DESCRI PTI ON
Title of Invention
BALL FORM NGDEVI CE, W RE- BONDI NG APPARATUS, AND BALL FORMATI ON

VETHOD

Technical Field
[ 0001]
Aspects of the present inventionrelatestoaball form ng

devi ce, a wi re-bondi ng apparatus, and a ball fornati on net hod.

Background Art
[ 0002]

In a nethod of fabricating sem conductor devices, wire
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 exanple. Typical exanpl es of wi re bondi ng
i nclude a so-called ball bonding nethod. Specifically,

di scharge i s produced between an el ectrode and atip of awire
i nsertedthroughabondingtool (e.g., capillary) toforma ball
at thetipof thewire. Then, the bondingtool is noved downward
toward an el ectrode of a sem conductor device, and the bal |l of
the wire is bonded onto the el ectrode of the sem conductor
device after applying a |load and ultrasonic vibration to the
bal | .

[ 0003]



As a wi re-bondi ng apparatus enploying 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 duri ng
bal | formati on based on a di scharge voltage and a di scharge
current generated between an el ectrode andatipof awirewth
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, accordingtotheconventional w re-bondi ng
apparatus, a ball having a predeterm ned di aneter (dianeter)
is forned at atip of a wre while a constant current control
is performed such that a current between an el ectrode and t he
tip of the wire takes a constant current val ue.

[ 0006]

However, as in a ball formation nmethod using the
conventi onal wi re-bondi ng appar at us, dependi ng on materi al s of
the wire, supplying a current of a constant current val ue

between the el ectrode and the tip of the wwre oftenresults in



formati on of defornmed balls including deformati on such as

bubbl es, shrinkage cavities, and eccentricity.

Summary of I nvention
Techni cal Probl em
[ 0007]

Aspects of the present invention have been nade in view
of the above probl ens, and one obj ect of the present invention
istoprovide aball form ng device, a wi re-bondi ng appar at us,
and a ball formation nethod that are capabl e of suppressing
formati on of deformed balls.

Solution to Probl em
[ 0008]

A ball form ng device according to one aspect of the
present inventionis a ball form ng device for form ng a bal
at atip of awre by produci ng di scharge between an el ectrode
and the tip of thewre, the device including: acurrent supply
unit configured to supply a ball-form ng current between the
el ectrode and the tip of the wire; and a current control unit
configuredto control the current supply unit, sothat a signal
of theball-formngcurrent for apredeterm ned periodincl udes
afirst periodinwhichthesignal takes a predeterm ned current
val ue and a second period including a triangle wave.

[ 0009]



According to the ball form ng device, the second period
canincludeatriangl ewave wi t h a predet er m ned maxi numcur r ent
val ue and a predeterm ned m ni num current val ue.

[ 0010]

According to the ball form ng device, the second period
can include a triangle wave whose current val ue gradually
decreases over tine.

[ 0011]

According to the ball formng device, the wire can be
constituted froma material of a plurality of netals.
[0012]

A wi re-bondi ng appar atus accordi ng to one aspect of the
present invention includes the ball form ng device descri bed
above.

[ 0013]

A ball formation method according to one aspect of the
present inventionis a ball formati on nmethod of form ng a ball
at atip of awre by produci ng di scharge between an el ectrode
and the tipof thewre, the nethod including: acurrent supply
step of supplying aball-form ng current between the el ectrode
and the tip of the wire, wherein a signal of the ball-form ng
current for a predeterm ned period includes afirst periodin
whi ch the signal takes a predeterm ned current value and a
second period including a triangle wave.

Advant ageous Effect of Invention



[ 0014]

According to the present invention, the signal of the
bal | -form ng current for the predeterm ned periodincludesthe
first period in which the current takes the predeterm ned
current value. Wth this, the predeterm ned current valueis
suppl i ed between the el ectrode and the tip of the wire for the
first period, andthereforeit is possibletosuppressvariation
in the diameter (dianeter) of the ball, and to forma ball of
a predeterm ned dianeter (dianeter) at the tip of the wre.
Further, the signal of the ball-formng current for the
predet erm ned period further includes the second period
containing a triangle wave. Wth this, nelting (fusion) and
solidification are repeatedly performed over a surface of the
ball formed during the first period due to the ball-form ng
current of the triangle wave, and thus surface tension is
produced for a plurality of tines. Therefore, it is possible
to flatten irregularity and deformation of the surface.
Therefore, it is possible to stably formthe ball with a
predet erm ned di aneter (dianeter), and to suppress fornation
of a deforned ball such as a bubble, a shrinkage cavity, and

eccentricity.

