BONDI NG APPARATUS AND BONDI NG TOOL CLEANI NG METHOD
BACKGROUND OF THE | NVENTI ON
1. Technical Field
[ 0001]

The present invention relates to a bondi ng apparatus
having a feature of cleaning a tip portion of a bondi ng tool
and al so to a bonding tool cleaning nethod.

2. Related Art
[ 0002]

In sem conductor device manufacturing processes, a
bondi ng apparatus is used to connect pads on a sem conduct or
die placed on a |l ead frane and | eads on the |l ead franme. Such
a bondi ng appar at us i ncl udes a bondi ng t ool cal |l ed wedge t ool
or capillary andis arrangedto useawre insertedthroughthe
bondi ng tool to bond t he pads on the sem conductor die and t he
| eads on the |ead frane.

[ 0003]

The nore t he nunber of wires connected, the nore foreign
matters adhereto atip portion of the bondi ngtool andthe nore
I nconveni ences are likely to occur in bonding. In order to
reduce such inconveniences, there has been developed a
technique for cleaning foreign matters adhering to the tip
portion of the bonding tool.

[ 0004]

Japanese Unexam ned Pat ent Application Publication No.
2008-21943( Pat ent Docunent 1), for exanpl e, di scl oses a bondi ng
apparatusinwhichaplasnmatorchis providedinacleaningcase
intowhichatipof acapillary canbeinserted, plasmaisjetted
through a plasma jet port of the plasma torchto cleanthe tip
portion of the capillary, and exhaust gas i s di scharged t hrough
a di scharge port.

[ 0005]

Japanese Unexam ned Patent Application Publication No.
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2008-218789( Pat ent Docunent 2) di scl oses a wi re bondi ng net hod
inwhich aplasma irradiation unit is placed around a bondi ng
target nmenber and, prior tow re bonding to the bondi ng target
nmenber, acapillaryisnovedtothe plasmairradiati onunit and
exposedtoplasmairradiation, sothat organi c matters adhering
to atip portion of the capillary is renoved.
CONVENTI ONAL ART DOCUMENTS

PATENT DOCUMVENTS
[ 0006]

Pat ent Docunent 1: Japanese Unexam ned Patent Application
Publ i cati on No. 2008-21943
Pat ent Docunent 2: Japanese Unexam ned Patent Application
Publ i cati on No. 2008-218789
SUMMVARY OF THE | NVENTI ON

[ 0007]

However, theinventions di scl osed i n Japanese Unexam ned
Pat ent Application Publication Nos. 2008-21943 and 2008- 218789
may suffer from various inconveniences such as electrical
shorti ng bet ween adj acent pads resulting fromthe di aneter of
deforned balls bonded at bonding positions exceeding a
predet erm ned si ze during a bondi ng operation after cleaning
the tip and the side surface of the bonding tool and/or may
undergo areductioninthebondingstrengthdueto, for exanple,
an increase inthe thickness of the balls after bondi ng at the
bondi ng positions.
[ 0008]

It is hence an object of the present invention, in
consi deration of the above-described problens, to provide a
bondi ng t echni que i n whi ch a bondi ng t ool can be cl eaned wi t hout
i ncreasing the dianmeter of defornmed balls bonded at bondi ng
posi tions.
[ 0009]

The inventors of this application have conducted an
earnest analysis to finally find out that the problens are

caused by residual energy inthe wire after plasmairradiation
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during cl eaning of the bonding tool. Residual energy in the
wire after plasma irradiation, if any, would be added
unnecessarily to energy applied for ball formng during the
subsequent bondi ng operation. The excessively added energy
woul dresult i nunexpectedlylargeballs. Bondingthetoolarge
bal | s onto pads woul d result in that deforned balls bonded at
t he bondi ng positions may have an excessively | arge di aneter
and/or balls after bonding at the bondi ng positions may have
anincreasedt hi ckness, thus sufferingfromthe above-descri bed
probl ens.

[ 0010]

Hence, the present invention is directed to:

(1) a bondi ng apparatus configured to all owa bonding tool to
cl ean, the apparatus including a di scharge device for form ng
afree-air ball at atip of awire, a bonding tool for bonding
thefree-air ball fornmedat thetipof thewiretoafirst bondi ng
position, a plasma irradiation device for perform ng plasma
irradiation to clean the bonding tool, and a controller for
controlling the discharge device, the bonding tool, and the
pl asma irradiation devi ce.

The controller is configured to performa w re bondi ng
process (A and a cleaning process (B). The w re bonding
process (A) includes:

(a) a ball formng step of formng the free-air ball at
thetipof thewre extendingout fromatip of the bondingtool

(b) a first bonding step of bonding the free-air bal
formed at thetip of the wwre extending out fromthe tip of the
bondi ngtool tothefirst bondi ng positionwththe bondi ngtool
to forma deforned ball

(c) awirel oopingstepof | oopingthew retowardasecond
bonding position along a predetermned trajectory of the
bondi ngt ool whil e payingout thewirefromthetipof t hebondi ng
t ool ;

(d) a second bondi ng step of bondi ng the wire extending
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out fromthe tip of the bonding tool to the second bonding
position; and

(e) awrecutting step of raisingthe bonding tool while
payi ng out the wire fromthe tip of the bondi ng tool and, after
reachi ng a predeterm ned height, closing a clanper to cut the
wi re fromt he second bondi ng posi ti on suchthat the wire extends
out fromthe tip of the bonding tool.

The cl eaning process (B) includes (f) a bonding too
cl eaning step of cleaning the bonding tool through plasm
i rradiation.

The controller is also arranged to performthe cl eani ng
process (B) after performng the wire bonding process (A
predetermned tines, in which the energy of the plasm
irradi ation applied in the bondi ng tool cleaning step (f) of
the cleaning process (B) is prohibited from reaching the
free-air ball formed in the ball formng step (a) of the wire
bondi ng process (A).

[ 0011]

The bondi ng appar at us accordi ng to t he present i nvention
can include the follow ng additional aspects.

(2) The controller is arranged, in the wre bonding
process (A), to performthe ball form ng step (a), the first
bondi ng step (b), thew re | ooping step (c), the second bondi ng
step (d), and the wire cutting step (e) inthis order and, in
t he cl eani ng process (B), to performthe bondi ng t ool cl eaning
step (f), followed by the ball form ng step (a) as a part of
t he cl eani ng process (B), and thereafter a dumry bondi ng step
(g) of bonding the free-air ball fornmed at the tip of the wire
to a dummy bondi ng position.

[0012]

(3) The controller is arranged to perform the dunmy
bondi ng step (g), followed by the wire cutting step (e) as a
part of the cleaning process (B), and subsequently the bal

formng step (a) of the next wire bonding process (A).
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[ 0013]

(4) The dunmy bondi ng positionis a positioning pattern.
[ 0014]

(5) The controller is arranged, in the wire bonding
process (A), to performthe ball form ng step (a), the first
bondi ng step (b), thew re | ooping step (c), the second bondi ng
step (d), and the wire cutting step (e) inthis order and, in
t he cl eani ng process (B), to performthe ball form ng step (a)
of the next wire bondi ng process (A) and t hereafter the bondi ng
tool cleaning step (f).

[ 0015]

(6) After the bonding tool cleaning step (f), the next
first bondingstep (b) isperfornedat | east after aprohibition
period during which the energy of the plasma irradiation
att enuat es.

[ 0016]

(7) The controller is arranged, in the wre bonding
process (A), to performthe ball form ng step (a), the first
bondi ng step (b), thew re |l ooping step (c), the second bondi ng
step (d), and the wire cutting step (e) in this order and, in
t he cl eani ng process (B), to performthe bondi ng t ool cl eaning
step (f) and thereafter, at least for a prohibition period
during which the energy of the plasma irradi ation attenuates,
to prohibit the ball form ng step (a) of the next wire bondi ng
process (A).

[0017]

(8) The prohibition periodis a period after the plasma
i rradi ati on during which the increase in the dianeter of the
free-air ball by the energy of the plasma irradiation becones
substanti ally unobservabl e.

[ 0018]

(9) Thecontroller isarrangedto performthe bondi ngt ool

cl eaning step (f) after perform ngthe w re bondi ng process (A

predeterm ned tines.



[ 0019]

(10) The present inventionis also directed to a bonding
t ool cl eani ng nethod i ncluding a wire bondi ng process (A and
a cl eaning process (B)

The wire bonding process (A) includes:

(a) a ball formng step of formng a free-air ball at a
tip of a wwre extending out froma tip of a bonding tool;

(b) a first bonding step, after the ball form ng step,
of bonding the free-air ball forned at the tip of the wire
extendi ngout fromthetip of thebondingtool toafirst bonding
position with the bonding tool to forma defornmed ball

(c) awire |looping step, after the first bondi ng step,
of I ooping the wire toward a second bondi ng position along a
predeterm ned trajectory of the bondi ng tool while payi ng out
the wire fromthe tip of the bonding tool;

(d) a second bonding step, after the wire | oopi ng step,
of bonding the wire extending out fromthe tip of the bonding
tool to the second bondi ng position; and

(e) awire cutting step, after the second bondi ng step,
of rai sing the bondi ng tool while paying out the wire fromthe
tip of the bonding tool and, after reaching a predeterm ned
hei ght, closingacl anper tocut thew refromthe second bondi ng
position such that the wire extends out fromthe tip of the
bondi ng t ool .

The cleaning process (B) includes (f) a bonding too
cl eaning step of cleaning the bonding tool through plasm
irradiation after performng the wire bonding process (A
predeterm ned tines.

The energy of the plasma irradiation applied in the
bondi ng t ool cleaning step (f) of the cl eaning process (B) is
prohi bited fromreaching the free-air ball fornmed in the bal
formng step (a) of the wire bonding process (A).

[ 0020]
The addi ti onal aspects (2) to (9) of the bondi ng appar at us
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according to the present invention are al so applicable to the
bonding tool cleaning nethod according to the present
I nventi on.

Advant ages

[ 0021]

In accordance with the present invention, the residual
energy i n the bonding tool is prohibited fromhavi ng an i npact
on the free-air ball formed in the wire, whereby the increase
in the dianeter of the defornmed ball bonded at the bonding
position can be suppressedto prevent shorting bet ween adj acent

pads and reduction in the bondi ng strength.

BRI EF DESCRI PTI ON OF THE DRAW NGS
[ 0022]

FIG 1 is a configuration diagram of a sem conductor
manuf act uri ng apparat us (bondi ng apparatus) according to an
enbodi nent .

FI G 2Ais anenl arged cross-sectional viewof acapillary
according to the enbodi nent.

FIG 2B is an enl arged cross-sectional viewof a plasna
torch according to the enbodi nent.

