DESCRI PTI ON Tl TLE BONDI NG APPARATUS, METHOD OF MEASURI NG AMPLI TUDE OF

BONDI NG TOOL, AND METHOD OF CALI BRATI NG AMPLI TUDE OF BONDI NG TOOL TECHNI CAL
FI ELD [ 0001] The present invention relates to a structure of a

bondi ng apparatus, a nethod of neasuring anplitude of a bonding tool
attached to the bondi ng apparatus, and a nethod of calibrating the

anpl i tude. BACKGROUND ART [ 0002]

DESCRIPTICON
TITLE
BONDING APPARATUS, METHOD OF MEASURING AMPLITUDE OF BONDING

TCCL, AND METHOD OF CALIBRATING AMPLITUDE OF BONDING TCOL

TECHNICAL FIELD
[0001]

The present invention relates to a structure of a bonding
apparatus, a method of measuring amplitude of a bonding tool
attached to the bonding apparatus, and a method of calibrating

the amplitude.

BACKGROUND ART
[0002]

Inmanufacturing of electronic components, awire bonding
apparatus that connects an electrode of semiconductor attached
to a substrate with an electrode of the substrate by a gold wire
is typically used. Such a wire bonding apparatus presses a
capillary as a bonding tool attached to a tip of an ultrasonic
horn while vibrating the capillary by ultrasonic vibration toe
a semiconductor chip and an electrode of a substrate, thereby
bonding a wire inserted through the capillary to each electrode.
[0003]

However, as amplitude at a tip of a capillary of a wire
bonding apparatus is different with each apparatus depending
on a natural frequency of an ultrasonic horn to which the
capillary is attached or individual variability among

ultrasonic vibrators, bonding characteristics often vary among
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I n manufacturing of electronic conponents, a wire bonding apparatus that
connects an el ectrode of sem conductor attached to a substrate with an

el ectrode of the substrate by a gold wire is typically used. Such a wire
bondi ng apparatus presses a capillary as a bonding tool attached to a tip
of an ultrasonic horn while vibrating the capillary by ultrasonic vibration
to a sem conductor chip and an el ectrode of a substrate, thereby bonding a
wire inserted through the capillary to each el ectrode. [0003]

However, +as anpki budeial apbkRaelisascapikhatynef i@ W re-dponrgi ng appar at us
is different with each apparatus dependi ng on a natural frequency of an

ul trasonkgahotn tenwhbeh the capillary is attached or individual
variability among ultrasonic vibrators, bonding characteristics often vary
anong theowite bondi ng apparatuses, resulting in a problemwth quality
control. [0004] In order to address this problem there is proposed
a nmet hod of nedsurragratwvi bdatesy hbdteoproblamcaphklar ysupirpgosekdaser
Doppl er vi broneter, and stoppi ng bondi ng operation when the vibratory

nmot i on ofiethedcapindaryr does: wobradtcaly aopriedetér & dael condy tivhng see
Patent Literature 1, for exanple). [0005] Alternatively, there is
pr oposedlasastPrel b r dduianiaig i mages sepPraiagppPrar Yo viir e &2 e ivhen
ultrasonic vibration and in ultrasonic vibration using a canmera, neasuring
anpl i t udeh®f viRsaeapy| MaE OBy hehbar FA§IARATNCFE&Se O fFESN dt h of the
capillary in the acquired inmages, and providing feedbac%@of t he neasured

anpl i t ude* £8eheEBAPFEICAHdriattuss pedé siteht L EF REFARUrel 9F FG Rl e) .
(@] tation{&ESE]

Alternatively, there is proposed a method of acquiring
images of a capillary while not in ultrasonic vibration and in
ultrasonic vibration using a camera, measuring amplitude of the
capillary by measuring an increase in the width of the capillary
in the acgquired images, and providing feedback of the measured
amplitude to a control apparatus (see Patent Literature 2, for
example) .

Citation List

Patent Literature
[0006]

Patent Literature 1i: Japanese Unexamined Patent Application
Publication No. 2007-142049

Patent Literature 2: Japanese Patent No. 3802403

SUMMARY OFf INVENTION
Technical Problems
[00C7]
Although the method described in Patent Literature 1

using the laser Doppler vibrometer is capable of measuring
2



Patent Literature [0006] Patent Literature 1: Japanese Unexam ned Patent
Application Publication No. 2007-142049 Patent Literature 2: Japanese

Pat ent No. 3802403 SUMVARY OF | NVENTI ON Techni cal Probl ens [0007] Although
t he met hod described in Patent Literature 1

amplitude of a capillary with high precision, it is necessary
to attach a laser Doppler vibrometer for measuring amplitude
of a capillary toawire bonding apparatus. This poses aproblem
of increasing the size of the apparatus. Inaddition, according
to the method described in Patent Literature 2 of processing
images acquired using a camera, while it is possible to simplify
a wire bonding apparatus as a camera provided for the apparatus
can be used, 1t is difficult to clearly identify an cutliine of
an acquired image, and thus posing a problem of low measurement
precision.

[0008]

An object ¢of the present invention is to provide a bonding
apparatus capable of measuring amplitude of a bonding tool by
a simple method with high precision.

Soluticon to Problems
[0009]

A bonding apparatus according to the present invention
is provided with: a base section; an ultrascnic horn configured
to longitudinally vibrate in a longitudinal direction in
resonance with vibration of an ultrasonic vibrator; a bonding
tool attached at an anti-node in the vibration of the ultrasonic
horn, and configured to move toward and away from a target to
be bonded; a flange attached at a node in the vibration of the
ultrasonic horn, and configured tomicro-vibrate in a directicn
in which the flange extends due to a load in the longitudinal
direction applied at the node of the ultrasonic horn when the
ultrasonic horn vibrates; a bonding arm having the ultrasonic

horn fixed thereto by the flange; a load sensor provided at a
3



anplitude of a capillary with high precision, it is necessary to attach a

| aser Doppl er vibronmeter for nmeasuring anplitude of a capillary to a wire
bondi ng apparatus. This poses a problem of increasing the size of the
apparatus. In addition, according to the nethod described in Patent
Literature 2 of processing inmages acquired using a canera, while it is
possible to sinplify a wire bonding apparatus as a canera provided for the
apparatus can be used, it is difficult to clearly identify an outline of an
acqui r edpbragen winth1huspeshagna Preblem obnk OWM: FEASUS eldR R tPE eGiS&d on.

[ 0008] An object of the present invention is to provide a bonding
appar at usncapabl enof t n@asal i Agraopl ot ude ofe ailbondidrgi ¢ aod by Siapl e
met hod with high precision. Solution to Problens [0009] A bondi ng

appar at uscatgerdinditig thelpr esentini awgitiitonel siepsoviegech twictrhi:t a base
section; an ultrasonic horn configured to longitudinally vibrate in a

| ongi t udépaflidiredtioranyergssranwes Wictthtveblard oretefctard bivt tasdmia!

vi brator; a bonding tool attached at an anti-node in the vibration of the
ul t rasonf@nAg¥ nwvhandteenkiurednic hove towsrdsgad taway iedm 1 diget to be
bonded; a_flange attached at a node in the vibration of the ultrasonic
horn, and:tbRFPQUFediPo2hPEr BRGFBr 4R8 PRNE180r E€CLoR Si B IRTiSeh WHKE T | ange

extends due to a Ioa&hin the | ongitudinal direction a%PILed at the node of
the ul t r'3bAFLERT A WherCR hed Bt t FAsHI T Hord A Hrafe £t & Boidi iy &m havi ng
the ultrasonic horn fixed thereto, t.he fl ange; . a | oad sensor praovided at
0 por 1 DA RTA eb Dot NG LariaL it Eont L Gar bioh LR EC T B G n 1 he
Iongitudﬁgaﬁ direction of the ultrasonic horn applied to the bonding tool;
and an anp¥|tude measurenent unit configured to convert a signal of the

| oad detg&éfﬁ]by t he | oad sensor when the ultrasonic horn is caused to

vi brate by the ultrasonic vibrator where the bonding tool is placed under

ooy e S 0y TR BB, Ll LT eon: gl bondt o
invention, it is preferable that the flange is attached so as
to extend along a direction perpendicular to the longitudinal
direction of the ultrasonic horn and to a moving direction of
the bonding teool, or that the bonding arm is monolithically
molded with a metallic material, includes a first block having
a flange attachment surface, a second block rotatably attached
to the base section so as to cause a tip of the bonding tool
to move toward and away from the target to be bonded, and a
connecting plate connecting the first block with the second
block, and is configured to deform due to the microvibration
of the flange, thereby changing an interval between the first
block and the second block in the longitudinal direction of the
ultrasonic horn.

