprising a cylindrical cavity (ALt,
AT~2) inside which a rod/piston unit (TP1, TP2) slides imperviously, said
unit delimiting with said cavity a working chtur~ber whose volume varies
accordinb to the axial position of the rodlpiston unit (TPt, TP2), iii that
the extremities of the two rc~d/piston units t o (TPr, TPl) coming out of
the two cavities are coupled to an actuation element moved in translation
by a common n zotorisation (MC), and in that the working chamber of each of
the pumping units (l , 2) is connected to a circuit successively including
v pipe opening into a rinsing liquid reserve (.LU.,), two successive
clectrovalves (EVr, EV2) and a tube (TS) connected to pipetti.ng means
(AP), the 15 largest worlcing chamber being connected in the portion of
said circuit ensuring the joining point between the two electrovalves (EV1,
EV2), whereas the other working chamber is connected in the circuit portion
situated. between the second electrovalve (FV2) and the pipetting means
(AP). 2o 2 Device according to claim l, cl>.aracterised in that it
comprises control means (MG) of the motorisation (MP) and electrovalves
(rVr, EV2) designed so as to obtain a cycle including at least ; - one
pipetting phase in which the first electrovalve (r,V~) is open, tl>.e
second electrovalve (EV2) is closed and the motorisation (Nli') drives in
translation 2s to two rod/piston units (TP1, TP2) so as to increase the
volume of the smallest working chamber and generate suction of a liquid to
be sampled by the pipetting means (AP) and an increase of the volutne oi'
the largest chamber provoking suction of the rinsing liquid inside th is
largest chamber, - a delivery phase in which the two electrovalves (E'Vr,
PV2) are in the same   - 12 state as during the pipetting phase, the
motorisation (1V11') then acting in a way to provoke a volume reduction of
said working chambers and a delivery of the liquid previously sampled, and
- a rinsing phase in which the fiirst electrovalve (EVE) is closed, whereas
the 5 second eleclrwalve (EV,) is open, the motoris~Ltion (1V1Y) moving in
translation the two rod/pist,on units ('f1'~, 'f1'2) so as to reduce the
voluznc of. the working chambers by expelling the rinsing liquid they
contain towards the pipetting means (~1P). to 3,. Device according to claim
2, characterised in that, following the rinsing phase, said cycle includes
a filling phase during which the second clcctrovalve (EVZ) is closed,
whereas the first electrovalve (EVz) is open, the motor. (MP) being
activated so as to increase the volume of said working chambers, and an air
removal phase during which said frst and second electrovalves (EVz, EV2)
are is respectively closed and open, whereas the motorisation (MP) is
activated so as to obtain a delivery of. the rinsing liquid in the
direction of the pipetting means (nP), 4.. Device according to one of the
preceding claims, characterised is that the cylindrical cavities (ALt, AL2)
of the two pumping units ( 1, 2) are embodied 2o in a given material block
(B)" 5. Dcvicc according to one of the preceding claims, characterised in
that said znotorisation includes a motor (MP) driving << pinion (1'N) which
gears with a rack (CR) inlegrvl wish said activation rncmbcr ?s 6., Device
according to one of the preceding claims, characterised in that the upper
e~ctremities of the cylindrical cavities (ALi, AJ,2) and the rod/piston
units (TP~, TPZ) are conical. 



-13 7., r)cvice according to elainl 6, characterised in that the conical
shape (PC,) of the smallest. cylindrical cavity (ALA) communicates directly
with the pipe con;nectcd to the pipetting means (Al'),. 5 8" Device
according; to claim 1, characterised in that said pumping units consist of
modules (M1 to M4) each including a body having two parallel assembling
faces (.E;A~, FAZ) info which a traversing pipe (CT) opens, said pipe
bcin.g in colnmn.rlication with said cylindrical cavity (CC1, C',C2) and
having one portion able to be sealed off by an electrovalve (EV',), the
orifices of said pipe being equipped with connection means for ensuring
sealed connection with a corresponding orifice of another Inodule (M1 to
M~) when the two modules are assembled tc> each other via their assembling
faces and fixed in t111s position with the aid of fixing; means (TR), said
orifiices ~noreovcr being able to be connected either to the rinsing liquid
intake pipe or to the pipe connected to the pipctting 15 IIleaIlS (Af). 9..
