
CONTROLLABLE LIQUID DISPENSING DEVICE Field of The Invention The present
invention relates to a dispensing device for various liquids, and more
particularly to a liquid dispensing device which allows precise control
over the amount of liquid dispensed. Background of The Invention Several
types of prior art dispensing systems are used for dispensing metered
amounts of liquid or paste for a variety of applications. One such
application is in the assembly of printed circuit boards and integrated
circuit chips, wherein dispensing systems are used in the process of
encapsulating integrated circuits with an encapsulant material and in the
process of under filling flip integrated circuit chips with an encapsulant.
Prior art dispensing systems are also used for dispensing dots or balls of
liquid epoxy or solder onto circuit boards and integrated circuits. The 5
liquid epoxy and solder is primarily used to connect components to a
circuit board or to connect components within an integrated circuit. The
dispensing systems described above include those manufactured and
distributed by Camelot Systems, Inc. of Haverhill, MA, the assignee of the
present invention under the name CAM/ALOT. 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,
z), 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
pump and dispenser assembly is contained in a vertical, cylindrical syringe
coupled to the dispenser housing by a bracket. The syringe has a top piece
having clamps that provide a pressure tight seal between the syringe and
the top piece. The top piece includes an adapter for coupling to an air
line to receive 5   pressurized air. The pressurized air is used to force
the dispensing material from the syringe into the pump and dispenser
assembly. The prior art dispensing systems described above are effective in
dispensing material onto a substrate, however, it is desirable to have a
dispensing system having greater precision in controlling the amount of
material to be dispensed. 10 Summary of The Invention Embodiments of the
present invention provide an apparatus and method for dispensing a
controlled amount of material onto a substrate. In accordance with one
embodiment of the present invention, a liquid dispensing system 15
includes a material control device which cooperates with a switching device
and a sealing device contained within a standard dispensing chamber. A
standard power control system, such as a servomotor, in communication with
the material control device, is used to selectively adjust the position of
the material control device to dispense a controlled amount of material.
When the 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 reverse turning action on the screw.    -3-
In another embodiment, the switching device is a pneumatic cylinder which
is connected to the head of the sealing device which may protrude from the
dispensing device. In another embodiment, the dispensing device includes a
retainer, having tapered edges to meet and seal with a first sealing
portion of the sealing device when the sealing device is in the 5   first
position. In another embodiment of the present invention, the switching
device has a failsafe position to prevent material from leaking from the
dispensing device by ensuring that the sealing device remains in a closed
position over the dispensing tip. In yet another embodiment, an adjustment
means is provided at the base of the dispensing 0   chamber which allows
for adjustment of the length of the opening for the dispensing tip. Another
embodiment of the present invention is directed to a dispensing system for
dispensing a quantity of material. The dispensing system includes an inlet
port to receive material, an outlet port from which the material is
dispensed from the dispensing system, a housing including an inner chamber
having an adjustable volume, and a first valve operable in .5  one of an
open mode of operation and a closed mode of operation. The first valve is
disposed between the inlet port and the inner chamber in such a manner that
when the first valve is operating in the open mode, material may flow from
the inlet port into the inner chamber, and when the first valve is
operating in the closed mode, material is prevented from flowing from the
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 prevented 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 pressure 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    -4- 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, and the second valve includes a
second spring providing a spring force that causes the second valve to
operate in the closed mode of operation unless the pressure of the material
in the inner chamber is greater than the sum of pressure 5   provided by
the spring force of the second spring and the ambient air pressure at the
outlet port. In still another embodiment, the housing of the dispensing
system includes a piston and a ball screw coupled to the piston. The piston
is movable within the inner chamber to vary the volume of the inner
chamber. In yet another embodiment, the dispensing system further includes
a motor coupled to the 10   ball screw through a coupling nut to control a
position of the ball screw and to thereby control a position of the piston
in the inner chamber. In another embodiment, the dispensing system further
includes a syringe containing material to be dispensed by the dispensing
system, and a syringe cover that provides pressure to the material in the
syringe to cause the material to flow out of the syringe and into the inlet
port 15   of the dispensing system. In another embodiment of the present
invention, a dispensing system for dispensing a quantity of material
includes an inlet port to receive material, an outlet port from which the
material is dispensed from the dispensing system, a housing including an
inner chamber, means for decreasing air pressure within the inner chamber
to fill the inner chamber with material 20  through the inlet port, 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:    -5- Fig. 1 is a drawing of a dispensing
system in accordance with a first embodiment of the present invention; Fig.
2 is a cross-sectional view of a material control device used in
embodiments of the present invention; 5         Fig. 3 is a cross-sectional
view of a dispensing device and a switching device used in embodiments of
the present invention; Fig. 4A illustrates a sealing device used in
embodiments of the present invention in an initial purge position; Fig. 4B
illustrates the sealing device and material control device cooperating in a
first 0   position to draw material into the dispensing device; Fig. 4C
illustrates the material control device and the sealing device cooperating
in a second position to force material through a dispensing opening in the
dispensing device; Fig. 5 is a drawing showing a perspective view of a
dispensing system in accordance with a second embodiment of the present
invention; 5         Fig. 6 is a top view of the dispensing system shown 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. 



