DESCRI PTI ON
Title of Invention
DI SCHARGE EXAM NATI ON DEVI CE, W RE- BONDI NG APPARATUS, AND

DI SCHARGE EXAM NATI ON METHOD

Technical Field
[ 0001]

Aspects of the present invention relates to a di scharge
exam nation devi ce, a W re-bondi ng apparatus, and a di scharge

exam nati on net hod.

Background Art
[ 0002]

In a nethod of fabricating sem conductor devices, wre
bondi ng i n which an el ectrode of a sem conductor device and a
line of a substrate are electrically connected via a wire has
beenw del y used, for exanpl e. Typical exanpl es of wi re bondi ng
i nclude a so-called ball bonding nethod. Specifically, a
voltage is applied to produce di scharge between an el ectrode
and a wire inserted through a bonding tool (e.g., capillary)
to forma ball at a tip of the wire. Then, the bonding too
I s nroved downwar d t owar d an el ect r ode of a sem conduct or devi ce,
and the ball of the wire is bonded onto the el ectrode of the
sem conduct or device after applying a | oad and ultrasonic

vibration to the ball



[ 0003]

As a wire-bondi ng apparatus enpl oyi ng the ball bonding
nmet hod, there is known an apparatus in which a discharge
condition is controlled in order to formuniformballs at as
tipof aw rebyconparingaval ue equi val ent toJoul e heat during
bal | formation based on a di scharge voltage and a di scharge
current generated between an el ectrode andatipof awrewth
a set val ue of a heat anount that has been previously set (cf.
PTL 1, for exanple).

Ctation List
Patent Literature
[ 0004]

PTL 1. Japanese Unexam ned Patent Application
Publ i cati on No. 02-181943
[ 0005]

Incidental ly, the conventi onal wi re bondi ng apparatusis
det er mi ned whet her or not awireisinsertedthroughthe bonding
tool by utilizing a function of a non-bondi ng determ nation
provided in the wire bondi ng apparatus, and the w re-bondi ng
apparatus i s stopped when a wire is not inserted through the
bondi ng tool in such a caseinwhichthewre falls out of the
bondi ng tool, for exanple.

[ 0006]
Incontrast, in acase in whichthe wire does not extend

fromatip of the bonding tool, or in which the wire extendi ng



fromthe tip of the bonding tool is short, while discharge is
produced bet ween t he el ect rode and t he bondi ngt ool or thew re,
no ball is fornmed or a desired ball is not fornmed at a tip of
thewire. D schargeinsuchcasesisconsideredtobeabnornal.
[ 0007]

However, in these cases, it is not possible to detect
abnormality with the function of non-bondi ng determ nati on, as
the wire is inserted through the bonding tool. As a result,
the conventional w re-bondi ng apparatus often perforns wre
bondi ng wi t h a bal I bei ng unf or med or remai ni ng def ective, thus

resulting in defects in sem conductor devices.

Summary of I nvention
Techni cal Probl em
[ 0008]

Aspects of the present invention have been nmade in view
of the above probl ens, and one obj ect of the present invention
is to provide a di scharge exam nation device, a w re-bonding
appar at us, and a di scharge exam nati on net hod t hat are capabl e
of determ ning whether or not discharge is abnornmal.
Solution to Problem
[ 0009]

A di scharge exam nation devi ce accordi ng to one aspect
of the present inventionis a discharge exam nati on device for

exam ni ng di scharge of a w re-bondi ng apparatus that applies



a voltage between an electrode and a wire to procure the
di scharge therebetween, the device including: a current
detectionunit configuredtodetect adischarge current flow ng
throughthewire; atiner unit configuredto neasure di scharge
detection tine after application of the voltage before
detection of the discharge current; and a di scharge
determ nation unit configured to determ ne whet her or not the
di scharge i s abnormal based on the di scharge detection tine.
[ 0010]

According to the discharge exam nati on device, the
di scharge determ nation unit can determ ne whether or not the
di scharge detectiontinme is out of a predeterm ned range based
on a threshold, and determ ne that the di scharge i s abnornal
when t he di scharge detection tine is out of the predeterm ned
range.
[ 0011]

According to the discharge exam nati on device, the
di scharge determ nation unit can cause recording neans to
record the discharge detection tine if the discharge is
determ ned to be not abnormal, and the device can further
i nclude: a threshold setting unit configured to set the
t hreshol d based on t he di scharge detectiontinerecordedinthe
recordi ng neans.

[ 0012]



According to the discharge exam nati on device, the
thresholdsettingunit canset thethreshol d, whenthe di scharge
detection tinme is recorded in the recordi ng neans, based on a
pr edet er m ned nunber of pi eces of the di scharge detectiontine
that are nost recently recorded.

[ 0013]

The di schar ge exam nati on devi ce can further include: a
signal output unit configured to output a di scharge abnor nal
signal to the wre-bondi ng apparatus when the di scharge
determ nation unit has determ ned that the discharge is
abnormal, the di scharge abnornal signal indicating that the
di scharge i s abnornal .

[ 0014]

The di schar ge exam nati on devi ce can further include: a
vol tage detection unit configured to detect the voltage,
wher ei n t he di scharge determ nati on unit can det er m ne whet her
or not the discharge is abnormal based on the discharge
detection tine and the vol tage.