FIG 3A is a first enlarged cross-sectional view
illustrating a ball formng step (a) according to the
enbodi nent .

FIG 3B is a second enlarged cross-sectional view
illustrating the ball formng step (a) according to the
enbodi nent .

FIG 3C is a first enlarged cross-sectional view
illTustratingafirst (ball) bonding step (b) toafirst bonding
posi tion.

FIG 3D is a second enlarged cross-sectional view
illustrating the first bonding step (b).

FIG 3E is a third enlarged cross-sectional view
illustrating the first bonding step (b).
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FIG 4A is a first enlarged schematic cross-sectional
viewillustratingawreloopingstep(c) of formngawreloop
toward a second bondi ng position according to the enbodi nent.

FIG 4B is a second enl arged schematic cross-sectional
viewillustrating the wire |ooping step (c).

FIG 4Cis a third enlarged schematic cross-sectional
view illustrating the wire |ooping step (c).

FIG 4D is an enlarged schematic cross-sectional view
illustrating a second (stitch) bonding step (d) to the second
bondi ng position.

FIG 4E is an enlarged schematic cross-sectional view
illustrating awire cutting step (e) of cutting the wire from
t he second bondi ng position.

FIG H5Ais afirst cross-sectional viewillustrating a
bondi ng tool cleaning step (f) according to the enbodi nent.

FIG 5Bis asecondcross-sectional viewillustratingthe
bondi ng tool cleaning step (f) according to the enbodi nent.

FIG 6 illustrates the tenporal change characteristics
of the energy of plasma irradiation and the change in the
di anet er of a deforned ball bonded at a bondi ng position when
the ball is forned at various tine points.

FIG 7isapartiallyenlargedplanvi ewof asem conduct or
die imedi ately before a dunmy bonding step (Qg).

FIG 8 is a partially enlarged plan view of the
sem conductor die during the dummy bonding step (9).

FIG 9 is a partially enlarged plan view of the
sem conductor die after the dumry bonding step (9).

FIG 10 is a flow chart illustrating a bonding tool
cl eani ng net hod according to a first enbodi nent.

FIG 11 is a flow chart illustrating a bonding tool
cl eani ng nmet hod according to a second enbodi nent.

FI G 12Ais anenl argedcross-sectional viewillustrating
a ball formng step (a) according to the second enbodi nent.

FI G 12Bis anenl argedcross-sectional viewillustrating
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a bonding tool cleaning step (f) according to the second
enbodi nent .

FIG 13 is a flow chart illustrating a bonding tool
cl eani ng nmethod according to a third enbodi nent.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON
[ 0023]

Enbodi nent s of the present inventionw || hereinafter be
described. In the follow ng description of the draw ngs,
i dentical or simlar conmponents are designated by the sane or
simlar reference synbols. It is noted that the draw ngs are
illustrative only and the dinensions and geonetries are
schemati c only, andthetechnical scope of the present i nvention
shoul d not be understood as being limted to the enbodi nents.
[0024] (Definitions)

Ternms used herein are defined as foll ows.

“Bonding tool”: adeviceusedtoinplenent aw re bondi ng
nmethod, with nolimtationto the structure. Bonding tool is
a structure, to which foreign matters can adhere at least in
a bondi ng process, to be cleaned through plasma irradiation,
i ncluding acapillaryusedinnail head bondi ng and a wedge t ool
used in wedge bonding. A capillary is exenplified in the
enbodi nents, but not l[imtedtheretoaslongasit is necessary
to renove foreign matters.

[ 0025]

“Cleaning”: plasma gas (hereinafter abbreviated to
“plasma”) inpact for renoving foreign matters.

[ 0026]

“Foreign matters”: substances adhering to the bonding
tool in a bonding process, mainly including organic matters
evaporated by heating froma | ead franme, a substrate, and/or
a wre.

[0027]

“Bondi ng target surface”: atarget surfacetobondawre
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thereon, including a pad forned on a sem conductor die or a
substrate and a | ead frane.

[ 0028]

“Ball”: a portion formed by supplying energy to atip of
awretonelt thew renetal, having an approxi mat el y spheri cal
shape. The “dianeter” of the “ball” neans average di aneter.
[ 0029]

“Bondi ng”: connecting aw re and a bondi ng target surface
inametal lic-bondabl e manner, incl udi ng el ectrical connection
by, for exanple, crinping, welding, or a conbi nati on t hereof.
[ 0030] (Enbodi nent)

A preferred enbodi nent of the present inventionw Il now
be described in line with the follow ng flow.

(1. Configuration of a bonding apparatus according to the
enbodi nment)
(1) Overall configuration

FIG lisaconfigurationdiagramof the bondi ng apparat us
according to the enbodi nent.

As shown in FIG 1, the bondi ng apparatus 1 according to
t he enbodi nent i ncl udes a controller 10, a base 11, an XY tabl e
12, a bonding head 13, a torch electrode 14, a capillary 15,
a bondi ngarml6, awireclanper 17, awiretensioner 18, arotary
spool 19, a feeder 20, a heater 21, aplasnmairradi ation device
30, an operation unit 40, a display 41, and a canera 42.

[ 0031]

In the followi ng enbodinents, a plane parallel to a
bondi ng target sem conductor die or lead frame is defined as
XY plane and the direction perpendicular to the XY plane is
defined as Z direction. The tip position of the capillary 15
isidentified wwth a spatial coordinate (X, Y, Z) represented
by an X coordinate, a Y coordinate, and a Z coordinate.

[ 0032]
The base 11 has the XY tabl e 12 pl aced sl i dably thereon.

The XY table 12 i s a novi ng devi ce that can nove the capillary
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15to a predeterm ned position on the XY pl ane based on a dri ve
signal fromthe controller 10.
[ 0033]

The bondi ng head 13 is a noving device that holds the
bondi ng arm16 novably inthe Zdirection based onadrive signal
fromthe controller 10. The bondi ng head 13 has a | i ght wei ght
| ow center-of-gravity structure and can suppress novenent of
the capillary 15 due to an inertia force generated with the
novenent of the XY table 12.

[ 0034]

The bondi ng ar m16 i s a rod- shaped nmenber i ncl udi ng a base
end portion, aflange portion, ahornportion, andatipportion
fromthe base to the tip thereof. The base end portion is
provi ded with an ultrasoni c transducer 161 arranged to vi brate
inresponsetoadrivesignal fromthecontroller 10. Thefl ange
portionis attachedtothe bondi ng head 13 i n aresonance nmanner
at a position that serves as a node of ultrasonic vibration.
The horn portion is an armextendi ng | onger than the di aneter
of the base end portion, having a structure for anplifying and
transmtting the anplitude of vibration by the ultrasonic
transducer 161tothetipportion. Thetipportionisanounting
portion for repl aceably hol ding the capillary 15. The bondi ng
arm 16 has, as a whol e, a resonance structure that resonates
with vibration by the ultrasonic transducer 161, in which the
ul trasoni c transducer 161 andthe fl ange ar e posi ti oned at nodes
of resonance vibration, while the capillary 15 is positioned
at an anti-node of vibration. Wth these arrangenents, the
bonding arm 16 serves as a transducer for converting an
el ectrical drive signal into a nechanical vibration.

[ 0035]

The capillary 15is a part of a bondi ng tool to be cl eaned
according to the enbodinent. Aninsertionholeis providedin
the capillary 15, through which a wre “w for bondi ng can be

insertedandpaidout. Thecapillary1l5isattachedrepl aceably

11



to the bonding arm 16 with a spring force or the I|ike.
[ 0036]

The wire cl anper 17 has an el ectromagnetic structure to
open and cl ose based on a control signal fromthe controller
10, whereby the wire “w can be held and released at
predeterm ned ti m ng.

[ 0037]

Thew retensioner 18 caninsert thew re“w’ therethrough
and freely change a sliding force for the wire “w based on a
control signal from the controller 10 to apply a noderate
tensile force to the wire “w during bondi ng.

[ 0038]

The rotary spool 19 repl aceably holdsareel withthewre
“w’ wound t herearound and is arranged to pay out the wire “w
according to the tensile force applied by the wire tensioner
18. It is noted that the material of thewire “wW is selected
from those having high machinability and |low electrical
resi stance. Gold (Au), alum num(Al), copper (Cu), or thelike
is general ly used.

[ 0039]

The torch electrode 14 is connected to a high-voltage
power source not shown through a discharge stabilization
resi stor not shownandi s arrangedto generat e spark (di scharge)
based on a control signal fromthe controller 10 and, with the
heat of the spark, forma ball at thetip of the wire “w paid
out fromthetipof thecapillary 15. The position of thetorch
el ectrode 14 is fixed and, upon di scharging, the capillary 15
conmes close to the torch electrode 14 at a predeterm ned
di stance to gener at e noder ate spark betweenthetip of thewre
“W' and the torch el ectrode 14.

[ 0040]

The f eeder 201 s amachi ningtabl ew thamachi ni ngsurface

to place a bonding target sem conductor die 22 and | ead frane

24 thereon. The heater 21 is provided under the nachining
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surface of the feeder 20 to heat the sem conductor die 22 and
the lead frame 24 to a tenperature suitable for bonding.
[0041]

The plasma irradiation device 30 is provided in the
vicinity of the feeder 20 and is arranged to perform pl asma
i rradi ati on based on a control signal fromthe controller 10,
as Wwll be described in detail wth reference to FIG 2.

[ 0042]

The operation unit 40 includes input nmeans such as a
trackbal |, ajoystick, and a touch panel that serve as an i nput
device for outputting operations by an operator to the
controller 10. The canera 42 is arranged to take an i nage of
the sem conductor die 22 and the |l ead frane 24 placed on the
machi ni ng surface of the feeder 20. The display 41 is arranged
to display an i mage taken by the canera 42 at a predeterm ned
magni fication visible to the operator. The operator can
operate the operation unit 40 and set the trajectory of the
capillary 15 whi |l e observi ng a pad 23 on t he sem conduct or di e
22 and the lead franme 24 displayed on the display 41.

[ 0043]

The controller 10 is arranged to output various control
signals for controlling the bonding apparatus 1 based on a
predet erm ned software program Specifically, thecontroller
10 perfornms the followi ng controls as a non-limting exanple.
[ 0044]

(1) Identify the spatial position (X Y, Z) of the tip
of thecapillary 15 based on adetectionsignal froma positional
det ecti on sensor not shown and output to the XY table 12 and
t he bondi ng head 13 a drive signal for noving the capillary 15
to a spatial position defined by the program
[ 0045]

(2) Qutput totheultrasoni ctransducer 161 of t he bondi ng
arm 16 a control signal for generating ultrasonic vibration

during bonding to a bondi ng point.
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[ 0046]

(3) Qutput a control signal for controlling the opening
and cl osi ng operation of the wire clanper 17 suchthat thewre
“W is paidout as defined by the program Specifically, open
the wire clanper 17 to pay out the wire “w, while close the
wire clanper 17 to forma folding point inthe wire “w or to
cut the wire “w
[0047]

(4) Qutput a control signal for discharging at the torch
el ectrode 14 when formng a ball at the tip of the wire “w

(5) Qutput animage fromthe canmera 42 on the di spl ay 41.