20                      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    -6-
in the art, the switching device can move the sealing device 20 from a
first position which allows material to enter into the dispensing chamber,
but not exit the dispensing tip 22; to a second position in which material
is prevented from entering into the dispensing chamber, but may exit
through the dispensing tip 22. The material is drawn into the dispensing
chamber when the 5   sealing device is in the first position by a vacuum
created in the dispensing chamber by the material control device. The power
control system 12 is a standard control system as is known in the art and
is coupled to the material control device 14 to selectively determine the
volume of material to be drawn into the chamber by displacing the material
control device a selected distance. Once the material is drawn into the
dispensing chamber, the switching device 18 10   moves the sealing device
20 to a second position. The material control device 14 is then returned to
its original position forcing the material from the dispensing chamber
through the dispensing tip 22 and onto the substrate. Referring now to Fig.
2, the material control device 14 can be seen in greater detail. In one
embodiment, the material control device 14 comprises a screw 30 and a
piston 32. 



15   Preferably, self lubricating materials and a fine threaded screw for
greater control of piston movement are used. The piston 32 may comprise a
first portion 34 and a second portion 36. The first portion 34 defines an
opening 38 containing engagement teeth 40 to receive and mate with the
screw 30. The second piston portion 36 extends into the material control
device chamber 58 (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 to be 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    -7- housing 50 which defines a chamber 52 for receiving
material, from an opening 54, which is to be dispensed through a second
opening 60 and into a dispensing tip 22. The sealing device 20 extends the
length of the chamber 52. The sealing device 20 includes a first sealing
portion 62 and a second sealing portion 64 connected by interconnect arm
66. The entire sealing device 20 5   is in connection with the switching
device 18. The switching device 18 may be implemented using a common switch
or preferably a pneumatic cylinder which can be controlled through standard
control systems that are known in the art. The switching device 18 could
also be driven from a cam, a wedge or rack and pinion, or a motor and
screw, similar to the device shown in Figure 2. The sealing device 20 can
be made from a range of material. For dispensing of .0  abrasive materials,
the sealing device may be made from tungsten carbide, ceramic, or other
hard 



materials (or a combination of the above). For non abrasive materials,
stainless steel or other suitable materials may be used. It is preferred
that the first sealing portion 62 of the sealing device 20 be located in a
position which separates the opening 54 for the material entrance into the
chamber 52 from the 15   material control device chamber 58 and the
material control device 14. In this manner, the first. sealing portion 62
can create a seal between the material entrance opening 54 and the material
control device chamber 58. In one embodiment, a retaining device 56 may be
placed in the chamber 52 to assist in creating the seal with the first
sealing portion 62 and also to prevent the 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,
-8- screws, bolts, pins, etc. In this manner, the entire assembly allows
for easy construction, repair and cleaning. In an alternative embodiment,
an adjustment device 80 can be placed at the base of the dispensing device
16. The adjustment device allows for changes in the opening length for
larger ;  volumes of fluid flow. The adjustment device 80 can comprise
various known devices in the art such as screw on fasteners, twist caps,
etc. Referring now to Figs. 4A, 4B and 4C, the liquid dispensing device 10
of the present 



invention can be shown in operation. Fig. 4A illustrates the initial purge
position of the dispensing device 10 before any material is entered into
the chamber 52. A simple spacer device 0   (not shown) is placed between
the switching device 18 and the dispensing device 16. In doing so, this
leaves the sealing device 20 in a half open/half closed position. The first
sealing portion 62 and the second sealing portion 64 do not complete or
form seals anywhere within the chamber 52. In this manner, material to be
dispensed can be sent into the chamber 52 through opening 54 and pass
through the entire length of the chamber 52 and exit through the dispensing
tip 22 via 5   opening 60. This process purges any air from the chamber
prior to dispensing. After the initial purge is complete, the switching
device 18 brings the sealing device 20 to the first position where the
second sealing portion 64 seals the opening 60 over the dispensing tip 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 the 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 control 12, preferably in the form of    -9- a
servomotor. This returning force from the piston 36 and material control
device 14 forces the liquid in the chamber 52 to be pushed through opening
60 and through dispensing tip 22 onto a substrate. The interaction of the
material control device 14, the switching device 18 and the 