[ 0015]

A W r e- bondi ng appar at us accordi ng to one aspect of the
present invention includes the discharge exam nation device
descri bed above.

[ 0016]
A di scharge exam nation net hod according to one aspect

of the present inventionis a discharge exam nati on nmet hod of



exam ni ng di scharge of a w re-bondi ng apparatus that applies
a voltage between an electrode and a wire to procure the

di scharge therebetween, the nmethod including: a current

det ecti ng st ep of detectingadischarge current fl ow ngthrough
the wire; a tinmer step of neasuring discharge detection tine
after application of the voltage before detection of the

di scharge current; and a di scharge determ ning step of

det er mi ni ng whet her or not the di scharge is abnornal based on
t he di scharge detection tine.

Advant ageous Effect of Invention

[0017]

According to the present invention, by determ ning
whet her or not discharge is abnormal based on the discharge
detectiontimeafter applicationof avoltage before adi scharge
current is detected, it is possibleto determ ne the di scharge
i s abnor mal when di scharge i s producedinacaseinwhicheither
thetipof thewre does not extend at all fromthe bondi ng tool,
or the wire extending fromthe bonding tool is either shorter
or | onger thanthe predeterm nedl ength. Therefore, inthecase
in which no ball is forned or a desired ball is not forned at
thetipof thewire, it is possibletoprevent the wire-bondi ng
apparatus fromperform ng wi re bondi ng, and thus to reduce t he
percent defective (inprove the yield rate) of sem conductor

devi ces.



Brief Description of Draw ngs
[0018]

Fig. 1 is a schematic configurational diagramfor
il lustrating one exanpl e of a wi re-bondi ng appar at us accordi ng
to this enbodi nent.

Fig. 2 is a schematic configurational diagramfor
il lustrating one exanple of a discharge exam nation device
according to this enbodi nent.

Fig. 3is aflowhart show ng one exanpl e of a di scharge
exam nation nethod according to this enbodi nent.

Fig. 4 is adiagramillustrating a wire extendi ng from
a bondi ng tool.

Fig. 5(A) through Fig. 5(C) arediagransillustratingthe
wire extending fromthe bondi ng tool.

Fig. 6 is atinme chart of one exanple of the discharge
exam nation nethod according to this enbodi nent.

Fig. 7is atime chart of one exanple of the discharge
exam nation nethod according to this enbodi nent.

Fig. 8is atime chart of one exanple of the discharge

exam nation nethod according to this enbodi nent.

Descri ption of Enbodi nent
[ 0019]
Her ei nafter, an enbodi nent of the present inventionw |

be described. In the appended draw ngs, |ike or identica



conmponent s are denoted by |i ke or i denti cal reference nuneral s
It should be noted that the drawi ngs are schemati c draw ngs.
Therefore, specific dinmensions and the |ike should be
det er mi ned based on t he fol | owi ng description. It should al so
be understood t hat rati os and proportions of di nensi ons can be
di fferent between the drawings. In addition, the technica
scope of the present invention should not be considered to be
restricted to this enbodinment. Note, in the follow ng
description, that an upper side, alower side, aleft side, and
aright side in the drawings are respectively referred to as
“top or above”, “bottomor under”, “left”, and “right”.

[ 0020]

Fig. 1 through Fig. 8 are provided for illustrating one
enbodi nent of a di scharge exam nati on device, a w re-bondi ng
appar at us, and a di scharge exam nati on nmet hod accordingtothe
present invention. Fig. 1 is a schematic configurationa
diagramfor illustrating one exanple of the w re-bonding
apparatus according to this enbodinent. A w re-bondi ng
apparatus 1 according to this enbodi nent i s an apparat us used
for performng wire bonding. The wre-bonding apparatus 1
i ncl udes a di scharge exam nati on devi ce 50 according to this
enbodi nent .

[ 0021]
Referring to Fig. 1, the wire-bondi ng apparatus 1

i ncl udes an XY driving nechanism 10, a bonding arm 20, an



ul trasoni ¢ horn 30, a bondi ngtool 40, t he di scharge exam nati on
device 50, an ultrasonic vibrator 60, and a controller 80.
[ 0022]

The XY driving nmechanism10 i s configured novably in an
XY axis direction (planar direction), and the XY driving
mechani sm (linear notor) 10 is provided with a Z driving
mechani sm(linear notor) 12 capabl e of noving the bondi ng arm
20 in a Z axis direction (up-down direction).

[ 0023]

The bonding arm 20 is supported with an arm supporting
shaft 14, and configured swingably with respect to the XY
driving nmechanism 10. The bonding arm 20 is provided in a
substanti al cuboi d soastoextendfromthe XYdriving nmechani sm
10, and configured to, during wire bonding, nove to a position
at a predeterm ned di stance froma bondi ng stage 16 on which
a sem conductor device 100 as a bonding target is placed.

[ 0024]

The ultrasonic horn30is attachedto anend of t he bondi ng
arm 20 using a horn fixation thread 32. The ultrasonic horn
30 has the bonding tool 40 at its end. The ultrasonic vibrator
60 produces ultrasonic vibration, whichis transmtted to the
bondi ng tool 40 viathe ultrasonic horn 30, and t hus ultrasonic
vi bration can be applied to a bonding target via the bondi ng
tool 40. Exanples of the ultrasonic vibrator 60 include a

pi ezoel ectric vibrator.



