DESCRI PTI ON BONDI NG APPARATUS Technical Field [0001] The present invention
relates to a structure of a bondi ng apparatus. Background Art [0002]
I n sem conduct or nmanufacturing processes, wre-bondi ng apparatuses are
often used to bond thin netallic wires to el ectrode pads on a sen conduct or
chip and el ectrode | eads on a lead frame for connection therebetween. Mny
W r e-bondi ng apparatuses include a bonding armconfigured to be rotated by
a drive notor, an ultrasonic horn attached to the bonding arm a capillary
attached at one end of the ultrasonic horn, and an ultrasonic vibrator
attached to the ultrasonic horn. In such wre-bondi ng apparatuses, the
bonding armis driven and rotate < e capillary in a direction
toward and away froma pad or Iemggﬁnd a ball forned at a tip end
of the capillary or a wire to the pad or |lead, and then the ultrasonic horn
is resonﬁpé\HDIN(%/ﬁPFMQS asonic vibrator to provide ultrasonic vibration
at the tip end of the capillary for perform ng a bonding operation. [0003]
Such wi r gethnicaldgeldppar at uses al so include a control unit for controlling
t he amouf00d] current supplied to the drive notor and ultrasonic vibrator
to provi de a priesiptesent ingentioneiatgs keoadtrantlirebf a deoding appapatus.dur i ng
bondi ng. [0004] For successful bonding using such a wre-bonding
appar at upackdrolufd Agicessary to detect and feedback a bonding | oad,
ul trason"o_aogyt put, and the like provided fromthe capillary to pads and
| eads during” bangimgonductor manufacturing processes, wire-bonding apparatuses are

often used to bond thin metallic wires to electrode pads on a semiconductor chip

and electrode leads on a lead frame for connection therebetween. Many

wire-bonding apparatuses include a bonding arm configured to be rotated by a drive

motor, an ultrasonic horn attached to the bonding arm, a capillary attached at one

end of the ultrasonic horn, and an ultrasonic vibrator attached to the ultrasonic horn.

In such wire-bonding apparatuses, the bonding arm is driven and rotated to move

the capillary in a direction toward and away from a pad or lead and to bond a ball

formed at a tip end of the capillary or a wire to the pad or lead, and then the

ultrasonic horn is resonated with the ultrasonic vibrator to provide ultrasonic

vibration at the tip end of the capillary for performing a bonding operation.

[0003]

Such wire-bonding apparatuses also include a control unit for controlling the
amount of current supplied to the drive motor and ultrasonic vibrator to provide a
predetermined bonding load and ultrasonic output during bonding.

[0004]

For successful bonding using such a wire-bonding apparatus, it is
necessary to detect and feedback a bonding load, ultrasonic output, and the like
provided from the capillary to pads and leads during bonding.

[0005]

For this reason, Japanese Unexamined Patent Application Publication No.
10-256320 proposes attaching a strain gauge to an ultrasonic horn and, using this
strain gauge, detecting a bonding load and ultrasonic vibration to control the voltage
supplied to a drive motor and an ultrasonic vibrator.

[0006]

Japanese Patent No. 3530139 also proposes providing a load detecting
sensor and an ultrasonic vibration detecting sensor made of piezoelectric material
on the same plane between a capillary and an ultrasonic vibrator, to detect bonding
foad and ultrasonic vibration.

[0007]

In confrast, the state of ultrasonic vibration at the tip end of the capillary
varies at different times from the start of bonding, during bonding of a ball, to the
end of the bonding of the ball, and the same applies to vibration loads at the tip end



[ 0005] For this reason, Japanese Unexam ned Patent Application

Publ i cati on No. 10-256320 proposes attaching a strain gauge to an
ultrasonic horn and, using this strain gauge, detecting a bonding | oad and
ultrasonic vibration to control the voltage supplied to a drive notor and
an ultrasonic vibrator. [0006] Japanese Patent No. 3530139 al so
proposes providing a | oad detecting sensor and an ultrasonic vibration
detecting sensor made of piezoelectric material on the same plane between a
capillary and an ultrasonic vibrator, to detect bonding |oad and ultrasonic
vi bration. [0007] In contrast the state of ultrasonic vibration at
the tip e of th cap erent. tiines. fromthe start of
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[0009]

It is an object of the present invention to detect a vibration load at a tip end
of a bonding tool in a simply structured bonding apparatus.
[0010]

