BONDING APPARATUS AND BONDING TOOL CLEANING METHOD BACKGROUND OF THE
INVENTION 1. Technical Field [0001] The present invention relates to a bonding apparatus
having a feature of cleaning a tip portion of a bonding tool and also to a bonding tool cleaning method.
2. Related Art [0002] In semiconductor device manufacturing processes, a bonding apparatus is
used to connect pads on a semiconductor die placed on a lead frame and leads on the lead frame.
Such a bonding aBphfaAtdNG nSRBSSAT biSn AN tB@NBlIIbEEvWéHQe tOoEANE \HIdvlz BdD)s arranged to
use a wire inserted through the b %R@;l@ @,Q[tpégemiconductor die and the leads
on the lead frame. [0003] The more the num er of wires connected, the more foreign matters
adhere to altip getibniot &he bomdiilg tool and the more inconveniences are likely to occur in bonding.
In order to reglygg such inconveniences, there has been developed a technique for cleaning foreign

matters adhering to the tip portion of the bonding tool. _
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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[0004] Japanese Unexamined Patent Application Publication No. 2008-21943 (Patent Document
1), for example, discloses abonding apparatus in which a plasma torch is provided in a cleaning case
into which a tip of a capillary can be inserted, plasma is jetted through a plasma jet port of the plasma

torch to cle 2 1] ' f the capillary, and.exhaus is.discharged through a di rge port.
10005] Jap 0L UM Haor RS ot bUBIS Kbt K SH0p o LB HD HE R 5 ment 2
discloses aiwiravbbonding wletisothin whiathi @plagsmaditiddiatom uait ésiplicedretoandanbongding target

member and,. priar. tQ. Wi ing ta the bondi g , il -MQV e plasma
irradiation u{:]?tpg%} &Sgc!){sse tr(.;dqé)rﬁssrﬁg llf?zliodigﬁow Fsag tﬁg’tﬂéﬁgﬂﬁ% gaﬁt?‘e%rseghérﬁ t?ogg%éq portion of
the capillary®e@iovedce@NVRENY IONADVRITIDAGIeME MSSPATEANT BOCWMENTJ0d06] Patent

Document ]éﬁ&é‘é‘&%eo Sxarinerdaieat ABRlicatepRHblgaion; NonePPR2 dtih BfeRY Document

2: Japanese Unexamined Patent Application Publication No. 2008-2187/89
to a tip 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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SUMMARY OF THE INVENTION [0007] However, the inventions disclosed in Japanese
Unexamined Patent Application Publication Nos. 2008-21943 and 2008-218789 may suffer from
various inconveniences such as electrical shorting between adjacent pads resulting from the diameter

of deformechbglls gogﬁiec% %%a%crt t%’g'tl%ﬁaex § (?gl a pr%a%tegné]edgﬁreﬁnn% att})]ondlng

operation arter cle ning t he side surfac he bonding {00 y undergo a
reduction intheeboradihg streplgés dae to f foadikaiiple) an intreastyin thaeothiatkinelse ofabld®alls after

bonding at [ t of t
cggsilgngtlg?}?#%g%oF\)/? e(:)sPc%r)lb%ﬁ %glenésb If(') pro(\:/fé?p ?[’EH?%w?g&tgﬂ}?ﬁ%sl%%nﬁ%rl?g%ondlng
tool can be %td@m@ummommeagngmé atanfm'ter of befoexedssilvelondad de doad@igdositions.
[0009] ~ [BGIRVERWYS L tH'ﬁﬁQQPe loé‘d“ Q%&‘Fq an eapRag EH%?{I Vi L@ grallyjind out that

the problems are caused by residual energ |re after plasma irradiation during cleaning of the

bonding todaRéSidaat @n@@@ﬁn\&ﬁé hlres Qﬂél' bla!sﬁwé heddided®ringe, hablila Broadest at
unnecessafily &0 5gENFPRIR] for bRl fargingAeingthe.qubsenyenio ‘P'?ﬂ'%% OPEERHA e The

excessively added energt; would result in unexpectedly large balls. Bonding the too Iar%&tz)alls onto
pads would&ed(ein Bk befehiel bARNEhME Rt ieehdial PasRiBRs hhANRat@¥nB8ssively

large diameder ianefradlg aRecheRARg 2tHhe bondiBgipRgiiermNAL kbEVaN HesRasaskifickness,

thus suffering frkcj)lm the above-described problems. [0010] Hence, the present invention is directed to:
pr obl 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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(1) a bonding apparatus configured to allow a bonding tool to clean, the apparatus including a
discharge device for forming a free-air ball at a tip of a wire, a bonding tool for bonding the free-air ball
formed at the tip of the wire to a first bonding position, a plasma irradiation device for performing

plasma irra%ilzjl{io }%%etaﬂ éh? Ib n%ipg tt%%l’ %ra)q.'alc trpl(!’eorI foE ﬁoqthoellin;?etgg o 's@oaﬁ%ﬁe 'S§Vice’ the
bonding tool, and the plasma irradiation device. he controller Is configured to perfornta wire
bonding prqpesst(Apand ancleaning process (B). The wire bonding process (A) includes: (a) a ball

forming step of formi ree-ai | at the {i t [ tend] f ' onding
tool; (b) a firsﬂnggﬁ n%é\xsie%pq;)[f %%Hnﬁ% ?h%ef%fgﬂ:ﬁ\{\tlgﬁ r?(?”%%%ra@'q% e Itﬁ%?%%w%@x?ending out
from the tiplAYh@ BoPiding fsoMbriRef fironbbheirig positionhgith and bagdimplosing foath teedeformed
ball; ( ' in ingt jre tow .second %ﬂg&g itjon. a a
predetermi?e%a\ggjic o% fﬁ%ﬁ%ﬁ%’%|hv‘§%\{i\|’§%l;yi_n%r%’§t'iﬁg v%irgq fro thep?ig gf)u ?F\el%%%ding tool;
(d) a secondioRdihg e p@siestghRBAliRYdx@si dih@ B Yt thattp Be the bR eiihg fsts to the
second bonglifg pPegiHeR: NG D de) ?‘IY\‘-S”%BWHPngE{FbBi raising the bonding tool while paying out
the wire from the tip of the bonding tool and, after reac_hinq a predetermined height, closing a clamper
to cut the wire from the s6EGRNbORAIRG PESRHISN GBEh tHX kel Rfre (xterRisRRA HoRYtHed) of the

bond?ng toqd, eanﬂ\@ C@ﬁ@ﬁ!gd@‘@séa(ﬁ? H?'L{Qﬁfé (%é‘rﬁﬂﬂﬁﬂ{"& 08l C'?Miﬁgéﬁwfﬁwing t_he
bonding toal through plasma irradiation. he controller is also arranged to perform the cleaning
process (B) affe@HetfdrPfhg the wire bonding process (A) predetermined times, in which the energy of

the plasma irradiatign @ppdaé inthespondingl toel alepaingestepdipefrtherciramagdiresessnidd) is
D ST BCea b e e hah TRy R PRSI ) oL Ppne
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 ball

formng step (a) of the next wire bonding process (A).
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[0011] The bonding apparatus according to the present invention can include the following
additional aspects. (2) The controller is arranged, in the wire bonding process (A), to perform the
ball forming step (a), the first bonding step (b), the wire looping step (c), the second bonding step (d),
and the wir § gl:gff step (e) in this order and, in the cleaning process (B), to perform the bonding tool
cleaning step g , Tollowed by the ball forming step (a) as a part of the cleaning process (B), and
thereafter a dummy(dgnding step(y) ld bahding free-ain Isak fposed aothengp pdthenire to a
dummy bondi Hssition. [0012] (3) The controller is arranged to perform the dummy bonding
step (g), followed by the wire cutting step (e) as a part of the cleaning process (B), and subsequently
the ball forming stef %) ofhie sexttwied bending pcess gaY [0013] t he (M Tige daneiyigonding

position is mfngigggir;? qtt_em. %QQEL%r m t ®a The sortlgy ﬁ%a%?e%%?i%? c;[;?i?] g/éﬁ?(g;%i@ process

(A), to perf the ba @rmlng step (a), the first bonding step (b the second

bonding stepo@yli 41t $hE Ritd tuttiideswip @) ifARisEdel @Rd, ¢ thé kRe&SiAE PHoeess! (Y] to perform

the ball forrampsteafa) ghithe mRxtire bendingyoses (/f\)a?mﬁﬁh?rma;t%mmaﬂ@g tog! cleaning
step (f). [0015] 6) After the bondln%)tool cleaning step (f), the next first bonding step (b) is

performed &thBast SRéY L BroNiBRBAHERDd duANBRLKIER ThE kARG lofftRE Fidions ieRdia@bn
attenuates.of t he 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.



[0016] (7) The controller is arranged, in the wire bonding process (A), to perform the ball forming
step (a), the first bonding step (b), the wire looping step (c), the second bonding step (d), and the wire
cutting step (e) in this order and, in the cleaning process (B), to perform the bonding tool cleaning step
(f) and ther %fbelr t least for a prohibition period during which the energy of the plasma irradiation
attenuates, 't0 prohibit the ball forming step (a) of the next wire bonding process (A). [0017] (8)
The prohibition periodi@3 alperipd @ftenthé pleantd ibradistiah slrhgrwhichdhieanaréagelinnthe diameter

of the free-ai Il by ener irradiati C .substanti e le. [0018]
(9) The con?tr%ﬁgr @ a?traaﬁr%gﬁ %g&g}gr%ﬁ%@%gnﬁg t%%%e%ﬁé'éiﬂeq) F%?)Qg?t%% ggﬁgfm%@he wire
bonding pratesk €anNprediadedsiags titids. [0019] (10) The present invention is also directed to a
bonding tool cleanirg, %Jih‘?%i%%jdfﬂ%q v;grqtp%ggir;g@rogqﬁﬁ fo?@&d a cleaning process (B). The

a) a ball i

wire bonding process (A) includes: _ forming step of forming a free-air ball at a tip of a
wire extending out fréth &tipadfla hendihgdost ep 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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(b) a first bonding step, after the ball forming step, of bonding the free-air ball formed at the tip of the
wire extending out from the tip of the bonding tool to a first bonding position with the bonding tool to

form a deformed ball; (c) a wire looping step, after the first bonding step, of looping the wire
toward a secon nding Rositign al predetermined trajectory of the bhonding.tQal while paying
out the wire rgr%}t)é)('a %% %ﬁth%%goﬁgigg%(ﬁél; ' 'q"%?' a%snecé)'?l%l gn&n%@éﬁ,%%%%h%%ﬁ@ ?ooping

step, of borfamylthegwirk axtendihg aot frgm thet tipdf thecloarding goltto thé Becopd &sading position;
and (e? ‘H@]F&%‘iﬁing step, after the second bonding step, of raising the bonding tool while paying
out the wire from the tip of the bonding tool and, after reaching a predetermined height, closing a
clamper to &gimaBtEgERom the second bonding position such that the wire extends out from the tip of
the bonding tggh17  The cleaning process (B) includes (f) a bonding tool cleaning step of cleaning the
bonding tool through plasma irradiation after performing the wire bonding process (A) predetermined
times. The eneldy acgrrplagea inhtiatbRegpliedenthé BYRAhyel ¢8gningStél & of the

cleaning preerssyR)iin RRBIGEHIY teasningths Brewitkal farsrhivihgdalhfermag step (a) of
the wire bonding process (A). [0020] The additional aspects (2) to (9) of the bonding apparatus
according t8%hé beeddRen@rtididre 4185 ERPlitAbIENS thelfdn R IddHinh MeétRBd ficcording

to the presgry inveatign ABYAHaGES t he def ormed bal | 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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[0021] In accordance with the present invention, the residual energy in the bonding tool is
prohibited from having an impact on the free-air ball formed in the wire, whereby the increase in the
diameter of the deformed ball bonded at the bonding position can be suppressed to prevent shorting

between adjacent angd redyctjon in the bonding st th. BRIEF. DESCRIPTION HE
DRAWINGS [0022[])'§]dé Fi& 1 |gs aécgﬁflrg%fr}atleoﬁllpc%{:a Fa@r%ﬁes%%iégn Uctor fn%‘r%g ac urErﬁ-ﬁ[g apparatus
(bonding appaestud)lacgbrdibg 0@ an wimidioogitng striG .(2A isfard enlrged anviss sdciopal view of

a capillary ing.to.t bodi A[eH i rQss-secti lew. of a plasma
torch accor"(%jci(rsl\\gé[% Qhé esrg gmgg%m%80{&&%%&%?@3?&3@ ((:j[rgsgﬁs?gc%m @/{le}ﬁvg E|l|\1fu'strating a
ball forming step (alF-h€eorélhg ® thes@mbodireahtar ged | Sc BBIatl segdhdsshigeeti wosd-sectional

view iIIustra\;ipg\);pg ppﬂg’grpﬁpg ﬁéeq =) %cpgiirpg)gbm?ge@pggi?@?t. FIG. 3C is a first enlarged

cross-sectional view lillustrating aTirst (ball) bonding step™(b) to a first bonding position.
FIG 4Ci1s 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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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). FIG. 4A Is a first
enlarged schematic cross-sectional view illustrating a wire loci:mg-1g step (c) of forming a wire loop

toward a sego%%ﬁgngllalg PS%I |or%?%cor{d|rn t%%% Tprzdlr%&%r di FgIGt éB é;%%lc(% %nlarged

schematic ¢toss sectional view illtistra ing the Wire” gs ep C). hird enlarged
schematic @obodeotaial view illustrating the wire |OCI mg-1g step (c). FIG. 4D Is an enlarged

schematic cross-s%;,_:p@al YI:?W |Eusétlrapn%\% SSH%'?(? (gtlfqt’g &opgiq%ﬁe% (OB (o} 3“?1 bonding

position. FIG. Is an enlarged schematic cross-sectional view iflustrating a w e cut ng step (e)
of cutting thel wira@ friogn et Sesbnaassdindiposidod. t hi FIG e3vbagla mieditcross-sectional view
illustrating a bonding tool cleaning step (f) according to the embodiment. FIG. 5B Is a second
cross-sectional view illustrating the bonding tool cleaning step (f) according to the embodiment.