[ 0025]

The bondi ngtool 40is atool for functioning as a bondi ng
el enent as well as for guiding a wire 42. One exanple of the
bondi ng tool 40 is a capillary having an insertion hole. 1In
thi s case, the bonding tool 40 is configured suchthat thewre
42 used for bonding is inserted through the insertion hole of
t he bondi ng tool 40 and i s abl e to payout a portion of the wre
42 froma tip of the bonding tool 40. The bonding tool 40 is
attached to the ultrasonic horn 30 i n a repl aceabl e manner by
strength of a spring or the like. Further, a wire clanper 44
i's provi ded above the bondi ng tool 40. The wire clanper 44 is
configured to hold and rel ease the wre 42 at predeterm ned
timng. Further above the wire clanper 44, a wire tensioner
46 i s provided. The wire tensioner 46 is configured to insert
the wire 42 and apply an appropri ate degree of tension to the
wire 42 during bondi ng.

[ 0026]

Amaterial of the wire 42 can be sel ected as needed based
on condi tions such as workability and | owel ectrical resistance,
and exanpl es of such a material to be used include gold (Au),
copper (Cu), and silver (Ag).

[0027]

A torch electrode 48 is an el ectrode for producing a

di scharge (spark). The torch electrode 48 is configuredto be

ableto formaball 43 at atip of the wire 42 (one end), which

10



i's paying-out fromthe tip of the bonding tool 40, using heat
of discharge. Further, a position of the torch el ectrode 48
is fixed. During discharge, the bonding tool 40 noves to a
position at a predeterm ned di stance fromthe torch el ectrode
48 to produce an appropri ate degree of di scharge between the
torch electrode 48 and the tip (one end) of the wire 42.

[ 0028]

The di scharge exam nation device 50 is a device that is
used i n the di scharge exam nati on nethod of the w re-bonding
apparatus 1 according to this enbodinent. Further, the
di scharge exam nation device 50 is connected to the torch
el ectrode 48, and for having the torch el ectrode 48 produce
di scharge. Mbdreover, the di scharge exam nati on devi ce 50 and
the controll er 80 are confi gured such t hat signal transm ssion
t her ebet ween i s possi bl e so that one of themis able to actuate
or stop a function of the other.

[ 0029]

The control |l er 80i s connectedtothe XYdrivingnechani sm
10, the Z driving nechanism 12, the ultrasonic horn 30 (the
ul trasoni c vi brat or 60), and a di schar ge exam nati on devi ce 50.
By having the controller 80 control these conponents, it is
possi bl e to performa process required for wire bonding. The
controller 80 includes interfaces (not shown) for signa
transm ssion with the conponents descri bed above such as the

XY driving mechani sm 10, the Z driving nechanism 12, the

11



ultrasonic horn 30 (the ultrasonic vibrator 60), and the
di scharge exam nation device 50.
[ 0030]

Further, to the controller 80, an operation unit 82 for
i nputting control information and a display unit 84 for
outputting control information are connected. Using these
conponents, an operator is able to input necessary contro
i nformati on through the operation unit 82 while confirmng a
screen using the display unit 84. The controller 80 can be
configured as a conput er i ncl udi ng conponents such as a CPU and
a nmenory, in which a programand data required for wire bondi ng
are recorded in advance.

[ 0031]

Fig. 2 is a schematic configurational diagramfor
illustrating one exanpl e of the di scharge exam nation device
according to this enbodi ment. The di scharge exam nation
device 50 i s a device for perform ng exam nation of di scharge
of the wi re-bondi ng apparatus 1. AsillustratedinFig. 2, the
di schar ge exam nati on devi ce 50i ncl udes a hi gh-vol tagecircuit
51 and a control circuit 55.

[ 0032]

The hi gh-voltage circuit 51 is acircuit for performng

di scharge and for detecting an electrical signal relating to

di scharge. The high-voltage circuit 51 includes a voltage

12



generation unit 52, a current detection unit 53, and a vol tage
detection unit 54.
[ 0033]

The vol tage generation unit 52 is a unit for generating
a voltage. The voltage generationunit 52 is connected to the
control circuit 55, and generates a predet ermi ned hi gh vol t age,
e.g., a high voltage up to about 5000 [V], based on a control
signal fromthe control circuit 55. Further, the voltage
generationunit 52is al so connectedtothetorch el ectrode 48,
and to the other end of the wire 42 that is on the other side
of the end (one end) of the wire 42 pai d-out fromthe bondi ng
tool 40. The vol tage generationunit 52is configuredto apply
t he generated hi gh vol tage between the torch el ectrode 48 and
the wire 42. Wth this, discharge is perforned between the
torch electrode 48 and the tip (one end) of the wire 42.
[ 0034]

The vol tage generation unit 52 can be configured to
i ncl ude a booster transforner (transformer), for exanple. As
the booster transforner, a linear-output transformer having
bot h a const ant vol tage functi on and a const ant current function
I's used, for exanple.
[ 0035]

The current detection unit 53 is a unit for detecting a
current, and connected to the other end of the wire 42. The

current detection unit 53 is also connected to the contro

13



circuit 55, and configured to output a detection signal of a
di scharge current tothe control circuit 55 upon fl ow ng of the
di scharge current through the wire 42 due to discharge.

