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INTERSECT COMMAND VISION LOCATING SYSTEM AND METHOD

BACKGROUND OF THE DISCLOSURE

I. Field of the Disclosure

This disclosure relates generally to apparatus and methods for dispensing a
viscous material on an electronic substrate, such as a printed circuit board, and more
particularly to an apparatus and a method for dispensing material on an electronic
substrate with a dispensing unit configured to locate objects on the electronic substrate
without the benefit of obtaining an image of the entire object.
2. Discussion of Related Art

There are several types of dispensing systems used to dispense precise amounts of
liquid or paste for a variety of applications. One such application is the assembly of
integrated circuit chips and other electronic 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 printed circuit boards.
Automated dispensing systems are also used for dispensing lines of underfill materials
and encapsulants, which may be used to mechanically secure components to the printed
circuit board. Exemplary dispensing systems described above include those
manufactured and distributed by Illinois Tool Works Electronic Assembly Equipment
(ITW EAE), with offices at Hopkinton, Massachusetts.

In a typical dispensing system, a dispensing unit is mounted to a moving assembly
or gantry for moving the dispensing unit along three mutually orthogonal axes (x-axis, y-
axis, and z-axis) using servomotors controlled by a computer system or controller. To
dispense a dot of liquid on a printed circuit board or other substrate at a desired location,
the dispensing unit is moved along the co-planar horizontal x-axis and y-axis directions
until the dispensing unit is located over the desired location. The dispensing unit is then
lowered along the perpendicularly oriented vertical z-axis direction until a nozzle/needle
of the dispensing unit and dispensing system is at an appropriate dispensing height over
the electronic substrate. The dispensing unit dispenses a dot of liquid, is then raised
along the z-axis, moved along the x- and y-axes to a new location, and is lowered along

the z-axis to dispense the next liquid dot. For applications such as encapsulation or
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dispensing of underfill as described above, the dispensing unit is typically controlled to
dispensc lines of material as the dispensing unit is moved in the x- and y-axcs along the
desired path of the lines. For some types of dispensing units, such as jetting pumps, the
z-axis movement prior to and subsequent to a dispense operation may not be required.
Vision systems are used to locate objects on the electronic substrate. Current
vision algorithms can locate edges of an object only but not the intersection point based
on two non-parallel edges. A line can be drawn parallel to the edge, but if parts are
skewed with respect to each other, the offset line cannot be in the center of the cavity
gap. For material to flow evenly across the adjacent parts, a needle tip should be
positioned in the center of gap all the time during the dispensing process. If not, then this

could lead to uneven coverage across the chips and sometimes needle tip damage.

SUMMARY OF THE DISCLOSURE

One aspect of the present disclosure is directed to a method of depositing material
on an electronic substrate with a dispensing system of the type including a frame, a
dispensing unit gantry movably coupled to the frame, a dispensing unit coupled to the
dispensing unit gantry, the dispensing unit being configured to deposit material onto the
electronic substrate during a dispense operation, a vision system gantry coupled to the
frame, and a vision system coupled to the vision system gantry. The vision system is
configured to obtain one or more images of the electronic substrate having two adjacent
features prior to performing the dispense operation. In one embodiment, the method
comprises: acquiring a first image of a first portion of two adjacent features including a
first feature of a first component and a second feature of a second component; acquiring a
second image of a second portion of two adjacent features including a third feature of the
first component and a fourth feature of the second component; assigning programmed
search boxes to edges of the first feature and to edges of the second feature; assigning
programmed search boxes to edges of the third feature and to edges of the fourth feature;
identitying programmed edges of the first feature and the second feature, each of the first
feature and the second feature including a horizontal programmed edge and a vertical
programmed edge; identifying programmed edges of the third feature and the fourth

feature, each of the third feature and the fourth feature including a horizontal
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programmed edge and a vertical programmed edge; for each of the first feature and the
sccond fcature, identifying an interscction point of the horizontal programmed cdge and
the vertical programmed edge; determining a first centerline from the intersection point
of the first feature to the intersection point of the second feature; for each of the third
feature and the fourth feature, identifying an intersection point of the horizontal
programmed edge and the vertical programmed edge; determining a second centerline
from the intersection point of the third feature to the intersection point of the fourth
feature; determining a midpoint of the first centerline; determining a midpoint of the
second centerline; determining an intersect command for a dispense operation between
the first component and the second component; and performing the dispense operation.