FIG. 6 lllustrates the temp&i¥al Shafie BERGRTiEliENoheldterNIENHSEM irradiation and the
change In tn@gmeter of a deformed ball bonded at a bonding position when the ball Is formed at

various time points.
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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FIG. 7Isapart madly enlarged plan vdew ofasemdconductor die Immediately before a dummy bonding
step (9). FIG. 8 Is a partially enlarged plan view of the semiconductor die during the dummy
bonding step (g). FIG. 9 Is a partially enlarged plan view of the semiconductor die after the dummy

bonding step{ghoon, FIGih. 5 Rfiow i Wusating s banding.taal gieaning method acgording to a
first embodiment. FIG1TTE B%od it illustrating a bonding tool cleaning method according to a
second emisodistenat ElGan@ Adlsl araenlargetecross-sectional view illustrating a ball forming step (a)
according 'g)g?fzgjcond embodiment. FIG. 12B Is an enlarged cross-sectional view illustrating a
bonding toal cleaning step (f) according to the second embodiment. FIG. 13 is a flow chart

illustrating a bondingBabl leagimpridtierd ecomihg Yo supirtys migoéintsrdy DET AILLED of

DESCRIPTIQN PF (THRINVEN QN Eoﬂ%ﬂal , havi ng an appr oxi 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 || 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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Embodiments of the present invention will hereinafter be described. In the following description of the
drawings, identical or similar components are designated by the same or similar reference symbols. It
is noted that the drawings are illustrative only and the dimensions and geometries are schematic only,

and the technical scope of t 2sent inventjon should not be underst s being limited to the
embodimenﬁts%.?ogif?Deecgi%ﬂ%ﬁﬁsf rllé]émps\ét%sle{d' P?enregl)r% 3@%?@4& gé %o?ﬁ%gv?% d 8m%o%}dlm\§etool": a
device used taingblemenmatvice bomdingInhethodOwith no limitation to the structure. Bonding tool is a
structure, t(LW %foreign matters can adhere at least in a bonding process, to be cleaned through
plasma irradiation; including a capillary used in nail head bonding and a wedge tool used in wedge

bonding. A capillaryTibeeMrﬂﬁin iﬂﬂﬂ%ﬂerhboﬁﬁn@ntﬁpmtﬂﬂatﬂﬁﬂﬂed&héfmé gb%rﬁfcjas lft&s_
necessary i0JaA1NG 'RI9B MYSIS: {PPAX he 7 iGNRY o RIASTE PR (g‘?fﬂ’\%t%riggqpé?v'ated to

"plasma") impact for removing foreign matters. [0026] "Foreign matters": substances adhering to

the bondind @M B @i Bld@issl thainkhigchaiey Bey&siathdRehasvapbl&Bl Wi Hting from a
lead frame, a5t RiBr 204/0G R YT OQ2 Flu BonANGiRoeLHIERRSHT BEAGRh SRR typond a wire

thereon, including a pad formed on a semiconductor die or a substrate and a lead frame.
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
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[0028] "Ball": a portion formed by supplying energy to a tip of a wire to melt the wire metal, having
an approximately spherical shape. The "diameter" of the "ball* means average diameter. [0029]
"Bonding": connecting a wire and a bonding target surface in a metallic-bondable manner, including

electrical cqQnpection for example, .crimpipg, welding, combination thereof, [0030]
(EmbodimcgnéI t HgA%r‘Qérre@ éamé%&%evr\?t%% tr\ge glﬂi}geﬁéi?\fvgﬁﬁ%n \s\}}ll Flcbv% b@ gi(eés'cribed in line with
the followinp@@86](1. Configuration of a bonding apparatus according to the embodiment) (1) Overall

configuration FlG. 1] anfi ' i f the i ratu rding.tq the
embodiment. Alls%s a}\\?vr? érzl é\(g .hﬁﬁgit?on |%gh§pp%r§lt%§sr} (idﬁ%gﬁ%%lgé togtﬁﬁae(:&nt?tﬂ)%%em?lgt includes
a controllerdpea e Tl agexbadsts 12nadharenig hbadilg@naliofohasietiede a4t ackbiiary 15, a

bonding arm 16, W%@gm@q{el?’vﬁ nge tepsioner 18, arotagy sPoaliP. ¢ feeder 29, aheater 21, a

plasma irradiation device 30, an operation unit 40, a display 41, and a camera 42. [0031] In the
following erAb&&ifict &l BNk gArAs| to a bonding target semiconductor die or lead frame is defined
as Xl planeragghtire direction perpendicular to the Xl plane is defined as Z direction. The tip position of

the capillary 15 is identified with a spatial coordinate (X, Y, Z) represented by an X coordinate, a Y
coordinate, and a ZIdBdbMiifig&d ensi oner 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 therearound 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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[0032] The base 11 has the Xl table 12 placed slidably thereon. The Xl table 12 is a moving
device that can move the capillary 15 to a predetermined position on the XI plane based on a drive
signal from the controller 10. [0033] The bonding head 13 is a moving device that holds the

bonding arry, 16 mavalyy i ihg g eliection hasagan adiive.signaldiom dhe pogirglisn1g Fre bonding
ead 13 has a lightweight low center-of-gravity structure and can Suppress movement of the capillary
15 due to ahlieertiadorcergareradtwitlatHecmpeemient of thel Xlabbke 12r[00841di ngThe bonding
arm. 16 is i3haped member including abase end portion, a flange portion, a horn portion, and a
tip portion from the base to the tip thereof. The base end portion is provided with an ultrasonic

transducer 161 arrahged b fbiate i f@s;dio_hé'e QB a dRive &ignADfrom th O(yrhtftﬂlér 0. Ttheeflange
portion Is a@?ﬁ?eﬂ_ hi@@ﬁ@& %%}3ﬂ)aéﬁﬁoﬁ‘@cgrmlﬁﬂg%rdatt%pﬁgp?'&Fhﬁ&ﬁeé\é‘?ﬁas anode

of ultrasonic vibrationt. The horn portion Is an arm extending longer than the diameter of the base end
portion, havifid aditict e foRraRMHIBING ANramRtisg &he BRPMUNE of Qibr&®dA BY tA ultrasonic

transducer 361§ fhe R PAEIAEY THEAIR RPPTEER & AMAUAHNG BPEISOE reRjaggagly bolding the
capillary 15. The bonding arm 16 has, as a whole, a resonance structure that resonates with vibration
by the ultrab&@¥é Zlansducer 161, in which the ultrasonic transducer 161 and the flange are positioned

at nodes of resonangeevibisdipgt Whie tha ¢aniry ,;l,@ig,gggitiq)rp?hgt Frankd-nede |9f wiHragion. With
these arranégements, the bonding arm 16 serves as a transducer for converting an electrical drive

signal into & hickBalchl vibia@¥at j0p/s5]2Nd fHcQUINIRGE] id BB 8f X BtRiAY toBPY be cleaned

according tgéhe embadimersuf\pinsarien hofr isaproviged iytheagapitlper H2.dhrowgh whieh a wire
"w" for bondin% can be inserted and paid out. The c;agillar 15 isgttached replacearl%lgl to the bonding
arm 16 with*28pfi0d kGite i-the IfRE. fER @ 42 IS arfanged to take an i mage 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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The wire clamper 17 has an electromagnetic structure to open and close based on a control signal
from the controller 10, whereby the wire "w" can be held and released at predetermined timing. [0037]
The wire tensioner 18 can insert the wire "w" therethrough and freely change a sliding force for the
wire "w" ba %% a control signal from the controller 10 to apply a moderate tensile force to the wire
"w" during bonding. [0038] The rotary spool 19 replaceably holds a reel with the wire "w" wound
therearound and is @&angeditotpay oontheokirs 'ghakcoring emtheotdnisilg folve apdiridrigy the wire

t ' 18. It teri f [re "w'" tepf i '
machinabiB s bR Aeinet. B s Shatieh b SRR RETN Y e .
generally usad. 093931 d OTtie asrahedleoRedb 4 Rechirmdtedto anglvbitage bywerp@irce not

shown thro [ ilizagion yesistor not IS gpran generate rk
(discharge)kjl:?i%z\élgi (;?r(;é1 aa({:%%tr%%zigﬁlc;[?gmﬁ[ e c%n'"rf\i[r(?ltl}gravl%\gﬁ%, wgi‘t};h’thg’Fﬁleltaqta o??&%pfrﬁ,@form a ball
at the tip of\Whé Qifd ‘amedid blttidrh ehénip dfahéicapille®y 16. TRetdeitWr 6F the'tofdh ERctrode 14
is fixed andg pop discharging, e capillary 15 comes close to the torch electrode 14 at a
predetermined distance to generate moderate spark between the tip of the wire "w" and the torch
electrode 121.0@61])] The feeder 2 Ois amachining table withamachining surface to place a

bonding target semicondugigsudie2¢ ane iend diagiriR4 herapr ciig Bedgral isneravigesdhunder the
machining surface of the feeder 20 to heat the semiconductor die 22 and the lead frame 24 to a

temperatur€S6tdB1896r BéndRE§N00AAM ng @ 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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The plasma irradiation device 30 is provided in the vicinity of the feeder 20 and is arranged to perform
plasma irradiation based on a control signal from the controller 10, as will be described in detail with
reference to FIG. 2. [0042] The operation unit 40 includes input means such as a trackball, a

joystick, and a touch elt rve as an input device for outputting, gperations .operator to the
controller 1b§31 Tﬁge %grﬁéfsg 45‘% %?r%ﬁg%e to %aliﬁe‘gf fm§g§8$th€8£e ilcgpﬁ uctg%ai%e)ég] 5§§ the lead
frame 24 plabed ehhheugdthiriogsarf@asofsthp iéydes A Thentdidplapndiis divahded @adisplay an

image taken by fhe cagiera 47,8t aypiedeeripsslrgnicaion sl 1 e aneratg/ The operator

can operate the oper set the trajectory of the capillary 15 serving a pad 23 on
the semicodunggid 2Dant Ase |eatifraprn2b alislaged ancbBtdisplagiagnfdo43]om tige controller

10 is arrangeg o, 4ftpuf vagigus W%ﬁg@”ﬂé orcgptraliing the bggqg}gaqqq?ﬁatw dWasgd on a

predetermined software program. Specifically, the controller 10 performs the following controls as a

non-limitingt éXaPH8IB. [d0R49as p{IadastifyaRe Bpasaostidn gxdy ar) evme tipcof thewapillary 15
based on a tion signal from a po s itional detection sensor not shown and output to the Xl table

12 and the bonding head 13 a drive signal for moving the capillary 15 to a spatial position defined by
the program. [0045] t | S(PpbahithditnenAradsniOraRsased 961 8f e KBh&iR &A% a control

signal for gpperaling yt(asenin ¥sationdunng bpadiddbio ALERARIRANt. JPOEBA (A 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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(3) Output a control signal for controlling the opening and closing operation of the wire clamper 17
such that the wire "w" is paid out as defined by the program. Specifically, open the wire clamper 17 to
pay out the wire "w", while close the wire clamper 17 to form a folding point in the wire "w" or to cut the

wire "w". [004.7 coniral signal for dischargi t.the forch .elect 4 when forming
a ball at the%péolf ?ﬁg( v%‘?lre% Ev%/[')%ge O%I) %u%pgﬁgﬂ‘%r%dtaaé]?rgﬁ%% r(]:éaméa(?g 7. Agfn %t%g%épef\g? 41.