(6) Identify the spatial coordinate of a bondi ng point,
a fol di ng point, etc. based on operations onthe operationunit
40.

[ 0048]

(7) Qutput a control signal to the plasma irradiation
device 30 during plasma irradiation.

It is noted that the configuration of the bonding
apparatus 1 is illustrative only and should not be |limted
t her et o. For exanple, the feeder 20 or both the bonding
apparatus 1 and t he f eeder 20 each can be provi ded wi t h a novi ng
device for X-, Y-, and Z-direction novenent.

[0049] (2) Specific configuration for cleaning

FIG 2A is an enlarged cross-sectional view of the
capillary 15 in an arrangenent for plasma irradiation. FIG
2Bi s anenl arged cross-sectional viewof the plasmairradiation
device 30. As shownin FIG 2B, the plasna irradiation device
30 i ncl udes a gas chanber 31, a hi gh-frequency si gnal gener at or
32, aplasmatorch 33, al oad el ectrode 34, agroundi ng el ectrode
35, a gas pipe 36, and a shutoff valve 37.

[ 0050]

The gas chanber 31 is in conmunication with the plasma

torch 33 and serves as a gas-filled chanber for supplying gas

for plasma generation to the plasnma torch 33. The gas pi pe 36
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is a supply passage for supplying gas for plasna generation
t heret hrough from a gas supply source not shown to the gas
chanber 31. The shutoff valve 37 is an el ectromagnetic val ve
arranged to cl ose and open based on a control signal fromthe
controller 10, whereby gas for plasm generation flow ng
t hrough the gas pi pe 36 can be shut off and allowed to fl ow
[ 0051]

It is notedthat the gas for pl asna generati on can be Ar,
N;, amxture thereof withatrace of H, or O, gas, or CDA (C ean
Dry Air).

[ 0052]

The hi gh-frequency signal generator 32 includes, for
exanpl e, a high-frequency power sour ce, a forward
wave/ refl ecti ve wave detector, a high-voltage generator, and
a superposition coil, though not shown. Based on a contro
signal from the controller 10, the high-frequency signal
generator 32 generates a high voltage HV for igniting gas for
pl asma gener ati on and a hi gh-frequency si gnal HSfor generati ng
and mai ntai ni ng pl asna.

[ 0053]

The pl asma torch 33 is a holl owstructure conposed of an
insulating material corrosion-resistant to plasma and
heat -resi stant to t he hi gh tenperature of plasma, being forned
in acylindrical shape as an exanple. The |oad el ectrode 34
i s providedinamnner surroundi ngtheouter peripheral surface
of the plasma torch 33. The |l oad el ectrode 34 is arranged to
be provi ded with a hi gh-frequency signal HS (high vol tage HV)
from the high-frequency signal generator 32. The groundi ng
el ectrode 35 is provided withinthe hollowof the plasma torch
33 in a longitudinally extending manner. The groundi ng
electrode 35 is paired wth the load electrode 34 and
el ectrically grounded via awall surface of the gas chanber 31.
[ 0054]

In addi tion, the high-frequency signal generator 32 and
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the | oad el ectrode 34 are connect ed t hrough a coaxi al cabl e and
a mat chi ng device i s al so provi ded for adjusting the i npedance
as a systemof the plasmairradiation device, though not shown.
The mat chi ng device i s designed such that the | oad i npedance
when plasma is generated stably equals a predeterm ned
characteristic inpedance.

[ 0055]

An operation of the plasmairradi ati on device 30 w || now
be descri bed.

When the shutoff valve 37 is opened based on a contro
signal fromthe controller 10 shown in FIG 1, pressurized gas
for pl asma generation fl ows t hrough t he gas chanber 31 intothe
plasma torch 33 shown in FIG 2 to fl ow around the groundi ng
el ectrode 35 at hi gh speed. After that, when aplasmaignition
instruction is output to the high-frequency signal generator
32 based on a control signal from the controller 10, a
pr edet er mi ned hi gh-frequency si gnal HSand a pr edet er m ned hi gh
voltage HV are output in a superinposed manner to the | oad
el ectrode 34. In the case of using argon, whichis inert, for
exanple, as the gas for plasma generation, when the
hi gh-frequency signal HSw th t he hi gh vol t age HV superi nposed
thereon is provided, a high-frequency electric field is
generated between the load electrode 34 and the grounding
el ectrode 35 under the argon at nosphere, whereby argon atons
are excited and argon el ectrons are acceleratedtocollidew th
surroundi ng argon gas particles (nol ecul es) and t hereby push
out further electrons. The electrons are accelerated in the
electricfieldto further collide wth other gas particles, so
t hat the nunber of el ectrons i ncreases accel eratedly and ar gon
atons are ionized into Ar* (argon ions), e (electrons), and
Ar” (argon radicals), and thus plasma is generated. Wen the
pl asma i s generated, the superinposition of the high voltage
HV i s stopped. The matching device perforns known i npedance

mat chi ng processi ngto provi de i npedance matchinginaviewfrom
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t he hi gh-frequency signal generator 32. Argon gas is excited
or ioni zed around t he groundi ng el ectrode 35 and t hen del i ver ed
as ioni zed pl asma 39 t hrough an openi ng 38 of the plasnma torch
33.

[ 0056]

Referring nowto FI G 2A, across-sectional viewof atip
portion of the capillary 15 with the wire “wW inserted
t heret hrough is shown. As shown in FIG 2A, the tip portion
of the capillary 15 includes a straight hole 151, a chanfer
portion 152, a face portion 153, and an outer-radius portion
154. The strai ght hol e 151 defi nes an i nner wal | t hrough whi ch
the wire “w is inserted. The face portion 153 is atip face
of the capillary 15 provided at a small angle with respect to
a bonding target surface. The chanfer portion 152 provides
connecti on between the strai ght hole 151 and the face portion
153, forned in a tapered shape fromthe strai ght hole 151 to
the face portion 153. The outer-radius portion 154 provides
connection betweenthefaceportion 153 andthe outer periphera
surface 155 of the capillary 15. Awre tail “w” is forned
at the tip of the wire “w inserted through the strai ght hol e
151.

[ 0057]

As shown in FIG 2A netallic foreign matters dl1 adhere
around t he corner between the chanfer portion 152 and the face
portion 153 of the capillary 15 after repeated bonding
operations. Oganic foreign matters d2 adhere to the outer
peri pheral surface 155. The organic foreign matters d2 are
generatedtoadheretothesurfaceof thecapillaryl5asaresult
of evaporation or entrai nnment, by the heat during bondi ng, of
organic matters appliedon aleadframe, substrate, and/or wire
sur f ace.

[ 0058]

The plasma 39, when applied to the tip portion of the

capillary 15 t hrough t he openi ng 38 of the plasma torch 33 as
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shownin FIG 2B, collides wth and renoves t he organi c foreign
matters d2.
[ 0059]

Inorder that theorganicforeignmtters d2can berenoved
easily, it is preferable to provide a control signal fromthe
controller 10 to the ultrasoni c transducer 161 of the bonding
arml16 during plasmairradi ationto apply ultrasonic vibration
to the capillary 15. The ultrasonic vibration causes the
capillary 15 to oscillate and thereby the wire “w to have a
smal | novenent. The small novenent causes the plasma 39 to be
appl i edt horoughlytothestrai ght hol e 151, t he chanfer portion
152, the face portion 153, the outer-radius portion 154, and
t he outer peripheral surface 155, whereby the foreign matters
can be renoved effectively. The snall novenent al so al | ows t he
foreign matters to be separated easily and thus renoved
ef fectively.

[ 0060]

It is noted that the plasma irradiation device 30 is
illustrative only and can enpl oy vari ous other structures. An
at nospheri c-pressure plasma device-based structure can be
enpl oyed if the bonding environnent is under atnospheric
pressure, while a vacuumpl asnma devi ce- based structure can be
enpl oyed if wunder vacuum atnosphere. Al so, the specific
structurefor plasmagenerationisnot l[imtedtotheenbodi nent
above. For exanple, nultiple plasnma torches can be provi ded.
Further, thereis nolimtation to plasma as |ong as foreign
matters can be renoved effectively. For exanpl e, oxygen-based
radi cal irradiation or hydrogen-based plasna irradiation can
be appl i ed.

[ 0061]

If it is necessary to discharge renoved foreign matters
Wi th no entrai nment over the bonding areas, it is preferable
to provide an exhaust nmechanismin the vicinity of the plasm

irradi ati on devi ce 30.
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[0062] (3) Basic operation of the apparatus

An operation of the bondi ng apparatus 1 according to the
enbodi nent wi |l now be descri bed.

What shoul d be done first istorecord the trajectory of
the tip of the capillary 15 that defines the geonetry (e.qg.
starting point, folding point, and ending point) of the wire
“W as set points in the controller 10. Bonding targets such
as the sem conductor die 22 and the | ead frane 24 are pl aced
on the feeder 20. The sem conductor die 22 is bonded wth
adhesi ve agent to an island portion of the | ead frane 24. The
starting point is the pad 23 on the sem conductor die 22 and
the ending point isthelead frane 24, for exanple. Set points
at which the direction of novenent of the capillary 15 changes
arerecordedwiththewire “w being restrained to forma | oop
i ncl udi ng folding points.

[ 0063]

The operator operates the operation unit 40 while
observing on the display 41 an i mage taken with the canera 42
to record the spatial coordinate of the set points.
Specifically, the operator records the X and Y coordi nat es of
a desired point by, for exanple, inputting the coordinate
information of the point using the operation unit 40 or
posi tioning a marker di splayed on the display 41 to the point
and i nputting the coordinate informati on. The operator also
records the Z coordinate by nunerically inputting the
di spl acenent inthe Zdirectionfroma reference surface (e.g.
surface of the lead franme 24) using the operation unit 40.

[ 0064]

It is necessary to record the spatial coordi nate of the
set points for all wires “w to be bonded before starting a
bondi ng operation. The controller 10 noves the capillary 15
relative to the sem conductor die 22 and the lead franme 24 in
the order of the recorded set points along the recorded

trajectory whilerepeatingrel ease and hol d by t he wi re cl anper
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17 to performa bonding operation. This will hereinafter be
described in detail.

