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- manufacturing processes, wre-bondi ng apparatuses are
often used for bonding of thin netallic wires to el ectrode pads on a

sem conductor chip and electrode |eads on a |lead frane for connection

t her ebet ween. Many w re-bondi ng apparatuses include a bonding arm
configured to be rotated by a drive notor, an ultrasonic horn attached to
the bonding arm a capillary attBESRIETION end of the ultrasonic horn

and an ultrasonic vibrator attached to the ultrasonic horn. In such

W r e- bongiONDING ARPRARATUSt he bonding armis driven and rotated to nove the
capillary in a direction toward and away froma pad or |lead and to bond an
initial Wakhnibarped at a tip end of the capillary or a wire to the pad or

| ead, anﬂ)cngn the ultrasonic horn is resonated with the ultrasonic
vibrator "to proyi A i ' | i capill ar

for perform ng{i;}a‘lé %gen%%ﬁtnéﬁo%ggp gtr%é!égéétdogggﬁfstuw%fé b%&?ﬂ&mgé%ér%@nsdl ﬁg Y
apparatuges also!igflude a control unit for controlling the application of
a curren he&in he drive notor and ultrasonic vibrator to provide a

pr edet er YA bondi ng |l oad and ul trasoni c output during bondi ng. [0004]
For successf ul Im&amiconduictar mapufagtuingepmsessesy, wiipdonding appajadusfscessary
t o det ecerafidreedbdciorabondidgngf ithiadmelaltic agives dooelestrodeapads ran la ke
provi ded sémigoriduetaraphipl @ang teteghadie deatld eamdw dead nigaten dm gonheEtRs]
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 aftached 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 an initial 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 controi unit for controlling
the application of a current value to the drive motor and uitrasonic vibrator to
provide a predetermined bonding load and ultrasonic output during bonding.
[0004]

For successful bonding with 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 application of a voltage 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, and
detecting bonding load and ultrasonic vibration outputs from the respective
Sensors.

[0007]

In contrast, the state of ulirasonic vibration at the tip end of the capillary
varies at different times from the start of bonding, during bonding of an initial ball,
to the end of the bonding of the initial ball, and the same applies to vibration
loads at the tip end of the capillary. In this respect, the related arts described in
Japanese Unexamined Patent Application Publication No. 10-256320 and
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For this reason, Japanese Unexam ned Patent Application Publication 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 application of a voltage to a drive notor and an ultrasonic
vi brator. [0006] Japanese Patent No. 3530139 al so proposes providing
a |l oad detecting sensor and an ultrasonic vibration detecting sensor nade
of piezoelectric material on the sane plane between a capillary and an

ul t r asoniapandsealPatent Nod 3880¢39 icag dedectithg change amthaiUltrasooici eutputodfat i on
out put s fHepaltrabenicdripe GseN cowaid the chhAGO T the vibrationnatchettipasid of the st at e
of U'”aéﬁﬁlléryvbm'@hscmu@i sinafief ihanandt 6f thelemtie@ pittdsanic herhi es at di f ferent
times fr @e start of bonding, during bonding of an initial ball, to the

eb

legg dgf one t”gisag rP{hetHé té&'aws s%ﬁbéd 1@8 ﬁ%m lm rRifie H‘?Jét{é ?ﬂ?”
descri be@ppﬁcq%‘aﬁg nseg{e %&%ﬁ{ I caSb%’Q

10- 2563293 RENSPR ﬂ lchiorg é%*? 'éeé QU t he
ul t r asonMitrasgnj t"'tlfﬁt'QmeerUP'fgeéso?H rWSr msaeIFf"O 'Ho € ﬁﬂ ¥ in the
vi br at i oattachecito theuliiagonic hera %fé@ﬁtsltaewtrm%w.bgatmmn@ﬁwebv Ragan t hat
of the estmeecinpactazotiie bumding petfoshance. Furthiers shanginghthe glteasesicar t s
descr i bedoim abaigprdpisteesiec Woquises tieel sBasemto Bppthangedo suffeting dmim @an  No.

10- 25632&rcﬂﬂéh~]<ﬁﬁéniﬁ g6 Rtigetithe for mdrAh3Ace bbealiskall is avsessarg tahtaighed at a
site of H%fd?hétfn%ﬁf’?h&n B aceatbrayitst é\{@(eﬁﬁhgé Bfigefiitrabénhiadiem c Vi bration

ener ges, eri ng roma problemin t the sensor attached to the
ul t rasonj L) \?ET'&%nt he ultrasonic vibration and thereby has sone
i mpact o ' g—perfor mance Furt her, chang| ng the ultrasonic horn as

appropri uires t nsor to, be c
plrogbl gm of t akﬁ F1ﬁ'g']‘l:%ﬁ qbil W&Hyﬁfg aﬁge&%lﬁtvel?@?ﬂaé%ﬂgfy to
nmake an adjperde @bgnewgdgolaﬂn@aﬁ'nm ¥ ElruRtuse 9@ ‘Fg USf the ultrasonic
horn. Di ®der of Invention [0009] I's hence an obj ect of the
present inventiTbe preserdt iventiow iis directsd tcbadbmdllagtaq@aéadenclude\cﬁ ng tool
in a si mphage atnity@nuukdsooicdiomy cofiguaedido vibrate longitudinally in resonance
with the vibration of an ulirasonic 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 including a flange mounting
surface at which the flange is fixed to the ultrasonic horn and attached rotatably
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 to pass a signal within a
frequency range around the vibrational frequency of the ultrasonic vibrator
through a filter that is able to pass the signal within the frequency range around
the vibrational frequency of the ultrasonic vibrator and, based on the extracted
signal, thereby detecting a vibration load at the tip end of the bonding tool in the
longitudinal direction of the ultrasonic horn.
[0011]

The bonding apparatus according to the present invention can preferably
be arranged such that the vibration load detection unit includes bonding state
determination means for determining the state of bonding between an initial bali
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 ulirasonic horn and to thereby
output a bonding state signal. The bonding state determination means in the
vibration load detection unit can preferably be configured to determine, 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
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[ 0010] The present invention is directed to a bondi ng apparat us

