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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The disclosure relates generally to methods
and apparatus for dispensing a viscous material on a
substrate, such as a printed circuit board.

2. Discussion of Related Art

[0002] There are several types of prior art dispensing
systems used for dispensing metered amounts of liquid
or paste fora variety of applications. One such application
is the assembly of integrated circuit chips and other elec-
tronic components onto circuit board substrates. In this
application, automated dispensing systems are used for
dispensing dots of liquid epoxy or solder paste, or some
other related material, onto circuit boards. Automated
dispensing systems are also used for dispensing lines of
underfillmaterials and encapsulents, which mechanically
secure components to the circuit board. Underfill mate-
rials and encapsulents are used to improve the mechan-
ical and environmental characteristics of the assembly.
[0003] Another application is to dispense very small
amounts or dots onto a circuit board. In one system ca-
pable of dispensing dots of material, a dispenser unit
utilizes a rotating auger having a helical groove to force
material out of a nozzle and onto a circuit board. One
such system is disclosed in U.S. Patent No. 5,819,983,
entitied LIQUID DISPENSING SYSTEM WITH SEALING
AUGERING SCREW AND METHOD FOR DISPENS-
ING, which is owned by Speedline Technologies, Inc. of
Franklin, Massachusetts, the assignee of the disclosure.
[0004] In an operation employing an auger-type dis-
penser, the dispenser unitis lowered towards the surface
of the circuit board prior to dispensing a dot or a line of
material onto the circuitboard and raised after dispensing
the dot or line of material. Using this type of dispenser,
small, precise quantities of material may be placed with
great accuracy. The time required to lower and raise the
dispenser unit in a direction normal to the circuit board,
typically known as a z-axis movement, can contribute to
the time required to perform dispensing operations. Spe-
cifically, with auger-type dispensers, prior to dispensing
the dot or line of material, the dispenser unit is lowered
so that the material touches or "wets" the circuit board.
The process of wetting contributes to additional time to
perform the dispensing operation.

[0005] It is also known in the field of automated dis-
pensers to stream viscous material on the circuit board.
Such a system is shown and described in U.S. Patent
Application No. 11/707,620, filed February 16, 2007, en-
titted METHOD AND APPARATUS FOR DISPENSING
A VISCOUS MATERIAL ON A SUBSTRATE, which
claims priority to U.S. Provisional Patent Application No.
60/856,508, filed November 3, 2006, both of which are
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owned by Speedline Technologies, Inc. of Franklin, Mas-
sachusetts.

[0006] US2008/105703 A1 relates to a dispenser for
dispensing a volume of viscous material on a substrate
which includes a frame, a gantry system coupled to the
frame, and a dispenser unit coupled to the gantry system.
[0007] DE 4118 628 A1 relates to a low wear electric
membrane pump that has magnetic plate on the centre
of amembrane moved by a magnetic field from a rotating
magnetic plate.

[0008] US 2008/175721 A1 relates to a device for
pumping and compressing fluids, particularly in micro-
liter quantities.

SUMMARY OF THE INVENTION

[0009] In the present description the units "inch" and
"psi" are used. 1 inch = 2.54 cm; 1 psi = 6894,76 Pa.
[0010] The presentinvention is defined in the append-
ed claims. An example of the invention is directed to a
dispenser for dispensing a volume of viscous material on
a substrate. The dispenser comprises a frame, a gantry
system coupled to the frame, and a dispenser unit cou-
pled to the gantry system. The dispenser unit comprises
a housing having a chamber and a piston disposed in
the chamber. The piston is configured to move between
a pre-dispense position and a dispense position within
the chamber. A motor is coupled to the piston to drive
the movement of the piston within the chamber. The dis-
penser unit further comprises a dispensing bore config-
ured to receive the piston therein and a nozzle coupled
to the housing. The nozzle has an orifice co-axial with
the dispensing bore. A controller is coupled to the motor
to control the operation of the motor. The dispenser is
constructed such that a volume of viscous material dis-
pensed from the dispensing bore is substantially equal
to the volume of the piston entering the dispensing bore
when moving the piston to the dispense position.
[0011] Examples of the dispenser may include the fol-
lowing features. The housing may include a surface
formed therein, and the motor may include a connector
coupled to the piston. The connector includes a surface
configured to engage the surface of the housing to limit
the movement of the piston to the dispense position. The
surface of the housing may include compliant material.
The connector may be removably coupled to the piston.
The housing may comprise a barrel disposed within the
chamber. The barrel may have an inner diameter sized
to slidably receive the piston therein. The dispensing bore
may be integrally formed with the barrel. The barrel and
the piston may be selected to change a diameter of the
dispensing bore. The motor may comprise a linear voice
coil motor. The orifice may have a small-diameter bore
in fluid communication with the dispensing bore, the
small-diameter bore being smaller in diameter than the
dispensing bore. The dispenser unit further may com-
prise an opening formed in the housing to deliver viscous
material to the dispensing bore. The housing may be con-
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figured such that the delivery of viscous material to the
dispensing bore is blocked by the piston as the piston
moves to the dispense position. The piston may have a
flat end at an end adjacent the dispensing bore. In a cer-
tain example, the nozzle may comprise a head portion
and a needle portion extending from the head portion.
The needle portion may have a needle bore that is co-
axial with the dispensing bore. A retainer may be config-
ured to capture the head portion of the nozzle to remov-
ably secure the nozzle tothe housing.

[0012] Another example of the invention is directed to
a dispenser for dispensing a viscous material on a sub-
strate. The dispenser comprises a frame, agantry system
coupled to the frame, and a dispenser unit coupled to the
gantry system. In one example, the dispenser unit com-
prises a housing having a chamber, a barrel disposed
within the chamber, and a piston disposed in the barrel.
The pistonis configured to move between a pre-dispense
position and a dispense position within the chamber. The
dispenser unit further comprises a dispensing bore con-
figured to receive the piston therein when moving the
piston to the dispense position and a nozzle coupled to
the housing. The nozzle has an orifice co-axial with the
dispensing bore. A motor is coupled to the piston to drive
the movement of the piston within the barrel. A controller
is coupled to the motor to control the operation of the
motor.

[0013] A further example of the invention is directed to
a dispenser for dispensing a viscous material on a sub-
strate. The dispenser comprises a frame, agantry system
coupled to the frame, and a dispenser unit coupled to the
gantry system. The dispenser unit comprises a housing
having a chamber, an opening formed in the housing to
deliver viscous material to the chamber, and a piston
disposed in the chamber. The piston is configured to
move from a charge position to a dispense position within
the chamber. A motor is coupled to the piston to drive
the movement of the piston between the retracted posi-
tion and the extended position within the chamber. A dis-
pensing bore is configured to receive the piston therein
when moving the piston to the dispense position. Anozzle
is coupled to the housing, the nozzle having an orifice
co-axial with the dispensing bore. A controller is coupled
to the motor to control the operation of the motor. The
dispenser is constructed such that the piston is config-
ured to move from the charge position in which viscous
material may be delivered to the chamber via the opening
to the dispense position in which the piston is moved
toward the dispensing bore of the nozzle to block the
delivery of viscous material into the dispensing bore.
[0014] Yetanother example of the inventionis directed
to a method of dispensing viscous material from a dis-
penser of the type having a chamber, an opening to de-
liver viscous material to the chamber, a dispensing bore
in fluid communication with the chamber, and a piston
movable within the dispensing bore. The method com-
prises: moving the piston in a direction away from the
dispensing bore; delivering viscous material to the cham-
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ber through the opening; moving the piston in a direction
toward the dispensing bore; cutting off the delivery of
viscous material by blocking the opening with the piston
as the piston moves toward the dispensing bore; and
ejecting a quantity of viscous material.