Embodiments of the method further may include, for cach intersection point of
the first feature and the second feature, and for each intersection point of the third feature
and the fourth feature, measuring an offset distance from the intersection point in a
direction perpendicular o an edge of the feature. The offset distance way be negative,
positive or zero. For each intersection point of the first feature and the second feature,
and for each intersection point of the third feature and the fourth {eature, the method
further way include measuring a position distance from the intersection point in one of
two directions from an edge of the feature. The position distance in an upward direction
from the intersect point may be positive and the position distance in a downward
direction from the intersection point may be negative. The position distance in a
righthand divection from the infersect point may be positive and the position distance ina
lefthand direction from the intersection point may be negative. Each image is composed
of pixels with each pixel being the smallest picture element the vision system can
uniquely identify and interpreted as Black or White with shades of gray. A user can
select an edge from several edges from a graphic user interface. The edge may be one of
a vertical edge from a plurality of vertical edges and a horizontal edge from a plurality of
horizontal edges. The method further may include generating a model template of the
edge.

Anocther aspect of the present disclosure is directed to a computer-readable
medivr comprising iustructions which, when executed by a computer, cause the

computer to carry out the method oft acquiring a first image of a first portion of two
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adjacent features including a first feature of a first component and a second feature of a
sccond component; acquiring a sccond image of a sccond portion of two adjacent featurcs
including a third feature of the first component and a fourth feature of the second
component; assigning programmed search boxes to edges of the first feature and to edges
of the second feature; assigning programmed search boxes to edges of the third feature
and to edges of the fourth feature; identifying programmed edges of the first feature and
the second feature, each of the first feature and the second feature including a horizontal
programmed edge and a vertical programmed edge; identilying programmed edges ol the
third feature and the fourth feature, each of the third feature and the fourth feature
including a horizontal programmed edge and a vertical programmed edge; for each of the
first feature and the second feature, identifying an intersection point of the horizontal
programmed edge and the vertical programmed edge; determining a first centerline from
the intersection point of the first feature to the intersection point of the second feature; for
each of the third feature and the fourth feature, identifying an intersection point of the
horizontal programmed edge and the vertical programmed edge; determining a second
centerline from the intersection point of the third feature to the intersection point of the
fourth feature; determining a midpoint of the first centerline; determining a midpoint of
the second centerline; determining an intersect command for a dispense operation
between the first component and the second component; and performing the dispense
operation.

Embodiments of the compuier-readable medinm further may inchade, for cach
intersection point of the first feature and the second feature, and for cach intersection
point of the third feature and the fourth featare, measuring an offset distance from the
intersection point in a direction perpendicular to an edge of the feature. The offset
distance may be negative, positive or zero, For each intersection poing of the first featare
and the second feature, and for each intersection point of the third feature and the fourth
feature, the method turther may include measuring a position distance from the
intersection point in one ot two directions from an edge of the feature. The position
distance in an upward direction from the intersect point may be positive and the position
distance in a downward direction from the intersection point may be negative. The

position distance in a righthand direction from the intersect point may be positive and the
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position distance in a lefthand divection from the intersection point may be negative.
Each image is composcd of pixcls with cach pixel being the smallest picturc clement the
vision system can uniquely identify and interpreted as Black or White with shades of
gray. A user can select an edge from several edges from a graphic user interface. The
edge may be one of a vertical edge from a plurality of vertical edges and a horizontal
edge from a plurality of horizontal edges. The method further may include generating a

model template of the edge.