[ 0036]

The current detectionunit 53 can be configuredtoinclude
a resistor for detecting a discharge current, a power source
as a threshold, and a conparator, for exanple. In this case,
the current detection unit 53 outputs a detection signal of a
di schar ge current when a vol t age val ue of t he di scharge current
I's higher than a voltage value of the power source.

[ 0037]

The voltage detection unit 54 is a unit for detecting a
vol tage, and connected to the torch el ectrode 48 and t he ot her
end of the wire 42. The voltage detection unit 54 is also
connectedtothecontrol circuit 55, andis configuredto output
a voltage signal tothe control circuit 55 upon application of
a vol tage between the torch electrode 48 and the wire 42.

[ 0038]

The control circuit 55 is a circuit for controlling
di scharge and exam nati on of discharge. The control circuit
55 includes a discharge control unit 56 and an exam nati on
control unit 57. The control circuit 55is configuredto all ow
transm ssion of signals and information (data) between the
di scharge control unit 56 and t he exam nati on control unit 57.

[ 0039]

14



The di scharge control unit 56 is configured to control
start, end, and a val ue of a vol tage applied between the torch
el ectrode 48 and the wire 42, as well as a tine period during
whi ch t he vol tage val ue i s applied. The di scharge control unit
56 can be configuredtoinclude a FPGA (Fi el d Programabl e Gat e
Array), for exanple, and operates according to a program
specified in a hardware description | anguage (HDL). Furt her,
t he di scharge control unit 56 i ncludes i nterfaces (not shown)
for signal transm ssionw ththe conponents of the high-voltage
circuit 51 descri bed above such as the vol t age generation unit
52, the current detection unit 53, and the voltage detection
unit 54. As one exanple of its functional configuration, the
di scharge control unit 56 further includes a discharge start
unit 56a, atiner unit 56b, and a di scharge detection unit 56c.
[ 0040]

The di scharge start unit 56a outputs, to the voltage
generationunit 52, avoltage-application-start control signal
for starting application of a voltage between the torch
el ectrode 48 and the wire 42 based on a control signal fromthe
control | er 80.

[0041]

Further, in addition to outputting of the

vol t age- application-start control signal to the voltage

generation unit 52, the di scharge start unit 56a al so out put s,
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tothetinmer unit 56b, astart signal (start signal) for starting
to neasure tine.
[ 0042]

The tinmer unit 56b is a unit for counting tinme in a
predeterm ned period. Thetinmer unit 56b can be confi gured by
an I C chip having a clock function, such as an oscillation
circuit (clock generator) or an RTC (Real Tinme d ock), and
starts neasurenent of tinme by the start signal (start signal),
st ops neasurenent of tine by a stop signal (stop signal), and
outputs the neasured tine.

[ 0043]

The di scharge detection unit 56c¢ outputs, to the timer
unit 56b, a stop signal (stop signal) for stoppi hg measur enment
of time based on the detection signal of the discharge current
fromthe current detection unit 53. At this tinme, the tine
nmeasured by the tiner unit 56b is input to the discharge
detection unit 56¢c. Wth this, using the tinmer unit 56b, it
i's possible to neasure discharge detection tine after
application of a voltage before detection of a discharge
current.

[ 0044]

Further, the discharge detection unit 56c¢ outputs
i nformati on of the discharge detection tinme nmeasured by tiner
unit 56c tothe exam nationcontrol unit 57. |Inaddition, based

on the voltage signal fromthe voltage detection unit 54, the
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di scharge detection unit 56c outputs informati on of a voltage
value to the exam nation control unit 57.
[ 0045]

The exam nation control unit 57 can be configured to
i ncl ude a CPU (Central Processing Unit) and a nenory (recordi ng
neans), for exanple, and operates according to a program
specified in a predeterm ned | anguage. As one exanple of its
functional configuration, the exam nation control unit 57
further includes a discharge determnation unit 57a, a
threshold setting unit 57b, and a signal output unit 57c.

[ 0046]

The di scharge determ nation unit 57a det er m nes whet her
or not discharge is abnormal based on the infornmation of the
di scharge detectiontinefromthe di scharge detectionunit 56c¢
Al ternatively, the discharge determ nati onunit 57a det erm nes
whet her or not di scharge i s abnormal based on the i nformation
of the discharge detection tine and the information of the
vol tage value fromthe di scharge detection unit 56c.

[0047]

Further, if it is determ ned that the discharge is not
abnormal, that is, the discharge is normal, the discharge
determinationunit 57awites and stores theinformation of the
di scharge detectiontime fromthe di scharge detection unit 56c
in the nmenory (recordi ng neans).

[ 0048]

17



The nenory (recordi ng neans) i ncluded i nthe exam nation
control unit 57 has a storage capacity (nenory area) capable
of storing pieces of theinformation of the di scharge detection
time of a predeterm ned nunber, e.g., 20. The information of
the di scharge detection tinme is recorded additionally in the
menory (recording neans) up to the predeterm ned nunber of
pi eces. Thereafter, a new piece of the information is added
after one of the recorded pieces of the information that has
beenrecodedfirst i sdel etedfromthe menory (recordi ng neans).
Wth this, nost recent (newest) pieces of the information of
t he di scharge detection tinme of the predeterm ned nunber are
recorded in the nenory (recording neans).

