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BOND HEAD ASSEMBLY WHILE DETECTING A Z-HEIGHT POSITION
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k
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INCREMENTAL ADJUSTMENT FROM STEP 600 DOES NOT RESULT IN
A CHANGE OF THE Z-HEIGHT POSITION Or THE BOND HEAD ASSEMBLY

FIG. 6

(57) Abstract: A method of operating a wire bonding machine is provided. The method includes: (a) operating a wire bonding machine
during at least one of (i) an automatic wire bonding operation and (ii) a dry cycle wire bonding operation, wherein a bonding force is
applied during the operation of the wire bonding machine, and (b) monitoring an accuracy of the bonding force of the wire bonding
machine during the at least one of (i) an automatic wire bonding operation and (ii) a dry cycle wire bonding operation.
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METHODS OF OPERATING A WIRE BONDING MACHINE, INCLUDING METHODS
OF MONITORING AN ACCURACY OF BONDING FORCE ON A WIRE BONDING
MACHINE, AND RELATED METHODS

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of U.S. Provisional Application No.
63/110,012, filed November 5, 2020, the content of which is incorporated herein by
reference.

FIELD
[0002] The invention relates to wire bonding operations, and in particular, to

technigues for monitcring the accuracy of a bonding force on a wire bonding machine.
BACKGROUND

[0003] In 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 to be electrically
interconnected. The primary methods of forming wire loops are ball bonding and
wedge bonding. In forming the bonds between (a) the ends of the wire loop and (b)
the bond site (e.g., a die pad, a lead, etc.), various types of bonding energy may be
used, including, for example, ultrasonic energy, thermosonic energy,
thermocompressive energy, amongst others. Wire bonding machines (e.g., stud

bumping machines) are also used to form conductive bumps from portions of wire.

[0004] Such wire bonding machines typically include a bond head assembly
(i.e., a bond head) that carries a wire bonding tool (e.g., a capillary tool) that contacts
a workpiece during the wire bonding operation. In connection with most wire bonding
operations, a bonding force is applied to the wire bonding tool. In order to form
consistent (and acceptable) wire bonds, it is important that the bonding force applied
during wire bonding is accurate. However, sometimes the applied force is different
from an intended (e.g., programmed) bonding force. For example, the bonding force
may vary over time based on conditions such as environmental factors, hours of

machine operations, amongst others.
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[0005] Thus, it would be desirable to provide improved techniques for

monitoring and/or controlling the bonding force on a wire bonding machine.

SUMMARY

[0006] According to an exemplary embodiment of the invention, a method of
operating a wire bonding machine is provided. The method includes: (a) operating a
wire bonding machine during at least one of (i) an automatic wire bonding operation
and (ii) a dry cycle wire bonding operation, wherein a bonding force is applied during
the operation of the wire bonding machine; and (b) monitoring an accuracy of the
bonding force of the wire bonding machine during the at least one of (i) the automatic

wire bonding operation and (ii) the dry cycle wire bonding operation.

[0007] According to another exemplary embodiment of the invention, a method
of operating a wire bonding machine is provided. The method includes the steps of:
incrementally adjusting a bonding force applied to a bond head assembly while
detecting a z-height positicn of a portion of the bond head assembly; and determining
a desired bonding force at which an incremental adjustment does not result in a change
of the z-height position of the bond head assembly.

[0008] According to ancther exemplary embodiment of the invention, a method
of operating a wire bonding machine is provided. The method includes the steps of:
incrementally adjusting a bonding force applied to a bond head assembly while
detecting a z-height position of a portion of the bond head assembly; and determining
a desired bonding force at which an incremental adjustment from results in a peak z-

height position of the bond head assembly.

[0009] According to yet another exemplary embodiment of the invention, a
method of operating a wire bonding machine is provided. The method includes the
steps of: incrementally decreasing a bonding force applied to a bond head assembly
while detecting a z-height position of a portion of the bond head assembly, until the z-
height position changes from an initial height by a predetermined height adjustment;
and detecting a bonding force value upon the z-height position changing from the initial

height by the predetermined height adjustment.

[0010] According to yet another exemplary embodiment of the invention, a
method of operating a wire bonding machine is provided. The method includes the
steps of: incrementally increasing a bonding force applied to a bond head assembly

while detecting a z-height position of a portion of the bond head assembly, until the z-
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height position changes from an initial height by a predetermined height adjustment;
and detecting a bonding force value upon the z-height position changing from the initial
height by the predetermined height adjustment.

[0011] The methods of the 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 including

a wire bonding program used in connection with a wire bonding machine).

