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(57) ABSTRACT 

A Wire bonding apparatus including a bonding control section 
provided With an electrical non-bonding detector, an optical 
non-bonding detector, and an optical shape detector, Which 
are for detecting non-bonding between a ?rst bonding point 
and a bonding Wire; and When non-bonding is detected by the 
electrical non-bonding detector and non-bonding bonding is 
also detected by the optical non-bonding detector, then the tip 
end of the bonding Wire is reformed by, based on the shape of 
the tip end of the bonding Wire detected by the optical shape 
detector, a ball formation device into a ball of a prescribed 
shape, and rebonding is performed at the ?rst bonding point. 
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WIRE BONDING APPARATUS, RECORD 
MEDIUM STORING BONDING CONTROL 
PROGRAM , AND BONDING METHOD 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a Wire bonding 
apparatus, a bonding control program, and a bonding method 
for performing recovery processing after detecting non-bond 
mg. 
[0002] One of the assembly processes for semiconductors 
such as ICs (integrated circuits) is a Wire bonding process for 
connecting betWeen a semiconductor chip and a lead frame 
With Wires. 
[0003] In a typical Wire bonding process, as seen from FIG. 
15, pads 3 (?rst bonding points) of a semiconductor chip 2 
and leads 4 (second bonding points) of a lead frame 15, both 
on a Work 14, are connected by Wires 12. FIG. 12 shoWs a 
structure of a conventional Wire bonding apparatus, FIG. 13 is 
a ?owchart of the bonding steps taken in this Wire bonding 
apparatus, and FIG. 14 shoWs the bonding steps in conven 
tional bonding process. This conventional Wire bonding appa 
ratus and process Will be described beloW With reference to 
FIGS. 12 to 15. 

[0004] In the Wire bonding apparatus 100, as shoWn in FIG. 
12, a bonding head 19 is set up on an XY table 20; and a 
bonding arm 13, moved in a Z direction by a motor, is pro 
vided on the bonding head 19; and in addition, a capillary 16 
is attached to the tip end of the bonding arm 13. 
[0005] The XY table 20 and the bonding head 19 make a 
moving mechanism 18. The moving mechanism 18, by the 
XY table 20, moves the bonding head 19 to any position in a 
horiZontal plane (in the XY plane), and, by moving the bond 
ing arm 13 attached thereto in the Z direction, the capillary 16 
at the tip end of the bonding arm 13 is moved freely in the 
XYZ directions. A Wire 12 is made to pass through the tip end 
ofthe bonding arm 13. The Wire 12 is Wound on a spool 11. To 
the Wire 12 Wound on the spool 11, an electrical conduction 
state acquisition device 22 is connected so as to acquire the 
electrical conduction state betWeen the Wire 12 and the Work 
14 by applying to and measuring electric current or electric 
voltage betWeen the Wire 12 and the Work 14. To the bonding 
head 19, a clamper 17, that moves in the Z direction together 
With the capillary 16 and secures the Wire 12, is attached so 
that it can acquisition device 22. The acquired data are input 
to the control section 30 via the electrical conduction state 
acquisition device interface 42 (step S904 in FIG. 13, step (c) 
in FIG. 14). When the bonding to the pad 3 (?rst bonding 
point) is successful and bonding has been performed Well, 
then an electric current is made to How from the Wire 12 to the 
Work 14 in step (c). 

[0006] (5) In the case of non-bonding (in the case that 
Wire 12 is not bonded to the Work 14), no ?rst bond 6 is 
formed on the pad 3 (?rst bonding point), and the cap 
illary 16 Will ascend and move With the Wire 12 at the tip 
end of the capillary 16 not connected to the pad 3 (?rst 
bonding point); as a result, no current Will ?oW from the 
Wire 12 to the Work 14. It is thereby made possible to 
detect Wire non-bonding. Acquired data on the electrical 
conduction state betWeen the Wire 12 and the Work 14 
are processed in the electrical non-bonding detection 
step by the control section 3 0, and Whether non-bonding 
has occurred is determined (step S905 in FIG. 13, step 
(c') in FIG. 14) (see Japanese Patent Application Unex 
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amined Publication Disclosure Nos. H2 (1 990)-298874 
and H7 (l995)-94545, for instance). 

