CONTROLLABLE LI QUI D DI SPENSI NG DEVI CE Field of The Invention The present
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ci rcuidisppesgd or to connect conponents within an integrated circuit. The
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di stributed by Canel ot Systens, Inc. of Haverhill, MA the assignee of the
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applications such as those described above, the accuraca of the vol ume of
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for In a typical dispensing system, a pump and dispenser assembly is mounted to a moving

0  assembly for moving the pump and dispenser assembly along three mutually orthogonal axes (x,
y, 2), by servomotors controlled by a computer system or controller. To dispense a volume of
liquid on a circuit board or some other substrate at a desired location, the pump and dispenser
assembly is moved along the horizontal x and y axes until it is located over the desired location.
The pump and dispenser assembly is then lowered along the vertical z axis until the nozzle is at

25  an appropriate height over the substrate, The pump and dispenser assembly dispenses a
predetermined volume of liquid, is then raised along the z axis, moved along the x and y axes to
a next desired location, and is lowered along the vertical z axis to dispense the predetermined
volume of liquid at the next location.

In dispensing applications such as those described above, the accuracy of the volume of

30  liquid dispensed by the system is an important feature of the system. In one prior art dispensing

system, the pump and dispenser assembly includes an auguring screw housed in an auguring
chamber within a dispenser housing. The auguring screw is rotated within the chamber to

provide a controlled amount of liquid. The pump and dispenser assembly has a nozzle for



-2- dispensing material onto a substrate. The liquid to be dispensed by the
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sealing device is in a first position and the material control device is compressed a predetermined
20  amount, a vacuum is created which draws material into the dispensing chamber. The material
remains within the dispensing chamber as the sealing device in the first position seals an opening
leading to a dispensing tip. After a predetermined amount of material is drawn into the
dispensing chamber, the switching device moves the sealing device to a second position, This
creates a seal to prevent further material from entering into the dispensing chamber. In this
25  second position, the sealing device allows material to exit through the opening at the dispensing
tip. By expanding the material control device, the material within the dispensing chamber is
forced out the opening of the dispensing tip. In this manner, the precise amount of material to be
dispensed onto the substrate can be controlled.
In another embodiment, the material control device includes a screw and piston system.
30 The piston has an opening in one portion thereof to be received by the screw by corresponding
engagement teeth. As the piston mates with the screw, it is drawn away from the dispensing

chamber. The screw can be disengaged from the piston by a revetse turning action on the screw,



30 The piston has an opening in one portion thereof to be received by the
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inlet port into the inner chamber. The dispensing system further includes a second valve

20  operable in one of an open mode of operation and a closed mode of operation. The second valve
is disposed between the outlet port and the inner chamber in such a manner that when the second
valve is operating in the open mode, material may flow from the inner chamber to the outlet port,
and when the second valve is operating in the closed position, material is prexl'ented from flowing
from the inner chamber to the outlet port.

25 In one embodiment, the first valve is constructed and arranged such that the mode of
operation of the first valve is controlled in part based on a difference in pressure of material
being received in the inlet port and pressui‘e of material in the inner chamber, and the second
valve is constructed and arranged such that the mode of operation of the second valve is
controlled in part based on a difference in pressure of material in the inner chamber and ambient

30  air pressure at the outlet port.

In still another embodiment, the first valve includes a first spring providing a spring force

that causes the first valve to operate in the closed mode of operation unless the pressure of the



operation of the first valve is controlled in part based on a difference in
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material is dispensed from the dispensing system, a housing including an inner chamber, means

Ji

for decreasing air pressure within the inner chamber to fill the inner chamber with material
20  through the inlet pdrt, and means for increasing pressure on the material in the inner chamber to
force material from the inner chamber to dispense the material onto a substrate.

Another embodiment of the present invention is directed to a method of dispensing
material in a dispensing system. The dispensing system has an inlet port to receive material, an
outlet port from which the material is dispensed from the dispensing system, and a housing

25  including an inner chamber. The method includes steps of decreasing air pressure within the
inner chamber to cause material to flow through the inlet port into the inner chamber, and
increasing pressure on the material in the inner chamber to cause material to flow from the inner

chamber through the outlet port to be dispensed by the dispensing system.

