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(57) ABSTRACT 

An ultrasonic horn used in, for instance, a bonding appara 
tus; being provided With a capillary attachrnent hole formed 
so as to be smaller than the capillary and a jig insertion hole 
that communicates With the capillary attachrnent hole. 
ByWay of inserting a jig into the jig insertion hole, the jig 
insertion hole is pushed open that causes the capillary 
attachrnent hole to be Widened; so that the capillary is 
inserted and received in this enlarged capillary attachrnent 
hole. The capillary is fastened in place by the elastic force 
that is generated When the capillary attachrnent hole returns 
to its original shape; and the capillary is held in the horn 
main body Without using any fastening tools. 
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ULTRASONIC HORN FOR A BONDING 
APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an ultrasonic horn 
used in a bonding apparatus and more particularly to an 
ultrasonic horn that transmits ultrasonic vibrations to a 
capillary With a bonding Wire passing therethrough. 

[0003] 2. Prior Art 

[0004] In ultrasonic horns used in, for instance, a Wire 
bonding apparatus, a capillary is fastened in a capillary 
attachment hole that is formed in the tip end portion of the 
horn main body. Conventional capillary fastening structures 
can be categorized into tWo types. 

[0005] In the ?rst type, a slit is formed vertically along the 
axial center of the horn main body in a portion of the 
capillary attachment hole, and the capillary is fastened in 
place by tightening the area surrounding this slit With a bolt. 
This type of fastening structure is disclosed in, for instance, 
Japanese Patent Application Laid-Open (Kokai) Nos. 
H6-163648, H6-283578 and H11-121546. In particular, in 
Japanese Patent Application Laid-Open (Kokai) No. 
H6-163648, the ultrasonic horn is formed With a slit, and it 
is further provided With a stress compensation hole that is 
larger than the capillary mounting hole. In Japanese Patent 
Application Laid-Open (Kokai) No H6-283578, a trench is 
formed in the ultrasonic horn so that it Works in a bifurcated 
fashion. In Japanese Patent Application Laid-Open (Kokai) 
No H11-121546, a capillary-holding hole is formed at one 
end of the ultrasonic horn, and a vertical slit is provided from 
this hole in the opposite side t the tip end of the horn. 

[0006] In the second type, a slit is formed so as to extend 
through the capillary attachment hole from the tip end of the 
horn main body, the area of the capillary attachment hole is 
endoWed With an elastic force, and a screW hole is formed 
on one side of the slit. Abolt is screWed into the screW hole 
and tightened. When the bolt is thus tightened, the other side 
of the slit is pressed so that the slit and capillary attachment 
hole are Widened. After the capillary is inserted into the 
capillary attachment hole, the bolt is loosened and removed 
from the horn main body. As a result, the capillary is 
fastened in place only by the elastic force of the horn main 
body. This fastening structure is described in Japanese 
Utility Model Application Laid-Open (Kokai) No. 
H5-59840. 

[0007] HoWever, the above capillary fastening structures 
have problems. 

[0008] The ?rst type fastening structure has the folloWing 
problems: 

[0009] (1) Since the structure involves a bolt that is used 
to fasten the capillary to the horn main body, the masses on 
the left and right sides of the horn main body With respect 
to the axial center of the horn main body are different. As a 
result, the ultrasonic vibration at the tip end portion is 
disturbed, and the accurate transmission of ultrasonic Waves 
to the capillary is hindered. 

[0010] (2) The bolt and the screW hole in the horn main 
body Wear With time. As a result, changes in the con?gu 
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ration of the ultrasonic vibration occur, causing the capillary 
tightening force to be unstable. 

[0011] (3) The tightening torque of the bolt must be 
suf?ciently strong so that the bolt itself does not shoW any 
relative movement or slippage With respect to the horn main 
body. Such a relative movement or slippage is derived, for 
instance, from the bolt becoming loose during the bonding 
operation and from Wear in the bolt. The limit of the 
tightening torque of the bolt is determined by the siZe and 
strength of the head of the bolt that is used for tightening. 
Currently, the diameter of the head of the bolt generally used 
in such cases is approximately 3 mm, and this bolt head can 
Withstand a torque of approximately 2 kg. HoWever, in 
ultrasonic vibration at 80 kHZ, the Weight of the bolt itself 
is too heavy. Thus, With the tightening torque of approxi 
mately 2 kg, the tightening force is overcome by the force 
arising from the acceleration of the ultrasonic vibration, thus 
causing the bolt to slip on the horn main body, and further 
causing Wear of the bolt, energy loss and unstable vibration. 
Furthermore, With the tightening torque of approximately 2 
kg, the shock generated by gravitational acceleration during 
movement of the capillary cannot be suppressed When 
ultrasonic oscillation is at 100 kHZ, thus causing unstable 
vibrations in the capillary. 