[0007] (6) When it is determined in the electrical non 
bonding detection step that non-bonding has occurred, 
the capillary 16 continues as before to move to a lead 4 

(second bonding point), bonding is performed at the lead 
4 (second bonding point), and, after causing the capil 
lary 16 to ascend, the Wire 12 is cut (steps S906 to S908 
in FIG. 13). No electrical conduction state acquisition is, 
hoWever, made for detecting a no-tail or lead non-bond 
ing at the lead 4 (second bonding point). 

[0008] (7) When Wire cutting is ?nished, error process 
ing is effected by a pad 3 (?rst bonding point) non 
bonding signal, and the Wire bonding apparatus 100 is 
stopped (step S909 in FIG. 13). 

[0009] (8) MeanWhile, after bonding to the pad 3 (?rst 
bonding point), the moving mechanism 18 moves the 
capillary 16 to the lead 4 (second bonding point) and 
performs bonding at the lead 4 (second bonding point). 
If it is determined in the electrical non-bonding detec 
tion step that the pad 3 is not non-bonding (bonding on 
the pad 3 is successful), then When the capillary 16 is 
made to ascend thereafter, a current is made to How from 
the Wire 12 to the Work 14 by the electrical conduction 
state acquisition device 22, and the electrical conduction 
state is acquired by the electrical conduction state acqui 
sition device 22. When freely open and close. To the 
bonding head 19, moreover, a position detection camera 
128 for verifying the position of the semiconductor chip 
2 is attached. Also, in the vicinity of the tip end of the 
Wire 12, a ball formation device 26 (called electric torch 
or electric ?ame off probe) is attached for effecting 
electrical discharges betWeen the Wire 12 and forming a 
ball 5 at the tip end of the Wire 12. The position detection 
camera 128 is connected to a position detection camera 
interface 140, the electrical conduction state acquisition 
device 22 is connected to an electrical conduction state 
acquisition device interface 42, the moving mechanism 
18 is connected to a moving mechanism interface 44, 
and the ball formation device 26 (electric torch) are 
connected to a ball formation device interface 46. Each 
interface is in turn connected via a data bus 32 to a 
control section 30 Within a computer 31 for controlling 
the Wire bonding apparatus. To the data bus 32, further 
more, a memory unit 34 is connected for storing control 
data. The above-described Wire bonding apparatus is 
disclosed in, for instance, Japanese Patent Application 
Unexamined Publication Disclosure No. 2003-163243. 

[0010] The Wire bonding apparatus 100 is controlled by the 
computer 31 and performs Wire bonding With the folloWing 
steps. 

[0011] (l) The tip end ofa Wire 12 is formed into a ball 5 
by the ball formation device 26, the position of the 
semiconductor chip 2 is detected by the position detec 
tion camera 128, and the capillary 16 is moved over a pad 
3 (?rst bonding point) by the moving mechanism 18 
(step S901 in FIG. 13, step (a) in FIG. 14). 

[0012] (2) The capillary 16 is then caused to descend, 
and bonding is performed on the pad 3 (?rst bonding 
point) (step S902 in FIG. 13, step (b) in FIG. 14). The 
ball 5 is pressure-bonded on the pad 3 (?rst bonding 
point), so that a ?rst bond portion 6 (pressure bonded 
ball) is formed. 
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[0013] (3) The moving mechanism 18 causes the capil 
lary 16 to ascend from the pad 3 (?rst bonding point) and 
then moves the capillary 16 laterally (step S903 in FIG. 
13, step (c) in FIG. 14). 

