
METHOD OF CONTROLLING THE TRAJECTORY OF A BONDING TOOL
DURING THE FORMATION OF A WIRE LOOP CROSS-REFERENCE TO
RELATED APPLICATION [0001] This application claims the
benefit of U.S. Provisional Application No.
60/863,148, filed October 27, 2006, the contents of
which are incorporated herein by reference. FIELD OF
THE INVENTION [0002] The present invention relates to
wire bonding of semiconductor devices, and more
particularly, t o controlled motions during the wire
bonding process. BACKGROUND OF THE INVENTION [0003] I
n the processing and packaging of semiconductor
devices, wire bonding continues to be the primary
method of providing electrical interconnection between
two locations within a package (e.g., between a die
pad of a semiconductor die and a lead of a leadframe).
More specifically, using a wire bonder (also known as
a wire bonding machine) wire loops are formed between
respective locations t o be electrically
interconnected. [0004] An exemplary conventional wire
bonding sequence includes: (1) forming a free air ball
on an end of a wire extending from a bonding tool; (2)
forming a first bond on a die pad of a semiconductor
die using the free air ball; (3) extending a length of
wire in a desired shape between the die pad and a lead
of a leadframe; (4) stitch bonding the wire to the
lead of the leadframe; and (5) severing the wire.
[0005] When extending a length of wire between a first
bonding location (e.g., a die pad) and a second
bonding location (e.g., a lead of a leadframe), a
series of motions of a bonding tool which carries the
wire are performed, where the motions are intended to
provide a wire loop having a desired shape, length,
etc. Included in the series of motions of the bonding
tool are typically certain "arc" motions. Maintaining
a proper arc between two points during loop formation
is desirable, and if the arc is not properly
maintained a number of problems can result including
wire leaning, wire buckling, and uncontrollable
location of a bend in the wire. Thus, maintaining a
proper arc between two points during loop formation is
desirable. [0006] Conventional arc motions are
provided to a wire bonding machine in the 



form of data from predefined look up tables or the
like. Such predefined data may also take the form of a
few predefined (i.e., fixed) time based position
functions. Regardless of the actual form of the
conventional methods of providing an arc motion(e.g.,
a look up table, a predefined function, etc.), certain
deficiencies may arise. For example, a user who wants
to form an arc in a wire loop selects one of the
predefined look up tables that may be the closest
approximation to the desired arc motion.
Unfortunately, even though the closest approximation
is selected, a selected predefined look up table may
not provide the desired trajectory for many arc
motions or the selected predefined look up table may
not provide enough control over the trajectory. Thus,
one or more of the aforementioned problems (e.g., wire
leaning, wire buckling, uncontrollable location of a
bend in the wire, amongst others) may result. [0007]
Thus, it would be desirable to provide improved
methods of determining the trajectory of arc motions
of a wire used in the formation of a wire loop, and
related wire bonding methods. SUMMARY OF THE INVENTION
[0008] According to an exemplary embodiment of the
present invention, a method of determining a
trajectory of an arc motion of a wire used in the
formation of a wire loop is provided. The arc motion
is between a first point and a second point of the
trajectory. The method includes: (1) defining a pivot
point with respect to the first point and the second
point; (2) determining a plurality of data points for
generating the trajectory, each of the data points
including a radius value and an angle value as a
function of time, each of the angle values being
between (a) a first angle defined by the pivot point
and the first point, and (b) a second angle defined by
the pivot point and the second point; and (3)
converting the plurality of data points into
trajectory data that may be used by a wire bonding
machine. [0009] According to an exemplary embodiment
of the present invention, a method of forming a wire
loop to provide interconnection between a first
bonding location and a second bonding location of a
semiconductor device using a wire bonding machine is
provided. The method includes the steps of: (1)
forming a first bond at the first bonding location
with a bonding tool such that a wire engaged with the
bonding tool is continuous with the first bond; (2)
extending a length of wire from the first bonding
location toward the second bonding location; and (3)
forming a second bond at 