I ncl udi ng: a base unit; an ultrasonic horn configured to vibrate

|l ongitudinally in resonance with the vibration of an ultrasonic vibrator; a
bondi ng 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 flange nounting surface at which the flange is
fixed to the ultrasonic horn and attached rotatably to the base unit in
such a nperied ofs anplildee increiape eddring  whieh bthediamgplitedg i napproxineatelyon

t owar d ag@nstapyafy ibna middoddirg stategiek whiehl thednitigintsall foaked cEtdbe iptemgen t he
center obf i BéndiRg eol id8efoPmet hdtbshddtito the Hdndngptaigetdnd® thierdiace; and
a vibrat bef%};; 20m BSﬁ&uh nsﬂéttjg;:s: 1. il Ed | diteRnimOtHL P! BoRARAGDIS causi ng

|
a si gnal haghetbd s 8%%?;55%8??83 q%&@%a%{:ﬁ%tv: lr)]rgtor

frequenc §a]\ﬂ1

t hr ough b equency range
ar ound téﬁ?t’%f)&m%ﬁaﬁ W'&]ﬁ%’ﬁ’ t@’f’ St% uItrasonl c vibrator and, based on
the extr nal , thereby detectl ng. a vibration | oad at th ah end of
the bonding t o§NSDANHiRG IRARFIUSARAITIAG (2 e RIgSER! rerin can peferahb o

[0011] further inginde roeentre la'p’fp@@ra’tﬂﬁe%@&f@r@ieg& ragion Haagh deteGiion; wikiet i on can
pr ef er abkchahge dine awtmd ofibke ultrasonineibatorain which thie gentek urih inghides ncl udes
bondi ng sitegsenitevibrationagtop messnforfsteppleg dherontpu of ke sittesseniaf vibaidi ng

bet ween ahennibe Bbndiay |congsistich aigridhés inputefrsmathet Vibrationdbad detettiand t he
bondi ng {aftget based on the change in the anplitude of the detected

vi brati og b%‘i‘ltﬂ u ﬁ'@aﬁ' RefeRsbipfurtHe? ikode Qﬁrés%ﬁlc \hBrattl'éﬁ dram éfrh'ébﬁh?"

g: gﬁglt'o kil ol é‘ﬁ’l'ﬁrﬁséﬁ‘i Vibsrat résdion d‘tlgrv

detectio Fﬁﬂ’ % éaq con HUHB é%b'ht% Ect\é'd ?E Ulb start
of bondi C'Qn %SEH g E_@ du | l'i tude
of the vP tpou.e the, f§§°’ﬂ'ﬁe‘” %rﬁﬂ“ fery E )g

| ongi t udPA litide eduring Hie t pari tpﬁsémpé‘W@rnS? ihe alse Q‘f‘tﬁ &h %rmfd of
anpl i tud@r@d%tgrmnntegi vglueer the period of anplitude increase during which
the anplitude is approximately constant are in a md-bonding state in which
the initi@13jall fornmed at the tip end of the bonding tool is deformed and
bonded to the WFasdiragertdngsitiornoffére thberehntaget pidetactinglahibrdtion Icddat e
signal, whiltp &) 6Fh BORHIMG tbbﬁhébimmg@duamrwb@ﬁanb%t rafaen a

predeterm ned period of tinme passes ter the anplitu beconmes | arger than

t he anpli d of anplitude stability and to thereby
out put a i e%ﬁ figh b Bl anal [0012] The bondi ng appar at us

accordin e | nvent | r e contr ol
uni t cong?ct ed tl‘;qf a\ﬁs‘o"f‘ﬂ' ﬁoncﬁ %@%@%Fg%ﬁxﬂwé Eb égﬁﬁﬁ%&m@ﬁ‘gt out put
of the uPffREBWESENLIWEENR- in which the control unit includes ulfrasonic
vibration stopFHearRd f®ra $6BpRRRgVIENe 06 1A MANKING @@ i (theswitedandGt or
when t he appatiitng acoanding fooan smpedimest efitpatoreseshinyentionbr at i on | oad

det ecti on uni t FiGh&Bcisnartmittamiplar ateveraff & rhaipidyng armhier thenwireekondgling asoni ¢
vi br at i omppheitgs agesuding ©r amekiboglirbat ofithpyiresénttifneentiont asoni ¢ vi br at or
greater than appsesPtisolt BetheBi® Vibw dAMstiatingeuliasoniz tlgatien i ind tied

anpl i tudtew%t e&hdnhgé Esrﬁﬁé% c&idlﬁd‘ﬁ) At ewcio%ehf)@ﬂheq;trésémqmémioh is

smal | er than a L%tﬁt@? i} aF% tioReoayt éctign B in

ul trasoni,c vi br 0 e

during tﬁé ? ngfngarﬁﬂqqrﬁ 3 %Fq' % i &N ;ﬁ%@édl ?’E {)he pr P te@?m ned

val ue. [ resent |nven |on offers th ntage o

detecting a vi Ellgt 56r1"tl'%ﬁ989%1? @angs '@rT esttate YA qrwg %’]‘%ﬂﬂ

st ruct ur & thendiradanding apparatgsi @qacqn@@gr iptanogndzo sm r@@sthe present
invention.

FIG. 5B illustrates a further change in the state of the initial ball during
bonding in the wire-bonding apparatus according to an embodiment of the
present invention.

