English translation of the International Application as filed DESCRI PTI ON 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 nmethod 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
and is a i : i ] {+ | L r contact with a pad
surface ?ﬁgﬁ%%ﬁn@%n S)?ttg?Yfa%:}'ﬁ%EBPgY‘gghgcthﬂgﬂiﬁsﬂé[%e ball to the pad

surface. In a second bonding step thereafter, the bonding wire is fed out
of the capillary to forma wire |oop, and the bonding wire and the
capillary are brought into pressESCRIRBEINW 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 maybe in an unstable

the i LIS EaIT ey ROCEraln Al PABrRv i Chet R AR R e ™
first bongipgist epngnsb@hribenbpAfhfgswW 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 is 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 tﬁeréafter, 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 from 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 i-nitial ball is rubbed
on and bonded reliably to a pad surface. 10PRI OR ARM DOCUMENTS PATENT
DOCUMENTS [ 0005] Patent literature 1:Japanese Patent No. 2530224 15SUMVARY
OF THE | NVENTI ON PROBLEM TO BE SPLVED BY THE | NVENTI ON [ 0006]

However, in the related art described in Patent literature 1, the initial

bal | may be ef or.ne urin ru ile
bonded t o°th a%%djgg géfﬁﬁa? n?é? Hordi KQ%E?E B?hagn &%ﬁgen ar ged
def ormatigQ a?ugoi this ég@gga beﬂélﬁﬁ gggg art described in Patent
I|terature uffers ron1a problemin that accurate bonding onto a small

pad surfapgome]dlfflcult and the pad pitch serving as the 25 di stance

bet ween adj acent pad surfaces, cannot be reduced. [0007] It is noted
t hat t he capabiHénge ofinctie m@d&’d@ bohdlercibed iim PﬁEGSECWWQ\g step
is still left unsolved even with the related ar escribed |n Patent

literdturk 120 $H0iHle with a capillary mounted thereon undergoes a
scrubbingmotion 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, in the related art described 1in 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 literature

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 |l ead 10 surface of a substrate, can be cut
reliably. FOR SOLVI NG THE PROBLEMS [ 0009] The present invention is
directed {o a met hod of 15 manufacturing a sem conductor device including:
a step of prepart ig Rehoddmgbapparat ihel peéscdhtdnverinrdi ng Stagadd or

pl acing a bonding target that 1s provided with a pad surface; a capillary

f or i nsera med hodhbod imeguliacd urtiares menighondurt o dévagevi e aHasndignan
initial ball fornmed at_the tip end 20 .thereqf; and a confrol unit having
pressure %%ﬂ%%%?uﬁnﬁhghfﬂhlﬁPlﬁﬁlﬁ@lFHé%lﬁﬁ ilal hean BB D iredont act

with the ad surfac t he n ge ed t ndi n ge and
scr ubbi ngg forfsglfhra ?/‘Qr?ogh@.gﬁtgﬁg heé%gll faré;a{]n nli'%‘%'l rgct]&(‘)grlﬂj1
per pendi C&%P&rrﬁé’ti@ﬁ L& £t d 0N n@fr JFBRSHY %no'ﬂhtéhgccuracy 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 FOR SOLVING THE PROBLEMS

[0009]
The present invention is 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 kball 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 r pendi cul ar to the di,rection. u the initia
bal | V\,hentki‘ef'\eb?‘géf'gﬁl Bﬁﬂﬁ%i ?i‘aﬁeﬁir eoé‘sﬂ‘Lr%e g%%ﬁ‘g%ﬁéwgtrtﬁat%hg’%ﬁ%? sgu}lr fééce
based on £§§§ (K oy RN N PP @ USand 0010]
In accord%?@%%??ﬁr%xﬁlgmnée?ﬁ%d 0 Iﬂha%u a%% u%%lg&a 10 sg%l? conduct or device
accor di ng; t @-thepRhesestep NENtd®it rodiEd he hieni $¢aibibahd means pfessure
contact with the pad surface of the bonding target, rotating the capillary
causes t heppeall surfeicet angl titee capiitlilalrybahn| atdi bect bbbaipygedietlanile in
pressure contact with each other and thereb% the,inihi | _hal | 15 to be
bonded t o-¢ hehpadizgetraea. ofn RIGSHER O shiifal Py tig a?ﬁ@ e ¢ | ary