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The invention is best understood from the following detailed description
when read in connection with the accompanying drawings. It is emphasized that,
according to common practice, the various features of the drawings are not to scale.
On the contrary, the dimensions of the various features are arbitrarily expanded or

reduced for clarity. Included in the drawings are the following figures:

[0013] FIGS. 1A-1C are a series of block diagram side views of a wire bonding
machine illustrating a method of operating a wire bonding machine in accordance with

an exemplary embodiment of the invention;

[0014] FIGS. 2A-2C are another series of block diagram side views of a wire
bonding machine illustrating a method of operating a wire bonding machine in

accordance with an exemplary embodiment of the invention;

[0015] FIGS. 3A-3F are yet another series of block diagram side views of a wire
bonding machine illustrating a method of operating a wire bonding machine in

accordance with an exemplary embodiment of the inventicn;

[0016] FIG. 4 is a timing diagram illustrating a z-height position of a portion of a
bond head assembly, and the bonding force applied by the bond head assembly, versus

time, in accordance with an exemplary embodiment of the invention; and

[0017] FIGS. 5-8 are flow diagrams illustrating methods of operating wire

bonding machines in accordance with various exemplary embodiments of the invention.

DETAILED DESCRIPTION

[0018] In accordance with various exemplary embodiments of the invention,

methods of operating wire bonding machines are provided, for example, methods of
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automatically verifying bonding force (sometimes referred to as bond force), and
methods of monitoring bonding force in real time, on a wire bonding machine. In
certain embodiments of the invention, the methods may include an automatic mode
bonding force verification process and/or a closed loop bonding force adjustment

process (e.g., including offset adjustments of the bonding force).

[0019] Thus, aspects of the invention relate to the monitoring and/or the
automatic correction/adjustment of bonding force applied on a wire bonding machine,
with the goal of achieving a desirable wire bonding performance. For example,
according to aspects of the invention, the bonding force (and/or the accuracy of the
bonding force) is monitored in an automatic wire bonding mode (and/or a dry cycle
bonding mode), where a response may be provided if the accuracy of the monitored
bonding force is not within an acceptable range (e.g., the monitored bonding force has
shifted due to any reason). For example, the response may be (i) to provide an alarm,
warning or error message to a machine operator; (ii) to cease operation of the wire
bonding machine; (iii) to automatically adjust the bonding force of the wire bonding

machine (e.g., closed loop force offset adjustment); etc.

[0020] According to certain exemplary embodiments of the invention, methods
are provided for verifying the machine bonding force in automatic mode. Such
methods may include applying multiple levels of bonding force, and monitcring the
response of the bond head position. For example, the starting force (e.g., a pre-
verified force Fpy, which may or may not be a zero gram force) may be gradually
decreased in small increments until it moves up a set height (e.g., ha), and then the
force may be increased until it moves back down to the starting point (e.g., hint). This
force verification can be performed at dry cycle and automatic mode. The two force
values (and/or additional force values such as Fp within the scope of the invention)
(e.g., the force value corresponding to the set height ha, and the force value
corresponding to the return to the starting point hinit) are recorded. If the force values
do not meet the expectation (e.g., are not within an acceptable tolerance of the
expected force values), a response may be provided (e.qg., the response may be: to
provide an alarm, warning or error message toc a machine operator; to cease operation
of the wire bonding machine; to automatically adjust the bonding force of the wire

bonding machine to an acceptable level).

[0021] The invention provides significant advantages over past practice.
Existing methods of bonding force calibration involve operators performing calibrations

offline (not in automatic mode). Such calibrations tend to be time consuming, and
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require the removal of certain hardware parts (e.g., a flow head for reducing gas), and
the installation of calibration weights. Aspects of the invention provide force
verification in automatic mode with a minimal (or no) time penalty, and may also be

used to provide closed loop bonding force adjustments.

[0022] Aspects of the invention relate to menitoring an accuracy of the bonding
force of a wire bonding machine during at least one of (i) an automatic wire bonding
operation and (ii) a dry cycle wire bonding operation. Exemplary techniques for
monitoring such accuracy of the bonding force are disclosed herein. However, other
techniques for accomplishing such monitoring (during at least one of an automatic wire
bonding operation, and a dry cycle wire bonding operation) are contemplated within the

scope of the invention.

