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Description

Field of the Invention

[0001] The present invention generally relates to a
method of dispensing dots of viscous material onto a sur-
face.
[0002] WO01/33933 A1 discloses a method and ap-
paratus for controlling the quantity of material dispensed
from dispensing systems. It discusses a dispensing sys-
tem including a weight scale upon which material is dis-
pensed from a dispensing system during a calibration
routine. The weight of the dispensed material is deter-
mined and compared with a target weight. If the weight
of the dispensed material varies from the target weight
by more than a predetermined amount, then character-
istics of the dispensing system are adjusted and the cal-
ibration routine is repeated.

Background of the Invention

[0003] In the manufacture of substrates, for example,
printed circuit ("PC") boards, it is frequently necessary to
apply small amounts of viscous materials, i.e. those with
a viscosity greater than fifty centipoise. Such materials
include, by way of example and not by limitation, general
purpose adhesives, solder paste, solder flux, solder
mask, grease, oil, encapsulants, potting compounds,
epoxies, die attach pastes, silicones, RTV and cyanoacr-
ylates.
[0004] In the quest for ever increasing miniaturization
of circuitry, a fabrication process known as flip chip tech-
nology has developed, which has multiple processes that
require viscous fluid dispensing. For example, a semi-
conductor die or flip chip is first attached to a PC board
via solder balls or pads, and in this process, a viscous
solder flux is applied between the flip chip and the PC
board. Next, a viscous liquid epoxy is allowed to flow and
completely cover the underside of the chip. This underfill
operation requires that a precise amount of the liquid
epoxy be deposited in a more or less continuous manner
along at least one side edge of the semiconductor chip.
The liquid epoxy flows under the chip as a result of cap-
illary action due to the small gap between the underside
of the chip and the upper surface of the PC board. Once
the underfill operation is complete, it is desirable that
enough liquid epoxy be deposited to encapsulate all of
the electrical interconnections, so that a fillet is formed
along the side edges of the chip. A properly formed fillet
ensures that enough epoxy has been deposited to pro-
vide maximum mechanical strength of the bond between
the chip and the PC board. Thus, underfilling with the
epoxy serves first, as a mechanical bond to help reduce
stress and limit strain on the interconnecting solder pads
during thermal cycling and/or mechanical loading and
second, protects the solder pads from moisture and other
environmental effects. It is critical to the quality of the
underfilling process that the exact amount of epoxy is

deposited at exactly the right location. Too little epoxy
can result in corrosion and excessive thermal stresses.
Too much epoxy can flow beyond the underside of the
chip and interfere with other semiconductor devices and
interconnections.
[0005] In another application, a chip is bonded to a PC
board. In this application, a pattern of adhesive is depos-
ited on the PC board; and the chip is placed over the
adhesive with a downward pressure. The adhesive pat-
tern is designed so that the adhesive flows evenly be-
tween the bottom of the chip and the PC board and does
not flow out from beneath the chip. Again, in this appli-
cation, it is important that the precise amount of adhesive
be deposited at exact locations on the PC board.
[0006] The PC board is often being carried by a con-
veyor past a viscous material dispenser that is mounted
for two axes of motion above the PC board. The moving
dispenser is capable of depositing dots of viscous mate-
rial at desired locations on the PC board. There are sev-
eral variables that are often controlled in order to provide
a high quality viscous material dispensing process. First,
the weight or size of each of the dots may be controlled.
Known viscous material dispensers have closed loop
controls that are designed to hold the dot size constant
during the material dispensing process. It is known to
control the dispensed weight or dot size by varying the
supply pressure of the viscous material, the on-time of a
dispensing valve within the dispenser and the stroke of
an impact hammer in a dispensing valve. Each of those
control loops may have advantages and disadvantages
depending on the design of a particular dispenser and
the viscous material being dispensed thereby. However,
those techniques often require additional components
and mechanical structure, thereby introducing additional
cost and reliability issues. Further, the responsiveness
of those techniques is proving less satisfactory as the
rate at which dots are dispensed increases. Therefore,
there is a continuing need to provide better and simpler
closed loop controls for controlling dot size or weight.
[0007] A second important variable that may be con-
trolled in the dispensing process is the total amount or
volume of viscous material to be dispensed in a particular
cycle. Often the designer of a chip specifies the total
amount or volume of viscous material, for example,
epoxy in underfilling, or adhesive in bonding, that is to
be used in order to provide a desired underfilling or bond-
ing process. For a given dot size and dispenser velocity,
it is known to program a dispenser control, so that the
dispenser dispenses a proper number of dots in order to
dispense a specified amount of the viscous material in a
desired line or pattern at the desired location on the PC
board. Such a system is reasonably effective in a world
in which the parameters that effect the dispensing of the
viscous material remain constant. However, such param-
eters are constantly changing, albeit, often only slightly
over the short term; but the cumulative effect of such
changes can result in a detectable change in the volume
of fluid being dispensed by the dispenser. Therefore,
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there is a need for a control system that can detect chang-
es in dispensed weight and automatically adjust the dis-
penser velocity, so that the desired total volume of vis-
cous material is uniformly dispensed over a whole dis-
pensing cycle.
[0008] A third important variable relates to the timing
of dispensing dots of viscous material on-the-fly. When
dispensed on-the-fly, the dots of viscous material fly hor-
izontally through the air prior to landing on the PC board.
In order to accurately locate the dots on the PC board, it
is known to perform a calibration cycle in which a time
based compensation value is determined and used to
pre-trigger the dispenser. Again, there is a need to con-
tinue to improve the process by which an on-the-fly dis-
penser can dispense dots of viscous material, so that
they are more accurately located on the PC board.
[0009] Therefore, there is a need for an improved com-
puter controlled viscous fluid dispensing system that ad-
dresses the needs described above.

Summary of the Invention

[0010] This need is met with a method of dispensing
dots of a viscous material onto a surface in non contact
fashion with a droplet generator operatively connected
to a computer, the method having the features of claim 1.
[0011] The method provides an improved noncontact
jetting system that more accurately applies, on-the-fly,
viscous material dots on a substrate. First, the improved
noncontact jetting system permits dispensed weight or
dot size to be adjusted by changing either the tempera-
ture of the nozzle or the stroke of a piston in the jetting
valve. This provides a simpler and less expensive system
with a faster response time for calibrating dispensed
weight or dot size. Further, the improved noncontact jet-
ting system permits a relative velocity between a nozzle
and the substrate to be automatically optimized as a func-
tion of a current material dispensing characteristics and
a specified total volume of material to be used on the
substrate. The result is a more accurate and uniform ap-
plication of the dispensed viscous material on the sub-
strate. In addition, the improved noncontact jetting sys-
tem optimizes the positions at which respective dots are
to be dispensed as a function of the relative velocity be-
tween the nozzle and the substrate, so that viscous ma-
terial dots dispensed on-the-fly are accurately located on
the substrate. The improved noncontact jetting system
is especially useful in those applications where weight or
volume of the viscous material dots and their location on
the substrate require accurate and precise control.
[0012] These and other objects and advantages of the
present invention will become more readily apparent dur-
ing the following detailed description taken in conjunction
with the drawings herein.

Brief Description of the Drawings

[0013]

Fig. 1 is a schematic representation of a computer
controlled, viscous material noncontact jetting sys-
tem.

Fig. 2 is a schematic block diagram of the computer
controlled, viscous material noncontact jetting sys-
tem of Fig. 1.

Fig. 3 is a flowchart generally illustrating a dispensing
cycle of operation of the viscous material jetting sys-
tem of Fig. 1.

Fig. 4 is a flowchart generally illustrating a dot size
calibration process using the viscous material jetting
system of Fig. 1.

Fig. 5 is a flowchart generally illustrating a material
volume calibration process using the viscous mate-
rial jetting system of Fig. 1.

Fig. 6 is a flowchart generally illustrating a dot place-
ment calibration process using the viscous material
jetting system of Fig. 1.

Fig. 7 is a flowchart generally illustrating an alterna-
tive embodiment of a dot placement calibration proc-
ess using the viscous material jetting system of Fig.
1.