30 Brief Description of The Drawings
For a better understanding of the present invention, reference is made to the drawings,

which are incorporated herein by reference, and in which:



Anot her enbodi ment of the present invention is directed to a nethod of

di spensi ngowadeddsal in a di spensing system The di spensi ngpGlyes®nsisas an
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enbodi ments of the present invention; Fig. 3 is a cross- secti onal
vi ew of a cﬁxgpdaéndlmgataea seadingdgvige mdmwmbgdwmscé theprgsenh invetidati inant s of
the present invention; Fig. 4A illustrates a sealing device used in

enmboditRibiAl Rurge PPHHOD esent invention in an initial purge position: Fig. 4B
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shown in Fig. 5; Fig. i s anot her cross-sectional side view of the

di spermsmgmtgmb@dmmnmﬁhenresﬁrgm@nnamd Figs. 9A and 9B illustrate the

opgration gl tBe Jl3REAS b the WS h bystdnd shovn in Fig. 5;

Fig. 7 is a cross-sectional side view of the dispensing system shown in Fig. 5;
Fig. 8 is another cross-sectional side view of the dispensing system shown in Fig. 5; and

Figs. 9A and 9B illustrate the operation of the dispensing system of Fig. 5.

0 Detailed Description of Illustrative Emodiments

For purpose of illustration, the present invention will now be described with reference to
a dispensing system, which is used to dispense viscous materials onto a substrate. One skilled in
the art will appreciate, however, that embodiments of the present invention are not limited to
dispensing systems that dispense viscous materials onto substrates, but rather, the dispensing
25  apparatus and methods in accordance with embodiments of the present invention may be used in
other applications requiring dispensing of a controlled amount of material from a container.
Referring now to Fig. 1, a controllable liquid dispensing system 10 in accordance with a
first embodiment of the present invention is shown. The liquid dispensing system 10 comprises a
power control system 12 connected to a material control device 14, which is connected to a
30  dispenser device 16. The material control device 14 cooperates and interacts with the dispenser
device 16 to deliver a controlled volume of material through a dispensing tip 22 and onto a
substrate (not shown)" Within the dispensing device 16, there is present a sealing device 20,

~ which is connected to a switching device 18. Using standard timing and control systems known
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(See Fig. 3). In a preferred embodiment, a piston with a diameter of 0.250 inches is used.

20 However, smaller or larger diameter pistons may be used depending upon the volume of material
 tobe dispensed. Self lubricating and abrasive resistant materials are preferred.
By connecting the material control device 14 to a standard power control system, such as
a servomotor, the rotation of the screw 30 can be controlled, so that when the screw mates with
the piston 32, the second piston portion 36 is drawn away from the dispensing chamber and back
25  through the material control device chamber 58 to create a vacuum within the chamber. The
displacement distance of the second piston portion 36 can be controlled by the number of turns
made to the screw 30. By controlling the distance of displacement of the piston portion 36, the
amount of vacuum created in the chamber 58 and dispensing chamber 52 is also controlled. This
in turn determines the amount of material which is drawn into the dispensing device 16 as will be
30 shown herein.
Referring now to Fig. 3, the dispensing device 16, switching device 18 and sealing device

20 of the present invention are shown in greater detail. The dispensing device 16 comprises a



15 Preferably, self lubricating materials and a fine threaded screw for
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syst eand asetonsssealingportion 66 connepted bytintetconnest amh66.s Thetytizgseaking gevice 20 -
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t he cha | spl acenent di stance of the second piston portion 36 can
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the dippans Mdtedals H@ séflingHevice Raybedratedon fingsien sabide/@raitiv] arootRd hafd t he
present invention are shown in greater detail. The_di spensing device 16
conpr i reatsrials (or a Fombinatiomef tBO abydhie) hFeratonrabrasiveanaterialy, S@Eﬂ?sé steglratharng
material, from a‘qﬁ%{)eq{iﬁr{g (g4, which is to be dispensed through a second
openi njitigbledngten A Ptnsing tip 22. The sealing device 20 extends the
length of tfe CRATNGS thxdhe A se%ﬁﬂ% F:Bﬂio‘ﬁ%%' ST aliREdenRD0%elbéatdd in@al | ng
portion 62 and a second seal 1 ng portion 64 connected by interconnect arm
66. Thgositivd whichaeparaigs the\iperting 64 For the matariat emtrance intntheichambdrS2 fiine tiei ng
devi ce 18. The sw tching device 18 may bhe inpl ement sihg a co wi tch
or L3r ematesigl gondrol devige chambey H§ ﬁﬁ@FhWtEWléagg@é{ggﬁﬁﬁgofq @&%W‘Sﬁw Qﬁs ndar d
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Screw, c&itrBl lddvick ehiriBerGBY i Bnd aVGimant, b BethiRing: device 56 anlyibeglated irthie20 can
be made froma range of material. For dispensing of .0 abrasive materials,
the sechimiper$@\to assistay creatingithe seal ovith the §est sealing portinn 6248 alep 40 prsvensithe r