(6) Identify therspatial tgaldiniateof & bbsdingrintd edoldingaaljints ttorpdsee ompedetions on the
operation ugit 40 ( t ontrol si lasma | (ati ' 0 during
plasma irra§|E té:‘é(l)r?[’g)gflgllrt1 Psf ngﬁe%%ﬂaat%hggoﬁigéfa%gﬁbo the k?o%%’inqg @%@aﬁj@dﬁ@ﬁ{@fraﬂve only
and should Ho€ berintitid G edetol For egamh@d, Ine tesdit2d biabothhBel wadingrapgaaess 1 and the

feeder 20 eggR ganpe, RRYIded Witha moyiag deyicgpy X-e 4o, A1l Zeiregtiofdpayameay [0049] (2)

Specific configuration for cleaning FIG. 2A is an enlarged cross-sectional view of the capillary 15
in an arran@etBeRCHE pisShiLirfdMRRANEEG. 2B is an enlarged cross-sectional view of the plasma
irradiation o[e(\/tpggﬁo As shown in FIG. 2B, the plasma irradiation device 30 includes a gas chamber
31, a high-frequency signal generator 32, a plasma torch 33, a load electrode 34, a ?rounding
electrode 35, a gasipeRsy, ahdeshlitbAeaNésma i rradi ation device 30 wi T1 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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[0050] The gas chamber 31 is in communication with the plasma torch 33 and serves as a
gas-filled chamber for supplying gas for plasma generation to the plasma torch 33. The gas pipe 36 is
a supply passage for supplying gas for plasma generation therethrough from a gas supply source not

shown to the,gas champer 31. The shutoff val is.an electro netic valve arranged tq close and
open base 5% a% c':(gn Foﬁ)?ng ar from Eﬁegég%tréﬁer%roatvv rerggy g@%?él%%a'g%n%a%iicﬁ]e owing
through theayas pipez86 cancws shub efared aliowedetb diotv. joE53p andlt iservidel thaethedas for

plasma ge”%aﬁgbﬁé‘:%% Hiadif %@VW%@%‘H% ﬂi”r‘?ges%f B e 9PSs i fﬁ fglean Dry

|
Air). [0052] requency signal erato:%nclu es, for example, a high-frequency power
source, a fadward wave/reflective wave detector, a high-voltage generator, and a superposition coil,
though not g@@g@] Based on a control signal from the controller 10, the high-frequency signal
generator 32 generates a high voltage HV for igniting gas for plasma generation and a high-frequency
signal HS for generB8h§ ahtl HealditifgI&sm2A[0853] 0SS -T$RGHhSmaltorte B30k & HdllBw structure

composed gfan insHlatg paerial sprrppignyesiganiite plasma ang heat-rgpistanide thegigh
temperature of plasma, being formed in a cylindrical shape as an example. The load electrode 34 is

provided in BhRRRhEF QUEBUAENS B ButerAserithel dutfdck®f tRéplddifa tdriehPsd. triheNoad

electrode 3gis aHangadhiq bapyovided with aibigharequesicy g iHS (ah valtageHiva from the
high-frequency signal generator 32. The grounding electrode 35 is provided within the hollow of the
plasma tordP%83 IrPR | wd%éll@%a@%ihb?ﬁaﬂ%@h TREG BN A &leéPstid S5 ROp L& with the

load electrogs34 andeelectigely orasndedyiadewplh surtace ahibe gas chemaigd vAPe4l In
addition, the high-frequency signal generéé)or 32 and the load electrode 34 are connected through a

coaxial cabldnda fatcNing SelReqE bRS prolitfed AfradtiRelinbdfiriRel APa'FS8m of the
plasma irradiationelevags, Ithewgh net phowndéde anatghintdevisads degionedrasghdbat the load

impedance When RIFST 23 PGAE ST PIECY MRS ALRSIFS e FaAagiIShe gupgdance:

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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[0055] An operation of the plasma irradiation device 30 will now be described. When the
shutoff valve 37 is opened based on a control signal from the controller 10 shown in FIG. 1,
pressurized gas for plasma generation flows through the gas chamber 31 into the plasma torch 33

shown in FIg, & jo fiupraunghing grqunding glecirade, 30,4 yal 3a5eds Aflarithafgyiaen, g plasma
ignition instruction is output to the high-frequency signal generator ased on a control signal from
the controllemi0,ex predi2termined high-frequency signal HS and a predetermined high voltage HV are
outputin a ld)te%" posed manner to the load electrode 34. In the case of using argon, which is inert,
for example, as the gas for plasma generation, when the high-frequency signal HS with the high

voltage HV superirﬁp@@édiﬂfetdmtié p®utigana dithrfeiquendt tletsid AalashRnermyEdetween the
oad electrogeH 900 e cioppdng B4 ReR N ke FTOSPIRE Wy frdon atoms

are excited and argon electrons are accelerated to collide with surrounding argon gas particles
(moleculesC&id frarélgy pli8htduttthahil bled&§BRAE CThe @nstivperarbbee@eltdied ROt d@ctric field

o further colfids Yl GHar@Rt BRISS. sadhat e UBLATAPIBRTPES BiSTass hRas gratedly and

argon atoms are ionized into Arf (argon |on%, e- (electrons), and Ar (argon radicals), and thus plasma

is generateH OWhBR tHeaPlakh R i¥ géReratel) helbdgempbsition BtAk IHAh VGHA8BHV Restopped.

The matchigg gievicgReriosmsokaen impedangemetliRd Predessing e pravidednpgpange matching
in a view from the high-frequency signal generator 32. Argon gas is excited or ionized around the

grounding Si8&tdd&R%eRthen deIR T8RS BRIBERIMSRRUSETONENPARSPENRY 88 fi8he plasma

torch 33. [08pBI i edRefeFiNEAPY oMl Ge 2 raafi@as-hettionalviemnef ehiimpeitigopt thercapillary 15
with the wire "w" inserted therethrough is shown. As shown in FIG. 2A, the tip portion of the capillary
15 includes]alsgtrab%?hgfécfsﬁoo{ Lh &Rt portibNe 58UL 8hcd Baitvh 295, HndMar-8tter#abius portion

154. The strdighbhelerl pedefites an irngrfwaletireBghwiicle e whike Wi isiigeeived t Bresface
portion 153 is a tip face of the capillary 15 provided at a small angle with respect to a bonding target
Curtace. THEDARICETNEN £43 B! Yonndir BEm bR RS b R 1 e face
portion 153f tarmiegnin atapered shape wmsbpastraighd helasilyto thedfacehpsrtiorehdd.ethe
outer-radius gfrtio .151 aE{)rovides connection between the face portion 153 and the outer peripheral

surface 155 0f e c'a% y 15. A wire tail "wt" is formed at the tip of the wire "w" inserted through the
straight hol¢ @8&0]0057] As shown in FIG. 2A, metallic foreign matters dl adhere around the

corner between the,chamfer portign angd, the face porti .of the capjllary 15 r.repeated
bonding operations! rgf%‘nicn %gré%n%ﬁe% e?grc]i(i aéjhae% 0 tﬁl%%%%éré EJéﬁ)pﬁweQ%I%éu? acaé'JEfS%gThe
organic fordigh nsdtters deenengonaratedao aihyreyovhe isorfacet dfehesdapiltAryissas aAssult of

evaporation,or entrainment, by eat dyri onging, of o i, majt lied lgad frame,
substrate, ;E}]?dr]g)% ?ﬂeg @u#aéi.e[tgggé]@ %‘I‘T{%ﬁa’;&iﬁﬂ 3§,éw en zfjpplléle{cja 'E'c?)ct %Ht% p%gt@n%o the
capillary 15&Arduepetie bperimp3dontiendasaiviorenBsris 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 plasna 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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shown in FIG. 2B, collides with and removes the organic foreign matters d2. [0059] In order that
the organic foreign matter s d2 can be removed easily, it is preferable to provide a control signal from
the controller 10 to the ultrasonic transducer 161 of the bonding arm 16 during plasma irradiation to

apply ultrasppjc\vbratign tg the capillary 15. The ultrasanic vibration causes the capillary 15 to
oscillate ar?gqgg\rﬂet;ﬁtgg w%r%g"vﬁ' t%d%rv%%a{ gﬁa lflméj:/ﬁe%mé%rﬁfg?ﬁg%rjngall movement causes the plasma
39 to be applied thakougpBr @tthe stedighhleolzo®ii, theagizanfat portloadsar thenigdegpdhtien 153, the

outer-radiu%%gi&nnﬁﬁ, a‘,r\}ldltpe ﬁ&&?r%erWQ?E?'i éf&lce 155, whereby the foreign matters can be

removed effectively. The small movement also allows the foreign matters to be separated easily and
thus removed effeciViey. f00B0I d be |dignwtbd tisat ihe plaghes pradiibhien idedjcec3®isyillaétrative only

and can e ri 0 S n at rig- e icex d structure can
be employrz}tlgllrl1 %r}lj oﬁin?@%v%olé?mp@%ﬁyu%grﬁﬁgsgﬁ?%sgﬁ,%ﬁgpﬁgx% gl'asma
device-basé&d sfrtictdee Bah bl erhplofed o MddHvacalth amdbsitharel Als, e pecifié ERucture for

plasma genegptiopy is;aet lipitedl L0 fhe eRPQAmERbRPRYe-TTPr exRRRlen /Pl alasmadarches can

be provided. Further, there is no limitation to plasma as long as foreign matters Can be removed

effectively. B8r EREMPRTOXGHENBaREd YaicaRirdithtidiforl BaftobEARRsed RHasmBliRg8@tion can be

applied. [004] t he If bétiaecessary thdischape spAQVESfOraige matters Wik 8nifgipment over
the bonding areas, it is preferable to provide an exhaust mechanism in the vicinity of the plasma

irradiation RARES3Y §088S{3) Ba8i b5drafishReThd Ppafatie | af d5aRoR b thd Bending

apparatus kaegarding tedhaemiodimens xdll pgwobe tascrked. condlybabshetile bexdegyfirst is to
record the trr?égstory_of the tip of the Cﬂ%illiag/ 15 that defines the geometry (e.gsgttargg? II?toisnt, folding

point, and d &%‘id??o? diteS t ad frame 24, for exanple.

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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as set points in the controller 10. Bonding targets such as the semiconductor die 22 and the lead
frame 24 are placed on the feeder 20. The semiconductor die 22 is bonded with adhesive agent to an
island portion of the lead frame 24. The starting point is the pad 23 on the semiconductor die 22 and

the ending point 5 3¢, I3y fram, gion examee, Sepoinis slaviich ing dirgciign pLpgygment of
the capillary 15 changes are recorded with the wire "w" being restrained to form aloop including
folding pointse§0063jed | Thelepardtor operates the operation unit 40 while observing on the display

the oporatal e e XAy QB diah of o ol b by tor AT oLt e

coordinate @fdrathtiodndfithe point using the operation unit 40 or positioning a marker displayed on the
display 41 t 1‘[51e @Qggrqnﬁltip%ttiag ttg%c?perdé’qqgsgnformation. The operator also records the Z

coordinate by humerically inputting the displacement in the Z direction from a reference surface (e.g.
surface of the lead framd2apiisiagTRE perassPubit 20. {G0s4le empdi fRREshARLIoUesrd the

spatial coor, g)atg e spbpﬁgn};@fcgtaélﬁ/’vir %j'wgltcp ppg)(ortd@g qgfo[ﬁ)ﬁ@irmg gtt@‘g]qirag Qperation.

