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AUTOMATIC REWORK PROCESSES FOR NON-STICK CONDITIONS IN WIRE
BONDING OPERATIONS

CROSS REFERENCE

[ooai] This application claims the benefit of U.S. Provisional Patent Application
No. 6§1/772,456 filed March 4, 2013, the content of which is incorporated herein by
reference.

FIELD OF THE INVENTION

Fo002] The present invention relates to wire bonding operations (e.g., the
formation of wire loops, the formation of conductive bumps, etc.), and to improved wire
bonding operations.

BACKGROUND CF THE INVENTION

[00G37 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
interconnectaed. 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.qg., & die pad, a lead, etc.) varying 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.

[GGo4] During ball bonding operations, a tail of wire extending from the tip of a
bonding tool (2.q., a capiliary) is melted into a free air ball using a spark from an
electronic flame-off (EF0) device. The free air ball is then used to form a first bond
{e.g., a ball bond} at a first bonding location, and the wire is extended from the ball
bond to a second bonding location, where a second bond (e.g., & stitch bond) is formed
by bonding a portion of the wire to the second bonding location using the bonding tool.
For example, the first bonding location may be a bonding pad of a semiconductor chip,
and the second bonding location may be a lead of a leadframe adjacent a
semiconductor chip. The bonding ool may then be ralsed to a short tail detect helght
where the wire is tested {e.g., using an electrical continuity test) to ensure it is still
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continuous with the stitch bond on the second bonding location. If no short tail is
detected, the bond head (i.e., carrying the bonding tool and a wire clamp, now closed)
is raised to tear the wire at the stitch bond. The remaining tail length may then be
used to form another free air ball for another wire loop.

[pods] Specifically referring now to FIGS. 1A-1], a conventional method of
forming a wire ioop is liustrated. FIG. 1A illustrates parts of a wire bonding machine
100G including bonding too! 102 {e.qg., capillary 102}, wire clamps 104 (in an open
position in FIG. 1A), wire 106, and free air bail 108 having been formed and seated at
tip 102a of bonding tool 1062, In FIG. 1A, bonding tool 102 is shown moving towards
first bonding location 114 {a.g., bond pad 114 of a semiconductor die) as indicated by
the downward arrow. Wire 106 is continuous with free air ball 188 and extends
through bonding tool 102 and back to a wire supply (e.g., a wire spoocl, not shown) on
wire bonding machine 100. At FIG. 1B, first bond 112a (e.g., ball bond 1123} is formed
on first bonding location 114 using free air ball 108. In the illustrated example, first
hond 112a is formed with wire clamps 104 in an open poesition. At FIG. 1€, bonding
tool 102 is raised {with wire clamps 104 in an open position) above first bonding
location 114 as indicated by the upward arrow. Between the positions shown in FIG.
1C and FIG. 1D, various wire looping motions may be performed as desired in the given
application. In any event, at FIG. 1D, bonding tool 102 is raised to position 118 (e.g.,
a top of toop (TOL) position). At FIG. 1E wire clamps 104 are closed, and a continuity
test ray be performed to confirm that first bond 112a is bonded to first bonding
location 114. After the test at FIG, 1E, bonding tool 102 is moved toward second
bonding location 120 (e.g., a lead 120 of a leadframe) as indicated by the downward
arrow in FIG. 1F. At approximately the position shown in FIG, iF, wire clamps 104 may
be opened such that during the second bond formation shown in FIG. 15 wire clamps
104 may be open. In FIG. 1H, with wire clamps 104 still open, bonding tool 102 is
raised to height 124 (e.g., a tail height for forming a wire tail to be used to form a frea
air ball for a later wire loop). Wire clamps 104 are then closed to be in contact with
wire 106 as illustrated in FIG. 1I, and a continuity test may be performed o confirm
that the second bond formed at FIG. 1G is honded to second bonding location 120. At
FIG. 1], bonding tool 102 has been raised (as indicated by the upward arrow}, with
wire clamps 104 still closed, to tear the wire from second bond 112b {(e.g., a stitch
bond), thereby separating the now formed wire loop 112 from wire tail 128 extending
beiow tip 102a of bonding tool 102.