Fig. 8 is a flowchart generally illustrating an alterna-
tive embodiment of a dot size calibration process
using the viscous material jetting system of Fig. 1.

Fig. 9 is a flowchart generally illustrating a further
alternative embodiment of a dot size calibration proc-
ess using the viscous material jetting system of Fig.
1.

Detailed Description of the Invention

[0014] Fig. 1 is a schematic representation of a com-
puter controlled viscous material noncontact jetting sys-
tem 10 of the type commercially available from Asymtek
of Carlsbad, California. A rectangular frame 11 is made
of interconnected horizontal and vertical steel beams. A
viscous material droplet generator 12 is mounted on a
Z-axis drive that is suspended from an X-Y positioner 14
mounted to the underside of the top beams of the frame
11. The X-Y positioner 14 is operated by a pair of inde-
pendently controllable motors (not shown) in a known
manner. The X-Y positioner and Z-axis drive provide
three substantially perpendicular axes of motion for the
droplet generator 12. A video camera and LED light ring
assembly 16 may be connected to the droplet generator
12 for motion along the X, Y and Z axes to inspect dots
and locate reference fiducial points. The video camera
and light ring assembly 16 may be of the type described
in U.S. Pat. No. 5,052,338.
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[0015] A computer 18 is mounted in the lower portion
of the frame 11 for providing the overall control for the
system. The computer 18 may be a programmable logic
controller ("PLC") or other microprocessor based con-
troller, a hardened personal computer or other conven-
tional control devices capable of carrying out the func-
tions described herein as will be understood by those of
ordinary skill. A user interfaces with the computer 18 via
a keyboard (not shown) and a video monitor 20. A com-
mercially available video frame grabber in the computer
causes a real time magnified image 21 of a cross-hair
and dispensed dot to be displayed in a window on the
monitor 20, surrounded by the text of the control software.
The computer 18 may be provided with standard RS-232
and SMEMA CIM communications busses 50 which are
compatible with most types of other automated equip-
ment utilized in substrate production assembly lines.
[0016] Substrates, for example, PC boards, which are
to have dots of a viscous material, for example, an ad-
hesive, epoxy, solder, etc., rapidly applied thereto by the
droplet generator 12, are manually loaded or horizontally
transported directly beneath the droplet generator 12 by
an automatic conveyor 22. The conveyor 22 is of con-
ventional design and has a width which can be adjusted
to accept PC boards of different dimensions. The con-
veyor 22 also includes pneumatically operated lift and
lock mechanisms. The jetting system (10) further in-
cludes a nozzle priming station 24 and a calibration sta-
tion 26. A control panel 28 is mounted on the frame 11
just below the level of the conveyor 22 and includes a
plurality of push buttons for manual initiation of certain
functions during set-up, calibration and viscous material
loading.
[0017] Referring to Fig. 2, the droplet generator 12 is
shown jetting droplets 34 of viscous material downwardly
onto the upper surface 81 of a substrate 36, for example,
a PC board. The PC board 36 is of the type designed to
have components surface mounted thereon utilizing
minute dots 35 of viscous material rapidly and accurately
placed at desired locations. The PC board is moved to a
desired position by the conveyor 22 as indicated by the
horizontal arrows in Fig. 2.
[0018] Axes drives 38 are capable of rapidly moving
the droplet generator 12 over the surface of the PC board
36. The axes drives 38 include the electromechanical
components of the X-Y positioner 14 and a Z-axis drive
mechanism to provide X, Y and Z axes of motion 77, 78,
79, respectively. Often, the droplet generator 12 jets
droplets of viscous material from one fixed Z height. How-
ever, the droplet generator 12 can be raised using the Z-
axis drive to dispense at other Z heights or to clear other
components already mounted on the board.
[0019] The droplet generator 12 can implemented us-
ing different designs; and the specific embodiment de-
scribed herein is to be considered an example, and not
a limitation, of the invention. The droplet generator 12
includes an ON/OFF jetting dispenser 40, which is a non-
contact dispenser specifically designed for jetting minute

amounts of viscous material. The dispenser 40 may have
a jetting valve 44 with a piston 41 disposed in a cylinder
43. The piston 41 has a lower rod 45 extending therefrom
through a material chamber 47. A distal lower end of the
lower rod 45 is biased against a seat 49 by a return spring
46. The piston 41 further has an upper rod 51 extending
therefrom with a distal upper end that is disposed adja-
cent a stop surface on the end of a screw 53 of a microm-
eter 55. Adjusting the micrometer screw 53 changes the
upper limit of the stroke of the piston 41. The dispenser
40 may include a syringe-style supply device 42 that is
fluidly connected to a supply of viscous material (not
shown) in a known manner. A droplet generator controller
70 provides an output signal to a voltage-to-pressure
transducer 72, for example, an air piloted fluid regulator,
one or more pneumatic solenoids, etc., connected to a
pressurized source of fluid, that, in turn, ports pressurized
air to the supply device 42. Thus, the supply device 42
is able to supply pressurized viscous material to the
chamber 47.
[0020] A jetting operation is initiated by the computer
18 providing a command signal to the droplet generator
controller 70, which causes the controller 70 to provide
an output pulse to a voltage-to-pressure transducer 80,
for example, an air piloted fluid regulator, one of more
pneumatic solenoids, etc., connected to a pressurized
source of fluid. The pulsed operation of the transducer
80 ports a pulse of pressurized air into the cylinder 43
and produces a rapid lifting of the piston 41. Lifting the
piston lower rod 45 from the seat 49 draws viscous ma-
terial in the chamber 47 to a location between the piston
lower rod 45 and the seat 49. At the end of the output
pulse, the transducer 80 returns to its original state, there-
by releasing the pressurized air in the cylinder 43, and a
return spring 46 rapidly lowers the piston lower rod 45
back against the seat 49. In that process, a droplet 34 of
viscous material is rapidly extruded or jetted through an
opening or dispensing orifice 59 of a nozzle 48. As sche-
matically shown in exaggerated form in Fig. 2, the viscous
material droplet 34 breaks away as a result of its own
forward momentum; and its forward momentum carries
it to the substrate upper surface 81, where it is applied
as a viscous material dot 37. Rapid successive opera-
tions of the jetting valve 41 provide respective jetted drop-
lets 34 that form a line 35 of viscous material dots on the
substrate upper surface 81. As used herein, the term
"jetting" refers to the above-described process for form-
ing viscous material droplets 34 and dots 37. The dis-
penser 40 is capable of jetting droplets 34 from the nozzle
48 at very high rates, for example, up to 100 or more
droplets per second. A motor 61 controllable by the drop-
let generator controller 70 is mechanically coupled to the
micrometer screw 53, thereby allowing the stroke of the
piston 41 to be automatically adjusted, which varies the
volume of viscous material in each jetted droplet. Jetting
dispensers of the type described above are more fully
described in U.S. Patent Nos. 6,253,757 and 5,747,102.
[0021] A motion controller 62 governs the motion of
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the droplet generator 12 and the camera and light ring
assembly 16 connected thereto. The motion controller
62 is in electrical communication with the axes drives 38
and provides command signals to separate drive circuits
for respective X, Y and Z axes motors in a known manner.
[0022] The camera and light ring assembly 16 is con-
nected to a vision circuit 64. This circuit drives red LEDs
of a light ring for illuminating the substrate upper surface
81 and the dots 37 applied thereto. A video camera in
the assembly 16 includes a charge coupled device (CCD)
having an output that is converted to digital form and
processed in determining both the location and size of a
selected dot dispensed onto the substrate 36. A vision
circuit 64 communicates with the computer 18 and to
provide information thereto in both set-up and run modes.
[0023] A conveyor controller 66 is connected to the
substrate conveyor 22. The conveyor controller 66 inter-
faces between the motion controller 62 and the conveyor
22 for controlling the width adjustment and lift and lock
mechanisms of the conveyor 22. The conveyor controller
66 also controls the entry of the substrate 36 into the
system and the departure therefrom upon completion of
the viscous material deposition process. In some appli-
cations, a substrate heater 68 is operative in a known
manner to heat the substrate and maintain a desired tem-
perature profile of the viscous material as the substrate
is conveyed through the system. The substrate heater
68 is operated by a heater controller 69 in a known man-
ner.
[0024] The calibration station 26 is used for calibration
purposes to provide a dot size calibration for accurately
controlling the weight or size of the dispensed dots 37
and a dot placement calibration for accurately locating
viscous material dots that are dispensed on-the-fly, that
is, while the droplet generator 12 is moving relative to
the substrate 36. In addition, the calibration station 26 is
used to provide a material volume calibration for accu-
rately controlling the velocity of the droplet generator 12
as a function of current material dispensing characteris-
tics, the rate at which the droplets are to be dispensed
and a desired total volume of viscous material to be dis-
pensed in a pattern of dots, for example, in the line 35.
The calibration station 26 includes a stationary work sur-
face 74 and a measuring device 52, a weigh scale, that
provides a feedback signal to the computer 18 represent-
ing size-related physical characteristic of the dispensed
material, which is the weight of material weighed by the
scale 52. Weigh scale 52 is operatively connected to the
computer 18; and the computer 18 compares the weight
of the material with a previously determined specified
value, for example, a viscous material weight setpoint
value stored in a computer memory 54. Other types of
devices may be substituted for the weigh scale 52 and,
for example, may include other dot size measurement
devices such as vision systems, including cameras,
LEDs or phototransistors for measuring the diameter, ar-
ea and/or volume of the dispensed material.
[0025] The noncontact jetting system 10 further in-