the second bonding location such that the wire is
continuous from the first bond to the second bond.
Step (2) includes moving at least a portion of the
length of wire in an arc motion. Step (2) further
includes determining a trajectory of the arc motion,
the arc motion being between a first point and a
second point of the trajectory. The step of
determining the trajectory includes: (a) defining a
pivot point with respect to the first point and the
second point; (b) determining a plurality of data
points for generating thetrajectory, each of the data
points including a radius value and an angle value as
a function of time, each of the angle values being
between (a) a first angle defined by the pivot point
and the first point, and (b) a second angle defined by
the pivot point and the second point; and (c)
converting the plurality of data points into
trajectory data that may be used by a wire bonding
machine. [0010] The methods of the present invention
may also be embodied as an apparatus (e.g., as part of
the intelligence of a wire bonding machine), or as
computer program instructions on a computer readable
carrier (e.g., a computer readable carrier used in
connection with a wire bonding machine). BRIEF
DESCRIPTION OF THE DRAWINGS [0011] The invention is
best understood from the following detailed
description when read in connection with the
accompanying drawing. I t is emphasized that,
according to common practice, the various features of
the drawing are not to scale. On the contrary, the
dimensions of the various features are arbitrarily
expanded or reduced for clarity. Included in the
drawing are the following figures: Fig. 1 is a diagram
of a wire loop profile illustrating a plurality of
exemplary arcs for which trajectories may be
determined in accordance with an exemplary embodiment
of the present invention; Fig. 2A is a side view of a
wire loop formed using a loop profile similar to that
illustrated in Fig. 1; Fig. 2B is a perspective view
of a plurality of wire loops formed using a loop
profile similar to that illustrated in Fig. 1; Fig. 3A
is a diagram of an arc motion of a loop profile of a
wire loop in accordance with an exemplary embodiment
of the present invention; Fig. 3B is a diagram of
another arc motion of a loop profile of a wire loop in
accordance with another exemplary embodiment of the
present invention; 



Fig. 4 is a diagram illustrating an arc motion of a
wire loop formed in accordance with an exemplary
embodiment of the present invention provided in
comparison to an arc motion of a wire loop formed
using conventional techniques; Fig. 5A is a graphical
illustration of the change in angle versus the change
in radius for certain exemplary embodiments of the
present invention;Fig. 5B is another graphical
illustration of the change in angle versus the change
in radius for certain exemplary embodiments of the
present invention; Fig. 5C is yet another graphical
illustration of the change in angle versus the change
in radius for certain exemplary embodiments of the
present invention; Fig. 6 is a flow diagram
illustrating a method of determining a trajectory of
an arc motion of a wire used in the formation of a
wire loop in accordance with an exemplary embodiment
of the present invention; and Fig. 7 is a block
diagram of an exemplary data transformation used in
the determination of a trajectory of an arc motion of
a wire used in the formation of a wire loop in
accordance with an exemplary embodiment of the present
invention. DETAILED DESCRIPTION OF THE INVENTION
[0012] According to an exemplary embodiment of the
present invention, a method of providing arc motion
trajectories is provided which involves computation
(e.g., real time computation) of the trajectories, for
example, using: (1) the start XYZ location of the arc;
(2) the end XYZ location of the arc; (3) a user
defined pivot point; and (4) a radius function of the
arc. A resulting trajectory can control the distance
from the user defined pivot point along the
trajectory, that is, can control the radius of the
arc. I n certain exemplary embodiments of the present
invention, the radius may be a constant, the radius
may be controlled as a function of an angle 0 ,
amongst others. [0013] The trajectory data may be
generated real time for each wire loop on a wire
bonding machine, for example, after the first bond and
second bond locations are found (e.g., using the
vision system of the wire bonding machine, using
operator augment, etc.). This may be done because the
actual first and second bond positions for each wire
loop will affect the trajectory of the wire loop, and
as such, the trajectory of each arc motion. [0014] For
example, if the starting location (e.g., the start XYZ
location) and the end location (e.g., the end XYZ
location) are an equal distance to a selected pivot
point, 