Device according to claim H, characterised in lhal each of the modules (M~
to M4) includes a pipe (CP) in communication with the cylinclri.cal cavity
(CC~) and which opens outwardly by an orifice constituting a parallel
outlet (SP), 2o said pipe (CC1) being able to be sealed off by an
electrovalve (EV'z)., 10. Device according to one of the prcccdic~g claims,
characterised in that said electxovalves (EVr, EVZ.EV'1, lrV'2) and said
motorisation (MP) arc controlled by a processor (MC) receiving infonnation
relating to the position of 2s the rod/pislon units (TP~, TP~.TP'~, 'ff'Z),
11.. Device according to claim 10, characterised in that said iafiormation
is obtained wish the aid of an optical fork associated with said rack
(CR),.
.A3Uy.A.A.A.AA.A.A.A.A.A&%!.A.A.A1s:=NQ:<=FHx36}xrmhc^Y]ca]ca]ca]ca]caU]ca]
caU]ca]caU]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^aU]c:a]c:a]ca
]ca]ca]ca +n  T   EY$ s
RFH}xsnid_YU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!au,];
8h.B>c|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]ca]caU]ca!Y`1uj  _
!!j!!!R"""E###)$u$$}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!$$%%w%%&O&&&'M'b'''(/)
Y)))M***+i+++G,,,-9---#.}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!#.v.../G////)0y00
051|1112b2223-3~33334I4444*5w55}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!56[6677X77
7B8K888'9u999C::::N;
;;;I<h<<<=o====}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>G>?C
C:CXCCC\FaFFFFFFFIGGGGAH^HHHAJKJPJXJJJBKL~ytoje`[V]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]ca]ca]ca]ca]caU]ca]caU]ca]ca]ca]ca
]ca!LLNmNNO=OOPVPPP:QQQ!R'RvRRR6S}SST7TTUVrVVW1W{WW}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]ca!WWXMXXXXYe[\]]__RRR6S}SST7TTUVrVVW1W{WW}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]ca 1iK-10%&'()-
L!10%&'()-10%&'()-S10%&'()-LS`10%&'()-Yl310%&'()-3y`10%&'()-`1s:=iK-
9!10%&'()- 99!10%&'()- S 10%&'()- l`10%&'()- 10%&'()- &!10%&'()-  10%&'()-
NQHiK-*L!10%&'()-  (`10%&'()- 9'10%&'()-l%&!10%&'()- ,)10%&'()- #`10%&'()-!
10%&'()- H36h]RG*L!10%&'( 10 10 1019!10%&'()-@210%&'()- 010%&'()-
F.S10%&'()- f,9!10%&'()-3+n  T dE]RG*L!10%&'s 10%:&'()- @!10%:&'()- F
:10%:&'()- @y,10%:&'()- S!10%:&'()- 9G10%:&'()-T  



EaB]RG*L!10%M10%:&'()-!10%SS&'()- ,&'!10%:&'()- ,YM!10%:&'()- @!10%:&'()-