hard

first sealing portion 62 from rising to the level of the material entrance opening 54. The retaining |
20  device 56 may have tapered edges to assist in the sealing process. The retaining device may be
any of those known in the art. The first sealing portion 62 may also be a ball and check valve or
one of other similar sealing devices known in the art.
The sealing device 20 has a second sealing portion 64 connected by an interconnect arm
66 to the first sealing portion 62. This second sealing portion 64 seals the opening above the
25  dispensing head or tip 22 to prevent material from dispensing from the chamber 52. The first
' sealing portion 62, second sealing portion 64 and interconnect arm 66 act in cooperation with
each other so that when the switching device 18 moves, the sealing device 20 from a first
position to a second position, one of the seals created by either the first sealing portion 62 or the
second sealing portion 64 is in an open position and the other seal is in a closed position.
30 The dispensing device 16, switching device 18 and material control device 14 can all be

assembled and connected through various fastening means known in the art such as clamps,



materials (or a conbination of the above). For non abrasive materials,
stainless steel or other suitable materials nmay be used. It is preferred
that the WPS800646al i ng portion 62 of the sealing device 23%@’%’@&3&?%d in a
position which separates the opening -84 for the material entrance into the
chanmber 52 fromthe 15 material control device chanber 58 and the i
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22. In this position, the first sealing portion 62 does not form a seal and therefore allows an open

pathway for material flow from the material opening 54 and into the lower portion of the

'0 chamber 52. When the sealing device 20 is in this position, the material control device 14 is’
compressed a predetermined distance by the power control 12. This creates a vacuum to draw
material through the material opening 54 and material supply (not shown) into the chamber 52.
The liquid material can flow past the sealing device first portion 62 and past the retainer 56 and
into the lower area of the chamber 52. Once the selected volume of material enters into the lower

25. portion of chamber 52, the material cannot escape from the dispensing device 16 since t'he
opening 60 for the dispensing tip 22 is sealed by second sealing portion 64. Using standard
timing and control systems known in the art, the switching device 18 moves the sealing device
20 to the second position after the volume of liquid has passed the first sealing portion 62. In
this manner, the second sealing portion 64 is removed from the dispensing opening 60 which can

30  allow for the material to escape and be dispensed onto the substrate (not shown). When the
sealing device 20 and first sealing portion 62 are in the second position, the material control

device 14 is returned to its initial position through the power contro}l 12, preferably in the form of



I nvention can be shown in operation. Fig. 4Aillustrates the initial purge
posi tion @l dol@ssdi spensing device 10 before any material i pcpRksiRgss Nt o

t he chanmber 52. A sinple spacer device_.0 (not shown) is placed between
the switching device 18 and the di spen‘gT ng device 16. In doing so; this .

| eaves the sealing device 20 in a half open/half closed position. The first
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device 18 bri n%s the sealing device 20 to the first position where the
secondsubsirte 95 depasiting suplaceidg contreledWapastiy 60 over the di spensing tip -22.
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t he | owheat@Sassemblyt1i06)a syringled 0B candsPmatingbrackeet 1 Gito maumt tie lepididispénsmm t he

di spensi ng device 16 since the opening, 60 for the dispensing tip 22 is
seal edSY{ms & 3 ganteesyisieny okpdispasingmadifieng st andard tining and control -

systens kno 1.0 ' ' | ' devi ce
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seal i Ngedtioht11aN CoAtained witiif tHeiRteglor sdckion $LbHIckceRal 1 6'¢buptedits @ adaptér 18.