cludes a temperature controller 86 including a heater 56,
a cooler 57 and a temperature sensor 58, for example,
a thermocouple, an RTD device, etc., which are disposed
immediately adjacent the nozzle 48. The heater 56 may
be a resistance heater that provides heat to the nozzle
48 by radiance or convection. The cooler 57 can be any
applicable device, for example, a source of cooler air, a
vortex cooling generator that is connected to a source of
pressurized air, etc. In other examples, a Peltier device
may be used. The specific commercially available devic-
es chosen to provide heating and cooling will vary de-
pending on the environment in which the noncontact jet-
ting system 10 is used, the viscous material being used,
the heating and cooling requirements, the cost of the
heating and cooling devices, the design of the system,
for example, whether heat shields are used, and other
application related parameters. The thermocouple 58
provides a temperature feedback signal to a heater/cool-
er controller 60, and the controller 60 operates the heater
56 and cooler 57 in order to maintain the nozzle 48 at a
desired temperature as represented by a temperature
setpoint. The controller 60 is in electrical communications
with the computer 18. Thus, the temperature of the nozzle
48 and the viscous material therein is accurately control-
led while it is located in and being ejected from the nozzle
48, thereby providing a higher quality and more consist-
ent dispensing process.
[0026] In operation, CAD data from a disk or a compu-
ter integrated manufacturing ("CIM") controller are uti-
lized by the computer 18 to command the motion con-
troller 62 to move the droplet generator 12. This ensures
that the minute dots of viscous material are accurately
placed on the substrate 36 at the desired locations. The
computer 18 automatically assigns dot sizes to specific
components based on the user specifications or a stored
component library. In applications where CAD data is not
available, the software utilized by the computer 18 allows
for the locations of the dots to be directly programmed.
In a known manner, the computer 18 utilizes the X and
Y locations, the component types and the component
orientations to determine where and how many viscous
material dots to apply to the upper surface 81 of the sub-
strate 36. The path for dispensing the minute viscous
material droplets is optimized by aligning the in-line
points. Prior to operation, a nozzle assembly is installed
that is often of a known disposable type designed to elim-
inate air bubbles in the fluid flow path.
[0027] After all of the set up procedures have been
completed, a user then utilizes the control panel 28 (Fig.
1) to provide a cycle start command to the computer 18.
Referring to Fig. 3, the computer 18 then begins execut-
ing a dispensing cycle of operation. Upon detecting a
cycle start command, at 300, the computer 18 then pro-
vides command signals to the motion controller 62 that
cause the droplet generator 12 to be moved to the nozzle
priming station 24, where a nozzle assembly is mated
with a resilient priming boot (not shown) in a known man-
ner. Using an air cylinder (not shown), a vacuum is then
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pulled on the boot to suck viscous material from the pres-
surized syringe 42 and through the nozzle assembly.
[0028] Thereafter, the computer 18 determines, at 304,
whether a dot size calibration is required. A dot size cal-
ibration is often executed upon initially beginning a dot
dispensing process or any time the viscous material is
changed. As will be appreciated, the execution of a dot
size calibration is application dependent and can be au-
tomatically run at set time intervals, part intervals, with
every part, etc. If a dot size calibration is to be run, the
computer executes, at 306, a dot size calibration subrou-
tine. Referring to Fig. 4, the computer 18 executes a dot
size calibration that is capable of changing the amount
of the dispensed material volume and hence, the dot size,
by changing the temperature of the viscous material with-
in the nozzle 48, thereby changing viscous material’s vis-
cosity and flow characteristics. In a first step of this cal-
ibration process, the computer 18 commands, at 400,
the motion controller 62 to move the droplet generator
12 to the calibration station 26 such that the nozzle 48 is
directly over the work surface 74. Next, at 402, the com-
puter 18 commands the motion controller 62 to cause
the droplet generator controller 70 to dispense dots 37a,
37b, 37n (Fig. 2) on the work surface 74. During this
calibration process, the dispenser feedrate is not critical,
but the dots 37 are applied at a rate that is to be used in
the production dispensing process. The computer 18
then, at 404, commands the motion controller 62 to move
the camera 16 along the same path along which the dots
37a, 37b, 37n were applied. The computer 18 and vision
circuit 64 provide a feedback signal representing a size-
related physical characteristic of the applied dot, which
in this example is a first edge 82 of a first dot; and the
computer 18 stores n the computer memory 54 position
coordinates of a point on that first edge 82. With contin-
ued motion of the camera along the path, another feed-
back signal is provided representing a diametrically op-
posite second edge 84 of the first dot 37a; and position
coordinates of a point on the second edge 84 of the first
dot 37a are also stored in the computer memory 54. The
distance between the two sets of position coordinates
represents the diameter or size of the first dot 37a. The
above process of detecting dot edges and storing respec-
tive position coordinates continues for other dots 37b,
37n on the surface 74. A sufficient number of dots are
dispensed and measured by the computer 18 so as to
provide a statistically reliable measure of dot diameter.
However, as will be appreciated, the diameter of a single
applied dot may be measured and used to initiate a dot
size calibration.
[0029] After all of the dots have been deposited and
measured, at 406, the computer 18 then determines the
average dot diameter or size and, at 408, determines
whether the average dot diameter is smaller than a spec-
ified dot diameter. If so, the computer 18 provides, at
410, a command signal to the heater/cooler controller 60
causing the temperature setpoint to be increased by an
incremental amount. The heater/cooler controller 60 then