The present invention is directed to a bonding apparatus including: a base
unit; an ultrasonic horn configured to vibrate longitudinally in resonance with the
vibration of an ultrasonic vibrator; a capillary serving as a bonding tool attached at
an anti-node of the vibration of the ultrasonic horn; a flange provided at a node of
the vibration of the ultrasonic horn; a bonding arm including a flange mounting
surface at which the flange is fixed to the ultrasonic horn and attached rotatable to
the base unit in such a manner as to move a tip end of the bonding tool in a
direction toward and away from a bonding target; a load sensor attached between
the center of rotation of the bonding arm and the flange mounting surface; and a
vibration load detection unit for extracting a signal obtained by causing a signal that
is detected with the load sensor {0 pass a signal within a frequency range around
the vibrational frequency of the ultrasonic vibrator through a band-pass filter,
whereby the bonding apparatus can detect the vibration load at a tip end of the
bonding tool in the direction along the central axis of the ultrasonic horn with a
simple structure.

[0011]

The bonding apparatus according to the present invention can preferably be
arranged such that the vibration load detection unit includes a bonding state
determination means that determines the state of bonding between a ball formed at
the tip end of the bonding tool and the bonding target based on the change in the
amplitude of the detected vibration load at the tip end of the bonding too!l in the
longitudinal direction of the ultrasonic horn and to thereby output a bonding state



[ 0009] It is an object of the present invention to detect a
vibration load at a tip end of a bonding tool in a sinply structured
bondi ng apparatus. [0010] The present invention is directed to a
bondi ng apparatus including: a base unit; an ultrasonic horn configured to
vibrate longitudinally in resonance with the vibration of an ultrasonic
vibrator; a capillary serving as a bonding tool attached at an anti-node of
the vibration of the ultrasonic horn; a flange provided at a node of the
vibration of the ultrasonic horn; a bonding armincluding a fl ange nounting
surface at mhich the flange is fixed to the uItrasonic horn and attached
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wire-bonding apparatus according to an embodiment of the present invention.
FIG. 4 illustrates signal processing at a vibration load detection unit in the
wire-bonding apparatus according to an embodiment of the present invention.
FIG. 5A illustrates a change in the state of a ball during bonding in the
wire-bonding apparatus according to an embodiment of the present invention.



The present invention offers the advantage of detecting a vibration | oad at
atip end of a bonding tool in a sinply structured bondi ng apparatus. Bri ef
Description of Drawi ngs [0014] FIG 1 illustrates a w re-bonding
apparatus according to an enbodi nent of the present invention. FI G
2A is a top plan view of a bonding armin the w re-bondi ng appar at us
according to an enbodi nent of the present invention. FIG 2B is a
bottom plan view of a bonding armin the w re-bondi ng apparatus according
to an enbodi ment of the present invention. FIG 3 is a schematic
view illustrati ng ultrasonic vibration in the wi re-bondi ng apparat us

according to nt  of resent i nv
i1l ust rages ﬁ"al ﬁ%sgeeaé ‘?’ﬂé r(&j‘fger &\ﬂng?é?t S E%tb@gtdiugﬂg@\gjgméﬂnt he
wi  e- bontenye '55 kI Pnvent i on.
FIG 5A il ustr isaac fnilppleating, g QHP BALPIMEN TR ABHHPRYIEN t he
Wire- bonwbrfgorawﬁaea@ltﬁsbae@agcﬁnﬁgrqtﬁs aRcersstion@n enbodimeninidiemresaiient i on.
FI G 5B inveokan.ates a further change in the state of the ball during
bonding in the w re-bondi ng apparatus according to an enbodi nent of the
present Bestdvibdefor Carrying Crit the Mivestien f | ow chart illustrating an out put
adj ust mef016pr an ultrasonic vibrator in the w re-bondi ng apparat us
accordi ng to aPrefarhstli embbdinfentdheofprties eptesent einvérntion will hereinafter be

described in detail with reference to the.accompanying drawings. As shown in FIG.

1, a wire-bonding apparatus 10 according to the embodiment includes a bonding

head 11 serving as a base unit, an ultrasonic vibrator 13, an ultrasonic horn 12, a

capillary 17 serving as a bonding tool, a flange 14 provided on the ultrasonic horn

12, a bonding arm 21, a load sensor 31, a drive motor 45, a vibration load detection

unit 50, a control unit 60, and a bonding stage 33 on which a semiconductor chip 34

or a substrate 35 is absorbed and fixed as a bonding target.