[0014] (4) During the movement of the capillary 16, an 
electric current is made to How from the Wire 12 to the 
Work 14 by the electrical conduction state acquisition 
device 22, and the electrical conduction state at that time 
is acquired by the electrical conduction state bonding to 
the lead 4 (second bonding point) is successful, and a tail 
Wire 8 is formed properly at the tip end of the capillary 
16, a current is able to How from the Wire 12 to the Work 
14. Conversely, if the Wire 12 is accidentally cut While 
the capillary 16 is ascending, the current from the Wire 
12 to the Work 14 Will cease to How. It is thus possible to 
detect Whether or not the tail Wire 8 is a no-tail in Which 
the tail Wire 8 fails to attain a prescribed length. 
Acquired data are input to the control section 30 via the 
electrical conduction state acquisition device interface 
42 (steps S911 and S912 in FIG. 13, step (d) in FIG. 14 
to steps (e) and (e')). 

[0015] (9) After the bonding to the lead 4 (second bond 
ing point), the clamper 17 closes and ascends together 
With the capillary 16; and, as a result, the Wire 12 is cut 
above a second bond 7 (step (e) to (f)). After this Wire 
cutting also, a current Will be made to How from the Wire 
12 to the Work 14 by the electrical conduction state 
acquisition device 22, and the electrical conduction state 
at that time Will be acquired by the electrical conduction 
state acquisition device 22 (steps S913 and S914 in FIG. 

13). 
[0016] (10) If the bonding to the lead 4 (second bonding 

point) is successful and the cutting of the Wire 12 is being 
properly effected, then When the capillary 16 is ascend 
ing, the current that Was ?oWing from the Wire 12 to the 
Work 14 Will have ceased to How (step (f) in FIG. 14). 
When the cutting of the Wire 12 is not being properly 
effected, on the other hand, as in the case that the Wire 12 
has been peeled aWay from the Work 14, for example, the 
Wire 12 Will be electrically connected to the Work 14 
through the ?rst bond 6, as shoWn in FIG. 14(f), as a 
result a current Will ?oW. Moreover, When the current 
ceases to How prior to the closing and ascending of the 
clamper 17, and no current is ?oWing even after the Wire 
12 is cut, even though the second bond 7 Will have been 
formed, it Will be possible to determine that there is a 
no-tail With the tail Wire 8 not attaining the prescribed 
length. Thus, by processing the data output from the 
electrical conduction state acquisition device 22 in an 
electrical no-tail detection step in the computer 31, it is 
possible to determine Whether the electrical conduction 
state after bonding to the lead 4 (second bonding point) 
is a no-tail or a lead non-bonding condition (steps S915 
and S917 in FIG. 13) (see Japanese Patent Application 
Unexamined Publication Disclosure Nos. H2 (1990) 
298874 and H7 (l995)-94545, for instance). 

[0017] (l 1) When a no-tail or lead non-bonding is 
detected in the electrical no-tail detection step, by a 
signal therefrom, the Wire bonding apparatus 100 per 
forms error processing and stops (see Japanese Patent 
Application Laid-Open Disclosure H6 (1 994)-565 l, for 
example). 
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[0018] (l 2) When bonding to the lead 4 (second bonding 
point) has ?nished properly, the bonding cycle ends, and 
the capillary 1 6 is moved toWard the next pad 3 (Which is 
a next ?rst bonding point). 

[0019] In the above description of the conventional art, Wire 
non-bonding or no-tails are detected by processing signals 
from the electrical conduction state acquisition device 22 in 
the control section 30 of the computer 31 and, When it is 
determined thereby that a non-bonding or no -tail has 
occurred, then the Wire bonding apparatus 100 is stopped. 
HoWever, during a Wire bonding process, various errors, in 
addition to What is described above, occur, such as the ball not 
being properly formed due to an electric discharge de?ciency, 
When forming the ball 5 at the tip end of the Wire 12 by electric 
discharge. In such cases also, conventionally, the Wire bond 
ing apparatus is stopped When a ?aW is detected (see Japanese 
Patent Application Laid-Open Disclosure Nos. H6 (1994) 
5651 and H3 (l99l)-l7376). Also, in vieW of the fact that 
there are cases Where an error such as non-bonding or the like 