[0023] As used herein, the term “zero gram force” is an example of an applied
bonding force at which an incremental force adjustment (e.g., an increase or decrese in
the bonding force) does not result in a change of the z-height position of the bond head
assembly. The term “zero gram force” may also be used to refer {0 an applied bonding
force that results in a peak height (either a high peak height or a low peak height) of a
portion of a bond head assembly (e.g., force Fy resulting in height hy, and force Fq
resulting in height hq, both described in connection with FIG. 4). In any case, such
“zero gram force” values may be determined from a single value (e.g., see Fv from FIG.
4, Fqs from FIG. 4, etc.). Further, a determined “zero gram force” or a determined
“desired” force within the scope of the invention may utilize multiple measured values
(e.g., see Fp from FIG. 4, F4 from FIG. 4, etc.) to determine a single force value. For
example, a single force value may be determined by averaging (or otherwise
mathematically manipulating) the multiple measured values from a single cycle (as in
FIG. 4) or multiple cycles.

[0024] Aspects of the invention relate to detecting a bonding force applied at
different height positions of a bond head assembly of a wire bonding machine. For
example, a force value may be detected upon the z-height position changing from one
height to another height (e.qg., changing from an initial height by the predetermined
height adjustment). In other aspects of the invention, height positions of a bond head
assembly of a wire bonding machine are detected at different values of applied bonding
force. Using such bonding force and/or height position information, the accuracy of the
bonding force may be monitored.
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[0025] While the invention is largely described in connection with a force control
mode of a wire bonding machine, it is not limited thereto. For example, a position
control mode may be utilized. In connection with such a position control mode, a
characteristic of a z-axis driving force (which corresponds to a bonding force) may be
determined while substantially maintaining a predetermined z-axis position to monitor
the accuracy of the bonding force. Such a characteristic may be, for example, an
electrical characteristic of a z-axis motor, an electrical current of a z-axis motor

providing the driving force, etc.

[0026] Throughout the various drawings provided herein, the same reference
numbers refer to the same element. Thus, a description of certain elements may be
omitted in connection with some of the drawings.

[0027] Referring now to the drawings, FIGS. 1A-1C illustrate wire bonding
machine 100, Wire bonding machine 100 includes support structure 102 (e.g., a heat
block, an anvil, etc.) for supporting a workpiece 104 (e.g., a semiconductor element
such as a leadframe holding one or more semiconductor die) during a wire bonding
operation. In FIG. 1A, wire bonding machine 100 also includes wire bonding tool 108
(e.g., a capillary wire bonding tool, a wedge bonding tool, etc.) for bonding wire
portions to workpiece 104. As will be appreciated by those skilled in the art, wire
bonding tool 108 (carried by bond head assembly 110) is moveable along a plurality of
axes of wire bonding machine 100 to perform wire bonding operations. For example,
wire bonding tool 108 may be moved along the x-axis and y-axis through movement of
bond head assembly 110. A linkage 110a is provided as part of the bond head
assembly 110. Linkage 110a is configured for movement along the z-axis of the wire
bonding machine 100 with the bond head assembly 110, and is driven along the z-axis
by z-axis motor 116 (which is controlled by computer 114 of wire bonding machine
100). A z-axis position detector 112 (e.g., a z-axis encoder) is provided that detects
the z-axis position of linkage 110a (and hence a relative z-axis position of wire bonding
tool 108), and provides data corresponding to this z-axis position (e.g., real time) to
computer 114 of wire bonding machine 100. Thus, computer 114 has information
related to the z-axis position of wire bonding tool 108 through its motions. In a force
control mode, z-axis motor 116 may be used to apply bonding force in connection with

wire bonding operations.

[0028] Referring specifically to FIG. 1A, free air ball 106 is seated at a working
tip 108a (the contact portion) of wire bonding tool 108. In some embodiments, free air

ball 106 is not required within the scope of the invention (e.g., the inventive methods
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may be performed with no wire portion at working tip 108a). The initial height shown
in FIG. 1A is hint (e.g., see left side of timing diagram in FIG. 4, described below in
connection with FIG. 3A). While hinit is shown with respect to the working tip 108a of
wire bonding tool 108 (adjacent free air ball 106), this is a relative height, and could be
illustrated with respect to any part of bond head assembly 110 that moves along the z-
axis. Af this stage, a bonding force applied to the bond head assembly 110 (e.g.,
through z-axis motor 116) is incrementally decreased while detecting a z-height
position of a portion of the bond head assembly 110 (using z-axis position detector
112), until the z-height position changes from hinit by @ predetermined height
adjustment (in FIG. 1B, until it reaches height hs) (e.g., see hs in the timing diagram in
FIG. 4, described below in connection with FIG. 3B). During this incremental decrease
in bonding force, the bonding force value is detected upon the z-height position
changing from hinit by the predetermined height adjustment shown in FIG. 1B. Then,
the bonding force applied to the bond head assembly 110 is incrementally increased
while detecting the z-height position of the portion of the bond head assembly 110
(using z-axis position detector 112), until the z-height position returns to hinit @as shown
in FIG. 1C (e.g., see hinit as caused by F¢ in the timing diagram in FIG. 4, described
below in connection with FIG. 3D). During this incremental increase in bonding force,
the bonding force value is detected upon the z-height position changing back to hinit as
shown in FIG. 1C. Using these detected bonding force values, the accuracy of the
bonding force (e.g., including the accuracy of the zero gram force) may be monitored
(e.g., the accuracy of the applied bonding force as compared to the intended (e.g.,
programmed) bonding force). Of course, variations, and additional process steps, may
be included in this exemplary process.

