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FP1007 1 W RE BONDI NG APPARATUS Fi el d of the Invention

The present invention relates to a wire bonding 5
apparatus, nore particularly a wire bondi ng apparat us
capabl e of detecting bonding failures of a

| ow-capacity device. Background of the Invention 10 BR1097
wi re bonding apparatus is an apparatus for connecting

an el ectrode on a sem conductor chip, which is a

first bonding point, and a | ead, which is a second

bondi ng poi nt, using&MgcpTade 2afprgolmis al um num and
the like. 15 A bonding armis oscillated upwardly and

downwardly by a linear notor of a bonding head pl aced

on a XY table novable in the X and Y directions or a

cam ebdpbédthe anvaontdpnshaft of the linear notor, and
awreis led out froma capillary nmounted on a tip ,
of an uTheasorésembor ip@Edfiarherbdadiesg B8P ma Adre bonding
applying a high voltage between a tip of the wire and

a @PBeRaFgeE- eleRte ode ikl L agdiver &t & HFf ePOEFANG apparatus
discharge. The gener at ed di charge, energngelti t he "
ti p2BRPLRe i I I BOBAF P9 af 38T EEN®T ThenOWT HaP2cLty
bal,l supported by the tip of the 25 capillary is
thg?ﬁﬁggnpression-bonded onto an el ectrode on a

sem conduct or chip, which is a first bondi ng point,

by using an ultrasonic neans and a heati ng nmeans 2

Background of the Invention

A wire bonding apparatus is an apparatus for
connecting an electrode on a semiconductor chip, which
is a first bonding point, and a lead, which is a second
bonding point, using a wire made of gold, aluminum and
the like.

A bonding arm is oscillated upwardly and downwardly
by a linear motor of a bonding head placed on a XY table
movable in the X and Y directions or a cam coupled to a
motor shaft of the linear motor, and a wire is led out
from a capillary mounted on a tip of an ultrasonic horn
of the bonding arm. And, applying a high voltage between
a tip of the wire and a discharge electrode will
generate an electric discharge. The generated discharge
energy melts the tip of the wire to form a bkall at its
end. Then, the ball supported by the tip of the
capillary is thermocompression-bonded onto an electrode
on a semiconductor chip, which is a first bonding point,

by using an wultrasonic means and a heating means
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FP1007 together while being pressed thereto with
mechani cal pressurization force owng to an
oscillation of the bonding arm resulting in
connecting the wire to the first bonding point. 5
Figs.6A to 6D are views show ng_processes for
performng w re bondi ng using the wire bondi ng
apparatus. As shown in Fig.6A and Fi g. 6B, causing an
el ectric discharge between a tip of a wire 1 led from

a topethen Wi Tapiddiary Pran¢eal diseharge elent rosehdnical
for a certain period allows nelting the tip of the
wipeedswhezrebyoa batde 2@mvwind ortmedaat theililptiPhenpf the
the capillary 2 supporting the ball 20 at the tip

t Heording s aposi t ronedtiogerimn coneeotede 1khef wire to the
sem conductor chip 13, which 15 is a first bonding

pof h¥stsbongdkng B8iBhewn in Fig.6C, ultrasonic wave
oscillations are applied to the tip of the capillary 2

via an H-97a8Bni EChofR ofTEheVbBHTi ngAY MGt PHRCSAMRS for
time as the capillary 2 is noved downwardly, the bal .
20P5BE BERHET pr G45ET orHYTHE of P Sde F5eY psvgEe "2 bonding
reg,ulgragge wire 1 is connected to the el ectrode.

TheRP* a3 8hown in Fi g.6D, the capillary 2 is noved

upwar d c L.ng st . prede ned koo td Ol 53502 BSctric
L6 be ol noer o & 1O AT W Gh oTe 3 ey 2P 0ef
boggdipgarde PRLREL6a ANG dM tasppkCIVA¥E from a tip of a
oscillations are applied to the tip of the capillary

2 yhpitheryl tr aseni @ hdtsciddrge electrode 4 for a certain

FP1007

period allows melting the tip of the wire 1 whereby a
pall 20 is formed at the tip. Then, the capillary 2
supporting the ball 20 at the tip thereof is positioned
over an electrode 12 of a semiconductor chip 13, which
is a first bonding point 15.

Next, as shown in Fig.6C, ultrasonic wave
oscillations are applied to the tip of the capillary 2
via an ultrasonic horn of the bonding arm at the same
time as the capillary 2 is moved downwardly, the ball 20
being pressed onto the electrode 12, As a result, the
wire 1 is connected to the electrode.

Then, as shown in Fig.6D, the capillary 2 is moved
upward according to a predetermined loop control so as
to be displaced to a lead 14, which is a second bonding
point 1l6.

And, ultrasonic wave oscillations are applied to

the tip of the capillary 2 wvia the ultrasonic horn at
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3 FP1007 the sanme tine as the capillary 2 is noved
downwardly, the wire 1 being pressed onto the |ead
14, resulting in connecting the wire 1 to the | ead
14. Then, after noving the capillary 2 upward to a
predeterm ned height, a wire 5 cut clanp 3 is operate
to cut the wire over the lead 24. Thus, one wire
bondi ng work is finished. In a conventional wre
bondi ng apparatus, under a state that the ball 20 is
crusbedonrt otihe elsecthodeap2llakyt e senmmeorduciiownwardly,
chip 13, a bonding failure 10 detection device
di seei wiimat s behigthesressadt ohhe thendieagl Mok k fssulting in
conpletely finished, in other words, whether or not )
t heomnheet boadihg wWérsudcesstbe dradudduccEReful 2ftrpe moving
bondi ng failure detection device detects bondin ,
f aFnar €3Pi-hleky Lolurewinsg tfarhatredes qmylred shgldht, a wire
fl omchart showi ng a conventional nethod for detectin
bofidF nGLEHP uF edS BERRGAESA bENdFRG WidHK, WA QefdELi It 1ead
zone, startin oint and a threshol d. val ue are set
{ ogat har ST endslre RepdiafatoTE 1S | HAbSATRI e 1o
set a detecti z 20 .start i ng. poi
threshoﬁa f%v§$n %ﬁgﬁgﬁﬁlmg?gs éﬁ?hﬁgmﬁﬁggg%ﬁgfhgunder @
f oL CPANERLING AN 18l £C15 9085 0B BnBEMERAIUGIOT e ERl Prode 12
to alead using a Wwre is carrie out (ST3). And, a
bopdi ng feai | H&8i dehgetEPT f Qhipdi scg] m pat ighawief hekailure
or not the wire is conpletely 25 bonded to the
el geteedecan ke iseM conskieimingtéd | shepRekormed not the
(ST4). In the step, when it is discrimnated

bonding work is completely finished, in other words,

EPIOO?

whether or not the wire bonding 1is successful or
unsuccessful. The bonding failure detection device
detects bonding failures in the following manner.

Fig.7 is a flowchart showing a conventicnal method
for detecting bonding failures.

Before a bonding work, a detection zcone, a starting
point and a threshold value are set together (8T1l, ST2).
Note that it 1is impossible to set a detection zone, a
starting point and a threshold level for each wire.

Then, a wire bonding for connecting an electrode on
a semiconductor chip to a lead using a wire is carried
out (ST3). And, a bonding failure detecting for
discriminating whether or not the wire 1s completely
bonded to the electrode on the semiconductor chip is
performed (ST4). In the step, when it is discriminated

that the wire bonding is unsuccessful, an error handling
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that the wire bonding is unsuccessful, an error

handl i ng 4 FP1007 for stopping the operation of the

wi re bonding apparatus wll be performed. On the

ot her hand, when it is discrimnated that the wire

bondi ng i s successful, a subsequent w re bondi ng wor KF1007
is carried out and the 5 bonding failure detecting

will be carried out in the sane manner (ST3, ST4).

After all of the wire bonding work is carried out,

t heow Eeopphdigngheoidpdrsithiion sifedhd SThle BHEXdin@ apparatus
bonding failure detection apparatus for 10 detecting
borndlihg bai lpgetomidd. be expl ahaedtidy. harsl,a bheck it is
di agram showi ng a DC dedi cated bonding failure
detdestirominppeadatsabf thecomient iomatliyg usedswiccessful, a
bondi ng apparatus. The DC dedi cated bonding failure
detebsEaReappar bfes BANdigrg daosdt | h§ pomerigd 1mut and the
failures of a sem conductaor chip_havin

DC |, .
CHEPRETES] ST4 BRI ThEeBETFadice ot bt baifii RGEFAPAUrQRt in the

detection appa S | rovi.ded with a bonding . )
ebrlie herant s LEMD ERaP o P st 41, g PO R i ngp pondiing
board. 18. The bondi ng, 20 U board, 18 .h an. .| 0 .
S90S ks e R FE TS Plre” tis ctr e noglalfa, o YR FLnisned
an(F&E%port 33, a CPU 30, an A/D converter 35, an
anpl'ifiéer (AMP) 37, a DC generator 45 and a resistor

46. An QuLpYl 38 hSngOLARECctLdl i t kR W8 oh OkpbR@atus for
wire 25 bondi ng apparatus shown in Fig.6. A ground
(MBredfihg bonding failures will be explained.

Fig.8 is a block diagram showing a DC dedicated
bonding failure detection apparatus of a conventionally
used wire bonding apparatus. The DC dedicated bonding
failure detection apparatus 1is for detecting bonding
failures of a semiconductor chip having DC
characteristics.

The DC dedicated bonding failure detection
apparatus 1is provided with a bonding failure detection
board 44 for DC and a bonding CPU board 18. The bonding
CPU board 18 has an I1I/0 port 32. The bonding failure
detection board 44 for DC has an I/0 port 33, a CPU 30,
an A/D converter 35, an amplifier (AMP) 37, a DC
generator 45 and a resistor 46.

An ocutput 38 is connected to the wire 1 of the wire
bonding apparatus shown in Fig.6. A ground (GND) 39 is
connected to a bonding stage, on which the semiconductor

chip 13 is placed, via the output 38.
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connected to a bonding stage, on which the

sem conductor chip 13 is placed, via the output 38. 5
FP1007 When a bonding failure detection is carried out
using the DC dedi cated failure detection apparatus, FP1007
voltage is applied to the electrode 12 of the

sem conduct or chip 13 through tRe resistor 46, the 5
output 38 and the wire 1 fromthe DC generator 45 at
wi re bonding. Then, the detected signal output from
the el satnhode Ybrefiridie fadmueenddetoectebnp il8 icgrried out
input to the anplifier 37 through the wire 1 and the
outipiihg skbeal DOut gaditebadt héaalpkefi det8Ztign apparatus,
anal og-digitally 10 converted by the A/D converter 35
andolheaei npkt t 8rPhéedCPUR0. tihe GRl@GBrode 12 of the
di scrimnates that_ the bonding is successful when the
deBeBiEaNENgHar | §MiPt hitd t RBTOEAPeshBPd Y8FL&t6F tAgt the

t he bondi I's_abnormal ., (unsugcessful) en the

LoBeBng ot nand aH T ol TIo EESR e G ghagator 45 at
Then, the si.gnal ow ng.,whet her .th bondi ng i

sulieé sgﬁpdéggUnsﬁgggésf&eiégﬁﬁﬁﬁﬁgi%% %& %ﬁ#ﬁ%%gfrom the

Cpglggﬂfgdés T’i aotﬁ'h 4 Os@ﬁi&énggcggg %%i Or13 is input to

determ ning bonding failures. Fig.9 1s a Circuit

di ageamghowengra $peaiiduqt?0 toler UGt Bee Of A Abhe output
dedi cat ed bondi ng failure é%tectlon apparatus of a

COoBYgRKIORAILpMY erPeRdtnE apparativs 7 eferkadibg-digitally

Japanese Publ i shed Unexam ned Application

2000n260808, 34 e B/Fi godyerbhe AC dedi catead homdi nge the

failure detection apparatus is for detecting failures

of CPU 30. The CPU 30 discriminates that the bonding 1is
successful when the detected signal is within the
threshold wvalue or that the bonding is abnormal
{unsuccessful) when the detected signal is out of the
threshold wvalue. Then, the signal showing whether the
bonding 1is successful or unsuccessful 1is input to the
bonding CPU board 18 via the I/0 ports 33 and 32 for
determining bonding failures.