renoved from the dispensing opening 60 which can 30 allow for the
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th J d 20 d first o, ' 62 A h d
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servonotor. This returhing force fromthe piston 36 and materi al “control

devi ce Id4né embedintent; the bali strevnistthadecihamrivteel, 81 the alapterant isterhare ogide foeni ng
60 and t hroough di spensin I p.22.ontqQ a substrate, The inter | on. of the
mat er i éFa“&‘Eﬁ?t%tﬁﬂﬂ daf fe@“%&ﬁ"ﬁ hsargqastlgﬁ iawnamcﬁ@ thy ac?amrt h‘Ee Bai bearings are

20  implemented using a cross-drilled hole and pin, and they allow vertical motion of the adapter,

Z

ball screw and piston within the interior section of the pump assembly, while preventing
horizontal motion and rotation.
The pump assembly 102 also includes an input channel 134, an output channej 136, a

syringe adapter 138 and a nozzle 128. The input channel is disposed between the interior section

25  of the pump assembly and the syringe adapter 138, and the output channel 136 is disposed

* between the interior section of the pump assembly and the nozzle 128. Material to be dispensed

is input to the pump assembly through the input channel 134, and is output from the pump
assembly through the output channel 136. The syringe adapter 138 is coupled to the syringe 108,
using a Luer loc adapter, to receive material from the syringe. The nozzle 128 also includes a

30 Luer loc adapter for mating with a dispensing pin or needle 162 shown in Figs. 9A and 9B as is

known in the art.



sealing device 20 allows for a distinct nmetered anount of liquid or paste
to be provided to the 5 substrate or depositing surface_in a controlled
manner . - AHOPHME4enbodi nent of a |iquid di spensing syst em TEHUPYYIIEES

di spensi ng machine will now be descriljgd with reference to Figs. 5-9. The
di spensi ng system 100 is particularly useful for dispensing high viscosity,
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shown in Figs. 9A and 9B as is known in the art. . -10-
controlier coupled to the motor assembly to control the motor, and in turn, control the vertical

movement of the piston to cause material to be dispensed from the liquid dispensing system.
The heater assembly 106 is implemented using a hot wire air flow element cartridge

20  available from Conventronics of Havehill, MA. The heater assembly has an inlet heater hose
146 that receives low pressure air, and the heater assembly has an outlet heater hose that provides
heated air to a drilled passage in the housing. In severa! dispensing applications, it is desirable to
dispense materials at a controlled elevated temperature onto substrates that are maintained at

* approximately the same controlled temperature as the material.

25 The syringe 108 is disposed within a2 mounting bracket 150 in the liquid dispensing
system 100. The syringe contains material 156 to be dispensed by the dispensing system. The
syringe may be implemented using a disposal syringe or a refillable syringe. A syringe top 152
having an air line adapter 154 and an air channel 158 is used to provide an air tight seal over the
top of the syringe. In one embodiment of the present invention, a pressurized air source is

30  coupled to the air line adapter 154 to provide pressure to the material 156 in the syringe to force

the material through the syringe adapter 138 and into the pump assembly 102. In one



An inlet check valve 126 is disposed within the inlet channel 134, and an
outl et cheskonheyre 124 is disposed within the outlet chanmelrassgiszBoth the
inl et check valve and the outl et chec? val ve are inplenented using ball and
seat type val ves having a closed posiT 1on when the ball is di sposed in the
seat and having an open positjon when the ball is renpved fromthe seat. 5
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spring in the outlet check valve and the ambient atmospheric pressure, the outlet check valve

-

moves to the open position. Once the outlet check valve moves to the open position, the

dispensing system begins to dispense material, and will continue to dispense material until the

piston 122 stops moving. Fig. 9B shows the pump assembly in the dispensing mode, near the
25 end of a dispensing cycle.

' The volume of material dispensed by the dispensing system 100 is controlled by the
vertical distance that the piston is moved during a dispensing cycle. In one embodiment, the
piston has a maximum stroke distance of .625 and the diameter of the piston is .375, resulting in
a maximum dispensing volume per stroke of 1 cc. In another embodiment of the present

30  invention, the piston and cylinder are replaceable with different size pistons and cylinders

depending on the volume of material to be dispensed.