[00186]

The drive motor 45 for rotating the bonding arm 21 is provided on the
bonding head 11. The ulfrasonic vibrator 13 is formed by overlaying multiple
piezoelectric elements and attached at the rear end of the ultrasonic horn 12. The
capillary 17 is attached at one end of the ultrasonic horn 12. The flange 14 is
provided at a node of the vibration of the ultrasonic horn 12 to be described
hereinafter and fixed using a bolt 16 to a flange mounting surface 22 at one end of
the bonding arm 21.

[0017]

The bonding arm 21 is rotatably attached about a rotation axis 30 provided
on the bonding head 11. The center of rotation 43 of the bonding arm 21 is
coplanar with the surface of the substrate 35 absorbed on the bonding stage 33 or
the surface of the semiconductor chip 34 mounted on the substrate 35.

[0018]

The bonding arm 21 has an approximately rectangular parallelepiped shape
extending in a direction along the central axis 15 of the ultrasonic horn 12, and has
a front end portion 21a including the flange mounting surface 22 and a rear end
portion 21b including the center of rotation 43. The front and rear end portions 21a
and 21b are connected via a thin plate-like connection 24 provided at a position (in
the Z direction) including the central axis 15 of the ultrasonic horn 12. Between the
front and rear end portions 21a and 21b of the bonding arm 21, narrow slits 23 and
25 are formed, respectively, on the side of the bonding surface 41 and its opposite
side with respect to the connection 24. In a Z-directional upper part of the bonding
arm 21 on the opposite side of the bonding surface 41, there is provided a groove
26 for fitting the load sensor 31 therein. The groove 26 is provided in an opposed
manner between the front and rear end portions 21a and 21b of the bonding arm 21.
The load sensor 31 fitted in the groove 26 is configured to sandwich between the



Best Mbde for Carrying Qut the Invention [0015] Preferred

enbodi nents of the present invention will hereinafter be described in
detail with reference to the acconpanying drawi ngs. As shown in FIG 1, a
Wi re-bondi ng apparatus 10 according to the enbodi nent includes a bondi ng
head 11 serving as a base unit, an ultrasonic vibrator 13, an ultrasonic
horn 12, a capillary 17 serving as a bonding tool, a flange 14 provi ded on
the ultrasonic horn 12, a bonding arm 21, a |load sensor 31, a drive notor
45, a vibration | oad detection unit 50, a control unit 60, and a bonding
fstagg 33 on which a sem conductor chip 34 or a substrate 35 is absorbed and
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there i slrpwbmhdemil nodesof/ the vibration are formed at the rear and front ends. The

flange 14 is then provided at a node of the vibration between the rear and front ends,
that is, a site that does not vibrate even in a resonant state to fix the ultrasonic horn
12 to the bonding arm 21. The flange 14 is fixed using the bolt 16 to the flange
mounting surface 22 on the bonding arm 21.  Since the flange 14 does not vibrate
with the resonance of the ultrasonic horn 12, ultrasonic vibration due to the
resonance of the ultrasonic horn 12 does not propagate to the flange mounting
surface 22 on the bonding arm 21. Therefore, the ultrasonic vibration due to the
resonance of the ultrasonic horn 12 does not also propagate to the load sensor 31
provided on the bonding arm 21. It is noted that FIG. 3 is a schematic view
ilustrating the relationship among the bonding arm 21, ultrasonic horn 12, flange 14,
and bolt 16, where the flange 14, which extends horizontally in the XY direction from
the ultrasonic horn 12, is drawn vertically. Also, FIG. 3 (b) schematically illustrates
the amplitude of the uitrasonic horn 12, where the amplitude in the direction along
the central axis 15 is drawn as orthogonal to the central axis 15.