Pig.9 dis a circuit diagram showing a specific
structure of an AC dedicated bonding failure detection
apparatus o©f a conventicnal wire bonding apparatus
(referred to Japanese Published Unexamined Application
2000-260808, pd4 to b, Fig.l). The AC dedicated bonding
failure detection apparatus is for detecting failures of
a semiconductor chip having AC characteristics.

A wire 1 led from a wire spocl 21 passes through a

space between supporting surfaces of the wire cut clamp
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25 a sem conductor chip having AC characteristics. A
wre lled froma wire spool 21 passes through a
space between supporting surfaces of the wire cut
clanp 6 FP1007 3 capabl e of supporting and rel easing
the wire 1 and is inserted intg the capillary 2
positioned directly under the ®ire cut clamp 3.

Bet ween an end 22 of the wire 1 spooled around the
spool 21 and a bonding stage 17, 5 which is a
refecaped1potaomtddpdet g sMer ecdcheadtdqgl thee wikk as and is
frame 1s placed, an AC bridge circuit 5 is connected.
ThenAE€rbedddetei ricis t cdphhtaan ACpgenigriatrerd 5directly under
i ncluding a sine-wave generator oscillating at a 10

pr edet ermieneth i r ebrrepcy - Tﬁ@tm@e@rﬁﬂgee@ﬁrgaiPfSTﬂH%N%lre 1
a closed |oop of the AC generator 5a, a first series

ci PEAPLeSc 1ot | Sihfy EPParti abl e 876k 8t groging stage 17,
receiving an output signal output fromthe AC
geNBEGPOR 53 dit SFeEn Ut L BRIy SBeBhy Refpad frame
citcuit 5c2 conprising 15 a fixed resistor, R2 . . .
re iiv?%ge%ngﬁgggigﬁﬁlpé&?ﬁ&% f?%n#&fh%rﬁegﬁen%}gf%ﬁt > s
5a | ectric pathway fromthe end 22 of the
mﬁFéﬂﬂsgpﬁg'bonding stage 17, which is a reference

potenti gl .poiAt -bﬁézdoef SEi‘iQQ"i‘%CtSOm i Bt %@f drator 5a
variabl e resistor Rl and the condenser O i's
conpechadnto ape khpstwalea dHidelenti absamphitiay 6at  a
and a second connection point Y of the fixed resistor
R2pasdethemenedd2Z reljuhe Wi reh&SAC bridge circuit 5 forms a

FP10Q7

closed loop of the AC generator ba, a first series
circuit 5cl comprising a variable resistor Rl receiving
an output signal output from the AC generator 5a and a
condenser Cl, and a second series circuit 5cZ2 comprising
a fixed resistor R2Z2 receiving an AC signal output from
the AC generator 5a and an electric pathway from the end
22 of the wire to the bonding stage 17, which 1is a
reference potential point.

A first connection point X of the wvariable resistor
Rl and the condenser Cl1 is connected to one input cof a
differential amplifier 6 and a second connection peoint Y
of the fixed resistor R2 and the end 22 of the wire is
cennected to the other input of the differential
amplifier 6.

Between the fixed resistor RZ and the end 22 of the
wire, a coaxial cable 5b is connected for preventing

exogenous noise. Thus, the coaxial cable 5b generates
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connected to the other input of the differentia
anplifier 6. 25 Between the fixed resistor R2 and the
end 22 of the wre, a coaxial cable 5b is connected
for preventing exogenous noise. Thus, the coaxi al
cabl e 5b generates FP1007 7 capgcitance C2 between a
core wire and an exterior coat ‘of the coaxial cable
5b. As a result, the capacitance C2 is equivalently
connected between the fixed resistor R2 and the
bongh ngi sdage 7. vetthendid fesont whteanphi fanerex@erior coat
conprises an operational anplifier A, an operationa

anpf i fhercéd@xial cesistdp. RAs & resisltior e sgapacitance C2
resistor R5. The differential anplifier 6 detects and

out pueguavadehtdvemsanartathuresvepral Sheo ThgeR iTfistor R2
termnals from10 the first connection point X and the
sexfhdteenhecdins Spadft1Y: To an output terninal of

the differential _ anplifier 6, .candenser C and a
prinaryTPﬁputdFQﬁﬁFggFlagf aaFWQﬁ Smer &7 argPrises o an
connected serially. A secondary oqut put. term . { he
tr%ﬂ%f%PﬁﬁPa; F§P¥1§185n%§¢t3 £ %#%ﬁﬂ%ﬂ)%ﬂ%yg&ﬁtﬁgg]Az’ a
| NELESEOR WL oh LODURL Lo, PORLL IRy O NPOALLYE AR5, The
vol Tage output’ fromthe transforner 7 to positive

abgobpLeeMPl bage. ofpfifsty | ayel girsdddn naber 9obsputs  a
connected to an output termnal of the absolute val ue

I NyefteteBceANNOUhPUE @figinkRE o idcStbadth |BuMelt terminals from
discrimnator 9 is input to a bonding determ nation
Ci thdi tri26tf afotied @ct omgpbandi gy @il thes.second connection

FP1007

point Y. To an output terminal of the differential
amplifier 6, a condenser C and a primary input terminal
of a transformer 7 are connected serially.

A secondary output terminal of the transformer 7 is
connected to an absolute value inverter 8 which converts
positive or negative AC voltage output from the
transformer 7 to peositive absolute voltage. A first
level discriminator 9 is connected to an output terminal
of the absclute value inverter 8. An output of the first
level discriminator 5 is input to a bonding
determination circuit 26 for detecting bonding failures.

A low-pass filter 23 is connected to an output from
the low-pass filter 23 is input to a secondary level
discriminator 24 to an output terminal of the
operational amplifier Al of the differential amplifier 6
connected to the second connection point Y of the AC

bridge circuit 5. The secondary level discriminator 24
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A lowpass filter 23 is connected to an output from

the lowpass filter 23 is input to a secondary | evel

di scrimnator 24 to an output termnal of the 25
operational anplifier Al of the differential anplifier

6 connected to the second connectlon point Y of the AE1007
bridge circuit 5. The secondary | evel discrimnator 24

8 FP1007 conpares an output fromthe | ow pass filter

23 with a standard signal |evel set beforehand. Wen

t heompid peié  afnr osnthet | awopasshd | Lberpadsi Sillaseger2shanth a
the standard signal level, a signal show ng a | ogi ca
vatuendHidi signadt pievéeé b apt ANR feiredurtd .25, WMBen thiee output
output fromthe Ilowpass filter 23 is snmaller than

t hergh ahdar dogi-gasls fidvelr 23 signakrghowithgna Uhsyigandard
value "1" is output to the AND circuit 25. A bonding
det B¢t & bn leNietloh 27s6d0pdt sshevwhighaf 1w itadwi V@llae 0
| ogical value "0" to the AND circuit 25 at a

bd%ﬁ?ﬁ@t(gocﬁvb BHAdrhgTUARd 22 - Sldﬂgﬁlsﬁ%ﬁnﬁﬁtgut from the
| | "1" t.o the AND t 25 at
bobelf dEE T8 LeAd Bortil nby MM SAD AT Bt 25 errol raional
t | {£4h.
1515 ec? e e e b <o

secQnd Leuel .dbgcrimnator 24, and outputs a
| ogi ca f "1" or "0" to a bonding determ nation

circui tﬂ%@ﬁaiﬂ:@ ddded s Dondigig ch chimp Gaegueg) 8Nndsignal
a | ogi cal val ue " thereto at a secondary bonding (a
| esilohongi ag)l.oga(baﬁhevémm@li ng~deteryAdNaANDNceCireatiitt 226 at a
is operated to

first bonding (a chip bonding) and a signal showing a

is

logical wvalue “1” to the AND circuit 25 at a secondary
bonding (a lead bonding). The AND circuit 25 performs an
AND operation of an output signal from the bonding
detection switch 27 and an output from the secondary
level discriminateor 24, and outputs a logical value Y17
or “0” to a bonding determination circuit 26 at the
first bonding {a chip bonding) and a logical wvalue ™07
thereto at a secondary bonding (a lead bonding).

The bonding determination circuit 26 is operated to
detect bonding failures by reading an output signal from
the AND circuit 25 at a bonding failure detection
timing, in other wards, at a bonding failure detection
mede according to a command from the bonding apparatus,
when a wire 1is bonded to the electrode 12 on the
semiconductor chip 13, which is a first bonding point,

cr the lead 14 of the lead frame 11, which is a second
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detect bonding failures by readi ng an output signa

from the AND circuit 25 at a bonding failure

detection timng, in other wards, at a bondi ng

failure detection nbde according to a conmand from

t he bondi ng apparatus, 25 when a wire is bonded to theP1007
el ectrode 12 on the semniconducPor chip 13, which is a
first bonding point, or the lead 14 of the lead frane

11, which is a second 9 bonding point. Summary of

| nyendii 8§ FHLRL7 The bonding failure detection
apparatus of the 5 conventional w re bondi ng

apparatus discrim nates whether the bonding is

successful or unsuccessful by judging a difference
betweearmnno AClorebDCiont put vol tage and a voltage

detected at the AC or DC dedicated bonding failure

det ect i Bheappanaing. faiinre ndehediiohe dopaerbesedof tLhe
voltage is specified as a voltage of which a waveform
beeomesnkiandy stwuiesin Pordinde FPRALRES dedit@fepinates
bondi ng failure_detection apparatugés Accordin

Ly,
i FYRRETSEM CUhdROPEH "hi pSantFtHeSTEAY I aHBSPsgsésful by
e o R B i U B e B RS e
b | :

oRRECR, A0 PR heY Ao A U 6 O bl g Monaing

un§5§?§§§fuhek§c%§Fﬂlya%%ﬁ%%%b%d- | n 10t hety 5 gorfdShnod, the

such a conventional failure detection apparatus 20

gg@aég%casae%l%@@ ngsf@ipleu;ri@e@f s | QW&M&é Yof which a
iaveform. becomes steady state in both the DC and AC
dedicated bonding failure detection apparatuses.
Accordingly, 1if the semiconductor chip and the Ilead
frame to be detected do not have a certain level of
capacitance (for example, about 100PF}, a necessary
difference between an output wvoltage and a detected
voltage for discriminating whether the Dbonding is
successful or unsuccessful is hardly generated. In other
words, such a conventional failure detection apparatus
cannot detect bonding failures of a low-capacity object
of several PF to several dozen PF. In additioen,
recently, objects to be detected tends to have low
capacitance.

An object of the present invention is to provide a
wire bonding apparatus capable of detecting bonding

failures of a low-capacity device.