The controller’20 moves the capillary 15 relative to the semiconductor die 22 and the lead frame 24 in
the order of theEFEcRREl Jt9 JRRfts By theClecBradd BajcRRY Wehikt @Pedfing PEI8REE afd hold by

the wire clagjnes 17 §@ perernaPording epReatiganHiiA §vilbaeinasier be gpscibed ibdetail. [0065]
(2. Description of a bonding method according to the embodiment) (1) Description of basic steps

The bonding$hétheB)alUHEinga s iHPehthbareRERARRIAAN ) REHRASHINNIAY steB) (B)Y ikt (ball)
Eong?ng stepuiota f(i,jrg;t @Qrgﬁng)po_sgm (q)c?_al wimlowpk&g sfqpbqﬁdf%rmigg adyre Iog@(.t@qv@@ a second
onding position, (d) a second (stitc nding step to the second bonding position, (e) a wire cutting
step of cuttiﬂﬁsthéqv\zifé frcﬂ'ﬂ%ei £dcofd POREIHYG dsRdN, ﬁtll(?%"a%nﬁﬁ%gmol JQ&ni??@Hep. The ball

forming step daithefisstdpriding steie (), tke vises Wioping step (1)) the second bondisg stgp (d), and
the wire cutting step.(e) constitute a typical.wire bondin roce%s (ﬁ%‘:or bonding one wire "w". These
steps (2) o Rrb bhpe It BOAY HARPIAHR A Phoserd t N Mok 44 HerKbRARE oo
cleaning stge{f) iooslyirequiecd to peifoah ahaecatiencipegtipg doe dall(famingr stepr(d) tagthe wire

i inclyded.in the typical wire bondi in ti ill
o), ThehUBNS of e bor 1&g foot LRAMIGHLoh 1 Gh CAbEnd B4R Sun EAHNAII conditons

such as themarhbuptl & adcuerildtwdn of foreign matters.
[ 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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[0067] (a) Ball forming step FIGS. 3A and 3B are enlarged cross-sectional views illustrating the
ball forming step according to the embodiment, taken along the axis of the capillary 15. [0068]
The ball forming step is a step of forming a ball at the tip of the wire "w". As shown in FIG. 3A, when

the previous wir di rocess. (A) (steps(a) to.(e)) is.campleted, ire tail "wt" is formed at the tip
of the wire fwwdé%(tté%%inggﬁter%ﬁ 'th(oe')]tiétgoﬁtlggn é 'e}(!a%rilpér;&/%. T eg(l:o(% ﬁ)tllé\?{ﬁb%row es a drive
signal to th@Xovalded addithe tsrgiad hiead 1@ XY dsitibretievarectdilhiavid ain thentiphefalde capillary

15 at a predejermi i ef ixed-torch electrode, 14. After .the rp|ler.10 outputs a
control sigr%?to{ rgerhegseﬂg fgﬁkt b%:/vvg]e?nétﬁigtlofch e ectrE([){()je{a alrﬁd théﬂvai{rg Itaaif'c'%ﬁ}tp %Eipall metallic
members intfudihgaheneiget\er atededicthanpreuhtgobtehtal appyitg aghtetbReimstEhigh

voltage to the torckgleptrpfie 4 ¢apses, AISFRROELAWeRR [N reh &lrRtrqsle 4 gnghthegwire tail

"wt". [0069] As shown in FIG. 3B, when the spark is generated, the heat melts the metal member
of the wire B M@t'84 R SPREK DEDAE AHeldakter Shbrlveabe aslendn rrght Reforhierl baklto surface

tension. The gjametas; of tae bayl “faky' dlepeadaondae Jistapre B Mibadoreh elgctigdg 14 and

the wire tail "wt" when the spark is generated and/or the amount of applied energy such as the
discharge cUtreRfah8 thhe o8 Uk ROTRB dithnca BRIWd IR Rr&deiRirBHBad Md@the wire tail

"wt” and the, gischg@e suneateadding ae adperied sudubas tae Sal alede i Ermachiq have a

volume to result in a deformed ball "dbl" with an appropriate diameter after bonding to the first bonding
position usih§t5& c8bifal 251808 A01aBs FirBe(HMI) Boh@hl sté¥ "+ FIGS. 3C to 3E are enlarged
cross-sectigrpgws illustrating the first (ball) bonding step (b) according to the embodiment, taken

along the axis of the capillary 15. [0071
g As 5phov\¥1 InFlG ]BB, when t he spark i s gener at ed, t he 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 “w”
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 and thewire tail “w”
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. 3Cto 3E).
[ 0072]
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The first (ball) bonding step to the first bonding position is a step of bonding the ball "fab" formed at the
tip of the wire "w" to the bonding target surface, specifically including a step of forming a deformed ball
"dbl" at the first bonding position (FIGS. 3C to 3E). [0072] In the step of forming the deformed ball

"dbl" at the first bonding,position, own in Fl t ontroller 10, first proyi a driye signal to
the Xl table 12 andqt#egb@engin%ﬁ]gij ?)é\/ﬁg ﬂ%\t/e &?g%fpél iéﬁe p&c])té%!)qn o&é% c%ﬁil}/aa)% Slré ﬁ)sg preset
starting poibio Tiersggapdg) poionis, fr sxaowple,nhelgad 3€ fotrhedaamtheaddnricobductarsdie 22. The

controller 1 - ide rive signal to th I a MNIAG POSit arch,
lowers the gg&ﬂrg% \%it@ﬁh%ébaﬂ '% fgréngciip ﬁ%%ogn%gwgarid% tﬁagggeﬁi?o%ﬂg |pr§ %@%ﬁethe
semicondudtdrtoge 2V 007G spainisalh@esirt FI. 8D, Wit &1y balarfibl 2dntes intoessitact with the

pad 23, thedyanjt gdgg g Sheypall gy Lpits {9 B fr’ﬁ%‘?rmeq due F‘?ezeetg‘%ﬁﬁégﬁgwﬁé‘i g%&?etermi”ed

lowering speed and further deformed due to the bonding force appli . At the same

time, the cof&dllef TeproNiddicasdmtrorsidHal ©rthdl Kording dhe 16abtdaRsk ehe trhbEric
transducer L6110 geaerats ylirasenigndbration b Sing thdhe bed dal thyepglthe Rgnding arm

16 and the capillary 15. In this case, since the pad 23 on the semiconductor die 22 is heated
appropriateBOSy tHeoRe &8RDENihd NPT SHT R dirRid drftb X¥nd pad 2 bY ife RiblactibAT the

bonding foree apatieditadhe Ball ‘falathe uttrsonie ibsations angae haat appliechy thegeater 21.
This results in the deformed ball "dbl" as a starting point. The deformed ball "dbl" at the first bonding
position is REFINSENEYTESSorflifgl$ %o the shape of the tip portion (chamfer portion 152, face portion
153, and oytgpresiius portion 154) of the capillary 15 to be bonded with a diameter greater than that of
the ball "fab". [0074%& As shown in FIG, 3E, after formin%tp deformed ball "dbl" at the first bonding
position, the controffSr 1B PVideE GridPsihand e Bah 'ng ARad PFES et Bb &R position of

the tip of theiceniltae 15ad0R35] (¢)eMiiedaopegprient t hd-Ikzh |4A@BC seharmatiedbiustrates
;getg;";;go 17 RRAASIB MY P& ST PP MR Tr e cod sl 3ers M5 Speedh respect

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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[0076] In the wire looping step (c), as shown in FIG. 4A, the capillary 15 is first raised to a preset
height, following which, as shown in FIG. 4B, the controller 10 provides a control signal to the wire
clamper 17 to hold the wire "w" and provides a drive signal to the Xl table 12 and the bonding head 13

to perform e ratipn in which the capillary 15 is once moved in the direction against the
second bor?d}i[)r?gﬁ\é siﬁderf. m'[;,eaé gég\'NH] n%—%&hc (1), the controller 10 opens the wire clamper 17
and raises the capilfdr(s35 #A\day 4G siedeviret WCadyl & lehdthatyaires fohthawie lboadingg [0077]
After that, in EIG. i) ~the control in clg ewvire ¢l v oves the
capillary 12%05\%}23%% ge‘%&n@éggd%é) gﬁ%iogﬁélg%ﬁgﬂ]éﬂg fggrﬁggﬁq(ﬁis? ﬁw%\?ée{ﬁégti%%&s the wire
"w" to be folrbedty adoop iftiudsgadbldiry pbiat pad. R878] When the loop is formed, as
shown in FIGy¢Hf{iii), the controller 10 provides a drive signal to the XI table 12 and the bonding head
13 to move the spatial position of the capillary 15 toward a preset ending point. The ending point is, for
example, the secondbditindipbsitiofcielt Ba the edad fhmeas4 ShigavBohtiolldrG0 Ardviddiea drive

signal to the. bandingiead 3 andh Berformiag RASHAs e WS e aRslanid i Bring he wire

"w" into contact with tHe second bonding position on the lead framé 24. [0079] t is noted that

after formingXheeWing e wiBithehsitahs B t&k BOmeY ABRgPacRatE®msihed ¥ajectory
other than thgtsRaWR iNdtF atpde CerItMdIMIe e i Pe fopmeshin dse¢piad wike dpgr/Baving a

different gegimgert]rg/l. [C%Oosot] k(g) ?(?(C?g%fsem?l? %%nddi?%gtebpondi 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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FIG. 4D is an enlarged cross-sectional view illustrating the second (stitch) bonding step according to
the embodiment, taken along the axis of the capillary 15. [0081] As shown in FIG. 4D, when the
wire "w" held in the capillary 15 comes into contact with the lead frame 24, the portion of the wire "w"

between the tip portign. (c fer portion 152, poxtion. 1 d puter-radius.portion 154) of the
capillary 15%§n%é;rhe{%% fkr{g}ﬁl%é Zg% efo'rnmedra g’je %Etr?;b in?ééuc%r%ro%ﬁwe o%véérinvgs§§a &f the
capillary 15fadmte bonding fromdppligcetd hepcdpiiarnd 5aAdiHe sarmatings ah@tcontroller 10

provides a T%%flm tac%%}%lj‘?;%:?g ﬂ@tﬁglﬁ]o%SQ#]hsggéasonic transducer 161 to generate

ultrasonic vibration t _ e wire "W" through onding arm 16 and the capillary 15.
Since the lead frame! 23 i€ Rolasedmsitbpriget) ©yans heatdriXanahe \poevh lof usd warki"ag in contact

with the leag{iarg adlig ?%qetdc%tobt!?ﬁd??ﬂ]‘éf%zé&yoﬁh& NGTRE1PR QT dhin BanFipgtTorce applied

to the wire "w", the ultrasonic vibration, and heat'applied by the heater 21. In this case, the wire
"w", which is&fphe@Wdhdhe R ndifipiopte biehe ambillagr 15, ISbent along the shape of the chamfer
portion 152[i@@@q lose vicinity of the bonding position where the wire "w" is bonded. [0082] (e) Wire
cutting step FIG. 4E is an enlarged cross-sectional view illustrating the wire cutting step according

to the embodiment, AaKERCNBrItd &xié Bf thBeagiayn seiooganel d zs hnedRIHIGRRE, when the
wire "w" is hengeshartoj the d hashiraiee 24 the cRBtrplieidlq pravidesa coREoLggnRldR the wire

clamper 17 to hold the wire "w" and then provides a drive signal to the bonding head 13 to raise the

capillary 15t FReMIrE "W REEAIREG RS GbID Wk bRy b6AGEH BRtO e icBR frame DAGR thus
applied withhg tensile fosee, unRdetdaesra fraeiui abdhe thimned ppraentientaieng the shape of the

chamfer portion 152 (tail cyt), The fractured poﬁrgon bonded to the lead frame 24 serves as a second

bonding po&flantBE2). &dfcd (iR Riré*w ShitREA G fHeSshdhd Bt Bimhret bBMdH 52 is thus
drawn out tp beeracigrephcbea b aftibecwise I'Warwhich i sepheatmshiiomghieoseeoag ponding position