Brief Description of Draw ngs

[ 0015]



Fig. 1 is a schematic configurational diagramfor
illustrating one exanpl e of a w re-bondi ng appar at us accor di ng
to this enbodi nent.

Fig. 2 is a schematic configurational diagramfor
il lustrating one exanpl e of a ball form ng device accordingto
t hi s enbodi nent.

Fig. 3 is a flowhart showi ng one exanple of a bal
formati on net hod according to this enbodi nent.

Fig. 4is agraphof acurrent signal for the conventi onal
bal |l formation nethod.

Fig. 5(A) through Fig. 5(D) are diagrans illustrating a
ball fornmed at a tip of a wre.

Fig. 6isatinechart of one exanpl e of the ball formation
nmet hod according to this enbodi nent.

Fig. 7 is a time chart of another exanple of the bal

formati on nethod according to this enbodi nent.

Descripti on of Enbodi nents
[0016]

Her ei nafter, an enbodi nent of the present inventionw |
be described. In the appended draw ngs, |like or identica
conponents are denoted by | i ke or i dentical 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. 1t should al so



be under stood that 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”.
[0017]

Fig. 1 through Fig. 7 are provided for illustrating one
enbodi nent of a ball form ng devi ce, a w re-bondi ng appar at us,
and a bal | formati on met hod accordingtothe present i nvention.
Fig. 1is aschematic configurational diagramfor illustrating
one exanple of the wire-bondi ng apparatus according to this
enbodi nent. A wi re-bondi ng apparatus 1 according to this
enbodi nent is an apparatus used for perform ng wi re bondi ng.
The wi re- bondi ng apparatus 1 i ncludes a ball form ng devi ce 50
according to this enbodi nent.

[ 0018]

Referring to Fig. 1, the wire-bondi ng apparatus 1
i ncludes an XY driving nmechanism 10, a bonding arm 20, an
ul trasoni c horn 30, a bondi ng tool 40, the ball form ng device
50, an ultrasonic vibrator 60, and a controller 80.

[ 0019]
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).

[ 0020]

The bonding arm20 i s supported by a shaft pivot 14, and
configured swi ngably with respect to the XY driving nechani sm
10. The bonding arm20 is provided in a substantial cuboid so
as to extend fromthe XY driving mechani sm10, and confi gured
to, during wire bondi ng, nove to a position at a predeterm ned
di stance f roma bondi ng st age 16 on whi ch a sem conduct or devi ce
100 as a bonding target is placed.

[ 0021]

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 transnmtted 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.

[ 0022]

The bonding tool 40 is a tool through whichawre 42 1is
i nserted. One exanple of the bonding tool 40 is a capillary
having an insertion hole. In this case, the bonding tool 40

i s configuredsuchthat thew re 42 usedfor bondingisinserted



t hrough the insertion hole of the bonding tool 40, so that a
part of the wire 42 can be fed froma end of the bonding too
40. The bonding tool 40 is attached to the ultrasonic horn 30
in a replaceabl e manner by strength of a spring or the |iKke.
Further, a wire clanper 44 i s provi ded above t he bondi ng t ool
40. The wire clanper 44 is configured to hold and rel ease t he
wired2at predetermnedtimng. Further abovethew recl anper
44, awire tensioner 46 is provided. The wire tensioner 461is
configuredtoinsert thew re 42 and apply an appropri at e degr ee
of tension to the wire 42 during bondi ng.

[ 0023]

Amaterial of the wre 42 can be sel ected as needed based
on condi ti ons such as workability and | owel ectrical resistance,
and exanpl es of such a material to be used i nclude gold (Au),
copper (Cu), and silver (Ag). It should be noted that the
material of the wire 42 is not limtedto a single netal, and
a material containing a plurality of nmetals such as
copper - pal | adi um (Cu-Pd) can be used.