[0012] (4) The bolt is generally tightened using a torque 
driver in order to ensure a constant tightening force. HoW 
ever, torque drivers are expensive, and also they have 
draWbacks of shoWing changes in tightening torque unless 
periodically adjusted. As a result, troubles such as faulty 
tightening, etc. can occur easily. 

[0013] The second type fastening structure has the folloW 
ing problems: 
[0014] (1) Since a screW hole is formed on one side of the 
slit, the masses on the left and right sides of the horn main 
body With respect to the axial center of the horn main body 
are different as in the above ?rst type. Thus, the ultrasonic 
vibration at the tip end portion is disturbed, hindering the 
accurate transmission of ultrasonic Waves to the capillary. 

[0015] (2) In order to ensure a sufficient grip in the tip end 
portion of the horn main body that is open, it is necessary to 
increase the thickness of the tip end portion so as to increase 
the elastic force of the horn main body. HoWever, in the 
structure for gripping the capillary from the left and right 
sides, the capillary may be damaged before a suf?cient 
gripping force is applied to the capillary. 

[0016] (3) Furthermore, so as to transmit ultrasonic vibra 
tion ef?ciently from the vibrator provided in the rear portion 
of the horn main body, it is generally necessary to design the 
tip end portion of the horn main body slender. There are 
restrictions also on the diameter and length dimensions of 
the horn main body in vieW of performance. Currently, the 
thickness of the capillary gripping portion located in the tip 
end portion of an ordinary horn main body is approximately 
1 mm. The elastic force obtained from such a thickness is 
easily overcome by the shock generated by gravitational 
acceleration during movement of the capillary in ultrasonic 
oscillation at 60 kHZ or greater; and as a result, the capillary 
is not retained. 

[0017] (4) Since the tip end portion of the horn main body 
is opened by a slit, such a tip end portion is caused to 
undergo repeated slight expansions and contractions by the 
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ultrasonic vibration. As a result, tensile and compressive 
stresses are generated inside the capillary, causing cracks, 
failing to generate a sufficient holding force. Furthermore, 
destructive accidents can occur as a result of changes in 
strength, etc. even in ordinary use. 

BRIEF SUMMARY OF THE INVENTION 

[0018] Accordingly, the object of the present invention is 
to provide an ultrasonic horn for a bonding apparatus that 
suppresses the generation of unnecessary vibrations other 
than the ultrasonic vibration at the fundamental frequency, 
improves the bondability, and realiZes stable gripping for the 
capillary by a simple structure. 

[0019] The above-object is accomplished by a unique 
structure for an ultrasonic horn used in a bonding apparatus 
in Which a capillary is fastened in a capillary attachment hole 
formed in the tip end portion of the horn main body, and in 
the present invention: 

[0020] the capillary attachment hole is formed 
smaller than the capillary in diameter, 

[0021] a jig insertion hole is formed in the horn main 
body so as to communicate With the capillary attach 
ment hole, and 

[0022] the area surrounding the capillary attachment 
hole and jig insertion hole is formed as a closed 
structure, and Wherein 

[0023] the jig insertion hole is pushed open using a 
jig, thus Widening the capillary attachment hole so 
that the capillary attachment hole becomes larger 
than the capillary and the capillary is inserted into 
the capillary attachment hole, and 

[0024] the capillary is fastened in place by the elastic 
force generated When the capillary attachment hole 
returns to its original shape, Without requiring any 
component other than the horn main body for hold 
ing the capillary. 

[0025] In the above structure, the horn main body is 
formed so that it is symmetrical With respect to its oWn aXial 
center. 