[0029] The process illustrated in FIGS. 1A-1C is just one technique for
monitoring the accuracy of the bonding force (and/or method of operating a wire
bonding machine). FIGS. 2A-2C illustrate another non-limiting example. Referring
specifically to FIG. 2A, the initial height shown is hint. While hinit is shown with respect
to the working tip 108a of wire bonding tool 108 (adjacent free air ball 106), thisis a
relative height, and could be illustrated with respect to any part of bond head assembly
110 that moves along the z-axis. At this stage, a bonding force applied to bond head
assembly 110 (e.g., through z-axis motor 116) is incrementally increased while
detecting a z-height positicn of a portion of bond head assembly 110 (using z-axis
position detector 112), until the z-height position changes from hinit by a predetermined
height adjustment (in FIG. 2B, until it reaches height ha). During this incremental
increase in bonding force, the bonding force value is detected upon the z-height
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position changing from hinit by the predetermined height adjustment shown in FIG. 2B.
Then, the bonding force applied to bond head assembly 110 is incrementally decreased
while detecting the z-height position of the portion of bond head assembly 110 (using
Z-axis position detector 112), until the z-height position returns to hinit as shown in FIG,
2C. During this incremental decrease in bonding force, the bonding force value is
detected upon the z-height position changing back to hinit as shown in FIG. 2C. Using
these detected bonding force values, the accuracy of the bonding force (e.g., including
the accuracy of the zero gram force) may be monitored (e.g., the accuracy of the

applied bonding force as compared to the intended (e.g., programmed) bonding force).

[0030] FIGS. 3A-3F illustrate another non-limiting example for monitoring the
accuracy of the bonding force (and/or method of operating a wire bonding machine).
FIG. 4 is a timing diagram illustrating a z-height position of a portion of the bond head
assembly, and the bonding force applied by the bond head assembly, versus time. The
timing diagram of FIG. 4 aligns with the process steps shown in FIGS. 3A-3F as
described below.

[0031] Referring specifically to FIG. 3A, wire bonding machine 100 is illustrated
with free air ball 106 at a position hinit. The force applied at this point can be described
as the pre-verified zero gram force (see “Fpv” of FIG, 4). In FIG. 3B, wire bonding tool
108 is moved upward (i.e., +Z direction) to position ha as the applied force to wire
bonding tool 108 is decreased (this is illustrated in FIG. 4 as the applied force changes
from Fpv and Fa) (See FIG. 4, where a force Fs is applied, at which time the applied force
begins to increase). In FIG. 3C, wire bonding tool 108 continues toc move upward tc a
position hy even though the force is increasing (this is illustrated in FIG. 4 between
points ha and hp), for example, due to the momentum of bond head assembly 110. A
zero gram force (e.g., force Fv) may be determined/monitored at this point (i.e., at
height hy, where the height is at a local maxima). Thus, in connection with FIG. 3C, a
zero gram force may be determined in connection with an applied bonding force that
results in the peak height hy (i.e., force Fy resulting in height hs, as described in

connection with FIG. 4).

[0032] In FIG. 3D, wire bonding tool 108 is moved back to the initial position
hinit when the applied force is at its peak, Fec (this is illustrated in FIG. 4 between points
Feand Fc). In FIG. 3E, wire bonding tool 108 is moved to position hd as the applied
force is being decreased (this is illustrated in FIG. 4 between points Fcand F4). Another
zero gram force (e.g., Fa) may be determined/monitored at this point (i.e., ha, where
the height is at a local minima). That is, in connection with FIG. 3E, a zero gram force
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may be determined in connection with an applied bonding force that results in the peak

height hq (i.e., force Fq resulting in height hd, as described in connection with FIG. 4).