[0015] A further example of the invention is directed to
amethod of dispensing viscous material froma dispenser
of the type having a chamber, a dispensing bore in fluid
communication with the chamber, and a piston movable
within the dispensing bore. The method comprises: mov-
ing the piston in a direction away from the dispensing
bore; delivering viscous material to the chamber through
the opening; moving the piston in a direction toward the
dispensing bore; and ejecting a quantity of viscous ma-
terial substantially equal to the volume of the piston
moved into the dispensing bore.

[0016] An additional example of the invention is direct-
ed to a method of dispensing viscous material from a
dispenser of the type having a chamber, a barrel having
an elongated bore formed therein, the barrel being dis-
posed in the chamber, a dispensing bore in fluid commu-
nication with the chamber and the elongated bore of the
barrel, and a piston disposed within the elongated bore
of the barrel and configured to enter the dispensing bore
to dispense a quantity of viscous material. The method
comprising: selecting a barrel to be disposed within the
chamber; selecting a piston to be disposed within the
elongated bore of the barrel; installing the barrel and the
piston within the chamber; moving the piston in adirection
away from the dispensing bore; delivering viscous ma-
terial to the dispensing bore; moving the piston in a di-
rection toward the dispensing bore; and ejecting a quan-
tity of viscous material.

[0017] Yetanotherexample of the invention is directed
to adispenser for dispensing a volume of viscous material
on a substrate comprising a frame, a gantry system cou-
pled to the frame and a dispenser unit coupled to the
gantry system. The dispenser unit comprises a housing
having a chamber and a piston disposed in the chamber.
The piston is configured to move between a pre-dispense
position and a dispense position within the chamber. A
motor is coupled to the piston to drive the movement of
the piston within the chamber. A dispensing bore is con-
figured to receive the piston therein. A nozzle is coupled
to the housing to dispense material on the substrate. The
nozzle includes a head portion and a needle portion ex-
tending from the head portion. The needle portion in-
cludes a needle bore having an inner diameter and a
length substantially greater than the inner diameter. The
needle bore is co-axial with the dispensing bore. A re-
tainer is configured to capture the head portion of the
nozzle to removably secure the nozzle to the housing. A
controller is coupled to the motor to control the operation
of the motor to perform a dispense operation of viscous
material on the substrate.

[0018] An example of the disclosure is further directed
to adispenser for dispensing a volume of viscous material
on a substrate. In a certain example, the dispenser com-
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prises a frame, a gantry system coupled to the frame,
and a dispenser unit coupled to the gantry system. The
dispenser unit comprises a housing having a chamber,
and a piston disposed in the chamber.

[0019] The piston has an elongate body and is config-
ured to move between a pre-dispense position and a dis-
pense position within the chamber. The dispenser unit
further comprises a motor to drive the movement of the
piston within the chamber. In one example, the motor
comprises arotating shaft, awheel coupled to the rotating
shaft, the wheel having at least one drive magnet, and a
driven magnet disposed between wheel and the piston.
The dispenser further comprises a nozzle coupled to the
housing. The nozzle has an orifice to dispense viscous
material.

[0020] Examples of the dispenser may further include
a controller coupled to the motor to control the operation
of the motor. In one example, the motor comprises a plu-
rality of drive magnets disposed circumferentially around
the wheel. The drive magnets may be equally spaced
from one another. The motor may further comprise a
magnet guide having a bore configured to receive the
driven magnet. The piston further has a head located at
a top of the piston, the head being attached to the driven
magnet.

[0021] Another example of the disclosure is directed
to a method of driving reciprocating movement of a piston
within a dispensing bore of a dispenser unit configured
to dispense viscous material. In a certain example, the
method comprises: disposing a head of the piston be-
tween at least one drive magnet and a driven magnet;
rotating the at least one drive magnet with a drive motor
to cause the movement of the piston; and ejecting a quan-
tity of viscous material when moving the piston.

[0022] Yetanother example of the disclosure is direct-
ed to a motor coupled to a piston to drive reciprocating
movement of the piston within the chamber. In one ex-
ample, the motor comprises a rotating shaft, a wheel cou-
pled to the rotating shaft, the wheel having at least one
drive magnet, and a driven magnet disposed between
wheel and the head of the piston.

[0023] Examples of the motor may include a plurality
of drive magnets disposed circumferentially around the
wheel. The drive magnets may be equally spaced from
one another. The motor may further comprise a magnet
guide configured to receive the driven magnet. The drive
magnets may be spaced from one another predeter-
mined distances.

BRIEF DESCRIPTION OF THE DRAWINGS
[0024] For a better understanding of the disclosure,
reference is made to the figures which are incorporated

herein by reference and in which:

FIG. 1 is a schematic view of a dispenser used with
examples of the disclosure;
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FIG. 2 is a perspective view of a dispenser unit of an
example of the disclosure;

FIG. 3 is a cross-sectional view taken along line 3-3
of the dispenser unit shown in FIG. 2;

FIG. 4 is a cross-sectional view taken along line 44
of the dispenser unit shown in FIG. 2;

FIG.5isan enlarged cross-sectional view of a nozzle
of the dispenser unit shown in FIG. 3 in a pre-dis-
pense position;

FIG.6is an enlarged cross-sectional view of the noz-
zle shown in a dispense position;

FIG. 7 is an enlarged cross-sectional view of an or-
ifice assembly of the nozzle shown in FIG. 6;

FIG. 8 is an exploded perspective view of internal
components of the dispenser unit shown herein;

FIGS. 9A-9D are cross-sectional views of a dispens-
er unit of examples of the disclosure showing the
dispenser unit in pre-dispense, park, dispense and
charge positions, respectively;

FIG. 9E is a cross-sectional view of a nozzle of the
dispenser unit showing various positions of a piston
of the dispenser unit;

FIG. 9F is a diagram showing the position of the pis-
ton during an example operation of the dispenser
unit;

FIG. 10 is an enlarged cross-sectional view of a dis-
penser unit of another example of the disclosure;

FIG. 11 is a functional block diagram of a dispenser
of examples of the disclosure;

FIG. 11Ais a functional block diagram of a dispenser
of another example of the disclosure;

FIG. 12 is a cross-sectional view of a dispenser unit
of another example of the disclosure;

FIG. 13A is an enlarged cross-sectional view of a
portion of the dispenser unit shown in FIG. 12 with
the dispenser unit shown in a pre-dispense position;

FIG. 13B is an enlarged cross-sectional view of a
portion of the dispenser unit shown in FIG. 12 with
the dispenser unit shown in a dispense position; and

FIG. 14is an exploded perspective view of the dis-
penser unit shown in FIGS. 12 and 13.
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DETAILED DESCRIPTION OF THE PREFERRED EX-
AMPLES

[0025] For the purposes of illustration only, and not to
limit the generality, the disclosure will now be described
in detail with reference to the accompanying figures. This
disclosure is not limited in its application to the details of
construction and the arrangement of components set
forth in the following description or illustrated in the draw-
ings. The disclosure is capable of other examples and of
being practiced or being carried outin various ways. Also
the phraseology and terminology used herein is for the
purpose of description and should not be regarded as
limiting. The use of "including," "comprising," "having,"
"containing," "involving," and variations thereof herein, is
meant to encompass the items listed thereafter and
equivalents thereof as well as additional items.

[0026] Examples of the disclosure are directed to dis-
penser units, methods of dispensing and dispensing sys-
tems that contain methods and apparatus of the disclo-
sure. Examples of the disclosure can be used with dis-
pensing systems offered under the brand name CAM-
ALOT®by Speedline Technologies, Inc. of Franklin, Mas-
sachusetts, the assignee of the disclosure.

