Engl i shtransl ati onof t hel nt er nati onal Applicationasfiled DESCRI PTION 5 TI TLE
OF THE | NVENTI ON: METHOD OF MANUFACTURI NG SEM CONDUCTOR DEVI CE, AND BONDI NG
APPARATUS TECHNI CAL FI ELD [0001] 10The present invention relates to a

met hod for manufacturing a sem conductor device including bonding onto a
bondi ng target, and to bondi ng apparatuses. BACKGROUND ART 15[ 0002]
Wre-bonding generally includes a first bonding step in which an initial
ball is formed at a tip end of a bonding wire to be fed out of a capillary

Curt ace orrafiSh HarhiabaRR e RaShiat BokferfioRAR L 121 °F5 Me pad”

surface. In a second bonding step thereafter, the bonding wire is fed out
of the capillary to forma wire |loop, and the bonding wire and the
capillary are brought into pressSDESCRERBIONW th a | ead surface of a
substrate to bond the bonding wire to the I ead 25 surface and then cut the
bondi ng wire. [0003] However, the substrate may be in an unstable

the i 1hti AFTRAIE Rdp HetnErgShiettal PR ot e 2R R e 1™
first bongtﬁﬂcéteﬁwﬁnﬁéﬁﬁlﬁ@eAPﬁﬂﬁhﬁﬁs“‘re may not be cut in the second
bondi ng step
TECHNICAL FIELD
[0001]
10 The present invention relates to a method for
manufacturing a semiconductor device including bonding onto

a bonding target, and to bonding apparatuses.

BACKGROUND ART
15 [0002]

Wire-bonding generally includes a first bonding step in
which an initial ball is formed at a tip end of a bonding wire
to be fed out of a capillary and 1s applied by ultrasonic
vibration while in pressure contact with a pad surface of a

20 semiconductor device tobond the initial ball to the pad surface.
In a second bonding step thereafter, the bonding wire is fed
out of the capillary to form a wire loop, and the bonding wire
and the capillary are brought into pressure contact with a lead
surface of a substrate to bond the bonding wire to the lead

25 surface and then cut the bonding wire.

[0003]

However, the substrate may be in an unstable state such

as wobbling on a bonding stage, suffering frbm a problem in

that the initial ball may not be bonded reliably to the pad



[ 0004] Hence, in the related art described in Patent literature 5 1, an XY
table with a capillary nounted thereon undergoes a scrubbing notion to be
noved in the XY direction during bonding, so that an initial ball is rubbed
on and bonded reliably to a pad surface. PRI OR ART DOCUMENTS PATENT
DOCUMENTS [ 0005] Patent literature 1:Japanese Patent No. 2530224 SUWMNVARY OF
THE |1 NVENTI ON PROBLEM TO BE SPLVED BY THE | NVENTI ON [ 0006] However,
inthe related art described in Patent literature 1, the initial baII may
be deforned_an de rln cr in t whi | .e b ed to

t he pad sﬁl‘”fg% |r{Pt%El gll}:g n% eﬁt} a%%g ﬁggggak?lg%%}a? Wldr rmation
area . Fog,this é@@sp@ tg@esé§$gaego§a1nge§gébbed in Patent Ilterature 1
suffers froma problemin that accurate bonding onto a snall pad surface is
difficult{@mgd4lhe pad pitch serving as the 25 di stance between adjacent pad
surfaces, cannot be reduced. [0007 It is noted that the capability
of cutting the Homd ngnvihe ried aties! 86t sl BofdEhgnsRagrn’s lidiera tuate

unsol ved even with the related art, described in Patent literature 1.
[0008F 1, an XY table with a capillary mounted thereon undergoes a

scrubbing motion to be moved in the XY direction during bonding,
so that an initial ball is rubbed on and bonded reliably to

a pad surface.

10 PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[0005]
Patent literature 1: Japanese Patent No. 2530224
15 SUMMARY OF THE INVENTION
PROBLEM TO BE SPLVED BY THE INVENTION
[0006]

However, 1in the related art described in Patent

literature 1, the initial ball may be deformed and expanded

20 during the scrubbing motion, while bonded to the pad surface

in the first bonding step, to have an enlarged deformation area.

For this reason, the related art described in Patent 1literature

1 suffers from a problem in that accurate bonding onto a small

pad surface is difficult and the pad pitch serving as the

25 distance between adjacent pad surfaces, cannot be reduced.
[0007]

It is noted that the capability of cutting the bonding

wire in the second bonding step is still left unsolved even

with the related art described in Patent literature 1.



It is hence an object of the present invention to provide a nmethod for
manuf acturing a sem conduct or device and a bondi ng apparatus with which an
initial ball, when bonded to a pad 5 surface of the sem conductor device,
can have a small deformation area for inprovenent in the accuracy of
bonding. It is another object of the present invention to provide a nethod
for manufacturing a sem conductor device and a bondi ng apparatus with which
a bonding wire, when bonded to a |lead 10 surface of a substrate, can be cut
reliably. FOR SOLVI NG THE PROBLEMS [0009] The present invention is
directed {o a nmet hod of 15 manufacturing a sem conductor device including:

a step of prepart Ng ReRONGNNGL }PPLIAH HEel gied SH NG nvankerel £@ prladeld or
pl acing a bonding target that 1s provided with a pad surface; a capillary
f or i nsera imedhadobend maguiiice urieged seouglonduled drodely hge \windea revnidiggan
initial ball fornmed at the tip end 20 thereof; and a control unit having
pressure TRPAERELHERREN fBR1BR| AQi AB1ER8LI RRtilal WBaPl PPRESIptes sukadcont act
with the pad_surfa t he bondi n arget placed on the bondin age and
e Ub ngt REREE o shPPal TST OUARTRGCE RO BT aF gt iPave: oo e
perpendi cyd A8 rht 188 HdLEIOAMBE RGBS €n0Pnd Necuracy of bonding.
It is another object of the present invention to provide a
method for manufacturing a semiconductor device and a bonding

apparatus with which a bonding wire, when bonded to a lead

10 surface of a substrate, can be cut reliably.

MEANS FCOR SOLVING THE PROBLEMS

[0009]
The present invention 1is directed to a method of
15 manufacturing a semiconductor device including: a step of
preparing a bonding apparatus including: a bonding stage for
placing a bonding target that is provided with a pad surface:
a capillary for inserting a bonding wire therethrough, the
bonding wire having an initial ball formed at the tip end
20 thereof; and a control unit having pressure contact means for
bringing the initial ball into pressure contact with the pad
surface of the bonding target placed on the bonding stage and
scrubbing means for spirally rotating the capillary in a
direction perpendicular to the direction of pressure on the
25 initial ball when the initial ball is in pressure contact with
the pad surface; a pressure contact step of controlling the
pressure contact means for bringing the initial ball formed
at the tip end of the bonding wire that is inserted through

the capillary into pressure contact with the pad surface of



25 initial ball when the initial ball is in pressure contact with the pad
surface; a pressure contact step of controlling the pressure contact neans
for bringing the initial ball formed at the tip end of the bonding wire
that is inserted through the capillary into pressure contact with the pad
surface of the bonding target placed on the bondi ng stage based on a
command fromthe control unit in the bondi ng apparatus; and a scrubbing
step of controlling the scrubbing neans for spirally rotating the capillary

in a direction t pendi cul ar to the direction. of essure _on the_initial
bal | V\,hent}i“ﬁeb?ﬁgf‘gﬁl Baﬂﬁgi Eﬁiaﬁeﬁr &8s ' %‘%%Jc?gm%%g? h%ass§ Slr face
based on ]ﬁgggr unist - i j ARRANALUS, 0010]
In accord‘g%@{e?gl\?ma[lﬁr%rﬁlg{ﬂnée?ﬁ}o ofl Srlannlﬁalcl% uﬂ?}%lg%éﬁ%g@se%%i condlﬁ'o%néievi ce
accor di ngat@ctrﬂ%bﬁhgsesﬂieﬂ NYENtddit ratlehd henheniddralbiald méahs moassure
contact with the pad surface of the bonding target, rotating the capillary
causes t heppaal Syrdface: jang thiee capillilalrybahl a tdi e tridob o¢ rpsgetilterlaghi | e i n
pressure contact with each other and thereby the initial ball 15 to be
bonded t 6t® hEhpadlEaFtaeR. ofn HOFISS U O s al Pittat aPRhg WRETCARS 1 ary

allows the force applied to the initial _ball.to. be ver rd, the
center ofl7btht 6ﬁB§nasfHéE&E?SPﬁ$ FPH&aﬁ%d”h?%fgﬁ%é8§ﬁgggggﬁ%?%§ﬁg%urface
and the igjtd d o YRRedoh st hek 1 8t i 4 e dsd M li-3mRbar Jo be
reduced ﬁ%hﬁ%?#gﬁﬁging secur ed gufficien%ly% Thi s allomépfhe def ormati on
area of thgoimjtial ball to be reduced, whereby the accuracy of bonding can
be inproved and the pad pitch serving as the distance between pad surfaces,

can be reduced.Ij OettlordGneet heibhr arfgenmethasovef trRNwErGbbY Heg stéep
preferably includes specifying the position where the initial ball cones

i nt o Wont ¥l GPRALERRT Y ISiF PaEETEANG T f ¥ eREESHBSI B L L r ANGP
(OL2L1 19 e SRR AT O Shep LELELENoRAPRLE IMEAS JAPARTAR the
of the bonding target, rotating the capillary causes the pad
surface and the initial ball to be rubbed together while in
pressure contact with each other and thereby the initial ball
15 to be bonded to the pad surface. In this case, spirally
rotating the capillary allows the force applied to the initial
ball to be converged toward the center of rotation and thereby
the time and distance where the pad surface and the initial
ball are rubbed together at the maximum diameter to be reduced
20 while being secured sufficiently. This allows the deformation
area of the initial ball to be reduced, whereby the accuracy
of bonding can be improved and the pad pitch serving as the
distance between pad surfaces, can be reduced.
[0011]
25 in the arrangement above, the scrubbing step preferably
includes specifying the position where the initial ball comes
into contact with the pad surface as a reference position,

spirally rotating the capillary from the reference position

while increasing the diameter of the spiral, and thereafter



spirally rotating the capillary while reducing the dianeter of the spiral
to recover the reference position. In accordance with the nethod for

manuf acturi ng a sem conduct or devi ce, specifying the position where the
initial ball comes into 5 contact with the pad surface as a reference
position, spirally rotating the capillary while increasing the dianmeter of
the spiral, and thereafter spirally rotating the capillary while reducing
the dianmeter of the spiral to recover the reference position allows the gap
bet ween the posjtio ere the initial 10 hall is, br.ought int.o _pressure
cont act VIRHATE Gatk S e AP H He 505 MO HECP eHe T CLarEbar | <
bonded t : r qgﬁgg: | : t K f

bondi ng ?%Eggef rf%g?£?%%?%8g§?g%§ t he 5g§n%??%%£g§§0iEglgggﬁﬁg%ﬁfgtance
bet ween pacisurfiacasthba Ferf wdhsfadaduces. a 1560033hductor dEREcegr ubbi ng
step preferably includes, when the pad surface has an extended shape,
spiral |l y specitinogng heheappkliaipni wherkel dthteenigdi tienhelpa bl oagreke iditoect i on
of extension of the pad surface. In accordance with the nethod faqr

manuf dct WITHF D0 va tiebhe dirflstisfageiT e *eprFanfry Bttty SRer@apgyl lary in
flatt I 1t di t.i f I, i f. f
2 ons ¢ P S oty b B R e BT 6T M G R o be

accommdaéof&atp, they $RaRS %k thgpP2d13Yr F8€8: i dhi thdld QW 1118, atcukacy of
bondi ng to be inproved 25 even for a pad surfaceé extending in any

directi oned@®d} the diamEerpoEsent spieslion recatao tdia eeffedenaea
bondi ng apparatus including: a bonding stage for placing a bonding target
that is prasdifesh wiltlovws phad oo batweea dhpipdsarby oiovheraddre ilng tdadondi ng
wire therethrough, the bonding wire having an jnitial ball formed at the

tip 8d tekedf: PRAVIAL ddHG BIECSANE ha9T h§ChrEsdl - ScBAE attr &0y

bringing ,t.he_ini.tial i.nt o, pr.es o] it rface of the
bondi ng 5“{%?8&1 6?510@%’4%%%g%elrglonl |Pné%%tclagée%ghg\ggcﬁ%%gi%r%ﬂnesa%ga?%r
spirally ¢otigli pgahBeacapirhk ar %11 Bwd HHL I A N8F RNdbsHEBRgt 8ot bR
direction of pressure on the initial ball when the initial ball is in
pressure fuoritaet implotde ped shefaee. pf0044ketflingaesortdande swiahket he
bondi ng apparatus according to the present invention, when the initial ball
is in preéssnecramdciuniades het paee stinfleer ofedheedondi ng target, rotating
the capillary causes the pad surface and the initial ball to be rubbed
togetlﬁer Wﬁ]?/?e] in pressure contact with each other 15 and thereby the

initial ball t }%e gqﬂeiﬁ t? p}fg suriase "%@lﬁ@é CARe $RLM 3l
rotating the Cgfpl I%ry a rEo%sé ‘%’e o?ce app i 8d to t%'e |n!tiap bgjlal to be
conver geds§.omard nhhea ceptrenqfy sRhgti apiand thesehy ihhe-Hd @Bpand adist ance
where the pad surface and the initi al bal'l are rubbed together at the
maxi mum 2t di dateentd benneduckshgilee dbeent isacaf eaiserisiamn enf Ithe Thi s
allows the deformation area of the initial ball formed due to the novenent
of the capid lsamface -belpereediangrrdly the BRERPAGLOMAPIAACHYTEAA be
| moroged and iSRRG SR 1%Ly 08188100 SLSE2NGC RS TIESN PAY, S Laces,