FIG. 6 is a flow chart illustrating an output adjustment for an ultrasonic
vibrator in the wire-bonding apparatus according to an embodiment of the
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[ 0014] FIG 1 illustrates a w re-bondi ng apparatus according to an

enbodi nent of the present invention. FIG 2Ais a top plan view of a
bonding armin the w re-bondi ng apparatus according to an enbodi nent of the
present invention. FIG 2B is a bottomplan view of a bonding armin
the wire-bondi ng apparatus according to an enbodi ment of the present

I nventi on. FIG 3 is a schematic viewillustrating ultrasonic
vibration in the w re-bondi ng apparatus according to an enbodi ment of the
present prassmt invention. FIG 4 illustrates signal processing at a

vibration load detection unit in the wre-bonding apparatus according to an
enbodi ”EBTesPMoHB%PC%&?m%] OUvVeR! heéntion FIG 5Aillustrates a change in
t he statg) ]an I ni urrng bonding in the wre- bond| ng apparat us
?ffag?:‘gt etso rgﬁ 5 fthe rtxge Prtﬁ' g‘e Ef’?mérﬁlﬁn will

bondi ng E ?rﬂ%ecﬁh iﬁ%ﬁ'ﬂ&' %%g ‘g Sort d%M q ?\gt he
present lre on a(fq%ét/ng q]ﬁ Qhegﬁ put

eto

adj ust meRendigg haad,11 sgadng @s\ B@%ﬁ ypit,; an yﬁ@w'f

accor di n§otrd 13nacsapillantddt sevingnas ag'?%@ﬂg Pﬂ'v@nfﬂ@rlﬂ? 1‘% PV' gé’ﬁ
Car ryi ngulteasonise hory d8t adponding 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.

[0016]

The drive motor 45 for rotating the bonding arm 21 is provided on the
bonding head 11. The ultrasonic 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 attached rotatably 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 height 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 front and rear end
portions 21a and 21b of the bonding arm 21, so that the load sensor is
pressurized with screws 27 inserted through the front end portion 21a into the
rear end portion 21b. The central axis 28 of the load sensor 31 is offset from
the central axis 15 of the ultrasonic horn 12 by a distance of L in the Z direction,
a direction in which the tip end 17a of the capillary 17 moves toward and away
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[ 0015] Preferred enbodi nents of the present invention wll

herei nafter be described in detail with reference to the acconpanyi ng

drawi ngs. As shown in FIG 1, a wire-bonding apparatus 10 according to the
enbodi ment i ncludes a bonding head 11 serving as a base unit, an ultrasonic
vibrator 13, an ultrasonic horn 12, a capillary 17 serving as a bondi ng
tool, a flange 14 provided on the ultrasonic horn 12, a bonding arm 21, a

| oad sensor 31, a drive notor 45, a vibration |oad detection unit 50, a
control from thetoratinp autfaceldhg st age 33 on which a sem conductor chip 34 or
a substr 00935 is absorbed and fixed as a bonding target. [0016] The
drive notor 45A§@hon@tiatFIGy 21 ehed 2dil shsar 3148 mcurléed 6t esicenter fretheondi ng
head 11. g dﬁlefcfléﬁ%'ﬁltﬁe Mbﬁdlﬁ?‘%{mﬂﬁ | #nd ﬂfé@é?e% 232V§|‘e| @ﬁb‘vféﬁd@n bithée

pi ezoel egfdb'(‘[?f fsan%tds@t Aé%ﬁﬂmtmtﬁ% E&% r%?tﬁ@ ¢ horn
12. The h%r pﬁtﬁlﬂﬁg&ﬂ ﬂ'ﬁ ertt]jreﬁst]%“tt?e Noft2- The
flange 1 VI d 1 nlg g % |on trasonic horn 12
to be de Q@P f4té't' e '9 U.é gabolt 16 to a flange nounting

surface one end of the bond| ng arm?21. [0017 The bonding arm
21 is attached?fShawibinyF 3anie hogyx 12 i8sopfigyregete WArARdN Bondi ng

head 11.longéugivgl diregtion aloalgl tbﬁ Q@tw axise 1D dhdesrpance with the glsanier with
t he surf dibeatof 18helengitudinalevizstiabdere seeans thatthsoditkalignafygepagation t he
sur f ace of thehabation @mddbe tdinectibm pf Bgl amplitudedareridenhticad.ubAs Isahematical[y0018]
The bondshgwalinFiG. Bathearbratipnh @f th@ultfasoneciibregor 43 thetrialattaclesd fetheshape
ext endi ngpdrneRd Gfthet ilfAsshiNBoin@2Ccealidedl thaxultirabonitf hbhe 1@l td afieaiec horn
12, and Béﬁmé‘éﬁ th%ﬂ’ea?@ﬁd @P%t&ﬂh%lﬂtrémlé@lﬂ?@tothg i$ bﬁﬁ@ﬁ‘ed@#@ihé‘ﬂoﬁtﬂ face
22 and a édd?lih 4 né%‘ﬂ'a ?isﬂ)wnb hEs SRttt Phodd [rf\%i%h'é?l?l sThe
front anfifich t.b?&sﬂorpa t dife gﬂagct? egtaaga 'i%‘tﬁgnate i ke
connecti on %EF P § cl udi ng
t he cent LS 't‘ ﬁ

end ort hgii doss n Hﬁarﬁtfoe N 3 reRiia g qunéq ‘Pr§' 25 are
forrred paadipgarye? 'ég%"éés fixed §'”S&Ha| EQJ‘iOf eélamgeanwn g

opposi teS'érf@@ LN '& @B‘ﬂlng(ﬁrﬂh@"coﬁﬁwﬂ@nﬂ@me 14 dpes ept-derate vdth upper
part of thee respikneg anfntmal ultiasarec dpprosilZe Wirasonit vipeatimmdiuey teuttteace 41,

t her e i srgaomainde of dhguitasonkshdor 12 idoes mpt tirepagatd todhs dlangé mowntion. The
groove 2guiface@vorti¢ite bondimgoamo2dd Mhenefordctheegirastmicfvilematioardher ar end
por t i onstl pestimdingsd ofofhet tierabonigi emat 2nddks rdtealsoastopagary to3thd iddded in
the groogsn&ﬁ B% ﬁl‘é@rfde%'bﬁdtﬁé) boABHY ehnbetwennust tﬁ%téd Rt FIE. EH aend

portionsg Ai'vi G\Pillt?étr I;ﬁtjﬂ%rtgla't‘i h§ &rmAd LRRIRALC
{)Lessurl W t I JF ‘t‘g b% ex‘? 3096&0%; a into
e rear. e

