Method of detecting wire bonding failures

Field of this invention
This invention relates to a method of detecting wire bonding failures during semiconductor

device fabrication.

Background of the invention

Semiconductor device fabrication involves many processes including wire bonding
processes, in which electrical connections are formed between a semiconductor die (e.g.
an integrated circuit die) and a substrate (e.g. a lead frame) to which the semiconductor die
is bonded. In conventional wire bonding processes, a free air ball is first formed at one end
of a wire before bonding the free air ball to the semiconductor die via ball bonding. Another
wire bond (e.g. a wedge bond) is then formed between the wire and the substrate (e.g. a
lead frame) to form an electrical connection between the semiconductor die and the
substrate. Thereafter, the wire is clamped before being pulled in a direction away from

substrate to detach the wire at the location of the wedge bond.

A non-stick-on-lead (‘NSOL") bonding failure occurs if the wire is not properly bonded to the
substrate via the wedge bond. In the case of conductive semiconductor dies, NSOL
bonding failure can be detected via an electrical circuit as shown in FIG. 1. After a wire 100
from a wire spool (not shown) is detached from an electrical connection between a
semiconductor die 106 and a substrate 104 at a location of a wedge bond 102, a tail wire
105 will be formed together with an open electrical circuit between the tail wire 105 and the
substrate 104. As the tail wire 105 is at a higher relative electrical potential than the
substrate 104 (which is grounded), detection of the higher electrical potential of the tail wire
105 relative to the conductive semiconductor die 106 means that the wire 100 has been
successfully detached from the wedge bond 102, and accordingly, that NSOL bonding
failure has not occurred. However, if the wire 100 is not successfully detached from the
wedge bond 102 due to bonding failure of the wedge bond 102, the electrical potential of
the wire 100 would be at an electrical potential that is comparable to the electrical ground
potential of the substrate 104, because the semiconductor die 106 (to which the wire 100 is
connected) is conductive. Therefore, detection of the lower electrical potential of the tail
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wire 105 relative to the conductive semiconductor die 106 means that NSOL bonding
failure had occurred during wire bonding.

However, the aforesaid method of detecting NSOL bonding failure is applicable only to
conductive semiconductor dies and not to non-conductive semiconductor dies. Therefore, it
is an object of the present invention to seek to provide methods of detecting bonding failure
that applies, particularly but not exclusively, to non-conductive semiconductor dies, and/or

to provide the general public with a useful choice.

Summary of the invention

A first aspect of the invention is defined in claim 1.
A second aspect of the invention is defined in claim 16.

Some optional steps/features of the different aspects of the invention have been defined in

the dependent claims.

Brief description of the drawings
Preferred embodiments of the invention will now be described, by way of example only,

with reference to the accompanying drawings, of which:

FIG. 1 shows a conventional method of detecting NSOL bonding failure;

FIG. 2 shows a wire bonder that is capable of detecting NSOL bonding failure;

FIGs. 3a and 3b show an initialization process of the wire bonder of FIG. 2;

FIGs. 4a to 4e show an operation of the wire bander of FIG. 2 according to a first preferred
embodiment of the invention;

FIG. 5 is a flow chart setting out the operational steps of FIGs. 4a to 4e;

FiGs. 6a to 6¢ show the wire bonder of FIG. 2 comprising a piezoelectric sensor;

FIGs. 7a to 7c show an operation of the wire bonder of FIG. 2 according to a second
preferred embodiment of the invention; and

FIG. 8 is a flow chart setting out the operational steps of FIGs. 7a to 7c.



Detailed description of the preferred embodiments

FIG. 2 shows a wire bonder 200 that is capable of detecting NSOL bonding failure
according to a preferred embodiment of the invention. The wire bonder 200 comprises a
bond head 202 connected to an XY table 204, which is in turn connected to a control
device (shown as a personal computer 222) that controls the various parts of the wire
bonder 200 during operation. A bonding tool {shown as a capillary 206), together with an
ultrasonic transducer 208 and an ultrasonic horn 209, is connected to the bond head 202
via a bond arm 210 that extends from the bond head 202. A bonding wire 212 (e.g. Copper
or Gold wire) from a wire spool 214 is introduced through a wire clamp 207 and the
capillary 206. The wire bonder 200 also comprises a top plate 216 for supporting a
substrate (shown as a lead frame 218) to which semiconductor dies {e.g. LED dies) are
bonded. The top plate 216 is supported on a fixed table 220, which is also connected to the
personal computer 222. During wire bonding, the ultrasonic transducer 208 transmits
ultrasonic energy via the ultrasonic horn 209 to the capillary 206 when bonding the bonding
wire 212 either to the semiconductor dies or to the lead frame 218 at a bottom tip 216a of
the capillary 206. The motion of the capillary 206 on an XY-plane during wire bonding is
controlled by the XY table 204. Although not shown in FIG. 2, it should be noted that the
capillary 206 is further driven by an actuator along a vertical Z-axis.