allows the force applied.to the initial ball. v ayar d,t he
center of FbtHE &#ag]néstﬁ%rperbﬁfﬁ%ee ﬁoﬁ%agﬁdwa%gtgﬁ%g)%%gpg%gﬁ% padg%urface
and the it o WhRed Legetihghiat 1 hhenaaxbHumgli apd &4t k9. be
reduced Z%Hv%iac}oeﬁ%l&%?%ecur ed suffici entll y.:L This all owsgt he deformation
area of thgoigmitial ball to be reduced, whereby the accuracy of bonding can
be i nproved and the pad pitch serving as the di stance between pad surfaces,

can be reduced.IfO0GkHoEnre heidhr abgensirthpdveL t henyEpgbBIrAgIst2p

preferably includes specifying the position where the_ ini ;Ci.al ba}||1| cones
i nt o Wont 3RPIGPPALERRT IRV KR FECOTAS Y FRIEIRREEFIS PRt 4P r aF P §"

(LN the SaPLILFON. 1 o) e rebaisnce sl Q2eELE oAl eapkade! e
‘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 the pasition wh he initial 10.hall js.brought Jnt.
Contact AN ot Laradd e Bob ot WS e s (L ar e 1<
bonded t%éggefs,g%%e”cscfeé& th el $o8hkQws .t hen aeeyan

bondi ng to r rnproved and the pad pitch serving as the distance

bet ween padrsurfacRsthbe e widhefadwadtaed. a 16pAOEB3hductor dEhecsgr ubbi ng
step preferably includes, when the pad surface has an extended shape,

spiral | y speiaitiyignd heheapbbliaipni whaerd dthenbel fbahebadlosgmese iditrect i on
of extension of the pad surface. In accordance with the, nethod far
manuf act WAMR D 4 tiehhe Rl susfageve e @ rSHPESPFE POR Rt NYr tsr%"ég&}iﬁi lary in

f1attened | ong the directjon of extensi .
211 ove { HO T i RS B0 1€ 0 Dortod 1 HHa St & 1256 To be
accomudaled 40, Lt 10ape.al d:hepad 9y F8ear (7B enal dausl Lhey aatracy of

bondi ng e 1'nprove even r a pad surfacé extending in any

directi on.ed@0%3} the diakR& < eFerhel BpeRhiotoi Seabser diieatetktanee bondi ng
apparatus including: a bonding stage for placing a bonding target that is
provi ded pud it Bopad lowsf abe;gap bayivelear yhedqrositset tibegeatBendt gl a r e

t her et hrough, the bonding wire having an initia | forned_at the tip end

| bal
t her d6f ; kenkl 4 schrPrEht HREC RRASTRGS €§§Gﬁétc%h’6%c"t%%’&ﬁ‘ss?6faB?i"’Hb‘i‘ ng the

initial ball into.pressure contact.w th .tih ing 5
target pl %Boéﬁ%tlﬁ@ @6%18? ﬁg‘esf%bel%\% e g%%ﬁoglgd%r%{eiﬁgﬂ}%gjag%ﬁ% ai i y
rotatlng_&geb%agéhhgég_lnTﬁigl%gquy1gﬁgp@@gﬁgg&?rpﬁobba@ﬂﬁg%ﬂa|5§1of
pressure on the initial ball when the initial ball is in pressure contact
with the passer f a6srof8814hd18ha secopdante swirtvirtchexshorttd nifl sippecat us
according to the present invention, when the initial ball is in pressure
cont act \ietwedme pad surfacesof tohbebbndichgrt &egececrotating the capillary
causes the pad surface and the initial ball to be rubbed together while in
pressidr e 4kt with each other 15 and thereby the initial ball to be

alTows the for Chaphit S0 LAT RECPPERSPraBRY B8 iRl alter sl ne”

allows the forc n to be converged toward the

center ofgrotationand d:-hesfhyg hadd, ™p andl diy staneei nhene ¢dei prargur f ace

and the initial ball are rubbed together at the maxi num 20 di aneter to be
reduced whi 2 fleitngrzecnaadesublbngetihe \di v tsi @ |lcdhexteesdeopfation area
of the initial ball fornmed due to the novenment of the capillar% to be

reduced, phdrapyfadre adtupaeprenngendi by tdim mséhoghEsvdirrntr¢har 439 pitch

serving as the di stance between pad surfaces, .can reduced. .
mﬁ a semiconductor 52#§Ee,[%ﬁara ly ré%atlngl%%e cap1§Qary in a