BRIEF DESCRIPTION OF THE DRAWINGS

Various aspects of at least one embodiment are discussed below with reference to
the accompanying figures, which are not intended to be drawn to scale. The figures are
included to provide an illustration and a further understanding of the various aspects and
embodiments, and are incorporated in and constitute a part of this specification, but are
not intended as a definition of the limits of any particular embodiment. The drawings,
together with the remainder of the specification, serve to explain principles and
operations of the described and claimed aspects and embodiments. In the figures, each
identical or nearly identical component that is illustrated in various figures is represented
by a like numeral. For purposes of clarity, not every component may be labeled in every
figure. In the figures:

FIG. 1 is a schematic view of a dispensing system;

FIG. 2A is a schematic representation of two components on an electronic
substrate showing two images each having programmed edges;

FIG. 2B is a schematic representation of the two components on the electronic
substrate shown in FIG. 2A showing the intersection points of edges of the components;

FIG. 2C is a legend for the schematic representations shown in FIGS. 2A and 2B;

FIGS. 3A and 3B are schematic representations similar to FIG. 2B showing
position offset of the two components of the electronic substrate;

FIG. 4 is a schematic representation of a component showing position distance;

FIG. 5 is an image of a drop-down menu in which a user can select an edge of the

component;
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FIG. 6 show image descriptions of model templates of the edge selected by the
uscr;

FIG. 7 shows an intersection point based on the model templates; and

FIG. 8 shows a user generating a line from a calculated midpoint toward another

found midpoint if two intersection points are located.

DETAILED DESCRIPTION OF THE DISCLOSURE

Various embodiments of the present disclosure are directed to viscous malterial
dispensing systems, devices including dispensing systems. Embodiments disclosed
herein are directed to techniques for dispensing material on an electronic substrate by a
dispensing system. Such dispensing systems are configured to dispense an assembly
material (e.g., solder paste, conductive ink, adhesive, or encapsulation material) onto an
electronic substrate (e.g., a printed circuit board, referred to herein as an “electronic
substrate,” a “circuit board,” a “board,” a “PCB,” a “PCB substrate,” a “substrate,” or a
“PCB board”) or to perform other operations. Specifically, embodiments of the present
disclosure are described below with reference to dispensing system, sometimes referred
to as “dispensers,” used to produce printed circuit boards.

For the purposes of illustration only, and not to limit the generality, the present
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
drawings. The principles set forth in this disclosure are capable of other embodiments
and of being practiced or carried out in various ways. Also, the phraseology and
terminology used herein is for the purpose of description and should not be regarded as
limiting. Any references to examples, embodiments, components, elements or acts of the
systems and methods herein referred to in the singular may also embrace embodiments
including a plurality, and any references in plural to any embodiment, component,
element or act herein may also embrace embodiments including only a singularity.
References in the singular or plural form are not intended to limit the presently disclosed
systems or methods, their components, acts, or elements. The use herein of “including,”

59 ¢

“comprising,” “having,” “containing,” “involving,” and variations thereof is meant to
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encompass the items listed thereafter and equivalents thereof as well as additional items.
References to “or’” may be construed as inclusive so that any terms described using “or”
may indicate any of a single, more than one, and all of the described terms. In addition,
in the event of inconsistent usages of terms between this document and documents
incorporated herein by reference, the term usage in the incorporated reference is
supplementary to that of this document; for irreconcilable inconsistencies, the term usage
in this document controls.

FIG. 1 schematically illustrates a dispensing system, generally indicated at 10,
according to one embodiment of the present disclosure. The dispensing system 10 is
used to dispense a viscous material (e.g., an adhesive, encapsulant, epoxy, solder paste,
underfill material, etc.) or a semi-viscous material (e.g., soldering flux, etc.) onto an
electronic substrate 12, such as a printed circuit board or semiconductor wafer. The
dispensing system 10 may alternatively be used in other applications, such as for
applying automotive gasketing material or in certain medical applications or for applying
conductive inks. It should be understood that references to viscous or semi-viscous
materials, as used herein, are exemplary and intended to be non-limiting. In one
embodiment, the dispensing system 10 includes first and second dispensing units,
generally indicated at 14 and 16, respectively, and a controller 18 to control the operation
of the dispensing system. It should be understood that dispensing units also may be
referred to herein as dispensing pumps and/or dispensing heads. Although two
dispensing units are shown, it should be understood that a single dispensing unit or
multiple dispensing units can be employed.