:10%:&'()-Y$ s  dE]RG*L!10%y#'!10%:&'()- !'!10%:&'()- @#10%:&'()-:10%:&'()-
,Y10%:&'()- ,'!10%:&'()-  RFdE]RG*L!10% .&!10%:&'()-  S,L10%:&'()-
*f10%:&'()-(g#10%:&'()- '`10%:&'()- F%&10%:&'()- FHdE:/ 10: 10:810%:&'()-
79!10%:&'()-S5&!10%:&'()-  3`10%:&'()- 110%:&'()-09!10%:&'()-auxY:/ 10:
"10%\&'()-f!10%\&'()- fF  10%\&'()- ff!10%\&'()- @910%\&'()- `F10%\&'()-
10:,];dE:/ 10:S10%\&'()- 3`10%\&'()- fM10%\&'()- S!10%\&'()- &10%\&'()-
`10%\&'()-8dE:/ 10:,S,:!10%\&'()- @*&!10%\&'()- (f#10%\&'()-
!10%\&'()-`!10%\&'()-`&@#10%\&'()-uhaB7/ 10: 10\ 810%\&'()-
710%\&'()-,@5:!10%\&'()- ,s3:!10%\&'()-
.z#10%\&'()-!D.z#10%X\X\&'()-.BmN/Ys10%'o&'()- @10%'o&'()- @!10%'o&'()- s
"10%'o&'()- ,'!10%'o&'()-9G10%'o&'()- 10\ 10\B>cdEmN/Ys10%'o &`10%'o&'()-
Yg10%'o&'()-  



`10%'o&'()- ,10%'o&'()-@#10%'o&'()- ,&!10%'o&'()-
Y`dEmN/Ys10%'o(g#10%'o&'()-L'10%'o&'()- F%`10%'o&'()- ,#`10%'o&'()-
!M10%'o&'()-  10%'o&'()-1udEmN/Ys10%'o310%'o&'()-1g#10%'o&'()-0'!10%'o&'()-
3.M10%'o&'()-  f,10%'o&'()- *m10%'o&'()- j  bCYs10%!10%M&'()- F10%M&'()-
10'o 10'o 10'o910%'o&'()- 7:!10%'o&'()-  S5s10%'o&'()-   _
!!j!!dEbCYs10%Y:!10%M&'()-  yL10%M&'()- L  10%M&'()-  &10%M&'()- F
'!10%M&'()-  10%M&'()-!!R"""E##dEbCYs10% `10%M&'()-3FS 10%M&'()-
yM!10%M&'()- M!10%M&'()-4@#10%M&'()-&&!10%M&'()-
##)$u$$$%%dEbCYs10%(y#10%M&'()-L'10%M&'()-F%9!10%M&'()-  y#t10%M&'()-
!m10%M&'()-S#10%M&'()- %%w%%&O&&&dEbCYs10%3L!10%M&'()- 1y#10%M&'()-
010%M&'()-F.s10%M&'()- y,L10%M&'()- *@ 10%M&'()-
&M'b''''''(bCYs10%@&!10%'o&'()-9G10%'o&'()- 10M 10M 10M
910%M&'()-3710%M&'()- S5`!10%M&'()- (/)Y)))M**dEbCYs10%-#10%'o&'()-
,&'!10%'o&'()- ,F'!10%'o&'()- y:10%'o&'()- ,10%'o&'()-s "10%'o&'()-
**+i+++G,aBbCYs10%,!'!10%'o&'()- !@#10%oo&'()- ,& 10%'o&'()- FM10%'o&'()-
,z10%'o&'()-,'!10%'o&'()-G,,,-9---dEbCYs10%f,'!10%'o&'()-  *M10%'o&'()-
(T10%'o&'()-  '`10%'o&'()- F%10%'o&'()- y#'!10%'o&'()- -#.v...G//dEbCYs10%
7M!10%'o&'()- f5:!10%'o&'()-  3s10%'o&'()- 1g10%'o&'()- 0:!10%'o&'()-
3.'!10%'o&'()- //////)0y00bCYs10%@  10%\&'()- SS!10%\&'()- :10%\&'()-
9Z10%\&'()- 



10'o 10'o 10'o910%'o&'()-0051|1112dEbCYs10% `10%\&'()- @
!10%\&'()-@f10%\&'()-:10%\&'()- s F10%\&'()- M10%\&'()-
2b2223-3~3aBbCYs10%@#10%\&'()-  F 10%\&'()- @ !10%\&'()-  f10%\&'()-
@!10%\&'()- !&"10%\\&'()- ~33334I444dEbCYs10% s*s10%\&'()- (g#10%\&'()-