is caused When a ball 5 of the prescribed shape is not formed 
at the tip end of the capillary 16, methods have been proposed 
in Which the Wire bonding apparatus is stopped or an anomaly 
alarm is effected after imaging the shape of the tip end of that 
Wire and processing the resulting data (see Japanese Patent 
Application Laid-Open Disclosure No. 2003- 1 63243). 
[0020] In the Wire bonding apparatus 100 described in the 
above-referred art, despite the fact that various non-bonding 
detection device and methods are provided, When an error 
such as non-bonding is detected, nothing more is done 
besides stopping the Wire bonding apparatus 100 or issuing a 
?aW alarm, and the apparatus does not process (correct) the 
error condition and continue bonding. 

[0021] To the contrary, Japanese Patent Application Laid 
Open Disclosure No. H6 (1 994)-565 l, for example, discloses 
that When it is determined by electrically detecting a dis 
charge error that the tip end of the Wire 12 is not formed in a 
prescribed ball shape, abandoning bond is performed at an 
unnecessary portion of the material being bonded, a ball is 
reformed, and then bonding is continued. HoWever, With this 
method, unnecessary Wire remains at the abandoning bond 
position, giving rise to the possibility of short-circuit, Which 
is a problem. 

[0022] Moreover, as to such errors as non-bonding in pad 3 
(?rst bonding point) and lead 4 (second bonding point) and 
no-tail, since the situation at the tip end of the Wire 12 varies, 
a simple recovery process such as the abandoning bond 
described above cannot be effected, and it Will alWays be 
necessary to stop the Whole bonding process and perform 
recovery process after an operator has veri?ed the situation of 
the Wire 12 and the like. Thus, it is not possible to recover 
from such errors and continue bonding. 

BRIEF SUMMARY OF THE INVENTION 

[0023] Accordingly, the object of the present invention is to 
provide a Wire bonding apparatus, a bonding control pro 
gram, and a bonding method in Which, When a pad (?rst 
bonding point) non-bonding, lead (second bonding point) 
non-bonding, no-tail, or discharge error or the like occurs, 
recovery processing is executed Without stopping the Wire 
bonding apparatus, continuing bonding actions. 
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[0024] The object of the present invention can be accom 
plished by a Wire bonding apparatus that includes 

[0025] a moving mechanism for moving, in XYZ direc 
tions, a capillary having a Wire inserted therethrough and 
executing bonding on a Work; 

[0026] an electrical conduction state acquisition device 
for detecting an electrical conduction state by alloWing 
an electric current to How from the Wire to the Work; 

[0027] a ?rst means for taking an image of the Work; 
[0028] a light path device for conducting an elevation 
image of a vicinity of a tip end of the capillary to the ?rst 
means; 

[0029] a ball formation device for forming a tip end of 
the Wire into a ball of a prescribed shape; and 

[0030] a computer for controlling Wire bonding betWeen 
a ?rst bonding point and a second bonding point, the 
computer including 
[0031] a second means for electrically detecting non 
bonding betWeen the ?rst bonding point and the Wire 
by processing electrical conduction state signals 
acquired by the electrical conduction state acquisition 
device and indicative of electrical conduction state 
betWeen the ?rst bonding point and the Wire, 

[0032] a third means for optically detecting non-bond 
ing betWeen the ?rst bonding point and the Wire by 
processing plane images acquired by the ?rst means, 

[0033] a fourth means for detecting a shape of a tip end 
of the Wire by processing elevation images of the Wire 
in the vicinity of the tip end of the capillary acquired 
by the ?rst means via the light path device, and 

[0034] a ?fth means for, When non-bonding is 
detected by the second means and non-bonding is 
detected by the third means, reforming the tip end of 
the Wire into a ball of prescribed shape by the ball 
formation device, based on the tip end shape of the 
Wire detected by the fourth means, and executing 
rebonding on the ?rst bonding point. 