[0021]

As shown in FIG. 1, the vibration load detection unit 50 is configured to
contain a band-pass filter through which a signal within a frequency range around
the vibrational frequency of the ulirasonic vibrator passes, and is connected with the
load sensor 31, so that the vibration load at the tip end 17a of the capillary 17 in the
direction along the centrai axis 15 of the ultrasonic horn 12 can be detected based
on a signal detected with the load sensor 31. in addition, the ultrasonic vibrator 13,
drive motor 45, and vibration load detection unit 50 are configured to connect fo the
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26 for fitting the |oad sensor 31 therein. The groove 26 is provided in an
opposed manner between the front and rear end portions 2la and 21b of the
bonding arm 21. The | oad sensor 31 fitted in the groove 26 is configured to
sandwi ch between the front and rear end portions 2la and 21b of the
bonding arm 21, so that the |oad sensor is pressurized with screws 27
inserted through the front end portion 2la into the rear end portion 21b.
The central axis 28 of the |oad sensor 31 is offset fromthe central axis
15 of the ultrasonic horn 12 by a distance of L in the Z direction, a
direction in which the t|p end 17a of the capillary 17 noves toward and
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[0027]

f the ul d d
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As shown in FIG. 5A, since the capillary 17 vibrates in the direction along
the central axis 15 of the ultrasonic horn 12 with the vibration of the ultrasonic horn
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The vibration | oad detection unit 50 and the control unit 60 are configured
to contain a conputer having a CPU, nenory, etc. Alternatively, the
detection and control systens are configured to include an electric
circuit. [0023] The operation of detecting a vibration |oad at the
tip end 17a of the capillary 17 in the direction along the central axis 15
of the ultrasonic horn 12 during bonding using the thus configured

Wi re-bondi ng apparatus 10 will be described in the foll ow ng sections.

[ 0024] The control unit 60 shown in FIG 1 forns a spherical ball
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in FIG. 4 (¢). The magnitude of the vibration load can then be detected based on
the amplitude of the extracted signal.
[0029]

The ultrasonic vibration stop means for detecting the change in the bonding
state between the ball 18 and the pad on the semiconductor chip 34 and ultrasonic
vibration change means for adjusting the output of the ultrasonic vibrator 13 during
bonding based on the thus detected vibration load wil! be described in the following
sections.

[0030]

Upon the start of a bonding operation, the vibration load detection unit 50
acquires a signal from the load sensor 31 as shown in Step S101 of FIG. 6. The
detected signal is then applied through the narrowband filter 51 to extract a signal
only within a frequency range around the vibrational frequency of the ultrasonic
horn 12 as shown in Step $102 of FIG. 6, and thus detect the vibration load as
shown in Step S103 of FIG. 6.

[0031]



12, when the ball 18 is in contact with the pad on the sem conductor chip
34, there occurs a frictional force between the pad and the ball 18. This
frictional force causes a vibration load to be applied at the tip end 17a
of the capillary 17. The vibration |oad transfers through the capillary 17
to cause the entire ultrasonic horn 12 to vibrate in the direction al ong
the central axis 15, and thus al so cause the flange 14, to which vibration
due to the resonance of the ultrasonic horn 12 cannot propagate, to vibrate
i kewise in the direction along the central axis 15. This al so causes the
fl ange nDuntlng surface 22 on the bondlng arm21 to vibrate Ilkemnse in the
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t he vert uitrakohicdwrioft 2tid esitlagyi inltbe peddd ohamplibele. indrease dioc it the deyiodhd ti ne
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of the cagtput abpndihg donepletion sighgleasodhavireinlepad 11@ofiRIGI6st ops i ncreasi ng
and rengjgpg4ponstant. \Wen the ball 18 is then bonded to the pad on the
sem conductor chip 34 to be a bonded ball 19 as shown in FIG 5B, the tip
end 17a of the capillary 17 is l[imtekto nove in the direction along the
central axis 15 of the ultrasonic horn 12, so that the vibration | oad

i ncreases again. The tinme period Ain FIG 4 (c) is a period of anplitude
I ncrease and the tinme period Bin FIG 4 (c) is a period of anplitude
stability. [0032] The vibration | oad detection unit 50 determ nes
if the detected vibration load is in the period of anplitude increase
during which the anplitude thereof increases fromzero or in the period of
anplitude stability. As for the period of anplitude increase, the



[ 0033] If the vibration | oad detection unit 50, as shown in Step
S104 of Fig. 6, determnes that the change in the anplitude of the
vibration |oad at the capillary 17 in the direction along the central axis
15 of the ultrasonic horn 12 during bonding is in the period of anplitude
i ncrease or in the period of anplitude stability, it outputs a m d-bondi ng
state signal that indicates the bonding is in a md-state, as shown in Step
S105 of FIG 6. In contrast, if the vibration | oad detection unit 50,
determ nes that the change in the anplitude of the vibration |oad at the
capillary 17 in the direction al ong the central aX|s 15 of the ultrasonic
horn 12 is nei her I n th [pen d _of ug e |nc n Ladiidn th eriod of
nplitude st ab 1€ penifh I”f“ £ ﬁoﬂ?g t?rf cfg%(‘%cf'rﬂ ri od of
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det er mi nleatiat the tiplendi bia off thereapilendil A gvitheibedhange lie thehdihtaiondoadén a