[0033] In FIG. 3F, wire bonding tool 108 moves back to position hinit as the
applied force continues to decrease (this is illustrated in FIG. 4 between points Fs and
Fe).

[0034] The timing diagram illustrated in FIG. 4 is a short duration (e.g., a single
cycle), however, it is understood that this process shown in FIG. 4 (or any part thereof
claimed in this application) may be repeated for a plurality of cycles until the desired
result occurs (e.g., a desired bonding force is determined, a stable bonding force value
is determined, an accurate zero gram force value is determined, the accuracy of the

bonding force has been determined, etc.).

[0035] FIGS. 5-8 are flow diagrams illustrating methods of operating wire
bonding machines (and related methods) in accordance with various exemplary
embodiments of the invention. As is understood by those skilled in the art, certain
steps included in the flow diagrams may be omitted; certain additional steps may be

added; and the order of the steps may be altered from the order illustrated.

[0036] Referring specifically to FIG. 5, a method of operating a wire bonding
machine is illustrated. At Step 500, a wire bonding machine is operated during at least
one of (i) an automatic wire bonding operation and (ii) a dry cycle wire bonding
operation, wherein a bonding force is applied during the operation of the wire bonding
machine. At Step 502, an accuracy of the bonding force of the wire bonding machine is
monitored during the at least one of (i) the automatic wire bonding operation and (ii)
the dry cycle wire bonding operation. For example, in Step 502, the accuracy of an
applied bonding force as compared to the intended (e.g., programmed) bonding force

may be monitored.

[0037] For example, Step 502 may occur during a force control mode (or a
position control mode) of operation of the wire bonding machine. During Step 502, a
force applied to a bond head assembly of the wire bonding machine may be
incrementally adjusted (e.g., incrementally increasing a force, incrementally decreasing
a force, both incrementally increasing and decreasing a force, etc.) while detecting a z-

height position of a portion of the bond head assembly.

[0038] Additional aspects of the invention may also occur during Step 502. For

example, an accurate zero gram force may be determined during Step 502. For
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example, in connection with Step 502, a desired force may be determined at which an
incremental adjustment from Step 500 does not result in a change of the z-height
position of the bond head assembly. Stated differently, a desired force may be
determined at an applied force where an incremental adjustment from Step 500 results
in a peak z-height position of the bond head assembly (e.g., force Fv resulting in height
he, force Fq resulting in height hd, both as described in connection with FIG. 4).

[0039] Further, during Step 502, the wire bonding tool may be being positioned
above, and not in contact with, a workpiece on the wire bonding machine.
Alternatively, during Step 502, the wire bonding tool may be in contact with a

workpiece on the wire bonding machine.

[0040] At optional Step 504, a response is provided if the accuracy of the
bonding force monitored during Step 502 is not within an acceptable range. For
example, the response may include at least one of: (@) providing an alarm to a
machine operator, (b) providing a warning to the machine operator, (c) providing an
error message to the machine operator, (d) ceasing operation of the wire bonding
machine, and (e) automatically adjusting the bonding force of the wire bonding

machine.

[0041] Referring now to FIG. 6, another method of operating a wire bonding
machine is illustrated. At Step 600, a bonding force applied to a bond head assembly is
incrementally adjusted (e.g., incrementally increasing the bonding force, incrementally
decreasing the bonding force, both incrementally increasing and decreasing the
bonding force, etc.) while detecting a z-height position of a pertion of the bond head
assembly. At Step 602, a desired bonding force is determined at which an incremental
adjustment from Step 600 does not result in a change of the z-height position of the
bond head assembly. For example, the desired bonding force may be a zero gram
force. An alternative to Step 602 would be to determine the desired force at an applied
force where an incremental adjustment from Step 600 results in a peak z-height
position of the bond head assembly (e.g., force Fs resulting in height hs, force Fq

resulting in height hq, both as described in connection with FIG. 4).

[0042] As will be appreciated by those skilled in the art, Steps 600 and 602 may
be repeated for a plurality of cycles until the desired bonding force is determined at a
stable value by a wire bonding machine at Step 602. Further, Steps 600 and 602 may
occur during a force control mode (or a position control mode) of operation of a wire

bonding machine,
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[0043] Referring now to FIG. 7, yet another method of operating a wire bonding
machine is illustrated. At Step 700, a bonding force applied to a bond head assembly is
incrementally decreased while detecting a z-height position of a portion of the bond
head assembly, until the z-height position changes from an initial height (e.g., hinit) by
a predetermined height adjustment (e.g., see height adjustment to height ha in FIG. 1B
and FIG, 3B). At Step 702, a bonding force value (e.g., see Fa in FIG. 4, referring to ha
from FIG. 1B or FIG. 3B) is detected upon the z-height position changing from the
initial height by the predetermined height adjustment. At optional Step 704, after Step
702, the bonding force applied to the bond head assembly is incrementally increased
while detecting the z-height position of a portion of the bond head assembly, until the
Z-height position returns to the initial height (e.g., see return to hinit in FIG. 1C and FIG.
3D, corresponding to bonding force Fe from FIG. 4).