[0035] The above-described Wire bonding apparatus can 
further includes a sixth means for opening and closing a 
plurality of clampers, respectively, for gripping the Wire; and 
the above-described computer can further includes a seventh 
means for, When non-bonding is detected by the second 
means and non-bonding is detected by the third means and a 
condition of the Wire, Which is at the tip end of the capillary 
and detected by the fourth means, is not a prescribed condi 
tion, paying out the Wire at the tip end of the capillary until the 
Wire at the tip end of the capillary attains a prescribed condi 
tion, by an up-and-doWn movement of the capillary caused by 
the sixth means and moving mechanism, based on a condition 
of the Wire at the tip end of the capillary detected by the fourth 
means. 

[0036] The object of the present invention can be accom 
plished by a Wire bonding apparatus Which is characterized in 
that it includes 

[0037] a moving mechanism for moving, in XYZ direc 
tions, a capillary having a Wire inserted therethrough and 
executing bonding on a Work; 

[0038] an electrical conduction state acquisition device 
for detecting an electrical conduction state by alloWing 
an electric current to How from the Wire to the Work; 

[0039] a ?rst means for taking an image of the Work; 
[0040] a light path device for conducting an elevation 
image of a vicinity of a tip end of the capillary to the ?rst 
means; 

Jun. 3, 2010 

[0041] a ball formation device for forming a tip end of 
the Wire into a ball of a prescribed shape; 

[0042] a second means for opening and closing a plural 
ity of clampers, respectively, for gripping the Wire; and 

[0043] a computer for controlling Wire bonding by cut 
ting the Wire after bonding betWeen a ?rst bonding point 
and a second bonding point, and this computer includes 
[0044] a third means for detecting no-tail, in Which a 

tail of the Wire fails to have a prescribed length, by 
processing electrical conduction state signals 
acquired by the electrical conduction state acquisition 
device, after bonding to the second bonding point but 
prior to Wire cutting, and indicative of electrical con 
duction state betWeen a second bonding point and the 
Wire, 

[0045] a fourth means for detecting a shape of a tip end 
of the Wire by processing elevation images of the Wire 
in the vicinity of the tip end of the capillary acquired 
by the ?rst means via the light path device, 

[0046] a ?fth means for, When no-tail is detected by 
the third means and an output is made from the fourth 
means to the effect that a condition of the Wire at the 
tip end of the capillary is not a prescribed condition, 
paying out the Wire at the tip end of the capillary until 
the Wire at the tip end of the capillary attains a pre 
scribed condition, by an up-and-doWn movement of 
the capillary caused by the second means and moving 
mechanism, based on a condition of the Wire at the tip 
end of the capillary detected by the fourth means, and 

[0047] a sixth means for reforming the tip end of the 
Wire into a ball of a prescribed shape by the ball 
formation device based on the tip end shape of the 
Wire detected by the fourth means. 

[0048] The object of the present invention can be accom 
plished by a Wire bonding apparatus Which is characterized in 
that it includes 

[0049] a moving mechanism for moving, in XYZ direc 
tions, a capillary having a Wire inserted therethrough and 
executing bonding on a Work; 

[0050] a ?rst means for taking an image of the Work; 
[0051] a light path device for conducting an elevation 
image of a vicinity of a tip end of the capillary to the ?rst 
means; 

[0052] a ball formation device for forming a tip end of 
the Wire into a ball of a prescribed shape by an electrical 
discharge betWeen a discharge electrode and the Wire; 

[0053] an electrical discharge state acquisition device for 
acquiring a state of the electrical discharge betWeen the 
discharge electrode and the Wire; 

[0054] a second means for opening and closing a plural 
ity of clampers, respectively, for gripping the Wire; and 