flattened manner along the direction of extension of the pad

surface allows the shape of the initial ball to be bonded to

the pad surface to be accommodated to the shape of the pad

surface. This allows the accuracy of bonding to be improved

25 even for a pad surface extending in any direction.
[0013]
The present invention is also directed to a bonding

apparatus including: a bonding stage for placing a bonding

target that is provided with a pad surface; a capillary for

5



25[ 0015] The present invention is further directed to a nethod of
manuf acturing a sem conductor device including: a step of preparing a
bondi ng apparatus including: a bonding stage for placing a bonding target
that is provided with a lead surface; a capillary for inserting a bonding
wi re therethrough; and a control unit having pressure contact neans for
bringing the capillary and the bonding wire inserted through the capillary
into pressure contact with the | ead surface of the bonding 5 target placed
on the bond angh i f ' .ot at i h
capillar?ngﬁggxgﬁfg?%ion %%?%gﬁh?%% ar ?%u?ﬁé§%#{gé#¥6%83%1%$g§§6§8 on the
capi | | ar yarwhieri dikg ®apil Fakyhedsat Nt REESBHren € RS tdhd hecbaadogur f ace;
a pressure contact step of controlling the pressure contact neans for
bringi ng WOt Meway [HrEsswid lcartediondiamg Wiore birisernegd theeiethialgh and
t he bonding wire inserted through the capillary into pressure contact with
the | ead Rl 48&CHTEREUBBITAHF Faldén Pratsd sHripsehhdihfgbsndgagbased on

a co nd f the control _.unit in. the_ bondi ng apparatus; and a scrubbing
stepng? g%ﬁ#i%ﬁlé%ﬁf sy %Qﬁ%gn%gﬁgef%gdsg$F3$%§ngo?g?Pﬁg%Pﬁe
Cap!||ar%ﬁﬂ}éifvEﬂﬁ%&ﬁ%gp%hQ?BQbfyiéfytfhEp%i@daaﬂﬁP?eQFeHBF§ﬁgé? on the
capillary when tthe capillary is in pressure contact wwth the [ead surface
based on ta comredirdécoioh hef coprbrelirenionh ithe hientondi ngs Bppakah Ushe20[ 0016]
In accordance with the nethod of manufacturing a sem conductor device

accor di ng-ntiditeHe Qerldsdrt dmvradome wimrtadte wig |t ke yoamhdsuhiadonding wire
i nserted tQﬁﬁ@gh the capillary are in pressure contact with the | ead
surface df° 25 bonding target, the bonding wire is bonded to the | ead

Then 8o ool Pl asedDelaegn ol 0 chRRh! BEYAIRY, LOBLSRHSUCERR 0E PE oy

Then 'spirally rotating the capiTlary causes capi _
spiral ly toR the deead isiihage Mhivhen RHRr es3yna1c8ALact Wk hh,each, pther,

whereby the bonding wire can be cut reliably with a reduced possibility of
cutting eomndract 8AtH the pad s$urfhes asff angeionidialovargthe setubbhgg step
preferably includes specifying the position where the capillary conmes 5

i nto contt@et caPih lely resdesurhackadssurfaderantahsodintitdm) bpilhatby

rotating_ the pillar romthe reference position while increasing the
di anet er o6t rtlﬁ%ééip#afg?{lsﬁdw% ? o4t (R SR AP ARG EREDCPRPFar y

“hi!quegHEfEHeEQBHd£ﬁ§?% 5%%%&?%&?%5{ﬁ%dé$%éggq%?%h%?%g?ﬁégggggg.

position. I n accordanc me manufac

seni conduet ehi e, sppeallfly f'@téf'ﬁuﬁ%fﬂet £apiMhere d o kdRihld aby-and the
bonding wire cone into contact wwth the | ead surface as a reference

posi ti onapgpdiieal ty tlot dtriing 4 headdpi:bl lae yearhid g dtrsasidngheheedi aset er  of
the spiral, and thereafter spirally rotating the 15 capillary while

r educi ng °fth&odraretepngf thesebyi tak tompeadderishancef eheneethespadon

ol Lo e, 93p betanen, Lhe oyl o vher e e cap Ll any, | ovehi, inco
prodysed 49Bnkhe ! €8%SHLEREES I J BE: §8Rdd A bR QYERk 1Nt OpRL gSSUre
allows the deformation area of the initial ball formed due to
the movement of the capillary to be reduced, whereby the
accuracy of bonding can be improved and the pad pitch serving
as the distance between pad surfaces, can be reduced.
25 {0015]
The present invention is further directed tc a method
of manufacturing a semiconductor device including: a step of
preparing a bonding apparatus including: a bonding stage for

placing a bonding target that is provided with a lead surface;



20 contact therewith to be reduced. This allows the accuracy of bonding to
be further inproved and the | ead pitch, the distance between | ead surfaces,
to be further reduced. [0018] The scrubbing step preferably includes, when
the | ead 25 surface has an extended shape, spirally rotating the capillary
in a flattened manner along the direction of extension of the | ead surface.
In accordance with the nmethod for manufacturing a sem conductor device,
spirally rotating the capillary in a flattened nanner al ong the direction

of extensj fy 1t lread: I ; ; ' £essi of the
capilIar%ig%%ﬁdgéﬁsbgg?hénﬁggg§§§r$£%g%$%$%§“§%%g%§%%§?g:1#%Lt%§d§ﬁape of

the | ead saiithasle untl $aalilng rldaes aec Woak caf meendl gt BrhagiApr emed even
for a | ead surface extending in any direction. [0019] The present

i nvent i orcdpl sty dindetheddrolimdoendiengnapphedtuisréugtt ddiengapalbengi ng
stage for, placing a bonding target that is provided with a |lead surface; a
capi | | ar VTHG REREH IS FEX Bomdi Rt tiee t herdt Arbligre ahdthecbrRRASRIUNi t 10

havi ng pr.essur.e cont act ns for bringing the.capillary and_the_bonding
W re ProcRa s R (o SR TR e Agr oodar BREURP L Hirher A% ead
surface qfpithe RERIAG b 98k PhRSEN. PP fihe bending 05! Bgepand:sgigbbi ng
means for ‘spirally rotating the capillary in a direction perpendicular to
the di reald Dhe 18 refctilc@ssfipe @B ulrikeo € &piel ¢85 V1 Wenwhbe wapchpalyakg in
pressure contact with the | ead surface. [0020] In accordance with
t he bondilsgliappaEsstius eecbadt g thothdé epdesientaday emiegsunsheant het
capillary and the bonding wire 20 inserted through the capillary are in
pressur e e &t CRPEROLAENPebBe shF$38 R B COHA Bomfialy ttargePr1pHEMBondi ng

12105, BE08-40,005 LEel M LRI, achib U SAL IS R gy ond the
capi |l ar y HopBRAE HEbROr SR A PRERRGh the capillary into pressure
contact with the lead surface of the bonding target placed on
the bonding stage based on a command from the contrcol unit in
the bonding apparatus; and a scrubbing step of controlling the
15 scrubbing means for spirally rotating the capillary in a
direction perpendicular to the direction of pressure on the
capillary when the capillary is in pressure contact with the
lead surface based on a command from the control unit in the
bonding apparatus.
20 [0016]

In accordance with the method of manufacturing a
semiconductor device according to the present invention, when
the capillary and the bonding wire inserted through the
capillary are in pressure contact with the lead surface of the

25 Dbonding target, the bonding wire is bonded to the lead surface
and placed between the capillary and the lead surface to be
cut. Then spirally rotating the capillary causes the
capillary to be rubbed spirally on the lead surface while in

pressure contact with each other, whereby the bonding wire can



25 |l ead surface while in pressure contact with each other, whereby the
bonding wire can be cut reliably with a reduced possibility of cutting
error. ADVANTAGES OF THE | NVENTI ON [ 0021] The present invention
offers the advantage that an initial ball, when bonded to a pad surface of
t he sem conductor 5 device, can have a small deformation area for

i nprovenent in the accuracy of bonding. The present invention also offers
t he advantage that a bonding wi re, when bonded to a | ead surface of a

substrat can be.cut -reliably._ 10BRI EF DESCRI PTI ON HE _DRAW. N 0022
FIG 1 iﬁ?%sctur%atr?%lﬁ‘ lé{x‘é’ﬂrggegojfecgu%&eg%sosnl |anJ‘g;lta\b|53argactu-ﬁgst *acc 61 59% Eo a !
first enbﬂﬁ% t. FIG 2 is aflowchart illustrating a
bondi ng net hod using 15 the wire-bondi ng appar at us. FIG 3is a
flow chart il ust tati sgrifgehénstaondi npessepubbify Gted preferablfl G 4 is
a flowchart illustrating the second bonding step in FIG 2. 20FIG 5(a)

i |1 ustratisschudey esmpetifyajectioe yrofivieapvhtaeytha gapéddBbyngomssi on and

FIG 5(b). illustrates a conmmand position fordrivin%anx-axis | i,near notor

and a’Y- ¥ 1FHEA TG Tl d IR 65 &n TRISXFESS BPFSRRr command

25 p°5itiéﬁhfﬁ%ﬁ§*£€€2@fﬁé”€ﬁ@‘%éﬂ%ﬂlé%ﬁ“?@%%.%%%iEE%%rence position

while increasing the diameter of the spiral, and thereafter

spirally rotating the capillary while reducing the diameter

of the spiral to recover the reference position. In accordance

10 with the method for manufacturing a semiconductor device,

specifying the position where the capillary and the bonding

wire come into contact with the lead surface as a reference

position, spirally rotating the capillary while increasing the

diameter of the spiral, and thereafter spirally rotating the

15 capillary while reducing the diameter of the spiral to recover

the reference position allows the gap between the position

where the capillary is brought into pressure contact with the

lead surface and the position of an impression produced on the

lead surface when the capillary is brought into pressure

20 contact therewith to be reduced. This allows the accuracy of

bonding to be further improved and the lead pitch, the distance
between lead surfaces, to be further reduced.

[0018]

The scrubbing step preferably includes, when the lead

25 surface has an extended shape, spirally rotating the capillary

in a flattened manner along the direction of extension of the

lead surface. In accordance with the method for manufacturing

a semiconductor device, spirally rotating the capillary in a

flattened manner along the direction of extension of the lead



FIG 7 illustrates the notional ratio between the X-axis provisional
command position and the Y-axis provisional conmand position. FIG 8
illustrates a deformation area of an initial ball. FIG 9
illustrates an exanple of a bunp-bondi ng apparatus according to a second
enbodi nent . FIG 10 is a flow chart illustrating a bondi ng nethod
usi ng the bunp-bondi ng apparatus. 5FIG 11 is a flow chart illustrating the
bonding step in FIG 10. FIG 12(a) is a close-up photo of a

sem conduct or device and ad surfac S thereon in a cgmé) rati ve&gxarrpl e and

EBG h12(b§u§%a%e AW Hptiphot it % s2hi cBREaEr P a8 aﬁ?pﬁ §t¥rfaccﬁs
t
0 Lher eqfkd Imcg)r@%gl%ape%é UBLeace to pe Jd&mmlchdd dAle shapeng the

di anet er to pad surfaces. l4(a) is
a cl ose- upr phit a Rfa keadaserf aepssi A11bes Cﬂﬁ@&i’ﬁuﬂ/&:ﬁmc@lcﬁm@ EbG  14(b)
is a close-up photo of |lead 15 surfaces in the practical exanple.

FIG 15 ilse ampabivedsétom fgrthd epehsikEasererigiriviiofy boradingiwecsd obended to

| ead surfaces. FIG 16(a) illustrates a movenent trajectory of the
capi | Par yl Qihenl rot ated spirally in an obliquely fl attened 20 manner and
FIG 16(b) ill rates a command. posi tion . for dri VI X- near
nmotor and the Y- |%r?§?fé5rl%?181;g?ﬂ tRe 98Se bF & C? Béhfihly FI G
17(a) i1l . L apechony of Befeép hhéaﬁ Waelfs ol glyed
spirally “le:é laZ{‘at era tened 25 rr%nne?gjand E\ g il Ioustlr gtees a

comand paskdeonHar 1@;r p\tbﬁ}gdtelalethﬁxaswa@eﬁnfmt@r eﬁ@ﬂpiﬂl&a\ﬁyﬁ)fb& | i near
motor in the case of FIG 17(a).
inserting a bonding wire therethrough; and a control unit
10 having pressure contact means for bringing the capillary and
the bonding wire inserted through the capillary into pressure
contact with the lead surface of the bonding target placed on
the bonding stage and scrubbing means for spirally rotating
the capillary in a direction perpendicular to the direction
15 of pressure on the capillary when the capillary is in pressure
contact with the lead surface.
[0020]
in accordance with the bonding apparatus according to
the present invention, when the capillary and the bonding wire
20 inserted through the capillary are in pressure contact with
the lead surface of the bonding target, the bonding wire is
bonded to the lead surface and placed between the capillary
and the lead surface to be cut. Then spirally rotating the
capillary causes the capillary to be rubbed spirally on the
25 lead surface while in pressure contact with each other, whereby

the bonding wire can be cut reliably with a reduced possibility

of cutting error.