the trajectory may follow an arc where any point along
the trajectory will have substantially the same
distance to the pivot point according to the present
invention. In another example, if the starting XYZ
location and the end XYZ location are not an equal
distance to the pivot point, the change of radius
along the trajectory can be provided according to the
present invention.[0015] By providing a desired
looping trajectory between two points in real time
based on user defined data [e.g., the pivot point, the
first (e.g., start) point of the arc motion, the
second (i.e., end) point of the arc motion, etc.],
improved control of loop motions is provided, which in
turn generates a more desirable loop shape and
improved looping performance. Further benefits may
include improved wire sway, improved loop height
consistency, and improved wire lay down control.
[0016] Fig. 1 is an exemplary loop profile diagram
including Arc 1 (i.e., an arc motion shortly after 1st
bond), Arc 2, Arc 3, and Arc 4 (i.e., the arc motion
from the top of loop to second bond). Of course, the
arc motions illustrated in Fig. 1 are exemplary in
nature and different and varying arc motions are
contemplated. Figs. 2A-2B are side and perspective
view illustrations of wire loops formed using a loop
profile similar to that illustrated in Fig. 1. More
specifically, Figs. 2A-2B illustrate wire loops 120
providing electrical interconnection between a first
bonding location (e.g., a die pad of semiconductor die
100) and a second bonding location (e.g., a lead of
leadframe 110). Of course, the first and second
bonding locations are not limited to any particular
location (e.g., the first bonding location may be a
lead of a leadframe, the second bonding location may
be a die pad, each of the first and second bonding
locations may be die pads in die to die bonding,
etc.). [0017] Fig. 3A is a diagram of an arc motion of
a loop profile of a wire loop in accordance with an
exemplary embodiment of the present invention. I n
contrast to Fig. 1 (which illustrates a complete loop
profile for an exemplary wire loop including four
distinct arc motions), Fig. 3A illustrates a single
arc 300 provided away from the remainder of a loop
profile. Thus, arc 300 may be an arc motion anywhere
in a given wire loop between point A and point B. As
shown in Fig. 3A, the illustrated arc is shown in two
dimensions only (along the X-Z axis), and the radius
from the origin is constant along the arc. More
specifically, radius RA extends from the pivot point
(in this case, the origin) along the Z-axis 100 mils
to point A. Likewise, radius RB extends from 



the pivot point along the X-axis 100 mils to point B.
I n this example, the radius of arc 300 is equal along
all points on arc 300 (i.e., the radius is a
substantially constant 100 mils along arc 300). Such
an arc, while relatively simple, is an example of an
arc whose trajectory can be calculated according to
the present invention. [0018] Fig. 3B is a diagram of
another arc motion 310 of a loop profile of a wire
loop in accordance with another exemplary embodiment
of the present invention. I n this example, arc motion
310 is between the top of the wire loop (also known as
"TOL") and second bond. As shown in Fig. 3B, the
illustrated arc is shown in two dimensionsonly (along
the X-Z axis); however, in contrast to the arc
illustrated in Fig. 3A, the radius along the arc in
Fig. 3B is not constant. That is, in the illustrated
example, RA (i.e., the radius length between the pivot
point and first point A) is not equal to RB (i.e., the
radius length between the pivot point and second point
B). [0019] More specifically, Fig. 3B illustrates an
exemplary desired trajectory for arc motion 310
between point A and B, where the desired arc
trajectory is determined using: (1) the radius to each
of point A and B from the pivot point (in this example
the pivot point is the origin), and (2) the angles 0 A
and 0 B. I n this example, the angles are calculated
from the Z-axis (i.e., the Z-axis is an example of a
reference line used to calculate the angles). Thus, 0
A is the angle between the Z-axis and RA. Further, 0 B
is the angle between the Z-axis and RB. Finally, D0 is
the change in angle between 0 A and 0 B. [0020] With
reference to the example shown in Fig. 3B, in order to
determine the actual trajectory of arc motion 310, a
time based function may be applied to certain known
information (e.g., RA, RB, DR, 0 A, 0 B, D0). For
example, the radius as a function of time [i.e., R(t)]
and the angle as a function of time [i.e., 0(t)] may
be determined using expressions such as those provided
below: R(t) = (RA) + (D R*P(t)) Equation 1 0(t) = (0A)
+ (D0*Q(t)) Equation 2, where R(t) represents the
change in the radius (i.e., the change in radius
between RA and RB) as a function of time; DR is the
change in radius between RA and RB; P(t), Q(t) are
time based functions used to determine the manner in
which the change in radius and angle is to be
effected; 0(t) represents the change in the angle
(i.e., the change in angle between 0 A and 0 B) as a
function of time; and D 0 is the change in radius 