[0027] FIG. 1illustrates adispenserinaccordance with
one example of the disclosure, generally indicated at 10,
used to dispense a viscous material ( e.g., adhesive, en-
capsulent, epoxy, solder paste, underfill material, etc.)
or a semi-viscous material (e.g., soldering flux, etc.) onto
a printed circuit board 12. The dispenser 10 includes a
dispenser unit or head generally indicated at 14 and a
controller 16. The dispenser unit may sometimes be re-
ferred to herein as a micro-piston pump unit. The dis-
penser 10 also includes a frame 18 having a base 20 for
supporting the circuit board 12 and an arm 22 for sup-
porting the dispenser unit 14. As is well known in the art
of printed circuit board fabrication, a conveyor system
(not shown) may be used in the dispenser 10 to control
loading and unloading of circuit boards to and from the
dispenser. The arm 22 is movably coupled to the frame
18. The arm 22 can be moved using motors under the
control of the controller 16 in the x-axis, y-axis and z-axis
directions to position the dispenser unit at predetermined
locations, and heights, if necessary, over the circuit board
12.

[0028] In one example, as discussed below, the dis-
penser 10 is constructed to provide needleless dispens-
ing with a controlled volumetric flow rate for each deposit.
In addition, in at least one example, the dispenser unit
14 may be moved laterally across the circuit board 12,
or other substrate, during dispensing. Further, in exam-
ples, the dispenser 10 is controlled to provide sufficient
velocity to material being dispensed.

[0029] Referring now to FIG. 2, the dispenser unit 14
includes a dispensing assembly, generally indicated at
24, and a material supply assembly, generally indicated
at 26, which is secured to the dispensing assembly and
configured to supply viscous material to the dispensing
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assembly. Examples of viscous materials include, and
are not limited to, solder pastes, fluxes, encapsulants,
adhesives, underfills, and any other material used to
mount electronic components on a printed circuit board
or similar substrate. The material supply assembly 26 is
designed to contain the viscous material under pressure
and deliver the pressurized viscous material to the dis-
pensing assembly 24. The dispensing assembly 24 is
designed to move over the substrate (e.g., printed circuit
board 12) in x- and y-directions via the arm 22 under the
control of the controller 16 and to eject dots of viscous
material on the substrate.

[0030] Turning now generally to FIGS. 2-8, in one ex-
ample, the dispensing assembly 24 may be configured
to include an encoder assembly generally indicated at
28, a motor assembly generally indicated at 30, a dis-
penser housing 32 and a nozzle assembly generally in-
dicated at 34. Specifically, the encoder assembly 28 in-
cludes an encoder housing 36, an encoder scale 38 and
a position encoder 40. The position encoder 40 of the
encoder assembly 28 communicates with the controller
16 to provided closed-loop feedback on the position of
the motor assembly 30 during the operation of the dis-
penser 10. The provision of an encoder with a moving
scale 3 8 reduces inertia and eliminates the need for a
flexing wire typically required by a moving encoder head
and stationary scale.

[0031] In one example, the motor assembly 30 is a
voice coil motor that is configured to communicate with
the controller 16. The motor assembly 30 may comprise
a motor housing 42 fabricated from a ferromagnetic ma-
terial, a voice coil 44, magnets 46, and a drive shaft 48
coupled with the magnets. As shown, the encoder hous-
ing 36 and the motor housing 42 are coupled together
along axis A. The provision of a moving magnet voice
coil motor eliminates flexing wires of traditional voice coil
motors and provides enhanced thermal connection be-
tween the voice coil 44 and the motor housing 42 to en-
hance heat dissipation of the motor assembly 30.
[0032] The arrangement is such that the voice coil 44
is disposed between the magnets 46 and the ferromag-
netic motor housing 42 to drive the up-and-down motion
of the drive shaft 48 within the dispenser assembly 26.
The position encoder 40 is located to sense the position
of the drive shaft 48 as the drive shaft moves up and
down within the motor housing 42. The controller 16 may
be configured with a driver (not shown) that communi-
cates with the motor assembly 30 and the encoder as-
sembly 28. This arrangement precludes commutation
and minimizes magnetic cogging to yield better control
of the motor.

[0033] The dispenser housing 32, which is coupled to
the motor housing 42 along axis A, is configured to define
achamber 50 (see FIGS. 3-8) through which a lower end
of the drive shaft 48 moves. Connected to the lower end
of the drive shaft 48 is a piston drive yoke or connector
54, which projects into the chamber 50 of the dispenser
housing 32. As best shown in FIG. 8, a slot (not shown)
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is formed in the piston drive yoke 54 to receive an align-
ment pin 55, which assures alignment of the drive yoke
and a piston adapter. The alignment pin 55 also provides
a means of assuring correct alignment of the optical po-
sition encoder scale 38, which controls the position of
the piston. A more detailed explanation of the piston drive
yoke 54 will be provided below as the description of the
dispenser unit 14 proceeds.

[0034] In a certain example, the nozzle assembly 34
may include a nozzle housing 56, which is secured to the
dispenser housing 32 with a retaining screw 58. The noz-
zle housing 56 may be configured to include a cylindrical
chamber 60 configured to receive a barrel cylinder 62
and a piston 64 having an upper end and a lower end
having a flat surface 70.

[0035] The piston 64 is configured to be received and
slidably moved within an elongated bore 72 formed in
the barrel cylinder 62 along axis A. In one example, the
piston 64 has a diameter between 0.020 inches to 0.062
inches, with a preferred diameter of 0.032 inches. The
elongated bore 72 of the barrel cylinder 62 is sized to
receive the piston 64 therein so that the piston can slide
within the bore.

[0036] A seal nut74 and suitable seals 76, 78 (FIG. 5)
secure an upper portion of the barrel cylinder 62 to the
nozzle housing 56 within the cylindrical chamber 60. A
piece of compliant material 79 may be disposed above
the seal nut 74 to provide a resilient force to cause the
rapid deceleration of the piston 64 as it completes its
downward stroke. This configuration enables the dis-
penser 10 to operate relatively quietly. A lower portion of
the barrel cylinder 62 is secured by a needle nut or re-
tainer 80 of the nozzle assembly 34, which will be de-
scribed in greater detail below. The cylindrical chamber
60 defines a small dispensing cavity that is in fluid com-
munication with a material feed tube 84, which is adapted
to receive material from the material supply assembly
26. As shown, the material feed tube 84 is releasably
secured to the nozzle housing 56 by an inlet fitting 86.
As will be described in greater detail below, the viscous
material is delivered to the cylindrical chamber 60 to the
small dispensing cavity under pressure.

[0037] As best shown in FIG. 7, the nozzle assembly
34 further includes an orifice assembly, generally indi-
cated at 88, designed to be threadably secured to the
lower end of the nozzle housing 56 by the needle nut 80.
Specifically, the orifice assembly 88 comprises an orifice
insert 90, an orifice adapter 92 configured to receive the
orifice insert, and the needle nut 80, which is configured
to threadably attach the entire orifice assembly to the
nozzle housing 56 by the needle nut 80. As shown, the
orifice insert 90 is a generally cylindrical member having
a conical surface 94 and a small-diameter bore 96, e.g.,
0.005 inches in diameter, formed therein. In one exam-
ple, the orifice insert 90 may be fabricated from a hard
material, such as synthetic sapphire.