[ 0065] (2. Description of a bonding nmethod according to the
enbodi nent)

(1) Description of basic steps

The bondi ng net hod accordi ng to t he enbodi nent i ncl udes
(a) a ball formng step, (b) afirst (ball) bonding stepto a
first bonding position, (c) a wire |ooping step of form ng a
wire loop toward a second bonding position, (d) a second
(stitch) bondingsteptothe second bondi ng position, (e) awire
cutting step of cutting the wire from the second bonding
position, and (f) a bonding tool cleaning step. The ball
formng step (a), the first bonding step (b), the wire | oopi ng
step (c), the second bondi ng step (d), andthew re cutting step
(e) constitute a typical wre bondi ng process (A) for bondi ng
one wire “w. These steps (a) to (e) are repeated to bond
multiple wires “w'.

[ 0066]

In contrast, the bonding tool cleaning step (f) is only
required to performonce after repeating the ball form ng step
(a) tothe wire cutting step (e) included in the typical wre
bondi ng process (A) certaintines(e.g. 0.5tolmlliontines).
The frequency of the bondi ng tool cleaning step (f) can depend
on the contam nation conditions such as the anount of
accumul ation of foreign matters.

[0067] (a) Ball formng step

FIGS. 3A and 3B are enlarged cross-sectional views
illTustratingtheball form ngstepaccordingtotheenbodi nent,
taken along the axis of the capillary 15.

[ 0068]

The ball formng stepis a step of formng a ball at the
tip of the wire “w. As shown in FIG 3A, when the previous
Wi re bondi ng process (A) (steps(a) to(e)) isconpleted, awire

tail “wm” is fornmed at the tip of the wire “w extendi ng out
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fromthe tip portion of the capillary 15. The controller 10
provi des a drive signal tothe XY table 12 and t he bondi ng head
13 to positionthe wire tail “w” at the tip of the capillary
15 at a predeterm ned di stance fromthe fixed torch el ectrode
14. After that, the controller 10 outputs a control signal to
generat e spark betweenthe torch el ectrode 14 andthewiretail
“w”. Since all nmetallic nenbers including the wire “w are
fixed to the ground potential, applying a predeterm ned high
voltage to the torch el ectrode 14 causes di scharge bet ween t he
torch electrode 14 and the wire tail “wt”.

[ 0069]

As shown i n FI G 3B, when the spark i s generated, the heat
nelts the netal nenber of thewiretail “w” and afree-air ball
(hereinafter abbreviated to “ball”) “fab” is formed due to
surface tension. The dianeter of the ball “fab” depends onthe
di stance between the torch el ectrode 14 and thewire tail “wt’
when t he spark i s gener at ed and/ or t he anount of appli ed energy
such as the discharge current and tinme of the spark. The
di stance between the torch el ectrode 14 andthewire tail “wt’
and t he di scharge current and time are adj usted such that the
ball “fab” is formed to have a volune to result in a deforned
bal | “dbl1” with an appropriate dianmeter after bonding to the
first bonding position using the capillary 15.

[0070] (b) First (ball) bonding step

FIGS. 3C to 3E are enlarged cross-sectional views
illustratingthefirst (ball) bonding step (b) accordingtothe
enbodi nent, taken along the axis of the capillary 15.

[0071]

The first (ball) bonding step to the first bonding
positionis a step of bonding the ball “fab” fornmed at the tip
of the wire “w to the bonding target surface, specifically

i ncluding a step of form ng a deforned ball “db1” at the first
bondi ng position (FIGS. 3C to 3E)
[ 0072]
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Inthestepof form ngthedefornmedball “dbl” at thefirst
bondi ng position, as showmnin FIG 3C, the controller 10 first
provi des a drive signal tothe XY table 12 and t he bondi ng head
13 to nove the spatial position of thecapillary 15to a preset
starting point. The starting point is, for exanple, the pad
23 fornmed on the sem conductor die 22. The controller 10 then
provi des a drive signal to the bondi ng head 13 and, perform ng
position search, |lowers the capillary 15 with the ball *fab”
formed thereon toward the center of the pad 23 on the
sem conductor die 22.

[ 0073]

As showninFI G 3D, whentheball “fab” comesinto contact
with the pad 23, the front edge of the ball “fab” starts to be
def orned duetotheinpact fromthe predeterm ned| oweri ng speed
and further deformed due to the bonding force applied to the
capillary 15. At the sane tine, the controller 10 provides a
control signal to the bonding arm 16 to cause the ultrasonic
transducer 161 to generate ultrasonic vibration to be applied
to the ball “fab” through the bonding arm16 and the capillary
15. In this case, since the pad 23 on the sem conductor die
22 is heated appropriately by the heater 21, the ball “fab” is
bonded onto the pad 23 by the interacti on of the bonding force
applied to the ball “fab”, the ultrasonic vibration, and the
heat applied by the heater 21. This results in the deforned
bal | “dbl” as a starting point. The deforned ball “dbl1” at the
first bondi ng positionis defornedcorrespondi ngly tothe shape
of thetip portion (chanfer portion 152, face portion 153, and
out er-radius portion 154) of the capillary 15to be bonded wi th
a dianeter greater than that of the ball “fab”.

[ 0074]

As showninFI G 3E, after form ngthe defornedball “dbl”
at the first bonding position, the controller 10 provides a
drivesignal tothe bondi nghead 13toraisethespatial position
of the tip of the capillary 15.
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[0075] (c) Wre |ooping step

FIGS. 4Ato4Cschematicallyillustrates thew rel ooping
step (c) according to the enbodi nent about how the capillary
15 noves with respect to the pad 23.

[ 0076]

In the wire | ooping step (c), as shown in FIG 4A the
capillary 15isfirst raisedtoapreset hei ght, foll ow ng whi ch,
as showninFIG 4B, thecontroller 10 provi des a control signal
tothew re clanper 17toholdthewre “w and provides adrive
signal to the XY table 12 and the bondi ng head 13 to perform
a reverse operationin whichthe capillary 15is once noved in
the direction agai nst the second bondi ng position. Next, as
shown in FIG 4C (i), the controller 10 opens the w re cl anper
17 andraisesthecapillary 15to pay out thewire“w by alength
required for the w re bondi ng.

[ 0077]

After that, as shown in FIG 4C (ii), the controller 10
again closes the wire clanper 17 and noves the capillary 15
toward t he second bondi ng position onthe |l ead frane 24. This
novenent causes the wire “wW to be fornmed in a | oop including
a folding point “w”.

[ 0078]

When the loop is forned, as shown in FIG 4C (iii), the
controller 10 provides a drive signal to the XY table 12 and
t he bondi ng head 13to nove t he spatial positionof thecapillary
15 toward a preset ending point. The ending point is, for
exanpl e, the second bondi ng position set onthe |l ead frane 24.
The controller 10 provides a drive signal to the bondi ng head
13 and, perform ng position search, lowers thecapillary 15to
bringthewire“w intocontact withthe second bondi ng position
on the lead franme 24.

[ 0079]
It is noted that after formng the folding point “w?”,

the capillary 15 can be noved al ong a predeterm ned traj ectory
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ot her than that shown in FIG 4Cto cause the wire “wW to be
formed in a second wire |oop having a different geonetry.
[0080] (d) Second (stitch) bonding step

FIG 4Dis an enl arged cross-sectional viewillustrating
t he second (stitch) bondi ng step according to t he enbodi nent,
taken along the axis of the capillary 15.
[ 0081]

As showmninFI G 4D, whenthewire“w heldinthecapillary
15 comes into contact with the lead frame 24, the portion of
thewire “w betweenthetip portion (chanfer portion 152, face
portion 153, and outer-radi us portion 154) of the capillary 15
and the lead frame 24 is defornmed due to the inpact fromthe
| oweri ng speed of the capillary 15 and t he bondi ng force applied
to the capillary 15. At the sanme tinme, the controller 10
provi des a control signal to the bonding arm16 to cause the
ul trasoni c transducer 161 to generate ultrasonic vibrationto
be applied to the wire “w through the bonding arm16 and t he
capillary 15. Sincethelead frame 24 is heated appropriately
by the heater 21, the portion of the wire “w in contact with
the lead frame 24 is bonded onto the |lead frame 24 by the
i nteraction of the bonding force appliedtothe wire “w, the
ultrasoni c vibration, and the heat applied by the heater 21.
Inthis case, the wire “w', which is applied with the bondi ng
forcebythecapillary 15, is bent al ongthe shape of the chanfer
portion 152 inthe close vicinity of the bondi ng position where
the wwre “w is bonded.
[0082] (e) Wre cutting step

FIG 4Eis an enl arged cross-sectional viewillustrating
thewire cutting step according to the enbodi nent, taken al ong
the axis of the capillary 15.
[ 0083]

As shown in FIG 4E, whenthewire “w' is bonded onto the
| ead frame 24, the controller 10 provides a control signal to

the wire clanper 17 to hold the wire “w and then provides a
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drive signal to the bondi ng head 13 to raise the capillary 15.
The wire “w, when pulled forcibly with bei ng bonded onto the
| ead frame 24 and thus applied wth atensile force, undergoes
a fracture at the thinned portion bent al ong the shape of the
chanfer portion 152 (tail cut). The fractured portion bonded
tothelead frane 24 serves as a second bondi ng position “bp2”.
Sincethewi re“w thinnedal ongthe shape of the chanfer portion
152 i s thus drawn out to be fractured, thetip of thewire “w',
whi ch i s separated fromt he second bondi ng position “bp2”, has
atapered shapetobeawretail “w”. The stitch bondi ng step
to the second bonding position is thus conpl et ed.

[ 0084]

The one wire “wW is thus bonded conpletely in the wire
bondi ng process (A) constitutedbythefirst (ball) bondingstep
(b) tothe first bonding position, the wire | ooping step (c),
the second (stitch) bonding step (d) to the second bondi ng
position, andthew recutting step (e) of cuttingthew refrom
t he second bondi ng position. The ball form ng step (a) to the
wirecutting step (e) arethenrepeatedto performw re bondi ng
repeat edl y bet ween pads 23 fornmed on the sem conductor die 22
and the lead frame 24.

[0085] (f) Bonding tool cleaning step

The bondi ng tool cl eaning stepis a step of cleaningthe
capillary 15 with the plasma irradiation device 30. As
illustratedin FIG 2A, repeatingthe w re bondi ng process (A
causes netallic foreign matters d1 and organic foreign matters
d2 to adhere to the tip portion of the capillary 15. The
foll ow ng bondi ng tool cleaning step (f) is hence required to
perform once after repeating the wre bonding process (A
certain tines.