[0044] After Step 700, the z-height position may continue to change until it
reaches a peak height position (e.g., see height hy from FIG. 3C, corresponding to

bonding force value Fb).

[0045] Further, Steps 700 and 702 may occur during a force control mode (or a
position control mode) of operation of a wire bonding machine.

[0046] Referring now to FIG. 8, yet another method of operating a wire bonding
machine is illustrated. At Step 800, a bonding force applied to a bond head assembly is
incrementally increased while detecting a z-height position of a portion of the bond
head assembly, until the z-height position changes from an initial height (e.g., hiit) by
a predetermined height adjustment (e.g., see height adjustment to height ha in FIG.
2B). At Step 802, a bonding force value (e.g., the bonding force corresponding to
height ha in FIG. 2B) is detected upon the z-height position changing from the initial
height by the predetermined height adjustment. At optional Step 804, after Step 802,
the bonding force applied to the bond head assembly is incrementally decreased while
detecting the z-height position of the portion of the bond head assembly, until the z-
height position returns to the initial height (e.g., see return to hinit in FIG. 2C). In
connection with this Step 804, a bonding force value may be detected upon the z-
height position returning to the initial height.

[0047] In connection with the method of FIG. 8, after Step 800, the z-height
position may continue to change until it reaches a peak height position. At this peak
height position, the bonding force value may be detected.
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[0048] Further, Steps 800 and 802 may occur during a force control mode (or a

position control mode) of operation of a wire bonding machine.

[0049] 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, varicus modifications may be made in the details within the scope and

range of equivalents of the claims and without departing from the invention,
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What is Claimed:

1. A method of operating a wire bonding machine, the method

comprising the steps of:

(a) operating a wire bonding machine during at least one of (i) an
automatic wire bonding operation and (ii) a dry cycle wire bonding operation, wherein a

bonding force is applied during the operation of the wire bonding machine; and

(b) monitoring an accuracy of the bonding force of the wire bonding
machine during the at least one of (i) the automatic wire bonding operation and (ii) the

dry cycle wire bonding operation.

2. The method of claim 1 further comprising the step of providing a
response if the accuracy of the bonding force monitored during step (b) is not within an

acceptable range.

3. The method of claim 2 wherein the response includes at least one
of: (a) providing an alarm to a machine operator; (b) providing a warning to the
machine operator; (c) providing an error message to the machine operator; (d) ceasing
operation of the wire bonding machine; and (e) automatically adjusting the bonding

force of the wire bonding machine.

4, The method of claim 1 wherein step (b) occurs during a force

control mode of operation of the wire bonding machine.

5, The method of claim 1 wherein step (b) includes incrementally
adjusting a force applied to a bond head assembly of the wire bonding machine while

detecting a z-height position of a portion of the bond head assembly.

6. The method of claim 5 wherein, in connection with step (b), an

accurate zero gram force is determined.

7. The method of claim 5 wherein, in connection with step (b), a
desired force is determined at which an incremental adjustment from step (b) does not

result in a change of the z-height position of the bond head assembly,
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8. The method of claim 5 wherein, in connection with step (b), a
desired force is determined at which an incremental adjustment from step (b) results in
a peak z-height position of the bond head assembly.

9, The method of claim 5 wherein step (b) occurs during a force

control mode of operation of the wire bonding machine.

10, The method of claim 1 wherein step (b) includes incrementally
decreasing a force applied to a bond head assembly of the wire bonding machine while
detecting a z-height position of a portion of the bond head assembly, until the z-height
position changes from an initial height by a predetermined height adjustment.

11. The method of claim 10 wherein, in connection with step (b), a
force value is detected upon the z-height position changing from the initial height by
the predetermined height adjustment.

12, The method of claim 10 wherein the process of incrementally
decreasing the force may be repeated for a plurality of cycles, wherein each of the
plurality of cycles is used in connection with the monitoring of the accuracy of the

bonding force,

13.  The method of claim 1 wherein step (b) includes incrementally
increasing a force applied to a bond head assembly of the wire bonding machine while
detecting a z-height position of a portion of the bond head assembly, until the z-height
position changes from an initial height by a predetermined height adjustment.