In order to achieve above mentioned object, a wire
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of several PF to several dozen PF. In addition,
recently, objects to be detected tends to have | ow
capaci tance. An object of the present invention is to
provide a 25 wire bondi ng apparatus capabl e of
detecting bonding failures of a | ow capacity devi ce. FF1007
I'n order to achi eve above mentithed object, a wre 10
FP1007 bondi ng apparatus according to the present

invention for connecting an electrode of a
sepbeonaychppachtpst acaorildead afo aHeatkdgan® usvargtbon for
wWire or bonding a bunp to a pad of a sem conductor
cheépnoenpingesan S5eDEcpubsie appl W ngemtansdhiococapptlyimgto a
DC pulse to the wire or the bunp, detection nmeans for
deteedi n§ a lespodsemgavistioigma fwigrm tdre hendlngr a Heump to a
bunp applied with the DC pul se, and.  discrimnation

means Pgradﬁ§@FPﬁPﬁHFFﬁ§ fRéPhEPTBF 18650t the wire or

the b i fully bondi - ted b
coﬁpa?rﬁﬁlEﬂiﬁgégggﬂigléﬁv3¥E#ﬂ$mfgﬁngﬁgﬂgﬁ§ﬁzcggsﬁﬂlSe to
b ' . f bt ai db | yi DC

pur 86 ThEEnBanEhEcBuEPal Iy bonded wire of" bump. 15
Accordlagtggtggg \%era%%gggkrgjeac%%ac{lﬂ Sa t].%% onse, waveform

appar at us "conprises a DC pul se appl'yimhg neans, and a
spgRsenwayet-ar grobtai peALPYARRLYI mgtﬁﬁgLﬁgnEﬁq%, and

re
the DC pul se applying nmeans I's conpare
unsuccegstulimhAREi BE HRSPRNSEoVAYEEeFAMiNARHBBY whether or

step response
not the wire or the bump is successfully bonding-
connected by comparing the response waveform with an
unsuccessful bonding response waveform obtained by
applying DC pulse to an unsuccessfully bonded wire or
bump.

According to the wire bonding apparatus, the
apparatus comprises a DC pulse applying means, and a
response waveform cobtained by applying DC pulse from the
DC pulse applying means is compared with an unsuccessful
bending response waveform, whereby a step response
characteristic can be detected comparing with AC sine
waveform. As a result, it becomes possible to detect a
difference Dbetween successful bonding and unsuccessful
bonding of a low-capacity device and therefore to detect
bonding failures of the device.

In a wire bonding apparatus according to the
present invention, the DC pulse applying means 1is

designed to apply DC pulse to a condenser via a variable
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20 characteristic can be detected conparing with AC
sine waveform As a result, it beconmes possible to
detect a difference between successful bonding and
unsuccessful bonding of a | owcapacity device and
therefore to detect bonding failures of the device.
25 In a wire bonding apparatus]dccording to the
present invention, the DC pul se applying neans is
designed to apply DC pulse to a condenser via a

vard abdeo FPH07 wkl 1r eskstis ashieneliliras 40 tthe wbneporvia a
the bunp via a resistor, the detection neans is

desé ghetot 0 dekectebect espomsanwaves odesfigordt ieo detect a
condenser as well as a response waveformfromthe
wirespensde wanpfoand fhem5 Vaei abbedersest grsjwell as a
adj usted to nmake a product of a capacitance obtained

byr &tibRRaRt Wey ef ccdpabr Pande ff WARS dYj ebher PBWw, and the
detected from g capacitance of a side of the wire or

t NEABLAR! and &5 48Tt ARc @D TR r BSi J1F® RedtigAuct ©f 2
equal tp a grod capa%gtance.of t he

t.of a 10 .
condRHSEr AT Sggéépgpaﬁ@% DPYREVHI aBl §3PeSisagee of an
Preferably, in. a.,w ndi appar. rdifng, tQ9g £
thtgb?)er%ge%to ig]n%eﬁfw‘%%ﬁjzggh?% e%t i%g%ta#gg%gl%%o%%@ai %s Sa °°
ClLgdi L5har $haphog o, Proggssl N4 Ne: L165P0pEe th istor
ma%%%o&%F%Pf%$epggly,nFﬁ a mﬁren%%h%?hg apparatug rest
acgos A P9 «dal 0 dde Pres@yfudtvedt i an, ckpacwayater f the
shapi ng  or processing circuit contains a circuit in
whishdtéheerr @spoasecvayebaes saythe aapliebiledrbygiator.
differential anplifier after differential processing,
and t hePreferably, in a wire bonding apparatus according

FP1007

to the present invention, the detection means contains a
circuit for shaping or processing the response waveform.

Preferably, in a wire bonding apparatus according
to the present invention, the waveform shaping or
processing circuit contains a circuit in which the
response waveform may be amplified by a differential
amplifier after differential processing, and the
amplified waveform may be filtered and converted into a
rectangular waveform or a triangular waveform.

Preferably, in a wire bonding apparatus according
to the present invention, the discrimination means
performs discrimination by comparing a threshold value,
obtained by multiplying the unsuccessfui bonding
response waveform by-a threshold coefficient, with the
response waveform.

A wire bonding apparatus according to the present
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anplified waveform may be filtered and converted into

a 20 rectangular waveformor a triangul ar waveform
Preferably, in a wire bondi ng apparatus according to

the present invention, the discrimnation neans

performs discrimnation by conparing a threshol d FP1007
val ue, obtained by multiplyind2the unsuccessful

bondi ng 25 response waveform by a threshold

coefficient, with the response waveform A wre

bQJ}Q}é}g:l&i}Daf@f USoRGESE dhJahOct Botpbasenlr 12 JliQdhductor
i nvention for connecting an el ectrode of a

Se/HiGONCci Oreadhdbp L0laaleddant aslieadaf wamre usi hgpraling a
wire or bonding a bunp to a pad of a sem conduct or

cliype anprad gesd &C puael applydingr netais ¢ampapptyi ng
DC pulse to 5 the wire or the bunp, detection neans
for detlttbndgse ranplanises wagensr Mo r garlkéngi E opulse to
the bunp applied with the DC pul se, and
diges ivhii Trat@onciedid™®or di scrini nating whet her or
not the wre or the bunp_is successfulti bonded, 10
e

wheraIFQWEFEH%%rWﬁ?ﬁétF%an€§ﬁ§056ﬁﬁrl §eFH8ns§t€E§Eform
=G 2o '%'ﬁi%f@ BRrovel 70 Wt ofe the Bbkge: n
contacg§l§£¥aﬁ%5§%{ %h%k> Wﬁfgggﬂﬁiﬁétfﬁépw&gtﬁér or

det ect an unsuccess response wave

t he, M 1, %ﬁegeoPF‘ﬁPe bzyurﬁ[%:: %e&?&%éggf@%;bo@@@ayl ng

DC pulse to the wire or t
wherein the discrimination means comprises the

steps of:

applying DC pulse to the wire or the bump by the DC
pulse applying means before the wire or the bump
contacts the electrode of the semiconductor chip to
detect an unsuccessful bonding response waveform from
the wire or the bump by the detection means;

applying DC pulse to the wire or the bump by the DC
pulse applying means when the wire or the bump contacts
the electrode of the semiconducter chip to detect a
successful bonding response waveform from the wire or
the bump by the detection means;

calculating a threshold coefficient wusing the
unsuccessful bonding response waveform and the
successful bonding response waveform;

applying DC pulse to the wire or the bump by the DC
pulse applying means after the wire or the bump are

bonded to the electrode of the semiconductor chip to
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pul se appl yi ng nmeans when the wire or the bunp

contacts the electrode of the sem conductor chip to
detect a 20 successful bondi ng response waveform from

the wire or the bunp by the detecti on neans;

calcul ating a threshol d coefficient using the FP1007
unsuccessful bondi ng response Waveform and the

successful bondi ng response waveform 25 applying DC

pul se to the wire or the bunp by the DC pulse

apisdng sreanspahiber whhe reirine ot RehdWiprar 6r baadedmp by
to the electrode of the sem conductor chip to 13

FRIQO Hedeiecton mesponsendvavef ormfromthe wire or the

bunp by the detection neans; and conparing the

r esponssomeaef oy mbhiet hraspbneshotaire ieatue wabbhai aedyesheld
mul tiplying the unsuccessful bonding 5 response .
waeslfusr npbyathedt Hresholdipdgfinociteit . uAgBeFEFA§UE 0 kpnding

wi re bondi ng %gggratus according@éo t he _present

i RASHROWTE TaVHerBiday pblssi bheetho Hdt R alc e er ence

bet ween successful bondi ng 3?q$¥nsuccessful bondin%. ‘
of a | VECAFALTT y aedi ¢8 NP Ned aPPAFEEHBI @°EGroing O
coefficient and a threshol d val ue autonatlﬁjk%yt$ngﬁect a

softwaP&®E&htr oS :ﬁ%§0r+5e egB@?@,Eﬁﬁﬁ% g S
r i;@fer?ﬂ@é/e%telt%i’eﬁg %{ﬁﬁeggﬁgi NG, "i]'lrgat gﬁdcqg?ﬂ{cecessful

gf cting bo ures of a lowcapacit
gﬁ%&?ﬁg&fnogea 13w ydedy Bidefodesedi i @B +0f;y thereshold
coefficient and &a threshold wvalue automatically by
software control.
As described above, according to the present
invention, a wire bonding apparatus capable of detecting

bonding failures of a Jlow-capacity device can be

provided.

Brief Description of the Drawings

Fig.l is a block diagram schematically showing a
structure of a bonding failure detection apparatus
according to one embodiment of the present invention.

Fig.2 is a detail view showing a detecticn circuit
shown in Fig.1l.

Fig.3 is a view schematically showing a connection
diagram between a low capacitance detection circuit and
the wire bonding apparatus shown in Fig.1l and showing a
successful bonding response waveform and an unsuccessful

bonding {open) response waveform.



Fig.1 is a block diagram schematically show ng a

structure of a bonding failure detection apparatus 20
according to one enbodi ment of the present invention.

Fig. 2 is a detail view showing a detection circuit

shown in Fig.1. Fig.3is aviewschemtically showi ngfP1007
a connection diagram between a‘ioM/capaC|tance

detection circuit and 25 the wire bondi ng apparat us

shown in Fig.1l and showi ng a successful bonding

responsgi yaygf orig angd amiuasueeessfdlowirandi A9 GRAGA  for
response waveform 14 FP1007 Fig. 4Ais a flowchart

shaxi g angetbodd{ng fetlactdng dzardj nghkai bohasnysi Agi lure
the bonding failure detection apparatus shown in
Figelemhibe aytrensttiual jowsetitn njig. t hwéshel davadmetically
for a first chip and Fig.4Bis 5 a flowhart show ng a
neshblfer adehaeshadcdbyndiueg fofraidl Uriewss tusiinig tavd Flg 4B 1is
bonding failure detection apparatus shown in Fig

whit | efg%W6%¥FcaF1fl9Wé’é9tlﬁg BethPdshbPE %ﬁt%%t%%g tlﬁ%ndlnq

S, B LA D A -
CobBgim ol Phart oM ARSI Mt BLhEL B, ehresnola
dessfaeO@oepeagagassaga@@tl n3fLg. 1. Figs. 6A 10 6D are

i ews show ng process performng wire
bondi nggiigi BY lté‘leaV\lldlea&pngth,in%ppg’lr 2hd%ge in a detected

veltage Vo to a period T after applying output veoltage E
to a wire when bonding failure detection is performed
using the bonding failure detection apparatus shown in
Fig.1l.

Figs.6A to 6D are views showing processes for
performing wire bonding using the wire bonding
apparatus.

Fig.7 is a flowchart showing a conventional method
for detecting bonding failures.

Fig.8 is a block diagram showing a DC dedicated
bonding failure detection apparatus of a conventionally
used wire bonding apparatus.