turns on the heater 56 and, by monitoring temperature
feedback signals from the thermocouple 58, quickly in-
creases the temperature of the nozzle 48 and the viscous
material therein to a temperature equal to the new tem-
perature setpoint. When the increased temperature has
been achieved, the computer 18 provides command sig-
nals to the motion controller 62 to cause the droplet gen-
erator 70 to again execute the previously described proc-
ess steps 402-408. The increased temperature reduces
the viscosity of the viscous material, thereby resulting in
more material being dispensed and hence, a larger av-
erage volume and dot diameter; and that larger average
dot diameter is then compared with the specified dot di-
ameter at 408. If the diameter is still too small, the con-
troller 18 again provides command signals, at 410, to
again increase the temperature setpoint value. The proc-
ess of steps 402-410 is iterated until the computer 18
determines that the current average dot diameter is equal
to, or within an allowable tolerance of, the specified dot
diameter.
[0030] If the computer 18 determines, at 408, that the
average dot diameter is not too small, then the computer
determines, at 412, whether the average dot diameter is
too large. If so, it provides, at 414, a command signal to
the heater/cooler controller 60 that results in a decrease
of the temperature setpoint by an incremental amount.
With a reduction in the temperature setpoint, the heat-
er/cooler controller 60 is operative to turn on the cooler
56; and by monitoring the temperature feedback signals
from the thermocouple 58, the controller 60 quickly re-
duces the temperature of the nozzle 48 and the viscous
material therein to the new lower temperature setpoint
value. By reducing the temperature of the viscous mate-
rial, its viscosity value increases. Therefore, during a sub-
sequent jetting of a number of dots, a less material is
dispensed; and the computer 18 detects a smaller aver-
age volume or dot diameter. Again, that process of steps
402-412 iterates until the average dot diameter is re-
duced to a value equal to, or within an allowable tolerance
of, the specified dot diameter.
[0031] In the dot size calibration process described
above, the computer 18 iterates the process by jetting
and measuring successive dots until a specified dot di-
ameter is achieved. In an alternative example, a relation-
ship between a change in temperature and a change in
dot size for a particular viscous material can be deter-
mined experimentally or otherwise. That relationship can
be stored in the computer 18 either as a mathematical
algorithm or a table that relates changes in dot size to
changes in temperature. An algorithm or table can be
created and stored for a number of different viscous ma-
terials. Therefore, instead of the iterative process de-
scribed above, after determining the amount by which
the dot diameter is too large or too small, the computer
18 can, at 410 and 414, use a stored algorithm or table
to determine a change in temperature that is required to
provide the desired change in dot size. After commanding
the heater/cooler controller 60 to change the temperature
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setpoint by that amount, the process ends as indicated
by the dashed lines 416. In still further examples, the
above-described calibration processes and be executed
using radii or circumferences of respective dots that are
determined from the edges detected by the camera.
[0032] Referring back to Fig. 3, after the dot size cali-
bration is complete, the computer 18 then determines,
at 308, whether a material volume calibration is required.
A material volume calibration is often executed upon in-
itially beginning a dot dispensing process or any time the
dispensed weight, dot diameter, dot size or viscous ma-
terial changes. As will be appreciated, the execution of
a material volume calibration is application dependent
and can be automatically run at set time intervals, part
intervals, with every part, etc. As discussed earlier, for
an optimum process, for example, underfilling, bonding,
soldering, etc., it is required that an accurate total volume
of material be uniformly applied at precise locations. Of-
ten, the total material volume is specified by the user and
is dependent on the size of the die, the viscous material,
its specific gravity, the applied line thickness, the distance
between the die and the substrate, the size of a fillet, if
applicable, etc. For the total material volume to be uni-
formly dispensed, an accurate determination of dispens-
er velocity is required, which is the function of the material
volume calibration subroutine.
[0033] If the computer 18 determines that a material
volume calibration is to be run, the computer 18 then
executes, at 310, the material volume calibration subrou-
tine illustrated in Fig. 5. The first step of that process
requires that the computer 18 provide command signals,
at 500, to move the droplet generator 12 so that the nozzle
48 is over the table 76 of the weigh scale 52. Thereafter,
the computer 18 determines, at 502, the total volume of
material required. This determination may be made either
by reading a user entered value from the memory 54 or
determining a total volume using the user entered pa-
rameters identified above, for example, line thickness,
die size, fillet size, etc. Thereafter, the computer 18 dis-
penses, at 504, a number of dots onto the table 76 of the
weigh scale 52. As will be appreciated, a dispensed dot
is normally not detectable within the resolution range of
the weigh scale 52. Therefore, a significant number of
dots may have to be dispensed in order to provide a sta-
tistically reliable measurement of dispensed material
weight by the weigh scale 52. However, as will be appre-
ciated, if the scale has a sufficiently high resolution, only
a single dot of viscous material can be used to provide
the dot size calibration. At the end of the dispensing proc-
ess, the computer 18 then, at 506, reads or samples a
weight feedback signal from the weigh scale 52, which
represents the weight of the dispensed dots. Knowing
the number of dots dispensed, the computer 18 is then
able to determine, at 508, the weight of each dot. Using
the specific gravity provided by the user and stored in
the computer memory 54, the computer 18 is then able
to determine, at 510, the volume of each dot. Knowing
the total volume of material required from process step

502 and the volume of each dot, the computer 18 is then
able to determine, at 512, the number of dots required
to dispense the total volume.
[0034] In an underfilling operation, the dots are dis-
pensed along a single line that is immediately adjacent
one side of the die. In a die bonding operation, droplets
are dispensed in a pattern of lines of viscous material,
and the total length is the cumulative length of the lines
in the pattern over which the total volume of material is
to be dispensed. In either event, the total length value is
often provided by a user and stored in the computer mem-
ory 54. Thus, the computer 18 is able to determine, at
513, the total length, either by reading it from memory or
determining it from a selected dispensing pattern. Know-
ing the total length and the number of dots, the computer
18 is then able to determine, at 514, the dot pitch, that
is, the distance between the centers of the dots. Dot pitch
is also a measure of the volume of viscous material per
unit length along the path. A maximum dot rate, which is
generally a function of the viscosity of the material being
dispensed and other application related factors, is deter-
mined either by the user, or experimentally, and is stored
in the computer memory 54. For optimum production ef-
ficiency, it is desirable that the maximum dot rate be used
to determine a maximum relative velocity between the
dot generator 12 and the substrate 36. Knowing the max-
imum dot rate and the distance between the dots, the
computer 18 is then able to determine and store, at 516,
a maximum relative velocity at which the motion control-
ler 62 can command the droplet generator 12 to move
with respect to the substrate 36.
[0035] In an alternative examples, which are not part
of the present invention, of the material volume calibra-
tion process of Fig. 5, in some applications, the maximum
relative velocity between the droplet generator 12 and
the substrate 36 may be determined by the user or other
factors, for example, the electromechanical components
38, etc. In that situation, given a desired maximum rela-
tive velocity and the dot pitch, the computer 18 is able,
at 516, to determine a rate at which the dots are to be
dispensed. Assuming that dot rate is equal to or less than
the maximum dot rate, the computer 18 can command
the droplet generator controller 70 to dispense dots at
that rate.
[0036] Referring back to Fig. 3, upon completion of the
material volume calibration, the computer 18 then deter-
mines, at 312, whether a dot placement calibration is
required. A dot placement calibration is often executed
upon initially beginning a dot dispensing process and any
time the maximum velocity or viscous material changes.
As will be appreciated, the execution of a dot placement
calibration is application dependent and can be automat-
ically run at set time intervals, part intervals, with every
part, etc. The droplet generator 12 is often jetting viscous
material droplets 34 on-the-fly, that is, while it is moving
relative to the substrate 36. Therefore, the viscous ma-
terial droplets 34 do not vertically drop onto the substrate
36 but instead, have a horizontal motion component prior
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to landing on the substrate 37. Consequently, the position
at which the droplet generator 12 dispenses the material
droplet 34 should be offset to compensate for that hori-
zontal displacement of the viscous material droplet 34
prior to landing on the substrate 36. To determine this
offset, the computer 18 executes, at 314, a dot placement
calibration subroutine illustrated further in Fig. 6.
[0037] The computer 18 commands, at 600, the motion
controller 62 to cause the droplet generator 12 to move
to a location placing the nozzle 48 over the work surface
74 of the calibration station 26. The computer 18 then
commands, at 602, the motion controller 62 to cause the
droplet generator controller 70 to dispense a line of vis-
cous material dots onto the work surface 74 at the max-
imum velocity that was determined by the material vol-
ume compensation subroutine of Fig. 5. Thereafter, the
computer 18 commands, at 604, the motion controller 62
to move the camera 16 along the same path over which
the dots were dispensed. In a manner as previously de-
scribed, the computer 18 and vision circuit 64 detect di-
ametrically opposed edges of the dots; and the computer
18 stores coordinate values of points on the edges.
Based on those stored points, the computer determines
position coordinates of a center of the dots. The computer
18 then determines, at 606, a difference between a po-
sition of the nozzle 48 when a droplet 34 was ejected and
a position of a respective dot 37 on the work surface 74.
The difference in those two positions is stored as an offset
value in the computer memory 54.
[0038] Referring to Fig. 3, after the various calibration
subroutines have been executed, the computer 18 then
commands, at 316, the conveyor controller 66 to operate
the conveyor 22 and transport a substrate 36 to a fixed
position within the noncontact jetting system 10. In a
known manner, an automatic fiducial recognition system
locates fiducials on the substrate and corrects for any
misalignment to ensure the substrate 36 is accurately
placed within the noncontact jetting system 10.
[0039] The computer 18 determines, at 318, the posi-
tion coordinates of the first and last dispense points of
the line of viscous material to be deposited and further
applies the offset values determined during the dot place-
ment calibration. As will be appreciated, the offset value
may be resolved into X and Y components depending on
the orientation of the line on the substrate. The computer
18 then determines a distance required to accelerate the
droplet generator 12 to the maximum velocity determined
during the material volume calibration. Next, a prestart
point is defined that is along the path between the first
and last points but displaced from the first point by the
acceleration distance. Thereafter, the computer 18 com-
mands, at 320, motion controller 62 to move the nozzle
48.
[0040] Motion is first commanded to the prestart point,
and then motion is commanded to the first dispense point
as modified by the offset value. Thus, after reaching the
prestart point, the nozzle begins moving along a path
between the first and last dispense points. The motion