[0038] The arrangement is such that viscous material
is ejected from the small-diameter bore 96 onto a sub-
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strate, e.g., circuit board 12. The orifice adapter 92, in
one example, has a lower portion 98 with a recess 100
formed therein thatis sized to receive the orifice insert 90.
[0039] A swaged connection may be provided to se-
cure the orifice insert 90 within the recess 100 of the
lower portion 98 of the orifice adapter 92. The orifice
adapter 92 communicates with a lower face 102 of the
barrel cylinder 62. The barrel cylinder 62 furt her includes
a dispensing bore 104 integrally formed therein that is in
fluid communication with the cylindrical chamber 60. The
dispensing bore 104 is sized to receive the lower portion
of the piston 64 when performing a dispensing stroke as
illustrated in FIG. 7. As shown, the small-diameter bore
96 is co-axial with the dispensing bore 104. There is no
need to adjust the position of the small-diameter bore 96
since the orifice insert 90 is mechanically constrained by
the orifice adapter 92 and the needle nut 80. In a particular
example, the nozzle assembly 34 may be provided as a
complete assembly to the end user of the dispenser 10
to aid in cleaning of the nozzle assembly. Specifically, a
used nozzle assembly may be completely removed from
the dispenser unit 14 of the dispenser 10 by unscrewing
the needle nut 80 and replaced with anew (clean) nozzle
assembly.

[0040] Referring back to FIGS. 3-6, and more particu-
larly to FIGS. 3 and 4, in a certain example, the upper
portion of the piston 64 includes an enlarged head 106
that is captured by and secured to the piston drive yoke
54 of the motor assembly 30. Thus, the arrangement is
such that the motor assembly 30 drives the up-and-down
motion of the piston 64 within the chamber 50 by moving
the drive shaft 48. The piston 64 is configured to recip-
rocally move between a retracted, pre-dispense position
(FIG. 5) and an extended, dispense position (FIG. 6).
The volume of viscous material dispensed by the dis-
penser unit 14 is substantially equal or at least related to
the volume of the piston 64 entering the dispensing bore
104 (FIG. 7) as the piston travels toward the orifice insert
90. The flat end 70 of the piston 64 assists in shearing
trapped fluid filler particles contained within the dispens-
ing bore 104 when the lower portion of the piston is low-
ered therein, thereby closing off inlet passage 122.
[0041] In the shown example, the material supply as-
sembly 26 includes a material supply cartridge or con-
tainer 108, the material feed tube 84, and a mounting
assembly. As shown, the mounting assembly includes a
mounting bracket 110 and a mounting lever 112. Mount-
inglever 112 operates a cam-lock to secure the dispenser
unit 14 to the arm 22. The material feed tube 84 is con-
nected to the cartridge 108 by an outlet fitting 114, which
connects the cartridge to the nozzle housing 56 of the
dispensing assembly 24 atan angle, whichrelies on grav-
ity to enhance the flow of the viscous material into the
chamber 50. A cap 116 is provided to close an upperend
of the cartridge 108. The cap 116 is configured with an
air pressure inlet 118, which supplies air under pressure
to the cartridge to pressurize the viscous material con-
tained within the cartridge. The pressurized viscous ma-
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terial flows from the cartridge 108 to the material feed
tube 84 to the chamber 50 of the dispensing assembly 24.
[0042] A material level sensor 120, which is coupled
to the controller 16, may be provided to monitor the level
of material contained within the cartridge 108. Viscous
material flows from the material feed tube 84 to the cham-
ber 50 so that viscous material is deposited under pres-
sure between an inner wall of the nozzle housing 56 that
defines the cylindrical chamber 60 and an outer wall of
the barrel cylinder 62. As best shown in FIGS. 5 and 6,
viscous material enters the dispensing bore 104 by way
of two narrow slits, each indicated at 122, formed in the
barrel cylinder 62. The arrangement is such that when
the piston 64 is in a retracted position, in which the motor
assembly 30 raises the piston 64, viscous material enters
the bore 72 formed in the barrel cylinder 62 and the dis-
pensing bore 104. Thus, when the piston 64 is moved to
an extended or dispensing position toward the orifice in-
sert 90, in which the motor assembly 30 lowers the piston
64 via the drive shaft 48, the piston blocks the commu-
nication of viscous material between the narrow slits 122
and the dispensing bore 104 as material in the dispensing
bore is dispensed.

[0043] A sleeve (not shown) may be provided around
the barrel cylinder 62 to selectively enlarge or reduce the
size of the slits 122 to increase or decrease the amount
of material entering the dispensing bore 104.

[0044] In the shown example, the barrel cylinder 62,
the piston 64 and the orifice insert 90 are removable and
interchangeable so that the size of the dots of viscous
material may be changed. For example, for larger dots,
the size of the barrel cylinder 62, the piston 64, the small
diameter bore 104, and dispensing bore 96 in the orifice
insert 90 may be increased.

[0045] Conversely, for smaller dots, these dimensions
may be decreased. In addition, since the dispensing as-
sembly 24 in general and the nozzle assembly 34 in par-
ticular are easily removable, these components, includ-
ing the seals 76, 78, may be quickly and efficiently re-
moved for cleaning and replacement.

[0046] When operating the dispenser 10, the piston 64
is moved between the retracted and extended positions
to dispense dots of material from the dispensing bore
104 of the orifice adapter 92 via the small diameter bore
96 of the orifice insert 90. Specifically, and with reference
to FIGS. 5 and 6, when the piston 64 is in its retracted
position, viscous material enters the dispensing bore 104
from the cylindrical chamber 60 by way of slits 122. When
moved to its extended position under the operation of the
controller 16 via the drive shaft 48 of the motor assembly
30, the piston 64 cuts off the supply of viscous material
to the dispensing bore 104 by blocking the slits 122 of
the barrel cylinder 62. As discussed above, as the piston
64 enters the dispensing bore 104, the flat end 70 of the
piston 64 shears trapped particles contained within the
dispensing chamber within the dispensing bore 104. The
arrangement is such that the volume of viscous material
dispensed from the dispensing bore 104 is substantially
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equal to the volume of the piston entering the dispensing
bore. The downward stroke of the piston 64 is limited by
a shoulder portion or surface 124 of the head 106 of the
piston that engages a shoulder portion or surface 126
defined by the compliant material 79 located above the
seal nut 74. Thus, when dispensing a dot of material, the
piston 64 enters into the dispensing bore 104 at a rela-
tively fast rate of speed under the control of the controller
16 and the motor assembly 30 and immediately decel-
erates upon the engagement of the shoulder portions
124, 126 of the piston 64 and the seal nut 74 nozzle
housing 56. The resilient material 79 cushions this im-
mediate deceleration of the piston 64.

[0047] In one example, to change the size of dots dis-
pensed by the dispenser unit 14, the barrel cylinder 62,
piston 64 and orifice insert 90 may be replaced. Specif-
ically, by unscrewing the needle nut 80, the orifice insert
90 and the orifice adapter 92, which are contained within
the needle nut, are also removed. Once removed, the
barrel cylinder 62 may be removed from its seat within
the seal nut 74. The barrel cylinder 62 may be replaced
with another barrel cylinder having a bore 72 of a different
diameter. The piston 64 is replaced by another piston
having a diameter sized so that the piston slides within
the bore 72 of the barrel cylinder 62. Additionally, the
orificeinsert 90 may be replaced to have a small diameter
bore 96 and a dispensing bore 104 that are sized to work
with the specific barrel cylinder 62 and piston 64. As men-
tioned above, the entire nozzle assembly 34 may be re-
placed with a replacement nozzle assembly to change
the size of the small diameter bore of the orifice insert.
[0048] In another example, the dispenser unit 14 may
be configured with a heater to heat the viscous material
as the material is ejected from the dispenser unit. Spe-
cifically, the heater is provided to reduce the viscosity of
the material so as to better control the ejection of material
from the dispenser unit. In one example, the heater may
be coupled to the nozzle housing 56, as by a clamping
mechanism.