-11- enbodi nent, the syringe or the syringe top includes a piston that
extends into the syringe to force material fromthe syrinﬁe when air
pressure WQ9¥pISHS ed. The operation of the Iiquid di spensi RGTESEI3100 will
now be described. There are two prinei3- nodes of operation for the liquid
di spensi ng system a |oading node and a di spensing 5 node. During
operati on efelifife tegfithdltotiSTRARSIAGHAEIE Me Aspefdins Stenfl 00 MOBSHIR | S
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di amet gg tﬂflle?.he piston is .375, resulting in a nmaxi mum di spensi ng vol une

per stroke of 1 cc. In another enbodi nent of the present
Embodiments of the present invention described above include inlet and outlet check

20 valves that are implemented using springs to control the opening and closing of the valves. As
understood by those skilled in the art, embodiments of the present invention may include other
types of valves with other control mechanisms.

Embodiments of the present invention described above use a piston to vary the effective
volume of a cylinder to draw material into the cylinder and to force material from the cylinder.

25  In other embodiments, the effective volume of the cylinder may be varied in other ways to

achieve the same effect as the piston.

In one embodiment of the present invention, instead of expanding the volume to draw
material into the cylinder, as in the dispensing system 100, a vacuum generator/compressor is
used to decrease the air pressure within the cylinder and cause material to flow into the cylinder

30 from the syringe. To subsequently dispense material from the cylinder, the air pressure applied
to the cylinder from the vacuum generator/compressor is increased to force the material from the

dispensing system.



30 invention, the piston and cylinder are replaceable with different size
pi st ons. aRe o6bd4eder s dependi ng on the volune of material pErbHsdbssaensed.
-12- The time required to dispense naﬁ rial fromthe dispensing system 100
and the tine required to recharge or 1711 the punp assenbly with materi a}
depends on_several factors including the viscosity and density of the
materi al . Havingdbesdesaribednt leasbone illpsteasive gmbediment ofithe invieatien, Natiousg a
material density.of .1.7 g/.c. the tine.to di spense ./, of eri LS

ppr o2eralERs, motiiatgay i iprtreiacels Viftrdly FEERIS fsp Mg FES BiroSu e v
Wih . o . P : s

P 1 T B e e bl e
such asventios.cAevordihglly) thefforogoitg dedcapti®y isthormeay dfrexample dedy dvisinbt inteded an -

t hese  di spensi ng machjnes, .t di, spensi ng st em 100 be pounted to the
XY’gar\'t“F‘?n&y'%l%eéﬁY@m’n% “P’(S(’:‘d‘?"&“?ﬂ@g i3 Mﬁ%@%ﬁ?’é‘ﬁ?‘g‘gﬁ\?&qﬂg iS4 di spense
Iocatkﬁgéton a substrate and to provide notion of the dispensing system
during a di spensing operation. The notion of the dispensing system during
di spensi ng WhatigtRihéd isal | ows a |ine, or sone other geonetrical shape of
material, to be dispensed on the substrate. In one enbodi nent of the
present invention, a 4-axis servo controller, such as that provided by
Galil Inc. of Sunnyvale, California having part #1040, is used 5 in the
di spensi ng machine to control the XY gantry system and to control the

not or assenbly 104 of the dispensing system 100. In this enbodi nent, the
operation of the notor and the notor assenbly nmay be synchronized to the XY
notion of the dispensing systemby the servo controller. Enbodi nents of the
present invention described above include inlet and outlet check 20 valves
that are inplemented using springs to control the opening and cl osing of
the val ves. As understood by those skilled in the art, enbodi nents of the
present invention may include other types of valves with other control
mechani snms. Enbodi nents of the present invention described above use a
piston to vary the effective volume of a cylinder to draw material into the
cylinder and to force material fromthe cylinder. 25 |In other enbodi nents,
the effective volunme of the cylinder nmay be varied in other ways to achi eve
the sane effect as the piston. - '




I n one enbodi W’rﬁ' I nvention, inst eacmol une
' rnto the

to draw nmater M er, as in the dispensing s stﬁggﬂe@ﬁc;eda

vacuum gemenst o {seetyii m \‘;\ sed to decrease the ahisShsFelsline hin the
cyl i nder and cal\- o*flow ifyo the cylinder E\ Wik m yringe.
+ ' e