The wire bonder 200 is first initialised before it is ready to detect NSOL bonding failure.
Initialisation of the wire bonder 200 includes determining a normal tail length 300 of the
bonding wire 212 — i.e. the length of the bonding wire 212 measured between a free end of
its tail and the bottom tip 206a of the capillary 206, as shown in FIG. 3a. For instance, the
normal tail length 300 of the bonding wire 212 may be determined to be 150 microns. Once
the normal tail length 300 of the bonding wire 212 is determined, a normal position 302 of
the bottom tip 206a of the capillary 206 can then be determined. Specifically, and as shown
in FIG. 3b, the normal position 302 of the bottom tip 206a of the capillary 206 is its Z-
position (or height) with respect to an upper surface 218a of the lead frame 218, in
accordance with the normal tail length 300 of the bonding wire 212. This means that if the
normal tail length 300 of the bonding wire 212 is 150 microns, the normal position 302 of
the bottom capillary tip 206a would then be spaced at a distance of 150 microns from the
upper surface 218a of the lead frame 218. Of course, it should be appreciated that the
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normal tail length 300 of the bonding wire 212 may be of other lengths besides 150

micrans.

An operation of the wire bonder 200 that detects NSOL bonding failure according to a first
preferred embodiment of the invention will now be described with reference to FIGs. 4a to
de.

First, the wire bonder 200 forms a first wire bond (shown as a balt bond 320) on a first
surface 322 located on a semiconductor die 324 using the capillary 206 and the bonding
wire 212. Thereafter, the wire bonder 200 forms a second wire bond {(shown as a wedge
bond 401) on the upper surface 218a of the lead frame 218 using the capillary 206 and the
bonding wire 212 such that a wire loop 326 connects the ball bond 320 and the wedge
bond 401. it should be noted that the first surface 322 of the semiconductor die 324 is not
electrically-conductive. After the wire bonder 200 has performed wire bonding (e.g. wedge
bonding} of the bonding wire 212 onto the lead frame 218, the capillary 206 is moved in a
direction away from the wedge bond 401 such that the bottom tip 206a of the capillary is
positioned at the predetermined normal position 302, as shown in FIG. 4a. It should be
noted that before the capillary 206 moves away from the wedge bond 401, the wire clamp
207 is opened to prevent any tension that might break the bonding wire 212 from the
wedge bond 401 prematurely. Once the bottom tip 206a of the capillary 206 is positioned at
its predetermined normal position 302 relative to the upper surface 218a of the lead frame
218, the wire clamp 207 is then closed to exert a gripping force on the bonding wire 212 in
order to pull the bonding wire 212 away from the wedge bond 401.

FIG. 4b shows the capillary 206 being moved further away from the wedge bond 401 by a
tail break height 400 upwards along the Z-axis and also sideways along the X-axis together
with the wire clamp 207 by a tail break distance 402 in order to pull the bonding wire 212
away from the wedge bond 401. This creates a tension that should break and separate the
bonding wire 212 from the wedge bond 401 to form a tail wire 404 of a length substantially
similar to the normal tail length 300. The wedge bond 401, however, would remain bonded
to the lead frame 218. In particular, the sideways motion of the capillary 206 along the X-
axis by the tail break distance 402 causes the tail wire 404 to bend (or incline) with respect
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to the Z-axis. By doing so, the variation in the angle of inclination of the different tail wires
404 relative to the Z-axis may advantageously be smaller than the case in which the
bonding wire 212 breaks from the wedge bond 401 simply by moving the capillary 206
away from the lead frame 218 by the tail break height 400 upwards along the Z-axis.
Nevertheless, it should be appreciated that the wire bonder 200 may be configured to
move the capillary 206 away from the wedge bond 401 along the Z-axis by the tail break
height 400, without additionally moving the capillary 206 sideward along the X-axis by the
tail break distance 402.