[ 0024]

A torch electrode 48 is an el ectrode for producing a
di scharge (spark). The torch electrode 48 is configuredto be
able to forma ball 43 at atip of the wire 42 (one end) feed
fromthe end of the bonding tool 40 using heat of discharge.
Further, a positionof thetorchelectrode 48is fixed. During

di scharge, the bonding tool 40 noves to a position at a



predet erm ned di stance fromthe torch el ectrode 48 to produce
an appropri ate degree of di scharge between the torch el ectrode
48 and the tip (one end) of the wire 42.
[ 0025]
The ball form ng device 50 is a device that is usedin the bal
formati on nmet hod according to this enbodi nent. Further, the
bal | form ng devi ce 50 andthe controller 80 are configuredsuch
that signal transm ssion therebetween i s possible so that one
of themis able to actuate or stop a function of the other.
[ 0026]

The control |l er 80i s connectedtothe XYdrivingnechani sm
10, the Z driving nechanism 12, the ultrasonic horn 30 (the
ultrasoni c vibrator 60), and the ball form ng device 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
ultrasoni c horn 30 (the ultrasonic vibrator 60), and t he bal
form ng device 50.
[0027]
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

conmponents, an operator is able to input necessary contro

10



i nformati on through the operation unit 82 while confirmng a
screen using the display unit 84. The controller 80 can be
confi gured as a conmput 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.
[ 0028]

Fig. 2 is a schematic configurational diagramfor
il lustrating one exanpl e of the ball form ng devi ce accordi ng
tothis enbodi nent. The ball form ng device 50is a device for
formng the ball 43 at thetip of the wre 42. As illustrated
inFig. 2, theball form ng device 50 i ncludes a source circuit
51 and a control circuit 55.
[ 0029]

The sourcecircuit 51isacircuit for produci ng di scharge,
as well as for detecting an electrical signal related to
di scharge. Thesourcecircuit 51is, for exanple, alinear-type
source circuit that generates a voltage and a current that are
stable and with | ess fluctuation. The source circuit 51
i ncl udes a vol tage generationunit 52, acurrent detectionunit
53, and a current supply unit 54.
[ 0030]

The vol tage generation unit 52 is a unit for generating
a voltage. The voltage generation unit 52 is connected to the
control circuit 55, and gener at es a pr edet er mi ned hi gh vol t age,

e.g., a high voltage up to about 5000 [V], based on a control

11



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 tip (one end) of the wire 42 fed fromthe bondi ng tool
40. The voltage generation unit 52 is configuredto apply the
gener ated predeternm ned hi gh voltage between the torch
el ectrode 48 and the tip of thewire 42. Wth this, discharge
i s produced between the torch el ectrode 48 and the tip of the
wre 42.
[ 0031]

The vol tage generation unit 52 can be configured to
i nclude a constant-voltage circuit and a booster transforner
(transforner), for exanple. In this case, the voltage
generationunit 52 gener at es a const ant hi gh vol t age val ue based
on feedback control in which a part of a voltage output from
the constant-voltage circuit and boosted by the booster
transforner i s again fed back to the constant-voltage circuit.
As t he booster transforner, alinear-output transfornmer having
bot h a const ant vol t age functi on and a constant current function
is used, for exanple.
[ 0032]

The current detection unit 53 is a unit for detecting a
current, and connected to the torch el ectrode 48. The current
detection unit 53 is also connected to the control circuit 55,

and configured to output a detection signal of a discharge

12



current tothe control circuit 55 upon fl ow ng of the di scharge
current between the torch el ectrode 48 and the wire 42 due to
di schar ge.

[ 0033]

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.

[ 0034]

The current supply unit 54 is a unit for supplying a
current, and connected to the torch el ectrode 48 and t he ot her
end of thewire 42. Thecurrent supplyunit 54is al soconnected
to the control circuit 55, and is configured to supply a
bal | -form ng current, whichis a current for form ng the bal
43, between the torch el ectrode 48 and the tip of the wwre 42
based on the control signal fromthe control circuit 55.