"bp2", has a tapered shape to be a yvire tai| "wt". The stitch bonding step to the second bagnding
position is th8s E&ﬂpl%i’e‘ﬁﬁ[g)@ézﬁ Xvér‘Th net\m?e ahali3 tlﬁﬂ%on&efhgco?ﬁﬂgfe%ﬁ)netrhe%re bonding
process (A)ranstitised dydbatfirsil (ball)gpeiding stere(hdadhe §jrsilontég positiasethehgire looping

step (c), the second (stitch) bonding step. (d) to the second bonding paosition, and the wire, cutting step
(€ of cutting the T ik i LR o g ARG, e Bl IR e B ittt cuting

step (e) areltbeapppeeaidd to pdréonm nere' idndihg cepdeatedsy betmaiemgpaals123 6oemed tamethe
semicondu%tgbgilel%%?nfghe I%ﬁﬂct,rgmﬁgdf'ead frame 24 i s 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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[0085] (f) Bonding tool cleaning step The bonding tool cleaning step is a step of cleaning the
capillary 15 with the plasma irradiation device 30. As illustrated in FIG. 2A, repeating the wire bonding
process (A) causes metallic foreign matters dl and organic foreign matters d2 to adhere to the tip
portion of the capillary 15., The following bonding too| cleanpi tep (f) is hence required.tp perform
once after E{)Eé’%’é 'ttgiﬁ\?vliret gogbi%gwéggoéﬁé (ﬁ)égélr%% Ergr;:g(s%‘'[d[%Cfgsé]ﬁé1 C%f%élqgﬁ:%nl 5B are
enlarged crégssetctienawiewshilkrstatingetef adeanibd ytep tocoelimptdtrededbodinsehfyéaken along
the axes of t il rc -[0Q87] Wheni es i rform the
bonding todl%?t‘a%erl]ﬁ)rqgg @%e??%%ﬁgicﬁr@%?g@d Epg\%gg agd}i\?engilgugl {é) fk%(—ig)’(l %}a%icgga%n% the
bonding headfIr3aet Mo ee alte tshatibhpdyitsh potHd pilt@tl Ricmgdd predia pieading position as
shown in FIG, 54 dihe,glegniog Resitiop is # Rasition where dhe, plasmayipdligtion,deyieg3p can be
used for clean?ﬁg, for(?e)xample, directlg above thejo'pening 38 of the gﬁds a torch 33, where jet flow-of
the plasma 39 tfifdesaf 4 s@amgdiab AhitestRsofgaRieFoLiIBANAAIRE PES chh ®@ rdiaéved. [0088]
When the tiginartione ihe, eap{lary HisrrInes t9rihe Heaing BasttipRein SARER!IBL L ipapvides a

control signal to the shutoff valve 37 to cause argon gas as pressurized inert gas for plasma

generation #PRolvtHrOksh #haWBsQUHarhBeb81f ih@Fthe Bsnid@reh BPASISRBWH [reFidY 5B. The
argon gas fpSHoUd maeading BlaetiRds 6 igsarss pisi brinaaniroled0 provides

a control signal to the high-frequency signal generator 32. The_high-frequency signal generator 32

outputs a high-ARELERCS RARRILIIORIR WHigh WdlthgeiV-supetfnpbsé & 'EhQFéfSQE' Behwd & Pthe

grounding electiofie 32 @oddhe sl elgchods BhoWhen theldgk-diegreneysignal HS with the high
voltage HV superimposed thereon is provided, a high-frequency electric field is generated between the
load electrdd®0$#and the grounding electrode 35, whereby argon atoms are excited and argon

electrons are accelaiatedirecoliide withr sursountling legrivdas pagicase(nolequless and teereby push
out further electrons. The electr are accelerated jn the electric field to further collide with other gas
b O By RS LS ahdaddn

particles, s 9{}3 Y RInRG&SGT O hchdiRd B é&l?ta 8 E) RSN Soted into Arf
(argon ions], 18- (etecttond)j and Avdarjony asicsls), and thhe prsnealiv gpnemted efrgar) gas particles
partially ionjzed by the ignization or excitatign effect of th nerat lasma are delivered as plasma
e trough HEoRE N5 38 G ha b R Gs S 1 Rorl SHEk ApHE A& e plasma
39, when ajpalsEd toahe @mddrtienvaf tieecaapillang 15, epllidgs efitic antiragaoves the erfamimforeign
matters d2

't he second bondi ng position. The ball formng 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 frane 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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[0089] Also, the controller 10 preferably provides a control signal to the ultrasonic transducer 161
of the bonding arm 16 to apply ultrasonic vibration to the capillary 15. The ultrasonic vibration causes
the capillary 15 to oscillate and thereby the wire "w" to have a small movement, which allows the
plasma 39 t§)3collide with all surfaces in the tip portion of the capillary 15 and thereby the foreign
matters to be femoved effectively. [0090] The plasma irradiation continues for a time period during
which the of @@ foreign matters d2 can be removed. The average amount of foreign matters
adhering io the b RIFLATGf 86 FR01PHLS,SETH? FRVRARLGEAIN U "euaing e
bonding tool cleaning step (f). The cleaning time'is set enough to reliably remove foreign matters in the
average anfdug®. The loddee therlgalin@timkl the avdrdasliabyrthedordigm alatterstdz@ B removed,
which, howey; eSS RPNBEHENIY. Headoitien NIeiRoaniBe Ay T the gipre the
amount of energy of the plasma irradiation'is to be applied as will hereinafter be described, which
increases ti9é tieugdPihe! ey wWike onwaing prédeasqin)dapate perfefdiet iaPd aSERRAMboorer

productivity; RefithessAeaspha. dh@ slfanggdiene sheud be sistermiprdeiobingdhs deaning effect
and the productivity decline due to th%;ﬁlasma irradiation. [0 91|]‘| After the bonding tool cleaning

step (f), thel ddr@iiat 1O RestaMs e FreCBEN MRy Y8EeSOMA)GhERBINGShel R BXAIFY Sep (a) to the

wire cuttingcteR 6e) JORBRVER) Wdeistandieo sy e PIRbIBMas ma e cambinatignepfdheapire bonding
process (A) including the ball forming step (a) to the wire cuttlng step %and the bonding, tool cleaning
|

step (f) hasfdoVefidhifipPhasiRoidiagldd Gsferthd & B BhIMRHE Peldlt® g B fveen the
cleaning effest tir dereigit maftersiand tie p@dustyieds mentioned above. However, the inventors of
this application have found that the energy of the plasma irradiation applied in the bonding tool
cleaning st ;98?@% be a problem in forming the deformed ball "dbl". This will hereinafter be
described. [0093] WhénGt Rdllustiatesoinge tempsfraltdhangasihiaragteristEscal iviee energyhef plasma
irradiation and the.change in the diameter of a de rmeqC all "dbl" bonded at a bolndingf‘%(% ition when
the ball s GmRATAT VA fid hoie (ROAL thbSIa R EARR ARG Ml SRRy shown in
the upper hat afffd GHuttbé chashsterBtict fr'ondicates tat thaeray gy e stared e thé tiprmortion of the
capillary 15 during the plasma irradiatio?.incre?se?,lwhileg he cha}ara %:‘ristic "ff" itqdi ates g;gt the
energy E stBfed inthefvife B " &k !st%'ap n% heoﬁfYa GHadiatioh Afthuatéd e plan views
correspondingt to thbeeppextiva tinoe pbirdsS shewshnwme iawetl Half &8-1G Thshawgohogdiag surface
of the deformed ball "db|" honded [ ont 3 at the first hondi ositi 094] In
the plan e 8%Afgreéégﬁjd?ng Egﬁﬂﬁ%ﬁ%ﬁgt‘ﬂ gn‘%%iod%%mg% %gn lI"‘Etﬁt'his% i tﬁ:&%h the ball
forming step ltaY with he infloahcebf tie pldsntar ionaditei®n & therdonadingzogindéaning step (f).
Thediamet “dbl" hg Jirst (of ositian, wi e the width
PO of the %ﬁ%ﬁ%ﬁj@gﬁgﬁ g[r)]t%r?n egdﬂ?rg% t 'tegéwp(?iﬁlt%s Il({)?fqlgnp]e EE%H&%&% Ft]c[;jﬂ the pad 23
and the dis@@oefine adpedtpRd 33 aTHAIS - theemgRe Yheé dRingéte HBOW1 theaddibGhed ball
“dbl" at the {ifjt bonding Rosjien wIBJeIPERLILbIE MATRERR Phibe Pad i Medlrerier dip spatial

distance from adjacent bonding points and thereby the lower the risk of shorting and/or protruding from

the pad 23 dRda@iMsb tiesherer gleesdidfg tidde calirR |1k lkenfiagh thé SRIEMBE IS H@RRter DO of
the deformegsbgfl { 4ok niensyallghineRpNdiNo fisa Mithihs aad Ré AeghrLehy b lawgr the

bonding strength of the deformed ball "dbl" to the pad 23. The lowered bonding strength could
increase thé@ likefbdd SRk ECYeR)rREd B Al fdgt! Brired8N®ealr8thBrdiNg PR ditth |C&barated

and/or sheaspd ffonp e ed 7 dHENSH BeaPRIgEFER H Jarnymy apadels angsHadmgsroint in the

wire "w" or the second (stitch) bonding step to the second bonding position. In addition, the smaller the

bonding aré¥ BeBX&R Bk YRfHANEE DA bl BRRC & AECRSEHENGHS SoSBbhahe M Bad 23, the

higher the comta@ uasisiagcarepinbeddepes tin €pasideniancef] tae yahnye-derariveyd @igsimstances,
the bonding apparatus 1 has an arrangement in which the contact imgac and sta(ic_bonding force by
the capillar;?f’ﬂ%, HY" teifer&ILFE b ﬂ@%ting B8 RGOS MFihd Feetjlfern%% d dmbliade of

ultrasonic viratien appliee@ Ielthe daprltene L Scarel adjestaidstcotiasinaghiamsietD@ofgwe deformed ball
bl formeg A s RO L L b BRI LB L°5REE 1 4 £8P ar gon

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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[0095] However, since energy resulting from the plasma irradiation is stored in the tip portion of
the wire (hereinafter referred to as "wire tip portion") serving as the wire tail "wt" extending from the tip
portion of the capillary 15 immediately after the cleaning step (f), the deformed ball "dbl" is to be

formed at the first pondin sition.to have a larger diameter -t0 sidual enerqgy in, the ball
forming ste%e%(;)esi%)mggia?eﬁ/gan%er’%é %?)ﬁginga}togé nc%ea%ﬁlég s(?gple I(f\f %%é%]é\n Fé)g 9%,’%e%$;sma
irradiation i i@ bghdihhaoobdeamgg3te(f) stetphitheairhe pomt 3" tansbdts aethiel time point
"ti". During I ifradiatio rgy & apphed i ire 3ip porian i rapidly, as
indicated b)ﬁﬁg f@ﬁ:gfeﬁgﬁé "#’?Iﬂ)qrzgg thjgsmaz?rﬁ%r% F\Eﬁﬁkﬁzr%g’x g’ﬁ%@ t??ﬁ{eﬁ Ez%?"ﬁ"dwhen the
plasma irratiiagiohi engrAfiernhefplab@icinpididtony tAe ereely Edgsrad Imtiandifceipyesion

attenuates f\s,;]gwq)pg%tnt(%nsﬁ%rrsethwgpaqi{ gf mefals as indicated by the characteristic "ff". [0097]

However, since a substantially large amount of energy E still remains in the wire tip portion at the time
point "t2", thédBf&Peter D1 of the deformed ball "dbl" formed at the first bonding position by performing

the ball forming step,(3),at thisdirgg REHY(i$ greaiey IB@@ft@(f: %qltp Pp@&‘;iﬂb%Ba% 23S Ryotrudes out
of the pad 23. This inade’(gjatel suffers from a high risk of shorting with adjacent bonding points.

[0008]  ESVeA tHeQihBdiht tRSARES d fLARBAURRS hdddlgfsddngiR@nsh BTt @nergy

enough to iﬂfdileaﬁ?lt@e farpatigibal e bakbriab) sl regaipgdn thapyirg iy portign, thergiameter D2
of the deformed ball "dbl" formed at the first bonding position by performing the ball forming step (a) at

this time poititiSiA FPHGU4OR Fhis88s GAUFRShP &8P 10 B Yrdadk8 Rsihithé dhR{EMbwpoint,

though canigesraalet hawtheewidih Pe Rbthe Ragihad. II0RB9Ement\s afiEhealimeas alapsed, the
energy remajning in the wire %gortion cannotﬂﬁgnifican;lq)gnﬂuence the diameter of the F(szlgformed ball

"dbl" of the RS AP b8 CAle tHEsHBIG Naftld ot et Sy FémblMing irPtHROKIE 8P rtion at this

time point i3 represphiadddy ELi5 anddthenigne ppinhehieortbe gesitbiat energyobbeomesdibds
represented E\)/ "tth". After the time point "tth", the energy E remaining in the wire tip portion is
sufficiently RW. o 'ek& le, at the