[ 0086]

FIGS. 5A and 5B are enlarged cross-sectional views

illTustrating the cleaning step according to the enbodi nent,

taken al ong the axes of the capillary 15 and the plasna torch
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33.
[ 0087]

When it cones tinme to performthe bondi ng tool cleaning
step (f), the controller 10 provides a drive signal to the XY
tabl e 12 and t he bondi ng head 13 to nove the spatial position
of the capillary 15 toward a preset cl eani ng position as shown
inFIG 5A. Thecleaningpositionisapositionwheretheplasm
i rradi ati on device 30 can be used for cleaning, for exanple,
di rectly above t he openi ng 38 of the plasma torch 33, where j et
fl owof the pl asma 39 col | i des at a strength at whichthe organic
foreign matters d2 can be renoved.

[ 0088]

When the tip portion of the capillary 15 cones to the
cl eani ng position, the controller 10 provi des a control signal
to the shutof f val ve 37 t o cause argon gas as pressuri zed i nert
gas for plasma generation to flow through the gas chanber 31
into the plasma torch 33 as shown in FIG 5B. The argon gas
fl ows around t he groundi ng el ectrode 35 at hi gh speed. After
that, the controller 10 provides a control signal to the
hi gh-frequency si gnal generator 32. The hi gh-frequency si gna
generator 32 outputs a high-frequency signal HS with a high
vol t age HV superi nposed t her eon bet ween t he gr oundi ng el ectr ode
35 and the | oad el ectrode 34. Wen the high-frequency signa
HS with the high voltage HV superi nposed thereon i s provided,
a high-frequency electric fieldis generated between the | oad
el ectrode 34 and t he gr oundi ng el ect r ode 35, wher eby ar gon at ons
are excited and argon el ectrons are acceleratedtocollidew th
surroundi ng argon gas particles (nol ecul es) and t hereby push
out further electrons. The electrons are accelerated in the
electricfieldto further collide wth other gas particles, so
t hat the nunber of el ectrons i ncreases accel eratedly and argon
atons are ionized into Ar* (argon ions), e (electrons), and
Ar” (argon radical s), and thus plasma is generated. Argon gas

particles partially ionized by the ionization or excitation
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effect of the generated plasnma are delivered as plasma 39
t hrough t he opening 38 of the plasma torch 33 toward the tip
portion of the capillary 15. The plasma 39, when applied to
the tip portion of the capillary 15, collides with and renoves
the organic foreign matters d2.

[ 0089]

Al so, the controller 10 preferably provides a contro
signal to the ultrasonic transducer 161 of the bondi ng arm16
to apply ultrasonic vibration to the capillary 15. The
ul trasoni c vi bration causes the capillary 15 to oscillate and
thereby the wire “w to have a smal |l novenent, which all ows t he
plasma 39 to collide with all surfaces in the tip portion of
the capillary 15 and thereby the foreign matters to be renoved
effectively.

[ 0090]

The plasmairradiati on continues for atinme periodduring
which the organic foreign nmatters d2 can be renoved. The
aver age anount of foreign matters adheringto the tip portion
of the capillary 15 can be esti mated accordingtothe frequency
of the bonding tool cleaning step (f). The cleaning tine is
set enough to reliably renove foreign matters in the average
amount. The longer the cleaning tinme, the nore reliably the
foreign matters can be renoved, which, however, results in poor
productivity. In addition, the longer the cleaning tinme, the
nore the anmount of energy of the plasma irradiation is to be
applied as will hereinafter be described, which increases the
time until the next wire bondi ng process (A can be perfornmed
and results in poorer productivity. For these reasons, the
cl eani ng ti me shoul d be det er m ned wei ghi ng t he cl eani ng ef f ect
and the productivity decline due to the plasma irradiation.
[ 0091]

After the bondi ng tool cleaning step (f), the controller
10 restarts the wire bonding process (A) including the bal

formng step (a) to the wire cutting step (e).
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[0092] (2) Understanding of the problem

The conbi nati on of the wi re bondi ng process (A) incl udi ng
the ball formng step (a) tothe wre cutting step (e) and the
bonding tool cleaning step (f) has conventionally been
consi dered under the conditi onof only therel ationshi p between
the cleaning effect for foreign matters and the productivity
as menti oned above. However, theinventors of this application
have found that the energy of the plasna irradiation applied
i nthe bondi ngtool cleaningstep (f) can be a probl eminform ng
t he deforned ball “dbl”. This will hereinafter be descri bed.
[ 0093]

FIG 6 illustrates the tenporal change characteristics
of the energy of plasma irradiation and the change in the
di anet er of a deforned ball “dbl” bonded at a bondi ng position
whenthe ball isfornmedat varioustinepoints. Inthetenporal
change characteristics of the energy shown in the upper half
of FIG 6, the characteristic “fr” indicates that the energy
Estoredinthetipportionof thecapillary 15 duringthe plasma
irradiationincreases, whilethecharacteristic“ff” indicates
that the energy E stored inthe wire tail “w” after stopping
the plasma irradiation attenuates. The plan views
corresponding to the respective tinme points shown inthe | ower
hal f of FIG 6 showa bondi ng surface of the deforned ball “dbl”
bonded and forned on the pad 23 at the first bondi ng position.
[ 0094]

In the plan view corresponding to the tine point “tr”,
the deforned ball “dbl” is obtained through the ball form ng
step (a) with no influence of the plasma irradiation in the
bondi ng t ool cl eaningstep (f). The di aneter DO of t he def or ned
bal | “dbl1” fornmed at the first bonding position with respect
to the wwdth PO of the pad 23 is adjusted and optim zed from
the viewpoints of the bonding strength to the pad 23 and the
di stance from adjacent pads 23. That is, the smaller the
di aneter DO of the defornmed ball “dbl” at the first bonding
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positionw threspect tothe w dth POof the pad 23, the greater
the spatial distance fromadjacent bondi ng poi nts and t her eby
the Il ower the risk of shorting and/or protruding fromthe pad
23 and al so the shorter the bonding tinme can be. In contrast,
the smaller the dianeter DO of the deforned ball “dbl”, the
smal | er the bonding area with the pad 23 and t hereby t he | ower
t he bondi ng strength of the deforned ball “dbl” to the pad 23.
The | ower ed bondi ng strengt h coul di ncrease thelikelihoodthat
the deforned ball “dbl” forned at the first bonding position
I s separat ed and/ or sheared fromt he pad 23 during the | oopi ng
step of form ng a predeterm ned folding point inthe wre “w
or the second (stitch) bonding step to the second bonding
position. In addition, the snmaller the bonding area between
the deforned ball “dbl” forned at the first bonding position
and t he pad 23, t he hi gher t he cont act resi stance can be. Hence,
in consideration of the above-described circunstances, the
bondi ng apparatus 1 has an arrangenent in which the contact
i npact and static bonding force by the capillary 15, the
tenperature of heating by the heater 21, and the frequency and
anpl i tude of ultrasonic vibration appliedto the capillary 15
are adj ust ed such t hat t he di anet er DO of t he def ormed bal | “db1l”
formedat thefirst bondi ngpositionisappropriatew threspect
to the pad 23.

[ 0095]

However, since energy resulting from the plasm
irradiation is stored in the tip portion of the wre
(hereinafter referredtoas “wretipportion”) serving as the
wiretail “w” extending fromthe tip portion of the capillary
15 imedi ately after the cleaning step (f), the deforned ball
“dbl” isto be forned at the first bonding position to have a
| ar ger di anmeter due to the residual energy in the ball form ng
step (a) imedi ately after the bondi ng tool cl eaning step (f).
[ 0096]

In FIG 6, the plasma irradiation in the bonding tool
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cl eaning step (f) starts at thetine point “t0” and ends at the
time point “t1”. During the plasma irradi ation, the energy E
appliedinthewiretipportionincreases rapidly, asindicated
by t he characteristic “fr”, to reach the maxi rumval ue Emax at
the time point “t1” when the plasma irradi ation ends. After
the plasma irradiation, the energy E stored in the wire tip
portion attenuates as the heat transfers through air or netal s
as indicated by the characteristic “ff”.

[ 0097]

However, since a substantially | arge anount of energy E
still remains inthe wiretip portion at the tinme point “t2”,
t he di aneter D1 of the deforned ball “dbl” fornmed at the first
bondi ng positionby performngtheball formngstep(a) at this
time point is greater than the width PO of the pad 23 and
protrudes out of the pad 23. This inadequately suffers from
a high risk of shorting with adjacent bondi ng points.

[ 0098]

Evenat thetinepoint “t3” whenafurther time has el apsed,
si nce an anount of energy enough to i nfluence the formation of
the ball “fab” still remains in the wire tip portion, the
di ameter D2 of the defornmed ball “dbl” forned at the first
bondi ng positionby performngtheball formngstep(a) at this
time point still inadequately m sses a sufficient marginto be
provi ded fromt he saf ety vi ewpoi nt, though can be snal |l er t han
the width PO of the pad 23.

[ 0099]

As a further time has el apsed, the energy remaining in
the wire tip portion cannot significantly influence the
di ameter of the deforned ball “dbl” of the forned ball “fab”.
The threshold value of the energy remaining in the wire tip
portion at this time point is represented by Eth and the tine
poi nt when the residual energy becones Eth is represented by
“tth”. After the tine point “tth”, the energy Eremaining in

thewiretipportionissufficiently low. For exanple, at the

30



time point “t4” in FIG 6, the dianmeter of the deforned ball
“dbl” forned at the first bonding position by perform ng the
ball formng step (a) at this time point is DO, which is
adequat el y adj usted as usual .