[ 0049]

The threshol d setting unit 57b sets a threshol d based on
the i nformati on of the di scharge detectiontinerecordedinthe
menory (recordi ng neans). The thresholdis usedin conparison
with theinformation of the di scharge detectiontinmeinput from
t he di scharge detection unit 56¢, and an initial value of the
threshold is recorded in the nenory (recordi ng neans) in
advance.

[ 0050]

Based on the determ nation result of the discharge
determination unit 57a, the signal output unit 57c outputs a
predet erm ned signal representing the determ nationresult to

the controller 80, that is, the wre-bonding apparatus 1.
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Exanpl es of t he predeterm ned si gnal i ncl ude a normal di scharge
signal indicatingthat the discharge is normal and an abnor mal
di scharge signal indicating that the discharge is abnormal.
[ 0051]

Inthis enbodi nent, the exanpl e in whichthe exam nation
control unit 57 i ncludes the menory (recordi ng neans) i n which
the i nformati on of the di scharge detectiontineisrecordedis
descri bed, but the present inventionis not limtedto such an
exanpl e. The nenory (recordi ng neans) i nwhichtheinformation
of the discharge detectiontineis recorded can be included in
the controller 80.

[ 0052]

Next, the method of exam ning di scharge of the
Wi re-bondi ng apparatus 1 will be described with reference to
Fig. 3 through Fig. 8.

[ 0053]

Fig. 3isaflowhart show ng one exanpl e of t he di scharge
exam nati on net hod accordingtothis enbodiment. Referringto
Fig. 3, upon starting of a di scharge exam nati on process S10,
first, the discharge start unit 56a outputs a
vol t age- application-start control signal to the voltage
generationunit 52, and starts application of avoltage between
the torch el ectrode 48 andthewire 42 (S11). In addition, the

di schargestart unit 56aoutputsthestart signal (start signal)
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to the tinmer unit 56b to start neasurenent of discharge
detection tine (S12).
[ 0054]

Next, t he di scharge det ecti onunit 56c det er mi nes whet her
or not a discharge current is detected based on the detection
si gnal of thedi scharge current i nput fromthe current detection
unit 53 (S13), and repeats the step in S13 until a di scharge
current is detected.

[ 0055]

If a discharge current is detected as a result of
determinationin S13, the di scharge detection unit 56c out puts
a stop signal (stop signal) to the tinmer unit 56b to stop
measur enent of di scharge detection tinme (S14).

[ 0056]

Next, the discharge determ nation unit 57a detern nes
whet her or not discharge is abnormal based on the discharge
detection tinme input fromthe discharge detection unit 56c
(S15).

[ 0057]

Fig. 4is adiagramillustrating a wire extending from
t he bondi ng tool, showi ng one exanple in which the wire
extending fromthe bonding tool is normal. As shown in Fig.
4, in acase inwhichthe wire 42 of a predeterm ned | ength L1
extends fromatip of the bonding t ool 40, produci ng di scharge

by applying a vol tage between the torch el ectrode 48 and t he

20



wire 42 allows fornmation of a desired ball at thetip (one end)
of the wire 42. Inthis case, the discharge is considered to
be normal (normal discharge).
[ 0058]

Fig. 5 shows diagrans illustrating the wire extending
fromt he bondingtool; Fig. 5(A) i sadiagramshow ng one exanpl e
i nwhichthe wire extendi ng fromthe bondi ng tool is abnormal,
Fig. 5(B) i s adi agramshow ng anot her exanpleinwhichthewre
extendi ng fromthe bonding tool is abnormal, and Fig. 5(C is
a di agram show ng yet another exanple in which the wire
extendi ng fromthe bonding tool is abnormal. 1In contrast, in
acaseinwhichasshowmninFig. 5(A), thew re 42 does not extend
fromthetip of the bondingtool 40whilethewired42isinserted
t hrough t he bondi ng t ool 40, di scharge i s not produced bet ween
the torch electrode 48 and the wire 42 even if a voltage is
appl i ed between the torch electrode 48 and the wire 42, and
thereforeit is not possibletoformaball at thetip (one end)
of thewire 42 (aball isnot forned). Inthis case, discharge
current can possi bly flowthroughthewi re 42w thinthe bonding
tool 40 or discharge can not be produced. Further, in a case
I nwhichasshomminFig. 5(B), thewire42of alengthL2shorter
than the predeterm ned l ength L1 (L2 < L1) extends fromthe tip
of the bondi ng tool 40, whil e di scharge i s produced bet ween t he
torch el ectrode 48 and the wire 42 when a voltage is applied

betweenthetorchel ectrode48andthewire42, it isnot possible

21



to forma desired ball at the tip (one end) of the wire 42 (a
defectiveball isforned). Moreover, inacaseinwhichasshown
in Fig. 5(C), the wire 42 of a length L3 |onger than the
predeterm ned length L1 (L3 > L1) extends fromthe tip of the
bondi ng t ool 40, whil e di scharge i s produced between the torch
el ectrode 48 and the wire 42 when a voltage i s applied between
the torch el ectrode 48 and the wire 42, it is |ikew se not
possibletoforma desiredball at thetip (one end) of thewre
42 (a defective ball is fornmed). In the cases shown in Fig.
5(A), Fig. 5(B), andFig. 5(C, noball canbe fornedor adesired
bal | can not be fornmed at thetip of the wire 42 whil e di scharge
is produced and a discharge current is detected. Therefore,
di schargeinthese cases i s consideredto be abnormal (abnornal
di schar ge).
[ 0059]