[0049] FIGS. 9A-9D illustrate the sequence of a dis-
pense operation for a dispenser unit, generally indicated
at 200, of an example of the disclosure. As shown, the
dispenser unit 200 is substantially identical to dispenser
unit 14. Thus, corresponding parts are designated with
corresponding reference numbers in FIGS. 9A-9D.
[0050] In FIG. 9A, the piston 64 is illustrated in a pre-
dispense, retracted position. This position may be re-
ferred to as a "home" position. The motor assembly 30
drives the downward movement of the piston 64. FIG.
9B illustrates the piston 64 in a park position in which the
piston is positioned within the dispensing bore 104 to
block the delivery of viscous material into the dispensing
bore. As shown, the piston 64 is positioned approximately
two-thirds the way through the dispensing bore 104; how-
ever, the piston may be positioned at any location along
the length of the dispensing bore. FIG. 9C illustrates the
continued downward movement of the piston 64 to the
aforementioned dispense position. Once in the dispense
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position, the volume of viscous material dispensed from
the dispensing bore 104 is substantially equal to the vol-
ume of the piston entering the dispensing bore.

[0051] Next, as illustrated in FIG. 9D, the motor as-
sembly 30 drives the upward movement of the piston 64
to a charge position in which the piston clears or at least
partially clears the slits 122 to allow viscous material to
enter the dispensing bore 104. It should be understood
that the terms "charge position," "up position" and "pre-
dispense" position are used herein interchangeably to
describe the piston being in a raised or up position. Sim-
ilarly, the use of "discharge position," "down position,"
"lowered position" and "post-dispense" position are used
herein interchangeably to describe the piston being in a
lowered or down position.

[0052] During operation, the piston 64 moves between
the charge and dispense positions. When idle, the piston
64 may be moved to the park position to prevent material
from being inadvertently dispensed. When notin use, the
piston 64 may be moved via the motor assembly 30 back
to the pre-dispense or home position illustrated in FIG.
9A.

[0053] In one example, the movement of the piston is
shown in FIG. 9F. As shown, the piston moves from a
home position to a park position during an initiation proc-
ess of the dispenser. During operation, the piston oper-
ates between the charge and dispense positions from
the start of a particular dispense operation to the stop of
the dispense operation. In the charge position, material
flows into the dispensing bore from the chamber. The
piston blocks the flow of material into the dispensing bore
when the piston enters the dispensing bore. This is some-
times referred to as the "zero" position. The amount of
material dispensed by the dispenser is substantially
equal to volume of the piston that enters the dispensing
bore. As shown in FIG. 9F, when stopped, the piston
moves to the park position.

[0054] Turning now to FIG. 10, a dispenser unit, gen-
erally indicated at 300, of another example is shown. The
dispenser unit 300 is substantially identical to dispenser
unit 14. Thus, corresponding parts are designated with
corresponding reference numbers in FIG. 10. The nozzle
assembly 34 includes a nozzle 302 having a head portion
304 and a needle portion 306 extending downwardly from
the head portion. The needle portion 306 includes a nee-
dle bore 308 having an inner diameter D and a length L
substantially greater than the inner diameter. In certain
examples, the head portion 304 has a diameter of ap-
proximately 0.9144 cm (0.360 inches) and a thickness
of approximately 0.34036 cm (0.134 inches). The inner
diameter D of the needle bore 308 is approximately be-
tween 0.0254 and 0.08382 cm (0.010 to 0.033 inches).
The length L of the needle bore 308 is between 0.635
and 1.50114 cm (0.25 and 0.591 inches). Thus, in certain
examples, the ratio of the length L to the inner diameter
D may range from approximately 7.5:1 to approximately
60:1. In certain examples, a dimple or funnel feature may
be included on a top surface of the head portion 304 to
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direct viscous material into the dispensing bore 308 of
the nozzle 302.

[0055] As shown, the dispensing bore 104, which is in
fluid communication with the needle bore 308, is config-
ured to receive the piston 62 therein to dispense material
on the substrate. The needle nut 80 is configured to cap-
ture the head portion 304 of the nozzle 302 to secure the
nozzle to the nozzle housing 56. Specifically, the needle
nut 80 has a cup portion 310 configured to receive the
head portion 304 of the nozzle 302 therein and an inner
threaded surface 312 configured to mate with threads
(not designated) provided on the nozzle housing 56.
[0056] Inoperation, the dispenser unit (e.g., dispenser
unit 14)is positioned at a nominal clearance heightabove
the substrate, e.g., circuitboard 12. This clearance height
is maintained at a relatively consistent elevation above
the circuit board throughout the dispense operation, al-
though variations in the height of the circuit board, or
irregularities in the flatness of the top surface of the circuit
board, may cause the clearance height to vary without
adversely impacting the dispensing of viscous material.
Specifically, the dispenser unit does not need to lift the
nozzle away from the circuit board in the z-axis direction
at the end of each dispense operation. However, to ac-
commodate variations in the height of the circuit board
and irregularities in the flatness of the circuit board (or to
even avoid obstacles), the dispenser may be configured
to achieve z-axis movement.

[0057] Inone example of the disclosure, to achieve the
object of maintaining the height of the nozzle of the dis-
penser unit at a desired elevation above the circuit board,
there is provided a system for measuring the height of
the dispenser nozzle above the circuit board in the z-axis
direction. In some height ( or distance) measuring sys-
tems, physical contact is made between the measuring
system and the surface (e.g., a surface of a substrate
embodying a printed circuit board) to be measured. One
such height measuring system is described in U.S. Pat-
ent No. 6,093,251, entited APPARATUS FOR MEAS-
URING THE HEIGHT OF A SUBSTRATE IN A DIS-
PENSING SYSTEM, which is assigned to the assignee
of the disclosure. Specifically, U.S. Patent No. 6,093,251
discloses a measuring probe that is extendable between
a reference point and a location on the circuit board to
measure the height of the substrate.

[0058] Inother height measuring systems, a laser light
source and an optical sensing system are combined to
measure the position of an object without making phys-
ical contact. An example of a non-contact measuring sys-
tem is manufactured and distributed by Micro-Epsilon
Messtechnik GmbH of Ortenburg, Germany. The optical
sensing system can replace the measuring probe. In oth-
er examples of the disclosure, the height measuring sys-
tem can be incorporated to facilitate the measurement
of and compensation for variations in the vertical position
of the top surface of the circuit board.

[0059] Using height measuring systems described
above, dispensers of the disclosure may be capable of
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measuring the distance or height of the tip of the nozzle
above the top surface of the circuit board. Maintaining
the height of the nozzle above the substrate is one factor
to control in an effort to optimize the operation of the
dispenser. Specifically, the height of the nozzle above
the circuit board should be sufficient to ensure the dis-
pensing of material out of the nozzle without risk of the
nozzle touching the circuit board. Also, the height of the
nozzle, if too high above the circuit board, may cause the
material to splash on the circuit board and cause unde-
sirable satellites.

[0060] Once the height of the nozzle above the top
surface of the circuit board is determined and corrected,
if required, the dispenser unit may be engaged to dis-
pense viscous material. A predetermined dispense op-
eration may be programmed into the controller of the dis-
penser, which may form a part of a line of equipment
used to surface mount components onto a printed circuit
board. Specifically, an area of the top surface of the circuit
board requiring viscous material is preprogrammed into
the controller. The rate at which material is dispensed by
the dispenser is controlled by manipulating the operation
of the motor and the speed at which the nozzle is moved
over the circuit board. The speed at which the motor op-
erates and the viscosity of the material being dispensed
are factors used to determine an optimal desired volu-
metric flow rate, i.e., the rate at which the motor operates.
Given the dispensing of material and the lack of z-axis
directional movement of the nozzle over the circuit board,
the material is capable of being dispensed quickly and
efficiently to cover the predetermined area.