[ 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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time point "t4" in FIG. 6, the diameter of the deformed ball "dbl" formed at the first bonding position by
performing the ball forming step (a) at this time point is DO, which is adequately adjusted as usual.
[0100] (3) Principle of solutions As can be expected from the foregoing considerations, if it is

possible to g@g@iéﬁ&orm%g&g{ ghnedc{j_%f r thbr%l " Ploglt;fgﬁﬁ first bonding position on the pad 23

until the en ning I the wiretip portion becadmes and also to prohibit the bonding, at the
first bonding positiohhefcleirieradir ball oOfab'hionmadbedordi thg eneggEs reMainingy indhagvire tip

portion bec ' eqning inconyenie ocjat i y, ining.in the wire
[ porton caRbt AV bide] Hr ettt Tt Aol et SOEad e ohd Deviod from
the time poi®n@i togttht' @@kingolBisnithg erg¥@pof (He pldsasa ikadistor anealdtgs dikenhe plasma

iradiation i 415 Paading taoheleaiacaRi(0 dsn ipition reriedi ard el pratabiliog ponding of
the ball "fab" formed during the prohibition period onto the bonding target surface as the principle of
solutions fof e ptaA@hnThefsuegdgy B thigrienentdrasé eesbamtfabh foriefldGing tHeYprohibition

period for baaciiagof isatiudVer NeldadoBR therkall piabh fuFiacshg RrehiBian ReriachRut the

following three specific solutions have occurred. The prohibition period can be, in other words, a period
during whichaMe ih@ease ihdHe diat&BesBtheMall B8 PhRIBehEfFHahe PhsiRRrt&fation

becomes syhstaniialyidoRgarvable [@EHHHGist splpiont an bENS HrbSORMIRTHORSBA. g the wire
bonding process (A),to perform the ball fprmlrﬂgtep (a), the first (ba”gt bonding step (_bziethe wire

looping step (19, 45 866G Bdtén) SHding s ?d)’,"'a'nh frenirdafiking K8pqesHT thiesrder and, in
the cleaning ppzegiss (B), to perform the bonding tool cleaning step (f), followed by the ball forming
step (a), and thereafter a dummy bonding step (g) of bonding the ball "fab” formed at the tip of the wire

"w" to a dummy bordifty LirfackUf03] €S WEIILEMRRGMFIE 3 9. BRI He Bat tbfming step (a)
during the pyphibition gespgyugng plirgina relatively rge amandt ehenesty EgemainstInghe wire tip
portion causes a deformed ball "dbl" to be formed, at the first bqnding position, winch Is the practical
brobiem WHER TohEHIA bR SIS b ba Ao RARCHIGnG B PONBSbenda 1
discarded, edrenot e lxaided snto tmepaalt 28awhesstihé abgyeraessribednmaraifaetysmgaproblem
cannot occur. In accardance with. the first sglution, when the ball forming step (a) Is perfoymed during
the oo B Bah a1 fandiia hBEo HOEh e es IRMbon g Br Bl ot onto the
dummy borafindrE@faée. Tlnes,dhacactdancetwith thierfirst salutian, abetdbst nd heedremgit until the
residual en eratj enuat inc jorate the p jvity. Even If
the bonding %I%?a%ﬁ@fsﬁ% %f)”i}:assr;% %qlr?j;ﬁeggz ﬁ?@gﬁ#@%%%%:r@h tﬁhg \{Nqi]ree ég%%ﬁg processes
(A) from the balhtbrating stem ¢a)eashs wirkicLttihdystep §¢)adieerhysiimaf thie' repeditioataf she steps

cannot be di t t I sil tart.the regular.ball forming ) igtely after the
prohibitionctjtlr?}ﬂé{f;]g;h eéla%sggtﬁ , iﬂ%hg(}:a%r{t (Iéné;?oa/ét tﬁ]% p\)%ﬁ)%gc%l\%tyl [0%] %f%%?nr%{;%%srﬁ{rgg step
The dummy béndiy 8®pEg) Willrdieddrided watht refarahes to FIGS Teto PIFB. 7 8 £partially

enlarged plap view g SERYCPRYAEN S fomednately Reipes HeAURIIK HoNdiRg SteRg)- FIG. 8 Is

a partially enlarged plan view of the semiconductor die during the dummy bonding step (g). FIG. 9 Is a

partially enlB@dd plafrhMewsirevsanienstutgop Hid aEa e Hommg oy g (gHPd104] In
FIGS. 7 to $Jhasgnirandueice di9 R isPaHally3 at the first bondi ng position.

[ 0094]

In the plan view corresponding to the tinme 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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enlarged to be shown. Pads 23 (23a to 23c) each serving as a first bonding position are formed on the
semiconductor die 22. A Lead frame 24 including a second bonding position is also shown. The lead
frame 24 includes not only the second bonding position but also a positioning pattern 26 formed

though not d directly for, bonding. The itioni n.26 is_pre a rk for positioning
when perfo#rﬁ%'gpé \%/?’v?lﬁre gr?dﬁl%gggecrglt}ogéﬁf' ié %@dﬁﬂ%ﬁﬂé Sé‘s?tigﬁ%aggjattiﬁ?% ig%negrea formed
on the samé Ipdaisp at itlad |ehds framee24 r emvarigrabendingareoh g peefontheda ke ridee irethye

bodiment > X T ' eurf "
Gummy bordiy S Ton o g B P e o PR B e

connected ﬂﬁ_o@gld thé Srd hﬁas hAd ties pfahlez_fm ad_ﬂ mlﬁleﬂédtezabra@%onﬂétt@dmhrfo@gh,the wire
"wb" by apR'WQQ§%W'r§rbqqﬁjé’?qjP%%KAWCW'@Q1@%@IBWH"%§FP (@)jpithe wige cutting

step (e). The bonding tool cleaning step (f) is performed after the wire "wb" Is bonded. Performing the
ball formings$t@p (&Y irhRrdief arertheddndiRgttbsl BlRend® attd theagsss kvl ‘948 having a

diameter gregierihARiUsYaL 1a BRdRTMeA UKerdas bifiweacs-afithe dpgiduah enreoy ghtheyplasma

irradiation as mentioned above. The process then goes to the dumm%lé)ondin(]; step (g). [0106] In

the dummy HeRdiRYRESS R RN: BERIIBN TS Provided hRFKBaSEhENS &SI (MO fahove the

planar positigipofiieotaniltans i to-ths positineidhgpasifioning gatteshad g shevin indrG. 7.
[0107] Next, as shown in FIG. 8, the controller 10 provides a drive signal to the bonding head 13

to lower the 2SR B §Hd3BH ¥ dSRFRF BEnEIEMdUNe BAthEDSLitdey (HARdrA2R! ithis case,

the ball "fabstfepmet atdhertinpfahprcagiiesr ritneas adliamaterpyeater thannsual.rehe gummy
bonding "dbpl" fomed on the positioning pattern 26 therefore has a diameter greater than that of the
deformed b3l "ALICLGRERNG 116 HguiEh frABUHIdiy Se&hort B HEWATHRLp SR %o the time

points {2 aneSiiniFd. 6, for exkmplebriftaribas webppingrnerbteiTigerioeeed it avwnner similar
bt on o SoR e Bl 56, SREN i oL ESed for 1LIAr Etmcy EARAERL! bEs no
relation to ia¢rhyvemerae Sydhhasshghergt he cont act resi st ance 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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[0108] Next, as shown in FIG. 9, the controller 10 provides a drive signal to the XI table 12 and the
bonding head 13 to form a dummy bonding "dbp2" on the positioning pattern 26 in a manner similar to
the regular stitch bonding step to the second bonding position. Thus performing the dummy bonding

step (9) catgeég EW eg%‘ nr&garn tgea\l/yrreﬁ rﬂr%n t&eﬁt enﬁ}e taOL tge rgﬁr \fiaéue Eth or

lower. As arte n pu herea erthe cap ary ack to the posrtron o Re pa cto
connect thet pack 2B0iamid theJlead fEame g cttheoyg ratweawireradl',ahe @eforlnh@d ®ak'dhyl" bonded to

the first boriing PaSon P 3 ARAORTBI HinEIEiehol B sk adiioyesa pommanhgning

process with'no inconvenience. [010 In the em ment abo e step o e dummy
bonding "dip2'tihelikariaahe dusirhg bonding e P aorkdshomie ﬂﬂiuﬁevﬁdd)ﬁdfqm&r@tbonding

step. Howey i RN GYEHPCIRL 0! RIFRHEL IBPARYEERt s dumety g siep &) car

preferably exclude the two steps, the wire looping step (c) and the stitch bonding step (d), and include
only the ball Rt M@ siEp (a) badithé Fips (béll)ebtﬁr@iﬂ’fggyteﬁ (B}.q0eL0]i N t Ixas \WokeR! tHal since the

residual engigyiransiars Emdeoalin e wegiin pariondpdhieriusmin Bpndie sufageas heat
during the dummy bonding step (r?(j1 there is preferably no need to wait until the prohibition period
t

shown in FIES d &4 ERL8Ed DY tHSrohafi ¢ befibd hias not §et elapsed when the dummy bonding
step (9) hasrt @@@eq the process can preferably wait until the prohibition period has elapsed to go to the

next ball forming step (a). [0111] The dummy bonding surface to perform the dummy bonding step
(g) thereon is not Irrrgft‘-",‘@\’(?fhe Bb&GEnMFHRREAMd 84 lond 85 B8iRJR WK taP EURABE B¥hé&t than the

regular bonging uargetrﬁaurf@@er 1 hensurfpgescan pepfriax@mple, aHeetal pattesi hearingno relation to
positioning, such a ortion of the lead frame 24 or another empt ﬁg ace on the su?strate Since the

dummy bor{cm‘g @‘r )64 pRtrdtnddGurlRg A BrR9K 3 rod Sher o h8hdildSofdcest (A) and

before the mgxt aiggheoding ALeEH ) drisrorajarakle td $hptierhtlrn@ &a\@b diatangetdfitke capillary
15.1tis therefore preferable to use a metal surface as clos é ?051 osrtron as %ossrb e as the
dummy bo drﬁﬁas&?édetto |r§1p%v%‘%8rpr6 |V|tty etoﬂz‘is( 0|L'i %) pad s%ﬁ nd solution
can be, in tipe mnetmmmrngrpr@fessr(é\)p@opea@rmﬂhﬂ: ball ferdengated (a) sineffersis(allbbonding

step (b), the wrrel prn ste the second( ch bondrn step.(d), and the |re cutting step (e) in
this order a%d mg( ec'le rgg go %sg t%gpevrwfofqr i b%lefg %;)%%a)”&ﬁé‘ he bonding tool

cleaning st¢®@FPB this order. [0113] The energy of the plasma irradiation in the bonding tool

cleaning step (f) 'SE(Pgﬁha OV[VF‘ t?"f‘%hﬁ Oeln'e{gy %s&e%%etn fg nibpg[éhﬁabsa ék ?gm'tl' e wire tall

"wt", once melted and recrysta fized into-the ball “fab mstantaneous e spar e torch
electrode 18] certha@rbemsiied afjagneveayifeiasrgh dan befalppee\@eotlhee b‘adlr‘mr Por ¢His reason,

once the b%”ri'éabéé? formpgdn tr‘ée[riiq Porrtigﬂrﬂfrq%e WHet he 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
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"w" through the ball forming step (a), the diameter of the ball "fab" cannot be increased even if plasma
can be applied to the ball "fab" thereafter. In accordance with the second solution, there is no need to
wait until the residual energy of the plasma irradiation attenuates, which cannot deteriorate the

productivity, [0114] (Third solytiop he third solutio e 1o perform t i | cleaning
step () andttLér}f% (ge'rl,;l'a{lt Iegé fo'r}r}l pFrloﬁ-gl‘bit?(tjn ggr?o ,'t§nb%r%%%it(§ﬁetbéﬁ frgrergi%)%f@p aﬁ%ﬁ the next
wire bondingdirdteso (AR{0ELS]t he fitis prefevalceng peoorithe bay foeningrstepda) afeer the
prohibition period e usethe_ ball,"fak”, i e ing the prahibjtion period, can have
an inconver%%hctrly F;%&lggg %?e% mrgsa)spggt hgﬁ%e a{ttgﬁta%@ﬁgtt %re@g’nomle((ﬁeo fr?gake
settings for d@eglyat plocess imeriag@nesnt gsighlas dummy bonding and/or cleaning after ball forming

to be descri reinafte it d o it until the prohibition period has elapsed.
S@ggg@im@mbahw |L&S BPCRIANN DN

[0116] (3. entations to which the principle of solutions is applied) First to third

embodiments will h8feidaReb ®eedstibed Spaunitas iR the eepstilrr st &ird Solutions are
applied to the boadigapRRratyS Lo Ui 7h{(1) Fing! eBPRAMEH of FHe 4@1%R MY ghart illustrating

a bonding tool cleaning method according to the first embodiment to which the first solution is applied.

At the beginifiRd,"t# did&nidd faghRAChMRRaE & iORAREHRRMRE P tHel d1bdniRySIHBEERS is reset.