Here, the i nventors of the present invention have found
t hat t he di scharge detectiontineafter applicationof avoltage
bef ore di scharge is produced in the cases shown in Fig. 5(A)
and Fig. 5(B) is longer than that in the case shown in Fig. 4.
As one reason, it i s consideredthat as adi stance (gap) between
the torch el ectrode 48 and one of the bonding tool 40 and t he
tip of the wire 42 increases, it takes tinme to bring about
breakdown of insulation of the distance (gap) to produce
di scharge. The inventors of the present invention have al so

found that the discharge detection tine after application of
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a vol t age before di scharge i s producedinthe case shownin Fig.
5(C) is shorter than that in the case shownin Fig. 4. As one
reason, it is considered that as a di stance (gap) between the
torchelectrode 48 andthetipof thewre 42 decreases, it does
not take tine to bring about breakdown of insulation of the
di stance (gap) to produce discharge.

[ 0060]

Fig. 6, Fig. 7, and Fig. 8 are time charts of exanples
of the di scharge exam nation nethod according to this
enbodi nent; Fig. 6 is an exanpl e in which di scharge i s nornmal,
Fig. 7is an exanple in which discharge is abnormal, and Fig.
8 i s anot her exanpl e i n whi ch di scharge i s abnormal. Here, the
time chart in Fig. 6 corresponds to the case shown in Fig. 4,
thetinme chart inFig. 7 corresponds to the cases shown in Fig.
5(A) and Fig. 5(B), and the time chart in Fig. 8 corresponds
to the case shown in Fig. 5(C). 1In the case shown in Fig. 4,
as shown in Fig. 6, at tine t1, at which the discharge start
uni t 56a out puts a vol tage-application-start control signal to
t he vol tage generationunit 52, avoltage Vhis applied between
thetorchelectroded48andthew re42. Thevoltage Vhincreases
(rises) overtinme, andat tinet2, at whi chdi schargeis produced
bet ween the torch el ectrode 48 and the wire 42, the vol tage Vh
decreases (drops) downto a predet erm ned val ue, and a di schar ge
current lhflows throughthewire42. At thistine, thecurrent

detection unit 53 detects the di scharge current | h and out puts

23



t he detection signal of the di scharge current to the di scharge
detection unit 56¢c, and atinme period fromtinetltotinet?2,

that i s, discharge detectiontine Thlis nmeasured by the tinmer
unit 56b. I nthe case showninFig. 6, the discharge detection
time Thl is normal time, e.g., about 33 [us].

[ 0061]

Incontrast, inthecases showninFig. 5(A) and Fig. 5(B),
as shown in Fig. 7, at tine t1, at which the discharge start
unit 56a out puts a vol tage-application-start control signal to
the voltage generation unit 52, the voltage Vh is applied
bet ween the torch el ectrode 48 and the wire 42. The vol tage
Vh increases (rises) over tinme. However, either thetip of the
wi re 42 does not extend at all fromthe bondi ng tool 40 or only
the wire 42 of the length L2 that is shorter than the
predeterm ned | ength L1 extends fromthe bondi ng tool 40, and
therefore discharge is not produced at tine t2. Thereafter,
at tine t4, at which discharge is produced between the torch
el ectrode 48 and t he bondi ng tool 40, for exanple, the voltage
Vh decreases (drops) down to a predeterm ned val ue, and the
di scharge current Ih flows through the wire 42 via t he bondi ng
tool 40. At this tinme, the current detection unit 53 detects
the di scharge current I h and out puts the detection signal of
t he di scharge current to the di scharge detection unit 56c, and
atime period fromtine tl1 to tine t4, that is, discharge

detection tinme Th2 is neasured by the tinmer unit 56b. In the
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case shown in Fig. 6, the discharge detection tinme Th2 is
abnormal, e.g., about 60 [us]. Further, in the case shown in
Fig. 5(C, asshomninFig. 8, at tinetl, at whichthe discharge
start unit 56a outputs a voltage-application-start control
signal to the voltage generation unit 52, the voltage Vh is
appl i ed between the torch el ectrode 48 and the wire 42. The
vol tage Vh increases (rises) over tine. However, as the wire
42 of alength L3 that is | onger than the predeterm ned | ength
L1 extends fromthe bonding tool 40, discharge is produced at
tinme t5 between the torch electrode 48 and the wire 42 prior
totinme t2. Therefore, the voltage Vh decreases (drops) down
to a predeterm ned val ue, and the discharge current Ih flows
through the wire 42. At this tinme, the current detection unit
53 detects the di scharge current I h and out puts the detection
signal of the discharge current tothe di scharge detectionunit
56c, andatineperiodfromtinetltotinmet5h, that i s, discharge
detection tine Th3 is nmeasured by the tinmer unit 56b.