Fig.9 1is a circuit diagram showing a specific
structure of an AC dedicated bonding failure detection

apparatus of a conventional wire bonding apparatus.

Detailed Description of Embodiment of the Invention

Referring to the attached drawings, details of the




Fig.7 is a flowhart show ng a conventional nethod
for detecting bonding failures. Fig.8 is a bl ock
di agram showi ng a DC dedi cated 20 bonding failure
detection apparatus of a conventionally wused wire
bondi ng apparatus. Fig.9 is a circuit di agram show ngfE1007
a specific structure of an AC Hedi cated bonding
failure detection apparatus of a conventional wre
bondi ng apparatus. 25 Detail ed Description of
Enbodbaenénol blierhavprbsentReheehtAgnt Ritthebat kaehedrth.
draw ngs, details of the 15 FP1007 enbodi nents of the
present Figvéntionawiblodle sletgiramt hschémagtilcaslya bhoskng a
di agram schematically showi ng a structure of a bonding
f abtunetdeeectifon aapparatinsy acciondieng doteneion apparatus
enbodi ment of the present invention. 5 Fig.2 is a .
deR@FpréiBw sHOWPRE #£Hferedieh €ifr cthe PAGHENtn invention.
Fig,l. Fig.3is a.view schematically showing a | i
cogh%c?ibﬁ éi&&Fé&#béFﬁ@bﬁQ?W%ﬂgd%ﬁ&ﬁ@%ﬁ&ﬁ?cﬁ&%ﬁ%%%nShown
circui .ang t he mﬁrg bondi ng apparatus _shown.iin F

S

ig. 1,
antshol¥ ng' a sbicledsitf Bonding r &8 8W§§lﬁ§&&§brhﬁgﬂang a

1ch§nggﬁygﬁeﬁﬁfuuxggnggggeégpen)lé%gQ%%%%ﬁﬁ%&&&?rgétection
Fi g.3 schematically shows wavefoorns in ¢ases in

mm&f?c@éW'&%ASEﬁQC%ﬁ L%bﬂd?ﬂﬁd%%éﬁ%é%us shown in Fig.l

sem conductor chip and a case | awre IS

UNgH&C %Wlﬂ%‘?o@@%@e%%@%ﬁ) B HEM-6QPAHSEON, SR rm and
15 normal ly. en DC pulse voltage 1s applied to a
an unsuccessful bonding (open) response waveform.

Fig.3 schematically shows waveforms in both cases
in which a wire is successfully bonded to a
semiconductor chip and a case in which a wire 1is
unsuccessfully bonded (open) to a semiconductor chip
normally. When DC pulse voltage 1is applied to a
semiconductor chip stepwise, a successful bonding
waveform 48 or an unsuccessful bonding (open) waveform
49 is detected. Only the main points are explained about
the part having the same structure and function as a
conventional apparatus, and detailed descriptions
thereof are omitted.

A bonding failure detection apparatus according to
this embodiment utilizes a step response using a DC
pulse method. And, the bonding failure detection
apparatus allows various parameters, such as a detection

zone and a detection starting point, to be specified for

each wire. 1In addition, the apparatus makes it possible
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sem conductor chip stepw se, a successful bonding

wavef orm 48 or an unsuccessful bondi ng (open) waveform

49 is detected. Only the nmain points are expl ai ned

about the part having the sane structure and function

as a 20 conventional apparatus, and detailed FP1007
descriptions thereof are on1tthﬂ. A bonding failure
detecti on apparatus according to this enbodi nent

utilizes a step response using a DC pul se net hod.

Angly tibecbondihp faid upe detgstiod Ravapparatysxahlews s ac
various paraneters, such as a detection "zone and a

detlestdonesiatitngnPobot chhvabeespecitied for each

wire. In addition, the apparatus nmakes it possible 16

FP1007 A® detcect fai |Rirest ,of thedewirokidmvifaglare xderection

of AC characteristic and DC characteristic. As shown

i mIpgratus hedymdiswp f ai | verdiey edididmreapgacacgson board

cgﬂgrises a bonding failure detection board 5 10, a
capatPtafepage é@Fﬁoﬁe@ﬁﬂ@&PP QG%%ﬂiﬁaﬂﬁnﬁﬂ@mﬁ bonding

hgﬁagah gg(grrlmm |i 2%%?;%91%::]3{“%3 | ng, head Cogécgrglrgfakgcgard 19
S e Sl A AT -
NPULLLIG B8 AMRI LI hy SUGT A a5 2. g8l epd 100 Eiifectha to a

detec Ion S artlng pol n Ion 1 eve

thE@&@Ql aﬁ%h“e?nogoghS@ﬁb W%ﬁ? i Ettgﬁﬁhggg%&%kers, such

circuit 29 is connected to the data ication
CigeUit dedthtodondhBy fai hutecdebaCtd QAR dpdbnt and a

COﬁprSGS a
detection level (a threshold value), for each wire. The
CPU control circuit 29 1is connected to the data
communication circuit 32.

The bonding failure detection board 10 comprises a
data communication circuit 33, a CPU control circuit 30,
a memory 34, a comparative circuit {not shown}, an A/D
converter 35, a D/A converter 36 and a pulse generator
28. The low capacitance detection circuit 40 comprises a
current-limit ecircuit 31, a detection circuit 41 and a
waveform shaping and processing circuit 42,

An input side of the data communication circuit 33
is connected to the CPU control circuit 30, and an
ocutput side of the data communication circuit 33 is
connected to the data communication circuit 32. The CPU
control circuit 30 1is connected to the comparative

circuit. The CPU control circuit 30 is connected to each

of the memory 34, the A/D converter 35 and the D/A
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15 data comunication circuit 33, a CPU contro

circuit 30, a nenory 34, a conparative circuit (not
shown), an A/D converter 35, a D/A converter 36 and a
pul se generator 28. The | ow capacitance detection
circuit 40 conprises a current-limt circuit 31, a
detection circuit 41 and a 20 vaeforn1shaping and
processing circuit 42. An input side of the data
conmuni cation circuit 33 is connected to the CPU
condrivbreercOibt. 3Qhearmymncomudpidr SBdeiaf dommedateal to the
comrmuni cation circuit 33 is connected to the data

copwlsE cgehomatbrcist. 3ZheTpalGRU 2Hiegmitom|2&i ¥eugennected
30 is connected to the conparative circuit. The CPU
coher ¢hheci cenrenBolisitonascréd tdl eaehd e hebRepmFylimit
34, the A/D_converter 35 and the DJA 17 FP1007 )
cohbvBFtEE 38. TheCPRACEbRAdertera 360 COBAREEPED AU R hECHLP)
pulﬁe enerator 28. The ulse(?e erato

cofnec

28 i .
RS CATRRSTTRT O chPfesToCEndiRes 1 i
current-limt, circuit 31 is.connegted_to
seﬁ%%b%bﬂctoﬂwghi& Qﬂquws?$§rVi§%a %FreC?PQSFEEgntga the
PYuLGLeLERCE AUIbEY Ldd fldkelsindie A ANVeRl e add  the
is connected tot waveform shapihg and processi ng

CiLSYLEc4R. ARG ithe aaveforaLshapi BY raRd tP4OCessi Bennected
circuit 42 is connected to the detection circuit 41.
TheodehechkeBceh bEULE rdliiks 410 conaegéedet fohh@ircuit 41 is
sem conductor chip (CHP) 43 via the wre

(repnasentad thy trREersncie-dgridteror] thipi (CHIP)AS43hovira the
in Fig.2, the detection circuit contains a resistor
Rlyiaevarerpbkeenesdsbgr r¢Réreackanamper 1 in Fig.3).

FP1CO7

As shown in Fig.2, the detection circuit contains a
resistor R1, a variable resistor VRI, a balance
condenser C1 and a resistor R2. The detection circuit is
connected to a capacitive portion W/F of the capillary,
a capacitive portion W/C of the wire cut clamp and a
capacitive portion EFO of a discharge unit via the wire
1. When the wire 1 is bonding-connected to a pad of the
semiconductor chip 43, the detection circuit is also
connected to the semiconductor chip 43 via the wire 1.

That is, in a case where the wire is open with the
semiconducter chip 43, the current-limit circuit 31 is
connected to a terminal TPl wvia the wvariable resistor
VR1, the balance condenser Cl1 and the resistor RZ, and
connected to a terminal TP2 wvia the resistor R1l, the
capacitive portion W/F of the capillary, the capacitive

portion W/C of the wire cut clamp, and the capacitive
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condenser C and a resistor R2. The detection circuit

is 15 connected to a capacitive portion WF of the
capillary, a capacitive portion WC of the wire cut

clanp and a capacitive portion EFO of a discharge

unit via the wire 1. Wien the wire 1 is FP1007
bondi ng- connected to a pad of tHe semi conductor chip

43, the detection circuit is also 20 connected to the

sem conductor chip 43 via the wire 1. That is, in a

caser¥h6h € HEte W M enkS dARER AMGkN Jrﬁec §§H1 eoRIU et or R

chip 43, the current-limt circuit connected to

a Aeapmi nal JPLagiea ﬁﬁ@caathablﬁﬁ@Si§t %nd\_{ ~ddMhected to
bal ance condenser C and the resistor R2, and 25

connecped todf aliersembatod®Revbn thepr 8S,stidte Rlurfdet-1limit
capacitive portion WF of the capillary, the

capacttive 3boris orcoNremfed heeoM we tetrmihadp, TAhd the the
capaci tive 18 FP1007 portion EFO of the discharge unit
andethebiesirssdptRz. VRAnd, the bataseewhendenherwiile drsi the

bondi ng- connected to the pad of the sem conductor
ch?%sﬂ%to¥h@%nuﬁ%ﬁtQQQﬁQCtQQrEalﬁisIeF§l66%M§ﬂ%dVﬂ@ the
a the 5 varijable reS|stor VR1,

ern1€ §51 Vi a

ba?%%%% Tbn nsé?h?] SERdCPREUCEEE] KR R/ afkdre CaPaCltlve
I t.h 1

COIEELEA B9, pheLubaTRZ R e Leslsa Rhothe e

th@fc? RE !, 2LY, chg c3ARAC! LV R {0 B o LT NG M Mo o2

anp, and the cap éltlve por t
d'@ﬁ@aag§cHBk&ea%%akh%nﬁgstﬁéoEeggstggeR@'ff%ﬁﬁqulfference

bet ween the open case and the case where the wire I's

basli wige€ ORMERCt Gkt 0 e SeRd Cenduct fie Chinp r43 dapendse is
bonding-connected teo the semiconductor chip 43 depends
on only a difference whether or not the semiconductor
chip 43 is connected between the current-limit circuit
31 and the terminal TP2. The bonding failure detection
apparatus according to this embodiment utilizes the
difference for detecting whether the bonding is
successful or unsuccessful.