between 0A and 0 B. Of course, the functions P(t),
Q(t) are to be selected as desired for the given arc
motion and for the specific application. I n fact,
time based functions used in conventional arc motion
trajectories may be used for P(t), Q(t) if desired. In
one example, P(t) can be the same as Q(t) so that a
linear relationship exists between R(t) and 0(t)
(e.g., curve 500 in Fig. 5A). [0021] An exemplary
method of determining a desired arc motion (i.e., the
desired trajectory of the bend in the wire) is now
described with reference to the exemplary
arc/trajectory 310 shown in Fig. 3B. The method is
described in terms of exemplary steps; however, it is
understood that these steps are exemplary in
nature,and certain steps may be omitted, added, or
changed within the scope of the present invention.
Further, the order of certain of the steps may be
changed within the scope of the present invention.
[0022] Step 1: A pivot point is selected. An exemplary
pivot point may be the XYZ location of the bonding
tool tip at the first bond. Another exemplary pivot
point may be the XYZ location of the bonding tool tip
after the short bend formed after first bond (e.g.,
Arc 1 in Fig. 1). Another exemplary pivot point may be
the XYZ location of the bonding tool tip at the end of
the heat affected zone of the wire. Any of a number of
other pivot points may be selected. For example, the
pivot point may be selected based on factors such as
the wire length, bending location along the wire, the
die height, the properties of the wire, etc. I n the
exemplary trajectories illustrated in Figs. 3A-3B, the
pivot point is the origin (0,0) in a two-dimensional
plane (X-Z). Of course, it is understood that a
desired trajectory may be calculated in three
dimensional space (XYZ) and in such an case, a three
dimensional origin or other pivot point (X,Y,Z) may be
selected. [0023] Step 2: The radius and associated
angles are determined in connection with the selected
pivot point. For example, in Fig. 3B, this data
includes (RA, 0 A) and (RB and 0B) . Again, this
example is provided in two dimensions; however a three
dimensional embodiment is also contemplated (e.g.,
with a third dimension being a y - axis into the page
on Fig. 3B). [0024] Step 3: Determine the radius and
the angle as a function of time. More specifically, at
each of a plurality of time increments, a value for
the angle (e.g., a value of the angle 0 between 0 A
and 0 B) and a value for the radius (e.g., a value of
the 



radius R between RA and RB) is determined. For
example, the values for the angle and the radius may
be determined by applying a selected time based
function [e.g., P(t) and Q(t)] as in the exemplary
Equations 1 and 2 provided above. Again, this example
is provided in two dimensions; however a three
dimensional embodiment is also contemplated. [0025]
Step 4 : Convert time based data from Step 3 [e.g.,
R(t) and 0(t)] to data that may be used in the
trajectory of the wire bonder. More specifically, in
the example of Fig. 3B, this may be the x(t) and z(t);
however, in a three dimensional example, this may be
x(t), y(t), and z(t). Thus, having this data, the
desired trajectory is determined.[0026] While the
example described above (i.e., Steps 1-4) in
connection with Fig. 3B is a specific implementation
of the present invention, the present invention is not
limited to this implementation. For example, the
determination of the trajectory of the arc motion is
not limited to any specific methodology, and it is
clear that the method described above with respect to
Fig. 3B (including Equations 1 and 2) is exemplary and
illustrative in nature. Further, the desired
trajectory versus time may be determined/calculated
using any of a number of systems including Cartesian
coordinates, polar coordinates, spherical coordinates,
a combination of these coordinate systems, amongst
others. [0027] Fig. 4 is a diagram illustrating a
trajectory determined in accordance with the present
invention (arc 410 which is shown as a solid line)
along with an exemplary trajectory (arc 400 shown as a
dashed line) that was selected from a conventional
look up table. As is clear in Fig. 4, the conventional
trajectory (the dashed line 400) does not follow the
desired arc motion (the solid line 410). Using the
conventional approach may cause problems such as wire
buckling and wire compression during the arc motion.
Such a wire compression may cause the wire neck region
to buckle and lean. I n contrast, the solid line (the
arc 410 trajectory according to the examplary
embodiment of the present invention) tends to keeps
the wire straight and buckle free. The desired result
is less leaning, less wire buckle, and less wire lay
down at the 2nd bond. [0028] Also shown in Fig. 4 is
arc 415 including data point C. I n certain exemplary
embodiments of the present invention, it may be
desirable to select a third point of the arc (in
addition to the first point A and the second point B)
regardless of 