of f set f@ﬁé)ﬁg gEB &S ﬁ%ﬁlﬁﬁ % l(l‘ﬁn O%I nce of
Lin the "‘\t "Wrﬁ@ rtehé‘?;g plllary
17 rmvesa 'Q e &livggtion A Qt € 5eHE Aysstn s Wﬂllas‘{’ Q&]na °
shown i ncentedl 3xis 18he | oad sensor 31 is nounted at the center in the Wi dth
di recti of)G&1]t he bonding arm 21, and the screws 27 are provided on either
si de of the | oAd shemsoin RG. 1A9‘.hes ibwatiom |dad3ieteBtiom uniéEfsis @dhfigarechtmusi ng
t he ul t r esotaire shbandassnfilter thraggmiwhich ba adigmal 1Rithine aefrequengyr carigted on
t he si deafjuridhéndonbiational ficaeendy oM thideulrasehiogviBratb2 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 central 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 to the control unif 60, so that the control unit 60
can control the output of the ultrasonic vibrator 13 and the direction of rotation as
well as output of the drive motor 45. The control unit 60 also receive the
vibration load detected by operating the vibration load detection unit 50.
[0022]

The vibration load detection unit 50 and the control unit 60 are
configured to contain a computer having a CPU, memory, etc. Alternatively,

1,0

|.

E 0S|
; %

d rear
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[ 0020] As shown in FIG 3, the ultrasonic horn 12 is configured to
vibrate in a longitudinal direction along the central axis 15 in resonance
with the ultrasonic vibrator 13. Longitudinal vibration here neans that the
direction of propagation of the vibration and the direction of its
anplitude are identical. As schematically shown in FIG 3, the vibration of
the ultrasonic vibrator 13 that is attached to the rear end of the
ultrasonic horn 12 causes the ultrasonic horn 12 to vibrate between the
rear endthst detectidn ahe cohtrobsysteras arécanigured to snctdaehededrid cirgit.f ront  end
at whi chjggegjcapillary 17 is attached in a resonant node in which
anti-nodes of NBgt Wil HesrivsEtHeobpBGtiah df tietésting &VbrhtienloRNdstheThe
flange lfyighd P8 oP iy icd maa;w.ﬁqﬁs dHectibh alomy #id eBntst HaeN 5t betHecar and

front en ﬁg f;&t hborh %utrﬁm Bhd?@eﬁgmﬁdtﬂé Bhd %&\f@@réd“ Wiré-Hof ?ﬁ’@t state

to fix t ing arm he flange 147 s fixed

{12 n|c orn
using th to the flange mounting surface 22 on the bonding arm 21.
Since th

e 14 braIe th,the r son of. the ul,trasonic
horn 12, ul tra B%.cen&pﬁwy? B, shadi o o s %“E BTkt of ﬂav'g%?ﬂg B8R% hor n
12 does AYtopepiRyane 18 QfHBefanH I:'('BL'IW[OI phgrigal daitiabb HeINSb i ng arm
21. Ther example, thdisphargs dorich (nosrm d[féet@pntm yrik 60lnen igpugha@
ul t r asoncemmand todrivedbesiveansior gbop Kenedingpthisheommands Esdrivamaterovi ded
on t he bdfdtads 40 motate and lowvendbhe capfilzry AFGntd the sersichadudioc chiped4.
I | 1 ust r aTha¢ohtrel usit 80 ialstsisspes amognibad bo stirhtheavibralibn of the akesoaichorn 12,
flange 14|bré16ﬁ| 18ol Rebewurv@ﬂf@ cbRfnandinEe ultfasomic Gibratst 4Bds dppliegevithal 1y in
the XY di ﬁhg@?orfé QIFS'r%t&fh Wtfpuaﬁfage@cbﬁégpér?d:n?@ 18 bBWRingedrdiidsy - Al so,

FIG 3 ( ematlca ustrates the arrpll ude of the ultrasonic horn

iﬁ’of‘?ﬁé o &Hg?n. et ggg iﬁ'gnmﬁtﬁ %sg ggamogfeés dr awn
¥I Ibratio ?888 ﬁﬁg Ar% OE%E{?H Eﬁh'P P SS b

t t 1%
Vi brati om@tpa@aumtp ast- @W&@fﬂhﬁé’&?{a@@%memg rcaw@n ot oc

wit h t hetheeapillanysbt iszattached: and the,eeariandawhere ’Ff’@aultréﬁoﬂlﬁé/ﬂ?raﬁpre?ﬁjlsl7a of

t he capi bitaghed, Asi shomreindfiBedt i dihedlangg theavhienis arangedatidnede ohtne

ul t r asonvibréditiom db2saei vibeatbewitie thel rdsadce of the bliresbnibehh@rot BHamd thug he | oad
sensor 3fhe loadagthisbi Bh detduts nbtivagoni ¢ vi brator 13, drive notor 45, and

vi bratiompgd2egd detection unit 50 are configured to connect to the control

unit 60, so thwhérhmecséﬁd.ﬁ At 9169 1GAGreB0ANd Be IRl BAIPLE c@ifne%hﬁto

ul trasonpgy, \é'cxb{}vﬁ oftHe SBf édﬁcﬁﬁﬁaod}. f34rﬂ$e'?‘&é;51fh 9!7"‘@(5 gut of
ghe dri V the t%(lb 1 iAQHhE Yad N Tnelt E%Fe%%hé{ 'f Oad

et ect ed R/e .ft }P ﬁ

The vi br §¢ 'Bﬂ {) 898 ?eﬂ& flgured
to cont affPrae ﬂ ”@904 ond{

det ect i oﬁ”ﬁr?d' -cO 3’9“% %‘i’ iogy &1 ﬁh%@PBQ'Wgoa"ﬁ‘l@I @“a?'r’ﬁa f‘??

circuit. cloghwise about thel\ﬁw’ﬂ platetlikgecornastipp ettt SREVID @Sad iretation BiBgecting a
vi br at i offhisotiaticnal moment eoraprepaes the lnadcegngadrsly and the leadsemsarcit on

al ong t hetarsribrdatecbthe veRical Idddeofithecapdiane1orn 12 during bondi ng usi ng
the thus[G0o7i gured wi re-bonding apparatus 10. [0024] The control
unit 60 shown AB shbwn id FIG! BA, Sinté itheé bapiftaryal WWibratex ireth@l ditectih aldng he tip
end 17a ¢e EORraIRiis 8T of tihé u|ﬂ5§omc9rmﬁr1lzcﬂlthItnetwabn@ﬁldf tAS utpdgamic f or
exanpl e, Eérr{jﬂéc\ﬂﬁég?hé Hifid) taéi'\&ﬂ??rﬂ% a4 dmhb &me@ﬁcﬁhd gsues a

command Vel %c?un‘svg fﬂ% Wal e%h e ci aI b4 95! ve
nmot or 45 CI ate ? q % conductor