[ 0062]

Thus, by det er m ni ng whet her or not di scharge i s abnor nmal
based on t he di scharge detectiontine after the application of
a vol tage before the discharge current is detected, it is
possi bl e to determ ne t he di scharge i s abnor mal when di schar ge
i s produced inacaseinwhichasshowminFig. 5(A), Fig. 5(B),
or Fig. 5(C), either the tip of the wire 42 does not extend at

all fromthe bondi ng tool 40, or the wire 42 extendi ng fromt he
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bonding tool 40 is either shorter or |onger than the
predeterm ned | ength L1.
[ 0063]

The det er mi nati on on whet her or not di scharge i s abnor nal
inastep of S15in Fig. 3 is nade using a threshold Tth, for
exanple. Specifically, the discharge determ nation unit 57a
sets a predetermined range Tthtoa based on the threshold Tth,
by readi ng the threshol d Tth fromt he nenory (recordi ng neans),
and by adding or subtracting a predetermined value o to or from
the read threshold Tth. Here, the predetermined value o can
be a val ue previously recorded i n the nenory (recordi ng nmeans)
or can be a val ue input by an operator via the operation unit
82 and the controller 80. Thereafter, the discharge
determ nation unit 57a det er m nes whet her or not the di scharge
detection time i nput fromthe di scharge detection unit 56c¢c is
out of the predetermined range TthZza. As a result of
determ nation, as shown in Fig. 6, if the di scharge detection
time Thl is not out of the predetermined range Tth*a, that is,
falls within the predetermined range Tthtoa (within the
predetermined range Tthta) (Tth-o £ Thl < Tth+a), the discharge
determinationunit 57a determ nes t hat the di scharge i s nor nmal
Incontrast, as shomminFig. 7, if the discharge detectiontine
Th2 is higher than an upper limt of the predeterm ned range
and falls outside the predetermined range Tthtoa (Th2 > Tth+o),

the di scharge determ nation unit 57a determ nes that the

26



di scharge is abnornmal. Further, as shown in Fig. 8, if the
di scharge detectiontinme Th3is lower thanalower limt of the
predet erm ned range and fall s outside the predeterm ned range
Tthta (Th3 < Tth-ao), the discharge determination unit 57a
determ nes that the di schargei s abnormal. As descri bed above,
by det ermi ni ng whet her or not the discharge detectiontineis
outside the predetermined range TthZza based on the threshold
Tth, it ispossibletoeasilydeterm newhether or not di scharge
I s abnormal .

[ 0064]

In this enbodi nent, the exanple in which the discharge
determ nation unit 57a det erm nes whet her or not dischargeis
abnornmal based on the di scharge detection tine input fromthe
di scharge detection unit 56c is described, but the present
inventionis not limtedto such an exanple. For exanple, the
di scharge determ nation unit 57a can det erm ne whet her or not
di scharge i s abnormal based on t he di scharge detectiontinme and
t he vol t age val ue i nput fromthe di scharge detection unit 56c.
[ 0065]

As shown in Fig. 3,, if the discharge is not abnornal
(normal) as a result of determination in S15, the discharge
determi nation unit 57a has the di scharge detection tinme i nput
fromthe di scharge detection unit 56¢c be recorded inthe nenory
(recordi ng neans) (S16).

[ 0066]
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Next, the threshold setting unit 57b sets (changes) the
t hreshol d based on t he di scharge detectiontinerecordedinthe
recordi ng neans (nmenory) (S17). Wth this, as the threshold
Tth based on the discharge detection tine when discharge is
normal is taken as a reference value of determ nation, it is
possi bl e t o det er mi ne whet her or not di scharge i s abnormal with
a hi gh degree of accuracy.

[ 0067]

Specifically, for exanple, thethresholdsettingunit 57b
reads the di scharge detectiontine fromthe nenory (recording
neans), and sets (changes) the di scharge detectiontine as the
threshold Tth. Finally, thethreshold setting unit 57b wites
and record the set (changed) threshold Tth in the nenory
(recordi ng neans).

[ 0068]

Al ternatively, for exanple, the threshold setting unit
57b can read nost recent (newest) pi eces of di scharge detection
ti me of apredet erm nednunber fromthe menory (recordi ng neans)
and cal cul ate an average val ue of the pieces of discharge
detection tinme of the predeterm ned nunber. Inthis case, the
threshold setting unit 57b sets (changes) the cal cul ated
average value as the threshold Tth. Finally, the threshold
settingunit 57b wites and record the set (changed) t hreshol d
Tthinthe nenory (recording neans). Wththis, the threshold

Tt h based on the nost recent (newest) pieces of the discharge
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detection tine of the predeterm ned nunber when di scharge is
normal is taken as the reference val ue of determ nation.
Theref ore, even when the di scharge detection tinme for normnal
di scharge changes (shifts) due to deterioration of the torch
el ectrode 48, for exanple, it is possibleto determ ne whet her
or not discharge is abnormal with a high degree of accuracy.
[ 0069]

After a step in S17, the threshold setting unit 57b
term nates the di scharge exam nation process S10.
[ 0070]

In contrast, if discharge is abnormal as a result of
determ nation in S15, the signal output unit 57c outputs an
abnormal di scharge signal tothe controller 80 (S18). Asthis
allows to stop operation of the wire-bonding apparatus 1, it
I s possible to prevent wire bonding frombeing perfornmed with
a ball being unforned or renaining defective.