the time based function to be applied to determine the
trajectory of the arc. I n Fig. 4, point C represents
a third point selected to be included in the trajecory
of the arc. Because of the inclusion of point C in the
trajecory, the actual trajectory determined according
to this exemplary embodiment of the present invention
corresponds to arc 415 (as opposed to arc 410
previously described). [0029] As indicated above, in
certain exemplary embodiments of the present
invention, the radius may be controlled as a function
of an angle 0 . This may be embodied in a number of
ways, certain examples of which are described herein
with respect to Figs. 5A-5C. [0030] Fig. 5A is a
graphical illustration of the change in angle (D0 ,
that is, the change from 0A to 0 B) versus the change
in radius (DR, that is, the change from RA to RB) for
certain exemplary embodiments of the present
invention. I n exemplaryembodiments of the present
invention where a certain relationship is applied to
both the change in radius and angle [e.g., when the
time based functions P(t) and Q(t) in Equations 1 and
2 are the same], then the relationship of the change
in angle versus the change in radius will be linear,
as in line segment 500 shown in Fig. 5A . I n such an
example, the radius is not controlled as a function of
an angle 0 because the relationship is linear.
However, such a linear relationship is not necessary.
I n certain applications, it may be desirable to have
the trajectory pass through a certain point (e.g., a
third point such as point C in Fig. 4) even though
that point would not be part of the normal calculated
trajectory when applying the given time based
function. Thus, when such a third point is chosen to
be included in the trajectory (or when multiple
additional points are chosen to be included in the
trajectory) the relationship between the change in
radius and the change in angle may become non-linear.
For example, in Fig. 5A, point 510 acts as an
indication of the changed relationship when a third
point (e.g., point C in Fig. 4) is selected to be
included in the trajectory. I n fact, curve 520 (which
passes through point 510) is the new relationship
between the change in radius and the change in angle
due to the inclusion of the third point in the
trajectory. As shown in Fig. 5A, point 510 corresponds
to radius value Rc and angle value 0 C along curve
520. Because the relationship between the change in
radius is non-linear for curve 520, it can be said
that the radius is controlled as a function of an
angle 0 (or vice versa). 



[0031] However, there are various ways that the radius
may be controlled as a function of an angle 0 other
than selecting a third point (or multiple additional
points) to be included in the trajectory. Figs. 5B-5C
illustrate certain additional exemplary embodiments
for controlling the radius as a function of an angle 0
. [0032] As described above with respect to Fig. 5A,
Fig. 5B again shows line segment 500 illustrating the
exemplary linear relationship between the change in
angle versus the change in radius. Also shown are a
number of other curves 530, 540, and 550. The
additional curves 530, 540, and 550 represent various
scaling/curvature factors being applied to the
relationship of the change in angle versus the change
i n radius, such that the relationship between the
change in angle and the change in radius is no longer
linear. [0033] Fig. 5C again shows line segment 500
illustrating the exemplary linear relationship between
the change in angle versus the change in radius. Also
shown are a number of other curves 560, 570, and 580.
The additional curves 560, 570, and 580 represent
various skew factors being applied to the relationship
of the change in angleversus the change in radius,
such that the relationship between the change in angle
and the change in radius is no longer linear. [0034]
Fig. 6 is a flow diagram illustrating a method of
determining a trajectory of an arc motion of a wire
used in the formation of a wire loop in accordance
with an exemplary embodiment of the present invention.
As is understood by those skilled in the art, certain
steps included in the flow diagram may be omitted;
certain additional steps may be added; and the order
of the steps may be altered from the order
illustrated. At step 600, a pivot point is defined
with respect to the first point and the second point.
For example, in Fig. 3B the pivot point is defined to
be the origin. At step 602, a plurality of data points
are determined for generating the trajectory. For
example, in Fig. 3B the plurality of data points
refers to a plurality of points along arc 310. Each of
the data points includes a radius value and an angle
value at a given time, such that each radius value and
angle value is provided by a time based function
[e.g., R(t) and 0(t)]. Each of the angle values [e.g.,
0(t)] is between (a) a first angle defined by the
pivot point and the first point (e.g., 0 A which is
defined by the pivot point and point A), and (b) a
second angle defined by the pivot point and the second
point (e.g., 0 B which is defined by the pivot point
and point B). At step 604, the 