[0006] During formation of wire bonds {e.g., a first bond of a wire loop, a second
bond of a wire loop, a conductive bump formed from wire, etc.), a non-stick (i.e., no-



-3 -

bond) condition may occur. For example, such non-stick conditions include: {a) a free
air ball that does not sufficiently bond to a band pad (i.e., non-stick-an-pad (NSOP));
and (b} the wire fails to sufficiently bond to a lead (i.e., non-stick-on-lead (NSOL)).
Any of these conditions during formation of 2 wire loop (or a conductive bump) may
result in a delay of subsequent operations and costly operator intervention. Such
conditions may be caused, for example, by: contamination of a bonding location;
variation of the material used to form a bonding location; etc.

{00073 Thus, it would be desirable to provide improved methods of performing
wire bonding operations including improved methods of forming wire loops and

conductive bumps.
SUMMARY OF THE INVENTION

[0008] According to an exemplary embodiment of the present invention, a
method of performing a wire bonding operation is provided. The method includes the
steps of: (a) performing a wire bonding operation between a portion of wire and a
bonding location using a bonding tool; (b) raising the bonding tool to a desired height
with the portion of wire being in contact with the bonding location; (¢) determining that
the portion of wire in contact with the bonding location is not sufficiently bonded to the
bonding location; and (d} automatically performing another wire bonding operation
between the portion of wire and the bonding location using the bonding tooi after step

{c).

[0009] According to another exemplary embodiment of the present invention, a
method of forming a wire loop is provided. The method includes the steps of:

(a) performing a bonding operation between a free air ball formed from a wire and a
first bonding location using a bonding tool; (I) raising the bonding tool to a desired
height with the portion of wire being in contact with the bonding location; (c)
determining that the wire with the free air ball in contact with the bonding location is
not sufficiently bonded to the first bonding location; and {d) autoematically performing
another bonding operation between the free air ball and the first bonding location after
step {c).

(00107 According to yet another exemplary embodiment of the present
invention, a method of forming a wire loop is provided. The method includes the steps
of:
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{a) foerming a first bond of wire at a first bonding location using a bonding toal; {(b)
extending a length of wire, continuous with the first bond, to a second bond location;
(c) performing a bonding operation between a portion of the length of wire and the
second bonding locating using the bonding tool; {d) raising the bonding tool to a
desired height with the portion of wire being in contact with the bonding location; (&)
determining that the portion of the length of wire in contact with the bonding location is
not sufficiently bonded to the second bonding iocation; and {f) automatically
performing another bonding operation between the portion of the length of wire and the
second bonding location after step (c).

[oGi1] According to another exemplary embodiment of the present invention, a
method of forming & conductive bump is provided. The method inciudes the steps of:
{a) performing a bonding aperation between a free air ball formed from a wire to a
bonding location using a bonding teol; (b) raising the bonding tool to & desired height
with the porticn of wire being in contact with the bonding location; (¢) determining that
the wire with the free air bail in contact with the bonding focation is not sufficiently
bonded to the bonding location; and (d) automatically performing another bonding
operation between the free air ball and the bonding location after step (¢).

{ogiz] The methods of the present invention may aiso 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.qg., @ computer readable carrier
including a wire bonding program used in connection with a wire bonding machine).
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BRIEF DESCRIPTION OF THE DRAWINGS

[ogi3] 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 atre not to scale,
On the contrary, the dimensions of the various features are arbitrarily expanded or
reduced for clarity. For exampie, the relative position of the wire clamps and the
bonding tool as shown herein are not shown to scale. Included in the drawings are the

following figures;

FIGS. 1A-11 are a series of block diagrams illustrating a conventional

process of forming a wire loon;