vi br at i onofnual dtate, offering the enlstadtagedhatt bundirggpabhamaliti@s aanl be idetadiedit el y
after thg@oashpl etion of the bonding, to stop the output of the ultrasonic
vi brator 13 t QAltughoa risprdwieandebind-baps fitkef avitng tdrdrahdeayieage dthtae t he
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shor t enegithin®P#éduency range lafo@ittine Abratibhall flediletey PP 8% Bt@sbRicinvredpat el y
recogni ze the occurrence of abnormal vibration by continuously conparing

the change in the detected vibration Ippad at the tip end 17a of the
capillary 17 with the change in the vibration load in a normal state,
of fering the advantage that bonding abnormalities can be detected. [0038]



Al t hough a narrowband band-pass filter with a central frequency at the
frequency of ultrasonic vibration is enployed as a filter for extracting a
signal only within a frequency range around the vibrational frequency of
the ultrasonic horn 12 fromthe signal of the | oad sensor 31 in the
description of this enbodi nent, |ow pass and high-pass filters with a
cut-of f frequency around the frequency of ultrasonic vibration can be
conbined to extract a signal only within a frequency range around the

vi brational frequency of the ultrasonic horn 12. [0039] The present
invention is not limted to the enbodinents but enconpasses al | changes

and nodi fications do n t de fro hn| iSCO sence
of the p %@ehT \A/th?h[ﬂ e?? lg]ef ??C(S n?q%@rﬂgp i al
Appl i cabOIV‘i'E’?S é@ paSS "eq‘f%ﬁéiu E engy of
exenpl i f HE@SPRHCHral eg&an W &H"IH‘”Q 83 @ E‘sé FeqUANERt i on
can be aiffoe&TowRsd ﬂ%‘('?"ﬂtf@n%\hff%lq%ﬁﬂpﬁﬂ‘ealﬂkfﬁ?%'ii?@@ bt also to other Kkinds
of bondi ¥§38ppar at uses such as bunp- bondi ng appar atuses. CLAIMS 1.A
bondi ng appar afhespresept ingentipn is netdimitedi to;the embodiments, but encompasses

all changes and modifications which do not depart from the technical scope or

essence of the present invention as defined by the following claims.

Industrial Applicability
[0040]

Although a wire-bonding apparatus is exemplified in the description of the
embodiments, the present invention can be applied not only to wire-bonding
apparatuses but also to other kinds of bonding apparatuses such as bump-bonding
apparatuses.
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an ultrasonic horn configured to vibrate longitudinally in resonance with
the vibration of an ultrasonic vibrator; a bonding tool attached at an
anti-node of the vibration of the ultrasonic horn; a flange provided at a
node of the vibration of the ultrasonic horn; a bonding arm
conprising a flange nmounting surface at which the flange is fixed to the

ul trasonic horn and attached rotatably to the base unit in such a manner as
to nove a tip end of the bonding tool in a direction toward and away from a
bondi ng target; a | oad senggrapig ached between the center of
rotation of the bonding armand the flange nounting surface; a

vi bration | oad detection unit for extracting a signal obtained by causing a

signal that i sAdehditigeshpdrbtustdenprgidgsensor to pass a signal within a
frequency range,around the vibrational frequency of the ultrasonic vibrator
t hrough a fllt%P tREMi s able to pass the signal within the frequency range
around the vi bamultasahid hemueonfiguséd thaibrater lengitidinallp iratanonande Witlsed on

t he ext rﬁ]%t\ﬁ{}ra?upﬂfb?' ﬁlﬂ?é&tﬂé‘, \ﬂﬁéﬁﬁ't' ng a vibration load at the tip end of

t he bondin onglrtudinal direction of the ultrasonic horn; and
the vibration ab&ad@gtt@@l ﬁ’@@ﬁhﬂd at a2 eptinadeeiibeaibrgtion of dheyplteasenitat i on