[0026] Furthermore, the jig insertion hole communicates 
With the capillary attachment hole either directly or via a slit. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0027] FIG. 1A is a top vieW of the ultrasonic horn for a 
bonding apparatus according to one embodiment of the 
present invention, FIG. 1B being a front vieW thereof; 

[0028] FIGS. 2A, 2B, 2C and 2D illustrate the steps of 
fastening the capillary in the capillary attachment hole; 

[0029] FIG. 3A is a front vieW of the jig used in the 
present invention, FIG. 3B being a bottom vieW thereof; and 

[0030] FIG. 4A through 4F shoW top vieWs of the horn 
main bodies according to various embodiments of the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0031] Embodiments of the present invention Will be 
described With reference to the accompanying draWings. 
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[0032] FIGS. 1A and 1B shoW a capillary 20 and a horn 
main body 10 in Which the capillary 20 is installed. As seen 
form FIGS. 1A and 1B, the horn main body 10 is formed 
With a capillary attachment hole 11 and an elliptical or oval 
jig insertion hole 12. The capillary attachment hole 11 
receives the capillary 20 and fastens the capillary 20 in 
place. As best seen from FIG. 1B, the capillary attachment 
hole 11 is formed vertically in the tip end portion of the horn 
main body 10. The elliptical jig insertion hole 12 is formed 
in the horn main body 10 so as to be located on the opposite 
side of the capillary attachment hole 11 from the tip end 
portion of the horn main body 10. The jig insertion hole 12 
communicates With the capillary attachment hole 11 via a 
vertical slit 13 formed in betWeen. Furthermore, a slit 14 is 
formed vertically in a part of the jig insertion hole 12 located 
on the opposite side of the attachment hole 11 from the slit 
13. 

[0033] Thus, the capillary attachment hole 11, slit 13, jig 
insertion hole 12 and slit 14 are formed continuously in a 
closed structure by the edges of these elements. Further 
more, the horn main body 10 is formed so as to be sym 
metrical With respect to its oWn center aXis that eXtends in 
the direction of length thereof. 

[0034] As seen from FIGS. 1A, 1B and 2D, When the 
capillary 20 is fastened to the horn main body 10, the 
capillary 20 is gripped by the elastic force of the horn main 
body 10 in the area surrounding the capillary attachment 
hole 11. For this reason, as seen from FIG. 2A, the capillary 
attachment hole 11 (or its inner diameter) is slightly smaller 
(by approximately 200 pm) than the external diameter of the 
capillary 20. 

[0035] FIGS. 3A and 3B shoW a jig 30 that is to be 
inserted into the jig insertion hole 12 so as to push the jig 
insertion hole 12 open or Wider. The jig 30 comprises an 
operating lever 31 and an insertion hole pressing portion 32 
that is disposed on the undersurface of one end of the 
operating lever 31. The insertion hole pressing portion 32 
has an elliptical shape in its horiZontal cross-section as best 
seen from FIG. 3B. The pressing portion 32 is slightly 
smaller than the jig insertion hole 12. 

[0036] The manner of fastening the capillary 20 to the 
horn main body 10 Will be described beloW With reference 
to FIGS. 2A through 2D. 

[0037] As shoWn in FIG. 2A, the insertion hole pressing 
portion 32 of the jig 30 is ?rst inserted in the jig insertion 
hole 12 of the horn main body 10. Then, the operating lever 
31 of the jig 30 is turned 90 degrees. When the operating 
lever 31 is thus turned 90 degrees, the jig insertion hole 12 
and slit 13 are pushed aWay so as to be Wider by the insertion 
hole pressing portion 32 as shoWn in FIG. 2B. As a result, 
the capillary attachment hole 11 is Widened, and it becomes 
larger in diameter than the diameter of the capillary 20. 

[0038] Then, the capillary 20 is inserted into the capillary 
attachment hole 11, and the operating lever 31 of the jig 30 
is turned 90 degrees further (or back) so that the insertion 
hole pressing portion 32 is returned to its original position. 
Thus, as a result of the elastic force that causes the jig 
insertion hole 12, slit 13 and capillary attachment hole 11 to 
return to their original states shoWn in FIG. 2A, the capillary 
20 in gripped by the capillary attachment hole 11 as shoWn 
in FIG. 2C. Then, the insertion hole pressing portion 32 of 
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the jig 30 is removed from the jig insertion hole 12, thus 
completing the fastening of the capillary 20 to the horn main 
body 10. When the capillary 20 is to be removed from the 
horn main body 10, an operation that is the reverse of the 
steps described above is performed. 