FIGS. 2A-20 are a series of block diagrams illustrating a method of
forming a wire loop in accordance with an exemplary embodiment of the present

invention;
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FIGS, 3A-3P are a series of block diagrams iHlustrating another method of
forming a wire loop in accordance with another exempiary embodiment of the present

invention; and

FIGS. 4A-4L are a series of biock diagrams illustrating 2 method of
forming a conductive bump in accordance with an exemplary embodiment of the

present invention.
DETAILED DESCRIPTION OF THE INVENTION

[6014] in connection with various aspects of the present invention, attempted
wire bonds (e.g., first bonds of wire loops, second bonds of wire loops, other bonded
portions of wire loops, conductive bumps, etc.) are tested/checked to determine if the
bond is “sufficiently bonded”. As used herein, the term “sufficiently bonded” is
intended to refer to a condition where a wire portion is determined toc be bonded
according to predetermined criteriz as determined in the specific application. In the
examples illustrated herein, attempted bonds that have not been sufficiently bonded
are shown as portions of wire not being in contact with the intended bonding location
{e.g., the NSOP shown in FIG, 2C, the NSOL shown in FIG. 31, and the N5S0P shown in
FIG. 4C). It is understood that a bonded portion of wire may be in contact with the
desired bonding location, but the bond may stil be insufficient (e.g., a weakly formed
bond).

TO01E] In order to determine if 5 portion of wire has been sufficlently bonded to
the Intended bonding location various tests may be performed. An exemplary test
described herein in connection with the various exemplary embodiments shown in
FIGS, 2A-20, 3A-3P, and 4A-4L is an electrical continuity test. That is, an electrical
continuity test may be performed to determine if the portion of wire has been
adeqguately bonded te the intended bonding location. In order to conduct such an
glectrical continuity test, a conductive path is checked. For example, a detection
system (such as the BITS system referenced below) may be used where the conductive
path inciudes: the wire clamps (in a closed position); a length of wire extending from
the wire clamps toward the portion of wire that has been bonded (or attempted to be
bonded); the portion of wire that has been bonded (or attempted to be bonded); and
the intended bonding location. If such a detection system is used, and continuity is
established along the conductive path, it is generally assumed that a bond has been
formed. Of course, differant test systems may utilize different parameters to determine
if the portion of wire is sufficiently bonded to the intended bonding location.
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[00Le] in accordance with various exemplary embodiments of the present
invention, automatic rework proceses {e.g., in-situ on the wire bonder) are provided for
bump and wire bonding. For example, the processes may use existing systams for
detecting bond defects such as NSOP and NSOL conditions. Exemplary defect detection
systems'u'éé electrical continuity detection (e.g., & bond integrity test system, such as a
“BITS” system provided on machines sold by Kulicke and Soffa Industries, Inc, of Fort
Washingten, Pennsylvania) to determine if a portion of wire is sufficiently bonded to a
bonding location. If a portion of wire (e.g., a ball bond, a stitch bond, etc.} is not
sufficiently bonded to & bonding location, an automatic re-bonding process {included in
a wire bonding program run by a computer included in, or connected te, a wire bonding
machine} may be used to re~bond the insufficiently bonded portion to the bonding
location. The re-bond process may be performad at the same area of the bonding
Eocatioﬁ; alternatively, an area offset from the original area of the bonding location may
be used. For example, the re-bond precess may include a parameter for performing the
re~bond operation at an offset area that is a predetermined XY offset from the original
area. The re-bond process may be performed using the same bonding parameters
{e.g., bond force, ultrasonic energy level/profile, bond time, XY table scrub, etc.) as the
original bond process although one or more of the bonding parameters may be
changed.

{00171 By automatically recovering from a non-stick error (e.g., NSCP, NSQL,
etc.), the need for an operator to perform a manual rework {or otherwise intervene in
the bonding process) may be substantially reduced. In connection with the rework, the
event (e.g., a detected non-stick condition and/or the subseguent re-bond process)
may be logged or otherwise stored in memory of a computer (e.g., the wire bonder
computer). As will be explained below, the present invention may be particularly
beneficial when a non-stick condition is detected before the wire would otherwise be
torn (e.g., before the wire is torn after second bond formation).