EMBODI MENTS FOR CARRYI NG OQUT THE | NVENTI ON [ 0023] A net hod for
manuf acturing a sem conductor device and a bondi ng apparatus according to
preferred enmbodi nents of the 5 present invention will hereinafter be
described in detail with reference to the acconpanyi ng drawi ngs. The first
enbodi ment is an application of the present invention to a wre-bonding
apparatus, while the second enbodi nent is an application of the present

invention to a bunp-bonding apparat us. is noted 10 that identical or
equi val ent conponents in Q%ayﬁﬁtﬁﬁigﬁygéﬁiby the sane reference
nuneral s. [0024] [First Enbo |nenf? | ustrates an exanpl e of

a W re-bop@yanyg] apparatus according to a first enbodi ment. As shown in FIG
1, the 15 wi re-bondi ng apparatus 10 according to the first enbodinent is
configured to éllectpreathy dovesdtion patfsusf abe Adwamtiaded bthafh an

sem conductor device 1 and a |lead surface 4 provided on a substrate 3 on
whi ch the%@ﬁ%ﬁe&évowh%h%@eﬁ tQ BBAdetir afﬁebeéhtlw ﬁemaeﬁ@ewgteg ing a

bondi 11 d thro bo
appar Ut ST s PRE LA TP BB AN St i T LR E B d g vi r e

11 s i nsgid ethc @ RONB NG ARAhLS o holding H%%e%%&'o'n' %rﬂéol%ff% sarm

drive notor 16 for rotating (sw nging) the bonding head 15, a bon |ng st age

17 on whitthe bHeastbsgkreies 3 bendl g ed ras whdopdndgd od gelead BudiFa%¥
novenent nechani sm 18 for noving the bonding head 15 horizontally in X- and
Y-axi s digfea i pHssteaake a contholcwnitePDaPby. integrally controlling the

W r e-bondi ng apparatus 10. [0025] The bondi ng head 15 is conposed of an
ultrasonic horn 13 extending fromthe bondi ng head 15 toward the bondi ng

stage,17 and having t vi brator 13a for
i SHE PRSIt R el et

providing ultrasonic Vi a bondi ng arm 14 for
hol ding t adtrasonic horn 13. Wth this 5 conflguratlon rotatably
driving the arn1dr|ve notor 16 causes the ultrasonic horn 13 and therefore
the capillary FZQ.olmovestefdtiesahh ¥ xiamptlleeo Zaaxi se-dbdedin@appattiathsal | ons
the bonding wire 11 to be bonded to the substrate 3 and the sem conduct or
devi ce 1qﬂQﬂﬁﬁﬁnﬂ1ﬁQuﬂtﬁﬂﬁﬁﬁmﬁthﬁﬁmqnt Then providing 10 ultrasonic

vi bration fromthe |brat 13a of h#e ultrasoni¢c horn 13 all ows 't he

capi | lary 12 hdi%¢ by itne f aw%r%rl ¥ELEEtEE R PPRfdgg method using

15 the wire-bonding apparatus.

FIG. 3 is a flow chart illustrating the first bonding
step 1in FIG. 2.

FIG. 4 is a flow chart illustrating the second bonding
step in FIG. 2.

20 FIG. 5(a) illustrates a movement trajectory of a
capillary in a scrubbing motion and FIG. 5(b) illustrates a
command position for driving an X-axis linear motor anda Y-axis
linear motor.

FIG. © 1llustrates an X-axis provisional command

25 position and a Y-axis provisional command position.

FIG. 7 illustrates the motional ratio between the X-axis
provisional command position and the Y-axis provisional
command position.

FIG. 8 illustrates a deformation area of an initial ball.

10



[0026] The armdrive notor 16 is configured to be rotatably 15 (sw ngably)
driven to nove the capillary 12 vertically in the Z-axis direction. The arm
drive nmotor 16 can then adjust the load on the capillary 12 by adjusting
the output torque of the rotary drive. [0027] 20The XY novenent mnechani sm
18 is configured to nove the bonding head 15 in the X- and Y-axis
directions. The XY novenent nechanism 18 is therefore provided with an
X-axis linear notor 18a for noving the bonding head 15 in the X-axis

di recti on and a-¥: axi,s JJaear JPLEC AR oL TayLAG Lhe hondlpg 25 head 15

in the Y-axis rection. 1t 1s note at the movenent anism18 is

conposed Do fPInEXAI Sedond @3 odDh&it Mechani sm in which the rotation
of the X-axis linear notor 18a and the Y-axis |linear notor 18b all ows for

t he novenent offFIithe iforidi rg fAead charitn iflAestespdak webX¥ndand Medakiosl
directions. Then rotating the X-axis linear notor 18a and the Y-axis |inear
not or 18815 dh e HIHRA L He RPAF 3 Frove in the respective X- and

Y-axig directions, wiereby the capillary,12.can;be wpyed in;the X, and
in FIG. 10.
FIG. 12(a) is a close-up photo of a semiconductor device
and pad surfaces thereon in a comparative example and FIG. 12 {b)
is a close-up photo of a semiéonductor device and pad surfaces
10 thereon in a practical example.
FIG. 13 is a table showing the diameters of initial balls
bonded to pad surfaces.
FIG. 14(a) is a close-up photo of lead surfaces in the
comparative example and FIG. 14 (b} is a close-up photo of lead
15 surfaces in the practical example.
FIG. 15is a table showing the tensile strength of bonding
wires bonded toc lead surfaces.
FIG. 16(a) illustrates a movement trajectory of the
capillary when rotated spirally in an obliquely flattened
20 manner and FIG. 16(b) illustrates a command position for
driving the X-axis linear motor and the Y-axis linear motor
in the case of FIG. 1l6(a}.
FIG. 17{a) illustrates a movement trajectory of the
capillary when rotated spirally in a laterally flattened
25 manner and FIG. 17(b) illustrates a command position for

driving the X-axis linear motor and the Y-axis linear motor

in the case of FIG. 17(a).
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5[ 0028]

The control unit 20 is electrically connected to the

ultrasonic horn 13 (vibrator 13a), armdrive notor 16, X-axis linear
18a, and Y-axis linear notor 18b to control the ultrasonic horn 13, arm
drive nmotor 16, X-axis linear notor 10 18a, and Y-axis |linear notor

wi re bonding. [0029] That is, the control unit 20 has a pressure contact

not or

18b for

feature (nmeans) for bringing an initial ball Ila of the bonding wwre 11
into pressure contact with the pad surface 2 of the 15 sem conductor device
1 bonded to the

t éﬁ?#* PROEL tage 17 and a
scrubbing feature %né%ns? orﬁg%ira yfgggg??n%gghe cap???gry 12 in a

di recti ongpgpendicular to the direction of pressure on the initial
when the 1nitial ball ha is in pressure contact with the 20 pad surface 2,
in a first bondi ngtdivep folr handifeg tird ngoadisegiwenduttornslented through t he

capillary 12 to the pad surface 2 provided on the sem conductor_ device 1.

The cont roPoRRRNI2BPRRERt HaR S PIET UL pEAfasTefemhedinembndf £op
bringing S NS GAPLLLERY s 33 A0t RO ALNLUARL PEL Ll 0l d 1§ pandingvhre

i0

15

20

25

reference to the accompanying drawings. The first embodiment
is an application of the present invention to a wire-bonding
apparatus, while the second embodiment is an application of
the present invention to a bump-bonding apparatus. It isnoted
that identical or equivalent components in the drawings are
designated by the same reference numerals,

{00241 [First Embodiment]

FIG. 1illustrates an example of a wire-bonding apparatus
according to a first embodiment. As shown in FIG. 1, the
wire-bonding apparatus 10 according to the first embodiment
is configured to electrically connect a pad surface 2 provided
on a semiconductor device 1 and a lead surface 4 provided on
a substrate 3 on which the semiconducter device 1 is bonded,
through wire bonding using a bonding wire 11 inserted through
a capillary 12. The wire-bonding apparatus 10 thus includes
the capillary 12 through which the bonding wire 11 is inserted,
a bonding head 15 for holding the capillary 12, an arm drive
motor 16 for rotating (swinging) the bonding head 15, a bonding
stage 17 on which the substrate 3 is placed as a bonding target,
an XY movement mechanism 18 for moving the bonding head 15
horizontally in X- and Y-axis directions, and a control unit
20 for integrally controlling the wire-bonding apparatus 10.
[0025]

The bonding head 15 is composed of an ultrasonic horn

12

bal |

ha



25 11 inserted through the capillary 12 into pressure contact with the | ead
surface 4 of the substrate 3 that is placed on the bonding stage 17 and a
scrubbing feature (neans) for spirally rotating the capillary 12 in a
direction perpendicular to the direction of pressure on the capillary 12
when the capillary 12 is in pressure contact with the | ead surface 4, in a
second bondi ng step of bonding the bonding wire 11 bonded to the pad
surface 2 to the lead surface 4 provided on the substrate 3. It is noted

o et vy BRERB RO PRLAT ARSATRUDOLEG T ALHEES on 8 PR ALES,

respective a essure conta rogram and a Scru g?gﬁ1stored

in a storagendeMhéengltid@ayike.ad0930bn one endRi €8N FAlLAHIr 2941 S
therefore provided with an armdrive notor I/F 21 for transmtting and

recei vi nggar ggnaldibrly twl fraspihe ativrgrioe oot ohe 16than ghtif asadi @ horn
I/F 22 for transmtting and receiving a signal to/fromthe ultrasonic horn
13, an Xxlpading pear lAvfer Noldizy the vlansspricngoandl ¥ ecdiitinghassi gnal

tolf th -axis Ji t 18a, Y-axis |i t | /F 24 for

T ans i R SR B v RGARo G Yriir L g 67 oRF €10 . BRFSFI HEARSRBL or 18b,
an i Nput G125 .380NA0ES P JPYhJRYGE BHSh.4s; 1 keyboard fg, Lecei ve
an I nput or varilous types of control T nformation om an” operator, "an

out put URidrtd&Seryiingtas 2-8ikspl @yrevi g€, skeh-nsia omnicher bbaadhgp! ay
various types of control information for the control 20 unit 20, a nmenory

27 for stwmengd lvhoilpuddndess tof theognlassratadd ancPoh28sénicbaddihgrcontrol .
[0031] Next will_ be_described a processing operation of the w re-bonding
appar at uslef3 GRl th Pépeeéned tid | mndingoszage G725 Ther Rrevediesart

N Iu§BraﬁJf¥%£%C9%Qg%g rg%H%%Qfgghnghérﬁabrator 13a of the ultrasonic

horn 13 allows the capillary 12 held by the bonding arm 14 to
be vibrated.
[0026]

The arm drive motor 16 is configured to be rotatably

15 (swingably) driven to move the capillary 12 vertically in the
Z-axis direction. The arm drive motor 16 can then adjust the
load on the capillary 12 by adjusting the output torque of the
rotary drive.

[0027]

20 The XY movement mechanism 18 is configured to move the
bonding head 15 in the X- and Y-axis directions. The XY
movement mechanism 18 is therefore provided with an X-axis
linear motor 18a for moving the bonding head 15 in the X-axis
direction and a Y-axis linear motor 18b for moving the bonding

25 head 15 in the Y-axis direction. It is noted that the XY
movement mechanism 18 is composed of, for example, a linear
motor mechanism, in which the rotation of the X-axis linear
motor 18a and the Y-axis linear motor 18b allows for the

movement of the bonding head 15 in the respective X- and Y-axis

13



W re-bondi ng apparatus, FIG 3 is a flowchart illustrating the first
bonding step in FIG 2, and FIG 4 is a flow chart illustrating the second
bonding step in FIG 2. It is noted that the processing operation of the

Wi re-bondi ng apparatus 10 to be described hereinafter is inplenmented by
the pressure contact feature as a pressure contact program and the
scrubbing feature as a scrubbing program based on a command fromthe
control unit 20. 5[0032] First of all, the wi re-bonding apparatus 10

runs a fi%lﬂe@@mﬁ@g tslte}gqu%)&sgigg)m@%-%@q%liﬂe%%ﬁtgopr (8933] 4t he

first bonding step (S essure contact is first performed

(Step Slly~a@bsShowni hotbe 18b tausbe HEIVHE P RACt 15t €D.md e 13y m dri ve
notor 16 is rotatably driven and the capillary 12 is lowered. In this case,

since a spherespledatdiviel At aral ¥-halbssiifmraieibrad, whertbiyl tlod calpd endi ng wire
11 inserted through the capillary 12, lowering the 15 capillary 12 causes
the initied B IPRIEEoHe The XcomtdcY - aKin dhecphéiosarface 2. After the
initigl bﬁ%i @g conmes into contact with the pad surface 2, the out put
torque of % rmdrive notor 16 is adjusted to apply a predeterm ned | oad

Lo the initial il Ichada theecapi LLagyodz -and1io BEhARCLHR 20 1At o

ball ha into pressure contact with the pad sur scr ubbi ng
step i s nextr#esdis medn( SBepv 32 totnide, sanubbing sbepr Mhex-bhas niti al
ball ha is brought into
linear motor 18a, and Y-axis linear motor 18b to control the
ultrasonic horn 13, arm drive motor 16, X-axis linear motor
10 18a, and Y-axis linear motor 18b for wire bonding.
[0029]

That is, the control unit 20 has a pressure contact
feature (means) for bringing an initial ball 11la of the bonding
wire 11 into pressure contact with the pad surface 2 of the

15 semiconductor device 1 bonded to the substrate 3 that is placed
on the bonding stage 17 and a scrubbing feature {(means)} for
spirally rotating the «capillary 12 in a direction
perpendicular to the direction of pressure on the initial ball
11a when the initial ball 11la is in pressure contact with the

20 pad surface 2, in a first bonding step of bonding the bonding
wire 11 inserted through the capillary 12 to the pad surface
2 provided on the semiconductor device 1. The control unit
20 also has a pressure contact feature (means) for bringing
the capillary 12 and an initial ball 1la of the bonding wire

25 11 inserted through the capillary 12 into pressure contact with
the lead surface 4 of the substrate 3 that is placed on the
bonding stage 17 and a scrubbing feature (means) for spirally
rotating the capillary 12 in a direction perpendicular to the

direction of pressure on the capiilary 12 when the capillary

14



25 pressure contact with the pad surface 2, the bonding head 15 is noved
and the capillary 12 undergoes a scrubbing notion to be rotated spirally.