[0011]
In the bonding apparatus according to the present
invention, it is preferable that the lcad sensor is offset in

a moving direction of the bonding tocol from a central axis of
4



In the bonding apparatus according to the present invention, it is
preferable that the flange is attached so as to extend along a direction
perpendi cular to the |longitudinal direction of the ultrasonic horn and to a
noving direction of the bonding tool, or that the bonding armis
monolithically nolded with a nmetallic material, includes a first block
having a flange attachnent surface, a second block rotatably attached to

t he base section so as to cause a tip of the bonding tool to nove toward
and away. £ o [ hesLat gehotR Q%Hgméﬁ@ 1@%%1%@%@@9@1@%&&%6 connecting
the first block wth the second block, and is configured to def orm due to

the microyjbpathon 9fclbenflrnge: rLhesebyx changimg fdedid &Mk beteen the
first block and the second block in the |Iongitudinal direction of the

ul trasonkgnhoENre£00d 1det bt he hondi Ng apparatdis: ace didig dex ide @F esent
invention, it is preferable that the |oad sensor is offset in a noving
directi ophef ut heabendingot-aokphbnorpabeenteal tael Fiafst thead tarasarkicc horn
al ong the | ongitudinal direction, sandw ched between the first bl ock and

t he secondcbhocklocand wonfhiagured toptietedt mwedvaderant hend ongidludiaral
direction of the ultrasonic horn applied between the first block and the
second bhocknabogthatithée apphetride medsar edgnt lumionvierdindes: rart .

anal og-digital converter and a signal converting unit. [0012] A

met hod ofOfasuring anplitude of a bonding tool according to the present
invention is provided with: preparing a_bondi ng apparatus including: a base
section; an ulbrasonP@ hbrncesnfipdr eBPLotheAgPEud RAPPY ¢ BP&te in a

| ongi tudinal direction in resonance with vibration of an ultrasonjc

vi br at or 2CEOEBRBE NP ttHG! PREEEBRN BN ahParitS PREJEIPA Yhe! Vit Rtd o %t t he
ultrasonic horn, and configured to nove toward and away froma target to be

bonded; & PPRAAYRYaRRERREALLACHAYEN T h ? RASA bi&t o 0f2t HE W5 UEoni ¢

horn, and configured to m cro-vi. directian i_n_whic e flange
47} Gagef
n

. br at.e ig a G fﬁt £
ext ends d8&"t GBI 8HESFn “PhéOPERGH P Hﬁpéétﬁoﬁnaﬁpﬁfgﬁpaijﬁé hode of
havi ng. t RECOFES B80RPe PRSP RoT el Eherdrd My et Pingdt 2 304 sonaor

havi ng t y € flange; sensor

attached 19 g portion wiihin the bondig anm and Gantlow ad tg,detect a

load in th §i t GdiPRal *4rr ect’i o "of the Gltrasonic horn applied to the

bOﬂdingo%ggkétﬁggéﬂggﬁggégéy §o$ﬁ§§#ﬁ%ﬂegthQéﬁff%@fé&Q£ﬁﬂo§8tﬁﬂﬂ%ﬁit a

si gnal oad sensor and to neasure anplitude of

vi brati og,gfa 0 HoRdLng {08! CavSidiiddie Uk LrAgan & Naidy e, ¥ibiad e using

the ul trasoni c vibrator e placing the bonding tool under unl oaded

condi tion; and ¢aH$LRYohNEf the ultrasonic horn, and configured to
micro~vibrate in a direction in which the flange extends due
to a lead in the longitudinal direction applied at the node of
the ultrasonic horn when the ultrasonic horn vibrates; a bonding
arm having the ultrasonic horn fixed thereto by the flange; a
load sensor attached to a portion within the bonding arm, and
configured to detect a load in the longitudinal direction of
the ultrasonic horn applied to the bonding tool; and an
amplitude measurement unit configured to convert a signal of
the load detected by the load sensor and to measure amplitude
of vibration of the bonding tool; causing the ultrasonic horn

to vibrate using the ultrasonic vibrator while placing the

bonding tool under unloaded condition; and causing the
5



anplitude neasurenent unit to convert the signal of the |oad detected by
the | oad sensor, and to neasure the anplitude of the vibration of the
bondi ng tool in the longitudinal direction of the ultrasonic horn. [0013]
In the nmethod of neasuring anplitude of a bonding tool according to the
present invention, it is preferable that the flange is attached so as to
extend along a direction perpendicular to the |ongitudinal direction of the
ultrasonic horn and to a noving direction of the bonding tool, or that the
bondi ng amprisuaengkithi-eakhy onkdedowtdhvartetiabl & Lomal esf alhe ieddides a
first block having a flange attachnment surface, a second bl ock rotatably
at t acheddtoethedbagetisectvan sonasrt carcduse raed s yoroftHdexrgonici i todl to
nove toward and away fromthe target to be bonded, and a connecting plate
connect i hgetwhidfd rigin bifoicke Wicthhlitlpet sed oind thleotknyg andd i sa tohfiegurierh t o
deformdue to the mcrovibration of the flange, thereby changing an

i nterval cbeteenithespiist hpkock and the second bl ock in the |ongitudinal
direction of the ultrasonic horn. [0014] In the method of neasuring
anpl i t udé®8t34& bonding tool according to the present invention, it is
preferable that the | oad sensor is offset in a noving direction of the
bondi ng tool fentke dedthed HxiRePTHiHE Ath-aksoHie %gréh Ranshig g Heol

| ongi t udi nal ﬁlrectio , sandwi ched between the first_block and the second
bl ock, aRdcebAt PYur@d 1% PAGSEE" a V6Ad R 1t Aé IEnigt ¢ LT #at © di 1t of the
uItrason%g horn.apgt'ed bgtmeen the first blgck and t.he second bl ock, or
that the"afpPFt e G8GFeRrBnf SufiPt SFAEPHdES AT an&l'dGdi'git al convert er

and a SI@Q?&eg g g%”&a%@kgiok%g%%hinal direction of the ultrasonic

horn and to a moving directicn of the bonding tocl, or that the
bonding arm is monoiithicalliy molded with a metallic material,
includes a first block having a flange attachment surface, a
second block rotatably attached to the base section so as to
cause a tip of the bonding tool to move toward and away from
the target to be bonded, and a connecting plate connecting the
first block with the second block, and is configured to deform
due to the microvibration of the flange, thereby changing an
interval between the first block and the second block in the
longitudinal direction of the ultrasonic horn.

(0014}

In the method of measuring amplitude of a bonding tool
according to the present invention, it is preferable that the
load sensor is offset in a moving direction of the bonding tool
from a central axis of the ultrasonic horn along the
longitudinal directicn, sandwiched between the first bleock and
the second block, and configured to detect a load in the
longitudinal direction of the ultrasonic horn applied between

the first block and the second block, or that the amplitude
6



A nmethod of calibrating anplitude of a bonding tool according to the
present invention is provided with: preparing a bondi ng apparatus

i ncluding: a base section; an ultrasonic horn configured to |ongitudinally
vibrate in a longitudinal direction in resonance with vibration of an
ultrasonic vibrator; a bonding tool attached at an anti-node in the

vi bration of the ultrasonic horn, and configured to nove toward and away
froma target to be bonded; a flange attached at a node in the vibration of
the ultrasgphechern, uand cenfigusednt andilepouighnatie dohv ddeedPn i n

whi ch the flange extends due to a load in the longitudinal direction
applied atghhe nodeeofihBeuuktrasoni c horn when the ultrasonic horn

vi brates; a bonding arm having the ultrasonic horn fixed thereto by the
flange; &0boad sensor attached to a portion within the bonding arm and
configured to detect a load in the longitudinal direction of the ultrasonic
horn applied t® mhehddndingatoblatangoatnpdl tudiet ofonf bgudédat dopriocess a
signal of the | oad detected by the |oad sensor; and an anplitude

measur eneAECC AL RY dohftihgupsdsebt clomatti ehd ssbhgpuidet whieh | catkrhatiewt ed by
the | oad sensor and to neasure anplitude of vibration of the bonding tool;
causi ng #heCRHIPAsHPREr hbEH 1o ViBFad & HIEP GEHE @& erddhee tapidred vol t age
using the ultrasonic vibrator while placing the bonding _tool under unloaded
conditioﬁ?fﬁaﬁgPﬁ@gPﬁﬁdaﬁﬁlﬂ?ﬂaétH€é§é#éﬁeHﬁbﬁﬁ¢P td Corverdt e silgnal  of
the | oad detected by the | oad sensor, .and to neasure ﬁhe anpl.itude of the
Vibrati oL BFCEhE  bERATRENEBER P tohd PORGIOdPAAE "dETERamI6t ¢ he

| t ic. h , d ' th trol it t th d
arpl i t udb* R ThOF ar GePOAPI e GUEL AhA°FO°Eharigs"a Vol 456 app) i to t he

ul trasonj. ¢, vi br at or eq%on a result of the comparison such that anplitude
o L Re Uy B PLaR O PRRSE A0 S £ 0T 2 B SOIRAL S00 PSP a2

anpl it Udc'?nd[an%}P]frgm a ttao ﬁtteleg DEROGOf. ga%iéjﬁ(?é E[ar[:%sa oF eoi tud n%cdteﬁat t he

bondi ng tool cordi ng resent 1nvention, i erabl e

f1ange iﬁ%@ceggﬁemﬁf&@ extend.alapgia dibrectibon perpendicy ar, to the

| ongitudinal direction of the ultrasonic horn and to a novi'ng direction of

the bonding: 60l prQfet NAta the-bondbng: ArM i & mopoldthigaldy pidedani th a
metallic material, includes a first block having a flange attachment

surface, :@ sqceRdihl o6k THatatnat tached to Lhe1Raseasecht bSO AS to
cause a tip of the bonding tool to nove toward and away fromthe target to

be bondeghe and ra se@nressiNghRnat ite CORREGLINNG kHEn Fiiksta thlock puird righe
second bl ock, and is configured to deformdue to the mcrovibration of the

fl ange, 4herrebyirehang ng taksomtier walenbet weanthbeetbrisy ook ang: 1 ke second
block in the longitudinal direction of the ultrasonic horn. [0017]