However, upon an occurrence of NSOL bonding failure, as shown in FIG. 4c, the bonding
wire 212 does not break from the wedge bond 401, which instead detaches from the lead
frame 218. Accordingly, no tail wire is formed. The formation of the tail wire 404 of a length
corresponding to the normal tail length 300 in the absence of NSOL bonding failure, and
the non-formation of the tail wire 404 in the presence of NSOL bonding failure, thus means
that NSOL bonding failure can be detected by determining a position of the bottom tip 206a
of the capillary 206 when the tip of the tail wire 404 (or the bonding wire 212) just contacts
the upper surface 218a of the lead frame 218.

FIGs. 4d and 4e show that this is performed by moving the capillary 206 downwards along
the Z-axis towards the lead frame 218, and detecting the position of the bottom capillary tip
206 when an electrical connection occurs between the tail wire 404 (or the bonding wire
212) and the upper surface 218a of the lead frame 218. Specifically, FIG. 4d shows the
detected position 410 of the bottom tip 206a of the capillary 206 corresponding to its
predetermined normal position 302, which indicates the absence of NSOL bonding failure.
On the other hand, FIG. 4e shows the detected position 412 of the bottom tip 206a of the
capillary 206 not corresponding to its predetermined normal position 302, which indicates
the presence of NSOL bonding failure.

It should be appreciated that the position of the boitom tip 206a of the capillary 206, in
cases whereby NSOL bonding failure is absent, may not necessarily correspond exactly to
the predetermined normal position 302 of the bottom tip 206a of the capillary 206, but

would be within a tolerance range of the same. For instance, the tolerance range may be
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within +/-20% of the predetermined Z-position (or height) of the bottom tip 206a of the
capillary 206 relative to the upper surface 218a of the lead frame 218. Alternatively, the
tolerance range may be within +/-10% or +/-5% of the predetermined normal position 302
of the bottom tip 206a of the capillary 206.

FIG. 5 is a flow chart 500 setting out the steps undertaken by the wire bonder 200 to detect
NSOL bonding failure according to the first preferred embodiment of the invention.

First, the wire bonder 200 bonds the bonding wire 212 to the lead frame 218 via the bottom
capillary tip 206a to form a wire bond (step 502). Next, the wire bonder 200 moves the
bottom tip 206a of the capillary 206 in a direction away from the lead frame 218 to its
predetermined normal position 302, to produce a length of bonding wire 212 between the
wire bond and the bottom tip 208a of the capillary 206 (step 504). Thereafter, the wire
bonder 200 clamps the bonding wire 212 using the wire clamp 207 and moves the capillary
206 further away from the lead frame 218 by the tail break height 400 and the tail break
distance 402, so that the bonding wire 212 breaks from the wire bond where there is no
NSOL bonding failure to form the tail wire 404 extending from the bottom tip 206a of the
capillary 206 (step 506). Subsequently, the wire bonder 200 moves the bottom tip 206a of
the capillary 206 towards the lead frame 218 whilst detecting a position of the bottom
capillary tip 206a at which an electrical connection occurs between the wire and the lead
frame 218 (step 508). The wire bonder 200 then compares the detected position of the
bottom tip 206a of the capillary 206 against its predetermined normal position 302 (step
510). Based on the comparison, the wire bonder 200 finally determines whether there is
NSOL bonding failure (step 512) - if there is no NSOL bonding failure, the detected position
of the bottom capillary tip 206a corresponds to its predetermined normal position 302, and
if there is NSOL bonding failure, the detected position of the bottom tip 206a of the capillary
206 does not correspond or is different from its predetermined normal position 302.

It should be appreciated that the wire bonder 200 is controlled by the personal computer
222 to perform the aforesaid steps as illustrated in the flow chart 600. Advantageousiy, the
aforesaid method of detecting the NSOL bonding failure according to this embodiment of

the invention is applicable to non-conductive semiconductor dies.
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The method of detecting an NSOL bonding failure according to a second preferred
embodiment of the invention will now be described with reference to the wire bonder 200,
illustrated in FIG. 6a.

FIG. 6a shows the wire bonder 200 having a force sensor (shown as a piezeoelectric
sensor 600) arranged between the ultrasonic transducer 208 and the bond arm 210, and
fixed in position by a screw 602. Specifically, the piezeoelectric sensor 600 is operative to
measure a force exerted by the ultrasonic transducer 208 along the X-axis on the
piezeoelectric sensor 600, based on the piezoelectric effect that converts the force to
electrical current. In particular, the piezoelectric sensor 600 operates such that the amount
of electrical current produced along an X-axis is proportional to the force applied along the

X-axis.