The dispensing system 10 may also include a frame 20 having a base or support
22 for supporting the electronic substrate 12, a dispensing unit gantry 24 movably
coupled to the frame 20 for supporting and moving the dispensing units 14, 16, and a
weight measurement device or weigh scale 26 for weighing dispensed quantities of the
viscous material, for example, as part of a calibration procedure, and providing weight
data to the controller 18. A conveyor system (not shown) or other transfer mechanism,
such as a walking beam, may be used in the dispensing system 10 to control loading and
unloading of electronic substrates to and from the dispensing system. The gantry 24 can

be moved using motors under the control of the controller 18 to position the dispensing
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units 14, 16 at predetermined locations over the electronic substrate. The dispensing
system 10 may includc a display unit 28 connccted to the controller 18 for displaying
various information to an operator. There may be an optional second controller for
controlling the dispensing units. Also, each dispensing unit 14, 16 can be configured
with a z-axis sensor, e.g., a laser, to detect a height at which the dispensing unit is
disposed above the electronic substrate 12 or above a feature mounted on the electronic
substrate. The z-axis sensor is coupled to the controller 18 to relay information obtained
by the sensor (o the controller.

Prior to performing a dispensing operation, as described above, the electronic
substrate, e.g., the printed circuit board, must be aligned or otherwise in registration with
a dispensing unit of the dispensing system. The dispensing system further includes a
vision system 30, which, in one embodiment, is coupled to a vision system gantry 32
movably coupled to the frame 20 for supporting and moving the vision system. In
another embodiment, the vision system 30 may be provided on the dispensing unit gantry
24. As described, the vision system 30 is employed to verify the location of landmarks,
known as fiducials, targets or reference points, on the electronic substrate. Once located,
the controller can be programmed to manipulate the movement of one or more of the
dispensing units 14, 16 to dispense material on the electronic substrate.

Systems and methods of the present disclosure are directed to dispensing material
onto an electronic substrate, e.g., a printed circuit board. The description of the systems
and methods provided herein reference exemplary electronic substrates 12 (e.g., printed
circuit boards), which are supported on the support 22 of the dispensing system 10. In
one embodiment, the dispense operation is controlled by the controller 18, which may
include a computer system configured to control material dispensing units. In another
embodiment, the controller 18 may be manipulated by an operator. The controller 18 is
configured to manipulate the movement of the vision system gantry 32 to move the vision
system so as to obtain one or more images of the electronic substrate 12. The controller
18 further is configured to manipulate the movement of the dispensing unit gantry 24 to

move the dispensing units 14, 16 to perform dispensing operations.
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The methods disclosed herein further support the use of various types of
dispensing units, including, but not limited to, auger, piston, time and pressure, and
jetting pumps.

In one embodiment, an exemplary dispensing system described herein may
embody Camalot® dispensing systems, such as PRODIGY™ dispensers, sold by ITW
EAE of Hopkinton, Massachusetts.

One particular challenge is to place a dispenser needle or nozzle tip in the center
every time during production running different batch of parts with varying gaps. This
often can only be resolved by finding the adjacent intersection points and locate the
midpoint on the connecting line across these two intersection points.

Embodiments of a method disclosure herein locates the corners of the object with
help of two programmed edges to find the intersection point. Those adjacent intersection
points help to locate the midpoints at either end which would be the start and end of a line
between the start and the end. The two found intersection points can be in different
camera field of view which provides most flexibility to the user to program on bigger
parts.