I n the netdddseafsealddirattiany tanpl pbudecof watbondiing Haoliragcondi rgiad o t he
present invention, it is preferable that the |oad sensor is offset in a
nmovi ng diemtigonedfte hietbondi g daoblif riom d coentmeldiresd siiofedtheruldfr asoni c
horn al ong the | ongitudinal direction, sandw ched between the first bl ock
and t he Beeond sgek,c andrcartl yed éd tbhedeteding ticodd Bnceierel unit

configured to process a signal of the load detected by the load
sensor; and an amplitude measurement unit configured to convert
the signal of the load detected by the load sensor and to measure
amplitude of vibration of the bonding tool; causing the

ultrasonic horn to vibrate based on a reference applied voltage
using the ultrasonic vibrator while placing the bonding tool
under unlecaded condition; causing the amplitude measurement
unit to convert the signal of the loaddetected by the load sensor,

and to measure the amplitude of the vibration of the bonding
7



| ongi tudi nal direction of the ultrasonic horn applied between the first

bl ock and the second bl ock, or that the anplitude neasurenent unit includes
an anal og-digital converter and a signal converting unit. Advantageous

Ef fects of Invention [0018] The present invention advant ageously
provi des a bondi ng apparatus capabl e of neasuring anplitude of a bonding
tool by a sinple nethod with high precision. BRI EF DESCRI PTI ON OF DRAW NGS
[ 0019] FIG 1 is a diagramillustrating a structure of a wire

bondi ng apparat usoOh oan ; enbodiment raceording R the present nbpvention.
FIG 2 is a plan view show ng a | ower surface of a bonding armof the wire

bondi ng appaLatushOtchie cenbedi mentoaseeedi g red sthe PEasent uiBVertH on.
FIG 3 is a plan view showi ng an upper surface of the bonding arm of the

wire bondingeappapatusdef the esbediamert saceqrdigrg dppltikel presend

I nventi on.
ultrasonic vibrator based on a result of the comparison such
that amplitude of the vibration of the ultrasonic vibrator
corresponds to the target amplitude.
[0016]

In the method of calibrating amplitude of a bonding tool
according to the present invention, 1t is preferable that the
flange is attached so as to extend along a direction
perpendicular to the longitudinal direction of the ultrasonic
horn and to a moving direction of the bonding tool, or that the
bonding arm is monolithically molded with a metallic material,
includes a first block having a flange attachment surface, a
second block rotatably attached to the base section so as to
cause & tip of the bonding tcol to move toward and away from
the target to be bonded, and a connecting plate connecting the
first block with the second block, and is configured to deform
due to the microvibration of the flange, thereby changing an
interval between the first blcck and the second block in the
longitudinel direction of the ultrasonic horn.
f0017]

In the method of calibrating amplitude of a bonding tool
according to the present invention, it is preferable that the
load sensor is offset in a moving direction of the bonding tool
from a central axis of the ultrasonic horn along the
longitudinal direction, sandwiched between the first block and

the second block, and configured to detect a lcocad in the
8



FIG 4(a) and FIG 4(b) are a diagramand a chart illustrating deformation
of conponents when an ultrasonic horn of the wire bondi ng apparatus of the
enbodi ment according to the present invention is caused to vibrate.

FIG 5(a) is a chart show ng anplitude nmeasurenent of a capillary of the

wi re bondi ng apparatus of the enbodi nent according to the present

invention, and FIG 5(a) is a chart show ng anplitude calibration of the
capillary of the wire bonding apparatus of the enbodi nrent according to the
present iAMEAtLEAnal directl&n & ithaavdiagramil hyshratd ngea wignalny
processi ng system of an anplitude neasurenent unit of the wire bonding
appar at ughef rt hecephedikmnt ageokdicngd @ 1bhe , presentat rventdnyL i@k charts
showi ng a signal change. DESCRI PTI ON OF EMBODI MENTS [ 0020] In the
fol | owi ngeaauperterr edienbadineat accandilpg-Ho gtihe Ipresenrirdavernid on i s
described with reference to drawings. Referring to FIG 1, a wire bonding
appar at usidfaaccondengitg tthiis.enbodi nent includes a bonding head 11 as a
base section, an ultrasonic vibrator 13, an ultrasonic horn 12, a capillary
17 as a bondi nydveotagacht anféeddsppdviidedntornt he ultrasonic horn 12, a
bonding arm 21, a |oad sensor 31, a driving notor 45, an anplitude

measur enehPl8hit 50, a control unit 60, and a bonding stage 33 to which a
sem conductor chip 34 and a substrate 35 as targets to be bonded are
suctioned and TRk eGP FRQVeDtipN BAYRLGAERENSAYr REPY bACHI2 (AT asoni ¢
horn 12 corresponds to a Y-direction, a direction_in which the capillary 17
noves t oWaP8TAhYS s R+ Bf fa TSHTHCS DATPHe WSS Plraf PBBE BRIt DY

sem conduct or fhi@ 34 corre pondﬁ to a.Z-direction which is a height
directioft, ¥R’ 8 BFFER i8ﬁt§epb8 dPEGFar 8-t he | ongitudi nal direction of
the ultrasonic horn 12 within a transversal plane along which the flange 14
extends corresponds to an X--direction.

BRIEEF DESCRIPTION OF DRAWINGS
[0019]

FIG., 1 is a diagram illustrating a structure of a wire
bonding apparatus of an embodiment according to the present
invention.

FIG. 2 is a plan view showing a lower surface of a bonding
arm of the wire bonding apparatus of the embocdiment according
to the present invention.

FIG. 3 is a plan view showing an upper surface of the
bonding arm of the wire bonding apparatus cf the embodiment
according to the present invention.

FIG. 4(a) and FIG. 4(b) are a diagram and a chart
illustrating deformation of components when an ultrasonic horn
of the wire bonding apparatus of the embodiment according to
the present invention is caused to vibrate.

FIG. 5(a) is a chart showing amplitude measurement of a
capiliary of the wire bonding apparatus of the embodiment

accerding to the present invention, and FIG. 5{(a) is a chart
9



[ 0021] The bonding head 11 is provided with the driving notor 45
that rotationally drives the bonding arm21. The ultrasonic vibrator 13 is
configured as a layer of a plurality of piezoelectric devices, and attached
to the ultrasonic horn 12 on a back end side. Further, the capillary 17 is
attached to a tip of the ultrasonic horn 12. The flange 14 is provided at a
position corresponding to a node in vibration of the ultrasonic horn 12
that will be later described, and the flange 14 is fixed to a fl ange

at tachmeptosurfaggp22cphicackipnebctbe bendinag _LHMAL YSidFg e iximg bol t
16. [0022] %he bonding arm 21 is attached rotatably about a rotary
shaft 30pprayhdegdpborathe bonthaGhesd ddat Adedadiopalc aend eirekdmaf the
bonding arm 21 is positioned at the sane |level as a surface of the

subst r at endbnsuechioned to the bonding stage 33 or as a surface of the

sem conductor chip 34 attached to the substrate 35. [0023] The
bondi ng arm 21FiG. acsiibst ant eakamect angulracicgbei dighat exbewrds ialgong a
direction of a central axis 15 of the ultrasonic horn 12, and includes a
front - endybtenko2lanasmplfiinse bkeckrhaeinngunié flfarndge atitrachmeriirsurf ace
22 and a back-end bl ock 21b as a second bl ock having the rotational center
43. The fpparaend di dbk i ding:tthe chackiand: dltdekr Papent d rewiectied by a
connecting plate 24 provided at a position corresponding to the central
axi s 15 ®rdt peaplh6r A86HIEBIhar AL ¥R LN CRR&YKei ght direction (2-direction).
The front-end bl ock 21a, the back-end block 21b, and the connecting plate
24 are nonolithically configured by a netallic material such as nagnesi um
In surfaces of the bonding arm 21 facing toward a bondi ng surface 41 and
away fromthe %%ﬁﬁ?%%ngmf%EeE%§QDﬁ%FWSg/grooves 23 and 25 that separate

t he fronL-gg& bl ock 21a fromthe back-end bl ock 21b of the bonding arm 21
are resp g ély provided. In the upper surface of the bonding arm 21 in
the Z-directio ich,is the surface facing a ram t he, .bondi surface
4. a groove 28 FOP SOLLORLG: cherFosd - conanr o dRedl ARCiaaa b Ebnd " he
front-engrgggﬁg E%%ﬁ‘@%ﬁh?sbé%éa?”igeg' 0Gkn21h ab. Lhe hondjng,,aryp 21. The
connecti’ng plate 247 1s7a sectron in a thin plate form between the groove 25
and the 23+ & 0024] . .Re I 2.~ 10, the
surface %%9§¥gl§§n%%ng dréfo Wéé?n%g?§%§9d£§%§£§%ﬁéi%@q%{%ééﬁﬁb%f?’a

depr essi op; 29.hayi Nee & dept L @d iRG Lihe, ulbiasenie harndZand dihe

ultrasonic vibrator 13 to be contained therein is provided. A depression

29a in the {rontsend: b ook @da is i ai1tkapeagdabrshape 4 @fimrﬁ%ﬂs from
the flange attachnent surface 22 toward the back-end bl ock 21b. A wi dth of

the depression epraissigde ofl ,t Besfhagael atpashieat seir faee 2 issElightly
wi der than that of the ultrasonic horn 12 so as not to be in contact with