means f opg ,ql,eterm ning, after the start of bondi ng, that a period of
arrplltudelncre se durin ich th t de t vibration | oad at the
tip end of theaaﬁ%ﬁ’ﬁéo‘f'g%q’m? E%dﬁﬁl PP&]er'QErf"?BWC Mhe ultrasonic
horn increasesa bandungamc@ﬁpﬁémgrmﬂamgeimcamugIsmf;acefatwhutmmqo&a(ngm of
anpl i tude ney L tant,
are i n ol Bhe trabdf Hithiahc ARSI FatrPuL & FRPBAE SRl SUERRE T
of the bmadneyasdoiméve ddipoentkdf thedbangting doeldn tehdiresioni tawardegdtawarher eby

out put ti . State signal, while determ ning that the bonding
S corrpl13?”‘?1'2\E/%}%Hdmgn(g+ eterm ned period of tine asses af i)er t he anplitude

p
becones | argeralqmqwféﬁﬁph@@uaéwﬁﬁnW@‘i%e'b‘éfrrp ioprofie brpding &thbi i ty,
t her eby 44 mE fia ﬁ]d@@mﬁ R@rfeeapl etion signal, and for determning the

state of bond| n Lnitial  bal r med .at end of
bondi ng t ool b[ﬂtéorb ‘?F‘SGF%%HF“Ms%fa&ﬁngﬁes'gﬂ%'rfgﬁah”ﬁ qttude of
t he det eatstgha! rtHva‘tas detedted ditht the Hhead ispnemttogiasshe sigoatiwithint a)frlequenmme

| ongi t Ud}a?%lg ﬁtth it dbh&l Héa%w%gﬂﬂasémerv%}ét&ghw ggilt@r si gnal

based on bon aratu
cl ai m 1, thiatiis able t@omﬂa t@erﬁjgaalcxmmmdhe drequensy maag%erwndqth%@bcatwa{ i on

| oad detﬁéau&ﬁbwﬁf ’EhetlﬂtrSQ@rﬁig%Erléﬁ)r%ﬁdJlﬁas‘éU éﬁ'%élbkfré‘@téal r\@ibﬂ@@w
wherein contr un| on| on st,op, neans
for st opﬁ?ﬁ?ﬁt“ﬂ%@ Bﬁfﬁlﬁn &adt fk hﬂ ?Pﬂﬁﬁ?ﬁt h nGitding!
conpl et i @ifecicined the uultragodic hommndride vi brati on | oad det ect [ on unit.
the vibration load detection unit comprising bonding state determination
means for determining, after the start of bonding, that a period of amplitude
increase during, which the amplitude of the vibration load at the tip end of the
bonding tool in the longitudinal direction of the ultrasonic horn increases, and a
period of amplitude stability after the period of amplitude increase during, which
the amplitude is approximately constant, are in a mid-bonding state in which an
initial ball formed at the tip end of the bonding tool is deformed and bonded to
the bonding target, thereby outputting a mid-bonding state signal, while
determining that the bonding is completed when a predetermined period of time
passes after the amplitude becomes larger than the amplitude during the period
of amplitude stability, thereby outputting a bonding completion signal, and for
determining the state of bonding between the initial ball formed at the tip end of
the bonding tool and the bonding target based on the change in the amplitude of
the detected vibration load at the tip end of the bonding tool in the longitudinal
direction of the ultrasonic horn, thereby outputting a signal based on the state of
bonding.
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3. The bondi ng apparatus according to claim1l or 2, wherein

contr ol

unit further conprises ultrasonic vibration change neans for

t he
maki ng

the output of the ultrasonic vibrator greater than a preset output when the
anplitude during the period of anplitude stability detected by the

vibration | oad detection unit is smaller than a predeterm ned val ue,
maki ng the output of the ultrasonic vibrator smaller than the preset output
when the anplitude during the period of anplitude stability is larger than
t he predeterm ned val ue.

2. The bonding apparatus according to claim 1, further comprising a control
unit connected with the vibration load detection unit to change the output of the
ultrasonic vibrator, wherein

the control unit comprises ultrasonic vibration stop means for stopping
the output of the ultrasonic vibrator when the bonding completion signal is input
from the vibration load detection unit.

3. The bonding apparatus according to claim 1 or 2, wherein

the control unit further comprises ultrasonic vibration change means for
making the output of the ultrasonic vibrator greater than a preset output when
the amplitude during the period of amplitude stability detected by the vibration
load detection unit is smaller than a predetermined value, while making the
output of the ultrasonic vibrator smaller than the preset output when the
amplitude during the period of amplitude stability is larger than the
predetermined value.

12

whi | e