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 te 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 b%@é}%ﬁ{f%&%&%w@ Eﬂe%@ﬁ‘?oﬁ?ﬁ, SiHd Bbh¥ihet@ 18N8 g
capillary 1n a ditection perpendicular to the direction of pressur€ on the
capi | | arynrien dike eapil Farhedsatntpeesspren€oiacdo M tand ke degadour f ace;
a pressure contact step of controlling the pressure contact neans for
bringi ng kG tt heawap [drasswid odaimdomdiany Wiore bmgwritred thitedetifiedgh and
the bonding wire inserted through the cgﬁillar into pressure contact with

. ! y
the | ead badrlf ABE0PTeHBUBBMARTHF ¢ argdt pREdRAF SRIERESDBAIH IR PoP4d@dDased on
a co nd fromthe control _unit in.the bonding .apparatus; and r ubbi ng
Step 5t damaa i as Then s hE habhadabRge: fRac R R Re, AR T
capi I'lary,J:n A 1d} 18449 Pehrepdheih gkt onthedid 8old PR IHRIRIIMLE On the
capillar%ﬂkﬁgﬁ'ghégkap?1ggry S Fn pre su?e céhtact mﬁ?ﬁﬁﬁhe | ead surface
based on & cg@readréEoivhhefc@rselurienidn i thé hen bondi ngaappathanushe?20[ 0016]
In accordance with the method of manufacturing a sem conductor device
accor di ng.mtigitaie hrldsei imverntsonre whentade eaphl theypaddsuhéabending wire
inserted through the capillary are in pressure contact with the | ead
surface dO% 25 bonding target, the bonding wire i s bonded to the | ead

surfage and pl aced between the.capillar nd. t I surface..to cut.
Thenqui rally ?[S’t gtqcr?é\gfaﬁ’é:ecéqpliq %hye é’éscgs?q ﬁgj%garp?ﬁ Sa;éf aogf%lengr &%bed
spirally Gl tﬂl%ds].,e@?cd SRS NI d LU S 16 1C U 1AC M it ider,
whereby the bonding wire can 'be cut reliably with a reduced possibility of
cutting efdrfac @QALFH the pad burfheeasdr atigersmidabpuesrddte sertditimg st ep
preferably includes specifying the position where the capillary cones 5

i nt o conttdet omiptid ey lceagesuthacpadssarfarer endetp@sinitornl 45 klaltioy
rotating the capillary fromthe reference Eosition whi ] e increasing the

di anet er 6 REShitParthetdvhdfedft BFSSPIFEI FORFRT R T hiy tHRE &5t %r v

whi | ducj di ir3al f
posi 07 on S1h CAEEOPIRHIE. T0-iEh TREE Nl A PEFChancl e (ARG e

seni condugf ohidevise, spIad i RethRe neoshe b vihe s, bhe ow@Pthé aorand the
bonding wire cone into contact with the | ead surface as a reference

posi ti onamgyiireal ky theatnhgi dhecabbitdd ey cohveegedctessrdagtideatitaret er of
the spiral, and thereafter spirally rotating the 15 capillary while

reduci ng athedisdrisrerarst thae ey ridle ttolne Ek rdHATeT et Psitdchn

Pt easur o ST SRACTIE HELEGAT BOL A SHBCC SRt 1Eb tof "SR B oi on
prodyged an fdie ) 8%, YWehRaceMIEM L ik GAPLLEAT YA SuPF ALl ] PT O MIsgSSUr e
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 to a method
of manufacturing a semiconductor device including: a step of
preparing a bonding apparatus including: a bonding stage for

placing a2 bonding target that is provided with a lead surface;