To subsequently spense material fromthe cylinder, t
applied to the cylinder fromthe va nerator/conpressor is increased
to force the material fromthe di spé%system -13- Having thus
descriped aj 4: L | &ﬁﬁ%@ I ggﬁ%} BRispBYsHiY dyefdm Vari ous
al teraf‘i ons}}dlnﬁglﬁ’wllggﬁt%ﬂrx\g an %lérlr%faéserrentgﬁ\i}mhfﬁil’r%adilélpy occdur to those
ski | | esbmptisiige art. Such alterations, nodifications and inprovenents are
intended to be within the scope and spirit of the invention. Accordingly,
t he for egoi anyindspertitprecsiveimateNalivay of exanple only. It is not intended as

limting. The invention s.timf_is .deti | : ] clainms and
the equi val BhpUiRRERARER Nietithd witpdfis St bl e bisherig GHCAD

di spensi ng gysh&y {rﬁludﬂi%swaﬁémmmmdgtan a@fustableaohahe, aifirst oesingnsi ng
system conprising: an inlet port to receive material; an outlet port from
whi ch threughewhich aiatérial ditersdntodble innershammber anda pecond opspingtirough mdiich ng

I ncl udi ng an inner, chanber, havi ng an adj ustable volune, a first opening
thr-ougﬁmgﬁﬂagﬁn %P}“&}"r’%ﬂb@f’% into the inner chanber, and a second opening

through whi Gk GRl Gl lerabit ihOnk BFar H5A" Eratién And Sélo¥ed!iétld gfc! udi ng a
first spri n% avi%ed? sprllhgn%orce torgi as the first valve, the first valve

beidg epe&ttidn,ahé firsovnsivebeing dispesed betieen thediplet port and the first lopering inowuch af

operation, the first val ve being dj sposed between the .inle rt and.the
first openetihawhen tbp fistyalvads oReraiing i 2iF qpsR nodpJpatgrighay, °‘€§8¥‘a‘g? et n

th d terjal | - e
opent ndor R eh IR ikt fpenif i) R¥ohbABales bl Fhebe firk R odcidingib e,
the cl Quddd Hyde, maREHSiS preveted Fomefdvatlg froamhe ided pogt ifrtocthe iriner chatnber; pod t

a second valve operable in one of an open mode of operation and a closed mode of

15  operation, the second valve being disposed between the outlet port and the second opening in
such a manner that when the second valve is operating in the open mode, material m’i’y flow from
the inner chamber through the second opening to the outlet port, and when the second valve is
operating in the closed position, material is prevented from flowing from the inner chamber to
the outlet port.

20
2. The dispensing systém of claim 1, wherein the first valve is constructed and arranged
such that the mode of operation of the first valve is controlled in part based on a difference in

pressure of material being received in the inlet port and pressure of material in the inner chamber.

25 3. The dispensing system of claim 2, wherein the second valve is constructed and arranged
such that the mode of operation of the second valve is controlled in part based on a difference in

pressure of material in the inner chamber and ambient air pressure at the outlet port.

4, The dispensing system of claim 3, wherein the first valve includes a first spring providing
30  a spring force that causes the first valve to operate in the closed mode of operation unless the
pressure of the material in the inlet port is greater than the sum of pressure provided by the spring

force and the pressure of material in the inner chamber.
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into the inner chanber—the first valve being control led—npart based on a
di f f er encwoisBipr £5 f material being received in thﬁii | S1ad¥REd Repilacid
pressure of mat ei@ilnmuﬁmﬁwumuchamgr wherein the 1 B ates
in the cl osed nodg"® onTnl ess "t he pressure of td 1 E uﬁ\ i}t t he
inlet port is greater than the sum of pressure provided ' orce
and the pressure of material in the inner chanber; and a second val ve

i ncl ud§ ng : ' e '- f s Dh a8 nd
val ve,st e TIEERBAR S PR £y fho S0 bV MRS BAleMBBEEET5 1 o
and a pbeidag agEhgabreenkitahuges thelsecortiambito \vpkdr ih tieosdtl sivdeed opethti®en the
outl et port and the second opening in such a nmanner that ‘when the second
val ve yrdess the presswge phthemeatesind in the dnner ghamber iy gragisr thanthe sumafpressuraner

varivo HgvidhE by o ook TR S PRGRAHR softnd 8 AarBlerB R besfilE sl ME Bt o "

flowwng fromthe inner chanber to the outlet port, the second val ve bei ng
controlled in part based on a difference in pressure of material in the

i nner @hanbThe dispensing systemanficlgimes; sheeeim thetsprng fortepropided by titveseeind sphrieg
second, val ve erates in the cJosed node of, operati on unless the pressure
of t he!SSHRakeT g"fl'ﬁsi’ﬁ%g QWFer&‘?S&rgXﬂ’q b¥PEB8er than the sum of pressure
provi ded by the spring force of the second spring and the anbient air
pressure at the outlet port. 2. The dispensing systemof claim1, wherein
t hed spl.i ng The dispeaxising siettnbof didim 6; eviersin $Hertiosing Sncludes b pistdraovabiewithini ng
force provided by the first spring. 3. The di spensing systemof claim 2,
wher ei fedmner gbambergoivas the ¥elumenfdhemnerrhamber.wi t hi n t he i nner chanber to
vary the volune of the inner chanber. -15- 4. The di spensing system of
claim 3, wherein the housing includes a ball screw coupled to the piston.