14, The method of claim 13 wherein, in connection with step (a), a
force value is detected upon the z-height position changing from the initial height by
the predetermined height adjustment.

15. The method of claim 13 wherein the process of incrementally
increasing the force may be repeated for a plurality of cycles, wherein each of the
plurality of cycles is used in connection with the monitoring of the accuracy of the

bonding force.

16, The method of claim 1 wherein step (b) occurs during a position
control mode of operation of the wire bonding machine.

17, The method of claim 16 wherein, in connection with step (b), an

accurate zero gram force is determined.
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18. The method of claim 16 wherein a characteristic of a z-axis driving
force is determined while substantially maintaining a predetermined z-axis position to
monitor the accuracy of the bonding force.

19, The method of claim 18 wherein the characteristic is an electrical

characteristic of a z-axis motor.

20, The method of claim 19 wherein the characteristic is an electrical

current of a z-axis motor providing the driving force.

21. The method of claim 1 wherein step (b) occurs with a wire
bonding tool being positioned above, and not in contact with, a workpiece on the wire
bonding machine.

22. The method of claim 1 wherein step (b) occurs with a wire
bonding tool being in contact with a workpiece on the wire bonding machine.

23. A method of operating a wire bonding machine, the method
comprising the steps of:

(a) incrementally adjusting a bonding force applied to a bond head
assembly while detecting a z-height position of a portion of the bond head assembly;
and

(b) determining a desired bonding force at which an incremental
adjustment from step (a) does not result in a change of the z-height position of the
bond head assembly.

24, The method of claim 23 wherein the desired bonding force is a

zero gram force.

25. The method of claim 23 wherein step (a) includes at least one of
incrementally increasing the bonding force and incrementally decreasing the bonding
force.

26. The method of claim 23 wherein step (a) includes both
incrementally increasing the bonding force and incrementally decreasing the bonding
force.
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27. The method of claim 23 wherein steps (a) and (b) are repeated

for a plurality of cycles until the desired bonding force is determined at a stable value

by a wire bonding machine.

28. The method of claim 23 wherein steps (a) and (b) occur during a

force control mode of operation of a wire bonding machine.

29. The method of claim 23 wherein the desired bonding force results

in a peak z-height position of the bond head assembly.

30. A method of operating a wire bonding machine, the method
comprising the steps of:

(a) incrementally adjusting a bonding force applied to a bond head
assembly while detecting a z-height position of a portion of the bond head assembly;

and

(b) determining a desired bonding force at which an incremental
adjustment from step (a) results in a peak z-height position of the bond head

assembly.

31. The method of claim 30 wherein the desired bonding force is a

zero gram force.

32. The method of claim 30 wherein step (a) includes at least one of
incrementally increasing the bonding force and incrementally decreasing the bonding

force.

33. The method of claim 30 wherein step (a) includes both
incrementally increasing the bonding force and incrementally decreasing the bonding

force.

34. The method of claim 30 wherein steps (a) and (b) are repeated
for a plurality of cycles until the desired bonding force is determined at a stable value

by a wire bonding machine.

35. The method of claim 30 wherein steps (a) and (b) occur during a

force control mode of operation of a wire bonding machine.

36. A method of operating a wire bonding machine, the method

comprising the steps of:
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(a) incrementally decreasing a bonding force applied to a bond head
assembly while detecting a z-height position of a portion of the bond head assembly,
until the z-height position changes from an initial height by a predetermined height

adjustment; and

(b) detecting a bonding force value upon the z-height positicn changing
from the initial height by the predetermined height adjustment.

37. The method of claim 36 wherein the bonding force value is Fa.

38. The method of claim 36 wherein, after step (b), the method
includes incrementally increasing the bonding force applied to the bond head assembly
while detecting the z-height position of a portion of the bond head assembly, until the

z-height position returns to the initial height.

39. The method of claim 38 wherein the bonding force value upon the

Z-height position returning to the initial height is detected as Fe.

40. The method of claim 36 wherein, after step (a) the z-height
position continues to change until it reaches a peak height position.

41, The method of claim 40 wherein the bonding force value upon the

Z-height position reaching the peak height position is detected as Fb.

42, The method of claim 36 wherein steps (a) and (b) occur during a

force control mode of operation of a wire bonding machine.