the ul traseni t2 hok nodidi@doa fn Vit Ot he dfoddies etepsessi Om ariav isidlenatfort he
back-end bl ock 21b is such that the ultrasonic vibrator 13 can be contained
wi t hin the, depreassi dhudAmepperesect wont 030t he doonteend bt ok,
W t hout the depression 29a constitutes a solid block in a substanti al
rect angui abocdbogdst AgdepBessi shi28bai semiechacktend diligekd 2Hnd a
substrate 35 as targets to be bonded are suctioned and fixed.
In FIG. 1, a longitudinal direction of the ultrasonic horn 12
corresponds to a Y-direction, adirection inwhich the capillary
17 moves toward and away from a surface of the substrate 35 or
the semiconductor chip 34 corresponds to a Z-direction which
is a height direction, and a direction perpendicular to the
longitudinal direction of the ultrasonic horn 12 within a

transversal plane along which the flange 14 extends corresponds

to an X-direction.
10



is a rectangul ar depression having the same width as the depression of the
front-end bl ock 21a on a back end side. An upper section of the back-end
bl ock 21b without the depression 29b constitutes a solid block in a
substanti al rectangul ar cuboi d. [0025] Referring to FIG 1 and FIG
3, the load sensor 31 attached to the groove 26 is configured to be
sandwi ched and pressurized between the front-end bl ock 21a and the back-end
bl ock 21b using a screw 27 screwed fromthe front-end bl ock 2la toward the
back-end [6I0@dK 21b of the bonding arm 21. The | oad sensor 31 is attached
such that a central axis 28 of the | oad sensor 31 is offset by a distance L
from the centraheakpadibsgoficatiel Ul 13 asony tdhdrni R §ime tdvel Ziny rrectdon in
whi ch the bonding surface 41 and a tip 17a of the capillary 17 approach and
separ at e ‘Priom edct adtivesl Ipugs hees thef bpridagotarFEG. 3Thehel toatosensor 31
is attached to a central portion of the bonding arm21 in the
acr oss- t KePWPGPR difr é6t CORT 1aNdethéssér wvesr i g dhiudad 61y it her side of
t he | oad sensor 31.,%0 26% Referring to FIG 1, the | oad sensor 31
bethet n%w

i s connebt&4°f G88. A itdmstedinia t56 anBreRenEENEPB! thit 60,
moasur ontht© T 60 hrd EonnEered=to thE CORLPOFTint{ 6. EaSei Grf Sommands
ot ati ondl C B 1 et on CARA2 SRR Gt BAE"of t hd U IV tof S4B S LGS ol | ed.
the ot Fob oot B0 B r e Bl s o Bt UM ‘B0 8 (HE cont ol unit

ncl uded T Rarer R Car an be AT Qb et Fort ani e Tt Sk En P
, ystem con ﬁbured by
an electfjcigifciid.cd @2Zfhnge attachment surface 22 of a tip of the
bonding arm 21 using a fixing bolt 16.
[0022)

The bonding arm 21 is attached rotatably about a rotary
shaft 30 provided for the bonding head 11. A rotational center
43 of the bonding arm 21 is positioned at the same level as a
surface of the substrate 35 suctioned to the bonding stage 33
or as a surface of the semiconductor chip 34 attached to the
substrate 35.

[0023)

The bonding arm 21 is a substantial rectangular cuboid
that extends along a direction of a central axis 15 of the
ultrasonic horn 12, and includes a front-end block 21la as a first
block having the flange attachment surface 22 and a back-end
block 2ib as a second block having the rotational center 43.
The front-end block 21a and the back-end block 21b are connected
by a connecting plate 24 provided at a position corresponding
to the central axis 15 of the ultrascnic horn 12 in the height

direction (Z-direction). The front-end block 2la, the
11



When the driving notor 45 is driven by the control unit 60, the bonding arm
21 rotates, and when the tip 17a of the capillary 17 is pressed agai nst a
surface of the sem conductor chip 34 or a surface of the substrate 35 as a
target to be bonded, the | oad sensor 31 is conpressed to detect a pressure
applied in the axial direction of the capillary 17 (Z-direction) and
outputs the detected pressure to the control unit 60. The control unit 60
controls the driving notor 45 such that a load to the capillary 17 in the
Z- di recthenxobtai pedchy2the kaadesensenndttiisgkeptve thi nya predeterni ned
range. [0028] A vibratory condition of each conmponent is described
with refeseactethockl Gy 46arigndell oy 4(hktaWhen aaveltiage shs:rapplied to the
ultrasonic vibrator 13 to cause the ultrasonic vibrator 13, and in turn the
ul trasonngghesnuit?, 10 suidfzates wideheunhbodded eondilitmgindg wdwahd tshe tip
17a of the capillary 17 of the wire bonding apparatus 10 configured as
descri bedoatone s faaway 4flr andl teher s dbstr Ete Mmdima hersemecdhductorowchi p 34
shown in FIG 1 and in which no pressure is applied to the capillary 17 in
the axi atrdeyeetsodmng 0029 Refswud v ¢ IR Gro(aendwigrm ek vidla dgeri s
applied to the vibrate, the ultrasonic vibrator 13 causes the ultrasonic
horn 12 Ee \mgitaie el 4sK ilby afethby Pesdnagi aglidl e Fergiardiviealy
direction along the central axis 15. As used herein, the Iongltudlnal

vi brat i onFPRFRFS t of ViHIRtURRES PuMiads é’fdltrl'@”ctqw}d“fg \ﬁrlﬁff a?tlorly‘

transm s nis identical th a dir ct on of anpl t emat i cal
Sdi RS, iﬁn't‘hb“tn H Dpg Qe B find Thewer tanyilts B dipa na
vi bration. o the ltrasonic v tor ch e back e of t he

O aso it |% %f%g%n% t a%ﬁaf:&éaﬁ Pe' Dat "6t i I 1 he

| t d th th 17 i
Stt;i‘ﬁidéf%%;?%@t %h%‘df‘rao%e %r%‘%lac%r%ié’m b st R on.

Further,zfﬁgeéd@ng%%agggarw dLtrasoni.e mgmgigﬁézzb/f w% g;ng arm

21 is provi at ‘a no I'n t e’ VI ration bet "t he tip

that is,;@a pqifit, ?ﬁ%ttcd?%§mn85t%bgﬁarcﬁo ﬁwgﬁ ?%ﬁ&‘ddr{@' I%J\%Ctlon of the

ultrasonic horn 12 in a resonant conditi | ange 14 |s flxe to the
flange afg¢@echpent surface 22 of the bonding arm 21 using the fixing bolt
16. Here, the anplltude of FIG 4(b) shows the anplitude in the

| ongi tudi nal did@ctiony ofo tieg Ul 1 rasenicchosn LA aneressrdbkesti enefor the
sake of understandability. [00301 At an anti-node in vibration,

anpl i tudeoi@ih@rgen bt fapiegsuseaid the bengihydsnakader agtian due to
| ongi tudinal vibration is mninmm and at a node in vi brati on, by contrast,

anpl i t udeepSe £ NHMUNS ME v anPrespt idl e dpngid uditnals i ire eidren 1due to

| ongi tudi nal vibration increases. Accordingly, while the node of the

ul t rasomred hidtan APt t@sahichvibrator 13 to be contained therein is
provided. A depression 2%a in the front-end block 21a is in
a trapezoidal shape that spreads from the flange attachment
surface 22 toward the back-end block 21b. A width of the
depression on a side of the flange attachment surface 22 is
slightly wider than that of the ultrasonic horn 12 so as not
to be in contact with the ultrasonic horn 12, and a width of
the depression on a side of the back-end block 21b is such that
the ultrasonic vibrator 13 can be contained within the
depression. Anupper sectionof the front-endblock 2lawithout

the depression 2%a constitutes a solid block in a substantial

rectangular cuboid. A depression 29b in the back-end block 21b
12



the flange 14 is attached does not vibrate in the |ongitudinal direction of
the ultrasonic horn 12 (Y-direction), a large conpressive force and a | arge
tensile force are applied to this portion when the ultrasonic horn 12
longitudinally vibrates in the longitudinal direction. Further, the
ultrasonic horn 12 is nade of a netallic material and has a predeterm ned
el astic coefficient and a Poisson's ratio. Consequently, when a conpressive
| oad is applied to the ultrasonic horn 12 in one direction, the ultrasonic
horn 12 is goppressgdibR HBbsedishest har.inand nexpands Wikitad, dig agtd on
per pendi cul ar to the conpressed direction by an anount defined by the
Poi sson' depatkeiokher efios ef rovreread comprlessiaven aadakcg appl sedet 0 @ porti on
corresponding to the node of the ultrasonic horn 12 to which the flange 14
i s attachedeassdaidi watcddthy lanclowsnd rbltdiek Y-1th wéthbon dase showedanidd G
4(a), for exanple, the portion corresponding to the node is conpressed in
the ' f-diPectboatandtexpandslin bheck- dir ectivbmtarfiereby ccausiongl g0si ti ons
for the fixing bolts 16 in the flange 14 to nove outwardly in the
X—direct@@h@lgs a result, positions of the fixing bolts 16 that fix the
flange 14 nove outwardly in the X-direction, and this inparts an outward
force toWaPe &ither side in the X-direction as indicated by arrows to the
front-end bl ock ﬁla of the_bonding arm 21, which is in turn expanded in the
X-direction ast¢reafeRtedoYiGar lodkd Fife fr &ME £ HIScE0 244 4t ihes! nade of
redeterm ned elastic coefficient and a

talli t i al h i
Pl ssan' &S Sroasaatt daner s R R o AR UER GhE AR BrE Ot (n t he
X- di ti d h ds .t bot h.sid i th - di ti , th
ot ok R SR EREnL 2888 LA B B R e BT LB i Ue he
X- di ti , ) t fi by .t he Poi '
N o i Beray 20N DYCAT LOUR: (RY SRATOURN AILSG Y MG RDRON ©