[0100] (3) Principle of solutions

As can be expected fromthe foregoi ng consi derations, if
it is possibleto prohibit the formation of the deforned ball
“dbl” at thefirst bondi ngpositiononthepad23until theenergy
E remaining in the wire tip portion becones Eth and also to
prohi bit the bonding, at the first bonding position, of the
free-air ball “fab” formed before the energy Eremaininginthe
wire tip portion becones Eth, the foregoing inconveniences
associated with the energy remaining in the wire tip portion
can be avoided. The inventors of this application have hence
definedthetine periodfromthetinepoint “t1” to“tth” during
whi ch t he energy of the plasmairradiati on attenuates after the
plasma irradiation in the bonding tool cleaning step (f) as
“prohi bition period” and found prohi biting bondi ng of t he ball
“fab” formed during the prohibition period onto the bondi ng
target surface as the principle of solutions for the problem
The strategy for thisisnot tousethe ball “fab” fornmed duri ng
the prohibition period for bonding of the wire “w or not to
formthe ball “fab” during the prohibition period, but the
followng three specific solutions have occurred. The
prohi bi tion periodcanbe, i nother words, a peri odduringwhich
the increase in the dianeter of the ball “fab” by the energy
of the plasma irradiati on beconmes substantially unobservabl e.
[0101] (First solution)

The first solution can be, in the wire bonding process
(A),to performthe ball formng step (a), the first (ball)
bondi ng step (b), thewirel oopingstep(c), thesecond (stitch)
bondi ng step (d), and the wire cutting step (e) in this order
and, in the cleaning process (B), to performthe bondi ng tool
cl eaning step (f), followed by the ball form ng step (a), and
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thereafter a dummy bondi ng step (g) of bonding the ball “fab”
formed at the tip of the wire “w to a dummy bondi ng surf ace.
[0102]

AsillustratedinFIG 6, perform ngtheball form ngstep
(a) during the prohibition period during which a relatively
| ar ge anount of energy Eremainsinthewretip portion causes
adefornmedball “dbl” tobefornedat thefirst bondi ng position,
which is the practical problem Wen consi dered upsi de down,
the ball “fab” formed during the prohibition period, if
di scarded, cannot be bonded onto the pad 23, where the
above-descri bed manufacturing problem cannot occur. In
accordance with the first solution, when the ball form ng step
(a) is perforned during the prohibition period, the ball *“fab”
i s bonded not onto the regul ar bondi ng target surface but onto
t he dumry bondi ng surface. Thus, in accordance with the first
solution, there is no need to wait until the residual energy
of the pl asma generation attenuates, which cannot deteriorate
the productivity. Even if the bonding tool cleaning step (f)
can be inserted irregularly or regularly in the wire bonding
processes (A) fromthe ball formngstep(a) tothewirecutting
step (e), the rhythmof the repetition of the steps cannot be
disrupted. It is also possible to restart the regul ar bal
formng step (a) immediately after the prohibition tine has
el apsed, which can inprove the productivity.
[0103] (g) Dummy bondi ng step

The dummy bonding step (g) wll be described wth
referenceto FIGS. 7t09. FIG 7is apartially enlarged pl an
vi ewof asem conduct or di ei nedi at el y bef ore t he dunmy bondi ng
step (g). FIG 8 is a partially enlarged plan view of the
sem conductor die during the dummy bonding step (g). FIG 9
isapartiallyenlargedpl anviewof the sem conductor die after
t he dumy bondi ng step (g).
[ 0104]

In FIGS. 7 to 9, the sem conductor die 22 is partially
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enl arged to be shown. Pads 23 (23a to 23c) each serving as a
first bondi ng position are formed on t he sem conduct or die 22.
AlLead frame 24 i ncl udi ng a second bondi ng positionis al so shown.
The | ead frane 24 i ncl udes not only t he second bondi ng position
but also a positioning pattern 26 formed though not used
directly for bonding. The positioning pattern 26 is prepared
as a mark for positioning when performng a wre bonding
operation. It is noted that the positioning pattern 26 i s an
area forned on the sanme plane as the | ead franme 24, on which
bondi ng can be perforned. Hence, in the enbodi nent, the
positioning pattern 26 is utilized as a dunmy bondi ng surface
to be used in the dumy bondi ng step.

[ 0105]

At the tine point of FIG 7, the pad 23a and the | ead 24a
are connected throughthew re “wa” and t he pad 23b and t he | ead
24b are connected through the wire “wb” by applying the wire
bondi ng process (A) including the ball form ng step (a) to the
wire cutting step (e). The bonding tool cleaning step (f) is
performed after the wire “wb” i s bonded. Perform ng the bal
formng step (a) imediately after the bondi ng tool cleaning
step (f) causes aball “fab” having adi aneter greater t han usual
to be fornmed under the i nfl uence of the residual energy of the
plasma i rradi ati on as nenti oned above. The process then goes
to the dumy bonding step (g).

[ 0106]

I nthe dummy bondi ng step (g), the controller 10 provi des
a drive signal to the XY table 12 to nove the planar position
of the capillary 15to the position of the positioning pattern
26 as shown in FIG 7.

[0107]

Next, as shown in FIG 8, the controller 10 provides a
drive signal to the bonding head 13 to | ower the capillary 15
and forma dummy bondi ng “dbpl” on the positioning pattern 26.

Inthis case, the ball “fab” formed at the tip of the capillary
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15 has a di aneter greater than usual. The dummy bondi ng “dbpl”
formed on the positioning pattern 26 therefore has a di aneter
greater than that of the defornmed ball “dbl” bonded to the
regul ar first bondi ng position (as shown correspondinglytothe
time pointst2and t3in FIG 6, for exanple). After that, a
| oopi ng operation is perforned in a manner simlar to the
regul ar 1 ooping step. It is noted that the wire “wd” pai d out
after formng the dummy bonding “dbpl” on the positioning
pattern 26, which is not used for regul ar bondi ng connecti ons,
bears no relation to i nconveni ences such as shorting.

[ 0108]

Next, as shown in FIG 9, the controller 10 provides a
drive signal tothe XY table 12 and t he bondi ng head 13 to form
a dumrmy bondi ng “dbp2” on the positioning pattern 26 in a manner
simlar totheregular stitchbondingsteptothe second bondi ng
position. Thus perform ng the dummy bonding step (g) causes
the energy remaining inthe wire tip portionto attenuate to
the threshold value Eth or lower. As a result, when putting
thereafter the capillary 15 back to the position of the pad 23c
to connect the pad 23c and the | ead frane 24c through the wire
“we”, the deforned ball “dbl” bonded to the first bonding
position has an appropriate dianeter of DO, which achieves a
comon bondi ng process with no i nconvenience.

[ 0109]

I n the enbodi nent above, the step of form ng the dumy
bonding “dbp2” included in the dummy bonding step (9)
correspondstothe second (stitch) bondi ng step. However, from
t he vi ewpoi nt of productivity inprovenent, the dunmy bondi ng
step (g) can preferably excl ude the two steps, the wire | ooping
step (c) and the stitch bondi ng step (d), and i ncl ude only t he
ball formng step (a) and the first (ball) bonding step (b).
[0110]

It isnotedthat sincetheresidual energy transfers from
the ball inthe wiretip portion to the dummy bondi ng surface
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as heat during the dunmy bonding step (g), thereis preferably
no need to wait until the prohibition period shown in FIG 6
has el apsed. |f the prohibitionperiodhas not yet el apsed when
t he dummy bondi ng step (g) has ended, t he process can preferably
wait until the prohibition periodhas el apsedto gotothe next
ball formng step (a).

[0111]

The dunmy bondi ng surface to performthe dumry bondi ng
step (g) thereonis not [imted to the positioning pattern 26
as | ong as being a netal surface other than the regul ar bondi ng
target surface. The surface can be, for exanple, a neta
pattern bearing no relation to positioning, such as a portion
of the |l ead frane 24 or anot her enpty space on the substrate.
Since the dummy bonding step (g) is perfornmed during a break
period after one wi re bondi ng process (A) and before the next
wi re bondi ng process (A), it ispreferabletoshortenthetravel
di stance of the capillary 15. It is therefore preferable to
use a netal surface as close to the break position as possible
as the dummy bonding surface to inprove the productivity.
[0112] (Second sol ution)

The second sol ution can be, in the wire bondi ng process
(A), to performthe ball formng step (a), the first (ball)
bondi ng step (b), thewirel oopingstep(c), thesecond (stitch)
bondi ng step (d), and the wire cutting step (e) in this order
and, in the cleaning process, to performthe ball form ng step
(a) and the bonding tool cleaning step (f) in this order.
[0113]

The energy of the plasnmairradiationin the bondi ng tool
cleaning step (f) is nmuch | ower than the energy of the spark
when formng the ball “fab”. The wire tail “w”, once nelted
and recrystallized into the ball “fab” instantaneously by the
spark fromthe torch el ectrode 14, cannot be nelted agai n even
i f plasma can be applied to the ball “fab”. For this reason,

once the ball “fab” is forned in the tip portion of the wire
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“W' through the ball form ng step (a), the di aneter of the ball
“fab” cannot be i ncreased even if plasma can be appliedto the
bal | “fab” thereafter. |Inaccordancew ththesecondsolution,
thereisnoneedtowait until theresidual energy of the plasma
irradi ation attenuates, which cannot deteriorate the
productivity.

[0114] (Third sol ution)

The third solution can be to performthe bondi ng tool
cleaning step (f) and thereafter, at |east for a prohibition
period, to prohibit the ball formng step (a) of the next wire
bondi ng process (A).

[ 0115]

It ispreferabletoperformtheball form ngstep(a) after
the prohi bition period has el apsed because the ball “fab”, if
formed during the prohibition period, can have an
i nconveniently | arge size. The third aspect has t he advant age
that there is no need to make settings for irregular process
managenent such as dumy bondi ng and/ or cleaning after bal
form ng to be descri bed hereinafter, thoughit is necessary to
wait until the prohibition period has el apsed.

[0116] (3. Specific inplenentations to which the principle of
solutions is applied)

First tothird enbodi ments will hereinafter be descri bed
specifically in which the respective first tothird solutions
are applied to the bondi ng apparatus 1.

[0117] (1) First enbodi nent

FIG 10 is a flow chart illustrating a bonding tool
cl eani ng net hod according to the first enbodi nent to which the
first solutionis applied. At the beginning, thecleaningflag
indicating that it is immedi ately after the cl eani ng process
IS reset.

[0118]
Instep S10, a preparationis nmade for a bondi ng process.

Correspondingly to operations on the operation unit 40 by t he
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operator as nentioned above, the controller 10 records the
novenent trajectory of the capillary 15. Wen the
sem conduct or die 22 die bonded tothe |l ead frane 24 i s pl aced
on the feeder 20, the controller 10 provides a control signal
to heat the heater 21 to a predeterm ned tenperature.

[0119]

Instep S11, after waitingfor aninstructionfor starting
t he bondi ng process (NO, when the bonding process starting
instructionis made (YES), the process goes to step S12 and t he
control |l er 10 det er mi nes whet her or not t he cl eaning ti m ng has
come. The cleaning timng is preset as an adequate frequency
to renove foreign matters based on the specifications of the
bondi ng apparatus and/ or the contam nati on conditions of the
bondi ng target as nentioned above.

[ 0120]

If thecleaningtimnghas not cone (NO), the process goes
tostep S13 andthe controller 10 perforns the ball form ng step
(a). As illustrated with reference to FIGS. 3A and 3B, the
controller 10 generates spark between the torch el ectrode 14
and the wire tail “wm” and, with the heat of the spark, forns
a ball “fab” at the tip of the wire “w
[0121]

The process then goes to step S14 and the controller 10
performsthefirst (ball) bondingstep(b). Asillustratedw th
reference to FIGS. 3Cto 3E, for the first (ball) bondi ng step
to the first bonding position, the controller 10 |lowers the
capillary 15withthebal |l “fab” fornedat thetipthereof toward
t he center of the pad 23 onthe sem conduct or di e 22 and, appl yi ng

ultrasonic vibration, bonds the ball “fab” onto the pad 23 to
forma deformed ball “dbl1” at the first bonding position.
[0122]

The process then goes to step S15 and the controller 10
performs the wire looping step (c). As illustrated with

reference to FIGS. 4A to 4C, the controller 10 closes the wire
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cl anper 17 and noves the capillary 15 in the direction agai nst
t he second bondi ng position, and then opens the wre cl anper
17 to pay out the wire “w’, follow ng which closes the wire
cl anper 17 agai nand noves thecapillary 15tothe second bondi ng
position. In this step, a wire loop is thus forned.