[0118] 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

31



In step S10, a preparation is made for a bonding process. Correspondingly to operations on the
operation unit 40 by the operator as mentioned above, the controller 10 records the movement
trajectory of the capillary 15.When the semiconductor die 22 die bonded to the lead frame 24 is placed

on the feedﬂ,[%(i Jealetco'ntroll | raﬁ Idgs cgn ruc@ etalti%r ﬁ}]a Q & Qrggetermlned

temperature In step erwa |ng artlng e bonding process
(NO), whenf therhdatg phmesspstaftm@msmm&ohv% ntacda(\dﬂmhbcpnmm goed @estep S12 and
the controllﬁ Jl%gﬁtermines whether or not the cleaning timing has come. The cleaning timing is
preset as ah adequate frequency to remove foreign matters based on the specifications of the bonding
apparatus and/or théscbhtamsihagdedondifibks ¢ threbhdradting tgrddiadaldnfiomed agovybe[0120]

If the cleaningytinginp;nas q%gomeom (IS RIORGSS APEGUP] ?%?@ﬁ‘d Lhe Gogtroligy 10 performs

the ball forming step (a)- As illustrated with reference to FIGS. 3A’and 3B, the controller 10 generates
spark betwéd@ e 83reH Riefo88auMhE the Wil vt e wieh tth® HeRit bf Bk epEAESorms a ball

"fab" at the figyef hienwiieo 't [O4BL 1 o BBY BiareaSIEhEgeseSEaRihg b Gasyyoller 10
performs the first (ball) bonding step (b). As illustrated with reference to FIGS."3C to 3E, for the first

(ball) bondiM§istdp t&tﬂ@ﬁrﬁrb%%l oHiOR] BB contMBr AONSWERS 8 LRSIAY TOWR the ball
"fab"formeq glethgyHp thergof foward i genirir ofrige Rab23peR M peminengiatorsde 22 and,

applying ultrasonic V|brat|on bonds the ball "fab" onto the pad 23 to form a deformed ball "dbl" at the
first bondln& ®SRb eﬂ)lzﬂannot 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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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 clamper 17 and moves the
capillary 15 in the direction against the second bonding position, and then opens the wire clamper 17

to pay out the wire "w¢, follgwing,which closes t ' ampet, 17 .agajn.and moves the capillary 15 to
the second %lné{n%géostiﬁo%ngt% S ép,?%fl?eh%}é\g %%urggor&r%gag[%%g] gé? \?hegpé%eagz then
goes to stef 5istambd i cenpolsartitomesormsaherdcond (3aterbaraivtystepr(d)iamdhe wire

cutting step/(e), I t [thr I 4 roll 0, e spatial
position of tﬁ(z' ggglta}rjé FE t%(gw\f;ﬁ {rﬁgLﬁg%rgn% gjﬁr%ﬁ ggﬂgﬁ?ﬁtﬁgﬁé%éfa%# Fi)ao\{\?(!ls the wire
"w" onto the k@d famé Pamandahengharttems tie Miteyctihing steprst Oung g pAR tvi'offom the

second DOngRa RASIIPNAC [58) tPEnPhH e pRLPRE ROBENG BPHEAN iitaftn ndihe piagpss then

goes to step 518 and the controller 10 de es whether or not to end the wire bonding process. As
Jong as it isliéeRemined &7 coRtlicthe wirBediing priteds (R irestep2$18)sand eRartRé cleaning

tming has R cAmBANE It SRR N6 R OWMER SIGe(EISIPRFLY). (e st pending step
(b) (step S14), the wire looping step (c) (step S15), the second (stitch) bonding step (d) (stép S16),
and the wir@Raftilg REp (e} Istep 3101 efletrBpbatdue [(GLH]t | ONifMgiskidtb/hiRedbini StepS12 that the

cleaning timipg has ol (YRS) HBe P4peeTH GPRS KsSteReS2Qand fheypantallersk) paiferns the
bonding tool cleaning step (f). As illustrated with reference to FIGS. 5A and 5B, the controller 10

moves the EYI)A 535 Rird8ly BBHIQ B HlasmEREeH 33/ dt tHe WasiR RAAdERSN ddi& 30.

Plasma 39 |sgd8ehiappiiag tpdte 8p harton of e carpidanasS4iodemeay odganisgoseigndpatters d2
adhering to the agifgpportion of the cap(ijILaWSbThe,controller 10 applies ultrasonic vibration to the

capillary 15'45 B50r0pRste’ fo1Je§ ondi 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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After the bonding tool cleaning step (f) , the process goes to step 521 and the controller 10 performs
the ball forming 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 plasma irradiation. Hence, the process goes to step

522 and the, controller 10 _performs the nding, step showp in EIG. 7, the controller 10
moves the ?‘:Lagpﬁgrgy stgiioat%%tpec{si g%ﬁg%ﬂ?ﬁ#@é’%&%}ﬁé seﬁ%ﬁdﬁ%uc orB&r'é(@Z% %dggjg %hown in
FIG. 8, fornioa nechmy hdrelipg sdibploanda gamirgr hoadinghebpPbaectraiing totdaetiemy bonding

step. [01271%r eaf\LiP" fzgum tb°§|dir‘n%%‘%é@ﬁé‘%nﬂgt’gg?s?lg”’ﬁtﬁio S.‘k‘?&?g%%ﬁﬁdoa? P09 asitis

determinedto continue the wire bonding process ( 8), the wire g process (A)
(steps 513 tce®LT)ds fepeated andi the pest dleamiigsning Wasesme AN stepB1D) t[De28] In

accordance, i s % STEOY e 1NENNG.ba (TG 8fy(PLis perpinasd rggediagey atter

the bonding tool cleaning step (f), the ball “fab" is bonded onto the poSitioning pattern 26, which is not
a regular borftfid g @PRITRIceON id heRgbicObd8thié b confiRNAEhe Sérdih@prdcess Mhout

waiting unti} i fegidyah ey of ks, Plasma iradiation aenupies wihieh-Gapngs deterierate the

productivity. Even if the bonding tool cleaning step (f) can be inserted irregularly or regularly in the
repeated wié bBhdihg b Esksk 8 €a)dHEMYhPBARMhing B (2)aB thdRir®@aitigibPde), the

rhythm of thextapetiiopef thgiePs SaNGOtsedistRtade i alshBASHIRG Wuiestst thenggular ball
forming step (a) immediately after the prohibition time has elapsed, which can improve the productivity.

[0129] (2) SRBhE dMbddiin@ht ON TFH9GI 1 RN SIBWLARRBIlIRYEEIRF a DBREHG B0l cleaning method
according tp thepggcond embodiment to which the second solution is applied. [0130] In step S10,
a preparation is made for a bondjng process. Correspondinr%léqtﬁéo&erations on the operation unit 40

by the operator as Mehlion&F aBBYEMhEE IRt Siler 108 SEImett (REAULARSS fhe capillary
15.When thgrsepeicongdetiortdietdzedieyopaté @ ta 2hanend iarne 2di ia ¢plaeetion3hedegegem20, the

e e o N S S T Tl e S S S e
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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[0131] In step SlI, after waiting for an instruction for starting the bonding process (NO), when the
bonding process starting instruction is made (YES), the process goes to step S13 and the controller 10
performs the ball forming step (a). The controller 10 generates spark between the torch electrode 14

and the wire tail "wt" -with the heat of the spark, farms a ball "fah" at the ti he wire "w". [0132]
The proces%%h%ﬁ%‘oe%gﬁo' srtlép{gHeZ gHHﬁé{erbc%n r'oﬂgr ig}e etg fngs%v?/ Sther g’rﬁ%t%g lér aning timing
has come. M iseleterhingaithatithe icledrtieg pinting has inotcpmiel (ND s lesvoontnolldr@0 performs the

first (ball) bondi inst 4 re.loapi t ' : titch
ponding S (11 et 216, o 15 e el SIbR 0] Aleb S0 (DL P AN it s

determinedtih&tdprane lieicthe gledeind tinihghandeshe (YES) Prasd8 goed &F eebys20 and
the controlige1Q REstoNg BP%WPEit??'&AGEFWSc?&eHAQ-éﬁ $edt Bhg\’yf} 9 Fia ﬁ%ﬁ\t the

controller 10 moves the capillary 15 with the ball "fab™ formed thereon to directly above the plasma
torch 33 of B! plab@arTiradiatibARiel®e 30. As shown in FIG. 12B, ionized plasma 39 is then applied
to the tip p r@qq@lll the capillary 15 to remove organic foreign matters d2 adhering to the tip portion of
the capillary 15. The controller 10 applies ultrasonic vibration to the capillary 15 as appropriate. Even if
the ball "fab" is formdtatithatp BRI Wide SWr [RE et sRANIROM IfiRe HAT™MAP 8 ebMPleted and

thereby thegsizegyof H)e balbrfaBnrersaiis usyahwikwut Haing insserse bRy e Osaﬁgé/rw thg plasma
irradiation. [0134] After the bonding tool cleaning step (ggf the controller 10 performs the first (ball)
Ste

bonding stepSB)IRStEs $BA NHAVTRUBSpRHY SiBF ]I @f@ frieesE &S &itdRSbiiting step (d)

in step S16¢ apg e Wiie CHEEY stame) dusteRcel G arinasethe gl “faRaipihis casehasa usual size,
the deformed ball bonded to the first bonding position to be formed also has a usual diameter. [0135]

The procesB#hdi£§Be0§a5tdIsA8 &iftl tHe! Bhit NP AY ddiBRhRSs WHERRDrh A Eh@the wire
bonding pragiesshi it isatetermined220ido entbthedporaipg pregesse(NQ) t Hee prInsse gloes back to

S o g SR T, HORET RSt BB ST R B o PR R the
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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[0136] In accordance with the second embodiment, it is possible to perform the first (ball) bonding
step (b), the wire looping step (c), the second (stitch) bonding step (d), and the wire cutting step (e)
without Waiting until the residual energy of the plasma irradiation attenuates, which cannot deteriorate

the productjvit 37 T is W II trati ing tool
cleaning met df acco%éﬁ)g taétﬁ:é hlrad enté ? \(/v%dh hﬁegthlrcrlé%‘él gnggt app%“ boﬁ [ 138]

In step 510, & pbépamniontis mﬁadewmbeddawociaqsl %mspandhglgmolopechmms be the

operation WBR(D BY e ShEEpAeedenionedatgaa e SR PRdQatidbp AT

trajectory of the cap en the semiconductor d to the Iead rame 24 is placed
on the feedehg0 ethies contrutied 10opr@vided it ¢dntrblesig@l tibulﬁéaﬁmﬁf lpael 20 pl gredetermined

temperature. [D159Ly i odn StaPrlhglepwaitingyforan instiyclion forfladingdhg ondipg process

(NO), when the bonding process starting instruction is made (YES), the process goes to step S12 and
the controll® Poldetdritiiies whether or not the cleaning timing has come. [0140]

[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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As long as it is determined that the cleaning timing has not come (NO in step S12), the controller 10
performs the ball forming step (a) in step S13, the first (ball) bonding step (b) in step S14, the wire
looping step (c) in step S15, the second (stitch) bonding step (d) in step S16, and the wire cutting step

(e) in step S17. ] In_contrast, if it is determined in. ste h e cleaning timing has
come (YES?,]ptﬁé%%rg%es%Sgo'g%Q% 's aehpéézfljl %%\é%hergﬁgr%tréﬁ?éﬁlrgoﬁir%o}rn?is(t#lé %‘gﬁ{j @% thg]Iecleaning
step (). Thawas ethrerdontroliex] B hovgs thd cagdiliery 16apidireatly abdve the plsiér@a totche33 of the
plasma irradiafj ' . lgpi S i e i r§on. jlary 15 to
remove org%ﬁﬂpf%?%?grl? %ﬁer@d%%@rir%ﬁﬁ%?p?%oa}ﬁgg gf%%g fa}p%i%/%%}%§§gcrﬁ%ller 10
applies ultr&soriib@idragdeto 26k chpilappns el dpprophay. (01408 Afeecthatia®idisg eiticleaning

step (9) . thePragess 998 1WesieRP23andthe %rﬁ)_ El’e}l%dﬁ&%n}iré?@wpg{w Qr not the prohibition

period Ti has elapsed. If it is determined that the prohibition period Ti has not elapsed (NO), the
standby comttike8] The energy of the plasma irradiation remaining in the wire tip portion attenuates

during the standby. 9148, <111 14 CgIeURINGFR 76P 333 Y fhg Piclybitgn geed T fas clapsed
(YES), the controller 10 again performs the steps (513 to S17) of the wire bonding process (A). In step