plurality of data points are converted into trajectory
data that may be used by a wire bonding machine. For
example, the data points may be in a first form (e.g.,
polar coordinates such as radius and angle values as a
function of time); however, a wire bonding machine may
use trajectory data in another different form [e.g.,
Cartesian coordinates such as x(t), y(t) and z(t)].
[0035] Of course, different or additional steps may be
provided. For example, the method shown in Fig. 6
could include a step of defining a third point "C"
between the first point and the second point (or a
third point and a fourth point, or any of a number of
additional points, etc.) through which the trajectory
shall pass, where the step of defining a third point
occurs prior to Step 602. I n such a case, additional
parameters may be defined. Such parameters may
include, for example, Rc and 0 C. Of course, using a
third point would result in a change in the
application of the exemplary time based functions
described herein [e.g., time based functions such as
P(t) and Q(t) described in connection with Equations 1
and 2 above]. [0036] As described above, exemplary
embodiments of the present invention may be methods of
forming wire loops to provide interconnection between
a first bonding location and a second bonding location
of a semiconductor device using a wire bonding
machine. For example, such a method includes the steps
of: (1) forming afirst bond at the first bonding
location with a bonding tool such that a wire engaged
with the bonding tool is continuous with the first
bond (e.g., an exemplary first bond is shown in at the
interconnection of wire loop 120 and semiconductor die
100 shown in Figs. 2-3); (2) extending a length of
wire from the first bonding location toward the second
bonding location; and (3) forming a second bond at the
second bonding location such that the wire is
continuous from the first bond to the second bond
(e.g., an exemplary second bond is shown in at the
interconnection of wire loop 120 and leadframe 110
shown in Figs. 2-3). Step (2) includes moving at least
a portion of the length of wire in an arc motion,
where the trajectory of the arc motion may be
determined in accordance with the teachings herein
(e.g., in accordance with the method shown in Fig. 6).
[0037] Fig. 7 is a block diagram of an exemplary data
transformation used in the determination of a
trajectory of an arc motion of a wire used in the
formation of a wire loop in accordance with an
exemplary embodiment of the present invention. Of
course, 



other data transformations are contemplated within the
scope of the invention. Referring again to Fig. 7, at
block 700 the data illustrated includes the position
data for the selected pivot point (i.e., PPx, PPy, and
PPZ), position data for the first point (i.e., Ax, Ay,
and Az), and position data for the second point (i.e.,
Bx, By, and Bz) . I n the example shown in Fig. 3B,
this data at block 700 would relate to the position
data of each of the pivot point, point A (i.e., the
first point), and point B (i.e., the second point). At
block 710 a data transformation has occurred in that
the position data (e.g., the position data of the
pivot point, the first point, and the second point)
has been used to define the first radius between the
pivot point and the first point (i.e., in Fig. 3B,
RA), the first angle which is between a reference line
and the first radius (i.e., in Fig. 3B, 0 A), the
second radius between the pivot point and the second
point (i.e., in Fig. 3B, RB) , and the second angle
which is between the reference line and the second
radius (i.e., in Fig. 3B, 0 B) . [0038] At block 720
another data transformation has occurred. More
specifically, a plurality of data points have been
determined for generating the trajectory, where each
of the data points including a radius value and an
angle value as a function of time [e.g., R(t) and
0(t)]. For example, these data points may be
determined by applying a time based function as
illustrated in the exemplary Equations 1 and 2 above.
At block 730, the data points (including a radius
value and an angle value as a function of time) are
converted into trajectory data used by a wire bonding
machine. For example, the data points are converted
from polar coordinates [e.g., R(t) and 0(t)] to
Cartesian coordinates [e.g., x(t), y(t), and
z(t)].[0039] Of course, if additional data points are
predetermined for inclusion in the trajectory (e.g., a
third data point "C" as described above), then the
data transformations shown in Fig. 7 would change
accordingly. For example, block 700 could also include
the position data for the additional data point(s)
[e.g., Cx, Cy, and Cz) . Likewise, block 710 could
also include radius and angle information of the
additional data point(s) [e.g., Rc and 0 C] . [0040]
While certain exemplary embodiments of the present
invention illustrated herein are provided in a
two-dimensional form (e.g., Z vs. X in Figs. 3A, 3B,
and 4) it is understood that the present invention
contemplates embodiments using three dimensions. For
example, the curves 410 and 415 shown in Fig. 4 may be
twodimensional 