! brb nd bl ock 21 |
Candu cred betuden T he Tront- aa Bck B18 A [ he. Back: Shd B4tk P1b by a

very small anbuieq aehy hipsdecteasesithgikoad Lp the 54 rs%#lg dﬂpp' i ed

to the | oad sensor 31. By contrast, when a tensile load Is app to the

node of the,pfFteasepi & HosPadde LherBArthanceakraspandisng st ¢ st he node of
the ultrasonic horn 12 is conpressed in the X-direction, an interval

bet ween & herdéxhng HeLhs116ihnchhezXadi-eeet baniheganes RALr GwelGind the
front-end bl ock 21a is conpressed in the X-direction and expands in the

Y- di rectéontaddizg dmd burip deargases dahe Wadhhi ofa e Br0eNe 284 the
Y-direction by a very small amount, and increases the load in the

' 1-di r ecffan eappl bedeto thertload, sensor-idly tp0083] 3, the 14Asd desceidrbed
above, the front-end bl ock 21a to which the ultrasonic horn 12 is attached
i s confiYyured sucdciiddattd he deoddrd In ddhe idn difr edtd drorappld ednt @4 Hey | oad
sensor 31 due to the vibration changes by a very small anobunt when the

ul t rasonilee hormedP-ilsecaldeld doredbian g dyd tthee Hareas il d svichmatialedl3, and
whereby the | oad sensor 31 outputs fluctuation of the | oad. [0032]
Accor di g tol ket $hée i alebher sohdveenenti sired from t he experinentation,
when a voltage is applied to the ultrasonic vibrator 13 to cause the
uItrasoniQQ%g}n 12 to vibrate where the capillary 17 is placed under

unl oaded condition, a certain relation is found between the output of the
| oad sensor 3RHRFIHE difplFilfude - of PEECRAPFEIEPY Y 15 AW LT déti on as

shown in FIG 5(a). Accordingly, it is_possible to nmeasure the anplijtude of
t he capiqlTeara)?‘p%?ti)Wq H‘@af-u&ie?f@&ti BﬁlByS@lﬂ%ﬁ higSPRETBut Put & otC ¢ &G oad

sensor 3ty anfl apel y] na, the, bt aj ned, put put t o the ghant shown i FIG
amplitude measurement unit 50 are connected to the control unit
60. Based on commands from the control unit 60, an output of
the ultrasonic vibrator 13 and a rotational direction and an

output ¢f the driving metor 45 are controlled, and amplitude

detected by the amplitude measurement unit 50 is inputted to
13



[ 0033] The anplitude nmeasurenent unit 50 according to this

enbodi nent is described in detail with reference to FIG 6. Referring to
FIG 6, the anplitude neasurenent unit 50 includes a filter 51, a full-wave
rectifier circuit 52, a snoothing circuit 53, an anal og-digital converter
54, and a signal converting unit 55. The filter 51 can be configured as a
conbi nation of a lowpass filter and a band-pass filter through which an
operating frequency of the driving notor 45 can be cut, the two filters
connect edheonti nuwlsy.t 60 . onenokrhd thve hiehtersmast! Ong: @9 khaitshdgossi bl e
to filter out the noise. The full-wave rectifier circuit 52 is configured
by a conbbnatpornuoit &Pplaarabit yowof i gectdfyd ng cdepiuces, handntosconver t
alternating-current power into direct-current power. The snoothing circuit
53 i s coafiguradl byrancorbinat ioadofhare s stranee dadaalcapacitorandnd to
reduce fluctuation of the signal by snoothing. The signal converting unit
55 i ncl udeScatruhcEyehehorcodAvBEELN Yt he Silgsdlr ioutpguttudd .from t he | oad
sensor 31 shown in FIG 5(a) into the anplitude of the capillary 17 in the
1-direct {8A27] 0034] The fol | owi ng describes signal processing by the 18
anpl i tude nmeasurenment unit 50. A signal of fluctuation of the |oad detected
by the | oad sefis®h 31 &hibins 0 tRdv éPorf HE BRI RY Fhe BotH okiwiie and

ti [ ti h in FIG 6 . Th h the filt 51, [ f
B ah. £ PRaUBRGy SCBBARET ALt FGESFGRal EHAd PRS- AFSE 161 e Tpat Rt ng
frequencg ofl£he qE;ving notor, 45 are _renoved. Th ﬁ% nal .after the noises
are removed s hput t'éd Fﬁ?%eﬁﬁ%%?hT??ﬁbﬁéf%8€Fi?fé%f%ﬁﬁ&ﬁﬁ? e signa
[ ' ' - t .Si I i | t fl ti [
the posi F1 6 i Bk PR RS i e T e ot 91 & ard et 52 et tBun T |
FIG 6(b T t N I - t.in th i, | that
1S SCDhne Thetl rddio it ogolhe S ofug L onl. Omengilad g NGy siapal tha

thi . L . . ). thi's L i nt L ¢
the s gnal Taked & ol Teot v val ve sunsrancl o 1y ad i drss el 515 Ve
anplituds,abtes the futb-vavepresti:bibcabi @Reshown rbd BhGr &(b) - rAs shown in

FIG 6(a), immediately after the ultrasonic vibrator 13 starts vibrating,
the anpl ¢dnideo Dfurtihe 631 gBak routpuhted: { ¥ om0 tha d0ad sgpsoFn3L 4 s sl . The
anplitude gradually increases as the vibration becones nore stationary, and
t hen becoseshsubspantaay| y7constast z-AfbercpassbhgatiRcaugl the fiwsls wave
rectifier circuit 52 and the snoothing circuit 53, the signal shows

anpl i t udeemédh 31 ucs uadbonw ashshownpikadEt&rmbhe), ruhgee the intensity is
zero when the ultrasonic vibrator 13 starts vibrating, gradually increases
over tin0zahd then becones substantially constant. As the fluctuation in
the intensity per unit tinme of the signal after passing through the
snoot hi ng ci r duvtibs3tsyredutedi @as ccheanhiqorfEld@eB( ¢, dédct sbposgithl e to
nore efficiently convert an analog signal into a digital signal. The

anpl i t udeeioframes gicghab-thea) las béen ¢onvertrerh envolaadegis appsiigaal by
the anal og-digital converter 54 is converted into the anplitude of the

capi | | ariP Ihe nlEhesyndrredbiabobyl 1 e shyhal thomidmgsupivhiviipbrang it he
anplitude of the capillary 17 is transmtted to the control unit 60 at a

pr edet er’m n&adiiit ERvAItheald 8rAEPNFEI o1 R - dipNi-Piids ecdirde vailegidaged in an
i ndi cat or.

condition, in which the tip 17a of the capillary 17 of the wire
bonding apparatus 10 configured as described above is away from
the substrate 35 or the semiconductor chip 34 shown in FIG. 1
and in which no pressure is applied to the capillary 17 in the
axial direction.

[0029]

Referring to FIG. 4{a), when a voltage is applied to the

ultrasonic vibrator 13 to cause the ultrasonic vibrator 13 to
i4



[ 0035] As descri bed above, according to this enbodinent, as
anplitude of the capillary 17 under unl oaded condition can be neasured
using the load sensor 31 for detecting a load to the capillary 17 in the
Z-direction, it is possible to neasure the anplitude of the capillary 17 in
the Y-direction with a sinple structure wthout adding a separate devi ce.
In addition, according to this enbodi nent, as a signal fromthe | oad sensor
31 is converted fromanalog to digital after snmoothing, it is possible to
more ef fwebeatky pesfanmaaheiconversicon i Btonas«l gihkahl si-gnahivitdra
smal l er nenory and to obtain the anplitude of the capillary 17 in the

Y-di rectildnto [1@036]tudinallyuibhet e jag rsHowetiimdEiG cbé b)gnditerdin:sl a
certain relation between the voltage applied to the ultrasonic vibrator 13
and t he dapkirtade efionhetbapikharyllzxiis e YAdi neetii bareThusihehe control
unit 60 obtains data, fromthe anplitude nmeasurenent unit 50, for the

anpl i t udécBgitpeipapiviarat i1 irs fene ta vdiedtiiconinhen cip g eflarericeovol t age
is applied to the ultrasonic vibrator 13 to cause the ultrasonic horn 12 to
vi brat e #heVePERECERPLFRREYLISETONSs 15| dded tdrddr wihoaded xeortdiant o,

conpar es thﬁeobtained anBIitude wi th target anglitude, i ncreases or

decr ease@™PhetvdPt age® foEEAPHELeY FROTRE U tFaddiile tRBrEt GRS sy a

vol t age g in ;e figure ccongjn%Ato the result of the conparison, and

t her eby B&F'bratEsCTRESAnT iVihdé t6f P¥ e T & iedry ™M 2 Loy @il S4ARRE IS i n t he
figure such that e |.i tude the capill 17 der unl caded condition
cor r esponds” gofh%§f§$%£¥wﬁﬁgfﬁgbﬁeba ﬁ%“%ﬁ%£¥hﬁtuygr588§?ﬁl OF1 uppress
variatio | e i Llar 7 in.the Y-direction due to
errors igngig%%%?%g?s%%gg%%%gﬁéégl&%%fg%g%i%“ Sf%wTi?Ea%h%wﬁgiﬁﬁqufc

stabi | i Z@i@ﬁ&%?%ﬂ@é iatﬁﬁat%hge?%]nd the ti§088fﬂﬁggh;%1dét é)ej@)paog rent

descri bed above, e anp neasurenment unit control” unit 60

are sepafately, Loy dag - HOWRY @/, %nidSaHBSgth@i;goafé"(%lr%jie—ﬁ&?eézrﬁ{t shown

in FIG 5(a) within the control unit 60, and process the operation of the
anpl i t udenaRABHLRMRA. URLE:RA USIHYrt BRgERU LRgerdaral edein e gant rol

unit 60.
horn 12 to the bonding arm 21 is provided at a node in the
vibration between the back end and the tip, that is, a point
that does not vibrate in the longitudinal direction of the
ultrasonic horn 12 in a resonant condition. The flange 14 is
fixed to the flange attachment surface 22 of the bonding arm
21 using the fixing bolt 16. Here, the amplitude of FIG. 4 (b)
shows the amplitude in the longitudinal direction of the
ultrasonic horn in a cross direction for the sake of
understandability.
(0030}

At an anti-node in vibration, amplitude is large but a
pressure in the longitudinal direction due to longitudinal
vibration is minimum, and at a node in vibration, by contrast,
amplitude is minimum but a pressure in the longitudinal
direction due to longitudinal vibration increases.