controller 62 then determines, at 326, when the nozzle
48 has been moved to the next dispense point, for ex-
ample, the first dispense point as modified by the offset
value. The motion controller 62 then provides, at 328, a
command to the droplet generator controller 70 to oper-
ate the jetting valve 40 and dispense the first dot. Thus,
the first dot is jetted at a nozzle location offset from the
first dispense position, but due to the relative velocity
between the droplet generator 12 and the substrate 36,
the first dot lands on the substrate at the desired first
dispense position.
[0041] Thereafter, the dispensing process iterates
through steps 322-328 to dispense the other dots. With
each iteration, the computer 18 provides commands to
the motion controller 62, which cause the droplet gener-
ator 12 to move through an incremental displacement
equal to the dot pitch. Each successive increment of mo-
tion equal to dot pitch represents the next dispense point
and is detected by the motion controller 62 at 326. Upon
detecting each increment of motion, the motion controller
62 provides, at 328, a command to the droplet generator
controller 70 causing a droplet of viscous material to be
dispensed. Since the first dispense point was modified
by the offset values, the positions of the other incremen-
tally determined dispensed points are also modified by
the offset values. Therefore, further dots are applied to
the substrate at the desired points.
[0042] The motion controller 62 determines when the
last dispense point as modified by the offset value has
been reached and provides a command to the droplet
generator controller 70 to dispense the last dot. The com-
puter 18 determines, at 330, when all of the dots have
been dispensed.
[0043] Thus, the application of the offset value causes
the dispenser 40 to jet a droplet of material 34 at a position
in advance of a position at which dispensing would occur
if the dispenser were stationary. However, with the dis-
penser 40 being moved at the maximum velocity and
using an offset value determined by the maximum veloc-
ity, by jetting the droplet at an advance position deter-
mined by the offset value, the jetted droplet 34 lands on
the substrate 36 as the dot 37 at its desired location.
[0044] It should be noted that in iterating through steps
326-330, a difference exists depending on whether the
motion controller 62 is identifying successive dispense
points in terms of absolute coordinate values or by the
dot pitch. If the motion controller 62 is tracking dot pitch,
the offset value is applied to only the first and last dis-
pense points in the line. However, if the motion controller
62 is determining the absolute position values for each
of the dispense points, then the offset value is subtracted
from the absolute coordinate values for each of the dis-
pense points.
[0045] In use, the dot size, material volume and dot
placement calibrations are performed at various times
depending on the customer specifications, the type of
viscous material used, application requirements, etc. For
example, all three calibrations are performed upon ini-
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tially beginning a dot dispensing process for a group of
parts, for example, while parts are being loaded and un-
loaded from the machine. In addition, all three processes
are executed any time the viscous material is changed.
Further, the calibrations can be automatically run at set
time intervals, part intervals or with every part. It should
also be noted that if the dispensed weight, dot diameter
or dot size changes, the material volume calibration
should be re-executed to obtain a new maximum velocity;
and further, if the maximum velocity changes, the dot
placement calibration should be re-executed to obtain a
new offset value.
[0046] Dot size calibrations can also be performed to
provide a calibration table 83 (Fig. 2) in the memory 54
of the computer 18. The calibration table 83 stores a
range of dot sizes that have been calibrated to respective
operating parameters, for example, temperature, the
stroke of the piston 41 and/or the on-time of the pulse
operating the transducer 80, etc. Thus, the calibration
table 83 relates a particular dot size to a temperature
and/or piston stroke and/or operating pulse width. Fur-
ther, based on those stored calibrations, the dot size can
be changed in real time during a dot dispensing cycle to
meet different application demands by appropriately ad-
justing the piston stroke or operating pulse width as re-
quired. Since the various material volumes are known in
advance, in one example, the selection of desired dot
sizes from the calibration table 83 can be programmed
in advance.
[0047] As an example of the above, a first portion of
the substrate may require a first material volume that, in
turn, requires dispensing three dots of a first dot size;
and a second portion of the substrate may require a sec-
ond material volume that is equal to 3.5 of the first dots
dispensed on the first portion. Since one-half of a first
dot cannot be dispensed, after dispensing the first dots
on the first portion, but before dispensing of dots on the
second portion, the computer 18 chooses a different, sec-
ond dot size from the calibration table 83. The second
dot size is one which can be divided into the second ma-
terial volume a whole number of times or without a sig-
nificant fraction. Then, the computer 18 provides com-
mands to the droplet generator controller 70 to adjust the
piston stroke or change the operating pulse width to pro-
vide the second dot size during the dispensing of dots
on the second portion of the substrate, thereby dispens-
ing the second material volume.
[0048] Although dots of one size are most often dis-
pensed over an area of the substrate to achieve the de-
sired material volume, in an alternative application, the
desired material volume may be more accurately
achieved by dispensing dots of a first size over the area
and then dispensing dots of a second size over the same
area. Thus, piston strokes or operating pulse on-times
corresponding to the respective first and second size dots
can be read from the calibration table and appropriate
adjustments made between dot dispensing cycles.
[0049] Alternatively, in some applications, the desired