only (i.e., with no change along the y-axis); however,
the curves 410 and 415 shown in Fig. 4 may also
exhibit a y-axis component (i.e., the curves may
extend into and/or out of the page). [0041] The
techniques of the present invention may be implemented
in a number of alternative mediums. For example, the
techniques can be installed on an existing computer
system/server as software (a computer system used in
connection with, or integrated with, a wire bonding
machine). Further, the techniques may operate from a
computer readable carrier (e.g., solid state memory,
optical disc, magnetic disc, radio frequency carrier
medium, audio frequency carrier medium, etc.) that
includes computer instructions (e.g., computer program
instructions) related to the techniques. [0042]
Although the invention is illustrated and described
herein with reference to specific embodiments, the
invention is not intended to be limited to the details
shown. Rather, various modifications may be made in
the details within the scope and range of equivalents
of the claims and without departing from the
invention.What is Claimed: 1. A method of determining
a trajectory of an arc motion of a wire used in the
formation of a wire loop, the arc motion being between
a first point and a second point of the trajectory,
the method comprising the steps of: (1) defining a
pivot point with respect to the first point and the
second point; (2) determining a plurality of data
points for generating the trajectory, each of the data
points including a radius value and an angle value as
a function of time, each of the angle values being
between (a) a first angle defined by the pivot point
and the first point, and (b) a second angle defined by
the pivot point and the second point; and (3)
converting the plurality of data points into
trajectory data that may be used by a wire bonding
machine. 2. The method of claim 1 wherein step (1)
includes defining the pivot point to be equidistant
from each of the first point and the second point. 3.
The method of claim 2 wherein the radius value of each
of the data points determined in step (2) is
substantially the same. 



4. The method of claim 1 wherein step (1) includes
defining the pivot point such that the first point and
the second point are different distances from the
defined pivot point. 5. The method of claim 1 wherein
step (3) includes converting the plurality of data
points into Cartesian coordinate trajectory data. 6.
The method of claim 5 wherein the Cartesian coordinate
trajectory data points includes values along the
z-axis of a wire bonding machine and at least one of
the x-axis of the wire bonding machine and the y-axis
of the wire bonding machine. 7. The method of claim 5
wherein the Cartesian coordinate trajectory data
points includes values along the z-axis of a wire
bonding machine, the x-axis of the wire bonding
machine, and the y-axis of the wire bonding machine.
8. The method of claim 1 further comprising the step
of (4) selecting a third point between the first point
and the second point in the arc motion, wherein step
(4) is accomplished prior to step (2).9. The method of
claim 1 further comprising the step of (4) selecting
at least one additional point between the first point
and the second point in the arc motion, wherein step
(4) is accomplished prior to step (2). 10. The method
of claim 1 further comprising a step of (4)
determining a first radius RA between the pivot point
and the first point, determining a second radius R
between the pivot point and the second point, wherein
step (4) is accomplished prior to step (2), and
wherein the first angle (0A) is defined between a
reference line and first radius RA, and wherein the
second angle (0 B) is defined between the reference
line and the second radius RB. 11. The method of claim
10 wherein step (2) includes using a time based
function in conjunction with the first radius RA, the
second radius RB, the first angle 0 A, and the second
angle 0 B, in order to determine the plurality of data
points for generating the trajectory. 12. The method
of claim 1 wherein the arc motion corresponds to an
arc motion from a top of loop position to a second
bond position. 13. The method of claim 1 wherein the
arc motion corresponds to an arc motion shortly after
formation of a first bond of the wire loop. 14. The
method of claim 1 wherein step (1) includes defining
the pivot 