Bl e b fi
o P h§4uP?|P' ewﬁ B e o E@ni i ﬁawtﬂ?é arion
vi br at or entire ul rﬁﬁ%’l"Pé‘tﬂ"’WWﬁ"a{“W@Fq ef Fecé'oﬂl Png fhenCentr lﬁx'

cor r espoHisnalsy ¢avseohgi ianasidi ta E’@@Q‘B&n due to the resonance Of the
ultrasonic horn 12 cannot propagate, to vibrate likewise in the direction along the

central axis 15. This also causes the flange mounting surface 22 on the
bonding arm 21 to vibrate likewise in the direction along the central axis 15 of the
ultrasonic horn 12, and the vibration load is detected with the load sensor 31.
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Before the initial ball 18 fornmed at the tip end of the capillary 17 cones
Into contact with the surface of the sem conductor chip 34, the ultrasonic
horn 12 is in resonance with the vibration of the ultrasonic vibrator 13
and vibrates longitudinally with anti-nodes of the vibration being forned
at the front end where the capillary 17 is attached and the rear end where
the ultrasonic vibrator 13 is attached, as showmn in FIG 3. The flange 14,
which is arranged at a node of the vibration, does not vibrate with the
resonancin this tdasepthe frequéncynof thel Pesomaincbun théalitectidn sorsp the terigglect s no
| oad. [0@Ri€] 15 of the WieRohitehbendnig approXimately tversatheaind the dofnibel al bal |
18 comesyjbpitiore 8Nfrclip ehiM 7 epgheOfapi ﬁ&’rgmrpﬁ%d&ﬁédﬁbn%lb?%% ckhRal

i a

capill ar éxz%ﬁf?éﬁhb%lﬁ@scﬁﬁ@ﬁérﬁ‘i‘? i ni't bal | 18 agai nst e pad. Then, the
Z-direct M@% preSS| ng f orce on the capill ary 17 applies a bendi ng nonent
raso

to the u l t fl ange 14
to the front.e ﬁ})& q%dF ﬂt@gig"% r%é ﬂﬂrﬁéaﬂ'?bﬁ{ﬁeﬂ ortion
2la of tg_g?ﬂﬂﬂj‘?‘lﬂ eeh S thin
plate-1li vripalpad at éﬁegeﬁﬂd Cépl‘“é‘ﬂé d"r‘l tPﬁ’ "ecjf'ﬁf‘so Qf' abRal

monent  cHifprertalsaxinelg @B(ﬂ"%éﬁﬁ%ﬁonﬁhoﬁhdzt fiee lend) detated vdth thealaadl t o
detect tBensair31 isnalmast@ varticaldoad signalr gs showngoF1G. 4 (a). inaeorfrashn i n

FI G 5A, the frequehey obflid Vibration7loadbatahedip and rﬂeYadofrtisetq:amilm'yo‘ﬂgirtﬂw central
axi s 15 direttion alohgdhementrabaxis 15 ofi the ulinesonidhatn 02 ivbpploximéatehatheni ¢ horn
12, whenshime adiihat af tHeabibrali®ni of the ulteonis hant 12.t MEngrafbrenby Brtracting

sem CondH%@ﬁal‘Hﬁlypw?tﬂm 4 Iﬂ@ﬁ@eﬁ@@ eaaifddn@ltth@ﬂﬁﬁraﬁ@ﬁéﬁ ?bhmepad and
the init|,alasBald h&r%meréu H? .|€é=f 5316‘%?(6 @eﬁﬂa?rﬁ%bheﬂcg(gﬂ o be
appl i ed % %ﬁ%atl h%qﬁa ﬁ &yt

oni c
e o Hihiin B a Sy S of Mk UWER e
central femsthesoutpuf of thedoad seRr 3'has shawgdn fifdnti(®ly e magniudesf t he
bondi ng thewibiation leadcandhenlbeetecied hagreddon the amplitidenef thaextreatadal axi s
15 of theigakt.rasonic horn 12, and the vibration load is detected with the
| oad senf02931. In this case, the frequency of the resonance in the
direction al ongekheilt det dedcrivedsultiasonict ViBratiohr spnmeaherandl itrssonic

appr oxi Ngfupatiort Bﬁaﬁg?érﬁqe%%stfaaaetécthquIdwra@geQﬁ thé bohdirg stagnBefiweserpf the

transfer ht ;} ¥ 3 | prn 12
the't Féﬁg@g@ﬁen%@h \8%' rof wa??% %@ %@5@1 Q@ﬂ’ @f‘%(ﬁz%gég nee

capi |l ar yhelipiidl phite sHAEHE! P4 Gh Bgsé cﬁﬂ%fcﬁ ﬁm ahe feraajnst. fHeasoni c
o 32 LA e o Rrhl 13 A Bt S oA
horn 12 | éﬂg |l'er than the vertlcal load at the tip end of the

|1 the Z di th |t tral 15 qof th
Ci trasont ¢ hor HPeB therEat sk bendrospSiafon. e w“targ@gé‘ésﬁé‘% fﬁwoe Wihost

verti cal 5P ReqUsEs msignakiremdhe Ipad season3t @ shawn Bnetapse107 RE R t@eBuency of
t he vi br ahesletectad signal intharpappliedithiough aspwvbang flltqf?51 HJ exsadia ect i on
al ong t heignahtoniy witkirs alBegtiendye range aseundc thembraflonal eguendynet tiey t he
sanme as ulietsoaic lidre M &s shdwn inStéph8102 of GG, carftbihas Hatedtitlee eiboation by
extract i jthdeas Egoweh i Btep snoialdﬂ!:@efsequency range around the vibrational
frequencrodgq jof the ultrasonic horn 12 through a narrowband filter 51 with