The balance condenser Cl has capacitance
approximately equal to a sum of capacitances of the
capacitive portions of the capillary, the wire cut
clamp, the discharge unit and the wiring (W/F
capacitance + W/C capacitance + EFO capacitance + wiring
capacitance). And, the variable resistor VRl is adjusted
such that VRixCl=R1x(W/F capacitance + W/C capacitance +
EFO capacitance + wiring capacitance). That 1is, the

current limit circuit 31 is designed to coincide a



10

15

20

25

on only a difference whether or not the sem conductor
chip 43 is connected between the current-limt circuit
15 31 and the termnal TP2. The bonding failure
detection apparatus according to this enbodi nent
utilizes the difference for detecting whether the
bonding is successful or unsuck®ssful . The bal ance
condenser O has capacitance 20 approxi nmately equal
to a sum of capacitances of the capacitive portions
of ptrhducapi | (V&lxC1tthe off r eacutrestkafpcet he i sghar geariable
unit and the wiring (WF capacitance + WC

capacithnce VRIERO\daphei tansiEmsen réhgbetapaai ttARceurrent -
And, the variable resistor VRL is adjusted 25 such

t hat YR xEE=R 3 WBE caipdicithancee smMA c §Paci wante a+ product
EFQ capacitance + wiring capacitance). That is, the
cutReht W Fnfeparitancest W Jedrprdd ansecof néf@ecapaoitance
FP}OO?.Iproduct VRGClg of ? resi stance of the _
vari dBré 9 STRT oI F S BhdOfhé chrtbpsRcey Obetiigenresistor
thg cutrent-_limt circuit 31 and the tern nal, TP1 ,
WI?]]"I %5& gadu%ltlm ORI XORE HBRG T aﬂ%e%bew%p%‘fean%%rtlon
+ pagit oDy Lk W T Ltance of a

oG SToa s e Pt o RO FABREL LR bk e Fon /e of ene
Capaph! anees Ofohhe CERACTLLNECPOILLOMOMERT FRE of the
capillary, the capacitive portion Ccof the wire cut

cl ampchéhgecanaci bhve ther da@R ERQWS ddie il ehaA9e wiring)
unit and the capacitive portion of the wiring) 10
bebaeesst heleur cepteht ALimetr cii #c 3k and thedit end Ngdrminal

TP2.
TP2.

FP1007

As shown in Fig.3, each of an output and a
detection of the low capacitance detection circuit 40 is
connected to the wire (gold wire) 1. And, a ground (GND)
is connected to a bonding stage on which the
semiconductor chip 43 is placed.

A method for detecting bonding failures using the
aforesaid bonding failure detection apparatus will be
explained referring to Fig.l to Fig.5.

Fig.4A is a flowchart showing a method for
detecting bonding failures wusing the bonding failure
detection apparatus shown in Fig.l while automatically
setting a threshold value for a first chip. Fig.4B is a
fiowchart showing a method for detecting Dbonding
failures using the bonding failure detection apparatus
shown in Fig.l while automatically setting a threshold

value for the subsequent chips.
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As shown in Fig.3, each of an output and a detection
of the | ow capacitance detection circuit 40 is
connected to the wire (gold wire) 1. And, a ground
(GND) 15 is connected to a bondi ng stage on which the

sem conductor chip 43 is placed,. A nethod for FP1007
detecting bonding failures usi the aforesaid
bondi ng failure detection apparatus will be explained

referring to Fig.1to Fig.5. 20 Fig.4A is a flowhart
showi ngFagmét hiod &orgralet eshiomd nbonali i ahaiel utes ausdagected
the bonding failure detection apparatus shown in
Fi goltabel Ecatitomatiiesdlddy T %ﬂttdmgarwlmirrﬁmtpwfal veltage E
for afirst chip. Fig.4Bis a flowhart showi ng a
metfod f Bk et d@n nBOBBAATNG 5 U4 | dPESCHEPRg iheperformed
bondtng failure detectiqon apparatus ,shown in Fi

u

whi*P e ﬂ%ﬁ%t?%%?%?gséﬁﬂﬁﬁﬁ%aQ?ﬁ%ﬁﬁ&ﬁ% a98ﬁ6@§?%r%ﬁﬁ¥n in
20 F 07 F

chargelTn dEUERen "Brrhge Ve PBTaBEF Fod T ShrarelssTul

aps{jxamg out put. Yl t a6 B ho auire when bonding e, g

farrure dete on i s per ormed usi ng ndi ng

?EPESsQﬁEE%eQUc Q@%ﬁﬁuﬁoﬁﬁ‘i\glﬁ Wave kg | - fnd, reference

ence nu represents unsuccessfu

bOHQinBQr( open) repvefsanmsandd efgience n%@erpﬂﬁse waveform
represents a successful bondi ng waveform And

rekeepheee . nunber 47 represents an applied DC pul se

wavef orm stepw se. 10 Before bonding for connecting a

sem condacber ¢himing for connecting a semiconductor chip
toe a lead, parameters, such as a detection zone, a
detection starting point and DC pulse, are input from
the touch panel for each wire which is connected to the
semiconductor chip 43. Thus, the parameters are input to
the CPU control circuit 29 of the bonding head contrel
board 19.

Then, a software control sends the parameters to
the CPU contrel circuit 30 of the bonding failure
detection board 10 from the CPU control circuit 25 of
the bonding head control board 19 wvia the data
communication circuits 32 and 33 and then stores in the
memory 34.

Next, as shown in Fig.4A, a wire open waveform is
read into (8ST11l). Specifically, a tip of the wire (gold
line) i shown in Fig.3 is melted to form a ball. Then,

the capillary 2 with the ball being supported at its tip

is positioned directly over the electrode of the
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to a |l ead, paraneters, such as a detection zone, a
detection starting point and DC pul se, are input from

the touch panel for each wire which is connected to

the sem conductor chip 43. Thus, the paraneters are

input to 15 the CPU control circuit 29 of the bondi ngFP10C7
head control board 19. Then, alsoftware control sends

the paraneters to the CPU control circuit 30 of the
bondi ng failure detection board 10 fromthe CPU

cogémobosbtietbt 28ipf 420 /e dpondi nhdead-HOMERhing point,
board 19 via the data communication circuits 32 and

33oandhthempdtidrzes; iM hdees NEBWhYadd4lyNexhy ahishoWine, the
in Fig.4A, a wire open waveformis read into (ST11).

Spe¢i budakl y47 aati podftaigee BV sRoggolich Pbgl5nés kpplied to
shown in Fig.3 is nelted to forma ball. Then, the
ca@h@lﬂiyeszpmhthﬁedmﬂnedﬁﬁhkyknuqﬂnQuﬂtzﬁlitsﬂsiqhown in
is _positioned directly over the el ectrode of the 21
FP@B@?zsen¥@%nd9€topuzﬁ?p 43 Whi ckppEiedle §prsthe balance

oi nt or .the capillary 2 noves downwardly

bondi

Afg?%an $he, CtheVibc ﬁﬁﬁsevff%%bkﬁﬂt%%ﬁ%%?%ﬂumM?%r1and a
t wre fromthe _current-Ilim

C|r%%?%§§ip8%§ ﬁo%ﬁOWn Bepicgrslensg %& %ﬁ at the
Lan cond enser, Cl he varl bIe

?g@%%ﬁ%é%ﬁﬂ? g'il t%%sﬁgr?slg’ out pu2t f:rAgm Yo SBiuendl;: the

Gt SpUBLECU B R4 ke LY a0E KRR wr o

tfﬁh@aﬁﬁﬁﬂmD&%jxﬂﬁh@ndﬁﬂidﬁ%lve portion W/C of the wire
cut clamp, a capacitive portion EFC of the discharge
unit via the resistor Rl and a response from each
capacitive portion is detected at the terminal TP2 via
the resistor R2. In this case, since the wire 1 is in an
open state in which the wire 1 is not connected to the
semiconductor chip 43, the step response waveform
detected at the terminal TP2 has a form of the waveform
49 of Fig.5. The applied DC pulse 47 is variable within
1KHz to 20KH=z.

The wire open waveform 49 detected at the detection
circuit 41 1is shaped and processed at the waveform
shaping and processing circuit 42. Specifically, the
wire open waveform 49 is amplified at the differential
amplifier after HPF (differential processing), and then

the amplified waveform is filtered (for example,

denoizing) and converted into a rectangular waveform

(for example, peak-hold or sample-hcld) or a triangular
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10 the capillary, the capacitive portion WC of the
wWre cut clanp, a capacitive portion EFO of the
di scharge wunit via the resistor RL and a response
fromeach capacitive portion is detected at the P1007
termnal TP2 via the resistor . In this case, si nck
the wire 1 is in an 15 open st in which the wire 1
is not connected to the sem conductor chip 43, the
step response waveform detected at the term nal TP2
hasaaeforim of({ fidhe wewafren 49netgkkd. 5.prbwesappldled The
DC pulse 47 is variable within 1KHz to 20KHz. 20 The
Wi cenopehedayeforen 4Sdet ecwedediorithe det ecanahog-digitally
circuit 41 is shaped and processed at the waveform
shapingrand ptoctdssif® dansiinteR. 35pecdits ceappyerie values
w re open waveform49 is anplified at the differenti al )
anpF e repdafiiero Hre ( GPFPf soaritiodl phorieslsi Ag) anghgtored in
then 25 the anplifie eformis filJtered (for
exaipl BEMOg¥ngizi na‘?ga\rll\%%@oﬁ\?é]r"teéf&q 15 RS @Shgifarte the
waveform  (for exa e eak; hold or s | e-hold) or a
T FERGaTar 58 EELB0T vauBRof RO FOPCEXanaTe. [t egr al
pr ocessiNg) ] nyer.t. i K0 ) j P
anal og-gﬁgi E’S}Egbggo%\%ﬁﬁ%&g\%t\% g%#c%l%ﬂ%? %%%ncj"de a
The-6Qnver t gevakygs e geadskALRahpe CBY camd Ol variable
circuit 30 and stored in 5 the nenory 34. And, the
copyeibedrvavres @ Set ddpddicaredpamat khe ctbfdkhser C1
fromthe nenory 34. The variable resistor VRL is
adpastrednt a:looi aardena Ipmoductif¥RixCH1 oénd the terminal
resi stance of the variable

TP1 with a product (R1Ix{W/F capacitance + W/C

capacitance + EFO capacitance + wiring capacitance)) of
a resistance of the resistor RlI and a sum of
capacitances of the capacitive portion W/F of the
capillary, the capacitive portion W/C of the wire cut
clamp, the capacitive portion EF0O of the discharge unit
and the wiring between the current-limit circuit 31 and
the terminal TPZ2.

A relationship between a voltage Vcl detected at
the terminal TPl and a detection period Tl is shown in
Equation (1) and a relationship between a voltage Vcl
detected at the terminal TP2 and a detection period TZ
is shown in Equation (2).

T1=-VR1IxC1xIn{1l-(Vcl/E)} (1)
T2=~R1xC (W/C+W/F+EF0+wiring)xLn{1l- (Vcl/E)} (2)
At an open state, since the detection circuit 41 is

balanced, TI1=T2. On the contrary, at a successful



resistor VRL and a capacitance of the condenser C 10
between the current limt circuit 31 and the term na
. TP1 with a product (R x(WF capacitance + WC
capaci tance + EFO capacitance + wiring capacitance))
of a resistance of the resistor, RL and a sum of
capaci tances of the capacitive %%rtion WF of the 15
capillary, the capacitive portion WC of the wire cut
cl anp, the capacitive portion EFO of the discharge
unbbndand theatweriing hatwaenthide wde enk- |ddhtecidduito the
31 and the termnal TP2. A relationship between a
voklagerVdk detfecttdd: atsen2GCdrmbadtermm nahifP14 3nd aince the
detection period Tl is shown in Equation (1) and a
reFarreashiip Bdtiwden aapolbagehs/csemberrdiedott chhe, T1#T2.
termnal TP2 and a detection period T2 is shown in, ]
Eqﬁﬁfi'r orT-h(e2) ?uqfieﬁ%/ﬁil;(c??[’ﬁl{@g( Ve vegry 1?8 25hown in Fig.3
T2=- RIXC(W C+W F+EFO+wi ri ng).xLn{1-(Vcl/ E 2) At.an .
> opBASst ége§in@@3%ﬁ§Wéﬁeg%Fﬂh c?é%ui?n%%9é§g5€hl bonding

ba T1=T2.. On the , a successf 23 .
FPk%gg%ggﬁd%ﬁ% E?%?%E?ncﬁﬁP%£gf%é &ﬁ?efFE“%%ﬁﬁE%‘%% ?8ndlng
thesghect Ea%gf%fr t he ey n%ﬂefh'eﬂnﬁfit%& Cectlf the
circhit is off balance by the sem conduct’or chip,

Tl #l2cesARd) bBRasHECEasbYL Rond BY wAkel @Emrd8rghown
in Fig.3 5 has larger anplitude than the unsuccessf ul

bondi ngThwayef a5 49wheeausgoodidd#T3:s thﬁerformed and a
unsuccessful bonding (open) waveform 49 has snmaller
10 anphtctuadeftihan Hdreling waveform 1is read into  (ST12).