[ 0035]

The current supply unit 54 can be configured to include
a constant-current circuit and a booster transforner
(transforner), for exanple. In this case, the current supply
unit 54 supplies a current of a constant current val ue out put
fromthe constant-current circuit and boosted by t he booster

transforner. As the booster transforner, a |inear-output

13



transfornmer having both a constant voltage function and a
constant current function is used, for exanple, and can be
shared with the voltage generation unit 52.

[ 0036]

The control circuit 55 is a circuit for controlling
di scharge. The control circuit 55 includes interfaces (not
shown) for signal transm ssionw ththeconponents of the source
circuit 51 descri bed above such as the vol t age generati on unit
52, the current detectionunit 53, and the current supply unit
54. Thecontrol circuit 55al soincludes avoltage control unit
56 and a current control unit 57. The control circuit 55 is
configured to allow signal transm ssion between the voltage
control unit 56 and the current control unit 57.

[ 0037]

The vol tage control unit 56is aunit for controllingthe
vol tage generation unit 52 for generating a voltage. The
vol tage control unit 56 is configured to be able to control a
vol t age generated by the vol tage generation unit 52, such as
start (on), end (off), and a val ue of the voltage, as well as
a time (period) during which the voltage value is applied.

[ 0038]

For exanpl e, the voltage control unit 56 outputs, to the
vol tage generation unit 52, a voltage-application-start
control signal for startingapplicationof apredeterm ned high

vol tage (on signal) based on a control signal fromthe

14



controller 80. Further, for exanple, the voltage control unit
56 outputs, to the voltage generation unit 52, a

vol t age- appl i cati on-end control signal for stopping
application of the predeterm ned high voltage (off signal)
based on a detection signal of the discharge current fromthe
current detection unit 53.

[ 0039]

The current control unit 57is aunit for controllingthe
current supply unit 54 for supplying a current. The current
control unit 57 is configured to be able to control a
bal | -form ng current supplied by the current supply unit 54,
such as start (on), end (off), and a val ue of the current, and
time (period) for supply the current val ue.

[ 0040]

For exanpl e, the current control unit 57 outputsacontro
signal to the current supply unit 54, so as to supply a
bal | -form ng current betweenthetorchelectrode 48 andthetip
of thewire 42 for a predeterm ned peri od, based on a detecti on

si gnal of the di scharge current fromthe current detection unit

53.
[0041]

Further, the current control unit 57 can be configured
to include a pul se generator, for exanple. In this case, the

current control unit 57 outputs a pul se signal as the control

signal tothe current supply unit 54. The current control unit

15



57 is able to set an output value (anplitude), tinme (wdth),
and a cycl e of the pul se signal to predeterm ned values. The
out put value (anplitude), the tinme (width), and the cycl e of
t he pul se signal are set, for exanple, based on of a dianeter
of thewire 42, amaterial of thewire 42 (material), adianeter
of the ball 43 (dianeter) to be formed, and the Iike.

[0042]

In this enbodi nent, the exanple in which a detection
si gnal of the di scharge current fromthe current detection unit
53isinput tothevoltagecontrol unit 56 andthecurrent control
unit 57 i s descri bed, but the present inventionis not limted
to such an exanple. For exanple, it is possible to enploy a
configuration in which a detection signal of the discharge
current fromthe current detectionunit 53isinput onlytothe
vol tage control unit 56, and the voltage control unit 56 then
transmts the i nput detection signal of the discharge current
to the current control unit 57. Further, the ball formng
device 50 canincludeaunillustratedswitchingcircuit (switch
circuit) configured to switch connection between the voltage
control unit 56 and the current control unit 57 and each of the
conponents of the source circuit 51 descri bed above, based on
t he detection signal of the discharge current fromthe current
detection unit 53. In this case, before the detection signal
of thedi schargecurrent isinput, theswitchingcircuit (switch

circuit) electrically connects between t he vol tage generati on

16



unit 52 and the voltage control unit 56, but electrically

di sconnects the current supply unit 54 fromt he current contr ol
unit 57. Then, upon input of the detection signal of the

di scharge current, the switching circuit (switch circuit)

el ectrically disconnects the voltage generation unit 52 from
t he voltage control unit 56, but el ectrically connects between
the current supply unit 54 and the current control unit 57.
[ 0043]

Next, the nmethod of formng aball at thetipof thewre
will be described wth reference to Fig. 3 through Fig. 7.