point to be one of (1) a location of a bonding tool
tip at a first bond position, (2) a location of the
bonding tool tip after forming a short bend after
formation of a first bond, and (3) a location of the
bonding tool tip at the end of a heat affected zone of
the wire. 15. A computer readable carrier including
computer program instructions which cause a computer
to implement a method of determining a trajectory of
an arc motion of a wire used in the formation of a
wire loop, the arc motion being between a first point
and a second point of the trajectory, the method
comprising the steps of: (1) defining a pivot point
with respect to the first point and the second point;
(2) determining a plurality of data points for
generating the trajectory, each of the data points
including a radius value and an angle value as a
function of time, each of the angle values being
between (a) a first angle defined by the pivot point
and the first point, and (b) a second angle defined by
the pivot point and the second point; and(3)
converting the plurality of data points into
trajectory data that may be used by a wire bonding
machine. 16. A method of forming a wire loop to
provide interconnection between a first bonding
location and a second bonding location of a
semiconductor device using a wire bonding machine, the
method comprising the steps of: (1) forming a first
bond at the first bonding location with a bonding tool
such that a wire engaged with the bonding tool is
continuous with the first bond; (2) extending a length
of wire from the first bonding location toward the
second bonding location, step (2) including moving at
least a portion of the length of wire in an arc
motion, step (2) further including determining a
trajectory of the arc motion, the arc motion being
between a first point and a second point of the
trajectory, the step of determining the trajectory
including: (a) defining a pivot point with respect to
the first point and the second point, (b) determining
a plurality of data points for generating the
trajectory, each of the data points including a radius
value and an angle value 



as a function of time, each of the angle values being
between (a) a first angle defined by the pivot point
and the first point, and (b) a second angle defined by
the pivot point and the second point, and (c)
converting the plurality of data points into
trajectory data that may be used by a wire bonding
machine; and (3) forming a second bond at the second
bonding location such that the wire is continuous from
the first bond to the second bond. 17. The method of
claim 16 wherein step (c) includes converting the
plurality of data points into Cartesian coordinate
trajectory data. 18. The method of claim 15 wherein
step (2) further comprises the step of (d) selecting a
third point between the first point and the second
point in the arc motion, wherein step (d) is
accomplished prior to step (b). 19. The method of
claim 15 wherein step (2) further comprises the step
of (d) selecting at least one additional point between
the first point and the second point in the arc
motion, wherein step (d) is accomplished prior to step
(b). 20. The method of claim 15 wherein the step of
determining the trajectory in step (2) further
comprises a step of (d) determining a first radius
RAbetween the pivot point and the first point,
determining a second radius RB between the pivot point
and the second point, wherein step (d) is accomplished
prior to step (b), and wherein the first angle (0A) is
defined between a reference line and first radius RA,
and wherein the second angle (0 B) is defined between
the reference line and the second radius R8. 21. The
method of claim 20 wherein step (b) includes using a
time based function in conjunction with the first
radius RA, the second radius R , the first angle 0 A,
and the second angle 0 B, in order to determine the
plurality of data points for generating the
trajectory. 22. The method of claim 16 wherein the arc
motion corresponds to an arc motion from a top of loop
position to a second bond position. 23. The method of
claim 16 wherein the arc motion corresponds to an arc
motion shortly after formation of a first bond of the
wire loop. 24. The method of claim 16 wherein step (a)
includes defining the pivot point to be one of (1) a
location of a bonding tool tip at a first bond
position, (2) a 



location of the bonding tool tip after forming a short
bend after formation of a first bond, and (3) a
location of the bonding tool tip at the end of a heat
affected zone of the wire. 25. A computer readable
carrier including computer program instructions which
cause a computer to implement a method of forming a
wire loop to provide interconnection between a first
bonding location and a second bonding location of a
semiconductor device using a wire bonding machine, the
method comprising the steps of: (1) forming a first
bond at the first bonding location with a bonding tool
such that a wire engaged with the bonding tool is
continuous with the first bond; (2) extending a length
of wire from the first bonding location toward the
second bonding location, step (2) including moving at
least a portion of the length of wire in an arc
motion, step (2) further including determining a
trajectory of the arc motion, the arc motion being
between a first point and a second point of the
trajectory, the step of determining the trajectory
including: (a) defining a pivot point with respect to
the first point and the second point; (b) determining
a plurality of data points for generating the
trajectory, each of the data points including a radius
value and an angle valueas a function of time, each of
the angle values being between (a) a first angle
defined by the pivot point and the first point, and
(b) a second angle defined by the pivot point and the
second point; and (c) converting the plurality of data
points into trajectory data that may be used by a wire
bonding machine; and (3) forming a second bond at the
second bonding location such that the wire is
continuous from the first bond to the second bond. 