[0061] During dispensing, the dispensing of material
is initiated, and lateral motion (i.e., x-axis and y-axis) of
the dispenser is commenced. The flow rate of material
should be sufficient to overcome the surface tension of
the material within the nozzle. Once the area is covered
with the desired amount of material, the dispensing op-
eration is terminated. The dispenser ejects material from
the nozzle with sufficient inertia so that when the dispens-
er ceases the flow of material, the material breaks free
from the nozzle. As described above, by varying the vol-
umetric flow rate at which the material is dispensed by
manipulating the speed of operation of the motor of the
dispenser, the velocity of the material as it exits the nee-
dle and thus the velocity at which it impacts the circuit
board can be controlled by the controller.

[0062] If too low a volumetric flow rate is used, the exit
velocity, and therefore the exit inertia, is insufficient to
enable the material to clearly detach from the nozzle. If
too high a volumetric flow rate is used, then the material
impacts the circuit board at too high a velocity which may
cause undesirable splashing of material and satellites.
Furthermore, by varying the speed at which the dispens-
ing material is moved over the circuit board in the x-axis
and the y-axis directions, the effective diameter of the
dot of material is additionally controlled.

[0063] The stage of measuring the amount of viscous
material dispensed can be achieved by monitoring the
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volumetric flow rate of material dispensed during a dis-
pensing operation. In accordance with one example of
the disclosure, the measurement is achieved by meas-
uring the size of the deposited material. Specifically, the
heightand diameter of material dispensed onto the circuit
board is measured by use of an off-axis imaging system.
[0064] Such a system is disclosed in U.S. Patent Ap-
plication Serial No. 10/831,468, entitled IMAGING AND
INSPECTION SYSTEM FOR A DISPENSER AND
METHOD FORSAME, which is assigned to the assignee
of the disclosure. The vision system may be positionable
to obtain images of the top surface of the circuit board
along an optical axis to capture the image. Specifically,
the system determines the characteristics of the dis-
pensed material (e.g., the dispensed material's height
and diameter). The characteristics of the dispensed ma-
terial are compared with acceptable limits programmed
into the controller and a determination is made as to
whether the circuit board passes inspection or must be
re-worked. The information derived from such an imaging
system is then used to adjust certain parameters of the
dispensing process to more accurately achieve a desired
result.

[0065] Once measured, the measured amount can be
compared to a calculated amount of material dispensed
to determine the accuracy of the dispensing operation.
Specifically, the volumetric flow rate of the material being
dispensed through the dispensing nozzle can be calcu-
lated to establish a calculated amount. A flow meter may
also be employed to calculate the amount of material
being dispensed through the nozzle. The stage of cap-
turing an image to establish a measured amount, al-
though not required, helps improve the accuracy of the
dispensing operation since any differential between the
measured amount and the calculated amount can be cor-
rected by the controller.

[0066] Referring to FIG. 11, in a certain example, the
dispenser may be based on an existing platform, such
as a platform dispensing system that is offered under the
brand name XyflexPro+, and operates using dispensing
software, such as software thatis offered under the brand
name Benchmark, both of which are offered by Speedline
Technologies, Inc. of Franklin, Massachusetts, the as-
signee of the disclosure. As indicated in FIG. 11, the pri-
mary components of the system, generally indicated at
400, may include the dispensing platform 402, the micro-
piston pump or dispenser unit 404, a pump controller
406, and a system controller 408. The dispenser system
400 may provide an interface designated by dashed lines
at 410 that allows the dispensing platform 402 to operate
with a number of different pumps and/or valves using a
standard interface. The digital interface 410 provides sig-
nals to trigger dispensing from the micro-piston pump
404.

[0067] In one example, the interface 410 may be a
standard real-time digital interface. In another example,
the dispenser system 400 may also include a generic
interface option. The generic interface provides a stand-
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ard interface that includes the real time digital interface,
as well as an optional standard RS-232 interface. The
system controller 408, through a 3rd party API and da-
tabase object, provides standard commands to provide
set-up parameters for different valves and pumps and
receives status monitoring information from the valves
and pumps. In other versions, an Ethernet connection
may be provided between the system controller 408 and
the pump controller 406.

[0068] The pump controller 406 may be selected from
a commercially available motion and 1/0 controller select-
ed from any number of commercially available control-
lers, for example, a controller offered by Galil (DMC-
4010) of Rocklin, California. The pump controller 406
may be packaged with a PWM amplifier and power supply
and may be housed within a metal enclosure. Alterna-
tively, a DMC-4020 controller may operate two micro-
piston pump units. A power switch (not shown) may per-
mit the pump controller 406 to be turned on and off inde-
pendent from the dispensing platform 402.

[0069] As discussed above, dispensing platform 402
may include a conveyor system, an x-y gantry system, a
weigh scale calibration system and a nozzle cleaning sta-
tion. The conveyor system may be used to shuttle sub-
strates, such as circuit boards, to a dispensing position
in the system. The x-y gantry system may include a
mounting plate to which the micro-piston pump 404 is
coupled. The x-y gantry system may be used to position
the micro-piston pump 404 to dispensing positions over
a substrate. The x-y gantry system also may include the
capability to raise and lower (z-axis movement) the pump
404 to vary or control the dispensing height above the
substrate.

[0070] The operation ofthe micro-piston pump unit404
may be controlled through a user interface coupled to
the system controller 408. A user, through the interface,
controls parameters of the micro-piston pump unit 404
including the retracted height of the piston and the dwell
time of the piston. Using different parameter settings, the
pump 404 can be operated in anumber of differentmodes
to dispense materials over a wide range of viscosity and
volume of material dispensed.

[0071] Inthedispenser, pressurized air may be applied
to the source of material of the pump by the dispensing
platform 402. The pressurized air may be used to force
material from the material source into the pump 404. The
particular pressure provided may be selected and man-
ually adjusted based on the material being used, volume
of material being dispensed, and mode of operation of
the valve. In typical applications, the pressure applied to
the material is expected to be on the order of 27579
137895 Pa (4-20 psi).

[0072] As discussed above, an optional nozzle heater
may be used with the micro-piston pump 404, and a tem-
perature of the nozzle heater may be set by the user.
The nozzle heater may be configured to surround the
lower portion of the pump. In one configuration, the noz-
zle heater may include a cartridge heater and a temper-
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ature sensor. The nozzle heater may be controlled by
the system to maintain the temperature sensor at a set
temperature.

[0073] Inone example, the nozzle heater may be con-
structed to be attached to the lower portion of the dis-
penser unit to provide heat to the nozzle of the unit. The
nozzle heater may include a connecting cable, a body,
aconnector mounting block, a connector, mounting hard-
ware, a cartridge heater, and a temperature sensor. The
body may be configured to have a conical lower opening
through which the nozzle extends. Clamps may be pro-
vided to secure the nozzle heater to the pump by com-
pressing the housing against the nozzle nut. Pins may
be used to align the heater to the pump. The cartridge
heater and the temperature sensor may be coupled to
the system controller 408, which maintains the temper-
ature in the vicinity of the temperature sensor to a set
value.

[0074] During operation of the dispenser, a user,
through a user interface for the dispensing platform 402,
defines dispensing areas on a circuit board. In some ex-
amples of the dispenser, the pump 404 may be used only
to dispense lines of material formed through multiple dis-
pensing cycles of the pump; however, in other examples,
material may be dispensed at selected locations on a
circuit board or other substrate using an individual dis-
pensing cycle or multiple dispensing cycles. For lines of
material, a user defines the start and stop positions of a
line, and the dispensing platform is able to move the
pump to place material along the line.