Accordingly, while the node of the ultrasonic horn 12 to which
i5



[ 0038] Further, according to the above description, the wire
bondi ng apparatus 10 is taken as the enbodi ment. However, the present
invention is not limted to an application for wire bondi ng appar at uses,
and can be applied to nmeasurenent and calibration of anplitude of a bonding
tool of other bondi ng apparatuses such as die bondi ng apparatuses, as |ong
as such a bondi ng apparatus includes a bonding tool attached to an

ul trasonic horn that is caused to vibrate using an ultrasonic vibrator.
[0039] the flangepiesenttiavbatli dnes sigotvikimitieednt ohé hieoahioved destri bed
enbodi ment, and can include any alterations and nodifications without

depar t i n§ifFe6itRe dfethni edit recopé catig rrhe % pliv-idi refcttiven Jpr eserrgavent i on
defined by the appended claims. REFERENCE SIGNS LI ST [0040] 10Wre Bondi ng
Appar at u§ CTPBEREI HE fenee and a large tensile force are applied to this

portion when the ultrasonic horn 12 longitudinally vibrates in
the longitudinal direction. Further, the ultrasonic horn 12
is made of a metallic material and has a predetermined elastic
coefficient and a Poisson’s ratio. Consequently, when a
compressive load is applied to the ultrasonic horn 12 in one
direction, the ultrasonic horn 12 is compressed in this
direction, and expands in a direction perpendicular to the
compressed direction by an amount defined by the Poisson’s ratio.
Therefore, when a compressive load is applied to a portion
corresponding to the node of the ultrasonic horn 12 to which
the flange 14 is attached as indicated by arrows in the
Y-direction as shown in FIG. 4(a), for example, the portion
corresponding to the node is compressed in the Y-direction and
expands in the X-direction, thereby causing positions for the
fizing bolts 16 in the flange 14 to move outwardly in the
X-direction. Asaresult, positions of the fixing bolts 16 that
fix the flange 14 move outwardly in the X-direction, and this
imparts an outward force toward either side in the X~direction
as indicatedknrarrows'totjmafrontmendiaiockZIa.oftﬂnebonding
arm 21, which is in turn expanded in the ¥X~direction as indicated
by arrows. The front-end block 21a is also made of a metallic
material and has a predetermined elastic coefficient and a
Poisson’s ratio. Consequently, when the front-end block 21la
expands in the X-direction due to the loads toward both sides

in the ¥-direction, the front-end block 2la is compressed in
16



12Ul trasonic Horn 13U trasonic Vi brator 14Fl ange 15Central Axis 16Fi xi ng
Bolt 17Capillary 17aTip 21Bondi ng Arm 2laFront - End Bl ock

the Y-direction perpendicular to the X-direction, as shown by
arrows, by an amount defined by the Poisson’s ratio. The
compression of the front-end block 21a in the Y-direction
increases the width of the groove 26 in which the load sensor
31 is sandwiched between the front-end block 2la and the
back-end block 21b by a very small amount, and this decreases
the load in the Y~direction applied to the load sensor 31. By
contrast, when a tensile lcad is applied to the node of the
ultrasonic horn 12, the portion corresponding to the node of
the ultrasonic horn 12 is compressed in the X-direction, an
interval between the fixing bolts 16 in the X-direction becomes
narrower, and the front-end block 2la is compressed in the
X-direction and expands in the Y-direction. This in turn
decreases the width of the groove 26 in the Y-direction by a
very small amount, and increases the load in the Y~direction
applied to the load sensor 31.

[0031]

As described above, the front-end block 21a to which the
ultrasonic horn 12 is attached is configured such that the load
in the Y-direction applied to the load sensor 31 due to the
vibration changes by a very small amount when the ultrasonic
horn 12 is caused to vibrate by the ultrasonic vibrator 13, and
whereby the load sensor 31 outputs fluctuation of the load.
0032}

According to what the inventors have confirmed from the
experimentation, when a voltage is applied to the ultrasonic
vibrator 13 to cause the ultrasonic horn 12 to vibrate where

the capiilary 17 is placed under unloaded condition, a certain
17



21bBack- End Bl ock 22Fl ange Attachment Surface 23, 25, 26 G oove
24Connecting Plate 27Screw 28Central Axis 29, 29a, 29bDepressi on 30Rotary
Shaf t

relation is found between the output of the load senscr 31 and
the amplitude of the capillary 17 in the Y-direction as shown
in FIG. 5{a). Accordingly, it is possible to measure the
amplitude of the capillary 17 in the Y-direction by obtaining
the output of the load sensor 31, and applying the obtained
output to the chart shown in FIG. 5(a).

[0033]

The amplitude measurement unit 50 according to this
embodiment is described in detail with reference to FIG. 6.
Referring to FIG. 6, the amplitude measurement unit 50 includes
a filter 51, a fuli-wave rectifier circuit 52, a smocothing
circuit 53, an analog-digital converter 54, and a signal
converting unit 55. The filter 51 can be configured as a
combination of a low-pass filter and a band-pass filter through
which an operating frequency of the driving motor 45 can be cut,
the two filters connected continuously, or one of the two
filters as long as it 1s possible to filter out the noise. The
full~wave rectifier circuit 52 is configured by a combination
of a plurality of rectifying devices, and to convert
alternating-current power intc direct-current power. The
smoothing circuit 53 is configured by a combination of a
resistance and a capacitor, and teo reduce fluctuation of the
signal by smcothing. The signal converting unit 55 includes
a function for ceonverting the signal outputted from the load
sensor 31 shown in FIG. 5(a) into the amplitude of the capillary
17 in the Y-direction.

[0034]

The following describes signal processing by the
18



31lLoad Sensor 33Bondi ng Stage 34Sem conductor Chip 35Substrate 41Bondi ng
Surface 43Rotational Center 45Driving Mtor 50Anplitude Measurenent Unit
51Fil ter

amplitude measurement unit 50. A signal of fluctuation of the
load detected by the load sensor 31 exhibits a waveform
vibrating in both positive and negative directions as shown in
FIG. 6{(a). Through the filter 51, noise of a high-freguency
component in the signal and the noise of the operating freguency
of the drivingmotor 45 are removed. The signal after the noises
are removed is inputted into the full~wave rectifier circuit
52. The signal is converted into a direct-current signal
showing a voltage fluctuation in the positive direction by the
full-wave rectifier circuit 52 as shown in FIG. 6(b). Then,
a fluctuating direct-current component in the signal that has
passed through the full-wave rectifier circuit 52 is smoothed
by the smoothing circuit 53 as shown in FIG. 6(c}. At this time,
an intensity of the signal takes an effective value
substantially as large as V2 of the amplitude after the
full-wave rectification shown in FIG. 6{(b). As shown in FIG.
6{a), immediately after the ultrasonic vibrator 13 starts
vibrating, the amplitude of the signal outputted from the load
sensor 31 is small. The amplitude gradually increases as the
vibration becomes more stationary, and then becomes
substantially constant. After passing through the full-wave
rectifier circuit 52 and the smoothing circuit 53, the signal
shows amplitude with fluctuation as shown in FIG. 6(c), where
the intensity is zero when the ultrasonic vibrator 13 starts
vibrating, gradually increases over time, and then becomes
substantially constant. As the fluctuaticn in the intensity
per unit time of the signal after passing through the smeceothing

circuit 53 is reduced as shown in FIG, 6(c}, it is possible to
19



52Ful | -Wave Rectifier Grcuit 53Snmoothing Crcuit 54Anal og-Digital
Converter 55Signal Converting Unit 60Control Unit CLAIMS 1. A bonding
apparatus conprising: a base section;

more efficiently convert an analog signal intoadigital signal.
The amplitude of the signal that has been converted into a

digital signal by the analog-digital converter 54 is converted
into the amplitude of the capillary 17 in the Y-direction by
the signal converting unit, and the amplitude of the capillary
17 is transmitted to the control unit 60 at a predetermined
interval. Alternatively, the amplitude can be displayed in an
indicator.

[0035]

As described above, according to this embodiment, as
amplitude of the capillary 17 under unloaded condition can be
measured using the load senscor 31 for detecting a load to the
capillary 17 in the Z-direction, it is possible to measure the
amplitude of the capillary 17 in the Y-direction with a simple
structure without adding a separate device. In addition,
according to this embodiment, as a signal from the load sensor
31 is converted from analog to digital after smoothing, it is
possible to more efficiently perform the conversion into a
digital signal with a smaller memory and to obtain the amplitude
of the capillary 17 in the Y-direction.