[0055] a computer for controlling Wire bonding betWeen 
a ?rst bonding point and a second bonding point, and this 
computer includes 
[0056] a third means for electrically detecting Whether 

the electrical discharge of the ball formation device is 
normal or not by processing electrical discharge state 
signals acquired by the electrical discharge state 
acquisition device during the electrical discharge of 
the ball formation device and indicative of electrical 
discharge state betWeen the discharge electrode and 
the Wire, 

[0057] a fourth means for detecting a shape of a tip end 
of the Wire by processing elevation images of the Wire 
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in the vicinity of the tip end of the capillary acquired 
by the ?rst means via the light path device, 

[0058] a ?fth means for, When an electrical discharge 
anomaly is detected by the third means and a condi 
tion of the Wire at the tip end of the capillary detected 
by the fourth means is not a prescribed condition, 
paying out the Wire at the tip end of the capillary until 
the Wire at the tip end of the capillary attains a pre 
scribed condition, by an up-and-doWn movement of 
the capillary caused by the second means and moving 
mechanism, based on a condition of the Wire at the tip 
end of the capillary detected by the fourth means, and 

[0059] a sixth means for, When a condition of the Wire 
at the tip end of the capillary detected by the fourth 
means is a prescribed condition after an electrical 
discharge anomaly is detected by the third means, 
reforming the tip end of the Wire into a ball of a 
prescribed shape by the ball formation device based 
on the tip end shape of the Wire detected by the fourth 
means. 

[0060] The object of the present invention can be accom 
plished by a record medium storing a bonding control pro 
gram for a Wire bonding apparatus that bonds a Wire betWeen 
a ?rst bonding point and a second boding point, Wherein the 
Wire bonding apparatus includes 

[0061] a moving mechanism for moving, in XYZ direc 
tions, a capillary having a Wire inserted therethrough and 
executing bonding on a Work, 

[0062] an electrical conduction state acquisition device 
for detecting an electrical conduction state by alloWing 
an electric current to How from the Wire to the Work, 

[0063] a light path device for conducting an elevation 
image of a vicinity of a tip end of the capillary to an 
imaging device, 

[0064] a ball formation device for forming a tip end of 
the Wire into a ball of a prescribed shape, and 

[0065] a computer for controlling the Wire bonding appa 
ratus; and 

[0066] the record medium storing a bonding control pro 
gram is executed by the computer and includes 

[0067] an electrical non-bonding detection program for 
electrically detecting non-bonding betWeen the ?rst 
bonding point and the Wire by processing electrical con 
duction state signals acquired by the electrical conduc 
tion state acquisition device and indicative of electrical 
conduction state betWeen a ?rst bonding point and a 
Wire; 

[0068] an optical non-bonding detection program for 
optically detecting non-bonding betWeen a ?rst bonding 
point and a Wire by processing plane images acquired by 
the imaging device; 

[0069] an optical shape detection program for detecting a 
shape of a tip end of the Wire by processing elevation 
images of the Wire in the vicinity of the tip end of the 
capillary acquired by the imaging device via the light 
path device; and 

[0070] a non-bonding recovery program for, When a non 
bonding detection is output by the electrical non-bond 
ing detection program and a non-bonding detection is 
output by the optical non-bonding detection program, 
reforming a ball of a prescribed shape at the tip end of the 
Wire by the ball formation device based on the tip end 

Jun. 3, 2010 

shape of the Wire output by the optical shape detection 
program, and executing rebonding at the ?rst bonding 
point. 