[0018] Referring now specifically to FIGS. 2A-20 (which relates fo the detection
of an NSOP condition), FIG. 2A illustrates parts of & wire bonding machine 100
including bonding tool 102 (e.g., capillary 102}, wire clamps 104 (in an open position in
FIG. 1A}, wire 106, and free air bali 108 having been formed and seated at tip 102a of
bonding tool 102. In FIG. 2A, bonding tool 102 is shown moving towards first bonding
location 114 {e.qg., bond pad 114 of a semiconductor die) as indicated by the downward
arrow. Wire 106 continuous with free air ball 108 extends through bonding tool 102
and back to a wire supply (e.g., a wire spool, not shown) on wire bonding machine 100,
AL FIG, 2B, a wire bonding operation/process is performed (e.g., with wire clamps 104
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in an open position) in an attempt to form a first bond (e.g., a ball bond) on first
bonding location 114 using free air ball 108. Because FIGS, ZA-20 relate to aufomatic
recovery from an NSOP condition, free air balll 108 is not properly bonded to bonding
location 114, The insufficiently bonded free air ball is labelled using reference numeral
212a’in FIG. 2B, At FIG. 2C, bonding tool 102 (and wire clamps 104, both carried by a
bond head assembly, not shown) is raised above first bonding location 114 {as
indicated by the upward arrow) to check height 216 shown in FIG, 2D, At check height
216, wire clamps 104 are closed to be in contact with a portion of wire 106 as shown in
FIG. 2D. Al check height 216 a test is performed to determine if the ball bond is
sufficiently bonded to bonding location 114, If the ball bond was sufficiently bonded to
honding location 114 (e.g., as defermined by an electrical continuity test, where wire
clamps 104 are a portion of a conductive path used to perform the electrical continuity
test) the process would continue to & wire looping process, where bonding tool 162
would eventually be raised to a top of loop {l.e., "TOL") position {e.g., see FIG. 21},
However, because of the NSOP condition that is detected (i.e., because Insufficiently
bonded free air ball 212a’ is not bonded to bond location 114), the inventive automatic
re-bonding process is initiated. Through this process, insufficiently bonded free air ball
2128’ will be re-bonded to bonding location 114 during anothar wire bonding operation
that is automatically performed (2.9., as instructed through computer program
instructions included in a wire bond program). More specifically, at FIG. 2E, bonding
tool 102 descends toward bonding location 114, At some fime just prior to contact
between insufficiently bonded free air ball 2128 and a contact surface of bonding
iocation 114 {or at the time of contact, or just after contact, as desired), wire clamps
104 are opened as shown at FIG. 2F. At FIG. 2F, insufficiently bonded free air ball
2123’ is re-bonded to bonding location 114 to form first bond 212a (see FIG. 2G). This
re-bond process may be performed at the same area of bonding location 114, or an
area offsef from the original area of bonding location 114 may be used. The re-bond
process may be performed using the same bonding parameters used during the original
bonding process shown at FIG. 2B, or one or more of the bonding parameters may be
changed (e.g., changed in a manner set forth in a2 wire bonding program accessibie by

a computer included or connected to the wire bonding machine).

(06018} AL FIG. 2G, bonding tool 102 {and wire clamps 104} is raised above first
bonding location 114 (as indicated by the upward arrow) and stops at check height 216
as shown in FIG, 2H. At check h'eight 216, wire clamps 104 are closed to be in contact
with a portion of wire 106 as shown in FIG. ZH. At check height 216 & test is
performed to determine if the insufficiently bonded free air balil (212a") is sufficiently
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bonded to bonding location 114, Since the ball bond is sufficiently bonded to bonding
ocation 114 in FIG. 2H {e.g., as determined by an electrical continuity test, where wire
clamps 104 are inciuded in the conductive path of an electrical circuit) the process
continues to a wire looping process, where bonding tool 102 is eventually raised to a
top of loop (i.e., "TOL") position (e.g., see FIG. 21}. If the insufficiently bonded free air
ball (212a") was not now sufficiently bonded to bonding location 114 as determined by
the test at FIG. 2H (e.qg., simitar to the situation shown in FIG. 2D), then the re-bond
process may be repeated (with the same or gifferent bonding parameters, at the same
or different area of bonding location 114} and/or an operator may be notified (e.g.,

where the automatic wire bonding machine operation may be interrupted).