Referring to FIGS. 2A, 2B and 2C, FIG. 2A illustrates two electronic substrates.
A first electronic substrate 40 and a second electronic substrate 42 are positioned next to
each other. In the shown example, the first electronic substrate 40 and the second
electronic substrate 42 are skewed with respect to each other, meaning that adjacent
edges of the electronic substrates are not parallel to one another. This skew is
exaggerated in the drawings for the purpose of illustrating aspects of the present
disclosure.

As shown in FIG. 2A, with reference to the legend provided in FIG. 2C, there are
two separate camera tields of view (FOV) 44, 46. The top field of view 44 shows top
portions of the first electronic substrate 40 and the second electronic substrate 42. The
bottom field of view 46 shows bottom portions of the first electronic substrate 40 and the
second electronic substrate 42. Within each field of view 44, 46, programmed search
boxes for edges, each indicated at 48, are identified and represented. The programmed
search boxes 48 are configured to identify features of the first electronic substrate and the

second electronic substrate, such as vertical and horizontal edges of the electronic
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substrates 40, 42. Further, within each field of view 44, 46, programmed edges, each
indicated at 50, arc identified and represented. The programmed cdges represent the
vertical and horizontal edges of the electronic substrates 40, 42

As shown in FIG. 2B, with reference to the legend provided in FIG. 2C, the two
camera fields of view 44, 46 are shown having different notations. The programmed
edges 50 are noted in this view. For each corner of the first electronic substrate 40 and
the second electronic substrate 42 having intersected programmed edges, an intersection
point, each indicated at 52, is identified. As shown in the top field of view 44, two
adjacent intersection points 52 are connected by a centerline 54 that extends across the
intersection points. A midpoint, indicated at 56, is identified within the centerline 54.
Similarly, as shown in the bottom field of view 46, two adjacent intersection points 52
are connected by a centerline 58 that extends across the intersection points. A midpoint,
indicated at 60, is identified with the centerline 58.

Based on the two midpoints 56, 60 identified along the top centerline 54 and
along the bottom centerline 58, respectively, a line command 62 can be generated to
enable the controller to generate a path for the dispensing system to dispense material
between the first electronic substrate 40 and the second electronic substrate 42.
Specifically, a dispensing unit of the dispensing system, e.g., dispensing unit 14 or 16,
can be programmed by the controller 18 to dispense material along a path based on the
line command 62.

The intersect command determines an exact corner through the intersection of two
non-parallel edges. These non-parallel edges can be located at any angle with respect to
each other depending on the product. It should be understood that the non-parallel edges
can include curvatures that would deviate from a straight line to form arcs. These edges
are programmed within an intersect command template to produce an intersection point
where the edges intersect with each other. This intersection point is used to dispense a
dot or line command at a programmed position offset.

Referring to FIGS. 3A and 3B, a position offset is measured as the offset distance
away from intersect point in the direction perpendicular to the edge. The position offset
distance can be negative, positive or zero (“0”). A position offset of zero (“0”") means the

center of a gap between the programmed edges 50 of electronic substrates. With a single
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electronic substrate, e.g., electronic substrate 40, a position distance of zero (*‘0”) falls at
a midpoint of the intcrsection points on the programmed cdge of the respective clectronic
substrate. In FIG. 3A, the midpoint along line command 62 is designated as 64. In FIG.
3B, the midpoint along line command 62 is designated as 66. The position offset
direction can vary based on which electronic substrate is chosen first to program the
edges. The position offset away from the edge is considered positive while towards the
edge is considered negative.

Relerring to FIG. 4, a position distance is measure as the distance [rom the
intersection point in either direction on the chosen edge. The position distance can be
negative positive or zero (“0”). A length of the position distance in an upward direction
from the midpoint 66 of the intersection points is termed positive while in a downward
direction is termed negative for vertical edges i.e., chip edge O and 2. A length of the
position distance in a righthand direction from the midpoint 66 of the intersection points
is termed positive while in a lefthand direction is termed negative for horizontal edges
i.e., chip edge 1 and 3.