43, A method of operating a wire bonding machine, the method
comprising the steps of:

(a) incrementally increasing a bonding force applied to a bond head
assembly while detecting a z-height position of a portion of the bond head assembly,
until the z-height position changes from an initial height by a predetermined height

adjustment; and

(b) detecting a bonding force value upon the z-height positicn changing
from the initial height by the predetermined height adjustment.

44, The method of claim 43 wherein, after step (b), the method

includes incrementally decreasing the bonding force applied to the bond head assembly
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while detecting the z-height position of the portion of the bond head assembly, until the

z-height position returns tc the initial height.

45, The method of claim 44 wherein the bonding force value upon the

z-height position returning to the initial height is detected.

46. The method of claim 43 wherein, after step (a) the z-height
position continues to change until it reaches a peak height position.

47, The method of claim 46 wherein the bonding force value is

detected upon the z-height position reaching the peak height position.

48, The method of claim 43 wherein steps (a) and (b) occur during a

force control mode of operation of a wire bonding machine.
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STEF 500: OFERATE A WIRE BONDING MACHINE DURING AT LEAST

ONE OF (I) AN AUTOMATIC WIRE BUNDING OPERATION AND (I1) A DRY
CYCLE WIRE BONDING OPERATION, WHEREIN A BOND FORCE 1S APPLIED
DURING THE OPERATION OF THE WIRE BONDING MAGHINE

'

STEP 502: MONITOR AN ACCURACY OF THE BOND FORCE CF THE WIRE
BONDING MACHINE DURING AT LEAST ONE OF {T) THE AUTOMATIC
WIRE BONDING OPERATION AND (IT) THE DRY
CYCLE WIRE BONDING OPERATION

f i
i STEP 504: PROVIDE A RESPONSE IF THE ACCURACY OF THEROND 4
§ FORCE MONITORED DURING STEP 502 1S NOT WITHIN §
; AN ACCEPTABLE RANGE g

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

STEP 600: INCREMENTALLY ADJUST A BbNDi\EC FORCE APPUILD TO A
BOND HEAD ASSEMBLY WHILE DETECTING A Z-HEIGHT POSITION
OF A PORTION OF THE BOND HEAD ASSEMBLY

i

STEP 602: DETERMINE A DESIRED BONDING FORCE AT WHICH AN
INCREMENTAL &D JSTMENT FROM STEP 600 DOES NOT RESULT IN
A CHANGE OF THE Z-HEIGHT POSITION OF THE BOND HEAD ASSEMBLY

FIG. 6
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STEP 700: INCREMENTALLY DECREASE A BONDING FORCE APPLIED 10
A BOND HEAD ASSEMBLY WHILE DETECTING A Z-HEIGHT POSITION OF A
PORTION OF THE BOND HEAD ASSEMBLY, UNTIL THE Z-HEIGHT
POSITION CHANGES FROM AN INITIAL HEIGHT BY A
PREDETERMINED HEIGHT ADJUSTMENT

v

STEP 702: BETECT A BONDING FORCE YALUE UPON THE 7-HE
POSITION CHANGING FROM THE INFTIAL HEIGHT BY THE
PREDETERMINED HEGHT ADJUSTMENT

IGHT

§ STEP 704: AFTER STEP 702, INCREMENTALLY INCREASE THE BONDING E
1 FORCE APPLIED TO THE BOND HEAD ASSENBLY WHILE DETECTING THE
i Z-HEIGHT PGSITION OF A PORTION OF THE BOND HEAD ASSEMBLY, |
b UNTIL THE Z-HEIGHT POSITION RETURNS TO THE INITIAL HEIGHT

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

STEP 800: INCREMENTALLY INCREASE A BONDING FORCE APPLIED TO
A BOND HEAD ASSEMBLY WHILE DETEGTING A Z-HEIGHT POSITION OF A
PORTION OF THE BOND HEAD ASSEMBLY, UNTIL THE Z-HEIGHT
POSITION CHANGES FROM AN INITIAL HEIGHT BY A
PREDETERMINED HEGHT ADJUSTMENT

A

STEP 802: BETECT A BONDING FORCE VALUE UPON THE 7-HE
POSITION CHANGING FROM THE INFIIAL HEIGHT BY THE
PREDETERMINED HEGHT ADJUSTMENT

IGHT

E STEP 804: AFTER STEP 802, INCREMENTALLY DECREASE THE BONDING E
¢ FORCE APPLIED TO THE BOND HEAD ASSEMBLY WHILE DETECTING THE
¢ Z-HEIGHT POSITION OF THE PORTION OF THE BOND HEAD ASSEMBLY, |
t UNTIL THE Z-HEIGHT POSITION RETURNS TO THE INITIAL HEIGHT
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