[0071] The above-described Wire bonding apparatus Which 
is controlled by the above-described bonding control pro 
gram can further include a clamper operating device for open 
ing and closing a plurality of clampers, respectively, for grip 
ping the Wire; and the above-described record medium 
storing bonding control program can further include a tail 
re-payout program for, When a non-bonding detection is out 
put by the electrical non-bonding detection program and a 
non-bonding detection is output by the optical non-bonding 
detection program and an output is made by the optical shape 
detection program to the effect that a condition of the Wire at 
the tip end of the capillary is not a prescribed condition, 
paying out the Wire at the tip end of the capillary until the Wire 
at the tip end of the capillary attains a prescribed condition, by 
an up-and-doWn movement of the capillary caused by the 
clamper operating device and moving mechanism, based on a 
condition of the Wire at the tip end of the capillary output by 
the optical shape detection program. 
[0072] The object of the present invention can be accom 
plished by a record medium storing a bonding control pro 
gram for a Wire bonding apparatus that bonds a Wire betWeen 
a ?rst bonding point and a second boding point, Wherein the 
Wire bonding apparatus includes 

[0073] a moving mechanism for moving, in XYZ direc 
tions, a capillary having a Wire inserted therethrough and 
executing bonding on a Work, 

[0074] an electrical conduction state acquisition device 
for detecting an electrical conduction state by alloWing 
an electric current to How from the Wire to the Work, 

[0075] an imaging device for taking an image of the 
Work, 

[0076] a light path device for conducting an elevation 
image of a vicinity of a tip end of the capillary to the 
imaging device, 

[0077] a ball formation device for forming a tip end of 
the Wire into a ball of a prescribed shape, 

[0078] a clamper operating device for opening and clos 
ing a plurality of clampers, respectively, for gripping the 
Wire, and 

[0079] a computer for controlling the Wire bonding appa 
ratus; and 

[0080] the record medium storing a bonding control pro 
gram is characteriZed in that it is executed by the com 
puter and includes 

[0081] an electrical no-tail detection program for detect 
ing no-tail, in Which a tail of the Wire fails to have a 
prescribed length, by processing electrical conduction 
state signals acquired by the electrical conduction state 
acquisition device, after bonding on a second bonding 
point but prior to Wire cutting, and indicative of electri 
cal conduction state betWeen the second bonding point 
and the Wire; 

[0082] an optical shape detection program for detecting a 
shape of a tip end of the Wire by processing elevation 
images of the Wire in the vicinity of the tip end of the 
capillary acquired by the imaging device via the light 
path device; 

[0083] a tail re-payout program for, When a no-tail detec 
tion is output by the electrical no-tail detection program 
and an output is made by the optical shape detection 
program to the effect that a condition of the Wire at the tip 
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end of the capillary is not a prescribed condition, paying 
out the Wire at the tip end of the capillary until the Wire 
at the tip end of the capillary attains a prescribed condi 
tion, by an up-and-doWn movement of the capillary 
caused by the clamper operating device and moving 
mechanism, based on a condition of the Wire at the tip 
end of the capillary output by the optical shape detection 
program; and 

[0084] a no-tail recovery program for reforming the tip 
end of the Wire into a ball of a prescribed shape by the 
ball formation device based on the tip end shape of the 
Wire output by the optical shape detection program. 

[0085] The object of the present invention can be accom 
plished by a record medium storing a bonding control pro 
gram for a Wire bonding apparatus that bonds a Wire betWeen 
a ?rst bonding point and a second boding point, Wherein the 
Wire bonding apparatus includes 

[0086] a moving mechanism for moving, in XYZ direc 
tions, a capillary having a Wire inserted therethrough and 
executing bonding on a Work, 

[0087] an imaging device for taking an image of the 
Work, 

[0088] a light path device for conducting an elevation 
image of a vicinity of a tip end of the capillary to the 
imaging device, 

[0089] a ball formation device for forming a tip end of 
the Wire into a ball of a prescribed shape by an electrical 
discharge betWeen a discharge electrode and the Wire, 

[0090] an electrical discharge state acquisition device for 
acquiring a state of the electrical discharge betWeen the 
discharge electrode and the Wire, 

[0091] a clamper operating device for opening and clos 
ing a plurality of clampers, respectively, for gripping the 
Wire, and 

[0092] a computer for controlling the Wire bonding appa 
ratus; and 

[0093] the record medium storing a bonding control pro 
gram is characterized in that it is executed by the com 
puter and includes 