[ 0044]

Fig. 3 is a flowhart showi ng one exanple of the bal
formati on nmet hod according to this enbodi nent. Referring to
Fig. 3, upon starting of a ball formation process S10, first,
the vol tage control unit 56 out puts avol t age-application-start
control signal (on signal) to the voltage generation unit 52,
and the voltage generation unit 52 starts application of a
predet erm ned hi gh vol tage between the torch el ectrode 48 and
the tip of the wire 42 (S11).

[ 0045]

Next, the voltage control unit 56 determ 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 (S12), and repeats the step in S12 until a di scharge

current i s detected.

17



[ 0046]

If a discharge current is detected as a result of
determination in S12, the voltage control unit 56 outputs a
vol t age- appl i cati on-end control signal (off signal) to the
vol t age generation unit 52, and the vol tage generati on unit 52
t hen st ops application of a predeterm ned hi gh vol t age bet ween
the torch electrode 48 and the tip of the wwre 42 (S13). 1In
addition, the current control unit 57 outputs a control signal
to the current supply unit 54, and the current supply unit 54
then supplies a ball-formng current between the torch
el ectrode48andthetipof thewire42for apredeterm nedperiod
(S14).

[ 0047]

After the step in S14, the current control unit 57 ends
the ball formation process S10.
[ 0048]

Now, a conventional ball formation nethod will be
descri bed for conpari son.
[ 0049]

Fig. 4is agraphof acurrent signal for the conventi onal
ball formation nmethod. As shown in Fig. 4, according to the
conventional ball formationnethod, at tinmetl, after di scharge
i s produced between the torch el ectrode 48 and the tip of the

wWire 42, a current of a constant current value i0 is supplied

18



bet ween the torch el ectrode 48 and the tip of the wire 42 for
a predeterm ned period Tj.
[ 0050]

Fig. 5 shows diagrans illustrating a ball formed at the
tipof thewire; Fig. 5(A) isadiagramillustrating one exanple
of anormal ball, Fig. 5(B) isadiagramillustrating one exanpl e
of adefornmedball, Fig. 5(C) is adiagramillustrating anot her
exanple of a deforned ball, and Fig. 5(D) is a diagram
illustrating yet another exanple of a deforned ball. By
supplying a current between the torch el ectrode 48 and the tip
of thew re 42 after production of di scharge, the ball 43 havi ng
a predeterm ned di aneter (dianeter) D, for exanple, is forned
at the tip of the wire 42, as shown in Fig. 5(A). The ball 43
is in a spherical shape or a substantial spherical shape, and
considered to be a normal ball (normal ball).

[ 0051]

In contrast, in the conventional ball formation nethod
shown in Fig. 4, if the material of the wire 42 is copper (Cu)
or the |ike, for exanple, a bubble 43a can often be produced
on a surface of the ball 43 due to discharge as shown in Fig.
5(B). Further, intheconventional ball formati on net hod shown
inFig. 4, if thematerial of wwre 42is copper-pal | adi um( Cu- Pd)
or thelike, for exanple, and if the surface of the ball 43 has
a portion at which concentration of palladium(Pd) is high, a

shrinkage cavity 43b canoftenbeformedat this portionas shown
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in Fig. 5(C). Simlarly, in the conventional ball formation
met hod shown in Fig. 4, if the material of wire 42 is
copper-pal l adium (Cu-Pd) or the like, for exanple, a gravity
center of the ball 43 can possibly displace fromits center of
rigidity and thus eccentricity occurs as shown in Fig. 5(D).
In the cases of Fig. 5(B) and Fig. 5(D), while it is possible
toformthe ball 43 with a predeterm ned di aneter (dianeter),
t he shape of the ball is deformed froma spherical shape or a
subst anti al spherical shape, and therefore the ball 43 is
consi dered to be a bal | havi ng a def or med shape (deformed bal |) .
[ 0052]