It is noted that the scrubbing notion can occur at any tim ng regardl ess of
the period of ultrasonic vibration in an ultrasonic vibration applying step
to be described hereinafter as long as while the initial ball lIlais in
pressure contact with the pad surface 2. [0035] Here will be described the
scrubbing notion in Step 512 5 with reference to FIG 5. FIG 5(a)

and FI G507 %Y&??%q%%%%%%wﬁ%&? TR G g The SRRE || near
ot or anq)otrﬂﬁ 'e?: E%nk?ﬁ]éd;[?gafhe b%ngﬁﬂngl%esm@éﬂo%@e@& t"i’l(ea adt he

scrubbi n ' ves xi's I near notor axi s |near not or

to spir alslaéffa;&@tze tbheh@apehaawrigc@ea Ch iy 1deed kandineg shead rk% <and
therefore the initial ball Ila with respect to the pad surface 2. 15[0037]
Speci ficall ¥s mdmed;ctriwtbthgsmmﬁslsmmomestt hed posithiomaviergutrke initi al
ball Ila conmes into contact with the pad surface 2 as a reference position
(0, Of, §ﬁﬁ?dﬂ$§eﬁﬁﬁﬁﬁéb TREPESHIVERYY BY 3 MUIRIHES SOEAT e PPESTENON whil e

20 t he radi f rot the rad
eaches. (1% He T VAT 80 %%mje%t%e%@elﬁ”aeg%Siﬁrvﬁc%‘r’ér?% ARE" T oduci ng

t he radiug) rotatlon to recover the reference position. is noted that
if the pa surface 2 is a 35-pmsquare and the initial baII IIa is a 20-pm
di aret er The control unit 20 is therefore provided with an arm

drive motor I/F 21 for transmitting and receiving a signal
10 to/from the arm drive motor 16, an ultrasconic horn I/F 22 for
transmitting and receiving a signal to/from the ultrasonic
horn 13, an X-axis linear motor I/F 23 for transmitting and
receiving a signal to/fromthe X-axis linear motor 18a, a Y-axis
linear motor I/F 24 for transmitting and receiving a signal
15 to/from the Y-axis linear motor 18b, an input unit 25 serving
as an input device such as a keyboard to receive an input of
various types of control information from an operator, an
output unit 26 serving as a display device such as a monitor
to display various types of control information for the control
20 unit 20, a memory 27 for storing various types of programs,
and a CPU 28 for bonding control.
[C031]
Next will be described a processing operation of the
wire-bonding apparatus 10 with reference to FIGs. 2 to 4. FIG.
25 2 is a flow chart illustrating a bonding method using the
wire-bonding apparatus, FIG. 3 is a flow chart illustrating
the first bonding step in FIG. 2, and FIG. 4 is a flow chart
illustrating the second bonding step in FIG. 2. It is noted

that the processing operation of the wire-bonding apparatus

15



25 sphere, the maxi nmum di aneter of the spiral rotation is about 20 pm

[ 0038] The scrubbi ng notion occurs when the control unit 20 controls
the driving of the X-axis linear notor 18a and the Y-axis |inear notor 18b
based on an X-axis conmand position "x" and a Y-axis command position "y"
shown in FIG 5 (b) . [0039] Here will be described a nethod for
calculating the 5 X-axis command position "x" and the Y-axis comrand
position "y" shown in FIG 5(b) with reference to FIGs. 6 and 7. FIG 6

illustrat X- axi i, Si I d, iti d Y- axi i Si I
command OS0! BR SSHEFRIRE P IGHT a8 {HRLRBER ORGICY SN SOPBEERSER the

X-axi s provi.si | ggqgg it the. Y= axi LS l, .command
posi ti pn.cﬁra%f%{%_eaga_ I ?iqoregﬁq‘{allt% ?Bg@%;@% sm%ra%?\(ég\(}g&gée/%\%lkﬁggég%a basi s
of a circidAntIPh iscMIil® PFEPALR BAsEda¥hSa PEEMInghanakogsorraNd
position xI to be an X-axis command position and a 15 Y-axis provisional
command pegitrgn ylit e a Y-axis command position, as shown in FIG 6.

The X-axis provisional command position xlI is represented by a 3-cycl e sine
curved anldP®3¥ Y-axis provisional conmand position yl is represented by a

5 cycle cosine euue Wi Uhe phase ShLCLES 90, doancen [ Lom 20 e axis
command PR ST S A od 2 Shou R 7 That 15, the 25
motional ygat3x) shown in FIG 7 indicates the speed ratio at
In the first bonding step (Step S1), a pressure contact
10 step is first performed (Step S11), as shown in FIG. 3. In
the pressure contact step, the arm drive motor 16 is rotatably
driven and the capillary 12 is lowered. 1In this case, since
a spherical initial ball 1la is formed at the tail of the bonding
wire 11 inserted through the capillary 12, lowering the
15 capillary 12 causes the initial ball 1lla to come into contact
with the pad surface 2. After the initial ball 1la comes into
contact with the pad surface 2, the output torque of the arm
drive motor 16 is adjusted to apply a predetermined load to
the initial ball 1la via the capillary 12 and to bring the
20 initial ball lla into pressure contact with the pad surface
2.
[0034]
A scrubbing step is next performed (Step S12). In the
scrubbing step, when the initial ball 1la is brought into
25 pressure contact with the pad surface 2, the bonding head 15
is moved and the capillary 12 undergoes a scrubbing motion to
be rotated spirally. It is noted that the scrubbing motion
can occur at any timing regardless of the period of ultrasonic

vibration in an ultrasonic vibration applying step to be

16



which the capillary 12 noves. The notional ratio rises linearly fromO to 1
during the first cycle, remains 1 during the next cycle, and falls linearly
from1l to O during the last cycle. This nmeans that the capillary 12 is
accelerated linearly fromthe speed ratio of O to 1 during the first

cycle, travels at a constant speed wth the speed ratio of 1 during the
second cycle, and is decelerated linearly fromthe speed ratio of 1 to O to
be stopped during the third cycle. 5[0042] Then the X-axis

provi sional command posjtion x|l and the Y-axis provisional. command position
Ul Shoun F5FETERS® De CUb o i 19 RS Hith Gndins 401G SHolt i IFFG. 7 to

cal cul at e, - axi Sl i e d -axi s command position
10 "y" sh%%%?%@%%%@ﬁﬁﬁg%hé Fi‘%@ss‘?rgg?%%a?he capillary 12 for
scrubbi ngrg@ispn causes the initial ball ha and the pad surface 2 to be
rubbed together and thereby the oxide film (not shown) formng a
superficial 15 Hexypewidfl bhedgac shwd adee 2 ctrablbd nigr nkehonsin tHadp e initi al
ball Ila is bonded to the pad surface 2. In this case, the initial ball Ila

i s rubbediign refeerrire drd ol 2 and Fdé&f-ofmed (8 lpsssiehiep Ravevangator mati on
area |lib expanded outward in.the radial direction of, the sc bi not i on,
e how PR g 8 B b G A Y RErLERL TS o Bradrtioes Bhe |

scr ubbi ng; i e_r L h i j - re the
Tl ol U el P oRhEh e pBREIDhY cok My I AHe B SLAE R sRe

capi | | ar ywdZot Saidtaiedrad < i hel pxd Punpebapet er can be reduced and the
force applied to the initial ball ha can be 25 converged toward the center

of rotatidim3dhis allows the defornmation area Il b not to be expanded but to
be reduced. [0044] An ul trasonic vibration applying step is_next

per f dfmed (St e SSBRPWNY ANt REGuI ? fA5ontle B BFER B0 afiiAhElrst@s thken

X—-axlis linear motor and the Y-axis linear motor to spirally
rotate the capillary 12 held by the bonding head 15 and
therefore the initial ball 1la with respect to the pad surface
2.

15 [0037]

Specifically, the scrubbing motion specifies the
position where the initial ball 1la comes into contact with
the pad surface 2 as a reference position (0, 0), spirally
rotates the capillary 12 from the reference position while

20 increasing the radius of rotation and, when the radius of
rotation reaches its maximum wvalue, spirally rotates the
capillary 12 while reducing the radius of rotation to recover
the reference position. It is noted that if the pad surface
2 is & 35-pm square and the initial ball 1la is a 20-um diameter

25 sphere, the maximum diameter of the spiral rotation is about
20um.

[0038]
The scrubbing motion occurs when the control unit 20

controls the driving of the X-axis linear motor 18a and the

17



the initial ball Ila is brought into pressure contact with the pad surface
2, ultrasonic vibration is provided fromthe vibrator 13a of the ultrasonic
horn 13. The ultrasonic vibration fromthe vibrator 13a is then transferred
tothe 5 initial ball Ila through the ultrasonic horn 13 and the capillary
12. This causes the initial ball |Ila to undergo ultrasonic vibration and
thereby the initial ball ha and the pad surface 2 to be rubbed finely
together, so that the initial ball ha is bonded firmy to the pad surface

2. 10[ 00 After th rst ond'n I te
s pegforﬁﬁi‘l(ssﬁéﬁegﬁ)moﬁ%r Inbaersd ﬂnén iR RBlRPE HEOE 1 Mg ot ep,
the bondi t qﬁggt d f

is fedé}%ut of a]%le capi I Tar 3{&%{ o(r:%%%vmb%g opo‘tén}gd |gabr§3gr]h'?ce

|nto contygsayth the | ead surface 4. [0046] A second bonding step i s next
performed (Step S3). [0047] 20l n the second bonding step (Step 53), a
pressure contadterst epliks berdespeiberdned nSthepl S31Y , catcshatbngntheG 4. In
the pressure contact step, the armdrive notor 16 is rotatably driven and

the cdpi ¥ a@\«@qzq@awm@rb g &Ke HEndirAF iR FEMTENINBOFRE 10ADI | | ary
5 4. That

12 t I th d f t tput f
Lhe oo GO St 50 BPE ' ST SRR et ahipel 08 EhBs o) Brarll Tond T e
lcgp'd' larys 12 and 0. 119 st he, capblial ¥i dRal NEQmREESSHEE:1 £9Bhaghgwat h the

Y-axis provisional command position, and FIG. 7 illustrates
the moticonal ratio between the X-axis provisiocnal command

10 position and the Y-axis provisional command position.
[0040]

First of all, a sinusoidal wave serving as a basis of
a circular motion is used to prepare an X-axis provisional
command position X1 to be an X-axis command position and a

15 Y-axis provisional command position yl to be a Y-axis command
position, as shown in FIG. 6. The X-axis provisional command
position x1 is represented by a 3-cycle sine curve, and the
Y-axis provisional command position yl is represented by a
3-cycle cosine curve with the phase shifted 90 degrees from

20 the X-axis provisional command position x1.

[0041]

Next, the motional ratio between the X-axis provisional
command position x1 and the Y-axis provisional command
position yl is prepared as shown in FIG. 7. That is, the

25 motional ratio shown in FIG. 7 indicates the speed ratioc at
which the capillary 12 moves. The motional ratio rises
linearly from 0 to 1 during the first cycle, remains 1 during
the next cycle, and falls linearly from 1 to 0 during the last

cycle. This means that the capillary 12 is accelerated
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surface 4 to a degree where the bonding wire 11 is squashed with the
capillary 12. This causes the bonding wire 11 to be bonded to the |ead
surface 4. [0048] A scrubbing step is next performed (Step S32). In
t he scrubbing step, the capillary 12 undergoes a scrubbing notion 5 to be
rotated spirally, as is the case with the scrubbing step (Step S12) in the
first bonding step (Step S1). The scrubbing notion then |eads to the
bondi ng wire 11 bei ng squashed between the capillary 12 and the | ead

f .. [0049] _10An_ult i i brat.i | yi t i f d
euriace 3, (9080 A0 L Liasonc, YLBLE 00 ARRLYLOG. RS0 L3 noxdqper(or
i i h I f ! liedt
5.1 oY) e KOhegt 1588 Lo b ranont o ot i anel o0 1

step (StemeSkIcohd chctibe hhasis honeh ngrstep (it 1S4 ) rchhichecapses the
initial ball ha to be bonded to the | ead surface 4. [0050] After the
second bordiing csft €p,t@ Ovitre utstioppest epuisnperiormedrd Stepts4), as shown
in FIG 2. Inthe wire cutting 20 step, the armdrive notor 16 is first

rot at &bl YT&43den to raise the capillary 12 so that the bonding wire 11 is

121 5 rai sed agueR WPERTHE DEATY WFE L0 BPHPer Akbed Thét Sh0an) to
Chb | oo by PR SIS Mk ey Salpes Bt henppsue g8, -
wre 1l. combined with the motional ratio shown in FIG. 7 to calculate
the X-axis command position “x” and the Y-axis command position
10 “y” shown in FIG. 5(b}.
[0043]

Thus moving the capillary 12 for scrubbing motion causes
the initial ball 11la and the pad surface 2 to be rubbed together
and thereby the oxide film (not shown} forming a superficial

15 layer of the pad surface 2 to be broken, so that the initial
ball 1la is bonded to the pad surface 2. In this case, the
initial ball ila is rubbed on the pad surface 2 and deformed
to possibly have a deformation area 1lb expanded outward in
the radial direction of the scrubbing motion, as shown in FIG.