Referring to FIG. 5, images taken by the vision system, e.g., vision system 30,
capture the target or reference points on the product. These reference points are
programmed as model templates or regions of interest which are identified from the
captured raw images. Images are composed of pixels with each pixel being the smallest
picture element the vision system can uniquely identify. Each pixel is interpreted as
Black or White with possible shades of gray (256 possible shades). A large number of
same shade pixels in close proximity define an image. Camera measures in pixels while
system measures either in inches (in) or millimeters (mm).

A user can choose an edge from the selection drop down menu. As shown in FIG.
5, for the horizontal feature, approaching from the top direction would identify the top
edges as Top Edge 1, Top Edge 2, Top Edge 3, Top Edge 4 and Top Edge 5 and
approaching from the bottom direction would identify the bottom edges as Bottom Edge
1, Bottom Edge 2, Bottom Edge 3, Bottom Edge 4 and Bottom Edge 5. Similarly, for the
vertical feature, approaching from the right direction would identify the righthand edges
as Right Edge 1, Right Edge 2, Right Edge 3, Right Edge 4 and Right Edge 5 and
approaching from the left direction would identify the lefthand edges as Left Edge 1, Left
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Edge 2, Left Edge 3, Left Edge 4 and Left Edge 5. As mentioned, the user can choose an
cdgce that best reflects the edge of the feature by using a drop down menu. Thesc edges
can be highlighted by the software performing this function and represented to the user
by a user interface, such as a graphic user interface (GUI).

Edges are extracted based on analyzing gray level intensity transitions of pixels in
images. Different thresholding modes can be used to extract edges based on contrast
variations, noise, and non-uniform illumination. To further select the correct edges, the
polarity of the edge can be selected which indicates the edge is either lighter or darker
than the image's background color and edges of a specified user length are only
considered as valid edges.

Referring to FIGS. 6 and 7, a model template, identified as Model Template 1, is
programmed to have the top edge 1 while another model template, identified as Model
Template 2, is programmed to have the left edge 1. Intersection point is marked as a cross
sign as shown in FIG. 6.

Referring FIG. 7, if two intersection points are located, then user should be able to
start a line from the calculated midpoint towards the other found midpoint on the other
end of the chip which would be the end of line. This way line can be dispensed in the
center of found gap.

A method of performing a dispense operation includes acquiring a first image of a
first portion of two adjacent features including a first feature of a first component and a
second feature of a second component. Next, the method includes acquiring a second
image of a second portion of two adjacent features including a third feature of the first
component and a fourth feature of the second component. Next, the method includes
assigning programmed search boxes to edges of the first feature and to edges of the
second feature and assigning programmed search boxes to edges of the third feature and
to edges of the fourth feature. Next, the method includes identifying programmed edges
of the first feature and the second feature, each of the first feature and the second feature
including a horizontal programmed edge and a vertical programmed edge. Next, the
method includes identifying programmed edges of the third feature and the fourth feature,
each of the third feature and the fourth feature including a horizontal programmed edge

and a vertical programmed edge. For each of the first feature and the second feature, the
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method further includes identifying an intersection point of the horizontal programmed
cdge and the vertical programmed cdge and determining a first centerline from the
intersection point of the first feature to the intersection point of the second feature. For
each of the third feature and the fourth feature, the method further includes identifying an
intersection point of the horizontal programmed edge and the vertical programmed edge
and determining a second centerline from the intersection point of the third feature to the
intersection point of the fourth feature. Next, the method includes determining a
midpoint of the first centerline and determining a midpoint of the second centerline.
After determining the midpoints, an intersect command is determined for a dispense
operation between the first component and the second component. At this point the
dispense operation is performed.