a centra freqmﬁﬁrytrfétmm? !It%'saét'tﬁééti éﬁ@ vgmh@fcabhsrwhmeﬁ%nﬁ orn 12,
|h

t he harrQ {hr tection

unit 50 | oad at
the tip ?P&gl‘lyp t dr C '? %’IX%S§$ FE%SY){’% 0{2 al axis
15 of thé 38 ﬂPE‘ "B' a and i g f % | oad
sensor 3iMEsP&Y ef‘d'aéﬁ‘t&“ IPﬁ d can
then be &aaafrewbgagé&team mhi zemj e etthe coptacd af éﬂeéﬁ“Bﬁbpa 18029]
Next wi| indseasiesas theenitial ballI8ns presspchagainstihearbwits thadpand b&»af ¢

vi br at i othe lcapiijenndZnbetausal dhe oerrtical tibad cﬂfethgecamllarhe‘!?omm‘ea@em he

bet ween truicated tiyahe tiadd pdiodaBdn Fi&. gdd), vhernhtbedmitialoalb 8 tsodefoimed 84 and
for adj ugtiardanbe withi thetshapetdienaitip eadoriacofthbroapiiant 37 dteiargplhodelofig based
on the tjusviBpatRH Bad B iricheadifgtb réd@®0inchanged for a while.  When the
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Upon the start of a bonding operation, the vibration | oad detection unit 50
acquires a signal fromthe |oad 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 S102 of FIG 6, and
thus detect the vibration | oad as shown in Step S103 of FIG 6. [0031]

When the initial ball 18 at the tip end 17a of the capillary 17 conmes into
cont act yritidl bdile1®dsitheen bbeded o tloe dadt an theh sprrilebraisictdroohip i34 6l e a5A, the
Vi br at i opoh@ad biah 18hss shidves irl PIG.a8B taettipeembnT A of taxcapillaryof7 ishienitdd r asoni c
horn 12 fé?fﬁdvfe fnctheedifditiohesloRg &N@%@n’érﬁ?ah@"ﬁﬂ af tHéablltra%Sni%ﬂﬁbrhth RRd. As

| ndi cat eg, bFa'trBﬁ B a' &eés 8 dolafn. “TH é |mé i

¢ a
vi brat'o f%ﬁlﬁ’i/ IéQ%’% Et,‘rﬁél-éa% ée4 |s‘§/‘}5§rc?h Zero
g

before t 4 b |ncreases as he |n|t|a ball 18
S press&gggﬁ t? pad vmththetrp end 17a of the capillary 17,
because Ioa

capl || 7 i.ncrease | cat ed by
the tine peri o BV a %fd 'ttﬁwﬁ rnings 'Eg’ a?@A%"sd H'g’f {9%ed in
accor dank@dyst in thﬁeper%ef amnlitude insrease dudngwhish the gmplityde therephe

anpl i t udinaseasesefrombreroiasrin itoavesiodf amplitede istapility. r Asdontheneeriothetl for a
whi | e. Waemplitude incnéasey| thbaddtetSination lnam be miade thy ¢adleulpting dine trate of

sem condirafrease i th&anplitbde o time exhdoabhfirblingsthahtiven rate & [Berédge tshe tip
end 17a gtedthe tisapid trreghdld vaiuél A edr tte noBrdd of Bhplididee stability atheng t he
central Géte?rrﬁl%tﬁfn tcBA Bbt ARRRNbLy BeRfitmidg that tthat rdtéeotvichaAge o tread

| ner oases *J “ﬁ“é" ’té")“‘a‘“ PRUTaSo el dnd. e APl e 1
stabili t be ? é%&)ﬁ) t'r at | one‘T' oad detecti on unit 50 determnes if

t he deteq rat onlodr I n.the pe |tude|ncrea during
whi ch th arrpl Kaﬁgpe Pd Ripatin, nF)t %ﬁge&f}e ?EP}QEEPI '8d
anpl i tude ABIB R Fi @ V'H ad ghthe
det er ni nsapdiarstaﬁ Inéhwur@cbgn @émﬂﬂbﬁ Pﬁ@tf@|r@<'$ éﬁeofoweu wiesarie haintize
anpl i t udduringt bordinadisctnhtthe rperipa Ihtamplitudat mcezasenor dastha Peiodader t han
a t hr eshamplitadaistabifity, foartputh e mé-bondiofy shabel signaldéhatindichiasthetbonding
det er m ngg ira raiksthée, medehdwn doBtep 8105 bh&lGt Be hatenivésic e gibration he

anmpl i t udeddd detdBtionsurit 60} &' déteamirest thaethelchangelia thedaiiplitualepbf thede | es
bet ween yppsfiordlithd é’tVYﬁb édiﬁ' I%quqmtﬁélém‘éctlbr@mg the central BRisVi HoRtheon | oad

det ect i Ofgy ofn'csﬂ m 12 0?- @o%ﬂn&%%e‘?for';:ﬂ{%e Seddtat the
change 'C,Qfg it ﬁ¥ ¢§ph§ Sorh edc%m rrmyhésn the
bondi ng & %ﬁ $ B %e‘f' "2 hih

anpl i tudmer . éqgap . aPB{Pért b § 5 es the
bondi ng SNy ag shpWndp t p : ga(gt '°”I‘H‘€ &lj ast,
the vi br seterminesthaidhe shange imthe ay@phhuriedﬁtta@ Mtrreuorr load attbe RRNGEY i n t he
anpl i t udd7dn thedirectinralong the gentral axie 169fithe attyaspnic ko2 i nalther éh al ong
t he cent ti parod of amyflitudecingreasesooi io therperivd efsamplitude stability randoibat od of
anpl i t ud¢heé mredeteemined periéd of time dihsopassgd, i dutpatss aaoriding ,cohylednar

det er m negyrial as shb@faheStep SAd OnsTFIGd 60f time has passed as shown in Step
S109 of Fd33416- Before the predeterm ned period of tinme passes, the