20 8. However, since the capillary 12 undergoes the scrubbing
motion to be rotated spirally, the time and distance where the
initial ball 1la and the pad surface 2 are rubbed together when
the capillary 12 is rotated at the maximum diameter can be
reduced and the force applied to the initial ball 1lla can be

25 converged toward the center of rotation. This allows the
deformation area 11b not to be expanded but to be reduced.
[0044]

An ultrasonic vibration applying step is next performed

{(Step S13). In the ultrasonic vibration applying step, when
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[ 0051] An initial ball formng step is lastly perforned (Step S5). In
the initial ball formng step, the tail (tip end) of the bonding wire 11
cut inthe wire cutting step (Step S4) undergoes discharging with an
electric flame-off, for exanple, to be formed with a spherical initial ball
|la. [0052] [Second Enbodinent] 5FIG 9 illustrates an exanple of a

bunp- bondi ng apparatus according to a second enbodi nent. As shown in FIG

9, the bunp-bondi ng apparatus 30 according to the second enbodi nent is
configured to forma bu lg?d surface 8 forned on each o or nore

np .on . a d f_.on
senm condddt®orndbdpddia ¥l thidt 15rer ek d 1% RreSEnhste R it Bﬁﬁh
bondi ng of ongdi i r j rted. capi ). 1 h
bunp- boncijl‘—jlrgi;l %%f)g%g u\sy’Sgl]t])t;rs%%%%]%/ ﬁ%@%%&@aﬁg or#‘}ilg%;r/dat ?%%Jaghfe he
Wi 1 e- bond} g ARpar agys k0 agsondicrgsbaithendid stzenbogidrent c rhheHgh
different in the bonding target and bondi ng nmethod. Like the 15
Wi I e- bondiing spipar attesn tthe tdicbbaigee bbRai by apear atassB86rtrhdstionthades t he
capillary 12 through which the bonding wire 11 is inserted, a bondi ng head
15 fob halrditigek heathpillllearyhrnouglanthemudinas aibior et 3 rdtat FRE

SW ngi n t, bondj head 15, a bondi ng sta 17. on ich the substrate 6
i(s pl gcegzaé%ﬁ%@%’ bi)é:tg:h rTg”t%r%aé‘ls,esant Ve tbﬁghéﬁhsﬁ\olgng8lrgﬁovi ng

t he bondi . ri a i = Y= axi i i , contr ol
it a0 foeE A Bt I (e S SR A0l DEEY 1R arflidng, O

bondi ng haadsl® rhsecPmRO5Ed bl fihblgsosyet or ) sb3thavidig thetgapi |l ary
12 on one end while a vibrator 25 13a for providing ultrasonic vibration on

t he ot herbadrd,1landi sa Haortk dhof frmmi v 4t & orhdhagbatd nguxt frecal 2 r asoni ¢ horn 13.

[ 0053] The control unit 40 is electrically connected to the

ul tr d8onil@%orln 13 (vibrator 13a), armdrive notor 16, X-axis |inear notor
rol the ultraso horn_13, arm

192, 709, Y-S e Bt o0, 80, 0500 L8 1N RS olgr e o
gfgggm on 9,8 AUIRLNsERE BaY, suLfars,B 1of rrbe sem sondictArderiee 7.
forming step, the bonding wire 11, the initial ball 11la of which
is bonded to the pad surface 2, is fed out of the capillary

15 12 to form a wire loop and is brought into contact with the

lead surface 4.
[0046]

A second bonding step is next performed (Step S3).
[0047]

20 In the second bonding step (Step S3), a pressure contact
step is first performed (Step S31), as shown in FIG. 4. In
the pressure contact step, the arm drive motor 16 is rotatably
driven and the capillary 12 is lowered to bring the bonding
wire 11 and the capillary 12 into contact with the lead surface

25 4. That is, the output torque of the arm drive motor 16 is
adjusted to apply a predetermined load to the capillary 12 and
to bring the capillary 12 into pressure contact with the lead

surface 4 to a degree where the bonding wire 11 is squashed

with the capillary 12. This causes the bonding wire 11 to be

20



That is, the control unit 40 has a pressure contact feature (neans) for
bringing an initial ball 1la of the bonding wire 11 into pressure contact
with the pad surface 8 of the sem conductor device 7 bonded to the
substrate 6 that is placed 10 on the bonding stage 17 and a scrubbing
feature (nmeans) for spirally rotating the capillary 12 in a direction
perpendi cular to the direction of pressure on the initial ball Ila when the
initial ball Ilais in pressure contact with the pad surface 8, in a
bondi ng step of bonding the bonding wire 15 11 inserted through the

capi | | ar yPorHgd tt%ét}}i%lgmﬁﬁ et 3 Priovi ded on the seni conduct or device 7.
[ 0055] Thﬁxf trol unit 40 is therefore provided with an armdrive notor
I/F 21 fo ransmtting and receiving a signal 20 to/fromthe armdrive

motor 16, an uly 3$eBbenosRel/ Fs2BekOrpdF AdshEd t {Nie@EbTeCeiTV REea Si gnal
to/fromthe ultrasonic horn 13, an X-axis linear notor |/F 23 for

transm t tddgakasichg etebyi tige s igiied r ¥ A2f nodetrheeX-axdcrubmiesy mpbtion 18a, a
Y-axis linear notor I/F 24 for transmtting and receiving a signal 25

t o/ f r 6m tivebe- axtated mankradotior asghs e icaset Wit TIPS ssat i@ BRETER i nput

devi h keyb d. t i i f i t f t
o a4 S T e ot SF S P B usi 15580 i YBESpBE A0 0 o
such as g mmnitep 1o di spkay, yaiius fyRese af £80hEYqd M dBLERREOr the

contr ol
the capillary 12 and the lead surface 4.

[0049]

10 An ultrasonic vibration applying step is next performed
(Step S33). In the ultrasonic vibration applying step,
ultrasonic vibration is provided from the vibrator 13a of the
ultrasonic horn 13 and applied to the initial ball 1la, as is
the case with the ultrasonic vibration applying step (Step S13)

15 in the first bonding step (Step S1). This causes the initial
ball 1la to be bonded to the lead surface 4.

[0050]
After the second bonding step, a wire cutting step is
performed (Step S4), as shown in FIG. 2. In the wire cutting

20 step, the arm drive motor 16 is first rotatably driven to raise
the capillary 12 so that the bonding wire 11 is fed out of the
capillary 12 by a predetermined length. Then the capillary
12 is raised again with the bonding wire 11 being clamped (not
shown) to cut the tail of the bonding wire 11. This causes

25 the pad surface 2 and the lead surface 4 to be connected
electrically through the looped bonding wire 11.

[0051]
An initial ball forming step is lastly performed (Step

S$5). In the initial ball forming step, the tail (tip end) of
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unit 40, a menory 27 for storing various types of prograns, and a CPU 28
for bonding control. It is noted that the above-descri bed pressure contact
and scrubbing features are inplenented, respectively, by a pressure contact
program and 5 a scrubbing programstored in a storage device or the like.

[ 0056] Next will be described a processing operation of the
bunp- bondi ng apparatus 30 with reference to FIGs. 10 and 11. FIG 10 is a
flow chart illustrating a bondi ng nethod using 10 the bunp-bondi ng

apparatus, and FIG 11 is a flo hart 11| ust ing the b i t i
oD o i i Thi ot ebhn it B! £k 0, BEcRondlag shep in
apparat ug, 30, 1 Ooebsedﬁgéﬁgkgﬁﬂ Rﬁfﬁ; DAfdRld S d %EB@EEEE%‘? By L.Ezsmgr% ssure
contact feature as a pres urd ‘Cont act program and t he scrulf)b| ng feature

as a scrubbigy pewamhased ghar coarand £ 1omMpdEl condrol unit 40. [0057]
First of all, the bunp-bonding apparatus 30 runs a bonding step (Step S6),

as shown 00 G [Szo2D[EMEB]iment] I n the bonding step (Step S6), a
pressure contact step is first performed (Step 561), as shown in FIG 11.
In thé pressur &fon? ddtl usttap tashan ezl §f aoymp TRARG 0 argagatus

redeterm ned | oad i lied to the.initial bal] ha to pring,25 th
hitial BATOTThS o Rt & cORPARLTRIED 1A BAG"Aut Fab6CB. %as P8 t he

Coses) ARSI SRR SLERLS I ha e {L sppeiaaite

[ 0059] A‘'scrubbin I'S next p In the scrubbing
step, whefs the diljudedl thafdrma boimpr eHGpAd1karFaessarfoand agt ewchh t he
pad surface 8, the bonding head 15 is noved and the capillary 12 undergoes
a scrubbiafy ord icon ntoor eh e emdtcaineth cdpminr aldwi,ceas T $hiafe agas donideld! ttise a

scrubbing step 5 (Step S12) in the first enpodi ment. The_scrubbi ng notion
causdd t HURFHi%IEE bal threwoinkerddngadl sar PaBeiBdt 8166 LdbBEFSESFE her and

e by 416 SHa0e (LI (0L 59 AT T ASBRELLS! Yo, 81 e pad
surface %mgibéfﬂf has the same configuration as the wire-bonding
apparatus 10 according to the first embodiment, though
different in the bonding target and bonding method. Like the
15 wire-bonding apparatus 10, the bump-bonding apparatus 30 thus
includes the capillary 12 through which the bonding wire 11
is inserted, a bonding head 15 for holding the capillary 12,
an arm drive motor 16 for rotating (swinging) the bonding head
15, a bonding stage 17 on which the substrate 6 is placed as
20 a bonding target, an XY movement mechanism 18 for moving the
bonding head 15 horizontally in X- and Y-axis directions, and
a control unit 40 for integrally controlling the bump-bonding
apparatus 30. The bonding head 15 is composed of an ultrasonic
horn 13 having the capillary 12 on one end while a vibrator
25 13a for providing ultrasonic vibration on the other end, and
a bonding arm 14 for holding the ultrasonic horn 13.
[0053]
The control unit 40 is electrically connected to the

ultrasonic horn 13 (vibrator 13a), arm drive motor 16, X-axis
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10 case, since the capillary 12 undergoes the scrubbing notion to be
rotated spirally, the tine and distance where the initial ball ha and the
pad surface 8 are rubbed together when the capillary 12 is rotated at the
maxi num di anet er can be reduced and the force applied to the initial bal
ha can be converged 15 toward the center of rotation. This allows the
deformation area |lib not to be expanded but to be reduced. [0060] An
ultrasonic vibration applying step is next perforned (Step S63). In the
bration.is i ded

It ic vibrati | ying step, 20, ult ic Vi
1 om t he LR G10PEa 108 1 RBCUT T BLont LRBY 1A% Srit apigl (20 ot EG mi 11 a

bal | ha, j £ ith t tra i idor &t a I (Step
S13) in (e TR IR M O RS e Rbend e e e S i

form ng stgp ishderforimed intLa0 mdhor aBLs kN fidinkltGonl@f bnbuhg bunp
formng step, the armdrive notor 16 is first rotatably driven to raise the
capi | | ar yeHR od thatfddwe Sonili e véemel ddndscfed deviot The capillary 12 by
a predeterm ned length. Then the capillary 12 is raised again with the
bondi g Wid® 4 being cl anped (not shown) to cut the tail of the bonding

wre 11. This uses, the_ initial ballll ed to the pad surf 8 to be
formed into a <ﬁ?1rﬁﬁ%a8°§tF?gc8n§% %%B @ presg%ﬁeiﬁPpgégtbaH

form ng Sfef‘aocqrse lasthy) pl%% %rr%ﬁ!,%gl £p i%a)t-iallgkiéﬁ]@ 17 Bkﬁih@ﬁbhdﬁﬁﬁm ng

step, the tail (tip end) of the ding wre cut inthe wre cufting

step (St gpiR4)1 UNGRIPNRSE Hishaogit@ tWinit A hel eeld ist riflaare-gobif, ther
exanple, 10 to be fornmed with a spherical initial ball 1la, as is the case
Wit h t he semicaidiaidr Hevnicrg? boopleSteflSbubatrhkefq Ebetenbodiment
PRACTI CAL EXAMPLE 15[ 0063] Next will bhe described a practical
exanﬁpe(ﬁntqﬂ?[QQQQ%ﬂgiﬁﬁﬂgﬁikﬂmand a scrubbing feature (means) for
spirally rotating the capillary 12 in a direction
perpendicular to the direction of pressure on the initial ball
1la when the initial ball 1lla is in pressure contact with the
pad surface 8, in a bonding step of bonding the bonding wire
15 11 inserted through the capillary 12 to the pad surface 8
provided on the semiconductor device 7.
[0055]
The control unit 40 i1s therefore provided with an arm
drive motor I/F 21 for transmitting and receiving a signal
20 to/from the arm drive motor 16, an ultrasonic horn I/F 22 for
transmitting and receiving a signal to/from the ultrascnic
horn 13, an X-axis linear motor I/F 23 for transmitting and
receiving a signal to/fromthe X-axis linear motor 18a, a Y-axis
linear motor I/F 24 for transmitting and receiving a signal
25 to/from the Y-axis linear motor 18b, an input unit 25 serving
as an input device such as a keyboard to receive an input of
various types of control information from an operator, an