Fig. 6isatinechart of one exanpl e of the ball formation
nmet hod according to this enbodinent. |In practice, it is
possiblethat thereisatinelag(tinelag) intheball-formng
current supplied by the current supply unit 54 with respect to
a si gnal out put fromthe current control unit 57. However, for
sinmplicityof illustration, Fig. 6 assunes that thereisnotine
lag (tinme |l ag) unless clearly observed. This also applies to
the follow ng description. In the ball formation nethod
according to this enbodi nent, as shown in Fig. 6, at tinme to,
the vol tage control unit 56 out puts avol tage-application-start
control signal (on signal) to the voltage generation unit 52,
and t he vol tage generation unit 52 then starts application of
a predet erm ned hi gh vol t age bet ween t he torch el ectrode 48 and

thetipof thewire42. Then, after apredeterm nedtine el apses,
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at timetl, dischargeis produced and a di scharge current fl ows
between the torch el ectrode 48 and the tip of the wire 42. At
this time, if the current detection unit 53 detects the

di scharge current and outputs the detection signal of the
di schargecurrent, thecurrent control unit 57 outputs acontro
signal to control the current supply unit 54, and t he current
supply unit 54 suppliesaball-form ngcurrent betweenthetorch
el ectrode48andthetipof thewire42for apredeterm nedperiod
Tb.

[ 0053]

More specifically, the current control unit 57 outputs
a pul se signal of a predeterm ned out put val ue (predeterm ned
anplitude) tothe current supply unit 54 for tinme (period) from
timet2totinmet3. The current supply unit 54 supplies, based
onthis pul se signal, aball-form ng current of a predetermn ned
current value i 1 between the torch el ectrode 48 and the tip of
the wire 42 for tinme (period) fromtinme t2totinme t3. Here,
one exanpl e of the predeterm ned current value il is about 40
[mA] .

[ 0054]

Next, at tinme t3, the current control unit 57 outputs a
pul se signal of a predeterm ned output val ue (predeterm ned
anplitude) and a predeterm ned tinme period (predeterm ned
width) to the current supply unit 54. This pulse signal is

output for a plurality of tinmes (a plurality of pulses are
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output) for tine (period) fromtime t3 to tine t4. Based on
the pul se signals of the plurality of tinmes (the plurality of
pul ses), the current supply unit 54 supplies a ball-form ng
current between the torch el ectrode 48 and thetip of thewire
42. Theball-form ngcurrent has atriangl e wavef orm(wavef or m
of atriangle wave) inwhichacurrent value rises (increases)
and drops (decreases) repeatedly. The triangle wave has
predeterm ned anplitude with a maxi mumcurrent value i 2 and a
m ni mum current value i3, for exanple. Here, one exanpl e of
the maxi mumcurrent value i 2 is about 50 [ m], and one exanpl e
of the m nimumcurrent value i3 is about 30 [mA].

[ 0055]

It should be noted that, the term“triangl e wave” in the
present applicationrefers to a waveformhaving triangle or a
triangul ar shape, and includes a nearly triangle wave, an
approxi mate tri angl e wave, and a substantial triangl e wave, as
well as a sawtooth wave (sawtooth wave). Therefore, it is
obvious that theterm“triangl ewave” i nthe present application
is not limted to a triangle wave in a strict sense (narrow
sense).

[ 0056]

Next, at tinmet4, thecurrent control unit 57 stops (ends)
outputting the pulse signal, and the current supply unit 54
supplies aball-form ng current between the torch el ectrode 48

and the tip (one end) of the wire 42 while the current val ue
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decreasesfromtinet4totinet5. Then, at tinet5, thecurrent
supply unit 54 stops (ends) supply of the ball-form ng current
bet ween the torch el ectrode 48 and the tip of the wire 42, and
thus the ball 43 is fornmed at the tip of the wire 42. Here,
one exanpl e of thetine (period) fromtinetOtotinmet5is about
100 psec.