material volume may change based on changes detected
from one substrate to another or in the dot dispensing
process. In those applications, upon detecting a change
in the desired material volume, the computer 18 can scan
the calibration table 83 and select a dot size that upon
being dispensed, provides the changed desired material
volume. As will be appreciated, the same parameter does
not have to be used with the selection of each dot size.
For example, some dot sizes may practically be more
accurately or easily achieved with a piston stroke adjust-
ment, and other dot sizes may be more readily achieved
with an operating on-time pulse adjustment. The choice
of which parameter to use will be determined by the ca-
pabilities and characteristics of the dispensing gun, the
material being dispensed and other application related
factors. As will further be appreciated, temperature can
also be used to adjust dot sizes in a dot dispensing proc-
ess, but the longer response time required to achieve a
dot size change resulting from a temperature change
makes the use of temperature less practical.
[0050] The noncontact jetting system 10 more accu-
rately applies on-the-fly, viscous material dots on a sub-
strate. First, the noncontact jetting system 10 has a tem-
perature controller 86 that includes separate devices 56,
57 for, respectively, increasing and decreasing the tem-
perature of the nozzle 48, so that the temperature of the
viscous material is accurately controlled while it is in the
nozzle 48. Second, the ability to actively heat or cool the
nozzle permits the dispensed volume or dot size to be
adjusted by changing the temperature of the nozzle 48.
Further, as will subsequently be described, the dis-
pensed volume or dot size can be changed by adjusting
the stroke of the piston 41 or the on-time of the pulse
operating the transducer 80. This has an advantage of a
simpler and less expensive system with a faster response
time for calibrating dot size. Further, the noncontact jet-
ting system 10 permits a relative velocity between the
nozzle 48 and the substrate 36 to be automatically opti-
mized as a function of the viscous material dispensing
characteristics and a specified total volume of material
to be used on the substrate. Further, the maximum ve-
locity can be automatically and periodically recalibrated
with the advantage of providing a more accurate dispens-
ing a desired total amount of viscous material on the sub-
strate. In addition, the noncontact jetting system 10 op-
timizes the positions at which respective dots are to be
dispensed on-the-fly as a function of the relative velocity
between the nozzle and the substrate. Thus, a further
advantage is that viscous material dots are accurately
located on the substrate.
[0051] While the invention has been illustrated by the
description of one embodiment and while the embodi-
ment has been described in considerable detail, there is
no intention to restrict nor in any way limit the scope of
the appended claims to such detail. Additional advantag-
es and modifications will readily appear to those who are
skilled in the art. For example, in the described embod-
iment, the dot size, material volume and dot placement
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calibrations are described as fully automatic calibration
cycles. As will be appreciated, in alternative embodi-
ments, those calibrations processes may be changed to
permit of user activity depending on the application and
preferences of the user.
[0052] Fig. 6 illustrates a dot placement calibration
subroutine. As will be appreciated, other examples may
provide other calibration processes. For example, an al-
ternative dot placement calibration subroutine is illustrat-
ed in Fig. 7. In this calibration process, the computer first,
at 700, commands the motion controller 62 to move the
droplet generator 12 to position the nozzle 48 over the
work surface 74. Thereafter, the computer commands,
at 702, the motion controller 62 to move the droplet gen-
erator 12 at a constant velocity in a first direction. Simul-
taneously, the computer commands, at 704, the droplet
generator controller 70 to operate the jetting valve 44 and
apply a viscous material dot at a reference position. Next,
the computer 18 commands, at 706, the motion controller
62 to move the droplet generator 12 at the constant ve-
locity in an opposite direction. The computer 18 simulta-
neously commands, at 708, the droplet generator con-
troller 70 to apply a dot of viscous material at the refer-
ence position. The result is that two dots of viscous ma-
terial are applied to the work surface 74. With all condi-
tions being substantially the same during the two jetting
processes, the midpoint between the dots should be lo-
cated at the reference position.
[0053] Next, the computer 18 commands, at 710, the
motion controller to move the camera over the two dots,
that is, along the same path used to apply the dots. During
that motion, the computer 18 and vision circuit 64 are
able to monitor the image from the camera 16 and de-
termine coordinate values for diametrically opposite
points on the respective edges of each of the dots. Given
those points, the computer 18 can then determine the
distance between the dots and a midpoint between the
dots. The computer 18 then determines, at 712, whether
the midpoint is located within a specified tolerance of the
reference position. If not, the computer 18 is then able
to determine and store, at 714, an offset value. The offset
value should be substantially equal to one-half of the
measured distance between the dots. To confirm the ac-
curacy of the offset value, the steps 702-712 can be re-
peated. However, at steps 704 and 708, the position at
which the computer 18 commands the droplet generator
controller to jet a droplet is offset by the value determined
at step 714. If the computer determines, at 712, that the
distance is still not within the tolerance, the process of
steps 702-714 are repeated until an offset value providing
an acceptable distance is determined. Alternatively, if
there is a higher level of confidence in the dot placement
calibration subroutine, after determining and storing the
offset value at 714, the process can simply return to the
operating cycle of Fig. 3 as indicated by the dashed line
716.
[0054] In an alternative example, knowing the velocity
of the droplet generator 12 and the distance between the

dots, the computer 18 can determine a time advance
offset. That is, the increment of time that the ejection of
the viscous material droplet 34 should be advanced prior
to the droplet generator 12 reaching the reference posi-
tion.
[0055] Fig. 4 illustrates one example of a dot size cal-
ibration subroutine. As will be appreciated, other exam-
ples may provide other calibration processes, for exam-
ple, an alternative dot placement calibration subroutine
is illustrated in Fig. 8. As with the calibration process de-
scribed in Fig. 4, the computer 18 executes a dot size
calibration that changes dot size or volume by changing
the temperature of the viscous material within the nozzle
48, thereby changing viscous material’s viscosity and
flow characteristics. However, the process of Fig. 8 uses
the weigh scale 52 instead of the camera 16 as a meas-
urement device. In a first step of this calibration process,
the computer 18 commands, at 800, the motion controller
62 to move the droplet generator 12 to the calibration
station 52 such that the nozzle 48 is directly over the
table 76 of the scale 52. Next, at 802, the computer 18
commands the droplet generator controller 70 to dis-
pense dots onto the table 76. As will be appreciated, a
dispensed dot is often not detectable within the resolution
range of the weigh scale 52. Therefore, a significant
number of dots may have to be dispensed in order to
provide a statistically reliable measurement of dispensed
material weight by the weigh scale 52. However, if the
scale has a sufficiently high resolution, only a single ap-
plied dot of viscous material can be used for the dot size
calibration.
[0056] At the end of the dispensing process, the com-
puter 18 then, at 804, samples a weight feedback signal
from the weigh scale 52, which represents the weight of
the dispensed dots. The computer 18 then compares, at
806, the dispensed weight to a specified weight stored
in the computer memory 54 and determines whether the
dispensed weight is less than the specified weight. If so,
the computer 18 provides, at 808, a command signal to
the heater/cooler controller 60 causing the temperature
setpoint to be increased by an incremental amount. The
heater/cooler controller 60 then turns on the heater 56
and, by monitoring temperature feedback signals from
the thermocouple 58, quickly increases the temperature
of the nozzle 48 and the viscous material therein to a
temperature equal to the new temperature setpoint.
When increased temperature has been achieved, the
computer 18 provides command signals to the motion
controller 62 and droplet generator 70 to again execute
the previously described process steps 802-806. The in-
creased temperature reduces the viscosity of the viscous
material, thereby resulting in each dot having a larger
volume and weight as well as a larger dot diameter; and
that larger weight is again compared with the specified
dot diameter at 806. If the dispensed weight is still too
small, the controller 18 again provides command signals,
at 808, to again increase the temperature setpoint value.
The process of steps 802-808 are iterated until the com-

17 18 



EP 1 958 705 B1

11

5

10

15

20

25

30

35

40

45

50

55

puter 18 determines that the current dispensed weight is
equal to, or within an allowable tolerance of, the specified
weight.
[0057] If the computer 18 determines, at 806, that the
dispensed weight is not too small, it then determines, at
810, whether the dispensed weight is too large. If so, the
computer 18 provides, at 812, a command signal to the
heater/cooler controller 60 that results in a decrease of
the temperature setpoint by an incremental amount. With
a reduction in the temperature setpoint, the heater/cooler
controller 60 is operative to turn on the cooler 56; and by
monitoring the temperature feedback signals from the
thermocouple 58, the temperature of the nozzle 48 and
the viscous material therein is quickly reduced to a tem-
perature equal to the new lower temperature setpoint val-
ue. By reducing the temperature of the viscous material,
its viscosity increases; and therefore, during a subse-
quent dispensing operation, each dot will have less vol-
ume and weight as well as a smaller diameter. Again,
that process of steps 802-812 iterates until the dispensed
weight is reduced to a value equal to, or within an allow-
able tolerance of, the specified weight.
[0058] In the dot size calibration process described in
Fig. 8, the computer 18 iterates the process by dispensing
and measuring dispensed weights until a specified
weight is achieved. In an alternative example, a relation-
ship between a change in temperature and a change in
dispensed weight for a particular viscous material can be
determined experimentally or otherwise. That relation-
ship can be stored in the computer 18 either as a math-
ematical algorithm or a table that relates changes in dis-
pensed weight to changes in temperature. An algorithm
or table can be created and stored for a number of dif-
ferent viscous materials. Therefore, instead of the itera-
tive process described above, after determining the
amount by which the dispensed weight is too large or too
small, the computer 18 can, at 808 and 812, use a stored
algorithm or table to determined a change in temperature
that is required to provide the desired change in dis-
pensed weight. After commanding the heater/cooler con-
troller 60 to change the temperature setpoint by that
amount, the process ends as indicated by the dashed
lines 814. The dot size calibration process described
above can also be executed on a dispensed dot weight
basis. Knowing the number of dots dispensed, the com-
puter 18 is then able to determine, at 804, an average
weight of each dot dispensed.
[0059] A further alternative example of the dot place-
ment calibration subroutine is illustrated in Fig. 9. As with
the calibration process described in Fig. 8, the computer
18 executes a dot size calibration that changes dot size
or volume based on a feedback signal from the weigh
scale 52. However, in the process of Fig. 9, the dot size
is adjusted by adjusting the stroke of the piston 41 of the
control valve 44 in the dispenser 40. In a first step of this
calibration process, the computer 18 commands, at 900,
the motion controller 62 to move the droplet generator
12 to the calibration station 52 such that the nozzle 48 is