output unit 26 serving as a display device such as a monitor

to display various types of control information for the control

23



[ 0064] In the practical exanple of the present invention, a 20

W re-bondi ng apparatus 10 according to the first enbodi nent was used for

wi re bondi ng. [0065] In a conparative exanple to the practica
exanple, a w re-bondi ng apparatus configured to performfirst and second 25
bondi ng steps including no scrubbing step was used for w re bonding. [0066]
A pad surface 2 of a sem conductor device 1 on which an initial ball ha was
bonded in the first bonding step was observed to evaluate the size of the

initial ball | bonded to ad surface 2 (evaluation of the first
bondi ng STEH 10k RORETRI 200 TP e PR 08 SN, O BZBORaMSg i re 11

was bondeg,d n,t Bgys efﬁgﬁ%gﬁg%ﬁgnﬁt %fkfﬁf)olo.bs efyedt %qec\éegc%j “@E% 5¢hie

tensile strength of t ing Wre onded to the surface 4

(eval uat i b -ddur sasand i g ot [FR@Isuatio®i nef flehe uridsst rBondi ng
Step] [0067] The size of the initial ball 1la bonded to the pad

surface Li0nd anenttved f inestodedndialy ,sbepawasefsnst awdlamat edodG6ahd
The first bonding step was perforned under the follow ng exggrinental
condi £i orfs SR Rrogtat At asethpife P S oxraggr devarSoPrultbraddhre

vi brati onE'OOJBOé’ﬁB,

Next will be described a processing operation of the
bump~bonding apparatus 30 with reference to FIGs. 10 and 11.
FIG. 10 is a flow chart illustrating a bonding method using

10 the bump-bonding apparatus, and FIG. 11 is a flow chart
illustrating the bonding step in FIG. 10. It is noted that
the processing operation of the bump-bonding apparatus 30 to
be described hereinafter is implemented by the pressure
contact feature as a pressure contact program and the scrubbing

15 feature as a scrubbing program based on a command from the
control unit 40.

[0057]

First of all, the bump-bonding apparatus 30 runs a
bonding step (Step 5$6), as shown in FIG. 10.

20 [0058]

In the bonding step {(Step S6), a pressure contact step
is first performed (Step S61), as shown in FIG. 11. In the
pressure contact step, the capillary 12 is lowered and a
predetermined load is applied to the initial ball 1la to bring

25 the initial ball 1lla into pressure contact with the pad surface
8, as is the case with the pressure contact step (Step S11)
in the first embodiment.

[0059]

A scrubbing step 1s next performed (Step $62). In the

24



Load on the capillary: 130gf, Duration of |oading: 13nms, Scrubbing
notion: spiral with a maxi nrum di aneter of | OQom and a frequency of 250Hz by
3 revolutions, and 20 (For the conparative exanple) Duration of ultrasonic
vi bration: 10nms, Load on the capillary: 170gf, Duration of |oading: 13ns,
Scrubbi ng notion: none. 25[ 0069] FIG 12(a) is a close-up photo of a
sem conduct or device and pad surfaces thereon in the conparative exanple
and FIG 12(b) is a close-up photo of a sem conductor device and pad

f h in th i cal le. In.Fl.Gs, 12 12(h),
1 ose. up SHGLE B TR BnL1PE" s BFcoNQuee: o ced 1< REACEVEa B ar ound
the phot gjcﬁeogrsq%:e;,%&%@to%ﬂfﬂ Ehel ﬁ(&dp&‘i’rﬁé‘éé ?@,esc}?e Woﬁl\di%%d neRdt he

sem cond ice 1 are arranged. In the close-up photo of each pad

surface 4,s hb&es sAdafiee Wil dhe 10r aneeegbeespants:di dqeopddrnsusf ace 2,
the center circle within the pad surface 2 corresponds to an initial bal
1la, and Reheatiatgdwpdirdd tvhe aisniitsi &hebglklsel Watbothespondbbiiogastdebor mati on

area 1l1lb. As is clear fromthe conpari son between FlGs. 12$a) and 12(b),
the déf or(FSR S Brleall| bPPs fi&sde P UHIS He | MRS aFCHAPPLIY aMekpaRds out

of the pad surface 2.1p,Lhe, commaratiue: gxqmpl &y vaileqtfie delopmati on area

l1bis re ed an e 1Thiti W e pad surtace 2 in

L glel p{?gtﬂc{%etrf‘é&afml&-u{a(@%}% 1REobxewal yahinPN it tdeowh zer8tmt g hniti al
1superficial layer of the pad surface 8 to be broken, so that
the initial ball lia is bonded to the pad surface 8. 1In this

10 case, since the capillary 12 undergoes the scrubbing motion
to be rotated spirally, the time and distance where the initial
ball 1la and the pad surface 8 are rubbed together when the
capillary 12 is rotated at the maximum diameter can be reduced
and the force applied to the initial ball 1la can be converged

15 toward the center of rotation. This allows the deformation
area llb not to be expanded but to be reduced.

[0060]
An ultrasonic vibration applying step is next performed
(Step S63). In the ultrasonic vibration applying step,

20 ultrasonic vibration is provided from the vibrator 13a of the
ultrasonic horn 13 and applied to the initial ball 1la, as is
the case with the ultrasonic vibration applying step (Step S13)
in the first embodiment.

(0061}

25 After the bonding step, a bump forming step is performed
{Step S7), as shown in FIG. 10. In the bump forming step, the
arm drive motor 16 1s first rotatably driven to raise the
capillary 12 so that the bonding wire 11 is fed out of the

capillary 12 by a predetermined length. Then the capillary
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dianeters (in the X- and Y-axis directions perpendicular to each other) of
the initial balls 11la bonded to the respective twelve pad surfaces 2 that
were provided on the sem conductor device 1 were neasured. It is noted that
t he nunber of 20 neasurenents was twel ve, corresponding to the nunber of
pad surfaces 2 provided on the sem conductor device 1. [0071] FIG 13 shows
the dianmeters of the initial balls Ila as a result of evaluation of the
practical and conparative 25 exanples under the foregoing conditions. It is
noted that in FIG 13, "X' represents the dlaneter of each initial ball Ila

in the X-EXil$ a?itée@.%ﬁﬁlw&thvth?éb%%ﬁwa% di RS CIFMRELHOKi i al
bal I' Tla in the X aédé did %Céﬂlonofoeérpe%do&ctﬁhrg& 4:0d e X axihg di ru%%,tsl on.

" Max" represents he” axi humval ue measured di amst ers M n"
representg,d heminiimdanvah g 1590884 the trfr@%aegugfaaet@rts@ AR @Pr esent s

t he average val ue of the nmeasured di aneters, and "o0" represents the

st andar d idend ad il viat | e gpgd SO 2¢ 8. Referrlng to FIG 13, it is
found that the dianmeter of the initial ball |Ila bonded to each pad surface
2 is $mal l@&62h the practical exanple than in the conparative exanple. That
is, the defornathn are g g of each injtial ball lla dye to 10 Qondlng IS
smal | er | n t he A3t R Prpﬁgﬂflﬁﬁﬁ ?Fle}f’hjes YaPSFe é?%fﬁ%

resul t, can e n t i C e

rotating e ca%i §r§$§g§%%ﬁn§%%u |ng %% gkﬁ %§f¥h§1d% nrCﬁatlon area
lib of eagle igbddalgbltellin &6t b@nreaéc:@gr@h@attmﬁgl Bikpal(skabl shla is 15
bonded to each pad surface 2.

undergoes discharging with an electric flame-off, for example,
10 to be formed with a spherical initial ball ila, as is the case
with the initial ball forming step (Step S5) in the first

embodiment.

PRACTICAYL EXAMPLE
15 [0063]
Next will be described a practical example of the present
invention.
[0064]
In the practical example of the present invention, a
20 wire-bonding apparatus 10 according to the first embodiment
was used for wire bonding.
[0065]
In a comparative example to the practical example, a
wire-bonding apparatus configured to perform first and second
25 bonding steps including no scrubbing step was used for wire
bonding.
[0066]
A pad surface 2 of a semiconductor device 1 on which an

initial ball 1lia was bonded in the first bonding step was

26



[ Eval uati on of the Second Bonding Step] [0073] The tensile
strength of the bonding wire 11 bonded to the | ead surface 4 in the second
bondi ng step was next 20 eval uated. [0074] The second bondi ng step
was performed under the follow ng experinental conditions: (For the
practical exanple) 25 - Duration of ultrasonic vibration: 4nms, Load on the
capillary: 50gf, Duration of |oading: 7nms, Scrubbing notion: spiral with
a maxi mum di aneter of 5pm and a frequency of 350Hz by 3 revol utions, and

(For the conparative exanple) _Duration_of ultrasonic vibration: 4ns, Load
on the cRIFEFSE BogValuBheattensSore 8hdihg:L a%%a%cﬂﬂﬁggﬁﬁdﬁgfi on: >

linear wigh g i mumlendth of,8PMLPYod SETOKESirst bonding step) .

A lead surface 4 of a substrate 3 on which a bonding wire 11
was bonded in the second bonding step was observed to evaluate
5 the tensile strength of the bonding wire 11 bonded to the lead
surface 4 (evaluation of the second bonding step).
[Evaluation of the First Bonding Step]
[0067]
The size of the initial ball 11a bonded to the pad surface
10 2 in the first bonding step was first evaluated.
[0068]
The first bonding step was performed under the following
experimental conditions:
(For the practical example)
15 ~ Duration of ultrasonic vibration: 10ms,

- Load on the capillary: 130gf,

Duration of loading: 13ms,

Scrubbing motion: spiral with a maximum diameter of 10um and
a frequency of 250Hz by 3 revolutions, and

20 (For the comparative example)

Duration of ultrasonic vibration: 10ms,

Load on the capillary: 170gf,

Duration of loading: 13ms,
- Scrubbing motion: none.
25 [0069]
FIG. 12 (a) is a close-up photo of a semiconductor device
and pad surfaces thereon in the comparative example and FIG.
12 (b) is a close=-up photo of a semiconductor device and pad

surfaces thereon in the practical example. In FIGs. 12(a}) and
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[ 0075] FIG 14(a) is a close-up photo of |lead surfaces in the
conparative exanple and FIG 14(b) is a close-up photo of |ead 10 surfaces
in the practical exanple. In FIGs. 14(a) and 14(b), lead surfaces 4 are
arranged around a sem conductor device 1. In each cl ose-up photo, w de
strips extending vertically, horizontally, and obliquely correspond to the
respective | ead surfaces 4, the center circle on each |ead surface 4
corresponds 15 to inpressions of the capillary 12, and the |ine extending

fromthe jpression along each | ead surface 4 corresponds to, the bgnding
wire 11. 5 A & Sfer"éf%’l Pﬁ@té’oﬁgaﬁl%o% W&Wlﬁﬁc?uc%ﬂ%)deé’ﬁd: eli( b),

bri N9 N9 406 GARL A2 2 HLAPERS S SO AGL o W iRl l3ad adikace 4
causes only a less-visible I'npression In the conparative exanple, while
a clearl ypoad sébt £aE8Pr eSpireRidedt e practsen caxanpter dbaiceésl the bonding

wire 11 can be cut nore reliably. [0076] For evaluation of the tensile
st r engt h aframeedondirngh2s aliose-1p, phieda edsicashs eehgtly fefcet Be Fdwedi ng
wires 11 bonded to the respective twelve | ead surfaces 4 that were provided
on Lhé s TR SBLOY. T HRC Y AN HERERAET L9 £ NESbAB B THat Ahé unber of
TeasU oL M3 B B 1 LSRN0 e st al somd uftanes
tensile sirengyh of 4 he bending cdipstid @@ JepHht ©f a2 evahdabioamsof the
practical and conparative
to a deformation area 1lb. As is clear from the comparison
between FIGs. 12(a) and 12 (b), the deformation area 11b is large
10 and the initial ball 1lla expands out of the pad surface 2 in
the comparative example, while the deformation area 1lb is
reduced and the initial ball 1la falls within the pad surface
2 in the practical example.
[0070]
15 For evaluation of the size of the initial ball 1la, the
diameters (in fhe X- and Y-axis directions perpendicular to
each other) of the initial balls 1lla bonded to the respective
twelve pad surfaces 2 that were provided on the semiconductor
device 1 were measured. It 1s noted that the number of
20 measurements was twelve, corresponding to the number of pad
surfaces 2 provided on the semiconductor device 1.
[0071]
FIG. 13 shows the diameters of the initial balls 1lla as
a result of evaluation of the practical and comparative
25 examples under the foregoing conditions. It is noted that in
FIG. 13, “X” represents the diameter of each initial ball lla
in the X-axis direction, and “Y” represents the diameter of

each initial ball lla in the Y-axis direction perpendicular

to the X-axis direction. “Max” represents the maximum value
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5 exanpl es under the foregoing conditions. It is noted that in FIG 15,
"Bondi ng width" represents the width of each bonding wire 11 bonded to each
| ead surface 4, and "Tensile strength" represents the tensile strength of
each bonding wire 11 bonded to each | ead surface 4. "Max" represents the
maxi nrum val ue 10 anong the neasured paraneters, "M n" represents the

m ni mum val ue anong the neasured par arreters, "Ave" represents the average
val ue of the neasured paraneters, and "a" represents the standard devi ati on

t 0078] 15Ref G.“ 5, . f il
g;/?:alngt Ihoc_fn Orﬁjﬁ ‘?!ﬂ'z"??%‘% err%ﬂ%f‘%gegsappéjo% rrateé% tg’ﬁggstacﬁe od t E’i n;SIn tehe
compar at iy exagRlfe AR fERlLoa! Hlﬁﬁ@tQ§500n@lx}éﬁedréﬁﬁéséﬂté he par act i cal

exanpl e, spiral rotating the capillary for scrubbing notion allows the

bondi ng vi¥e&rdde 28 honded the erchdreatl cﬁmirfemeecsa} taeich e oCutrepeleisaibity Wit h

| ess reduction in the tensile strength of the bonding wire 11. [0079] Thus,
i n accor dave es vikndrutdhedew kat bomdl vr Bppd®=at us 10 and t he bunp- bondi ng
apparatus_ 30 according to the 25 above-described enmbodi nents, when the
initidl b%74)a is in pressure contact with the pad surface 2, 8 of the

sem conduct or che Cﬁer%daq IZC rEQtGat%gg Egbjé% ‘_1)&111 r%é‘@mﬁ]aee%ﬂ%r&ehceerp%% surface