6



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 f d. I - i £S5 of the
capi || ar?fl %rggg&cltg%%okg?hén%%g%gﬁr a%@?%ﬁgggﬁmea%d@'t %?Cg%ape of

the | ead R0 unfh $1a81iVe e 86 Woa Af nhendi ot erliedime ened even
for a | ead surface extending in any direction. 5[0019] The present

i nvent i orcaips ldlasry dihdecheddodindoendiengnappaedt tsrough udisngapra 18endi ng
stage for placing a bonding target that is provided with a |ead surface; a
capi | | ar yiifter BERRSULhFER R WHE N Flet heret ARshgRe ahd tRechRd%unit 10

havi ng pressure contact nmeans for bringing the capillary and_the _baonding
W re ProdAREr IR b i PPARS P e bOP e 80 SCCOREANE MeER ot e ead
surface of,{tha Ro0diag Layr gL hAgedapy Lhe, RANIAG G pae AR SenULDI ng
nmeans for “spirallly rotati'ng the capi ry in a direction perpendicular to
the direald eRe 1 rAcHAIRSSHHE M3 deot apid tapyl vhen vhke eapidapdriy arg i n

pressure contact with the I'ead surface. [0020] In accordance with
t he bondiirginappassturs ecobadt ng thothbd gacesenfatayenpiossunheontihet
Caplllar%ﬂiggo%hgoggggaggngl%ﬁe pressure contact means for bringing
10 the capillary with the bonding wire 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
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 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 lead surface while in

pressure contact with each other, whereby the bonding wire can



20 inserted through the capillary are in pressure contact with the | ead
surface of the bonding target, the bonding wire is bonded to the | ead
surface and pl aced between the capillary and the | ead surface to be cut.
Then spirally rotating the capillary causes the capillary to be rubbed
spirally on the 25 | ead surface while in pressure contact with each other,
wher eby the bonding wire can be cut reliably with a reduced possibility of

cutting error. ADVANTAGES OF THE | NVENTI ON [0021] The present
i nvention off he, advant age t an 1nj I . 0 a pad
surface &° 8@%8838u%%%5 P caﬁg Have' §%%ﬁﬁﬁﬁ€$5£%§§}%h ar ea
for inpr t in the accuracy of bondlng. The present invention al so

of fers the advantage that a bonding wire, when bonded to a | ead surface of

a substrate, cam BReC rdyérabhy abkBRRI EheDESORLPThON & Phie ABRAWINGS
[ 0022] FIG 1 illustrates an exanple of a wire-bonding apparatus
accor di ngntad wldd rageanfiodigrerite position wherp| ghe2 cagid Lpraly assst

illustrating a bonding method using 15 the w re-bondin pparatus
FIG 8 | (bl A 99 6 St%farqer &5 Boridig <Dch HOS HEN 2.

1S o L A i ana e S A
scr ubbi “anﬂé %c%%ﬂn% thd Q%lalrdéﬂ&t [t 8@ GAPMAND RS itHLR e dr i Vi ng
an X-axis near notor and a Y-axis linear notor. FIG 6 illustrates an
X-axi s prgpiirsd onalrqaeamng 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. 1In 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



25 position and a Y-axis provisional comand position. 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 ment. FI G
10 is a flow chart illustrating a bondi ng nethod using the bunp-bondi ng
apparatus. 5FIG 11 is a flow chart illustrating the bondi ng step in FIG

10. Fl G h f
pad surfaséjé%fél‘??er%'éf’”%% %%o%%%ﬁ%t#geg%g%ﬁﬁggsgn éogﬂ (l:?) rp|lg€i\aéll oggdup
photo of g 3 &gqb%%slgs&' Qﬁrgﬁgepég l§é”af<§‘<9§lﬁmé@ai§@@r@9pcﬂé1 sala@;reactl cal

exanpl e. a table show ng the dianeters of initial balls

bonded t q,PagdsSukhacasrface. This &lGowdsa} dscaratpses uprphote twf | ead
surfaces in the conparative exanple and FIG 14(b) is a close-up photo of

| ead 15 & fimpesvied ¢hen [foacs ileald exafipbe. extending gp@ny slijrecd itoqbl e
showi ng the tensile strength of bonding wires bonded to | ead surfaces.
FIG $6(a)0G3%ustrates a movenent trajectory of the capill ary when rot at ed

spirally in an bI ly flatt d 20
i o u% R ngni’ﬁggkoﬁx.lgaﬁ ﬁ;aﬁggr%:é&dlggt he h@nl@ltﬂ’ | inca

command positi axi i near

{raj ect or tﬂ@%l"?‘ﬁ% 8%%?1‘%r§‘9&ha%nb?%%?edSE%?%%&""?%""‘EI“’?E Srally FIat toned
target that is provided with a lead surface; a capillary for
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 £o the direction

15 of pressure on the capillary when the capillary 1s 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.