[0123]

The process then goes to step S16 and the controller 10
perfornms the second (stitch) bonding step (d) and the wre
cuttingstep(e). Asillustratedwithreferenceto FIGS. 4D and
4E, the controller 10 noves the spatial position of the
capillary 15 toward the | ead frane 24 and, applying ultrasonic
vi bration, bonds the wire “w’ onto the | ead frane 24, and t hen
perfornms thewire cutting step of cuttingthewre “w fromthe
second bonding position to form“bp2” at the second bondi ng
position.

[ 0124]

The process then goes to step S18 and the controller 10
det er mi nes whet her or not to end the wire bondi ng process. As
long as it is determ ned to conti nue the wi re bondi ng process
(NOin step S18) and that the cleaning ti m ng has not cone (NO
in step S12), the ball formng step (a) (step S13), the first
(ball') bonding step (b) (step S14), the wire | oopi ng step (c)
(step S15), the second (stitch) bonding step (d) (step S16),
and the wire cutting step (e) (step S17) are repeated.

[ 0125]

If it isdetermnedinstep S12 that the cl eaning timng
has cone (YES), the process goes to step S20 and the control |l er
10 perforns the bondingtool cleaningstep (f). Asillustrated
with reference to FIGS. 5A and 5B, the controller 10 noves the
capillary 15todirectly above the plasnmatorch 33 of the plasma
irradi ati on device 30. Plasma 39 is then applied to the tip
portion of the capillary 15 to renove organic foreign matters
d2 adhering to the tip portion of the capillary 15. The

controller 10 applies ultrasonic vibrationtothe capillary 15
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as appropri ate.
[ 0126]

After the bondi ngtool cleaningstep (f), the process goes
tostep S21 and the controller 10 perforns the ball form ng step
(a) as usual. The ball “fab” formed in this case has a size
greater than usual under the influence of the residual energy
of the plasmairradi ati on. Hence, the process goes to step S22
and the controller 10 perforns the dunmy bonding step (g). As
shown in FIG 7, the controller 10 noves the capillary 15 to
the positioning pattern 26 for the sem conductor die 22 and,
as shown in FIG 8, forns a dunmy bondi ng “dbpl” and a dummy
bondi ng “dbp2” according to the dumy bondi ng step.

[0127]

After the dunmmy bondi ng step (g), the process goesto step
Sl8andaslongasit isdetermnedtocontinuethe w re bonding
process (NOin step S18), the wire bondi ng process (A) (steps
S13to S17) isrepeated until the next cleaningtim ng has cone
(NOin step S12).

[ 0128]

In accordance with the first enbodi nent, when the bal
formngstep(a) isperfornmedimedi ately after the bondi ngt ool
cleaningstep (f), theball “fab” i s bonded onto t he positioni ng
pattern 26, whichis not a regul ar bondi ng target surface. It
is therefore possible to continue the bondi ng process w t hout
waiting until the residual energy of the plasma irradiation
attenuat es, which cannot deteriorate the productivity. Even
if the bonding tool cleaning step (f) can be inserted
irregularlyor regularlyintherepeatedw re bondi ng processes
(A) fromthe ball formngstep(a) tothewirecuttingstep (e)
the rhythmof the repetition of the steps cannot be di srupt ed.
It is also possible to restart the regular ball formng step
(a) imedi ately after the prohibition tine has el apsed, which
can i nprove the productivity.

[0129] (2) Second emnbodi nent
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FIG 11 is a flow chart illustrating a bonding tool
cl eani ng met hod accordi ngtothe second enbodi ment t o whichthe
second solution is applied.

[ 0130]

Instep S10, a preparationis nmade for a bondi ng process.
Correspondi ngly to operations on the operation unit 40 by the
operator as nentioned above, the controller 10 records the
novenent trajectory of the capillary 15. Wen the
sem conductor die 22 die bondedto the |l ead frame 24 i s pl aced
on the feeder 20, the controller 10 provides a control signal
to heat the heater 21 to a predeterm ned tenperature.

[ 0131]

Instep S11, after waitingfor aninstructionfor starting
t he bondi ng process (NO, when the bonding process starting
instructionis made (YES), the process goes to step S13 and t he
controller 10 perforns the ball formng step (a). The
controller 10 generates spark between the torch el ectrode 14
and the wire tail “wm” and, with the heat of the spark, forns
a ball “fab” at the tip of the wire “w
[ 0132]

The process then goes to step S12 and the controller 10
det er mi nes whet her or not the cleaning timng has cone. |If it
is determ ned that the cleaning timng has not cone (NO, the
controller 10perfornsthefirst (ball) bondingstep(b) instep
S14, thewire l ooping step (c) in step S15, the second (stitch)
bondi ng step (d) in step S16, and the wire cutting step (e) in
step S17.

[ 0133]

In contrast, if it is determned in step S12 that the
cl eaning timng has cone (YES), the process goes to step S20
and the controller 10 perforns the bondi ng tool cleaning step
(f). That is, as shown in FIG 12A, the controller 10 noves
thecapillary 1I5withthe ball “fab” forned thereonto directly

above the pl asna torch 33 of the plasna irradi ati on devi ce 30.
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As shown in FIG 12B, ionized plasma 39 is then applied to the
tip portion of the capillary 15 to renove organic foreign
matters d2 adheringtothetipportionof thecapillary 15. The
controller 10 applies ultrasonic vibrationtothe capillary 15
as appropriate. Even if the ball “fab” is forned at the tip
of the wire “w, the recrystallization of the ball “fab” is
conpl eted and thereby the size of the ball “fab” remai ns usual
wi t hout bei ngincreasedbythe energy of theplasmairradiation

[ 0134]

After the bonding tool cleaning step (g), the controller
10 perfornms the first (ball) bonding step (b) in step S14, the
wire |l ooping step (c) in step S15, the second (stitch) bondi ng
step (d) instep S16, andthewi re cutting step (e) in step S17.
Sincethe ball “fab” inthis case has a usual size, the deforned
bal | bonded to the first bondi ng positionto be forned al so has
a usual dianeter
[ 0135]

The process then goes to step S18 and the controller 10
det er mi nes whet her or not to end the wire bondi ng process. |If
itisdeterm nednot toendthebonding process (NO, the process
goes back to step S13 again. Incontrast, if it is determ ned
in step S18 to end the bonding process (YES), the bonding
operation is term nated.

[ 0136]

I n accordance with the second enbodi nent, it i s possible
to performthe first (ball) bonding step (b), the wire | oopi ng
step (c), the second (stitch) bonding step (d), and the wire
cutting step (e) without waiting until the residual energy of
the plasnmairradiationattenuates, whichcannot deterioratethe
productivity.

[0137] (3) Third enbodi nent

FIG 13 is a flow chart illustrating a bonding tool

cl eani ng net hod according to the third enbodi nent to which the

third solution is applied.
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[ 0138]

Instep S10, a preparationis nmade for a bondi ng process.
Correspondi ngly to operations on the operation unit 40 by the
operator as nentioned above, the controller 10 records the
novenent trajectory of the capillary 15. Wen the
sem conduct or die 22 die bonded tothe |l ead frane 24 i s pl aced
on the feeder 20, the controller 10 provides a control signal
to heat the heater 21 to a predeterm ned tenperature.

[ 0139]

Instep S11, after waitingfor aninstructionfor starting
t he bondi ng process (NO, when the bonding process starting
instructionis made (YES), the process goes to step S12 and t he
control | er 10 det er mi nes whet her or not t he cl eaning ti m ng has
COone.

[ 0140]

As long as it is determ ned that the cl eaning tim ng has
not conme (NOin step S12), the controller 10 perforns the bal
formng step (a) instep S13, thefirst (ball) bondi ng step (b)
instep S14, the wire | ooping step (c) in step S15, the second
(stitch) bonding step (d) instep S16, andthew re cutting step
(e) in step S17.

[ 0141]

In contrast, if it is determined in step S12 that the
cl eaning timng has cone (YES), the process goes to step S20
and the controller 10 perforns the bondi ng tool cleaning step
(f). That is, the controller 10 noves the capillary 15 to
directly above the plasma torch 33 of the plasma irradiation
device 30. lonizedplasma39isthenappliedtothetipportion
of the capillary 15 to renove organic foreign matters d2
adheringtothetipportionof thecapillary 15. Thecontroller
10 applies wultrasonic vibration to the capillary 15 as
appropri ate.

[0142]

After t he bondi ngtool cl eaningstep(g), the process goes
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to step S23 and the control | er 10 det er mi nes whet her or not the
prohibition period Ti has elapsed. If it is determ ned that
the prohibition period Ti has not el apsed (NO, the standby
conti nues. The energy of the plasma irradiation remainingin
the wire tip portion attenuates during the standby.

[0143]

IfitisdetermnedinstepS23that the prohibitionperiod
Ti has el apsed (YES), thecontroller 10 agai n perforns t he steps
(S13to S17) of the wire bondi ng process (A). Instep S18, the
controller 10 determ nes whether or not to end the bonding
process. If it is determ ned not to end the bondi ng process
(NO, the process goes back to step S12 again. After the
prohi bition period Ti has el apsed, the residual energy in the
wiretipportionhas attenuatedto alevel not havi ng an i npact
on the diameter of the ball “fab” to be fornmed, so that there
is no problemto performthe ball form ng step (a) of the next
wi re bondi ng process (A).

[ 0144]

In contrast, if it is determned in step S18 to end the
bondi ng process (YES), the bonding operation is term nated.
[ 0145]

The third enbodi nent has t he advantage that there is no
need t o nake settings for irregul ar process nanagenent such as
dummy bondi ng and/ or cl eaning after ball formng, thoughit is
necessary towait until the prohibition period Ti has el apsed.
[0146] (4) O her enbodi nents

The present invention is not limted to the
above-descri bed enbodi nents, and can also be applied with
various nodifications added thereto.