5. Thegdi speRs kel e o1, Aheréih RSousRBRMdSdes 8 ball SRERTcofple@ted to
the ball screw ﬁ?ouﬁ%@aacoﬁpl ing nut to corﬂro?m it ope! bal '

a position of the ball
screw thegiston.t her eby control a position of the piston in the inner chanber.
6. Jhe dispensing systemof claim5, further conprising: a syringe

cor15f aining a material to be dispensed by the dispensing system the syringe
havi nggan o : ith & R6rth ] { i em
and a g'yri ng‘é&?gs\?gﬁsﬁﬁ%%%%egﬂﬁ%ﬂ}%e syé}:cﬁglgﬂg {?E a‘?’%(ga}cﬁi"?? ‘eeﬁgfﬂg%gsﬁ’?n} of

cl ai m throwgies eduplimgciat tf contrel 4 pesitionvafl thebaihstréw endstectherdby edntiel 2 position of

i | enented using a ball and seat type val ve.
i mtahe p?ston?n th% inner chamber. yP

20 10.  The dispensing system of claim 9, further comprising:
a syringe containing material to be dispensed by the dispensing system, the syringe
having an outlet port coupled to the iniet port of the dispensing system; and
a syringe cover, coupled to the syringe.

25 11.  The dispensing system of claim 10, wherein each of the first valve and the second valve

is implemented using a ball and seat type valve.

12.  The dispensing system of claim 1, wherein the housing includes a piston movable within
the inner chamber to vary the volume of the inner chamber.

30
13, The dispensing system of claim 12, wherein the housing includes a ball screw coupled to

the piston.
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8. A dispensing systemfor dispensing a quantity of material, the

di spensing_s steWan inlet port to receive matertal”;, an OXE Leb
port from YW the materia o S dispensed fromthe di spénsing gtx;@g

housi ng i ncl m v M\M“ Manber haténg an adj ustabl e vogws \j
opening thro wm ¢ enters into the inner chanbe '

openi ng through whi ¢ch faterial exits the inner chanber; a pi vabl e

wi thin the inner chanmber to adjust the volume of the inner chanber; a ball

scr ew doup| B dispenbing systemof claimh il Butherxdomprisingr abl e i n one of an dpen node
of operation and a cl osed node .0 eratjon, the first valve being di sposed
bet ween t he* PYRINGE CRpfAmIng maten t’f’;’Fg P%é@b}ﬁ@lei#r’ga%gysmmsma@ when t he

first i "ngd' . : o5 LRleniB¥gf 1 oW from the inlet
port t r?&%ﬁ‘ﬂ?eépﬁx?é? opeﬁi%ﬂ@%?gﬁfﬁg‘g?ﬁsﬁg&ﬁ%ﬁ, %nd'wheh the first
valive 4 syringecover/¢upleditbehedysingel node, nmaterial is prevented from fl owi ng.
fromthe inlet port into the inner chanber; and a second val ve operable in
one of an open node of operation and a cl osed node of operation, the second

b  ACPROAE RO Qg kA pEbgRE ARG N8 AREESNE RER Crat er ol

may flsndrsgip:t he i nner chanber through the second opening to the outlet
port, and when the second valve is operating in the closed position,
mat eri al i sanpintet eottdéolrdceivemidtenal,ng from t he inner chanber to the outl et

port. 9. The dispensing systemof claiml, furtheyr ¢onprj sing: -16- a .
sy nge con‘i‘h‘i"ﬁfﬁggmé f??gﬁ gﬁc&ﬂr{%xaatsgaldg; ?ﬂﬁ%ﬂ’éﬁ‘gﬁﬁ‘}‘ ti‘ﬁé""&?@’ﬁ&ﬁ%ﬁ*@ system the
syringe havj - : i sing
Syst o andt Dot St diihler SRURSETS Bk bolinigIhitet Wpfch Hroikf cARED