25 manner and FIG 17(b) illustrates a command position for driving the
X-axis linear notor and the Y-axis linear notor in the case of FIG 17(a).
EMBODI MENTS. FOR CARRYI NG OUT THE | NVENTI ON [ 0023] A met hod for

manuf acturi ng a sem conduct or device and a bondi ng apparatus according to
preferred enbodi 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-bondi ng
apparatus, while the secopq QRRRHITRIY ik dnaRpliGRti on of the present
invention to a bunp-bonding apparatus. It is noted 10 that identical or
equi val entggzonponents in the drawi ngs are designated by the sanme reference
nuneral s. [0024] [First Enbodi nent] FIG 1 illustrates an exanpl e of
a W re-bondi ng Appapat ssnacdoveinnig oo afféerst tbebodivemtagastihswanin FI G

1, the 15 wire-bonding apparatus 10 according to the first enbodinment is
confi gur édriitei sl baidi carery boswisscto 2 pad surface oF bhewsgedBiductor

sem conductor device,l and a | ead,surface.4 provided o S te 3 on
whi chot ndat o rv ey peet T REEBERAE LS R n f o n TR U g A
bondi ng w [ t %19% 2 ' - : | 1185 ol

appar at u\gr&eg agt?]cudsf%s cl(ﬁige%&{ e ép%}%aﬁﬁgézéﬁﬁgﬁig%ﬁtv%}hﬁc\#%ﬁje bondﬁg Wre

11 is i nsald gdwaatbendimg: hasshdbnd e rkgl Whega ddirleehpbld eydlsir facar m
drive nmotor 16 for rotating (sw nging) the bonding head 15, a bondi ng stage
17 on which 4 heulsstisd tat ecadnilse ptacededsablpondi ng target, 25 an XY
novenment nechani sm 18 for noving the bondi ng head 15 horizontally in X- and
Y-axis directions, and a control unit 20 for integrally controlling the

Wi r e- hondi ng appar at u [8&[%% %}_ﬁ: i t}ﬁ@% LS conposed of an
ul trégoni ¢ horn 13 eistpé[%ﬁ At i ebP% I'ng eadf%gétomard t he bondi ng
stage 17 E%ﬂ?zf]aw ng the capillary 12 on one end while a vibrator 13a for
provi di ng ultrasonic vibration on the other end, and a bonding arm 14 for

hol di ng t he ul ter@soniic ety aldas Whtdkdnp e bfcont rgubahibdng amtaatabisy
driving the armdrive nmotor 16 causes the ultrasonic horn 13 and therefore
t he capi ldarogrdng otorovefvest i edpbgimanthe Z-axis direction, which allows

the bonding wire 11 to be bonded tao .the substrat g%ﬁsr&?nd thehs%m' conduct or
device 1 pl aced ¥ £He Bdidivhgharhde 1B t e H R g method using

15 the wire-bonding apparatus.

FIG. 3 is a flow chart illustrating the first bonding
step in 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 and a Y-axis
linear motor.

FIG. 6 illustrates an X-axis provisional command

25 position and a Y-axis provisional command position.

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

command position.

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

10



10 ultrasonic vibration fromthe vibrator
allows the capillary 12 held by the bonding arm 14 to be vibrated.
The arm drive notor

out put torque of the rotary drive.