FP1007

Specifically, the capillary 2 is moved downwardly while
the ball being pressed to the electrode and ultrasonic
oscillations are applied to the tip of the capillary 2
from the ultrasonic horn of the bonding arm, whereby the
wire 1 is connected to the electrode. At the same time,
the DC pulse 47 at voltage E shown in Fig.5 is applied
to the wire stepwise from the current-limit circuit 31
and then a successful bonding waveform is detected at
the terminal TP2. As shown in Fig.2, the DC pulse 47 is
applied to the electrode of the semiconductor chip 43,
the capacitive portion W/F of the <capillary, the
capacitive portion W/C of the wire cut clamp, a
capacitive portion EFO of the discharge unit wvia the
resistor RI1. And, a response from each capacitive
portion is detected at the terminal TP2 via the resistor
R2. In this case, since the wire 1 is in a successful

bonding state in which the wire 1 is connected to the




10

15

20

25

successful bondi ng waveform 48 because of T1=T2. Then,

one wire bonding is perforned and a 10 successful

bondi ng waveformis read into (ST12). Specifically,

the capillary 2 is noved dowmwardly while the bal

bei ng pressed to the el ectrode and ul trasonic FP1007
oscillations are applied to the24ip of the capillary 2
fromthe ultrasonic horn of the bonding arm whereby

the 15 wire 1 is connected to the electrode. At the

sapemt chBducthe DCHiH se43d/ atheol tage E S&@ydnsd waveform
Fig.5is applied to the wire stepwise fromthe
curdeerttkomat direcuiérm@inahAndPEhaasa asuccessdfll the waveform
bondi ng waveformis detected at the termnal TP2. As
shéén oin Fig.2, the BAdpulism 472t stR@ apphiiedlt FRlhe a same
el ectrode of the sem conductor chip 43, the

capa¥efrva Foy tilom WiFugfesRbutapionddng, tdamen) waveform is
capacitive portion WC of the wire cut clanmp, a

cap&EPFIF#E -porti on EFO of the discharge unit via the
resistor,RL. And, response from each cagpacjtive 2

bor 1 on TS FHGEITHL WHS TR nPAFT953 oha dqnected at the
resi r. RR. In_this se,_ since the_ w,re 1 is in a

cuSe ki honarhg ar B o i THEERC: e g iy o geedh far cne

co to t 4 _EP100 em gjqupdéc% r..chip .he

st gggrggggglnse gge/é%%gm d%rtl(zcte at i éeh}ggrm r?gLI%mIlLPL% 42
ha%g@c&?&@h@ﬁyﬁhetﬁ@veggﬁﬁbs§§uqf Bb8d®ng! Nwaddicbi-An, 48  is
at the termnal TP, a sane waveform asthe

unsmecesskdl bandinge (opemyrewanefi@anm ispl3 fAeiectether HPF

The successful bondi ng waveform 48 detected at the
(differential processing), and the amplified waveform is
filtered (for example, dencizing) and then converted
into a rectangular waveform (for example, peak-hold or
sample-hold) or a triangular waveform (for example,
integral processing). The converted successful bonding
waveform is analog-digitally converted at the &A/D
converter 35. The converted values are read into the CPU
control circuit 30 and stored in the memory 34. And, the
converted values are set to the comparative circuit from
the memory 34.

At the comparative circuit, by using the
unsuccessful bonding (open) waveform 49 and the
successful bonding waveform 4%, a threshold coefficient
is calculated and stored in the memory 34 (ST13).

Then, the capillary 2 1is moved upwardly according
to a predetermined lcoop control toward the lead, which

is the second bonding point. At this time, DC pulse 47
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detection circuit 41 is shaped and processed at the
wavef orm shapi ng and processing circuit 42.

Specifically, the successful bondi ng waveform 48 is 10
anplified at the differential anplifier after HPF
(differential processing), and the anplified wavefor mfFPi007
is filtered (for exanple, denogilng) and t hen

converted into a rectangular waveform (for exanple,
peak-hol d or sanple-hold) or a triangular waveform

(fer exdnples H5showegrial PIOCRSSENgpplibe GMRItRd to the
successful bonding waveformis analog-digitally

convert efiram t hbeA/ Burcenteitimi t35citheicongertedd a step
val ues are read into the CPU control circuit 30 and

st 6FERCNACt e iadriry B9, datgctelle attohber tedmialadesTP2. In
are set to the conparative circuit from 20 the nenory

342 gftﬁﬂg'cdﬁbaFaﬁl¢@ﬁﬂ%ﬂﬁ%tTPby @si $yn¢ hwaveform as the
unchcessful E E ggﬁ%open wavef orm 49 and the
suteeBsFaPSh8AdPRY eflGPRP49 WayefRras s getected.

coeffic ca uIa and_stored in the _nenory 34
(ST13). EgghThen #@ Scapi FIaryrig?%n%%veﬁaﬁﬁﬁﬁFﬁ1y'and he

acﬁﬂﬁgbegsskﬂla Qﬁﬁgfﬂgon OQRnﬁﬁpt%ngﬁ W%&%dthe the

| ead, which 1st ondi poi n

tlﬁ@teEﬁﬁ@H|S@lﬂgu2§ Eﬂloqg aEh¥ Egagﬁuf EHQW%gééd at the

Fig.5 is applied stepwse to the wre
cuvteatekmm t shiging 31 AWl a PheRedBIRONSENRUEHOrM 45
Is detected at the termnal TP2. In addition, at the
tepenafidPllva sanh w&V&h@rmﬁﬁptﬂESp&h&&SM@@@ﬁﬁﬁM'and the
bondi ng (open) waveformis detected.

unsuccessful bonding (open) waveform is amplified at the

t

differential amplifier after HPF {differential
processing), and then each amplified waveform is
filtered (for example, denoizing) and converted into a
rectangular waveform (for example, peak-hold or sample-~
hold) or a triangular waveform (for example, integral
processing). Fach of the converted step response
waveform and the unsuccessful bonding (open) waveform is
analog-digitally converted at the A/D converter 35. Fach
converted values are read into the CPU control circuit
30 and stored in the memory 34. And, each converted
values are set to the comparative circuit from the
memory 34,

At the comparative circuit, by using the
unsuccessful bonding (open) waveform and the threshold
coefficient, a threshold value is introduced. And, the

threshold value is compared with the Step response
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Each of the step response waveform and the

unsuccessful bondi ng (open) waveform detected at the
detection circuit 41 is shaped and processed at the
wavef or m shapi ng and processing circuit 42. 10
Specifically, each of the step response waveform and FF1007
the unsuccessful bonding (open3éwaveformis anplified

at the differential anplifier after HPF (differentia
processi ng), and then each anplified waveformis
filibeeedrfifl or TEXanpé exheeRBbIHNG)z1aRd LHNYENHES doNthéd step
15 rectangul ar waveform (for exanple, peak-hold or
sarpkponhbel dlaverfcant,riangikadiwavremanhmteHort rexanhe, bonding
integral processing). Each of the converted step

r es ponsesuowasefforlm dfd the thsesbesdf walbendisngqiqiopemyal to
waveformis analog-digitally converted at the AID

coRier t EpsBENSEacka PO ehvertted Wl géscaiaingd@d nthat the
the CPU control circuit 30 and stored in the nenory )
34PCRHdNGeadf corEas W val sl B e setThS ¢ hewire ~bonding

compatative circuit fromthe nmenory 34, At . the
OB Bk pYoath: Bhrecthi s Mg P rarodss tinaetoceprrolled by
boggkggaggpen) wavef orm and the threshol d

coefficient, a threshold value is introduced. And, the

Lhr esholdoval ye,l s SORPRT Sty t BEoPLEP f 8300038265 tate)

FP1007 wavef orm thres val ue i s equa

thgiskeps resppnsenwavelorBkskh i Spdhaehhm Baked thabrmally
the bonding is unsuccessful; if the thréshold val ue

| sppatiggUattde) t he responsaplavekebikel twd$eform for the
di scrim nated that the
capacitance of the semiconductor chip 43, resulting in
difference between the successful bonding waveform 48

and the unsuccessful Dbponding (open) waveform 49, as

shown in ¥Fig.5. The difference is proportional to the
capacitance of the semiconductor chip, as shown in
Equation (2). Accordingly, even if an object
{semiconductor chip) to be detected has very low

capacitance, it becomes possikle to detect such
difference. Detecting the difference allows
discrimination of a successful wire bonding or an
unsuccessful wire bonding. Amplifying the difference by
HPF, filtering and ©converting into a rectangular
waveform or a triangular waveform facilitates the
discrimination of the successful wire bonding or the
unsuccessful wire bonding.

A result o¢f the successful bonding or the

unsuccessful bonding is sent to the CPU control circuit
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5 bonding is successful (ST14). Thus, w re bonding
failures are detected. These processing is controlled
by software. The unsuccessful bonding state (wire
open state) differs fromthe successful bonding state
(normally 10 bonding state) in _the step response FP1007
waveform for the capacitance of2% he seni conduct or chip
43, resulting in difference between the successful
bondi ng waveform 48 and the unsuccessful bondi ng
( open) frvarkeé olBrdnAsheshowdntr Al gb&ardha odi {{er emee data
is proportional to the 15 capacitance of the
seovecondicadtonhcprcastsh@®dn and EhuatWhem (2)e unsuccessful
Accordingly, even if an object (sem conductor chip)
t cbbediiegedsedchis themeticow e ompadiarahcalg i sudiecowrestopping
possible to detect such difference. Detecting the
di Frerehee BPnEhBI20PERSEERAI HatiloReoFagrdgdceysf ulWhen the
Wre bonding or an unsuccessful wi re bondin

h

ATPEFEGFRAGUE hE WF T emEe IRNT HPRETEEPt eSURG nt bonding
conVﬁ tbng in%o a rectangular waveformor a

tri'a gu arPRavefBfthfacilitates the discrinination of

t he sucgcessful w_re .bhondin r nsucces

Wre boﬁ Fﬂg}tAlFegﬁ%Fraﬁu%ﬁ%e§tggggigﬂﬁaé%%%?ngégﬁerfECtly

t .hﬁonaaauc%gg%gé}egﬁgg@shie@beseﬂbg@%ﬁm Cﬁyrgorﬂcgfaﬁn are

circuit 27 “the bonding head control boar
19suta phe Rfraw-GQMENMGRAld10n Ci i [S 33 BehBeg  failure

When the unsuccessful bonding is sent thereto, error

handtepgistch sas 2stopPpeEmy4) is performed at wire bonding.
The detection work is repeated until all of the wires on
the chip are bonded. And, when all of the wires on the
chip are bonded, a wire bonding work is finished (STi5).

Then, a subsequent chip is subjected to a wire
bonding and a bonding failure detecting. Since the
detecting work for the subsequent chip uses the
threshold coefficient set at the first chip, a step for
setting a threshold value is omitted. Hereinafter, a
bonding failure detecting method for subsequent chips
will be explained referring to Fig.4B.