S18, the cohft8ll&oISIHE@ riREasRethtFbr n¥hRNedd ®BHHIMG pRICRSESE itS$ ABidrAtned not to
end the bondirg plRA&SEANQ) HRBPIOPESY JaeROFHHHEPgRES adRist Aflesilte Arehtiion period Ti

has elapsed, the residual energy in the wire tip portion has attenuated to a level not having an impact

on the dianfe& 512hk Hall 9Bt & bETBRSWN8S Bl PerBas A BrohieANM IS b 78 forming
step (a) of themext WitkebendiaginigcessAvg [P544Hr esetln&ontiasadbl it etermdtpibincsiep S18 to
e the Do BT e ot eron mac T er BSLad bn The Spaciltt ¢t i ons 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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The third embodiment has the advantage that there is no need to make settings for irregular process
management such as dummy bonding and/or cleaning after ball forming, though it is necessary to wait
until the prohibition period Ti has elapsed. [0146] (4) Other embodiments The present invention is

not limited tg, th ve- ibed embagdiments, and can also be lied with various. ifications
added there Io?ﬁé)% fﬁsﬁ(gr %%gr%f)lgq}ér}ﬁ{r]éf tlj fAird Isio%{igrtﬁs %%Dn%*sé SBEI‘ieégﬁin gdgr'nné%r?ation.
Specificallyt imetheefrstneimbodiinerg tpaghith de fisstdolutien ispepked hehan tiee dummpebonding
step () is lete t prohibiti erigd Ti yet elapsed a pl jfradiation in
the bondin;%?)]cﬁ @Iegn'ngégzp{(?{gthlﬂaﬂé)d s%’tioﬁ%isalr:l%;\éy gé’pll}ﬂéﬂj %%ngéglﬁsthg%?m?ﬂ%n period Ti
has elapsed t@pegori/iieg abxx dall fvvies) tshepqapiAlternatilly, ateeuseag bdhdingistep (g) can
be repeateq)ggriu—{: pEhibitioq Reyjad Ti; oy elapsed. {ukA8ls  fisofigthe gecond embodiment to

which the second solution is applied, when the ball forming step (a), the bonding tool cleaning step (f),
and the first @B#Pbonding step (b) are completed in this order but the prohibition period Ti has not yet

elapsed after the plagpajrialedon indhe pouding e elpasieo siep (hahedhis seltaiprygsn be

applied to wait until the prohibition period Ti has elapsed to perform the next ball forming step (a).

[0149] PRE SIS (a) /S (5 M wirdtidneiy MeeEsHEn)SAreRIusthterNgnly B8 aypRal example

and the details pf thg Brege$eyan basappliesswith PeRadiioalien adder thewio assaRm N Rte. For
example, the wire looping step c(ﬁ can not necessarily be such lpoping as shown in FIGS. 4A to 4C,

but the capfi&ry 15N BEb0EA Blond & dFRYES: tbltetorP® i tROWik! AP iR a HBSired loop.
Industrial apijsiabiligy {0150k owar d t he | ead frame 24 and, appl yi ng ul trasonic

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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The present invention is applicable not only to bonding tool cleaning in bonding apparatuses but also
to cleaning methods in other types of apparatuses that utilize plasma irradiation, particularly in the
case where it is necessary to insert a plasma-based cleaning step regularly or irregularly in a
predetermlraesd ro§6|rn Iﬁ)'r?%?ses and the energy of plasma irradiation can have a negative impact on the

routine process'.le escription of numerals [0150] DO-2 diameter, HShigh-frequency signal HVhigh

voltage POWULR Gliprohibition period dbldeformed ball bpl, bp2bonding point

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 ball
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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dimetallic foreign matter d2organic foreign matter dbpl dummy bonding point dpibonding point fab ball
w, wa-dwire wtwire tail 1bonding apparatus 10controller 11base 12XI table

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.

40



13bonding head 14torch electrode 15capillary 16bonding arm 17wire clamper 18wire tensioner
19rotary spool 20feeder 21heater 22semiconductor chip

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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36gas pipe 37shutoff valve 38opening 39plasma 40operation unit 41display 42camera 151straight
hole 152chamfer portion 153face portion

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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1540uter-radius portion 155outer peripheral surface 161ultrasonic transducer CLAIMS 1.A bonding
apparatus configured to allow a bonding tool to clean, the apparatus comprising: a discharge
device for forming a free-air ball at a tip of a wire; a bonding tool for bonding the free-air ball

formed at th tig of e Wire, 04 (5t bonding pasionine pBRIATRABEMIC0HT P Lyigppriorming
plasma irradiation to clean the bonding tool; and
(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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a controller for controlling the discharge device, the bonding tool, and the plasma irradiation device,
wherein the controller is configured to perform a wire bonding process (A) and a cleaning process (B) ,
the wire bonding process (A) comprising: (a) a ball forming step of forming the free-air ball at the
tip of the wire.extending out f a tip of the bonding tool; (b) a first bonding step of bonding the
free-air ball formed a'tr%e' k:pg %Wheenv%/%ege'x nr% ing out from the tip of the bonding tool to the first
bonding posftion with e baridirg ool to form a deformed ball; (c) a wire looping step of looping
the wire to a Ssec¢ bonding position along a predetermined trajectory of the bonding tool while
paying out the wire from the tip of the bonding tool, (d) a second bonding step of bonding the wire
extending olit from FHeotiyh Bf tHeoonkid esbl to the second bonding position; and (e) a wire
cutting steppfyaising.ths harpigg teol while paying out the wire from the tip of the bonding tool and,
upon reaching a predetermined height, closing a clamper to cut the wire from the second bonding
position, soltA3s thePKire exBEtd 6\& fRsth e tip of the bonding tool, and the cleaning process (B)

comprising §f a bongding teql Clegahy p ning the bonding tool through plasma irradiation,
PRIPG! ClqaynRg giePRited
d2 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 frame

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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the controller arranged to perform the cleaning process (B) after performing the wire bonding process
(A) predetermined times, and wherein the energy of the plasma irradiation applied in the bonding
tool cleaning step (f) of the cleaning process (B) is prohibited from reaching the free-air ball formed in
the ball forrgiﬁlg step(g dof tpgc iFeoBgnding process (A). 2. The bonding apparatus according to claim
1, wherein the con rolﬁar is arranged, in the wire bonding process (A), to perform the ball forming
step (a), the3first bopdmgnstep gbk ltlee viredeoping step (c), the second bonding step (d), and the wire
cutting stezg(g) in ﬂ@%]ggﬁr:ﬁ&d’ in the cleaning process (B), to perform the bonding tool cleaning step
(), followed by the ball farming step (a) as a part of the cleaning process (B), and thereafter a dummy
bonding step/(g) of doutiivigfthe dteesair ball formed at the tip of the wire to a dummy bonding position.
3. The bono\l;jgg appgﬁegHﬁ cording to claim 2, wherein the controller is arranged to perform the
dummy bonding step (g), followed by the wire cutting step (e) as a part of the cleaning process (B),
and subseg®@ntly thé BaMPorming step (a) of the next wire bonding process (A). 4. The bonding
apparatus %ordingﬁgpgﬂim&, uni Wherein the dummy bonding position is a positioning pattern. 5.
The bonding apparatus according to claim 1, wherein the controller is arranged, in the wire
bonding prcgcless (AYi eRedbrm the ball forming step (), the first bonding step (b), the wire looping

step (c), thegseconq:hergligg
151 straight hole
152 chanfer portion
153 face portion
154 outer-radius portion
155 outer peripheral surface

161 ul trasoni ¢ transducer

46



step (d), and the wire cutting step (e) in this order and, in the cleaning process (B), to perform the ball
forming step (a) of the next wire bonding process (A) and thereafter the bonding tool cleaning step (f).
6. The bonding apparatus according to claim 5, wherein after the bonding tool cleaning step (f) ,
the next first bonding step (b) is performed at IeeEtA?fR% a prohibition period during which the energy of
the plasma irradiation attenuates. 7. The bonding apparatus according to claim 1, wherein the
controller islarrangefl,do ok nireappatiag peocessi(AYUo ek rfopnaihedyalbfdpmirey stgpt (@l the first

bonding stgp b&,lt Sr)("ir‘? ‘ﬁ)é)pg}%%%étggtég)f ti&%@g?%qtﬂ 1ding step (d), and the wire cutting step (e) in

this order an8, in tEe cleaning to perfor bonding tool cleaning step (f) and thereatfter,
at least for a prohibtich sefdr geridg vinéeh try ehergyi dfaha dlasitaairadia@bh aterudted, to prohibit
the ball forrging step ,(z@ of the next wire bonding process (A). 8. The bonding apparatus according to
any of claims 6 or 7, wherein the prohibition period is a period after the plasma irradiation during
which the increase f tengiaRteté o6t thbGredandian byt the dieegy of thdd@bsnifof@Brhtidh becomes

substantially H@op%rvgplef Qe T@p,tpnpg]gaa@ﬁ)qrgguqu‘iag Fggg"tlnyio(g Ic;!aims 11to 8, wherein

the controller is arranged to perform the bonding tool cl_eanin%step (f) after pe.rforminig the wire
bonding process (A§ prEbé@iRinéd fifidsald AhoAGWGeBol ElRhniRERedidh B8R R wire

bonding jrradiation 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 thew re extendingout fromatip of the bondi ngtool;

(b) a first bonding step of bonding the free-air ball
formed at thetip of the wire extending out fromthe tip of the
bondi ngtool tothefirst bondi ng positionw ththe bondingtool
to forma defornmed 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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process (A) and a cleaning process (B) , the wire bonding process (A) comprising: (a) a ball

forming step of forming a free-air ball at a tip of a wire extending out from a tip of a bonding tool;

(b) a first bonding step, after the ball forming step, of bonding the free-air ball formed at the tip of the

wire extend.ingr t.f%?m tﬂe tip of the bonding tool to a first bonding position with the bonding tool to
i r i al'ion, ) ) . . ) )

form a deformed Dall; (c) a wire looping step, after the first bonding step, of looping the wire

toward a second bdritking positiohladsngiargrede ririnpe tifaggototyhef tHeclsordigg pocioeisike paying

Ciop, of bortgs e S ading Do o the (LSRR GE oot e 2oL R Hb RGPS posiion:

and (ed brise catmielg step, after the second bonding step, of raising the bonding tool while paying

out the wire frorn Iy @ e iRding fog) i afterdPachiaia prasieleined fiagigcioging a
clamper to cut the wire from the second bonding position such that the wire extends out from the tip of
the bonding 1@ P&f#li ng the@le&hingProckss @) Edmprikidd @) @ BsHHiING 1861 AE€STnGBrep of
cleaning the bqndiing 1ol dquathplasienirsliatien aiierRerfoBRINg s wite Panding pLegess (A)
predetermined times, wherein the energy of the plasma irradiation applied in the bonding tool
cleaning sté@(TbNhesdI€Rihghr&dedsNB) M pROHINRAY AEMREAERRS thédree-air ball formed in the
ball forming step (a) of the wire bonding process (A). 11.The bonding tool cleaning method according
to claim 10, wherein the cleaning process (B) comprises performing the bonding tool cleaning step

(f), followecPby the BRBTIRRMY B@pABRPAE 3L st BEHY dLRYNnE Dr&t&dss); and thereafter

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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a dummy bonding step (g) of bonding the free-air ball formed at the tip of the wire to a dummy bonding
position. 12. The bonding tool cleaning method according to claim 11, further comprising performing
the dummy bonding step (g), followed by the wire cutting step (e) as a part of the cleaning process (B),

and subsequently ball forming step (a).of the next.wire ding proces 13. The .bonding tool
cleaning mae%tj gg a(c%ofdiénlé%omcﬁﬁagimmﬁg,éc%%&i'siﬂ% ;get%d?nfr%g tt'wég v&r@c gor?’oﬁﬁﬁépr%&?és(%ﬁ
predetermiridtetiniesafliogvgd by éss baBformimgstebaairof kiee bakt wier worting tpepcéss (A), and
thereafter t [ ol cleany ep (f ~khe ing, toal cleani rding to claim
13, further ggrﬁgﬂgirﬁgg}gftg\? tﬁ% %ﬁng %so)gfé%g%%g(b &ggéﬁ?j ggr?gr%”l%i?]g %h@i%% |§Sﬁ[ OI;I?] ing step
(b) at least thet a prerabitiog petied durihg which the energy of the plasma irradiation attenuates. 15.
The bonding tool cleaning method according to claim 10, comprising performing the bonding tool
cleaning step (f) and thereafter, at least for a prohibition period during which the energy of the plasma
irradiation ftenuated)9roMIBRINGIhEPRA feitifig 3669 (id19hé Aekl Rirébdnding process (A).

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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16. The bonding tool cleaning method according to any of claims 15 or 16, wherein the prohibition
period is a period after the plasma irradiation during which the increase in the diameter of the free-air
ball by the energy of the plasma irradiation becomes substantially unobservable.

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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