For each intersection point of the first feature and the second feature, and for each
intersection point of the third feature and the fourth feature, the method further may
wchude measuring an offset distance frowm the intersection point in a direction
perpendicular to an edge of the feature, with the offset distance being negative, positive
or zero. For each intersection point of the first {eature and the second {eature, and for
each intersection point of the third feature and the fourth feature, the method further may
include measuring a position distance from the intersection point in one of two directions
from an edge of the feature. The position distance in an apward direction from the
midpoeint of found intersection points is positive and the position distance in a downward
direction from the roidpoint of found intersection points is negative. The position
distance in a righthand direction from the midpoint of found intersection points is
positive and the position distance in a lefthand direction from the midpoint of foand
intersection points is negative.

The method further may include selecting an edge from several edges from a
graphic user interface. Specifically, a user can select a vertical edge from a plurality of
vertical edges and select a horizontal edge from a plurality of horizontal edges.

Various controllers, such as the controller 14, may execute various operations
discussed above. Using data stored in associated memory and/or storage, the controller
14 also executes one or more instructions stored on one or more non-transitory computer-

readable media, which the controller 14 may include and/or be coupled to, that may result
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in manipulated data. In some examples, the controller 14 may include one or more
processors or other types of controllers. In onc cxample, the controller 14 is or includes
at least one processor. In another example, the controller 14 performs at least a portion of
the operations discussed above using an application-specific integrated circuit tailored to
perform particular operations in addition to, or in lieu of, a general-purpose processor.

As illustrated by these examples, examples in accordance with the present disclosure may
perform the operations described herein using many specific combinations of hardware
and soltware and the disclosure is not limited to any particular combination of hardware
and software components. Examples of the disclosure may include a computer-program
product configured to execute methods, processes, and/or operations discussed above.
The computer-program product may be, or include, one or more controllers and/or
processors configured to execute instructions to perform methods, processes, and/or
operations discussed above.

Having thus described several aspects of at least one embodiment of this
disclosure, it is to be appreciated various alterations, modifications, and improvements
will readily occur to those skilled in the art. Such alterations, modifications, and
improvements are intended to be part of this disclosure, and are intended to be within the
spirit and scope of the invention. Accordingly, the foregoing description and drawings
are by way of example only.

What is claimed is:
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CLAIMS

1. A mcthod of depositing material on an clectronic substratc with a
dispensing system of the type including a frame, a dispensing unit gantry movably
coupled to the frame, a dispensing unit coupled to the dispensing unit gantry, the
dispensing unit being configured to deposit material onto the electronic substrate during a
dispense operation, a vision system gantry coupled to the frame, and a vision system
coupled to the vision system gantry, the vision system being configured to obtain one or
more images ol the electronic substrate having two adjacent features prior to performing
the dispense operation, the method comprising:

acquiring a first image of a first portion of two adjacent features including a first
feature of a first component and a second feature of a second component;

acquiring a second image of a second portion of two adjacent features including a
third feature of the first component and a fourth feature of the second component;

assigning programmed search boxes to edges of the first feature and to edges of
the second feature;

assigning programmed search boxes to edges of the third feature and to edges of
the fourth feature;

identifying programmed edges of the first feature and the second feature, each of
the first feature and the second feature including a horizontal programmed edge and a
vertical programmed edge;

identifying programmed edges of the third feature and the fourth feature, each of
the third feature and the fourth feature including a horizontal programmed edge and a
vertical programmed edge;

for each of the first feature and the second feature, identifying an intersection
point of the horizontal programmed edge and the vertical programmed edge;

determining a first centerline from the intersection point of the first feature to the
intersection point of the second feature;

for each of the third feature and the fourth feature, identitfying an intersection
point of the horizontal programmed edge and the vertical programmed edge;

determining a second centerline from the intersection point of the third feature to

the intersection point of the fourth feature;
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determining a midpoint of the first centerline;

determining a midpoint of the second centerline;

determining an intersect command for a dispense operation between the first
component and the second component; and

performing the dispense operation.

2. The method of claim 1, for each inlersection point of the first feature and
the second feature, and {or cach intersection point of the third feature and the {ourth
feature, further comprising measuring an offset distance from the intersection point in a

direction perpendicular to an edge of the feature.