As shown in Fig.4B, a wire open waveform is read
into (5T21). The step 8T21 1s the same as the step ST11,
so its detail description is omitted.

The wire open waveform detected at the detection
circuit 41 is shaped and processed at the waveform
shaping and processing circuit 42. Then, the shaped and

processed wire open waveform is analog-digitally
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the wire bonding apparatus will be carried out. Wen
the 5 successful bonding is sent thereto, subsequent
bonding wll be performed. Wien it is discrimnated
that the wire is perfectly bonded, paraneters for the
subsequent wre bonding are set by software control . FF1007
And, a bonding failure 10 det ect§ on (ST12 to ST14) is
performed at wire bonding. The detection work is

repeated until all of the wires on the chip are
boadederfnad, avhemeald/Dfcdiheemiges3dn tTe chhpedted values
bonded, a wire bonding work is finished (ST15). Then,

a subsegaentircin pths €&Dj estredrdlo @ivwkwet 18 londisigored in
and a bonding failure detecting. Since the detecting
woFRef BEMPHE Sdbsedudnt télei ponses tage valwessolel set to the
coefficient set at the first chip, a step for setting

a TATRERBFdVeal Gerryibni £red. HBPei REFP&Y, a%-bondhRmgr the

fail tecti.ng neth for bse nt chi 20 wil |

o R EEE Red GHAETH M o Bl ¢S S Shotn D aRrgN g in the
a W en waveformis_read, .into (ST21). The step
ST%%&gsgg Eegaﬁg géetﬁérg eﬁhé?ll, (so i%s det ai

deSCfipghQH i%f%%EIH§Q3 JyfimﬁEECQB%%cﬁ%ﬁ?ﬁﬂfnﬂhe egﬁatrode

detected at "t he detection 5 circuit i s shaped

progessed afortitamalyr Men3hapi PHcaneL P OCLS$i M is moved

circuit 42. Then, the shaped and processed wre open
waypharal ;s arabedridiggi tral | Ya 28 RRIDOYrgiamvEr t esb@t control

the A/D converter 35. The converted values are read
i ntowbhe €BY denid,olwltidcicuis BBean@ i@ etbriding point. At
this time, DC pulse 47 at voltage E shown in Fig.5 is
applied stepwise to the wire from the current-limit
circuit 31 and a step response waveform is detected at
the terminal TP2 (ST22). In addition, at the terminal
TPl, a same waveform as the unsuccessful bonding (open)
waveform is detected.
kBach of the step response waveform and the
unsuccessful bonding (open) waveform detected at the
detection circuit 41 is shaped and processed at the
waveform shaping and processing circuit 42. Then, each
of the shaped and processed step response waveform and
unsuccessful bonding (open) waveform is analeog-digitally
converted at the A/D converter 35. The converted values
are read intce the CPU control circuit 30 and stored in
the memory 34. And, the converted values are set to the

comparative circuit from the memory 34.

At the comparative circuit, by using the
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the menory 34. And, the converted values are set to

the conparative circuit fromthe nmenory 34. And, the

5 variable resistor VR is adjusted for balancing in

the sanme manner of the first chip. Then, after the

wire is connected to the electrode of the FP1007
sem conductor chip, the capilla®y 2 is noved upwardly
according to a predeterm ned | oop control 10 toward

the |l ead, which is the second bonding point. At this

ti fBsubPCeRUlFse %%ﬁﬁiﬂ@|Q€ﬁ§n$ SO d Ay FLEad d m_1t:hreshold

applied stepw se to the wire fromthe current-|

ci codffidleand a silepdlesponsglvavekorimdrsdriect ehd, the
the termnal TP2 (ST22). In addition, at the term na
15tAPéshaldanmeabdagef 0sm asmpheednsueersstue bepdbngresponse
(open) waveformis detected. Each of the step

r espvnsernavefldr mamdthheshohducedssf uls beqgdahg tcopey step
waveform detected at the detection circuit 41 is
ShapeHCHAE prRICESTEd aitt the 2dswaliefiortedhapiatg el bonding
processing circuit 42, Then, each _of the shaped and

pr b2 e8884 SCEF e pdris e v brrahd vahyacdssdial equal to
o gl gl is 0 g Coverlsd o,

' - CPU t.rol [ it.30 d d_i 25
eaim e SELcop oL ELyel Lot end pigied L12e ..
t h&et@@ﬁ'@@f atTH@S&'ﬂf{E&éSéf&%& :%Jge g‘gg%%%% ¢e d%y t s‘bc?ftware .

conparative circult, y usin

unsucceasf Wedhpndi ngr(opad wayetes@:and the,dhigsheld tne

unsuccessful bonding is sent to the CPU control circuit
29 of the bonding head control board 19 via the data
communication circuits 33 and 32. When the unsuccessful
bonding is sent thereto, error handling such as stopping
the wire bonding apparatus will be carried out. When the
successful bonding is sent thereto, subsequent bonding
will be performed.

When it is discriminated that the wire is perfectly
bonded, parameters for the subsequent wire bonding are
set by software control. And, a bonding failure
detection (ST22, ST14) is performed at wire bonding. The
detection work is repeated until all of the wires on the
chip are bonded. And, when all of the wires on the chip
are bonded, a wire bonding work is finished (ST25).

The aforesaid wire bonding method and bonding
failure detecting method will be applied to a wire

bonding for connecting the wire to the lead, which is a
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coefficient, a threshold value is introduced. And, the
threshold value is conpared with the step response
waveform If the threshold value is equal to the step

5 response waveform it is discrimnated that the

bonding is unsuccessful; if the threshold value is FP1007
not equal to the response wavelbrm it is

di scrimnated that the bonding is successful (ST24)

Thus, bonding failures are detected. These

prQ@@Sﬁﬁn@&ndﬁﬂgC@HﬂrﬂJ | gl bynseht wWar €4¢1l@ Ajrestddi ©fon to
t he successful bondi ng or t he unsuccessful bonding is
senhet owtillre CRArenintg ol f&t r cHbhne20inf t haecboRdirRy to the
head control board 19 via the data conmunication
cieteftsod8 afd BRe \Ween admelumsuccelsspul whiendi hg ias first
sent thereto, error handling such as stopping 15 the
MA?%n%hﬁﬂldgxﬁﬁbaﬁébusSmPWh bien cdtdi-éd outln Waddithen, the
successful bonding is sent thereto, subsequent bonding

wi § OB%SfbéﬁifoPﬁ@&unﬂherﬁ&tlm@ di deF e 6t hak edmelledt hanay be

wre %e{ %%N% bonded, paraneters for the . )

su%%%%h% 13 ofidi igS&r eNS%P sty tBf tar dhe wire is

C bondi n ilure detect.ion T ST14 ,

iggégg%%rﬁ%% acnmlrg bgﬁéi EThjét déFé%tl&ﬁ'm%PE 18
t| re on t chip are

b&% dgggmg mhen aEEEEE%O e ﬁ??eg nc%hePc [ seml%PndUCtor

bopged. 28 W penpondi ng work is finished (ST25) 25 The
af oresai d wire bondi ng net hod and bonding failure

det ectingcoeied Wd | thesapdRiideh@d Wake siandi Re rig. 2,

for connecting the wire to the |ead, Whichis a 30

F2Q007 detection circuit 41 has the resistor R1l, the
variable resistor VR1, the balance condenser Cl1 and the
resistor R2 and is connected to the capacitive portion
W/F of the capillary, the capacitive portion W/C of the
wire cut clamp and the capacitive portion EFO of the
discharge unit via the wire 1. A relationship between a
voltage Vcl detected at the terminal TPl and a detecting
period T1 is expressed by Equation (1) and a
relationship between a voltage Vcl detected at the
terminal TP2Z and a detecting period T2 is expressed by
Equation (2). In an open state, since the detection
circuit 41 1is balanced, T1=T2; in a successful bonding
state in which the wire is connected to the electrode of
the semiconductor chip 43, since the detection circuit
is off balance by the semiconductor, TI1#TZ2. Accordingly,
the successful bonding state differs from the

unsuccessful bonding state (the wire open state) in the
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second bondi ng point 16, shown in Fig.6, in addition
to the wire bonding for connecting the wire to the
el ectrode of the sem conductor chip, which is a first
bondi ng point 15, shown in Fig.6. In addition, the 5
af oresai d bonding failure detecglon met hod nay be
applicable for a case where the {lp of the wire is
nelted to forma ball at its tip and the ball is
connected to an electrode or a pad of a sem conduct or
chepeas aebBpamsell wiciediaimg far t hitse enbgdla detdnc@s of the
shown in Fig.2, the detection circuit 41 has the

r esestopnRictomme 43zar i dbhes r ebestddrf fdREnashel Hapanpertional
condenser Cl and the resistor R2 and is connected to

t hEocapeci erpechoriten ofWihef seneceagittary chilipe as shown
capacitive portlon WC of the 15 wire cut clanp and
théncgﬁééFﬂP@e éﬁwtF%ﬁ”EPéﬁﬁnt@ﬁﬂe%ﬁs&ﬁ%Wb%O%ﬁP@tQFh to be

A rel ationship between a vgltage Vo
hofebpEhed Ham vtk oY Te A ance edf MECR oRossible

d b t 1 d t hi
bebRosE B ol Eapetvor CREP et cd o (ETR0LF o ) SFi2 O e
?nge@e@%EQCtHQQ Q%rgodlgg ' gﬁ%ﬂﬁ %ﬁg PM oggfﬂié fﬁ being

I'n an open stat Sl nce etecti on circult

I sghakanead.ushtclZ an@eﬁHE%ﬁ§§fﬁoﬂﬂyﬂa'Ehlfﬁf@edéﬂectlon
which the wire i's connected to the electrode of th

seapp@maugborb@hd@n@Bfaau@Q%stmﬁe@%b@Cbb@nb@lHQ%bbt%@
is off balance by the sem conductor, TI;,-1T2.
Accordlmglyhlsthmumdnmﬁﬁﬁlﬂsﬂﬂﬁﬁhnu)pﬁfﬁ@ ﬂTfi@rapplled, a
fromthe wunsuccessful bonding state (the wire open
statepinesgqnsﬂ_characteristic can bpe detected comparing

FP1007

with AC sine waveform, resulting in facilitating
detecting a difference between an open state and a
successful bonding state. And, a step response waveform
output by applying DC pulse is subjected to the HPF
processing (differential processing) to extract only a
build up change in the waveform, resulting in
facilitating detecting a difference between an
unsuccessful bonding and a successful bonding.