o020} Because it was determined that the bali bond was sufficiently bonded to
bonding location 114 in FIG. 2H, the wire loeping process continues with bonding tool
102 raised to TOL position 218 shown in FIG. 2I. Then wire clamps 104 are closed at
TOL position 218 as shown in FIG, 2], and a continuity test may be optionally
performed to confirm that first bond 212a is bonded to first bonding focation 114. After
the test at FIG, 21, bonding tool 102 is moved toward second bonding location 120
(e.g., & lead 120 of a leadframe) as indicated by the downward arrow in FIG. 2K. At
approximately the position shown in FIG. 2K, wire clamps 104 may be opened such
that during the second bond formation shown in FIG, 2L wire clamps 104 are open. In
FIiG. 2M, with wire clamps 104 still open, bonding tool 102 is raised to height 224 {e.g.,
a tail height for forming a wire tall To be used to form & free air ball for a later wire
loop)}, Wire clamps 104 are then ciosed {o be in contact with wire 106 as illustrated in
FIG. 2N, and a continuity test may be performed to confirm that the second bond
formed at FIG, 2N is sufficiently bonded to second bonding location 120, At FIG, 20,
bonding tool 102 has been raised {as indicated by the upward arrow}, with wire clamps
104 still closed, to tear the wire from second bond 212b (e.g., a stitch bond), thereby
separating the now formed wire loop 212 from wire fail 128 extending below tip 102a
of bonding tool 102, Wire loop 212 includes first bordd 2123, second bond 212b, and a
length of wire therebiween

[op2i1] FIGS. 3A-3P illustrate the detection of an NSOL condition and its remedy.
FIG, 3A illustrates parts of wire bonding machine 100 including bonding tool 102 {e.g.,
banding tool 102), wire clamps 104 (in an open position), wire 106, and free air ball
108 having been formed and seated at tip 102a of bonding too! 102, with bonding tool
102 moving towards first bonding location 114 as indicated by the downward arrow,
Wire 106 is continucus with free air ball 108 and extends through bonding tool 162 and

back to a wire supply (e.g., a8 wire spool, not shown} on the wire bonding machine. At
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FIG. 3B, first bond 3123 (e.g., ball bond 312a) is formed on first bonding location 114
{e.g., bond pad 114 of a semiconductor die) with wire clamps 104 in an open position,
At FIG. 3C, bonding tool 102 and wire clamps 104 (still in an open position) are raised
above first bonding location 114 as indicated by the upward arrow (e.g., carried by a
bond head assembly, not shown). In accordance with the present invention, bonding
tool 102 and wire clamps 104 are raised to check height 316 as illustrated in FIG. 3D.
At check height 316, wire clamps 104 are closed about a portion of wire 106 to
complete an electrical circuit and a test is performed to determine if attempted ball
bond 312a is sufficiently bonded to first bonding location 114, As iliustrated, free air
baii 108 has been sufficiently bonded to first bonding location 114, to form a bonded
free air ball 312a (i.e., ball bond 312a). After certain wire looping motions, bonding
tool 162 (with wire clamps 104 in an open position) Is raised to TOL position 318 as
jtustrated in FIG. 3E. As illustrated in FIG. 3F, wire clamps 104 are closed, and then at
FIG. 3G bonding tool 102 moves toward second bond location 120 (e.g., lead 120 of 2
leadframe) as indicated by the downward arrow. Just before contact between a portion
of wire 106 and second bond jocation 120, wire clamps 104 are opened and the portion
of wire 106 is attermpted to be bonded to second bond location 120 as illustrated in FIG.
3H in connection with a bonding operation. As illustrated in FIG. 31, bonding tool 102
is then raised above second bond location 120 (as indicated by the arrow), with wire
clamps 104 in an open position, As illustrated, the portion of wire 106 was not
sufficiently bonded to lead 120. As illustrated in FIG. 33, bonding tool 102 is raised to
tail height 124. Of course, If desired, a height different from tail height 124 may be
utilized. After reaching tail height 124, wire clamps 104 are closed about a2 portion of
wire 106 as shown in FIG. 3K, A test (e.g., an electrical continuity test, where wire
clamps 104 are part of a conductive path of an electrical circuit used to perform the
test) is performed to determine whether the portion of wire 106 was sufficiently bonded
to second bond location 120. As illustrated, a sufficient bond has not been formed {i.e.,
there is an NSOL condition) as detected by the continuity test. Accordingly, an attempt
will be made to re-bond a portion of the wire 106 to second bonding iocation 120 via
another bonding operation. As illustrated in FIG. 3L, bonding tool 162, with wire
clamps 104 in a closed position, is lowered toward second bond jocation 120 as
indicated by the downward arrow. Wire ciamps 104 are opened just before contact
with second bond lecation 120, FIG, 3M iltustrates another bonding operation
attempting to re-bond & portion of wire 106 to second bonding focation 120. This re-
bond process may be performed at the same area of second bonding location 120, or
an area offset from the original area of second bonding location 120 may be used. The