3. The method of claim 2, wherein the offset distance is positive, negative or
zero.
4. The method of claim |, for each intersection point of the first feature and

the second feature, and {or each intersection point of the third feature and the {ourth
feature, Hiurther comprising measuring a position distance from the intersection point in

one of two directions from an edge of the feature.

5. The method of claim 4, wherein the position distance in an upward
direction from the iotersect puint is posutive and the position distance in a downward

direction from the intersection point is negative.

6. The method of claim 5, wherein the position distance in a righthand
direction from the intersect point is positive and the position distance in a lefthand

direction from the intersection point is negative.
7. The method of claim 1, wherein each image is composed of pixels with

each pixel being the smallest picture element the vision system can uniquely identify and

interpreted as Black or White with shades of gray.
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8. The method of claim 1, wherein a user can select an edge from several

cdges from a graphic uscr interfacc.

9. The method of claim 8, wherein the edge is one of a vertical edge from a

plurality of vertical edges and a horizontal edge from a plurality of horizontal edges.

10.  The method of claim 8, further comprising generating a model template of
the edge.
11 A computer-readable medinm comprising instructions which, when

executed by a compuier, cause the computer (o carry out the method oft

acquiring a first image of a first portion of two adjacent features including a first
feature of a first component and a second feature of a second component;

acquiring a second image of a second portion of two adjacent features including a
third feature of the first component and a fourth feature of the second component;

assigning programmed search boxes to edges of the first feature and to edges of
the second feature;

assigning programmed search boxes to edges of the third feature and to edges of
the fourth feature;

identifying programmed edges of the first feature and the second feature, each of
the first feature and the second feature including a horizontal programmed edge and a
vertical programmed edge;

identifying programmed edges of the third feature and the fourth feature, each of
the third feature and the fourth feature including a horizontal programmed edge and a
vertical programmed edge;

for each of the first feature and the second feature, identifying an intersection
point of the horizontal programmed edge and the vertical programmed edge;

determining a first centerline from the intersection point of the first feature to the
intersection point of the second feature;

for each of the third feature and the fourth feature, identifying an intersection

point of the horizontal programmed edge and the vertical programmed edge;
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determining a second centerline from the intersection point of the third feature to
the interscction point of the fourth feature;

determining a midpoint of the first centerline;

determining a midpoint of the second centerline;

determining an intersect command for a dispense operation between the first
component and the second component; and

performing the dispense operation.

12.  The computer-readable medinm of claim 11, for each intersection point of
the first feature and the second feature, and for each intersection point of the third {eature
and the fourth feature, further comprising measuring an offset distance from the

intersection point in a direction perpendicular to an edge of the feature.

3. The compuater-readable mediam of claiw 12, wherein the offset distance is

positive, negative or zero.

t4. The computer-readable medinm of claim 11, for each intersection point of
the first feature and the sccond feature, and for each intersection point of the third feature
and the fourth feature, further comprising measuring a position distance from the

intersection point in one of two directions from an edge of the feature.

i5. The computer-readable medium of claim 14, wherein the position distance
i an upward direction from the intersect point is positive and the position distance in a

downward direction from the intersection point is negative.
16.  The computer-readable medium of claim 135, wherein the position distance

in a righthand direction from the intersect point is positive and the position distance in a

lefthand direction {rom the intersection point is negative.
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17.  The compuler-readable medium of claim 11, wherein each image is
composcd of pixcls with cach pixel being the smallest picturc clement the vision system

can uniquely identify and interpreted as Black or White with shades of gray.

18.  The computer-readable medium of claim 11, wherein a user can select an

edge from several edges from a graphic user interface.
19.  The computer-readable medium of claim 18, wherein the edge is one of a
vertical edge from a plurality of vertical edges and a horizontal edge from a plurality of

horizontal edges.

20.  The computer-readable medium of claim 18, further comprising

generating a model template of the edge.
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