[0147]

For exanple, the first tothird sol utions can be applied
I nconbination. Specifically, inthefirst enbodi ment to which
the first solutionis applied, when the dunmy bondi ng step (Q)
i s conpl eted but the prohibition period Ti has not yet el apsed
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after the plasmairradiationinthe bondi ng tool cl eani ng step
(f), the third solution can be applied to wait until the
prohibition period Ti has elapsed to perform the next bal
formng step (a). Alternatively, the dunmy bonding step (9)
can be repeated if the prohibition period Ti has not el apsed.
[0148]

Also, in the second enbodinment to which the second
solutionis applied, whentheball form ngstep(a), the bondi ng
tool cleaning step (f), and the first (ball) bondi ng step (b)
are conpleted in this order but the prohibition period Ti has
not yet el apsed after the plasnmairradi ationinthe bondi ngt ool
cl eaning step (f), the third solution can be applied to wait
until the prohibitionperiodTi has el apsed to performthe next
ball form ng step (a).

[ 0149]

The steps (a) to (e) of the wire bondi ng process (A) are
illustrated only as a typical exanple and the details of the
process can be applied with a nodification added thereto as
appropriate. For exanple, the wire | ooping step (c) can not
necessarily be such | ooping as shown in FIGS. 4Ato 4C, but the
capillary 15 can be noved along a different trajectory to form
the wire “w into a desired | oop.

I ndustrial applicability
[ 0150]

The present inventionis applicable not only to bondi ng
tool cleaning in bonding apparatuses but also to cleaning
met hods in other types of apparatuses that utilize plasm
irradiation, particularly inthe case where it i s necessary to
insert a plasna-based cleaning step regularly or irregularly
in a predeterm ned routine process and the energy of plasm
i rradi ati on can have a negati ve i npact on the routi ne process.
Description of nunerals
[ 0150]

DO-2 dianeter,
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HS
HV
PO
Ti
dbl

hi gh-frequency signa
hi gh vol t age

wi dt h

prohi bition period
def or med bal

bpl, bp2 bondi ng poi nt

di
d2

metallic foreign matter

organic foreign matter

dbpl dummy bondi ng poi nt

dpl bondi ng poi nt

fab  bal

w, wa-d Wi re

Wt wire tail

1 bondi ng appar at us
10 controller

11 base

12 XY tabl e

13 bondi ng head

14 torch el ectrode

15 capillary

16 bondi ng arm

17 W re cl anper

18 Wi re tensioner

19 rotary spoo

20 f eeder

21 heat er

22 sem conductor chip
23 pad

24 | ead frane

26 positioning pattern
30 pl asma irradiation device
31 gas chanber

32 hi gh-frequency signal generator
33 pl asma torch
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34
35
36
37
38
39
40
41
42
151
152
153
154
155
161

| oad el ectrode
groundi ng el ectrode
gas pipe

shut of f val ve

openi ng

pl asma

operation unit

di spl ay

caner a

strai ght hole
chanfer portion

face portion

out er-radi us portion
out er peripheral surface

ul trasoni ¢ transducer
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CLAI M5
1. A bondi ng apparatus configured to all ow a bondi ng tool
to clean, the apparatus conprising:

a di scharge device for formng a free-air ball at atip
of a wre;

a bonding tool for bonding the free-air ball forned at
the tip of the wire to a first bonding position;

a plasma irradiation device for performng plasm
irradiation to clean the bonding tool; and

a controller for controlling the discharge device, the
bondi ng tool, and the plasnma irradiation devi ce,

wherein the controller is configured to performa wre
bondi ng process (A) and a cl eani ng process (B), the w re bondi ng
process (A) conprising:

(a) aball formng step of formng the free-air ball at
thetipof thewre extendingout fromatip of the bondi ngtool

(b) a first bonding step of bonding the free-air bal
formed at thetip of the wire extending out fromthe tip of the
bondi ngtool tothefirst bondi ng positionw ththe bondingtool
to forma deforned ball

(c) awirel oopingstepof | oopingthew retowardasecond
bonding position along a predetermned trajectory of the
bondi ngt ool whil e payingout thewirefromthetipof t he bondi ng
t ool ;

(d) a second bondi ng step of bondi ng the wire extendi ng
out fromthe tip of the bonding tool to the second bonding
position; and

(e) awrecutting step of raisingthe bonding tool while
payi ng out the wire fromthe tip of the bondi ng tool and, upon
reachi ng a predeterm ned height, closing a clanper to cut the
wi re fromthe second bondi ng position, sothat the w re extends
out fromthe tip of the bonding tool, and

the cl eani ng process (B) conprising (f) a bondi ng t ool

cl eaning step of cleaning the bonding tool through plasm
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i rradiation,

the control |l er arranged to performthe cl eani ng process
(B) after perform ngthew re bondi ng process (A) predeterm ned
times, and

wherein the energy of the plasma irradi ation appliedin
t he bondi ng tool cl eaning step (f) of the cl eani ng process (B)
I sprohibitedfromreachingthefree-air ball fornmedinthe ball

formng step (a) of the wire bonding process (A).

2. The bondi ng apparatus according to claim1,

wherein the controller is arranged, in the wire bondi ng
process (A), to performthe ball form ng step (a), the first
bondi ng step (b), thew re |l ooping step (c), the second bondi ng
step (d), and the wire cutting step (e) in this order and, in
t he cl eani ng process (B), to performthe bondi ng t ool cl eani ng
step (f), followed by the ball form ng step (a) as a part of
t he cl eani ng process (B), and thereafter a dummy bondi ng step
(g) of bonding the free-air ball forned at thetip of the wire

to a dumy bondi ng position.

3. The bondi ng apparatus according to claim 2,

wherein the controller is arranged to performthe dumy
bondi ng step (g), followed by the wire cutting step (e) as a
part of the cleaning process (B), and subsequently the ball
formng step (a) of the next wire bonding process (A).

4, The bondi ng apparatus according to claim 2,
wherein the dummy bonding position is a positioning
pattern.

5. The bondi ng apparatus according to claiml,

wherein the controller is arranged, in the wire bondi ng
process (A), to performthe ball form ng step (a), the first
bondi ng step (b), thew re |l ooping step (c), the second bondi ng
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step (d), and the wire cutting step (e) inthis order and, in
t he cl eani ng process (B), to performthe ball form ng step (a)
of the next wire bondi ng process (A) and t hereafter the bondi ng
tool cleaning step (f).

6. The bondi ng apparatus according to claimb5,

wherei nafter the bondi ngtool cleaningstep (f), the next
first bondingstep (b) isperfornedat | east after aprohibition
period during which the energy of the plasma irradiation

att enuat es.

7. The bondi ng apparatus according to claim1,

wherein the controller is arranged, in the wire bondi ng
process (A), to performthe ball form ng step (a), the first
bondi ng step (b), thew re |l oopingstep (c), the second bondi ng
step (d), and the wire cutting step (e) in this order and, in
t he cl eani ng process (B), to performthe bondi ng t ool cl eani ng
step (f) and thereafter, at least for a prohibition period
during which the energy of the plasma irradi ati on attenuates,
to prohibit the ball form ng step (a) of the next wi re bondi ng
process (A).

8. The bondi ng appar atus according to any of clains 6 or 7,

wherein the prohibition period is a period after the
pl asma i rradiati on during which the increase in the dianeter
of the free-air ball by the energy of the plasma irradiation
becones substantially unobservabl e.

9. The bondi ng appar atus according to any of clains 1to 8,

whereinthecontroller is arrangedto performthe bondi ng
tool cleaningstep (f) after perform ngthew re bondi ng process
(A) predetermned tines.

10. A bondi ng t ool cl eani ng met hod conpri sing a w re bondi ng
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process (A) and a cl eani ng process (B), the w re bondi ng process
(A) conpri sing:

(a) a ball formng step of formng a free-air ball at a
tip of a wire extending out froma tip of a bonding tool;

(b) a first bonding step, after the ball form ng step,
of bonding the free-air ball forned at the tip of the wire
extendi ngout fromthetipof the bondingtool toafirst bonding
position with the bonding tool to forma defornmed ball;

(c) awire |looping step, after the first bondi ng step,
of |l ooping the wire toward a second bondi ng position along a
predeterm ned trajectory of the bondi ng tool while payi ng out
the wire fromthe tip of the bonding tool;

(d) a second bonding step, after the wire | oopi ng step,
of bonding the wire extending out fromthe tip of the bonding
tool to the second bondi ng position; and

(e) awire cutting step, after the second bondi ng step,
of rai sing the bondi ng tool while paying out the wire fromthe
tip of the bonding tool and, after reaching a predeterm ned
hei ght, cl osi ngacl anper tocut thew refromthe second bondi ng
position such that the wire extends out fromthe tip of the
bondi ng tool, and

the cl eani ng process (B) conprising (f) a bondi ng t ool
cl eaning step of cleaning the bonding tool through plasm
irradiation after performng the wire bonding process (A
predeterm ned tines,

wherein the energy of the plasma irradi ation appliedin
t he bondi ng t ool cl eaning step (f) of the cl eani ng process (B)
I sprohibitedfromreachingthefree-air ball fornmedinthe ball
formng step (a) of the wire bonding process (A).

11. The bondi ng tool cl eani ng net hod according to cl ai m10,
wher ei nthe cl eani ng process (B) conpri ses perform ngthe
bondi ng tool cleaning step (f), followed by the ball form ng

step (a) as a part of the cleaning process (B), and thereafter
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a dummy bondi ng step (g) of bonding the free-air ball forned
at the tip of the wire to a dumry bondi ng position.

12. The bondi ng t ool cl eani ng net hod according to claimll
further conprising performng the dummy bonding step (9),
foll owed by the wire cutting step (e) as a part of the cl eani ng
process (B), and subsequently the ball form ng step (a) of the

next wi re bondi ng process (A).

13. The bondi ng t ool cl eani ng net hod according to cl ai m10,
conprising performng the wre bonding process (A
predeterm ned times, foll owed by the ball form ng step (a) of
t he next wire bondi ng process (A), and thereafter the bondi ng

tool cleaning step (f).

14. The bondi ng t ool cl eani ng net hod according to clai m13,
further conprising, after the bondi ng tool cleaning step (f),
perform ng the next first bonding step (b) at |east after a
prohi bition period during which the energy of the plasm

irradi ati on attenuates.

15. The bondi ng t ool cl eani ng net hod according to cl ai m10,
conprising performng the bondi ng tool cleaning step (f) and
thereafter, at | east for a prohibition period during whichthe
energy of the plasma irradiation attenuates, prohibiting the
ball formng step (a) of the next wire bonding process (A).

16. The bondi ng tool cleaning nmethod according to any of
clainms 15 or 16,

wherein the prohibition period is a period after the
pl asma i rradiati on during which the increase in the dianeter
of the free-air ball by the energy of the plasma irradiation
becones substantially unobservabl e.
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