sealing device 20 allows for a distinct metered amount of liquid or paste
to be provided to the 5   substrate or depositing surface in a controlled
manner. Another embodiment of a liquid dispensing system 100 for a
dispensing machine will now be described with reference to Figs. 5-9. The
dispensing system 100 is particularly useful for dispensing high viscosity,
abrasive, encapsulation materials and cavity filling materials for which
the weight of material dispensed is between 50 mg and 3g. 10         The
liquid dispensing system 100 includes a pump assembly 102, a motor assembly
104, a heater assembly 106, a syringe 108, and a mating bracket 110 to
mount the liquid dispensing system to a gantry system of a dispensing
machine. The pump assembly 102 has an outer housing 112 and a substantially
hollow interior section 114. Contained within the interior section is a
ball screw 116 coupled to an adapter 118. 15   The adapter is coupled to a
piston 120. The ball screw and the piston are coupled to the adapter using
screw threads. The piston resides within a cylinder 122, and the piston has
a seal 132, made from a filled composite material, that provide a seal
between the piston and the cylinder. In one embodiment, the ball screw is
made from steel, and the adapter and piston are made from stainless steel.
Anti rotation ball bearings 130 are mounted to the adapter. The ball
bearings are 20  implemented using a cross-drilled hole and pin, and they
allow vertical motion of the adapter, 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 channel 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.    -10- 



An inlet check valve 126 is disposed within the inlet channel 134, and an
outlet check valve 124 is disposed within the outlet channel 136. Both the
inlet check valve and the outlet check valve are implemented using ball and
seat type valves having a closed position when the ball is disposed in the
seat and having an open position when the ball is removed from the seat. 5
Both the inlet check valve and the outlet check valve have springs that
apply a spring force to the balls forcing the balls towards the seats. As
discussed below in greater detail, the spring in the outlet check valve is
a more robust spring, and provides a greater spring force than the spring
in the inlet check valve. In one embodiment, carbide balls and seats are
used for the check valves, and the springs are implemented using part
#LC-014-C2 for the inlet valve and part #LC-026-C3 0   for the outlet
valve, both of which are available from Lee Spring of Brooklyn, New York.
The pump assembly also includes a nut 142 disposed around the ball screw
116, such that the rotation of the nut causes vertical movement of the ball
screw and piston. The nut 142 is coupled to a gear train 144 which is
coupled to the motor assembly 104. The motor assembly 104 is implemented in
one embodiment using a brushless servo 15   motor, such as model number
3556K024 available from MicroMo of Clearwater, Florida. In one application
utilizing the liquid dispensing system 100, a dispensing machine has a
computer controller 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 several 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 a 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  



-11- embodiment, the syringe or the syringe top includes a piston that
extends into the syringe to force material from the syringe when air
pressure is applied. The operation of the liquid dispensing system 100 will
now be described. There are two primary modes of operation for the liquid
dispensing system, a loading mode and a dispensing 5  mode. During
operation of the liquid dispensing system, a constant air pressure is
provided to the syringe through the air line adapter. In one embodiment,
this air pressure is equal to approximately 90 PSIG. In the loading mode,
the ball screw (and accordingly, the piston) are retracted (shown in Fig.
9A) by the motor assembly. As the piston is retracted by the motor, a
partial vacuum is developed within the cylinder 122, and the pressure of
the material 156 in the 0   syringe causes the inlet check valve 124 to
open and material to enter into the pump assembly. The spring tension of
the spring in the outlet check valve is greater than that of the inlet
check valve, so that the pressure provided by the material is not
sufficient to overcome the spring tension of the spring in the outlet check
valve. Accordingly, the outlet check valve remains closed during the
loading mode of the dispensing system. 5       When the pump assembly is
filled with material, and the dispensing system is set to dispense the
material, the motor causes the piston 120 to be lowered, compressing the
material within the pump assembly. When the pressure of the material in the
pump assembly plus the spring tension of the spring in the inlet check
valve, becomes greater than the pressure of the material in the syringe,
the inlet check valve moves to the closed position. When the pressure of 20
the material in the pump assembly becomes greater than the sum of the
spring tension of the sprng 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.
-12- The time required to dispense material from the dispensing system 100
and the time required to recharge or fill the pump assembly with material
depends on several factors including the viscosity and density of the
material. In one embodiment, for typical underfill materials having a
material density of 1.7 g/c, the time to dispense 7.5g of material is
approximately 5   1 second and the time required to fill the pump assembly
with material is approximately 1.5 seconds. The dispensing system 100 is
particularly useful with a dispensing machine having an XY gantry system,
such as those available from Camelot Systems, Inc. of Haverhill, MA. In
these dispensing machines, the dispensing system 100 may be mounted to the
XY gantry system 0   to locate the dispensing system above desired dispense
locations on a substrate and to provide motion of the dispensing system
during a dispensing operation. The motion of the dispensing system during
dispensing of material allows a line, or some other geometrical shape of
material, to be dispensed on the substrate. In one embodiment 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
dispensing machine to control the XY gantry system, and to control the
motor assembly 104 of the dispensing system 100. In this embodiment, the
operation of the motor and the motor assembly may be synchronized to the XY
motion of the dispensing system by the servo controller. 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.    -13- Having thus
described at least one illustrative embodiment of the invention, various
alterations, modifications and improvements will readily occur to those
skilled in the art. Such alterations, modifications and improvements are
intended to be within the scope and spirit of the invention. Accordingly,
the foregoing description is by way of example only. It is not intended as
limiting. The invention's limit is defined only in the following claims and
the equivalents thereto. What is claimed is:    -14-   CLAIMS 1. A
dispensing system for dispensing a quantity of material, the dispensing
system comprising: an inlet port to receive material; an outlet port from
which the material is dispensed from the dispensing system; a housing
including an inner chamber having an adjustable volume, a first opening
through which material enters into the inner chamber, and a second opening
through which material exits the inner chamber; a first valve including a
first spring having a spring force to bias the first valve, the first valve
being operable in one of an open mode of operation and closed mode of
operation, the first valve being disposed between the inlet port and the
first opening in such a manner that when the first valve is operating in
the open mode, material may flow from the inlet port through the first
opening into the inner chamber, and when the first valve is operating in
the closed mode, material is prevented from flowing from the inlet port 