Syst emhkduinedl chaBha] 4@l Dseqoreddpeningahirougit ehichlmatériid egitsthe e chambet;em

conprising: an inlet port to receive material; an inlet valve disposed in
the inlet peetns fandesreasmg acresspreawitim therinnes shambante Fil theinaerghamberwith om

t he di ' e n t . dj sposed in the outlet port; a
housi n%%féﬁ?tﬁg?u% %@%%8?%@%?90%&%%&“ Y dan adj ustabl e volune, a first

openi ng t hr gigas fbintheasing pressure on the material in the inner chamber to force material from

the inner chamber and through the outlet port to dispense the material onto a substrate.

16.  The dispensing system of claim 15, wherein the means for decreasing air pressure

includes a retractable piston disposed within the inner chamber.

17.  The dispensing system of claim 15, further comprising:
a syringe containing material to be dispensed by the dispensing system, the syringe _
having an outlet port coupled to the inlet port of the dispensing system; and
a syringe cover, coupled to the syringe, the syringe cover including means for providing
25  that provides pressure to the material in the syringe to cause the material to flow out of the outlet

port of the syringe and into the inlet port of the dispensing system.

18.  In adispensing system having an inlet port to receive material, an outlet port from which
the material is dispensed from the dispensing system, and a housing including an inner chamber,

30  afirst opening through which material enters into the inner chamber, and a second opening
through which material exits the inner chamber, a method of dispensing material including steps
of:
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material enters the inner chamber, and a second opening through which

mat eri al V%B&/@ jmﬂﬂm’gmﬂm ; means for increasing thecinisssms2es the

i nner chanber forvaM #ssure within the inner chanber to fill the
i nner chanber with materi*al st hkough tHe=i nl et port and the first opening:
and neans for decreasing the volunme of the inner chanber for increasing
pressur e onlecteasing mirmpressuterwithin therinner chhmhtrde cause matesial pmflowithrough theh t he

i nner ,c{1anber S%d t hr Qqugh tﬂte?.outlgt ort to dispense the material onto-a
subst rigies port and RFL ORFIURR PG Yy IBORICAZMBES: 8% m 10, wherein the means for

i ncreasing : | . [ -ncl udes
a retract ablﬁg&ﬁﬁgégﬁgﬁgégﬁggedﬁlwmﬁﬂllﬁ t 1e %ﬁﬁgﬁbgﬁg%ﬁ.ﬁ%@%gﬁﬁdggnsi ng
syst enheinret chambde thrbtigh thesecomidippesing @hd theontlerwet todetdispensed bysheri al to be
di spensed by the dispensing system the syringe having an outlet port

codpl edispensingsystemet port of the di spensing system and a syringe cover,
coupled to the syringe, the syringe cover including nmeans for providing
that provides pressure to the naterial in the syringe to cause the nateri al
to fl oyy out TRE melRddVfclash 18OWhein the Step Vf Hageasivgthin presutdincluddsal stepooft  of
the di spensing system 13. In a dispensing systemhaving an inlet port to

r ecei vincreasiag iaaiolunamofitbe inner ghambet.rand wheran therséeprnftingreasing pressneaincludas & r om
t he di spensing system .and housi ng i ncl uding an i nner chanber, a first
openi nﬁePH?%Wsél&‘gﬁvmﬂ?ye@ﬂ?reﬁ%@%ﬁ%o the inner chamber, and a second
opgpi ng through which material exits the inner chanber, a method of

di spensing material including steps of: increasing the volune of the inner
chambep0t 0 The aestissd gfickaimulie whietein thetdispensimgpesystehufviotber includegaminley valve | nl et

val ve to cause material to flow through the inlet port and.first opening
i nto t Asppseddn thenleppert aa‘g an outlet yalve disppsaddn the quilet ResH &H@W&F‘“’th@e isﬁﬂ of

chanber LNCr. i i he 4 RS sink Or

ol osi ndetRsE HEPRGuRt EREEEs SapoFCodBh Pl et ity tnd BESpRATEIET 1
f1ow f hesasird endhites stepb aNEloging tHednbvilhe astaeathgaheoitieg valvd. t he outl et port
to be di spensed by the di spensing system
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