[0039] In the above embodiment, a bolt such as that used 
in the above-described ?rst type fastening structure is not 
used. Also, a screW hole such as that used in the second type 
fastening structure is not formed. As a result, the masses on 
the left and right of the horn main body 10 With respect to 
the axial center of the horn main body 10 are the same, and 
the disturbance of the vibration is eliminated. Furthermore 
no unnecessary vibration is generated, and the loss of energy 
is eliminated. In addition, naturally no bolt or screW hole 
Wear occurs, and the horn main body 10 is not Worn out, so 
that changes in the shape of the horn main body 10 that 
Would be caused over time by repeated replacement of the 
capillary 20 is eliminated. Thus, a stable use of the capillary 
can be assured over a long period of time. Furthermore, 
since there is no need for a screW hole, and no need for 
fastening bolts, the horn main body 10 can be manufactured 
inexpensively. 

[0040] In addition, there is no need to use an expensive 
torque driver, etc. in order to ensure that the torque is 
constant When the screW is tightened as in the ?rst type 
fastening structure. Thus, a constant gripping force is 
obtained by the jig 30 that is of a simple structure When a 
neW capillary 20 is fastened in the horn main body 10. 

[0041] The test for the structure of the above embodiment 
indicates that the horn main body 10 holds the capillary 20 
With a gripping force that is more than three times the 
gripping force obtained by the ?rst type fastening structure 
of the prior art. For example, When the bolt of the ?rst type 
fastening structure is tightened With a torque of 1.5 kg, then 
the gripping force of the capillary attachment hole is 
approximately 50 N. HoWever, the gripping force of the 
capillary attachment hole 11 of the horn main body 10 of the 
shoWn embodiment is greater than 150 N. 

[0042] In regard to shocks generated from the gravita 
tional acceleration that occurs during the movement of the 
capillary 20, in the case of an oscillation amplitude of 4 pm, 
for instance, the shock from gravitational acceleration at 150 
kHZ is 90 N, and the shock generated from gravitational 
acceleration at 180 kHZ is 130 N. In the shoWn embodiment 
of the present invention, the capillary 20 is held by a 
sufficient gripping force of 150 N or more even in the case 
of an ultrasonic vibration of 100 kHZ or greater, in Which the 
shock is extremely large. Accordingly, the ultrasonic Waves 
can be accurately transmitted to the object of vibration. 

[0043] Furthermore, in the above embodiment, the capil 
lary 20 is gripped by the capillary attachment hole 11 in 
Which the tip end of the horn main body 10 is closed and not 
open as best seen from FIG. 1A. Accordingly, a gap in the 
capillary attachment hole 11 is prevented; and even in the 
case that capillaries of different diameters are to be fastened, 
three or more contact points are guaranteed betWeen the 
capillary and the capillary attachment hole 11. Thus, stable 
fastening of the capillary is constantly assured. Furthermore, 
the capillary 20 can be fastened in place by a simple and easy 
mounting method Without using any precision tools, etc.; 
and a stable gripping force is applied thereto. Moreover, 
even if the gripping force on the capillary 20 is increased, 
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only a compressive stress acts on the capillary 20, With no 
generation of any tensile stress. Thus, the capillary 20 is free 
from any damage. 

[0044] Various other embodiments of the present inven 
tion Will be described With reference to FIGS. 4A through 
4F. Parts that are the same as or correspond to those in the 
above embodiment Will be assigned the same reference 
numerals in the description beloW. 

[0045] FIGS. 4A and 4B respectively illustrate second 
and third embodiments of the present invention. Though in 
the embodiment of FIGS. 1A and 1B the jig insertion hole 
12 communicates With the capillary attachment hole 11 via 
the slit 13, in the embodiments of FIGS. 4A and 4B the jig 
insertion hole 12 are formed so as to communicate directly 
With the capillary attachment hole 11, and not slits are 
formed in betWeen. In the embodiment of FIG. 4B, the jig 
insertion hole 12 is formed so as to extend to the area of the 
slit 14 shoWn in FIGS. 1A and 4A. In other Words, there is 
no slit 14 formed in the horn main body 10 of the embodi 
ment of FIG. 4B. 

[0046] In the fourth embodiment of the present invention 
shoWn in FIG. 4C, the jig insertion hole 12 is formed in a 
rectangular shape. Thus, the jig insertion hole 12 may have 
any shape that can be pushed open so as to become larger by 
the jig 30, and there are no particular restrictions on the 
shape. 