[0075] Once all dispensing areas on a circuitboard are
defined and the dispensing parameters are set, the dis-
penser is able to receive circuit boards for processing.
After moving a circuit board to a dispensing location, the
dispenser controls the gantry system to position the mi-
cro-piston pump 404 over a dispensing location. The dis-
pensing location may be a particular point or the start of
aline. The system controller 408 of the dispenser system
400 then sends a "start" control signal over the real-time
control line instructing the micro-piston pump to start dis-
pensing.

[0076] If a line of material is to be dispensed, the dis-
penser system 400 will start moving after issuing the
"start" control signal. Once the pump 404 receives the
"start" signal, the pump starts dispensing using the pa-
rameters (including cycle rate) previously set.

[0077] The pump 404 continues dispensing until a
"stop" or command is received from the system controller
408. The cycle rate and time duration between the "start"
signal and the "stop" signal will determine how many
times the pump 404 dispenses material along a given
line or at a particular location.

[0078] Dispensing for a particular board will continue
until material has been dispensed at all locations on the
board. The board is then unloaded from the system and
a new board can be loaded into the system.

[0079] In another example, and with reference to FIG.
1 1A, the primary components of the system 400 may
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include the dispensing platform 402, the pump 404 and
gantry system (not designated) and the system controller
408. As will be discussed below, the magnetic drive of
one example of the disclosure eliminates the need for a
dedicated pump controller.

[0080] Turning now to FIGS. 12-14, there is generally
indicated at 500 a dispenser unit that is substantially iden-
tical to dispenser units 14,200 and 300. The dispenser
unit 500 includes a dispensing assembly generally indi-
cated at 502 having a motor assembly generally indicated
at 504, a dispenser housing 506 and a nozzle housing
generally indicated at 508.

[0081] Although notshown, the dispenser unit 500 may
also include an encoder assembly that is similar to en-
coder assembly 28.

[0082] Inthe example shown in FIGS. 12-14, the motor
assembly 504 embodies a magnetic drive generally in-
dicated at 510 that serves as a mechanism for converting
rotational motion into reciprocating linear motion. The
magnetic drive 510 is used to rapidly drive a small fluid
displacement piston for dispensing small volumes of ma-
terialin a non-contactdispenser. With the voice coil motor
30 described above, the smallest amount of material that
is capable of being dispensed is approximately 0.25 mg.
With the magnetic drive 510 described with reference to
FIGS. 12-14, the dispensing assembly 502 is enabled to
dispense smaller amounts of material, e.g., 0.10 mg of
material.

[0083] The motor assembly 504, including magnetic
drive 510, may be configured to communicate with the
controller 16. As shown, the dispenser housing 506 may
be configured to contain the components of the magnetic
drive 510. The motor assembly 504 may include a drive
motor 512 mounted on the dispenser housing 506, the
drive motor having a rotating drive shaft 514 that extends
within the dispenser housing. The arrangement is such
that the drive motor 512 drives the rotation of the drive
shaft 514 at a desired speed.

[0084] Attached to the drive shaft 514 is a magnet
wheel 516 having four drive magnets, each indicated at
518, spaced circumferentially around the wheel (see FIG.
14). In one example, an upper body 516a of the magnet
wheel 516 is configured to be clamped onto the drive
shaft 514 of the drive motor 512. As best shown in FIG.
14,in one example, the four drive magnets 518 are equal-
ly spaced around the circumference of a lower body 516b
of the magnet wheel 516. Each drive magnet 518 in-
cludes opposite poles, which are indicated as N and S
in the drawing figures. As shown, the drive magnets are
arranged such that the polarity of each magnet is oppo-
site its adjacent magnet. In other examples, the drive
magnets 518 may be spaced from one another prede-
termined distances so that the drive magnets are not
equally spaced around the circumference of the lower
body 516b of the magnet wheel 516. For example, as
the magnet wheel 516 rotates at a constant speed, it may
be desirable to effect the time between the upstroke and
the down stroke so that it is different than the time be-
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tween the down stroke and the upstroke. To achieve this
time difference, the spacing of the drive magnets 518
may be spaced apart from one another so that they are
not equally spaced around the circumference of the lower
body 516b of the magnet wheel 516.

[0085] Although four drive magnets 518 are provided
in the shown example, it should be understood that any
number of drive magnets may be provided and fall within
the scope of the instant disclosure. For example, two
drive magnets 518 may be disposed on the magnetwheel
516 with the drive magnets being oppositely disposed
from one another. With another example, six or eight
drive magnets may be equally spaced round the periph-
ery of the magnet wheel to increase the reciprocating
motion of the piston 64.

[0086] The motor assembly 504 further includes a
magnet guide 520 that is secured within the dispenser
housing 506 and a driven magnet 522 that is disposed
within a bore 521 of the magnet guide. As shown, the
magnet guide 520 is annular in construction and dis-
posed above the nozzle housing 508. The driven magnet
includes opposite poles, which are indicated as N’ and
S’in FIGS. 12, 13A and 13B. In the shown example, the
driven magnet 522 has the N’ pole disposed adjacent the
drive magnets 518 and the S’ pole disposed on the op-
posite (lower) side. As best shown in FIG. 14, the driven
magnet 522 is attached (e.g., by an appropriate bonding
process) to the head 106 of the piston 64 and configured
to move vertically within the bore 521 provided in the
magnet guide 520. The arrangement is such that the ro-
tation of the motor 512 alternately disposes poles (N and
S) of the drive magnets 518 against the N’ pole of the
driven magnet522. The resultant attraction and repulsion
forces cause the driven piston 64 to rise and fall in the
chamber causing the filling and expulsion of dispensed
fluid in the manner described above. As with dispenser
unit 14, compliant material 79 may be disposed above
the seal nut 74 to provide a resilient force to cause the
rapid deceleration of the driven magnet 522 and the pis-
ton 64 as they complete their downward stroke.

[0087] As the relative distance between the drive mag-
nets 518 and the driven magnet 522 increases, the re-
sultant force between the magnets decreases. In one
example, using high strength rare earth magnets where
thefield is saturated magnetically could be used to extend
the distance where the driven magnet would be under
maximum repulsive force. As the magnets are confined
to an area where the field is effectively saturated, the
force applied to each driven magnet is effectively con-
stant over a useful distance.

[0088] With the drive magnets 518, the magnetic S
poles may also be used to activate a Hall effect home
switch 524, which may be used to locate the correct poles
and orientation of the magnet wheel 516 during the sys-
tem start-up. Thus, predictable magnetic interactions
may be achieved.

[0089] FIG. 13A illustrates the dispenser unit 500
shown with magnetic poles of one of the drive magnets
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518 (the S pole) and the driven magnet 522 (the N’ pole)
attracting to one another thereby causing the piston 64
to rise so that fluid fills the chamber. In this position, the
driven magnet 522 and the head 106 of the piston 64 are
disposed in an upper portion of the bore 521 of the mag-
net guide 520. FIG. 13B illustrates the dispenser unit 500
shown with magnetic poles of another one of the drive
magnets 518 (the N pole) and the driven magnet 522
(the N’ pole) repelling one another thereby causing the
piston 64 to lower so that fluid expels from the chamber.
In this position, the driven magnet 522 the head 106 of
the piston 64 are disposed in a lower portion of the bore
521 of the magnet guide 520. In the example shown in
FIGS. 13A and 13B, the respective motions are caused
by a one quarter turn of the drive motor 512.

[0090] As mentioned above, the number and orienta-
tion of the drive magnets and the driven magnet (or mag-
nets) may be different than the example disclosed in the
drawing figures.