directly over the table 76 of the scale 52. Next, at 902,
the computer 18 commands the droplet generator con-
troller 70 to dispense dots onto the table 76. As will be
appreciated, a dispensed dot is often not detectable with-
in the resolution range of the weigh scale 52. Therefore,
a significant number of dots may have to be dispensed
in order to provide a statistically reliable measurement
of dispensed material weight by the weigh scale 52. How-
ever, if the scale has a sufficiently high resolution, only
a single applied dot of viscous material can be used for
the dot size calibration.
[0060] At the end of the dispensing process, the com-
puter 18 then, at 904, samples a feedback signal from
the weigh scale 52, which represents the weight of the
dispensed dots. The computer 18 then compares, at 906,
the dispensed weight to a specified weight stored in the
computer memory 54 and determines whether the dis-
pensed weight is less than the specified weight. If so, the
computer 18 provides, at 908, an increase piston stroke
command to the droplet generator controller 70, which
causes the controller 70 to operate the motor 61 in a
direction to move the micrometer screw 53 vertically up-
ward as viewed in Fig. 2. The computer 18 then provides
command signals to the motion controller 62 and droplet
generator 70 to again execute the previously described
process steps 902-906. The increased piston stroke re-
sults in each dot dispensed having a larger volume and
weight as well as a larger dot diameter. The cumulative
larger weight of all of the dots dispensed is again com-
pared with the specified weight at 906. If the diameter is
still too small, the controller 18 again provides an increase
piston stroke command signal, at 908, that results in the
micrometer screw 53 being moved by the motor 61 further
upward. The process of steps 902-908 are iterated until
the computer 18 determines that the current dispensed
weight is equal to, or within an allowable tolerance of,
the specified weight.
[0061] If the computer 18 determines, at 906, that the
dispensed weight is not too small, it then determines, at
910, whether the dispensed weight is too large. If so, the
computer 18 provides, at 912, a decrease piston stroke
command signal to the droplet generator controller 70
that results in the motor 61 moving the micrometer screw
53 vertically downward as viewed in Fig. 2. With a smaller
piston stroke, during a subsequent dispensing operation,
each dot dispensed will have a lesser volume and weight
as well as a smaller diameter. Again, the process of steps
902-912 iterates until the dispensed weight is reduced
to a value equal to, or within an allowable tolerance of,
the specified weight.
[0062] In the dot size calibration process of Fig. 9, the
computer 18 iterates the process by dispensing and
measuring dispensed weights until a specified weight is
achieved. In an alternative example, a relationship be-
tween a change piston stroke and a change in dispensed
weight for a particular viscous material can be deter-
mined experimentally or otherwise. That relationship can
be stored in the computer 18 either as a mathematical
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algorithm or a table that relates changes in dispensed
weight to changes in piston stroke. An algorithm or table
can be created and stored for a number of different vis-
cous materials. Therefore, instead of the iterative proc-
ess described above, after determining the amount by
which the dispensed weight is too large or too small, the
computer 18 can, at 908 and 912, use a stored algorithm
or table to determined a change in piston stroke that is
required to provide the desired change in dispensed
weight. After commanding the droplet generator control-
ler 70 to change the piston stroke by that amount, the
process ends as indicated by the dashed lines 914. The
dot size calibration process described above can also be
executed on a dispensed dot weight basis. Knowing the
number of dots dispensed, the computer 18 is then able
to determine, at 904, an average weight of each dot dis-
pensed.
[0063] As will be appreciated, in another alternative
example, in a process similar to that described in Fig. 9,
the dispensed weight of the viscous material can also be
changed by adjusting the on-time of the pulse applied to
the transducer 80 that operates the jetting valve 44. For
example, at step 908, in response to detecting that the
dispensed weight is too small, the computer 18 can com-
mand the droplet generator controller 70 to increase the
on-time of the signal operating the transducer 80. With
the increased on-time, more material is dispensed, there-
by increasing the dispensed weight and dot size. Simi-
larly, at step 912, in response to detecting that the dis-
pensed weight is too large, the computer 18 can com-
mand the droplet generator controller 70 to decrease the
on-time of the signal operating the transducer 80. With
the decreased on-time, less material is dispensed, there-
by decreasing the dispensed weight and dot size.
[0064] While the invention has been illustrated by a
description of several embodiments and while those em-
bodiments have been described in considerable detail,
there is no intention to restrict, or in any way limit the
scope of the appended claims to such detail. Additional
advantages and modifications will readily appear to those
who are skilled in the art. For example, size and place-
ment calibration routines are described as jetting dots of
viscous material onto the stationary surface 74; however,
as will be appreciated, in alternative examples, the cali-
bration cycles can be executed by jetting viscous material
dots onto the substrate 36. Therefore, the invention in its
broadest aspects is not limited to the specific details
shown and described.

Claims

1. A method of dispensing dots (37) of a viscous ma-
terial onto a surface (36) in noncontact fashion with
a droplet generator (12) operatively connected to a
computer (18), the method comprising a material vol-
ume calibration subroutine with the following steps:

providing command signals to move the droplet
generator (12) so that the nozzle (48) is over a
table (76) of a weight scale (52);
determining a total volume value representing a
total volume of the viscous material to be dis-
pensed and a total length value representing a
length over which the total volume of viscous
material is to be dispensed;
dispensing a number of viscous material dots
(37) onto a table (76) of a weight scale (52); read-
ing or sampling a feedback signal from the
weight scale (52) to the computer (18) repre-
senting the weight of the viscous material con-
tained in the number of viscous material dots
applied to the surface (76) of the weight scale
(52)

characterised by the following steps of the material
volume calibration subroutine :

(37); determining, based on the number of dis-
pensed dots (37), the weight of each dot provid-
ing specific gravity data;
determining, based on the specific gravity data,
the volume of each dot (37);
determining, based on the total volume value
and the volume of each dot, the number of dots
required to dispense the total volume;
determining, based on the total length value and
the number of dots required to dispense the total
volume, the dot pitch; and
determining with the computer (18), based on a
maximum dot rate and the dot pitch, a maximum
velocity at which a motion controller (62) can
command the droplet generator (12) to move
relative to the surface (36) to result in the total
volume of viscous material being dispensed
over the length.

2. The method of claim 1 wherein the dots (37) are sub-
stantially uniformly distributed over the length repre-
sented by the length value and the step of determin-
ing the dot pitch is performed by dividing the length
value by the total number of dots required.

3. The method of claim 1 wherein the method is used
for an underfill operation where the dots (37) are dis-
pensed along a single line immediately adjacent one
side of a die.

4. The method of claim 1 wherein the method is used
for a die bonding operation wherein the dots (37) are
dispensed in a pattern of lines of viscous material,
and wherein the total length value is the cumulative
length of the lines in the pattern over which the total
volume of material is to be dispensed.

5. The method of claim 1 wherein the step of determin-
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ing the maximum velocity value comprises:
determining a maximum relative velocity between
dispenser and the surface (36) which will result in
the total number of viscous material dots (37) being
substantially uniformly dispensed on the substrate
over the length.

6. The method of claim 1 wherein determining a max-
imum velocity further comprises:
determining a dot rate value representing a rate at
which the viscous material dots (37) are to be dis-
pensed from the dispenser to dispense the total vol-
ume of viscous material over the length at the max-
imum relative velocity.