vi brati On 'Oad ro%nmd cér%&iég%ﬁr fhemnﬁr RirloBd JetaétorsLSiRah, as
Zhovvn N ol SGE |8ibo§ﬁd|q Statd pﬁ | £5m Eflgﬂda‘arhé’lgtﬁorﬁgmt'f

et ern “g,ae;n % AR e e Skt Kb

capil |l ar axi e asoni c
horn 12 i n i P qr% [asgongg}ge e\Erlod of
anpl i t udsMEISORG rlppataﬁaSt%% Q"Vfé e éP G Bfa'PP'HHdﬂ ssed,
out puts &etrmted n‘gibr@(y Hgariors r thansthaupreset SY'P @l"ldp oY [ 0034]
The cont corregsppndiag toothecouipat \aftthet uléraﬁonr:awaa’rord thretce@trpbrqmﬂrﬁq 50,
when r ecdietarminés that dh@out;bruhgf ’d’teamltrasoqnambratarrﬂr& rh@S\ﬂhbrtadul‘mg banging

det ect i omndpias sthwmirk Siep SDTpeaf FEGN6paicreased the aofput tafdhe afltrasumiclet ect ed
vi br at i oRidratg 1@1d |a conirast, iMhbrahplitodé efdhaaptddted eibraticrerdndilaget o t he
out put ofhihend! preasPRiratidP1GaP arPitade i poRdiFice o O orput-bSthé. | f

the anplitude of the detected vibration load is smaller than the preset
vibration | oad anplitude correspondingto the output of the ultrasonic
vibrator 13, the control unit 60 determ nes that the output of the
ultrasonic vibrator 13 runs short during bonding and, as shown in Step S107
of FIG 6, increases the output of the ultrasonic vibrator 13. In contrast,
if the anplitude of the detected vibration load is |arger than the preset

vi bration | oad anplitude corresponding to the output of the

%_




ultrasonic vibrator 13, the control unit 60 determ nes that the output of
the ultrasonic vibrator 13 is excessive during bonding and, as shown in
Step S108 of FIG 6, reduces the output of the ultrasonic vibrator 13
(ul'trasonic vibration change neans). [0035] The control unit 60,
when recei ves the bonding conpletion signal fromthe vibration | oad
detection unit 50, determ nes that the bonding of the initial ball 18 is
conpleted and there is no need for ultrasonic vibration with the ultrasonic
vi br at or utRisanit, vizsatohold) the SomtpolSAdil 680F dEtdBmites dihatctheneatputtdfetheol t age
suppl y t gitidzenid vibRser Tiskhiestioe dlfing Qosiding ahe, ad shovaoin Stepi S1e8 of 13
(ultrasop@s, @ t?éauctéw 154 QRtpRAEE Ihe LRtPARInic vibratorA3 dapeisbArRvidbation t he

wi re- bondf, ?]us 10 according to the enbodi nrent can detect a
Vi bl‘atIO[b d at the tip end 17a of the capillary 17 during bonding with a
rucf

simple s of plllary
T b ﬁ érél;g? 5 thga%oﬁd%ﬁ%%gnfp\fé%hglgnk ﬁé&a
is al so Hé‘"f %‘? ?86%%3 Eé%ﬁgﬂﬁg% ?HE” %F:I baI I
18 and t A8 '%Gﬁfﬂ Apkthegeis AY Pﬁ 3'3 [fat t he
bondi ng q@aatow&em B8 shﬁﬂﬂdﬂ&ﬂewﬂﬂ&f @: ﬁgd'é?‘ori"@ﬁ%? hegvalize o'WlPB of the
ul t r asontathe wirasenic vibratgsdiddoraiop the uiraseaiceiptaschtiuigasaniavbeiiare! y
control stopimeadspg conditions. It is further possible to determne the
conpl eti fg03#] the bondi ng based on the change in the vibration |oad at the
tip end 17a of Aghgespibit! atiovel thandlire-bonegabpparatdd €0 adwrdimgptcettieon of
the bondbﬂﬂ)ocﬁrﬁeﬁf efn (dife@u %raﬁtﬂn ¢ at ‘tﬁélﬂﬁréri‘d 78It ee dapilltympve on to
the next 4 ’boﬂ wgﬂ té]ﬁ‘n LROERES 6#@ the éb%ﬁt ﬁ@@tﬂ@beﬁé\hef ned

nor e aCCB cgpmj

addi tion, cqf Id&r%g& conl %%b %3 his e of
abnor mal e ‘%ﬁ ﬁ? tg %g ? anq g gg{et ted

vi brat i offigjhllsto apd the go ﬁftalq % ein
the vi br #i¢ Bandigadiyalityc Pﬁd‘i"%‘? ymcr%@ 'ﬂ 0{ %o%m% e ndi ng

abnor mal MitrassnicaMibrator dBederanding 9nghe state of porgipgade ad w&&’ﬁ grol

band- pas ¢he bondingwondit@nsenitrisfurthesqesste o demn%tﬁ@efﬁmplgfloﬁloﬂ%om c

vi br at i obondingnpasst dnatheachangeein the vé)raMmﬂmatbaatls¢ dipaendriiAa of the n a

f r equencyapilage 1arand)dninhedisicly afteptizd compdeteoncyf tiie bbedmlgt tastop thenorn 12
from t heostinalf 1k tlbasbRieviBERAGON3Id Mdvehen deshe inExt etemf offdrirg the

enbodi m%ﬁvaﬁ@@eﬁ%ﬁth@%dﬁ.ﬂ@c@ﬁ%‘é pékdriied Miord adcGiatel9Tandf thedsridimy ar ound
t he freq“ﬁ{bcga,? cdhbkaseRi ¢ vibration can be conbined to extract a signal
r

olnly W t equency range around the vibr ational frequency of the
d
ﬁhériiﬁﬂhcmin o] ;naaa% sgs'gﬁ“% 'ﬁiyﬁ fdfe) %Vfc%@h'&%b%ﬂ“e@ edot not

f r|
ngﬂ,tedf ygbegfrﬂ@ ¥ ﬂﬁlﬁfﬁ L Bl@a ofS e cap ary 1? &?tr&tﬁe change |n

vibration Ioad in a normal state, offering the advantage that bondlng
abnormalities can be detected.
[0038]

Although a narrowband band-pass filter with a central frequency at the
frequency of ultrasonic vibration is employed as a filter for extracting a signal
only within a frequency range around the vibrational frequency of the ultrasonic
horn 12 from the signal of the load sensor 31 in the description of this
embodiment, low-pass and high-pass filters with a cut-off frequency around the
frequency of ultrasonic vibration can be combined to extract a signal only within
a frequency range around the vibrational frequency of the ultrasonic horn 12.
[0039]

The present invention is not limited to the embodiments, but
encompasses all changes and maodifications which do not depart from the
technical scope or essence of the present invention as defined by the following
claims.