[0091] In another example, the driven magnet may in-
clude a yoke, which in turn would drive the reciprocating
motion of the piston. Although the provision of a yoke
may have a higher moving mass, a benefit may be ob-
served from not having to bond the driven magnet directly
to the piston head.

[0092] AsshowninFIG. 14, the magnetguide 520 may
be formed with vent holes, with the vent hole 526 being
shown in a top of the magnet guide. A similar vent hole
may be formed in a bottom of the magnet guide 520. The
vent holes allow air to escape from and return to the bore
521 formed within the magnet guide 520.

[0093] In certain examples, the magnet guide 520 may
be fabricated from any suitable material capable of with-
standing the back and forth motion of the driven magnet
522 and head 106 of the piston 64 within the bore 521
of the magnet guide.

[0094] In contrast with the various positions achieved
by using a voice coil motor 30 with reference to FIG. 9E,
the magnetic motor assembly 504 of examples of the
disclosure moves the piston in two distinct positions-an
up position and a down position. Accordingly, the oper-
ation of the dispenser is simplified by the provision of the
magnetic motor assembly.

[0095] Thus, it should be observed that dispensers of
at least one example of the disclosure are capable of
accurately dispensing viscous material. The dispenser
of examples of the disclosure is capable of having the
nozzle assembly quickly and easily replaced to vary the
size of material dispensed on the substrate. Also, given
the configuration of the piston and the dispensing bore,
the preciseness of the volume of material deposited on
the substrate is further enhanced.

[0096] Thedispenser unitdisclosed herein maybe em-
ployed on any suitable dispenser. For example, a dis-
penser unit having a different material supply configura-
tion or movement configuration may be employed. In ad-
dition, various additional components may be added to
the dispenser. For example, the dispenser may include
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a needle cleaner, such as the needle cleaner disclosed
in U.S. Pat. No. 6,775,879, entitled NEEDLE CLEANING
SYSTEM, which is owned by Speedline Technologies,
Inc., the assignee of the disclosure. Additionally, the dis-
penser may include a weigh scale, such as the weigh
scale disclosed in U.S. Pat. No. 6,814,810, entitled AP-
PARATUS FOR CALIBRATING A DISPENSING SYS-
TEM, which is also owned by Speedline Technologies,
Inc.

[0097] Otheradvantages may include enabling a more
rapid reciprocating motion of the piston, with faster ac-
celeration of the piston. The use of the magnetic motor
provides this rapid reciprocating motion while generating
less heat than the voice coil motor configuration. A sig-
nificantadvantage is the dispenser unit’s ability to deposit
small amounts of material (e.g., 0.10 mg) onto the sub-
strate.

Claims
1. A system comprising:

a piston (64);

a motor (504) coupled to the piston (64), the sys-
tem configured to drive reciprocating movement
ofthe piston (64) within a chamber of adispenser
(50) configured to dispense viscous material,
the motor (504) comprising:

a rotating shaft (514);

a wheel (516) coupled to the rotating shaft
(514), the wheel having at least one drive
magnet (518); and

a driven magnet (522) disposed between
the wheel (516) and a head of the piston
(64),

wherein the head of the piston (64) is attached
to the driven magnet (522),

wherein said motor (504) further comprising a
magnet guide (520) configured to receive the
driven magnet (522),

characterised in that the piston has an elon-
gate body and a head (106), wherein the head
(106) of the piston (64) is disposed between at
least one drive magnet (518) and the driven
magnet (522).

2. Thesystemofclaim 1, said motor further comprising
a plurality of drive magnets (518) disposed circum-
ferentially around the wheel (516).

3. The system of claim 2, wherein the drive magnets
(518) are equally spaced from one another.

4. The system of claim 2, wherein the drive (518) mag-
nets are spaced from one another at predetermined
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distances.

The system of claim 1, wherein the magnet guide
(520) further comprises at least one vent hole (526).

The system of claim 2, wherein the drive magnets
(518) are not equally spaced from one another.

Patentanspriiche

1.

System, aufweisend:

einen Kolben (64);

einen mit dem Kolben (64) verbundenen Motor
(504), wobeidas System zum Antreiben der Hin-
und Herbewegung des Kolbens (64) innerhalb
einer Kammer eines Spenders (50) konfiguriert
ist, der zum Ausgeben von viskosem Material
konfiguriert ist, der Motor (504) aufweisend:

eine Drehwelle (514);

ein mit der Drehwelle (514) verbundenes
Rad (516), wobei das Rad zumindest einen
Antriebsmagneten (518) aufweist; und
einen angetriebenen Magneten (522), der
zwischen dem Rad (516) und einem Kopf
des Kolbens (64) angeordnet ist,

wobei der Kopf des Kolbens (64) an dem
angetriebenen Magneten (522) befestigt
ist,

wobei der Motor (504) ferner eine Magnet-
fuhrung (520) aufweist, die zum Aufnehmen
des angetriebenen Magneten (522) konfi-
guriert ist,

dadurch gekennzeichnet, dass der Kol-
ben einenlanglichen Kérper und einen Kopf
(106) aufweist, wobei der Kopf (106) des
Kolbens (64) zwischen zumindest einem
Antriebsmagneten (518) und dem angetrie-
benen Magneten (522) angeordnet ist.

System nach Anspruch 1, wobei der Motor ferner
eine Vielzahl von Antriebsmagneten (518) aufweist,
die in Umfangsrichtung um das Rad (516) herum
angeordnet sind.

System nach Anspruch 2, wobei die Antriebsmag-
nete (518) gleichmaRig voneinander beabstandet
sind.

System nach Anspruch 2, wobei die Antriebsmag-
nete (518) in vorgegebenen Abstanden zueinander
angeordnet sind.

System nach Anspruch 1, wobei die Magnetfiihrung
(520) ferner zumindest eine Entliftungsoffnung
(526) aufweist.
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6. System nach Anspruch 2, wobei die Antriebsmag-

nete (518) nicht gleichmafig voneinander beabstan-
det sind.

Revendications

1.

Systeme comprenant :

un piston (64) ;

un moteur (504) couplé au piston (64), le systé-
me étant configuré pour entrainer un mouve-
ment alternatif du piston (64) a l'intérieur d’'une
chambre d’'un distributeur (50) configuré pour
distribuer une matiére visqueuse, le moteur
(504) comprenant :

un arbre rotatif (514) ;

une roue (516) couplée a l'arbre rotatif
(514), la roue ayant au moins un aimant
d’entrainement (518) ; et

un aimant entrainé (522) disposé entre la
roue (516) et une téte du piston (64),

dans lequel la téte du piston (64) est fixée
a l'aimant entrainé (522),

dans lequel ledit moteur (504) comprend en
outre un guide d’aimant (520) configuré
pour recevoir 'aimant entrainé (522),
caractérisé en ce que le piston a un corps
allongé et une téte (106), dans laquelle la
téte (106) du piston (64) est disposée entre
au moins un aimant d’entrainement (518)
et 'aimant entrainé (522).

Systeme selon la revendication 1, ledit moteur com-
prenant en outre une pluralité d’aimants d’entraine-
ment (518) disposés circonférentiellement autour de
la roue (516).

Systeme selon la revendication 2, dans lequel les
aimants d’entrainement (518) sont également espa-
cés les uns des autres.

Systeme selon la revendication 2, dans lequel les
aimants d’entrainement (518) sont espaceés les uns
des autres a des distances prédéterminées.

Systeme selon la revendication 1, dans lequel le gui-
de d’aimant (520) comprend en outre au moins un
trou d’aération (526) .

Systeme selon la revendication 2, dans lequel les
aimants d’entrainement (518) ne sont pas espacés
de maniére égale les uns des autres.
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