2, 8 and the initia e’'ru her I'n pressure

contact V%ﬁé‘fﬁ%ﬁléﬂlﬂﬁllQQQatB%hagﬁ.EBeeéBhtpé@ dattacd I ito sh@iherded to

the pad surface 2, 8. In this case, spirally rotating the capillary 12

al | ows thﬁdtﬁéq&aaﬂnldae]dekamphe il Lalttmabbmpiaatdvbes scoumier ged'hiagwar d t he
center of rotation and thereby the tinme and di stance where the pad surface
2, 8 5 anibt Hérd mietficaimalidldn lelrgaafdbr abbedch ofjet Btz 1 frakhel kmpdusuimcdi anmet er

to be reduced whil e bein secured sufficientl Thi s_all.ows the formati on
ar ea W1p NG | A4St ST BAY 122 6y cd'tfecal‘% F’ﬁ@mﬁeﬁe Dottt Z‘e

capt || arye dhd £, DR, 4 QGRS e "L 10135 U ARAOLPRANA LR AGe! MProved
pad pitc
in the practical example, spirally rotating the capiliary 12
for scrubbing motion allows the deformation area 1lb of each
initial ball 1lla to be reduced when the initial ball 1lla is
15 Dbonded to each pad surface 2.
[Evaluation of the Second Bonding Step]
[0073]
The tensile strength of the bonding wire 11 bonded to
the lead surface 4 in the second bonding step was next
20 evaluated.
[0074]
The second bonding step was performed under the following

experimental conditions:

(For the practical example)

25 Duration of ultrasonic vibration: 4ms,

Load on the capillary: 50gf,

Duration of loading: 7ms,

Scrubbing motion: spiral with a maximum diameter of Sum and

W

frequency of 350Hz by 3 revolutions, and
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10 serving as the distance between the pad surfaces 2, 8, can be reduced.
[ 0080] Speci fying the position where the initial ball 1la cones into
contact with the pad surface 2, 8 as a reference position, 15 spirally
rotating the capillary 12 while increasing the dianeter of the spiral, and
thereafter spirally rotating the capillary 12 while reducing the dianeter
of the spiral to recover the reference position allows the gap between the
position where the initial ball 11la is brought into pressure 20 contact
with the Pad surface 2, and t he o%ition where the initial ball 1la is
bonded t o' fHe I %XGE?%?Wékgreduced. This allows the accuracy of
bondi ng LDIﬂﬁxﬁﬂkﬁb%k*dﬂ%;ﬁ@%%f%"bfﬂk%&%ﬁ?Jﬂ4&%‘SerVing as the distance

8 rther

bet ween the pad surfaces 2, 8, to be fu reduced. 25[ 0081] In
accor dance t¥dd drha-ne reerdiandimg: apafat us 10 according to the first

enbodi nent, when the capillary 12 and the bonding wire 11 inserted through
t he capi |H anyrat2 car eofi ngardbissr é/mcont act with the | ead surface 4 of the
substrate 3, the bonding wire 11 is bonded to the |ead surface 4 and

pl aced bet WEEHDPAAICHETEPEFy11DeaRdWERE R JIRETWT AU @ HEHTULY Fhen
spirally roaﬁ%gng the capillary 12 causes the capillary 12 to be rubbed

spirallyf%ﬁf &1 ead surface 4 while in pressure 5 contact with each ot her
wher eby t nding wire 11 can be cut reliably with a reduced possibility
of cutting error. [0082] Speci fying the position where the capillary

12 and the bondiTey wi4re)liscaneloskeusostiaes o tleddheurdadesuihacked as 10

a reference position, spirally rotating the capillary 12 while increasing

t he di anmetapeofattive spamplle and Rlter édflberispi cabbg-potRdwg athéeadpil | ary

12 while reducing the dianmeter of the spiral to_recaover the rifeggnce
q 4y

EOSi tiPon SMITAEES A8 BRP DHATEETAt FEIFRLS T oAWhEFR: thfelagn 2 is
ht i.nt 5 tact ith | / 4 . iti
o et BURERHEE o el g bl SRR b U Bogy L O

of an i on ary 12 is

brought ipf apéﬁséyégectﬁlﬁtgﬁbtbb%%et hd0i e soducetng Thbstakbhowg,t he
accuracy of bonding to be turther inproved and the lead pitch, the distance

bet ween tihe-ileact Slurf,aaes dbliguely e fngddrard tedtice de @83 velbeafdr esent
invention is not restricted to the preferred
surfaces 4, the center circle on each lead surface 4 corresponds
15 to impressions of the capillary 12, and the line extending from
the impression along each lead surface 4 corresponds to the
bonding wire 11. As is clear fromthe comparison between FIGs.
14{a) and 14({(b), bringing the capillary 12 into pressure
contact with each lead surface 4 causes only a less-visible
20 impression in the comparative example, while a clearly visible
impression in the practical example, that is, the bonding wire
11 can be cut more reliably.
[0076]
For evaluation of the tensile strength of the bonding
25 wire 11, the tensile strength of the bonding wires 11 bonded
to the respective twelve lead surfaces 4 that were provided
on the semiconductor device 1 were measured. It is noted that
the number of measurements was twelve, corresponding to the

number of lead surfaces 4 provided on the semiconductor device
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enbodi nents descri bed heretofore. Although the scrubbing notion is a sinple
spiral rotation of the capillary 12 in the 25 above description of the
enbodi ments, if the pad surface 2, 8 or the lead surface 4 is forned
(linearly) in a strip having a predetermined wdth to extend in a
predeterm ned direction, the capillary 12 can be rotated spirally in a
flattened manner along the direction of extension of the pad surface 2, 8
or the lead surface 4 as shown in FIGs. 16 and 17, for exanple. That is,
the capillary 12 can be rotated spirally along an ellipse having a | ong
axis in the direction of extension of the pad surface 2, 8 or the |ead
surface (ﬂ?pya short axis 5 in the direction perpendicular to the

0

direction extension. FIG 16(a) illustrates a novenent trajectory of the
capi | I ary when pref.at 6dssdirs alle/ tidhsan Obkiraugky &F atieneshdmyanrard FI G
16(b) illustrates a command position for driving the X-axis |inear notor

and the Y:-laxissal rewalt not evailmatthencasetind te&t ike 1l 6hHa) coRpb@ratiye)
illustrates a novenent trajectory, of the_capillar% when rotated spirally in
a | at ér al9%AMR T SRe TR FOERRP PG CorRINanS ustitat 8 1@k b Rvdtd L1posi ti on

for drivi t XagXxi s, linear .mptor and the_ Y-axi i near. notor .i.n the case
of F1G 1 1515 Boba p i e e deR o BUMENG ¢ hath it CATRAPYiTg (o ¢ ne
pad surfaee 2.118p0hB8aCaRIdd A ¥ eld barEabat £d SR raldhy iR arfLabtgned

manner along the diréction of extension of the pad surface 2, 8, whic

al | ows t hesshaqentf thbBecéméilalsthaldgdl af each bonding wire 11 bonded

h

to each lead surface 4. “Max” represents the maximum value

10 among the measured parameters, “Min” represents the minimum
value among the measured parameters, “Ave” represents the
average value of the measured parameters, and “o” represents
the standard deviation (wvariation).

[0078]

15 Referring to FIG. 15, it is found that the tensile
strength in the practical example is approximately the same
as that in the comparative example. As a result, it can be
concluded that in the practical example, spirally rotating the
capillary 12 for scrubbing motion allows the bonding wire 11

20 bonded to each lead surface 4 to be cut reliably with less
reduction in the tensile strength of the bonding wire 11.
[0079]

Thus, in accordance with the wire-bonding apparatus 10
and the bump-bonding apparatus 30 according to the

25 above-described embodiments, when the initial ball 1lla is in
pressure contact with the pad surface 2, 8 ¢f the semiconductor
device 1, 7, rotating the capillary 12 causes the pad surface
2, 8 and the initial kall 1lla to be rubbed together while in

pressure contact with each other and thereby the initial ball
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20 to be bonded to the pad surface 2, 8 to be accommobdated to the shape of
the pad surface. This allows the accuracy of bonding to be inproved even
for the pad surface 2, 8 extending in any direction. In contrast, in the
case of bonding the bonding wire 11 to the |lead surface 4, the capillary 12
is rotated 25 spirally in a flattened manner along the direction of
extension of the |ead surface 4, which allows the shape of an inpression of
t he capillary 12 produced on the |l ead surface 4 to be acconnndated to the

?hape of f%ﬁ adb?ﬁé%ﬁ%%)%hg&%%fsgligc%hiogsntPgt%&%un9 rec 1@% q[ng to be

i mpr oved ead ace 4 extén in an 0085]

Al though the,capl | {REY 4311 $a0t abed 19RiW-Aldhe tﬁé@@e rsmgiyéaoag 3 e
scrubbing notion in the above description of 5 the enbodi nents, any nunber

of revol unonsaTaalleladops et acdveéhged ticwaiod pauet centar di motratiion on t he
nunber of revolutions for the rotation with dianmeter increase, at the

maxi mum cﬁrmhéll”e?rekahd:hﬂ thngi andt distanget voare Hoewerd swdaws dl.uli on at

t he WBX|nun1d|aneter ggffer bly onuy ne to 10hprevent t he defornatlon

area ?1b #d tqﬂﬁl%ﬁ%q%ﬁl %lly itpget at the maxlmu

diameter to be reduced while being secured sufficiently. This
allows the deformation area 11b of the initial ball 1la formed
due to the movement of the capillary 12 to be reduced, whereby
the accuracy of bonding can be improved and the pad pitch
10 serving as the distance between the pad surfaces 2, 8, can be
reduced.
[0080]
Specifying the position where the initial ball 11la comes
into contact with the pad surface 2, 8 as a reference position,
15 spirally rotating the capillary 12 while increasing the
diameter of the spiral, and thereafter spirally rotating the
capillary 12 while reducing the diameter of the spiral to
recover the reference position allows the gap between the
position where the initial ball 1la is brought into pressure
20 contact with the pad surface 2, 8 and the position where the
initial ball 11a is bonded to the pad surface 2, 8 to be reduced.
This allows the accuracy of bonding to be further improved and
the pad pitch serving as the distance between the pad surfaces
2, 8, to be further reduced.
25 [0081]
In accordance with the wire-bonding apparatus 10
according to the first embodiment, when the capillary 12 and
the bonding wire 11 inserted through the capillary 12 are in

pressure contact with the lead surface 4 of the substrate 3,
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[ 0086] The present invention is applicable to bondi ng apparatuses
t hat perform bondi ng onto a bondi ng target such 15 as a sem conduct or

devi ce. [0087] It should be appreciated that the present invention
is not limted to the enbodi nents descri bed above, and other nodifications
can be made to the apparatus and the nethod 20 descri bed above w thout
departing fromthe scope of the invention as defined by the appended

cl ai ms. REFERENCE NUMERALS [ 0088] 25 1Sem conductor device 2Pad surface

3substrate dhead surtace PRUBSTLALE o TSRS TLNFLRL ARy 5 AFRd L ace
between the capillary 12 and the lead surface 4 tobe cut. Then
spirally rotating the capillary 12 causes the capillary 12 to
be rubbed spirally on the lead surface 4 while in pressure
5 contact with each other, whereby the bonding wire 11 can be
cut reliably with a reduced possibility of cutting error.
[6082]
Specifying the position where the capillary 12 and the
bonding wire 11 come into contact with the lead surface 4 as
10 a reference position, spirally rotating the capillary 12 while
increasing the diameter of the spiral, and thereafter spirally
rotating the capillary 12 while reducing the diameter of the
spiral to recover the reference position allows the gap between
the position where the capillary 12 is brought into pressure
15 contact with the lead surface 4 and the position of an
impression produced on the lead surface 4 when the capillary
12 is brought into pressure contact therewith to be reduced.
This allows the accuracy of bonding to be further improved and
the lead pitch, the distance between the lead surfaces 4, to
20 be further reduced.
[0083]