{0036]

Further, as shown in FIG. 5{b), there is acertainrelation
between the voltage applied to the ultrasonic vibrator 13 and
the amplitude of the capillary 17 in the Y-direction. Thus,
the control unit 60 obtains data, fromthe amplitude measurement
unit 50, for the amplitude of the capillary 17 in the Y-direction
when a reference voltage is applied to the ultrasonic vibrator

13 to cause the vltrascnic horn 12 tovibrate where the capillary
20



an ultrasonic horn configured to longitudinally vibrate in a |ongitudinal
direction in resonance with vibration of an ultrasonic vibrator; a
bondi ng tool attached at an anti-node in the vibration of the ultrasonic
horn, and configured to nove toward and away froma target to be bonded;

a flange attached at a node in the vibration of the ultrasonic horn, and
configured to mcro-vibrate in a direction in which the flange extends due
to aload in the longitudinal direction applied at the node of the

ul trasonité herplabed théeul bsbsomte hordi vidkAt@Sipares tha ondimgyarm
having the ultrasonic horn fixed thereto by the fl ange; a | oad
sensor pewopildéddat watporkirge twiztnpiln tihie , bamdirrg sarsmo rantkccarddaqgurigd: t o
detect a load in the longitudinal direction of the ultrasonic horn applied
to the bvadiagetioobe amdlied to tha wWipldsarde: mebsearterehd ynitvaionddegured to
convert a signal of the |oad detected by the | oad sensor when the

ul t r asonfclhdie ifs dedgs eacPEIvnBr e & Iy Metver 1l Pasbai conpar ason, whet e t he
bondi ng tool is placed under unloaded condition, and to neasure anplitude
of V|bra¥P8ﬁeBY FﬁélﬁéﬁaﬁﬁgtPGOﬁmPﬁlﬁﬁéel@ﬁgﬁ@@dﬁ@ﬂlhﬁﬁﬁthbﬁnbf t he
uItrasonlc T he bondi ng apgaratus according to claima1,
wherein @ lt”gﬁeDfFﬁnﬁeel§189F§cﬁ8&h56 8% {8Cef@rd tadeng fa i ect i on

perpendi cul ar.to thF di dlrectlon of the ultrasonic horn and to a
movi ng d??%&i}aﬁy&f Pﬂg E&Hﬁﬁﬁﬁﬁﬁ% &pn dition corresponds to the target
amplitude. With this, it is possible to suppress variation of
the amplitude of the capillary 17 in the Y~direction due to
errors in characteristics of the ultrasonic heorn 12, as well
as to stabilize bonding quality.
[0037]

According to the embodiment described above, the
amplitude measurement unit 50 and the control unit 60 are
separately provided. However, it is possible to include the
chart shown in FIG. 5(a) within the control unit 60, and process
the operation of the amplitude measurement unit 50 using the
CPU incorporated in the control unit 60.

(0038}

Further, according to the above description, the wire
bonding apparatus 10 is taken as the embodiment. However, the
present invention is not limited to an application for wire
bonding apparatuses, and can be applied to measurement and
calibration of amplitude of a bonding tool of other bonding
apparatuses such as die bonding apparatuses, as long as such
a bonding apparatus includes a bonding tool attached to an
ultrasonic horn that is caused to vibrate using an ultrasonic

vibrator.
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3. The bondi ng apparatus according to claim1, wherein t he bondi ng
armis nonolithically nolded with a netallic material, conprises a first

bl ock having a flange attachnment surface, a second block rotatably attached
to the base section so as to cause a tip of the bonding tool to nove toward
and away fromthe target to be bonded, and a connecting plate connecting
the first block wwth the second block, and is configured to deformdue to

t he nicrovibration of the flange, thereby changing an interval between the
first bI Td the second block in the |longitudinal direction of the
uItrasonlc ﬁo 4. The bonding apparatus according to claim3, wherein

the 1oad sensofyisopilsgt hyanfyhngsdhbectipniet thechandingdlool from a
central axis of the ultrasonic horn along the |ongitudinal direction,

sandw Ch&QsQ?E%@”e%B@dﬁhéﬁE bLaegk -and ihhesecend hheek.aranghconfd gured to
detect a load in the longitudinal direction of the ultrasonic horn applied
bet ween 4bgifirstibhockianduthgeseeondgbt o6k . the tdshiheabondimg apparat us
according to claim1, wherein the anplitude nmeasurenent unit conprises an
anal og- digi:t 8hieonvert encapdedecsignakenonver temid naai by the appended A

met hod of measuring anplitude of a bonding tool for a bondi ng apparatus,

t he net hodacaapri sing: preparing a bondi ng apparatus conprising: a base
secti on;

REFERENCE SIGNS LIST
[0040]
10 Wire Bonding Apparatus

11 Bonding Head

12 Ultrasonic Horn

13 Ultrasonic Vibrator
14 Flange

15 Central Axis

16 Fixing Bolt

17 Capillary

17a Tip

21 Bonding Arm

2la Front-End Block

21b Back~End Block

22 Flange Attachment Surface

23, 25, 26 Groove

24 Connecting Plate

27 Screw

28 Central Axis

29, 2%a, 29 Depression

30 Rotary Shaft
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an ultrasonic horn configured to longitudinally vibrate in a |ongitudinal
direction in resonance with vibration of an ultrasonic vibrator;

a bonding tool attached at an anti-node in the vibration of the ultrasonic
horn, and configured to nove toward and away froma target to be bonded;

a flange attached at a node in the vibration of the ultrasonic horn, and
configured to mcro-vibrate in a direction in which the flange extends due
to aload in the longitudinal direction applied at the node of the

ul trasonidé hor howlenehberul trasoni c horn vi brates; a bondi ng
arm having the ultrasonic horn fixed thereto by the flange; a
| oad sen§6r at Baochédgt 6tagportion within the bonding arm and configured to
detect a load in the |longitudinal direction of the ultrasonic horn applied

to t he béAdi ngSevdkendndtor Chip an anplitude neasurenent unit
configured to convert a signal of the |oad detected by the | oad sensor and
to neasufé anpfibadsasde vibration of the bonding tool: causi ng the

ultrasonic horn to vibrate using the ultrasonic vibrator while placing the
bondi ng féol uBEefiudl 688EdCEondition; and causing the anplitude

neasurensnt unit to, convert the
3 Rotational Center

45 Driving Motor

50 Amplitude Measurement Unit
51 Filter

52 Full-Wave Rectifier Circuit
53 Smoothing Circuit

54 Analog~-Digital Converter

55 Signal Converting Unit

60 Control Unit
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signal of the |oad detected by the |oad sensor, and to neasure the
anplitude of the vibration of the bonding tool in the | ongitudinal
direction of the ultrasonic horn. 7. The nethod of nmeasuring
anplitude of a bonding tool according to claim®6, wherein t he flange
is attached so as to extend along a direction perpendicular to the

| ongitudinal direction of the ultrasonic horn and to a noving direction of
t he bondi ng tool . 8. The method of neasuring anplitude of a bonding
tool according to claim6, wherein c;atmg the bonding armis nonolithically
nol ded with a netallic material, conprises a first block having a fl ange
attachnment surface, a second block rotatably attached to the base section
so as to cause a tip of the bonding tool Lo nove toward and away fromthe
target to be bbndedbantk gy conpnectiing pbapei cdonmecting the first block with
the second bl ock, and is configured to deformdue to the m crovi bration
of the flange,athaesebyechanging an interval between the first block and the
second block in the longitudinal direction of the ultrasonic horn.

9. The net hod &t neasurdmigs awpli tadé igfiradbbadiony i ool imekby dildgrate cl ai m
8, wherein the | oad sensor is offset in a noving direction of the
bondi ng #Bot Farom tardiemt ¥ &1 mpdtsi of inhseabneaseniéthor nbad bhgnthe an

| ongi tudi nal direction, sandwi ched between the first block and the second
bl ock, andtEBRPTPHEr EHOrBLHEfect a load in the longitudinal direction of

the ultrasonic horn applied between the first block and the second bl ock.
a bonding tool attached at an anti-node in the vibration

of the ultrasonic horn, and configured to move toward and away
from a target to be bonded;

a flange attached at a ncde in the wvibration of the
ultrasonic horn, and configured to micro-vibrate in a direction
in which the flange extends due to a load in the longitudinal
direction applied at the node of the ultrasonic horn when the
ultrasonic horn vibrates;

a bonding arm having the ultrasonic horn fixed thereto
by the flange;

a load sensor provided at a portion within the bonding
arm, and configured to detect a load in the longitudinal
direction of the ultrasonic horn applied to the bonding tool;
and

an amplitude measurement unit configured to convert a
signal of the load detected by the load sensor when the
ultrasonic horn is caused to vibrate by the ultrasonic vibrator
where the bonding teol is placed under unleaded condition, and
tc measure amplitude of vibration of the bonding teool in the

longitudinal direction of the ultrasonic horn.
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10. The method of neasuring anplitude of a bonding tool according to claim
6, wherein the anplitude neasurenent unit conprises an anal og-digital

converter and a signal converting unit. 11. A method of calibrating
anplitude of a bonding tool of a bonding apparatus, the nethod conprising:
preparing a bondi ng apparatus conprising: a base section; an

ul trasonic horn configured to longitudinally vibrate in a | ongitudinal
direction in resonance with vibration of an ultrasonic vibrator;

a bonding t00|zatﬁ@&?%ﬁn&ﬁm@ﬁa%@%rat%deaonE@%nﬁ'QBa&RQDmOi tﬁﬁbéﬁﬁﬂason'c
horn, and configured to nove toward and away from a target to be bonded;

a flange attached ﬂarﬁ%@qcéealt'ﬁabhédvb@@é 1N @k chllea Ubhias i e NOrdh and
configured to mcro- rate in a direction in which the flange extends due

to a | oagerpethechongi tadimall odigiectdion 1appliced iath bhecinode wfaddieic
ultrasoni c horn when the ultrasonic horn vibrates;

norn and to a moving direction of the bonding tool.