Patentansprüche

1. Verfahren zum berührungslosen Ausgeben von
Punkten (37) eines viskosen Materials auf eine Flä-
che (36) mit einem Tropfenerzeuger (12), der mit
einem Computer (18) in Wirkverbindung steht, wobei
das Verfahren eine Materialvolumenkalibrierungs-
Unterroutine mit den folgenden Schritten umfasst:

Bereitstellen von Befehlssignalen, um den Trop-
fenerzeuger (12) so zu bewegen, dass sich die
Düse (48) über einem Tisch (76) einer Waage
(52) befindet;
Bestimmen eines Gesamtvolumenwerts, der
ein Gesamtvolumen des auszugebenden visko-
sen Materials darstellt, und eines Gesamtlän-
genwerts, der eine Länge darstellt, über die das
Gesamtvolumen des viskosen Materials ausge-
geben werden soll;
Ausgeben einer Anzahl von Punkten (37) aus
viskosem Material auf einen Tisch (76) einer
Waage (52); Lesen oder Abfragen eines Rück-
meldesignals von der Waage (52) an den Com-
puter (18), das das Gewicht des viskosen Ma-
terials darstellt, das in der Anzahl von Punkten
aus viskosem Material vorliegt, die auf die Flä-
che (76) der Waage (52) aufgebracht wurden;

gekennzeichnet durch die folgenden Schritte der
Materialvolumenkalibrierungs-Subroutine:

Bestimmen, basierend auf der Anzahl der aus-
gegebenen Punkte (37), des Gewichts jedes
Punktes (37);
Bereitstellen von spezifischen Schwerkraftda-
ten;
Bestimmen, basierend auf den Daten der spe-
zifischen Schwerkraft, des Volumens jedes
Punktes (37);
Bestimmen, basierend auf dem Gesamtvolu-
menwert und dem Volumen jedes Punktes, der
Anzahl der Punkte, die erforderlich sind, um das

Gesamtvolumen auszugeben;
Bestimmen, basierend auf dem Gesamtlängen-
wert und der Anzahl der Punkte, die zum Aus-
geben des Gesamtvolumens erforderlich sind,
des Punktabstands; und
Bestimmen mit dem Computer (18), basierend
auf einer maximalen Punktrate und dem Punkt-
abstand, einer maximalen Geschwindigkeit, bei
der eine Bewegungssteuerung (62) dem Trop-
fenerzeuger (12) befehlen kann, sich relativ zu
der Fläche (36) zu bewegen, damit das Gesamt-
volumen des viskosen Materials über die Länge
ausgegeben wird.

2. Verfahren nach Anspruch 1, wobei die Punkte (37)
im Wesentlichen gleichmäßig über die durch den
Längenwert dargestellte Länge verteilt sind und der
Schritt des Bestimmens des Punktabstands durch
Dividieren des Längenwerts durch die Gesamtzahl
der erforderlichen Punkte durchgeführt wird.

3. Verfahren nach Anspruch 1, wobei das Verfahren
für einen Unterfüllvorgang verwendet wird, bei dem
die Punkte (37) entlang einer einzelnen Linie unmit-
telbar neben einer Seite einer Matrize ausgegeben
werden.

4. Verfahren nach Anspruch 1, wobei das Verfahren
für einen Matrizen-Klebevorgang verwendet wird,
bei dem die Punkte (37) in einem Muster von Linien
aus viskosem Material ausgegeben werden, und wo-
bei der Gesamtlängenwert die kumulative Länge der
Linien in dem Muster ist, über die das Gesamtvolu-
men des Materials ausgegeben werden soll.

5. Verfahren nach Anspruch 1, wobei der Schritt des
Bestimmens des Maximalgeschwindigkeitswertes
umfasst:
Bestimmen einer maximalen Relativgeschwindig-
keit zwischen dem Dispenser und der Fläche (36),
wodurch die Gesamtzahl der Punkte aus viskosem
Material (37) im Wesentlichen gleichmäßig über die
Länge auf dem Substrat ausgegeben wird.

6. Verfahren nach Anspruch 1, wobei das Bestimmen
einer Maximalgeschwindigkeit ferner umfasst:
Bestimmen eines Punktratenwerts, der eine Rate
darstellt, mit der die Punkte (37) aus viskosem Ma-
terial von dem Dispenser ausgegeben werden sol-
len, um das Gesamtvolumen des viskosen Materials
über die Länge mit der maximalen Relativgeschwin-
digkeit auszugeben.

Revendications

1. Procédé de distribution de points (37) d’un matériau
visqueux sur une surface (36) d’une manière sans
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contact avec un générateur de gouttelettes (12) con-
necté de manière fonctionnelle à un ordinateur (18),
le procédé comprenant un sous-programme d’éta-
lonnage de volume de matériau comprenant les éta-
pes suivantes :

la fourniture de signaux de commande pour dé-
placer le générateur de gouttelettes (12) de sor-
te que la buse (48) se trouve au-dessus d’un
plateau (76) d’une balance (52) ;
la détermination d’une valeur de volume total
représentant un volume total de matériau vis-
queux devant être distribué et une valeur de lon-
gueur totale représentant une longueur sur la-
quelle le volume total de matériau visqueux doit
être distribué ;
la distribution d’un nombre de points de matériau
visqueux (37) sur le plateau (76) d’une balance
(52) ;
la lecture ou l’échantillonnage d’un signal de re-
tour provenant de la balance (52) vers l’ordina-
teur (18) représentant le poids de matériau vis-
queux contenu dans le nombre de points de ma-
tériau visqueux appliqués à la surface (76) de
la balance (52) ;
caractérisé par les étapes du sous-programme
d’étalonnage de volume de matériau suivantes :

la détermination, sur la base du nombre de
points distribués (37), du poids de chaque
point (37) ;
la fourniture de données gravimétriques
spécifiques ;
la détermination, sur la base des données
gravimétriques spécifiques, du volume de
chaque point (37) ;
la détermination, sur la base de la valeur de
volume total et du volume de chaque point,
du nombre de points requis pour distribuer
le volume total ;
la détermination, sur la base de la valeur de
longueur totale et du nombre de points re-
quis pour distribuer le volume total, du pas
de point ; et
la détermination à l’aide de l’ordinateur (18),
sur la base d’un débit de point maximal et
du pas de point, d’une vitesse maximale à
laquelle un dispositif de commande de mou-
vement (62) peut commander au généra-
teur de gouttelettes (12) de se déplacer par
rapport à la surface (36) pour que le volume
total de matériau visqueux soit distribué sur
toute la longueur.

2. Procédé selon la revendication 1, dans lequel les
points (37) sont distribués sensiblement uniformé-
ment sur toute la longueur représentée par la valeur
de longueur, et l’étape de détermination du pas de

point est réalisée en divisant la valeur de longueur
par le nombre total de points requis.

3. Procédé selon la revendication 1, dans lequel le pro-
cédé est utilisé pour une opération de sousremplis-
sage où les points (37) sont distribués le long d’une
seule ligne immédiatement adjacente à un côté
d’une puce.

4. Procédé selon la revendication 1, dans lequel le pro-
cédé est utilisé pour une opération de connexion de
puce dans laquelle les points (37) sont distribués
selon un motif de lignes de matériau visqueux, et
dans lequel la valeur de longueur totale est la lon-
gueur cumulée des lignes dans le motif sur lesquel-
les le volume total de matériau est distribué.

5. Procédé selon la revendication 1, dans lequel l’étape
de détermination de la valeur de vitesse maximale
comprend :
la détermination d’une vitesse relative maximale en-
tre le distributeur et la surface (36) qui permettra au
nombre total de points de matériau visqueux (37)
d’être distribués sensiblement uniformément sur le
substrat sur toute la longueur.

6. Procédé selon la revendication 1, dans lequel la dé-
termination d’une vitesse maximale comprend en
outre :
la détermination d’une valeur de débit de points re-
présentant un débit selon lequel les points de maté-
riau visqueux (37) doivent être distribués depuis le
distributeur pour distribuer le volume total de maté-
riau visqueux sur toute la longueur à la vitesse rela-
tive maximale.
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