The present invention is not restricted to the preferred
embodiments described heretofore. Although the scrubbing
motion is a simple spiral rotation of the capillary 12 in the

25 above description of the embodiments, 1f the pad surface 2,
8 or the lead surface 4 is formed (linearly) in a strip having
a predetermined width to extend in a predetermined direction,
the capillary 12 can be rotated spirally in a flattened manner

along the direction of extension of the pad surface 2, 8§ or
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11Bonding wire 5 1la Initial ball Ilb Deformation area 12Capillary

13Ul trasoni c horn 14Bondi ng arm 10 15Bondi ng head 16Arm drive notor

17Bondi ng stage 18Movenent nechani sm 18a X-axis linear notor 15 18b Y-axis
|l i near notor 20Control unit 21Armdrive notor I/F 22U trasonic horn I/F
23X-axis linear notor I/F

the lead surface 4 as shown in FIGs. 16 and 17, for example.
That is, the capillary 12 can be rotated spirally along an
ellipse having a long axis in the direction of extension of
the pad surface 2, 8 or the lead surface 4 and a short axis
5 1in the direction perpendicular to the direction of extension.
FIG. 16(a) illustrates a movement trajectory of the capillary
when rotated spirally in an obliquely flattened manner and FIG.
16(b) illustrates a command position for driving the X-axis
linear motor and the Y-axis linear motor in the case of FIG.
10 16(a). FIG. 17(a) illustrates a movement trajectory of the
capillary when rotated spirally in a laterally flattened
manner and FIG. 17 (b} illustrates a command position for
driving the X-axis linear motor and the Y-axis linear motor
in the case of FIG. 17(a).
15 [0084]
In the case of bonding the initial ball 1lla to the pad
surface 2, 8, the capillary 12 is rotated spirally in a
flattened manner along the direction of extension of the pad
surface 2, 8, which allows the shape of the initial ball 1lla
20 to be bonded to the pad surface 2, 8 to be accommodated to the
shape of the pad surface. This allows the accuracy of bonding
to be improved even for the pad surface 2, 8 extending in any
direction. In contrast, in the case of bonding the bonding
wire 11 to the lead surface 4, the capillary 12 is rotated
25 spirallyina flattened manner along the direction of extension
of the lead surface 4, which allows the shape of an impression
of the capillary 12 produced on the lead surface 4 to be
accommodated to the shape of the lead surface 4. This also

allows the accuracy of bonding to be improved even for the lead
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20 24Y-axis linear notor |/F 251 nput unit 26Qutput unit 27Menory 28CPU 25
30Bunp- bondi ng apparatus 40Control unit OReference position CLAIMS 1. A

met hod of manufacturing a sem conductor device conprising: 5a step of
prepari ng a bondi ng apparatus conpri sing: a bondi ng stage for
pl acing a bonding target that is provided with a pad surface;

a capillary for inserting a bonding wire therethrough, the bonding wire
having an initial ball fornmed 10 at the tip end t hereof; and

a control_unit. éfﬁ”é¥kéﬂéﬁﬁ éﬁ&sur B0 o for bringing the initial bal

into pressure co “the bonding target placed on
t he bondi ngngdpge and scrubblng means for spirally rotating the capillary
in a

Although the capillary 12 is rotated spirally three

revolutions as a scrubbing motion in the above description of
5 the embodiments, any number of revolutions can be adopted and
there is no particular limitation on the number of revolutions
for the rotation with diameter increase, at the maximum
diameter, and with diameter reduction. However, the
revolution at the maximum diameter is preferably only one to
10 prevent the deformation area 1lb of the initial ball 1la from
expanding.
[0086]

The present invention 1is applicable to bonding

apparatuses that perform bonding onto a bonding target such
15 as a semiconductor device.
[0087]

It should be appreciated that the present invention is
not limited to the embodiments described above, and other
modifications can be made tc the apparatus and the method

20 described above without departing from the scope of the

invention as defined by the appended claims.

REFERENCE NUMERATS
[0088]
25 1 Semiconductor device

Pad surface

3 Substrate
4 Lead surface
6 Substrate
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15 direction perpendicular to the direction of pressure on the initial ball
when the initial ball is in pressure contact with the pad surface; a
pressure contact step of controlling the pressure contact neans for
bringing the initial ball fornmed at the tip 20 end of the bonding wre that
is inserted through the capillary into pressure contact with the pad
surface of the bonding target placed on the bonding stage based on a
command fromthe control unit in the bonding apparatus; and a scrubbing
step of cpntrolddngdhe Syubipgdreans for 25 spirally rotating the
capillary in a direction perpendicular to the direction of pressure on the
initial ball wredthgfaddial ball is in pressure contact with the pad
surface based on a conmmand fromthe control unit in the bonding apparatus.
2. The netHod ofWimendfaastiurd mpresE@nisonduct or device according to claim1,
wherein the scrubbing step conprises specifying the position where the
initial batl cdREing @idehtact with the pad surface as a reference

posi ti.on, irally .5 rotating the capillary fromthe reference position

whi | esi nclrlzagsi ?gm’[%nlealdi%éiﬂelt er of the spiral, and thereafter spirally
rotating e capidd @ WY |8 dLduci ng the diameter of the spiral to recover
the reference position. 10 3. The nethod of manufacturing a sem conductor
devi ce acdcordi mpgidlelmi m 1, wherein the scrubbing step conprises, when the
pad surface has an extended shape, spirally rotating the capillary in a

f I at t ened Jrannéll tala@egitchdradity ect i on of extension of the pad surface.

14 Bonding arm
10 15 Bonding head
16 Arm drive motor
17 Bonding stage
18 Movement mechanism
18a X-axis linear motor
15 18b Y-axis linear motor
20 Contreol unit

21 Arm drive motor I/F

22 Ultrasonic horn I/F

23 X-axis linear motor I/F
20 24 Y-axis linear motor I/F

25 Input unit

26 Output unit
27 Memory
28 CPU
25 30 Bump-bonding apparatus
40 Control unit

0 Reference position
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15 4. A bondi ng apparatus conpri si ng: a bonding stage for placing a

bondi ng target that is provided with a pad surface; a capillary
for inserting a bonding wire therethrough, 20 the bonding wire having an
initial ball forned at the tip end thereof; and a control unit

havi ng pressure contact neans for bringing the initial ball into pressure

contact with the pad surface of the bonding target placed on the bonding
stage and scrubbing 25 neans for spirally rotating the capillary in a
direction perpendicular to the direction of pressure on the initial ball

when the initial ball is in pressure contact with the pad surface. 5. A
met hod for manufacturing a sem condggsPugdevi ce conprising: a step of
prepari ng a bondi ng apparatus conpri sing: a bondi ng stage
for placing a ondier@odar get mhivalfact Srprevidedanitdomiuad sdeivaece;
a capillary for inserting a bonding wire therethrough; and a

contr ol mmprﬁaﬁ/inﬂg pressure contact neans for bringing the capillary and

the bonding wire inserted through 10 the capll ary into pressure contact
with fhe |ead Surfsfe Hq’?é’aﬂ%lﬁ‘cﬂr?g Rofidet P&Re‘%/? t%“l?b’b]lﬂt% stage and

scrubbi ng neans for %pb g rg%?a ing .t heia%%%'gtﬁabé/nc'in?cf tql,:llrre Phe

per pendi cul ar to the dlrec presstre on e capl ary

capi |l ary; d S4dv &S & PP Astswtdedhe [ ead surface; 15 a pressure
contact step of controlling the pressure contact neans for bringing the

capillary wth the bendidagidilraary nserd ediidxereiig ough boaddihg bemndieng wire
inserted throu the capillary into pressure contact with the |ead surface
of the bdrtbﬁrrfgtghmlgb‘t pitec bengAnohelbendangngtaye ibdsed drld Zorgesmand

fromthe control unit in the bondi ng apparatus; and a scrubbing step

of cdfitr &% ithf tHe LHUbbh ‘arfs'Y or spiral Iy rotating the capillary in a
di di cul Il wh
i rection perpendicu anEQrE'i‘euﬁ' Eeﬂ‘h{)t%Qéﬂe%sﬁ‘g%%rcgou%‘l”aceﬁb%%@ fOer en

the capillary is in préessure con act w S§ased -on
comand bringing the initial ball into pressure contact with the pad

surface of the bonding target placed on the bonding stage and
scrubbing means for sgpirally rotating the capillary in a
15 direction perpendicular to the direction of pressure on the
initial ball when the initial ball is in pressure contact with
the pad surface;
a pressure contact step of controlling the pressure
contact means for bringing the initial ball formed at the tip
20 end of the bonding wire that is inserted through the capiliary
into pressure contact with the pad surface of the bonding target
placed on the bonding stage based on a command from the contrel
unit in the beonding apparatus: and
a scrubbing step of controlling the scrubbing means for
25 spirally rotating the capillary in a direction perpendicular
to the direction of pressure on the initial ball when the
initial ball is in pressure contact with the pad surface based

on a command from the control unit in the bonding apparatus.
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25 fromthe control unit in the bonding apparatus. 6. The method of

manuf acturing a sem conductor device according to claimb5, wherein the
scrubbing step conprises specifyingt hepositi onwherethecapillarycones into
contact wth the | ead surface as a reference position, spirally rotating
the capillary fromthe reference position while increasing the dianeter of
the spiral, and thereafter spirally rotating the capillary while reducing
the dianmeter of the 5 spiral to recover the reference position. 7 The

method of, MnufAed uhbegod A sondrsten day! ce aaotdhagelsr ClRl i

wherein the scrubbing step conpri ses, en-t he d surface has an extended
shape, spi¢@drydin@tedi ovall thewBapelihathel Becaubbahbesedphenngridlegng the
direction of extension of the |lead surface. 8. A bonding apparatus
conpri si gpecifying theapbenting sthage ftdre plmattigl abdbhdingesarigéto that is
15 provided wth a | ead surface; a capillary for inserting a bonding wre

t her et hr dEfgfht 2@n @+ th the pachFPrsRCEN ahé@fﬁﬁ%?@é%‘iﬁjetje?ﬂvt §@tlrﬁééas for

b { | d {4he. bondi ted th
capi | Fary! T 6BY cEBhY SR AG (3 ChEe| Gt S e c 0P EREP boRGAy t ar get

pl aced on the. hondi RY sk AGRe £OH osfcw@bg;slgcameaaﬁdfe{elseafeém piganing the

capillary in a direction perpendicular to the direction of essur on the
capi | | ar yroveniddetic@apehbal yairg whipee ssihe: iGrNtEod a\mrhet@-_e beaghsur f ace.

25
spiral to recover the reference position.

10 3. The method of manufacturing a semiconductor device
according to claim 1, wherein the scrubbing step comprises,
when the pad surface has an extended shape, spirally rotating
the capillary in a flattened manner along the direction of
extension of the pad surface.

15
4, A bonding apparatus comprising:

a bonding stage for placing a bonding target that is
provided with a pad surface;
a capillary for inserting a bonding wire therethrough,

20 the bonding wire having an initial ball formed at the tip end
thereof; and

a control unit having pressure contact means for bringing
the initial ball into pressure contact with the pad surface
of the bonding target placed on the bonding stage and scrubbing

25 means for spirally rotating the capilliary in a direction
perpendicular to the direction of pressure on the initial ball
when the initial ball is in pressure contact with the pad

surface.
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5. A method for manufacturing a semiconductor device
comprising:
a step of preparing a bonding apparatus comprising:
a bonding stage for placing a bonding target that
is provided with a lead surface;
a capillary for inserting a bonding wire
therethrough; and
a control unit having pressure contact means for
bringing the capilliary and the bonding wire inserted through
the capillary into pressure contact with the lead surface of
the bonding target placed on the bonding stage and scrubbing
means for spirally rotating the capillary in a direction
perpendicular to the direction of pressure on the capillary
when the capillary is in pressure contact with the lead surface;
a pressure contact step of contrelling the pressure
contact means for bringing the capillarywith the bondingwire
inserted therethrough and the bonding wire inserted through
the capillary into pressure contact with the lead surface of
the bonding target placed on the bonding stage based on a
command from the control unit in the bonding apparatus; and
a scrubbing step of controlling the scrubbing means for
spirally rotating the capillary in a direction perpendicular
to the direction of pressure on the capillary when the capillary
is in pressure contact with the lead surface based on a command

from the control unit in the bonding apparatus.

6. The method of manufacturing a semiconductor device
according to claim 5, wherein the scrubbing step comprises

specifying the position where the capillary comes into contact
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with the lead surface as a reference position, spirally
rotating the capillary from the reference position while
increasing the diameter of the spiral, and thereafter spirally
rotating the capillary while reducing the diameter of the

spiral to recover the reference position.

7. The method of manufacturing a semiconductor device
according to claim 5, wherein the scrubbing step comprises,
when the lead surface has an extended shape, spirally rotating
the capillary in a flattened manner along the direction of

extension of the lead surface.

8. A bonding apparatus comprising:

a bonding stage for placing a bonding target that is
provided with a lead surface;

a capillary for inserting a bonding wire therethrough;
and

a control unit having pressure contact means for bringing
the capillary and the bonding wire inserted through the
capillary into pressure contact with the lead surface of the
bonding target placed on the bonding stage and scrubbing means
for spirally rotating the «capillary in a direction
perpendicular to the direction of pressure on the capillary

when the capillary is in pressure contact with the lead surface.
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