re-bond process may be performed using the same bonding parameters used during the
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originai bonding process shown at FIG. 3H, or one or more of the bonding parameters
may be changed (e.g., changed in a manner set forth in a wire bonding program
accessible by a computer included or connected to the wire bonding machine).

[o0z2] As Hustrated in FIG, 3N, bonding tool 102 has been raised towards tail
height 324 (with wire clamps 104 in an open position). Upon reaching tail height 324
wire clamps 104 are closed as shown at FIG, 30, and a test (e.g., the previosuly
described electrical continuity test) is performed to determine if the re-bond/bond
pracess has provided a sufficient connaction between the portion of wire 106 and
second bonding location 120, If the re-bond process is not successful, then a
subseguent re-bond may be attempted, or the wire bonding program may be
interrupted for operator assistance. However, as illustrated in FIG. 30, the re-bond
was successful and a desirable second bond has been formed. At FIG. 3P, bonding tool
102 is further raised as indicated by the upward arrow {(as carried by the bond head
assembly, with wire clamps 104 in a closed pesition) to tear the wire from stitch bond
312b, thereby separating the now formed wire loop 312 from wire tail 128 extending
below tip 102a of bonding tool 102. Wire loop 312 includes first bond 312a, second
bond 312b, and a length of wire therabtwean.

fo023] FIGS. 4A-4L relate to the detection of an NSOP condition during
formation of 2 conductive bump in accordance with an exemplary embodiment of the
present invention. FIG. 4A illustrates parts of a wire bonding machine 100 inciuding
bonding tool 102 (e.q., capillary 102), wire clamps 104 {in an open position), wire 106,
and free air ball 108 having been formed and seated at tip 102a of bonding tool 102,
with bonding tool 102 moving towards bonding location 114 (e.q., a die pad 114 of &
semiconductor dig) as indicated by the arrow. Wire 106 is continuous with free air ball
108 and extends through bonding tool 102 and back to a wire supply (e.g., a wire
spool, not shown) on the wire bonding machine, At FIG. 48, a bonding operation is
performed (e.qg., with wire clamps 104 opened) in an attempt to form a bond between
free air ball 108 and bonding location 114. AL FIG. 4C, bonding tool 102 and wire
clamps 104 (still in an open position) are raised above first bonding location 114 as
indicated by the arrow. However, as iliustrated in FIGS. 48-4C, attempted ball bond
412a’ did not sufficiently bond/stick to bonding location 114 as determined by, for
example, an electrical continuity test (e.qg., where wire clamps 1064 are included in the
conductive path used in the electrical continuity test). In accordance with the present
invention, bonding tool 102 and wire clamps 104 are raised to tail height 424 (or
ancther height, as desired) as iliustrated in FIG. 4D, At tail height 424, wire clamps