In order to calibrate the piezeoelectric sensor 600, a preloaded force acting on the
piezeoelectric sensor 600 along the X-axis towards the bond arm 210 is first measured, as
shown in FIG. 6b. This preloaded force is measured in the absence of external forces
acting on the capillary 208, the ultrasonic transducer 208, and/or the ultrasonic horn 209
that will affect the force that acts on the piezeoelectric sensor 600 along the X-axis towards
the bond arm 210. The measured preloaded force is then stored in the wire bonder 200, for

example by the personal computer 222.

Next, a loading force acting on the piezeoelectric sensor 600 along the same X-axis is then
measured, as shown in FIG. 6¢. This loading force is the force based on the external forces
acting on the capillary 208, the ultrasonic transducer 208, and/or the ultrasonic horn 209
after the bonding wire 212 is successfully broken from the wedge bond 401 between the
bonding wire 212 and the lead frame 218 — which indicates an absence of NSOL bonding
failure. The measured preloaded force is also stored in the wire bonder 200, for example
by the personal computer 222. Alternatively, the difference in value between the preloaded
and loading forces may be derived by the personal computer 222 and stored therein.



An operation of the wire bonder 200 that detects NSOL bonding failure according to this
second preferred embodiment of the invention will now be described with reference to FIGs.
7ato 7c.

First, the wire bonder 200 forms a first wire bond (shown as a ball bond 320) on a first
surface 322 located on a semiconductor die 324 using the capillary 206 and the bonding
wire 212. Thereafter, the wire bonder 200 forms a second wire bond (shown as a wedge
bond 401) on the upper surface 218a of the lead frame 218 using the capillary 206 and the
bonding wire 212 such that a wire loop 326 connects the ball bond 320 and the wedge
bond 401. It should be noted that it is not necessary in this case for the first surface 322 of
the semiconductor die 324 to be electrically-conductive. After the wire bonder 200 has
performed wire bonding (e.g. wedge bonding} between the bonding wire 212 and the lead
frame 218, the capillary 206 is moved in a direction away from the wedge bond 401 such
that the bottom tip 206a of the capiilary 206 is positioned at the predetermined normal
position 302, as shown in FIG. 7a. It should be noted that before the capillary 206 moves
away from the wedge bond 401, the wire clamp 207 is opened to prevent any tension that
might break the bonding wire 212 from the wedge bond 401. Once the bottom tip 206a of
the capillary 206 is positioned at its predetermined normal position 302 that is relative to
the upper surface 218a of the lead frame 218, the wire clamp 207 is then closed to exert a
gripping force on the bonding wire 212 in order to puli the bonding wire 212 away from the
wedge bond 401.

FIG. 7b shows the capillary 206 being moved further away from the wedge bond 401 by a
tail break height 400 upwards along the Z-axis and also sideward along the X-axis together
with the wire clamp 207 by a tail break distance 402 in order to pull the bonding wire 212
away from the wedge bond 401. This creates a tension that should break the bonding wire
212 from the wedge bond 401 to form a tail wire 404 of a length corresponding to the
normal tail length 300. The wedge bond 401, however, would remain bonded to the lead
frame 218. In particular, the motion of the capillary 206 along the X-axis by the tail break
distance 402 causes the tail wire 404 to bend (or incline) with respect to the Z-axis. In the
way, the variation in the angle of inclination of the different tail wires 404 relative to the Z-
axis may advantageously be smaller than the case in which the bonding wire 212 breaks
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from the wedge bond 401 simply by moving the capiilary 206 away from the lead frame 218
by the tail break height 400 upwards along the Z-axis. Nevertheless, it should be
appreciated that the wire bonder 200 may be configured to move the capillary 206 away
from the wedge bond 401 along the Z-axis by the tail break height 400, without additionally
moving the capillary 206 sideward along the X-axis by the tail break distance 402.

As shown in FIG. 7b, the bonding wire 212 is successfully broken from the wedge bond
401. In this case, the force as measured by the piezoelectric sensor 600 based on the
external forces acting on the capillary 206, the ultrasonic transducer 208, and/or the
ultrasonic horn 209 along the X-axis would correspond to the loaded force that was
previously derived. Alternatively, the difference between the values of the measured and
preloaded forces would correspond to the difference between the values of the previously-

derived loaded and preloaded forces.