[0094] a discharge anomaly electrical detection program 
for electrically detecting Whether the electrical dis 
charge of the ball formation device is normal or not by 
processing electrical discharge state signals acquired by 
the electrical discharge state acquisition device during 
the electrical discharge of the ball formation device and 
indicative of electrical discharge state betWeen the dis 
charge electrode and the Wire, 

[0095] an optical shape detection program for detecting a 
shape of a tip end of the Wire by processing elevation 
images of the Wire in the vicinity of the tip end of the 
capillary acquired by the imaging device via light path 
device, 

[0096] a tail re-payout program for, When an electrical 
discharge anomaly is output by the discharge anomaly 
electrical detection program and an output is made by 
the optical shape detection program to the effect that a 
condition of the Wire at the tip end of the capillary is not 
a prescribed condition, paying out the Wire at the tip end 
of the capillary until the Wire at the tip end of the capil 
lary attains a prescribed condition, by an up-and-doWn 
movement of the capillary caused by the clamper oper 
ating device and moving mechanism, based on a condi 
tion of the Wire at the tip end of the capillary output by 
the optical shape detection program, and 
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[0097] a discharge anomaly recovery program for, When 
an electrical discharge anomaly is output by the dis 
charge anomaly electrical detection program and an out 
put is made by the optical shape detection program to the 
effect that a condition of the Wire at the tip end of the 
capillary is a prescribed condition, reforming the tip end 
of the Wire into a ball of a prescribed shape by the ball 
formation device based on the tip end shape of the Wire 
output by the optical shape detection program. 

[0098] The object of the present invention can be accom 
plished by a bonding method for a bonding apparatus that 
bonds a Wire betWeen a ?rst bonding point and a second 
bonding point, and this method is characterized in that it 
includes the steps of 

[0099] preparing 
[0100] a moving mechanism for moving, in XYZ 

directions, a capillary having a Wire inserted there 
through and executing bonding on a Work, 

[0101] an electrical conduction state acquisition 
device for detecting an electrical conduction state by 
alloWing an electric current to How from the Wire to 
the Work, 

[0102] an imaging device for taking an image of the 
Work, 

[0103] a light path device for conducting an elevation 
image of a vicinity of a tip end of the capillary to the 
imaging device, 

[0104] a ball formation device for forming the tip end 
of the Wire into a ball of a prescribed shape, and 

[0105] a computer for controlling the bonding appa 
ratus; 

[0106] an electrical non-bonding detection step for elec 
trically detecting non-bonding betWeen the ?rst bonding 
point and the Wire by processing electrical conduction 
state signals acquired by the electrical conduction state 
acquisition device and indicative of electrical conduc 
tion state betWeen the ?rst bonding point and the Wire; 

[0107] an optical non-bonding detection step for opti 
cally detecting non-bonding betWeen the ?rst bonding 
point and the Wire by processing plane images acquired 
by the imaging device; 

[0108] an optical shape detection step for detecting a 
shape of a tip end of the Wire by processing elevation 
images of the Wire in the vicinity of the tip end of the 
capillary acquired by the imaging device via the light 
path device; and 

[0109] a non-bonding recovery step for, When non-bond 
ing is detected in the electrical non-bonding detection 
step and non-bonding is detected in the optical non 
bonding detection step, reforming the tip end of the Wire 
into a ball of a prescribed shape by the ball formation 
device, based on the tip end shape of the Wire detected in 
the optical shape detection step, and executing rebond 
ing on the ?rst bonding point. 

[0110] The above-described Wire bonding apparatus in 
Which the above-described bonding method is employed can 
further include a clamper operating device for opening and 
closing a plurality of clampers, respectively, for gripping the 
Wire; and the above-described bonding method can further 
include a tail re-payout step for, When non-bonding is 
detected in the electrical non-bonding detection step and non 
bonding is detected in the optical non-bonding detection step 
and a condition of the Wire at the tip end of the capillary 
detected in the optical shape detection step is not a prescribed 


