I ndustrial Applicability [0040] Al t hough a wi re-bondi ng appar at us
is exenplified in the description of the enbodi nents, the present invention
can be applied not only to w re-bondi ng apparatuses but also to other kinds
of bondi ng apparatuses such as bunp-bondi ng apparatuses. CLAIMS 1. A

bondi ng apparatus conprising: a base unit; an ultrasoni c horn
configured to vibrate longitudinally in resonance with the vibration of an
ultrasonic vibrator; a bonding tool attached at an anti-node of the

vi br at i ofhdifstridl Applitabiigni ¢ horn; a flange provided at a node of the

vi brati oppgdo)t he ul trasoni c horn; a bonding armconprising a flange

i A gl s e i 10
t . ti ' t ~gondi
o1 the b e b n e cre

bump-bonding apparatuses.

rget;
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a | oad sensor attached between the center of rotation of the bonding arm
and the flange nounting surface; and a vibration | oad detection unit
for extracting a signal obtained by causing a signal that is detected with
the | oad sensor to pass a signal within a frequency range around the

vi brational frequency of the ultrasonic vibrator through a filter that is
able to pass the signal within the frequency range around the vibrational
frequency of the ultrasonic vibrator and, based on the extracted signal,

t hereby detecting a vibration |oad at the tip end of the bonding tool in
the | ongi tudinal direction of the u$LAmm©nic horn. 2. The bondi ng apparat us

according to CA"’ddﬁdin Ahsaratus com r,smghe vibration | oad detection unit
conpri ses bondj e determ na i on neans for determning the state of
bondi ng betvve | t ool
and the nmrf%%;t gé'érp&glj'f “Féﬁ‘gmra{ehﬁn%@d'ﬁ% r eﬁgp et ﬁémget ect ed
vi brati o

ndi I n..t he.l,ongitudi nal
direction of tﬂ ﬂtf}ga@a ?rﬁ@tng d(%ﬂf:)tﬁ?tvl't?{at'gn o5 il ﬁ'@raéPQiE
si gnal . BOMihe bondi ng apparatus according to claim 2, wherein t he
bondi ng state aélaagmm@wd%ahﬁme.qfthﬁénhratmpftm YH5a8ORIEHOEi on unit i s
configured to ddoadinigam admerisings Hange msuntiog Gunigce tah which e flangeof
anpl i t udis fixed tathe ditraBonic wirncnd attactme ratatddlyoto thecbaseuatiiosuchbad at t he
tip end pfariree aeaodhos baipl endiof the bomding toblriala direationi towaed antewdy r asoni ¢
horn i ncfgapaPonding targer i od of anplitude stability after the period of

anpl i t ude Incrs %Hddﬂ%ﬂa&ﬁéﬁbehﬁébrﬂﬂ@ ddritgeofi rotatIDRASPthaBbARIMgGRAST ant ,
arelna thelnltlal ball fornmed at the tip end

h
f th b b
%gﬂ e t’éjﬂ b cm Egéggﬁﬁm i gsas. '
%(?nl

S corrpl StB'? ter litude
becomnes F%{?Qfe?rq ! ? A b| lity,
t her eby Swatgaeblen aa%m n@'o Wibigit Gy range, ar ar at us

accor di nffeggeatuphthe Uﬂfﬁﬁﬂn@rV“ér@ﬁ?fr@@d r@sﬁdc@hi%ﬁxwt?d&ﬂﬂ%c th t he
vi br at i odetestingdevibratiom laad at the tinangeot the banging tep! imiheulongiudinat

vi br at or dirabtioreofithe ultrasonit hercontrol unit conprises ultrasonic vibration
stop neans for stopping the output of the ultrasonic vibrator when the
bondi ng eonpl etThabopiddRfappratudpatcordiogtd ktaivi hrvatidremn | oad detection unit.
5. The bondi ngtf@@iﬁféﬂdﬂﬁlo@ﬁfdﬁt@tﬁtﬁw hﬁut Q:loﬁipms%s bUHRIIR) Btate determihforsont r ol

unit fur éte%ﬁﬁn.H %k %Pélé(bf‘ﬂ B “&?nrfmrb%ll f8fm€@‘é'tﬂﬂatﬂe
g;g)lpy;ug o aﬁ&ﬁ‘%ﬁ %%‘ o gtta % Bt inethitto (s e

b ﬁ ﬁc {s; %
ot m,n ddﬂe %0 Eﬁﬁﬁ EO@'CV ORISR tgvﬁirﬁé'%“ q&%‘éﬁ% o bt

when theSERdhi t ude during the period of anplitude stability is | arger than

the predetermned value. 6. The bonding apparatus according to claim 4,
wherein 3. The bonding apparatus according to claim 2, wherein

the bonding state determination means in the vibration load detection
unit is configured to determine, 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 the 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 to determine 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.
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the control unit further conprises ultrasonic vibration change neans for
maki ng the output of the ultrasonic vibrator greater than a preset out put
when the anplitude during the period of anplitude stability detected by the
vibration | oad detection unit is smaller than a predeterm ned val ue, while
maki ng the output of the ultrasonic vibrator smaller than the preset out put
when the anplitude during the period of anplitude stability is |arger than
t he predeterm ned val ue.

4, The bonding apparatus according to claim 3, 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.

5. The bonding apparatus according to claim 3, 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.

6. The bonding apparatus according to claim 4, 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.
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