&-10%\&'()- , %!10%\&'()- S#&10%\&'()-  s!`10%\&'()- 44*5w556[6aBbCYs10%
@5`10%\&'()- `310%\&'()- 1#10%\&'()-  /`10%\&'()- !.10%\\&'()-
S,10%\&'()-[6667777X77bCYs10%SM10%:&'()- Ss10%:&'()- LG10%:&'()- 10\ 10\
10\8:!10%\&'()- 6:!10%\&'()- 77B8K888'9dEbCYs10%, '!10%:&'()-,S:!10%:&'()-
M10%:&'()- s F10%:&'()-@&!10%:&'()- ,  :!10%:&'()-
'9u999C:::dEbCYs10%,10%:&'()- , '!10%:&'()-,S:!10%:&'()-  s10%:&'()-
10%:&'()- ,:!10%:&'()- ::N;;;;I<dEbCYs10%(z#10%:&'()-  &`10%:&'()-
%10%:&'()-S#:!10%:&'()- s!:!10%:&'()-
S#10%:&'()-I<h<<<=o==dEbCYs10%s310%:&'()-1z#10%:&'()- /10%:&'()- 



.:!10%:&'()-
@,10%:&'()-*10%:&'()-===@>A>B>C>G>_?b@Ys10!"10%oo&'()-gLG10%'o&'()- 10: 10:
10: 810%:&'()- 7F10%:&'()-
@510%:&'()-_??APAABCzX6b@!I#10%popo&'()-`*!X#10%oo&'()-`*!a#10%oo&'()-`*!D#
10%kk&'()-`*!y#10%'o'o&'()-`*"10%'o&'()-gCCEEYFZF[F\FaFzl^P1910%"&'()-
10XoXo 10XoXo
10XoXo!1#10%XoXo&'()-`*!6#10%]o]o&'()-`*!@#10%gogo&'()-`*#10%'&'()-`*aFFFIG
GGGdE^P1910%f10%"&'()- "10%"&'()- f!10%"&'()-f3 !10%"&'()- ff!10%"&'()-
@&10%"&'()- GAH^HHHAJHJIJJJdE:/ 10" 10"&10%"&'()-@&!10%"&'()-s&f#10%"&'()-
,:10%"&'()-SF&10%"&'()-,f:10%"&'()- JJKJPJXJJJBKLxY:/ 10"@9!10%:&'()-
"10%:&'()-S!10%:&'()- SF 10%:&'()- f10%:&'()-910%:&'()- 10"LLNmNNO=OdE:/
10"@F%10%:&'()- y#'!10%:&'()- !:!10%:&'()-
@#10%:&'()-,'!10%:&'()-t&@#10%:&'()- =OOPVPPP:QdE:/ 10"@  310%:&'()-
1f#10%:&'()- 3 0 10%:&'()-*:!10%:&'()-*:!10%:&'()-(T#10%:&'()-:QQQRR
R!R'RvRbC 10"l `10%'o&'()- 10%'o&'()- 10: 10: 10:99!10%:&'()-  3710%:&'()-



f510%:&'()- vRRR6S}SSTdEbC 10"Y ,10%'o&'()- Y L 10%'o&'()- s "10%'o&'()-
S!10%'o&'()- l 10%'o&'()- Y ,10%'o&'()- T7TTUVrVVdEbC 10" $`10%'o&'()-
,L!!10%'o&'()- @#10%'o&'()- ,`'!10%'o&'()-@#10%'o&'()- Y Z
10%'o&'()-VW1W{WWWXdEbC 10"110%'o&'()-/ 10%'o&'()- -:!10%'o&'()-
,`10%'o&'()- (10%'o&'()- &'!10%'o&'()- XMXXXXXXXYb@
10"!y!10%\\&'()-910%\&'()- 10'o 10'o 10'o6S10%'o&'()- 5M!10%'o&'()-
93`10%'o&'()- Ye[\]]__zX6b@ 10!f5:!10%\\&'()-!;
f,#10%\\&'()-sy#S#10%&'()-s!@y#S#10%T\T\&'()-s!6&@#10%\\&'()--!1K&
@#10%E\E\&'()- 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 $,4B;[CJG
OU\`bdfhjlnprtvx$#.5=LW_=>?@ABCDEF1HT  FB
!#%%&(*G,-/02~34[67'9:I<=_?CaFGJJL=O:QvRTVXY_GHIJKLMNOPQRSTUVWXYZ[\]^_`abcd
efghijklmnopqrstuvwxy6Times New RomanArialCourier New"h Root
EntryWordDocumentl   !"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{| 