[ 0057]

Here, as shown in Fig. 6, the signal of the ball-form ng
current for time (period) fromtinet2totinet5, that is, the
predeterm ned period Tb, includes tine (period) fromtine t2
totime t3, that is, afirst period Thl, in which the current
takes the predeterm ned current value il. Wth this, the
predeterm ned current value il is supplied between the torch
el ectrode 48 and the tip of the wire 42 for the first period
Tbhl, and therefore it is possible to suppress variationinthe
di aneter (diameter) of the ball, and to forma ball of a
predeterm ned di aneter (dianeter) at the tip (one end) of the
wWre 42.

[ 0058]

Further, as showninFig. 6, thesignal of theball-form ng
current for the predeterm ned period Thb further includes tine
(period) fromtimet3totinet5, that is, a second period Tb2,
containing a triangle wave. Wth this, nelting (fusion) and
solidification are repeatedly perforned over a surface of the

bal | formed duringthe first period Tbl duetothe ball-formng
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current of the triangle wave, and thus surface tension is
produced for a plurality of times. Therefore, it is possible
to flatten irregularity and deformation of the surface.

[ 0059]

It should be noted that, the wire 42 is preferably
constituted froma material of a plurality of nmetals, such as
copper-palladium (Cu-Pd). In this case, even if the surface
of the ball fornmed during the first period Thl has a portion
at which concentration of palladium(Pd) is high, palladium
Pd) is diffused into copper (Cu) when the surface of the bal
ismelted (fused) by theball-form ngcurrent of atriangl e wave
in the second period Th2. Therefore, it is possible to
uni form ze concentration of pall adi um(Pd) over the surface of
theball, andtoeffectivelysuppress formationof theshrinkage
cavity 43b shown in Fig. 5(C).

[ 0060]

Fig. 7 is a time chart of another exanple of the bal
formati on nmet hod according to this enbodinent. Simlarly to
t he exanple shown in Fig. 6, unless clearly observed, Fig. 7
assunes that thereisnotinmelag (tinelag) intheball-formng
current supplied by the current supply unit 54 with respect to
a signal output fromthe current control unit 57. This also
applies to the follow ng description. Further, the tine
(period) fromtinetOtotinet3includingthe first period Thl

isthesanmeasinFig. 6, andthereforedescriptionof thisperiod
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shall be omtted. As shownin Fig. 7, at tine t3, the current
control unit 57 outputs a pul se signal of a predeterm ned tine
period (predeterm ned width) to the current supply unit 54.
Thi s pul sesignal isoutput for apluralityof times (aplurality
of pul ses are output) for tinme (period) fromtine t3 to tine
t4. The plurality of pulses have different output val ues
(anplitude), respectively, andthese out put val ues (anplitude)
decrease over tinme. Basedonthe pul sesignalsof theplurality
of times (the plurality of pulses), the current supply unit 54
supplies aball-form ng current between the torch el ectrode 48
and the tip of the wire 42. The ball-form ng current has a
triangl e waveform (waveform of a triangle wave) in which a
current value rises (increases) and drops (decreases)
repeatedly. The current value of this triangle wave gradual |y
decreases over tine.

[ 0061]

At tinme t4, the current control unit 57 stops (ends)
outputting the pul se signal, and the current supply unit 54
supplies aball-form ng current between the torch el ectrode 48
and the tip (one end) of the wire 42 while the current val ue
decreasesfromtinet4totinet5. Then, at tinet5, thecurrent
supply unit 54 stops (ends) supply of the ball-form ng current
bet ween the torch el ectrode 48 and the tip of the wire 42, and
thus the ball 43 is fornmed at the tip of the wire 42.

[ 0062]
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Here, as shown in Fig. 7, the signal of the ball-form ng
current for the predeterm ned period Th i ncl udes ti me (peri od)
fromtine t3 totinme t5 containing a triangle wave, that is,
t he second period Th2, and the current value of this triangle
wave decreases over tinme. Wth this, nelting (fusion) and
solidification are repeatedly performed over a surface of the
bal | fornmed duringthe first period Thl due to the ball-form ng
current of the triangle wave, and thus surface tension is
produced for a plurality of times. Therefore, it is possible
to flatten irregularity and deformation of the surface. In
addition, the ball liquefied in the first period Thl is
gradual ly cool ed as the current value of this triangle wave
decreases over tine, and therefore it is possible to formthe
bal | 43 having a shape of a true sphere or a substantial true
sphere.