However, in a presence of NSOL bonding failure, the bonding wire 212 does not break
from the wedge bond 401 which instead detaches from the lead frame 218, as shown in
FIG. 7c. Accordingly, no tail wire is formed. This means that the force as measured by the
piezoelectric sensor 600 along the X-axis based on the external forces acting on the
capillary 206, the ultrasonic transducer 208, and/or the ultrasonic horn 209 wouid not
correspond to the loading force that was previously derived. In this case, the force as
measured by the piezoelectric sensor 600 would be larger than the predetermined loaded
force. Alternatively, the difference between the values of the measured force and the
preloaded force would not correspond to the difference between the values of the

previously-derived loading and preloaded forces.

Again, it should be appreciated that the force as measured by the piezoelectric sensor 600,
in cases whereby the NSOL bonding failure is absent, may not necessarily correspond
exactly to the previously-derived loading force, but would be within a tolerance range of the
same. For instance, the tolerance range may be within +/-20% of the loading force that was
previously derived. Alternatively, the tolerance range may be within +/-10% or +/-5% of the

loading force.



Yet alternatively, in the absence of NSOL bonding failure, the force as measured by the
piezoelectric sensor 600 after the capillary 206 has moved by the tail break height may be
less than a predetermined reference force, whereas in the presence of NSOL bonding
failure, the force as measured by the piezoelectric sensor 600 would be greater than the
predetermined reference force. Such a predetermined reference force may be an average
of a typical force as measured by the piezoelectric sensor 600 when the bonding wire 212
is being tensioned to break away from the wedge bond 401 and a typical force as
measured by the same when the capillary 206 has been moved by the tail break height 400
and the bonding wire 212 has successfully broken from the wedge bond 401 to form the tail
wire 404. Again, such a predetermined reference force may be stored in the personal
computer 222 of the wire bonder 200.

FIG. 8 is a flow chart 800 setting out the steps undertaken by the wire bonder 200 to detect
the NSOL bonding failure according to the second preferred embodiment of the invention.

First, the wire bonder 200 bonds the bonding wire 212 to the lead frame 218 via the bottom
tip 206a of the capillary 206 to form a wire bond (step 802). Next, the wire bonder 200
moves the bottom tip 206a of the capillary 206 in a direction away from the lead frame 218
to its predetermined normal position 302, to produce a length of the bonding wire 212
between the wire bond and the bottom tip 206a of the capillary 206 (step 804). Thereafter,
the wire bonder 200 clamps the bonding wire 212 using the wire clamp 207 and moves the
capillary 206 further away from the lead frame 218, so that the bonding wire 212 breaks
from the wire bond if there is no NSOL bonding failure to form the tail wire 404 extending
from the bottom tip 206a of the capillary 206 (step 806). After the bottom tip 206a of the
capillary 206 has been moved through the tail break height 400 and the tail break distance
402, the piezoelectric sensor 600 measures the force acting on the piezoelectric sensor
600 along the X-axis based on the external forces acting on the capillary 206, the
ultrasonic transducer 208, and/or the ultrasonic horn 209 (step 808), before comparing the
force against the loaded force (or the reference force) that was previously derived or
predetermined (step 810). Based on the comparison, the wire bonder 200 finally
determines an absence or presence of any NSOL bonding failure (step 812).
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It should be appreciated that the wire bonder 200 is controlled by the personal computer

222 to perform the aforesaid steps as set out in the flow chart 800.

Advantageously, the aforesaid method of detecting the NSOL bonding failure according to
the second preferred embodiment of the invention applies to non-conductive
semiconductor dies. It should also be noted that this particular method of detecting NSOL

bonding failure may also apply to conductive semiconductor dies as well.

It should also be appreciated that various embodiments of the invention are also possible
without departing from the scope of the present invention. For instance, the wire bonder
200 may incorporate both the aforesaid methods of detecting NSOL bonding failure based
on the position of the bottom tip 206z of the capillary 206, as well as the measured force of
the piezoelectric sensor 600 to enhance the robustness in NSOL bonding failure detection.
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Claims
1. A method of detecting a bonding failure of a wire bonder, the wire bonder
comprising a bonding tool operative to form an electrical connection between a
semiconductor die and a substrate using a bonding wire, the method comprising the steps
of:

forming a first wire bond on a first surface located on the semiconductor die using
the bonding tool and the bonding wire;

forming a second wire bond on a second surface located on the substrate using the
bonding tool and the bonding wire such that a wire loop connects the first and second wire

bonds, wherein the first surface is not electrically-conductive;
moving the bonding tool in a directicn away from the second wire bond to break the
bonding wire from the second wire bond;
detecting whether the second wire bond remains bonded to the substrate; and
determining an occurrence of the bonding failure if the second wire bond is no

longer bonded to the substrate.