into the inner chamber, the first valve being 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, wherein the first valve operates
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; and a second valve
including a second spring having a spring force for biasing the second
valve, the second valve being operable in one of an open mode of operation
and a closed mode of 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 may 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, the second valve being
controlled in part based on a difference in pressure of material in the
inner chamber and ambient air pressure at the outlet port, wherein the
second valve operates in the closed mode of operation unless the pressure
of the material in the inner chamber is greater than the sum of pressure
provided by the spring force of the second spring and the ambient air
pressure at the outlet port. 2. The dispensing system of claim 1, wherein
the spring force provided by the second spring is greater than the spring
force provided by the first spring. 3. The dispensing system of claim 2,
wherein the housing includes a piston movable within the inner chamber to
vary the volume of the inner chamber.    -15- 4. The dispensing system of
claim 3, wherein the housing includes a ball screw coupled to the piston.
5. The dispensing system of claim 4, further comprising a motor coupled to
the ball screw through a coupling nut to control a position of the ball
screw and to thereby control a position of the piston in the inner chamber.
6. The dispensing system of claim 5, further comprising: a syringe
containing a 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. 7. The dispensing system of
claim 6, wherein each of the first valve and the second valve is
implemented using a ball and seat type valve. 



8. A dispensing system for dispensing a quantity of material, the
dispensing system comprising: an inlet port to receive material; an outlet
port from which the material is dispensed from the dispensing system; a
housing including an inner chamber having an adjustable volume, a first
opening through which material enters into the inner chamber, and a second
opening through which material exits the inner chamber; a piston movable
within the inner chamber to adjust the volume of the inner chamber; a ball
screw coupled to the piston; a first valve operable in one of an open mode
of operation and a closed mode of operation, the first valve being disposed
between the inlet port and the first opening in such a manner that when the
first valve is operating in the open mode, material may flow from the inlet
port through the first opening into the inner chamber, and when the first
valve is operating in the closed mode, material is prevented from flowing
from the inlet port into the inner chamber; and a second valve operable in
one of an open mode of operation and a closed mode of 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
may 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. 9. The dispensing system of claim 1, further comprising:    -16- a
syringe containing a 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. 10. A dispensing
system for dispensing a quantity of material, the dispensing system
comprising: an inlet port to receive material; an inlet valve disposed in
the inlet port; an outlet port from which the material is dispensed from
the dispensing system; an outlet valve disposed in the outlet port; a
housing including an inner chamber having an adjustable volume, a first
opening through which 



material enters the inner chamber, and a second opening through which
material exits the inner chamber; means for increasing the volume of the
inner chamber for decreasing pressure within the inner chamber to fill the
inner chamber with material through the inlet port and the first opening;
and means for decreasing the volume of the inner chamber for increasing
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. 11. The dispensing system of claim 10, wherein the means for
increasing the volume of the inner chamber for decreasing pressure includes
a retractable piston disposed within the inner chamber. 12. The dispensing
system of claim 10, 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
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. 13. In a dispensing 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, a first
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: increasing the volume of the inner
chamber to decrease pressure within the inner chamber for opening the inlet
valve to cause material to flow through the inlet port and first opening
into the inner chamber; and    -17- decreasing the volume of the inner
chamber to increase pressure on the material in the inner chamber for
closing the inlet valve and opening the outlet valve to cause material to
flow from the inner chamber through the second opening and the outlet port
to be dispensed by the dispensing system.    