[0071]

After astepin S18, the signal output unit 57c term nates
t he di scharge exam nation process S10.

[ 0072]

I nthisenbodi nent, the exanpl ei nwhichthesignal out put
uni t 57c out puts an abnormal di scharge signal tothecontroller
80 when discharge is abnormal is described, but the present

inventionis not limtedto such an exanple. For exanple, the
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signal out put unit 57c can al so out put a nornmal di schar ge si gna
to the controller 80 when di scharge is nornmal.
[ 0073]

As descri bed above, according to this enbodi nent, by
det er mi ni ng whet her or not di scharge i s abnormal based on t he
di scharge detectiontine after application of avoltage before
a discharge current is detected, it is possible to determ ne
t he di scharge i s abnormal when di scharge i s produced in a case
I n which as shown in Fig. 4(B) or Fig. 4(c), either the tip of
the wire 42 does not extend at all fromthe bondi ng tool 40,
or the wire 42 extending fromthe bonding tool 40 is either
shorter or | onger thanthe predeterm nedlengthLl. Therefore,
inthe case inwhichnoball is formed or a desired ball is not
formed at thetipof thewre 42, it is possible to prevent the
Wi r e- bondi ng apparatus 1 fromperform ngw re bondi ng, and t hus
to reduce the percent defective (inprove the yield rate) of
sem conduct or devi ces.

[ 0074]

It should be noted that the present invention is not
limted to the above enbodi nent, and can be applied with
nodi fication in various manners.

[ 0075]

Furt her, the exanpl es and t he applications descri bed by

way of the above enbodi nent of the present invention can be

conbi ned, nodified, or inproved for nmany purposes as needed,
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and t he present inventionisnot limtedtothe above enbodi ment
It shoul d be appreci ated fromt he appended cl ai ns t hat aspects
wi t h such a conbi nati on, nodification, andi nprovenent can al so

be included in the techni cal scope of the present invention.

Ref erence Si gns Li st

[ 0076]

1. wire-bondi ng apparat us

40: bondi ng tool (capillary)

42: wWre

48: torch el ectrode

50: di scharge exam nation device
53: current detection unit

56b: timer unit

57a: discharge determ nation unit

S10: di scharge exani nati on process
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CLAI M5

1. A discharge exam nation device for exam ning
di scharge of a w re-bondi ng apparatus that applies a voltage
bet ween an el ectrode and a wire to procure the discharge
t her ebet ween, the device conpri sing:

acurrent detectionunit configuredto detect adischarge
current flow ng through the wre;

a tinmer unit configured to neasure di scharge detection
time after application of the voltage before detection of the
di scharge current; and

a di scharge determ nation unit configured to determ ne
whet her or not t he di scharge i s abnormal based on t he di scharge

detection tine.

2. The di scharge exam nati on devi ce according to claim
1, wherein

t he di scharge determ nation unit determ nes whet her or
not t he di scharge detectiontineis out of apredeterm nedrange
based on a threshold, and determ nes that the discharge is
abnormal when the discharge detection tine is out of the

predet erm ned range.

3. The di scharge exam nati on devi ce according to claim

2, wherein
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t he di scharge determ nati on unit causes recordi ng means
to record the discharge detection tinme if the discharge is
determ ned to be not abnormal, and

the device further conprises: a threshold setting unit
configuredtoset thethreshol d bbasedonthe di scharge detection

time recorded in the recordi ng neans.

4. The di scharge exam nati on devi ce according to claim
3, wherein

the threshold setting unit sets the threshol d, when t he
di scharge detection tine is recorded in the recordi ng neans,
based on a predeterm ned nunber of pieces of the discharge

detection tine that are nost recently recorded.

5. The di scharge exam nati on devi ce according to claim
2, further conpri sing:

a signal output unit configured to output a discharge
abnormal signal to the wi re-bondi ng apparatus when the
di scharge determ nati on unit has determ ned t hat t he di schar ge
i s abnornmal, the di scharge abnornmal signal indicatingthat the

di scharge i s abnornal .

6. The di scharge exam nati on devi ce according to claim

1, further conpri sing:
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avol tage detectionunit configuredto detect the voltage
wherein

t he di scharge determ nation unit determ nes whet her or
not t he di scharge i s abnormal based on t he di scharge detection

time and the voltage.

7. A wre-bondi ng apparatus conpri sing:
t he di scharge exani nation device according to one of

clains 1 to 6.

8. Adi scharge exam nati on net hod of exam ni ng di schar ge
of a wire-bondi ng apparatus that applies a voltage between an
el ectrode and awire to procure the di scharge t herebet ween, the
met hod conpri sing:

a current detecting step of detecting a discharge
current flow ng through the wre;

atimer step of neasuring di scharge detectiontine after
application of the voltage before detection of the discharge
current; and

a di scharge determ ning step of determ ni ng whet her or
not the di scharge i s abnormal based on t he di scharge detection

tinme.