[0047] FIG. 4D illustrates the ?fth embodiment of the 
present invention. In this embodiment, there is a certain 
degree of thickness betWeen the capillary attachment hole 11 
and the tip end of the horn main body 10; and a slit 15 is 
formed in the thick end portion so as to extend toWard the 
tip end of the horn main body 10 from the capillary 
attachment hole 11. This embodiment is a modi?cation of 
the fourth embodiment shoWn in FIG. 4C. It goes, hoWever, 
Without saying that such a slit 15 can be formed in the 
embodiments shoWn in FIG. 1, FIG. 4A and FIG. 4B in 
cases the horn main body 10 has a certain thickness betWeen 
its tip end and the capillary attachment hole 11. 

[0048] FIGS. 4E and 4F illustrate, respectively, the sixth 
and seventh embodiments of the present invention. In these 
embodiments, the portion of the horn main body 10 that is 
betWeen the capillary attachment hole 11 and the tip end of 
the horn main body 10 is relatively long, and the jig insertion 
hole 12 is formed betWeen the capillary attachment hole 11 
and the tip end of the horn main body 10. In the embodiment 
of FIG. 4E, the jig insertion hole 12 is formed so as to 
communicate With the capillary attachment hole 11 via a slit 
13; and in the embodiment of FIG. 4F, the jig insertion hole 
12 is formed so as to communicate directly With the capillary 
attachment hole 11 With no slit 13 in betWeen. 

[0049] In all of the embodiments shoWn in FIGS. 4A 
through 4F, the capillary (not shoWn) is securely gripped 
elastically by the capillary attachment hole 11 in the same 
manner as shoWn in FIGS. 2A through 2D by Way of 
inserting the jig 30 shoWn in FIGS. 3A and 3B into the jig 
insertion hole 12 and then by turning it. 

[0050] The jig 30 may be any tool as long as it is capable 
of pushing the jig insertion hole 12 open after inserted in the 
jig insertion hole 12. Thus, the jig 30 is not limited to the 
shape shoWn in FIGS. 3A and 3B. 



US 2001/0027987 A1 

[0051] As seen from the above, in the present invention, 
the capillary attachment hole smaller in diameter than the 
capillary is formed in the horn main body, the jig insertion 
hole that communicates With this capillary attachment hole 
is formed neXt to the capillary attachment hole, and the area 
surrounding the capillary attachment hole and jig insertion 
hole is formed as a closed structure; and the jig insertion 
hole is pushed open by a jig, thus Widening the capillary 
attachment hole so that the capillary attachment hole 
becomes larger in diameter than the capillary, after Which 
the capillary is inserted into the capillary attachment hole, 
and then the jig is removed from the jig insertion hole so that 
the capillary is held in place by the elastic force that is 
generated When the capillary attachment hole returns to its 
original shape. Thus, no component other than the horn main 
body is used for fastening the capillary to the horn main 
body. Also, the generation of unnecessary vibrations other 
than the ultrasonic vibration at the fundamental frequency is 
suppressed, the bondability in bonding improves, and stable 
capillary gripping is realiZed by means of a simple structure. 
Further, an inexpensive ultrasonic horn for use in a bonding 
apparatus can be obtained. 

1. An ultrasonic horn for a bonding apparatus for holding 
a capillary at one end of a horn main body of said ultrasonic 
horn, Wherein said horn main body is provided With: 
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a capillary attachment hole formed in said one end of said 
horn main body, said capillary attachment hole being 
smaller in diameter than said capillary, and 

a jig insertion hole formed in said horn main body so as 
to communicate With said capillary attachment hole, 
and Wherein 

said jig insertion hole is pushed open using a jig, thus 
Widening said capillary attachment hole so as to be 
larger than said capillary so that said capillary is 
inserted into said capillary attachment hole, and 

said capillary is fastened in place in said capillary attach 
ment hole by elastic force that is generated When said 
capillary attachment hole returns to its original shape. 

2. The ultrasonic horn for a bonding apparatus according 
to claim 1, Wherein said horn main body is symmetric With 
respect to an aXial center of said horn main body. 

3. The ultrasonic horn for a bonding apparatus according 
to claim 1, Wherein said jig insertion hole communicates 
With said capillary attachment hole With a slit in betWeen. 

4. The ultrasonic horn for a bonding apparatus according 
to claim 1, Wherein an area surrounding said capillary 
attachment hole and jig insertion hole is formed as a closed 
structure. 