The present invention is not limited solely to the
embodiment specifically exemplified above, and those
skilled in the art will appreciate that wvarious changes
and modifications can be made therein without departing
from the scope of the invention. For example, in this
embodiment, parameters such as a detection zone and a
starting point are set for each wire; however, uniformed

parameters may be used.
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FP1007 step response waveform for the capacitance of

the sem conductor 43. Since the difference is

proportional to the capacitance of the sem conductor

chip, as shown in Equation (2), even if an object

(sem conductor) to be 5 detected has very | ow FP1007
capaci tance, it becones possibl®¥ to detect the

di fference. So, even if an object to be detected has

very | ow capacitance inpossible of being detected

usi ng arsomnant i amsdd henct Ngwhahl W deisctifPy 2 is moved
apparatus, bonding failures thereof can be detected.
10tdnthéi $eenboghient issiancedd@puselidd igoappl i€dstd@ for
step response characteristic can be detected conparing

wi ¢t ACE shaeawatebormspoesel tiavg fiornf goidni ttdtd ngerminal TP2
detecting a difference between an open state and a

sutE eSO PEIHI DYSst A% Adde.a shep riespoRSe pulse 47 is
wavef orm 15 out put by applying DC pul se is subjected i
toalf’fﬁjgl?ﬁi’F tBr oEB8si Mg TEdi By efdtli®al FHUEE ngja¥eform  1is
extract. only a, build _up change in the wavefor )
reé%???%%diﬁlu?hc?P?tgf’ g de%%@?Vﬁ5'a1&1f$%r€'§é’ possible
be n-An ugcessful _hondin nd a .successf ul .
bo%%?ﬁgP828u¥E§ %re§8n€pPﬁ&§HtF%h%¥§.ﬂﬁrﬁi%ﬁﬁe 1 times at

So&ﬁéy‘ﬁfkéhqxnﬁﬁggﬁgl o %@%%ighca%E§P?ﬁ§gpl&£%§9 rms are

above, and those I'n the ar apprecrate

t hadt¥eFLQUS ¢hangss dﬁggfn%%éﬁcﬁfiQﬁ% Q%Qﬂ%ﬁégﬂ%%veforms

therein without departing fromthe scope of t

| nventdodibaredl @X8APlL, thRebRb3a25£MROdiFBRNtGetermination.
paranmeters such as a detection zone and a starting

pokhite amet Se¢lfpr eachawetrepehowewefortni foir Methe response
paranmeters may be used.
waveforms 1s compared with a threshold wvalue. In
addition, an average of the maximum response waveform
and the minimum response waveform, or the both maximum
and mwinimum response waveforms are compared with a
threshold value.

And, 1in this embodiment, a threshold value is
automatically set using the flowchart shown in Fig.4A.
However, it is possible that a threshold value is set in
such a manner that an operator inputs a predetermined
threshold wvalue to the bonding failure detection
apparatus and the flowchart shown in Fig.4B, noct the
flowchart shown in Fig.4A, is used.

For example, the predetermined threshold value may
be set in the following manner. By using the bonding

failure detection apparatus, shown in Fig.1l and Fig.2, a

successful bonding waveform and an unsuccessful bonding
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32 FP1007 In this enbodi nent, when the capillary 2 is

nmoved to the lead, which is a second bondi ng point, a

step for detecting a step response waveformfromthe

termnal TP2 is performed just one tine, that is, DC

pulse 47 is 5 applied to the wire and the response  FP1007

waveformis detected just one $}¥nme. However, it is

al so possible that DC pulse 47 is applied to the wire

several tinmes at one wire bonding and severa

resppese Wevedforme are meiecied. potdihsreASeoreadth wire

of the response waveforns 10 is conpared with a

t hEeshohe Valrse fremddetergdinet, othe Mdeidatovelyg paint or

aver age waveform of the response waveforns is

cofpapeadwie h unpw eshigl davavaéuel ndiatdingomm awm of the

average of the maxi num response waveform and the

n1ﬁPﬁﬁﬁﬁﬁé§éoﬁ§@dwa@eﬂ@wm G g Pt waseeems 35ubngonding
Elnun1response wavefornms are conpared wt

th

8&Hol §¥valt¥e. Afd, SREGH Lt nee *éh’E%?lé%‘él gvalue.
t t II t the fl h h
e R Aoy ot | BuREesBLlD OIS RiPREEQR, hd the
that, t
VahH?uEéeggE inb%%dﬁ%p aﬁn%nn%{nggl Zq?e %ﬁé@%o%glﬁ%veral

det &rmined res
fa det ti appar a t Wn
sl oot ki IR AIENE P

usgdasheEmexa8Phay beeseé%é%&%aWhge@otEr%ﬁE%%ﬂowal%%1ue
may 25 be set in the follow ng manner. By using the

bondi ngThfiai laiediefiact | ag appasatwsStegheah ntifhe. the low
and Fig.2, a
capacitance detection circuit 40 is separated from the
bonding failure detection board 10. However, it is also

possible that the low capacitance detection circuit 40

is arranged in the bonding failure detection board.
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successful bondi ng wavef orm and an unsuccessf ul

bondi ng 33 FP1007 (open) waveform are neasured

bef orehand for each wire for the first bondi ng point,

t he second bondi ng point or a bonding bunp, and a

val ue dividing a sumof the successful bonding Fploa7
wavef orm and the unsuccessf ul b%ﬁding 5 formby two is
specified as the threshold value. Alternatively, the
successful bondi ng waveform and the unsuccessful

boRWteng iwavébdmedrdy :be nmeasured at several tines. In

such a case, an average of the several neasurenents

may - bé specdt f beddasgt epaatrhteshdlod vaueectlihdfhals electrode
enbodi nent is constructed such that the | ow

capéaciat &fee etdimtion eifreute 40lesdsefaratkehd r bnambeusing
bondi ng failure detection board 10. However, it is

al 80 WipdssPhl AWHING he oW apaciat ame@ @ét ext Pemiconductor
circuit 40 is.,arranged in the bonding failure

deFE&Pi 6R™BGard"915 34 FP1007 Wat is clainmed is: 1. A

W re bondin aratus.for connecting an el.ectrqde f

a seni c@%dﬁ%@%oﬁ?ﬁ%’&“g "8 Of 958r| SRP R ﬁgu rF@lolse to
a whLe,0r.bandipg gﬁggnp to a pad of a sem conductor

5 chip conpri sing: pul se appl yi ng means for

app'Vinae@gcﬁgb§?ﬁébn§h§ow'H%égcﬁ*ﬁﬁbgnﬂeéggﬁggiQQveform
nmeans for detecti ng a response waver orm

from the wire or the bump applied with the DC pulse, and

discrimination means for discriminating whether or

not the wire or the bump is successfully bonding-

connected by comparing the response waveform with an

unsuccessful bonding response waveform obtained by

applying DC pulse to an unsuccessfully bonded wire or

bump.

2. A wire bonding apparatus according to claim 1,

wherein said DC pulse applying means is designed to
apply DC pulse to a condenser via a variable resistor as
well as to the wire or the bump via a resistor,

said detection means is designed to detect a
response waveform from said condenser as well as a
response waveform from said wire or said bump, and

said variable resistor is adjusted to make a
product of a capacitance obtained by subtracting a
capacitance of an object to Dbe detected from a

capacitance of a side of said wire or said bump and a
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fromthe wire or the bunp applied with the DC pul se,

and 10 discrimnation neans for discrimnating

whet her or not the wire or the bunp is successfully

bondi ng- connected by conparing the response waveform

with an unsuccessful bondi ng response waveform FP1007
obt ai ned by applying DC pul se o an unsuccessful ly

bonded wire or 15 bunp. 2. A wire bondi ng apparatus
according to claim1, wherein said DC pul se applying
meansi ssadesi gedatia appliytbe pulase yt @cucondensesrydaect of
a variable resistor as 20 well as to the wire or the
buapc¥pacateesesbdr sasd doteleectdrommieansresi designedt said
to detect a response waveformfrom said condenser as
wevaraabhe respohse-waveformfromsaid wire or said

bunp, and said variable resistor is adjusted to nake a

25 product of a capacitance obtained by subtracting a
capacjtance of an object to be detected froma,

capacht 4hte BYndlaPdEPBRTSAR] AFFRTOLNGarA BUASMENY 8T 2.

35 FP1007 resjstance of sai.d resjst [ L to
2 produtt®bF 1" a RapalEtSALE 8 TEATE CSHHETEE g A for

: ; . i) . . ,
oranERd ol nffkeestfh 8016, FESPEhAL yRsdeatntl 8 i
sai d detection neans contains a circuit for shaping or

processing said response waveform 4. A wire bonding
appar At Wsraceending hpp&katis3actBrwharetn sakdm 3,

wavef orm shapi ng or processing circuit
wherein said waveform shaping or processing circuit
contains a circuit in which the response waveform is
amplified by a differential amplifier after differential
processing, and the amplified waveform is filtered and

converted into a rectangular waveform or a triangular

waveform.

5. A wire bonding apparatus according to any one of
claims 1 to 4,

wherein said discrimination means performs
discrimination by comparing a thresheld value, obtained
by multiplying said unsuccessful bonding response
waveform by a threshold coefficient, with said the

response waveform.

6. A wire bonding apparatus for connecting an electrode

of a semiconductor chip to a lead of a lead frame using

a wire or bonding a bump to a pad of a semiconductor
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contains a circuit in which the response waveformis
anplified by a differential anplifier after

differential processing, and the anplified waveform

is filtered and converted into a rectangul ar waveform

or a triangular 15 waveform 5, A wire bonding FP1007
appar atus according to any one ¥ clains 1 to 4,

wherein said discrimnation neans perfornms 20

di scrimnation by conparing a threshold val ue,

obtaipedompy iBthti:pl yi ng sai d unsuccessful bonding

response waveformby a threshold coefficient, wth

sai d theC rmsiponseppayehgr meabs 6foA Wipr hionrdi Dg pulse to
apggratgs for connecting an electrode of a

sehfeoviduet or €hepbtvpa | ead of a lead frane using a

Wi re or bonding a bunp to a pad of a sem conductor 36
FP1007 ERFBCEdRPrimgaly berpiesecddglyi ag mesmenserwaveform

applying DC pulse to. the wire or the bunp, detection
negﬁémfgpedggéﬁtPﬁgtﬁer€§68néép&é§6f8ﬂﬁh ther §f prése, and

W re or _the_bur lied with_the DC pul se, and
discrin?ﬁﬁ?F%ﬂgﬁﬁﬁﬁgnf3P%ﬂ%xﬁ?ﬁ1ﬂéFFﬁQm%H@FHEH(ﬂhEther or

NofoBaLd; i £ e 0" o§aggigugemgﬁégggsgg%g!ﬂsgggegﬁgﬁgggeps

wher ei n sai d di'sCri m natron
cai 0 Dl B apa o ng Rehiar barbaT EFatG e PRLH tne
bugPeps of:
applying DC pulse to said wire or said bump by said
DC pulse applying means before said wire or said bump
contacts the electrode of the semiconductor chip to
detect an unsuccessful bonding response waveform from
sald wire or said bump by said detection means;
applying DC pulse to said wire or said bump by said
DC pulse applying means when said wire or said bump
contacts the electrode of the semiconductor chip to
detect a successful bonding response waveform from said
wire or said bump by said detection means;
calculating a threshold coefficient wusing said
unsuccessful bonding response waveform and said
successful bonding response waveform;
applying DC pulse to said wire or said bump by said
DC pulse applying means after said wire or said bump are
bonded to the electrode of the semiconductor chip to
detect a response waveform from said wire or said bump

by said detection means; and



contacts the el ectrode of the sem conductor chip to

detect an unsuccessful bondi ng response waveform from

said wire or said bunp by said detection neans; 15

applying DC pulse to said wire or said bunp by said

DC pul se appl yi ng neans when said wire or said bunp FP1007
contacts the el ectrode of the s&fi conductor chip to

detect a successful bondi ng response waveform from

said wre or said bunp by said detection neans; 20

cal cul atbngaaihhr eshid drespbhikei 6vdrd Mg §8ktH a threshold
unsuccessful bondi ng response waveform and sai d

sucgkssf whtlhdmdidngoy espdnsplwanef eaid appluddgsdG]l bonding
pul se to said wire or said bunp by said DC pul se
appeypPagseeaascibrer byasdidi tbreshsaiddcbefiiaient25

bonded to the el ectrode of the sem conductor chip to

detect a response waveformfromsaid wire or said bunp

by said detection neans; and 37 FP1007 conparing said
response waveformwi th a threshold value obtained by

mul tiplying said unsuccessful bonding response

wavef orm by said threshold coefficient.