[ 0063]

Thi s enbodi nent descri bes t he exanpl e i nwhichthe second
period Th2 shown in Fig. 6 includes a triangle wave with the
predet erm ned maxi numcurrent value i 2 and the predeterm ned
m ni mumcurrent value i 3, and the exanple in which the second
period Tbh2 showninFig. 7includesatriangl e wave whose current
val ue decreases over tine. However, the present inventionis
not limtedto these exanples. For exanple, the second peri od
Tb2 can include both a triangle wave with the predeterm ned

maxi mum current val ue and the predeterm ned m ni mum current
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val ue, and a triangl e wave whose current val ue decreases over
tinme.
[ 0064]

As descri bed above, according to this enbodi nent, the
signal of theball-form ngcurrent for the predeterm ned peri od
Tb i ncludes the first period Thl in which a current takes the
predeterm ned current value il as showmn in Fig. 6 and Fig. 7.
Wth this, the predeterm ned current value il is supplied
between the torch el ectrode 48 and the tip of the wire 42 for
the first period Thl, and therefore it is possible to suppress
variation in the dianeter (dianeter) of the ball, and to form
a ball of a predeterm ned di aneter (dianeter) at the tip (one
end) of the wire 42.

Further, as shown in Fig. 6 and Fig. 7, the signal of the
bal | -form ng current for the predeterm ned period Thb further
i ncl udes t he second peri od Tb2 containingatriangl ewave. Wth
this, nelting (fusion) and solidification are repeatedly
performed over a surface of the ball formed during the first
period Thl duetotheball-formngcurrent of thetriangl ewave,
and thus surface tensionis produced for a plurality of tines.
Therefore, it is possible to flatten irregularity and

def ormati on of the surface. Therefore, as showmnin Fig. 5(A),
it is possibleto stably formthe ball 43 with a predeterm ned

di aneter (dianmeter) D, and to suppress formati on of a def orned
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ball| such as the bubble 43a, the shrinkage cavity 43b, and
eccentricity as shown in Fig. 5(B) through Fig. 5(D)
[ 0065]

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

[ 0066]

Further, the exanpl es and the applications descri bed by
way of the above enbodi nent of the present invention can be
conbi ned, nodified, or inproved for many purposes as needed,
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 technical scope of the present invention.

Ref erence Si gns Li st

[ 0067]

1. wire-bondi ng apparatus
42: wWre

43: bal

48: torch el ectrode

50: ball form ng device
54: current supply unit
57: current control unit

S10: ball formation process
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CLAI M5

1. Aball formng device for formng a ball at atip of
a wi re by produci ng di scharge between an el ectrode and the tip
of the wire, the device conpri sing:

acurrent supply unit configuredtosupply aball-formng
current between the electrode and the tip of the wire; and

acurrent control unit configuredto control the current
supply unit, so that a signal of the ball-form ng current for
a predeterm ned period includes a first period in which the
signal takes a predeterm ned current val ue and a second peri od

including a triangle wave.

2. The ball form ng device accordingtoclaiml, wherein
the second period includes a triangle wave having

predet erm ned anplitude.

3. The ball form ng device accordingtoclaiml, wherein
t he second period includes atriangl e wave whose current

val ue gradual ly decreases over tine.

4. The ball form ng devi ce accordingto clai m2, wherein
t he second period includes atriangl e wave whose current

val ue gradual | y decreases over tine.
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5. The ball form ng device accordingtoclaiml, wherein
the wire is constituted froma material of a plurality

of netals.

6. A w re-bondi ng apparatus conprising:

the ball form ng device according to claiml.

7. A ball formation nethod of formng a ball at atip
of a wire by produci ng di scharge between an el ectrode and t he
tip of the wire, the nethod conprising:

acurrent supply step of supplyingaball-form ngcurrent
between the electrode and the tip of the wire, wherein

a signal of the ball-formng current for a predeterm ned
period includes a first period in which the signal takes a
predeterm ned current value and a second period including a

triangl e wave.
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