104 are closed about & porticn of wire 106 to complete an electrical circuit and a test is
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performed to determine if attempted ball bond 412a' is sufficiently bonded to bonding .
iocation 114. However, and as illustrated in FIG. 4D, at tall height 424 a sufficient
connection is not detected between attempted bonded free air ball 412a’ and bonding
location 114 (an NSOP condition exists). That is, for example, in an electrical
continyity test, a compieted electrical circuit (wherein a portion of the conductive path
of the circuit is between closed wire clamps 104 and bonding location 114) is not
detected. Accordingly, attempted bail bond 412a" will be re-bonded to first bonding
location 114 through another bonding operation. As iliustrated in FIG. 4E, bonding tool
102, with wire clamps 104 open, is lowered towards bonding location 114 as indicated
by the arrow, and FIG. 4F illustrates attempted ball bond 412a’ being re-bonded to
ponding location 114 to form ball bond 412a (sufficiently bonded free air ball 412a}.
This re-bond progess may be parformed at the same area of bonding location 114 {i.e.,
the same as in FIG. 4B), or an area offset from the original area of bonding location
114 may be used. The re-bond process may be parformed using the same bonding
parameters used during the original bonding process shown at FIG, 4B, or one or more
of the bonding parameters may be changed (e.g., changed in a manner set forth in a
wire bonding program accessible by a computer included or connected fo the wire
bonding machine}.

0024} As illustrated in FIG. 4G, bonding tool 102 is again raised towards tail
height 424 {with open clamps 104), as indicated by the arrow, to determine if the re-
bond process has provided a sufficient connection between attempted bali bond 412a’
and bonding location 114 (i.e., if ball bond 412a is sufficiently bonded). FIG. 4H
illustrates bonding tool 162 at tail height 424 with clamps 104 in a closed position
about a portion of wire 106, Another test may be performed to determine whether
there i5 & sufficient bond/connection between ball bond 412a and bonding location 114.
As illustrated in FIG. 4H, such a test would be successful, as bonded free air ball 412a
is sufficently bonded to bonding location 114, If the test was not successful (i.e., if
honded free air ball 412a was not sufficently bonded to bonding location 114}, then the
re-bond process may be repeated {with the same or different bonding parameters, at
the same or different area of bonding location 114) and/or an operator rmay be notified

{e.g., where the automatic wire bonding machine operation may be interrupted).

[oa25] Since the test was successful, the process then continues to FIG. 41
where bonding tool 102 has been lowered to smoothing height 430, and an optional
bump smoothing process is performed at FIG. 4] (e.g., as indicated by the arrow
diractad to the right). At FIG. 4K, bonding tool 102 has been raised (carried by the
bond head assembly) to tail height 424, At FIG. 4L, with wire clamps 104 still closed,
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bonding tool 102 is further raised (as indicated by the upward arrow) to tear the wire
proximate conductive bump 436, thereby separating now formed conductive bump 436
(i.e., bonded free air bal! 108) from wire tail 428 extending below tip 102a of bonding
tool 102, Of course, if no bump smoothing was performed, steps shown at FIGS. 4],
4], and 4K may be omitted.

[oo26] As wili be appreciated by those skilied in the art, in certain applications it
may be desirable tc make an adjustment to account for the length of wire that has
been payed out in connection with re-bonding processes,

[ea271 Although the present invention has been described primarily with respect
to simple wire loops and conductive bumps, it is not limited thereto. For example, the
methods disciosed herein also have applicability to reverse bonding operations (e.g.,
stand-off stitch bump operations, SSB operations) and more complex wire loops (e.g.,
wire ioops inciuding rmore than two bonded portions, muiti-tiered bonding, cascade
bonding, stacked-die bending, etc.).

(D028 Although the present invention has been described primarily with respect
to ball bonding, it is not limited thereto. The present invention has applicability to

other forms of wire bonding such as wedge bonding.

foce29] Although the present invention has been illustrated as independent
methods for NSOP detection and rework (e.g., FIG. 1) and NSOL detection and rework
(e.g., FiG. 2}, it is understood that both technigues may be combined in a single wire
bonding operation where each of the first bond and second bend are checked, and re-~
bonded, as needed,

Jo030] Although the invention is iliustrated and described herein with reference
to specific embodiments, the inventlon is not intended to be limited to the detalls
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.
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What is claimed:

1. A method of performing a wire bonding operation, the method comprising the
steps of

(a) performing a wire bonding operation between a portion of wire and a bonding

location using a bonding tool;

(b} raising the bonding fool to a desired height with the portion of wire being in contact
with the bonding location;

{c) determining that the portion of wire in contact with the bonding location is not
sufficiently bonded to the bonding location; and

(d} automatically performing another wire bonding operation between the portion of wire
and the bonding location using the bonding tool after step {¢).