3. The bonding apparatus according to claim 1, wherein

the bonding arm is monolithically molded with a metallic
material, comprises a first block having a flange attachment
surface, a second block rotatably attached to the base section
s0 as to cause a tip of the bonding tool to move toward and away
from the target to be bonded, and a connecting plate connecting
the first block with the second block, and 1s configured to
deformdue to the microvibration of the flange, thereby changing
an interval between the first block and the second block in the

longitudinal direction of the ultrasonic horn.

4. The bonding apparatus according to claim 3, wherein
the load sensor is offset in a moving direction of the
bonding tool from a central axis of the ultrasonic horn along
the longitudinal direction, sandwiched between the first block
and the second block, and configured to detect a load in the
longitudinal direction of the ultrasonic horn applied between

the first block and the second block,.

5. The bonding apparatus according to claim 1, wherein
the amplitude measurement unit comprises an

analog-digital converter and a signal converting unit.
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a bonding armhaving the ultrasonic horn fixed thereto by the fl ange;

a |l oad sensor attached to a portion within the bonding arm and confi gured
to detect a load in the |longitudinal direction of the ultrasonic horn
applied to the bonding tool; a control unit configured to
process a signal of the |oad detected by the | oad sensor; and

an anplitude neasurenent unit configured to convert the signal of the | oad
detected by the | oad sensor and to nmeasure anplitude of vibration of the

bonding tool; ¢, A neGRYSI HY s Wil %%@h%tﬂ%%”pEQa%BQB%%% based:on a
reference applied voltage using the ultrasonic vibrator whi'le placing the

bondi ng kopbnundgr aypkeaded, cendi kk@Rhod compriGaW¥sy:ng the anplitude
measurenent unit to convert the signal of the | oad detected by the | oad

sensor, and topfepsuiegt Aebanplhyudppatathe vobpatisangef the bonding tool
in the longitudinal direction of the ultrasonic horn; and causi ng
the control unit to £dmpss esébeioeasured anplitude wth target anplitude,
and to change a voltage applied to the ultrasonic vibrator based on a
result of the conparamsonlisuchothathampl coudiegofetiheovibngticoniaklillye
ultrasonic vibrator corresponds to the target anplitude. 12. The
met hod ofilkaftbriat angramplidiydel df rachopdi iy resoinaaceovw dt hg itorad] i@imm 11,
wher ei n

of an ultrasonic vibrator;

a bonding tocl attached at an anti-node in the
vibration of the ultrasonic horn, and configured to move toward
and away from a target to be bonded;

a flange attached at a node in the vibration of the
ultrasonic horn, and configured tomicro~vibrate in a direction
in which the flange extends due to a load in the longitudinal
direction applied at the node of the ultrasonic horn when the
ultrasonic horn vibrates;

a bonding arm having the ultrasonic horn fixed
thereto by the flange;

a load sensor attached to a portion within the
bonding arm, and configured to detect a load in the longitudinal
direction of the ultrasonic horn applied toc the bonding tool;
and

an amplitude measurement unit configured to
convert a signal of the load detected by the load sensor and
to measure amplitude of vibration of the bonding tool;

causing the ultrasconic horn to vibrate using the
ultrasonic vibrator while placing the bonding teool under

unleoaded condition; and

causing the amplitude measurement unit to convert the
26



the flange is attached so as to extend along a direction perpendicular to
the longitudinal direction of the ultrasonic horn and to a noving direction
of the bonding tool. 13. The method of calibrating anplitude of a
bondi ng tool according to claim11l, wherein the bonding armis
monolithically nolded with a netallic material, conprises a first bl ock
having a flange attachnment surface, a second block rotatably attached to

t he base section so as to cause a tip of the bonding tool to nove toward
and away sficomit b€ tias getad debechended, + land @ € erAeeiH, Ngnpl at enepnnest i ng
the first block with the second block, and is configured to deformdue to
the m cr éviebrapilonudfe the thleangeratherely ahangicgiiany itder vial thet ween t he
first block and the second block in the |Iongitudinal direction of the

ul trasonitenbéitndinal diretdicThe fnetirocklofracalriibr atdmg anpl i tude of a
bondi ng tool according to claim13, wherein the | oad sensor is
offset in a noving direction of the bonding tool froma central axis of the
ultrasonic horn along the |ongitudinal direction, sandw ched between the
first block and-t hE'S&THPDbIcdcReashd Leenfguisddeoc et deanditedbéh t he

| ongi tudi nal direction _of the ultrasonic horn applied between the first

bl ock an8°FREY$BEoRE BLEeR. ©, wherelfs The nethod of calibrating anplitude

of a bondi ng tgol PfcordLng to ckahnlll, wherein the_ anplitude neasurenent
unit conprises f flange 1s”attacned so as to extend along a direction

perpendicular to the longitudinal direction of the ultrasonic

horn and to a moving direction of the bonding tool.

8. The method of measuring amplitude of a bonding tool
according to claim 6, wherein

the bonding arm is monclithically molded with a metallic
material, comprises a first block having a flange attachment
surface, a second block rotatably attached to the base sccotion
30 as to cause a tip of the bonding tool Lo move Loward and away
from the target to be bonded, and a connecting plate connecting
the first block with the second block, and is configured to
deformdue to themicrovibration of the flange, thereby changing
an interval between the first block and the second block in the

longitudinal direction of the ultrasonic horn.

9. The method of measuring amplitude of a bonding tool
accerding to claim 8, wherein

the load sensor is offset in a moving direction of the
bonding tool from a central axis of the ultrasonic horn along
the longitudinal direction, sandwiched between the first block

and the second block, and configured to detect a load in the
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anal og-digital converter and a signal converting unit.

longitudinal direction of the ultrasonic horn applied between

the first block and the second block.

10. The method of measuring amplitude of a bonding tool
according to claim 6, wherein
the amplitude measurement unit comprises an

analog-digital converter and a signal converting unit.

11. A method of calibrating amplitude of a bonding tool
of a bonding apparatus, the method comprising:
preparing a bonding apparatus comprising:

a base section;

an ultrasonic horn configured to longitudinally
vibrate in a longitudinal direction in resonance with vibration
of an ultrasonic vibrator;

a bonding tool attached at an anti-node in the
vibration of the ultrascenic horn, and configured to move toward
and away from a target to be bonded;

a flange attached at a ncde in the vibration of the
ultrasonic horn, and configured tomicro-vibrate in a direction
in which the flange extends due to a ioad in the longitudinal
direction applied at the node of the ultrascnic horn when the
ultrasonic horn vibrates;

a bonding arm having the ultrasonic horn fixed
thereto by the flange;

a lcad sensor attached to a portion within the
bonding arm, and configured to detect a load in the longitudinal

direction of the ultrasonic horn applied to the bonding tool;
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a control unit configured to process a signal of
the load detected by the lcad sensor; and
an amplitude measurement unit configured to
convert the signal of the load detected by the load sensor and
to measure amplitude of vibration of the bonding tool;
causing the ultrasonic horn to vibrate based on a
reference applied voltage using the ultrasonic vibrator while
placing the bonding tocl under unloaded condition;
causing the amplitude measurement unit to convert the
signal of the load detected by the load sensor, and to measure
the amplitude of the vibration of the bonding tool in the
longitudinal direction of the ultrasonic horn; and
causing the control unit to compare the measured
amplitude with target amplitude, and to change a voltage applied
to the ultrasonic vibrator based on a result of the comparison
such that amplitude of the vibration of the ultrasonic vibrator

corresponds to the target ampliitude.

12. Themethodof calibrating amplitude of a bonding tool
according to claim 11, wherein

the flange is attached sc as to extend along a direction
perpendicular to the longitudinal direction of the ultrasonic

horn and to a moving direction of the bonding tool.

13. Themethodof calibratingamplitude of a bonding tool
according to claim 11, wherein
the bonding arm is monolithically molded with a metallic

material, comprises a first block having a flange attachment
29



surface, a second block rotatably attached to the base section
so as to cause a tip of the bonding tool to move toward and away
from the target to be bonded, and a connecting plate connecting
the first block with the second block, and is configured to
deformdue to themicrovibration of the flange, thereby changing
an interval between the first block and the second block in the

longitudinal direction of the ultrasonic horn.

14. Themethodof calibrating amplitude of a bonding tool
according to claim 13, wherein

the load sensor is offset in a moving direction cf the
bonding tool from a central axis of the ultrasonic horn along
the longitudinal direction, sandwiched between the first block
and the second block, and configured to detect a load in the
longitudinal direction of the ultrasonic horn applied between

the first block and the secoend block.

15. Themethodof calibrating amplitude of a bonding tool
according to claim 11, wherein
the amplitude measurement unit comprises an

analog~digital converter and a signal converting unit.
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