2. The method of claim 1, wherein the step of moving the bonding fool in the direction
away from the second wire bond comprises the step of moving the bonding tool in upward

and sideways directions.

3. The method of claim 1, wherein the step of moving the bonding tool in the direction
away from the second wire bond to break the bonding wire from the second wire bond
comprises the step of positioning the bonding tool at a predetermined position before the

bonding wire is clamped to pull the bonding wire from the second wire bond.

4. The method of claim 3, wherein the predetermined position of the bonding tool is

spaced from the second wire bond.

5. The method of claim 3, wherein the step of detecting whether the second wire bond

remains bonded to the substrate further comprises the steps of:
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moving the bonding tool in a direction towards the substrate whilst detecting a
position of the bonding tool at which an electrical connection occurs between the bonding
wire and the substrate;

comparing the detected position of the bonding tool with the predetermined position
of the bonding tool; and

determining that the second wire bond is no longer bonded to the substrate if the
detected position of the tip of the bonding tool does not substantially correspond to the
predetermined position of the bonding tool.

6. The method of claim 5, wherein the detected paosition of the bonding tool does not
substantially correspond to the predetermined position of the bonding tool if it is outside a
tolerance range of 20% from the predetermined position.

7. The method of claim 5, wherein the detected position of the bonding tool does not
substantially correspond to the predetermined position of the bonding too! if it is outside a

tolerance range of 10% from the predetermined position.

8. The method of claim 5, wherein the detected position of the bonding tool does not
substantially correspond to the predetermined position of the bonding tool if it is outside a

tolerance range of 5% from the predetermined position.

9. The method of claim 1, wherein the step of detecting whether the second wire bond
remains bonded to the substrate comprises the steps of:

measuring a force acting on the bonding tool from the second wire bond using a
force sensor configured to measure one or more external forces acting on the bonding tool;

and
comparing the measured force acting on the bonding tool with a predetermined

force that is expected to act on the bonding tool when the second wire bond remains

bonded to the substrate.
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10.  The method of claim 9, wherein it is determined that the second wire bond is no
longer bonded to the substrate if the measured force does not substantially correspond to

the predetermined force.

11.  The method of claim 10, wherein the measured force does not substantially
correspond to the predetermined force if the measured force is outside a tolerance range of

20% from the predetermined force.

12.  The method of ciaim 10, wherein the measured force does not substantially
correspond to the predetermined force if the measured force is outside a tolerance range of

10% from the predetermined force.

13.  The method of claim 10, wherein the measured force does not substantially
correspond to the predetermined force if the measured force is outside a tolerance range of

5% of the predetermined force.

14.  The method of claim 9, wherein the predetermined focrce is an average of typical
forces as measured by the force sensor when the bonding wire is being tensioned to break
from the second wire bond and when the bonding wire has successfully broken from the

second wire bond.

15. The method of claim 14, wherein it is determined that the second wire bond is no
longer bonded to the substrate if the measured force is substantially less than the

predetermined force.

16. A method of detecting a bonding failure of a wire bonder, the wire bonder
comprising a bonding tool operative to form an electrical connection between a
semiconductor die and a substrate using a bonding wire, and the wire bonder further
comprising a force sensor for measuring a force based on one or more external forces
acting on the bonding tool, the method comprising the steps of:

forming a first wire bond on a first surface located on the semiconductor die using

the bonding tool;
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forming a second wire bond on a second surface located on the substrate using the
bonding tool such that a wire loop connects the first and second wire bonds;

moving the bonding tool in a direction away from the second wire bond to break the
bonding wire from the second wire bond;

detecting whether the second wire bond remains bonded to the substrate by
measuring the force acting on the bonding tool using the force sensor; and

determining an occurrence of the bonding failure if the second wire bond is no

longer bonded to the substrate.

17.  The method of claim 16, wherein the step of detecting whether the second wire
bond remains bonded to the substrate comprises the step of comparing the measured
force acting on the bonding tool with a predetermined force that is expected to act on the

bonding tool when the second wire bond remains bonded to the substrate.

18.  The method of claim 17, wherein the measured force does not substantially
correspond to the predetermined force if the measured force is outside a tolerance range of

20% from the predetermined force.

19.  The method of claim 17, wherein the predetermined force is an average of typical
forces as measured by the force sensor when the bonding wire is being tensioned to break
from the second wire bond and when the bonding wire has successfully broken from the

second wire bond.

20. The method of claim 19, wherein it is determined that the second wire bond is no
longer bonded to the substrate if the measured force is substantially less than the

predetermined force.
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