2. The method of claim 1 wherein the portion of wire is included in a first bond of

2 wire loop.

3. The method of claim 1 wherein the portion of wire is included in a second bond
of a wire loop.

4. The method of ciaim 1 wherein the portion of wire is a free air ball configured
to be formed inio a conductive bump.

5. The method of claim 1 whersin step {c¢} includes performing an electrical
continuity test between the portion of wire and the bonding location.

6. The method of claim 5 wherein wire clamps of a wire bonding machine are
closed during the elecirical continuity test, the wire clamps being a portion of a
conductive path used to perform the elecirical continuity test.

7. The method of claim 1 whersin step (d} is performed automatically using

computer program instructions accessible from a wire bonding machine.
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8. The method of claim 1 wherein step (d) is performed automatically using

computer program instructions instalied on a computer of a wire bohding machine.

5. The method of claim 1 where step (d} is performed without operafor
intervention.

10. The method of ¢iaim 1 wherein the wire bonding operation is configured o be
performed on a wire bonding machine, and the wire bonding machine is configured to
execute a wire bonding program controlled by a computer, and steps (a)-(d) are included
in the wire bonding program such that the re-bonding in step (d) is performed without
interrupting the wire bonding program.

11. The method of claim 1 wherein step {d) is performed using identical bonding
parameters used during the bonding operation of step (a).

12. The method of claim 1 wherein step {d) is performed using at least one
different bonding parameter from bonding parameters used during the bonding operation
of step (a).

13. The method of claim 1 further comprising the step of {&) performing another
test to determine if the portion of wire is sufficiently re-bonded to the bonding location
after step (d).

14. The method of claim 13 further comprising the step of {f) alerting an operator
if, during step (e), it is determined that the portion of wire was not sufficiently re-bonded
{o the bonding location.

15. The method of claim 1 wherein step (c) is performed such that the portion of

wire is continuous with a wire supply of a wire bonding machine.

16. The method of claim 1 wherein the method is performed on a ball bonding
machine,

17. The method of claim 1 wherein the method is performed on a wedge bonding
machine,
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- 18. A method of forming a wire loop, the method comprising the steps of:

' (a) performing a bonding opearation between a free air ball formed from a wire and a first
bonding iocation using a bonding tool;

(b} raising the bonding tool to a desired height with the portion of wire being in contact
with the bonding location;

(c) determining that the wire with the free air ball in contact with the bonding location is
not sufficiently bonded to the first bonding location; and

{d) automatically performing another bonding operation batween the free air ball and the
first bonding tocation after step {c).

19. A method of forming a wire loop, the method comprising the steps of:
(a) forming a first bond of wire at a first bonding location using a bonding tool;
{b) extending a length of wire, continuous with the first bond, to a second bond location;

{c} performing a bonding operation between a portion of the length of wire and the
second bonding location using the bonding tool;

{d) raising the bonding tool to a desired height with the portion of wire baing in contact
with the bonding location;

{e) determining that the portion of the length of wire in contact with the bonding location
is not sufficiently bonded to the second bonding location; and

{f) automatically performing another bonding operation between the portion of the length
of wire and the second banding location after step (c).

20. A method of forming a conductive bump, the method comprising the steps of:

{a) performing a bonding operation between a free air ball formed from a wire to a
bonding location using a bonding tool;
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{b) raising the bonding tool to a desired height with the portion of wire being in contact
with the bonding location;

{c) determining that the wire with the free air ball in contact with the bonding location is
not sufficiently bonded to the bonding location; and

(d} automatically performing another bonding operation between the free alr ball and the
bonding location after step (¢).