18a for

novi ng the ndi ng hea

13a of the ultrasonic horn 13

[ 0026]
16 is configured to be rotatably 15 (swi ngably) driven
to nove the capillary 12 vertically in the Z-axis direction.
notor 16 can then adjust the |l oad on the capillary 12 by adjusting the

. [ 0027] 20The XY novenent nmechanism 18 is
configured to nove the bonding head 15 in the X- and Y-axis directions.
XY novenent ne

The armdri ve

The

%JW,?“J %g‘lét.%siiﬁatt%%r £ a8 RNnvh fed Wb b 8 X1 @sippalraiear ot or

15 1T n the X-axis direction and a Y-axis

l'i near mMy{Qiorkfihd o MVddbrideclhondimgn?> head 15 in the Y-axis direction

It is noted that the XY novenent nechanism 18 is conposed of,

for exanpl e,

a |inear notor HEchdm sm ai if lwhi chatrtte ildtvatirert iofg tehdoxdebrics mMeatiedr not or
18a and the Y-axis linear notor 18b allows for the novenent of the bonding
head 15 usitie Fhes gegin endighPiRakEsus -

5

10

15

20

25

FIG. 11 is a flow chart illustrating the bonding step
in FIG. 10.

FIG. 12(a) is a close-up photo of a semiconductor device
andpadsurfacesthereonjjlacomparativeexampleandETG.12(b)
is a close-up photo of a samiéonductor device and pad surfaces
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
surfaces in the practical example.

FIG. 15 is a table showing the tensile strength of bonding
wires bonded to lead surfaces.

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. 1l6(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. 1l7({a).
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directions. Then rotating the X-axis |inear notor 18a and the Y-axis |inear
not or 18b causes the bonding head 15 to nove in the respective X- and
Y-axis directions, whereby the capillary 12 can be noved in the X- and
Y-axis directions. 5[0028] The control unit 20 is electrically
connected to the ultrasonic horn 13 (vibrator 13a), armdrive notor 16,
X-axis linear notor 18a, and Y-axis linear notor 18b to control the
ultrasonic horn 13, armdrive notor 16, X-axis linear notor 10 18a, and

Y-axis |linear not aé$hﬁ ' e§ﬂﬂ& 9828he Thatek®rolhe control. unit
20 has a pressuréﬂ@%n actﬁ?%gﬁgge nea%§§ éor %anging an initial ball Ila

of the bomdiogy wire 11 into pressure contact with the pad surface 2 of the
15 sem conductor device 1 bonded to the substrate 3 that is placed on the
bondi ng stage B/ mandhoal Sorubainng sfoeatnimng @Emsams)cdngiucsginr aldwi geotaaid ng t he
capillary 12 in a direction perpendicular to the direction of pressure on
the i niticabopginoharRhEAtERCFFRELHIY Bl PrRASES ednepPediupBte gt &8 with

(1, 28 Pa sl ace 2, 0%, IO oL o of bandl 00 e b 1 e
sem ﬁggd%%]rsﬁ%%g%bﬁ% gbgcg&@&{ﬂngl Airk A% @l SOTHASE Pr HF RIBYL e act
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
10 that identical or equivalent components in the drawings are
designated by the same reference numerals.
[0024] [First Embodiment]
FIG. 1illustrates anexample of awire-bonding apparatus
according to a first embodiment. As shown in FIG. 1, the
15 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 semiconductor device 1 is bonded,
through wire bonding using a bonding wire 11 inserted through
20 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,
25 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



the capillary 12 and an initial ball Ila of the bonding wire 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 scrubbi ng
feature (means) for spirally rotating the capillary 12 in a direction
perpendi cular to the direction of pressure on the capillary 12 when the
capillary 12 is in pressure contact wwth the |l ead surface 4, in a second
bondi ng step of bonding t he bonding wire 11 bonded to the pad surface 2 to

the |ead 1%“%%@%? Pﬁ’&rﬂ' OBo Pg“ﬁéécgaits? t3wald £8e R f&ﬁe{%tta@%ese

pressure contac scrub |ng res are i nplemente pectively, by

a pressung 8&@1@&%@@?%@@@1@1@@9&@& Neh P 1leRE @Hhiboéaﬂlbﬁht%rﬁl@bage
device or the |ike. [0030 The control unit 20 is therefore provided

Wi th an &on griorel dintrult fa2dnforvibveasiont dngthadotbeei endg ansi gnal 10
to/fromthe armdrive notor 16, an ultrasonic horn I/F 22 for transmtting
and receldnggry sirgnaf foF fhokd e thie pAssasePRsr hoTs, 13n Xidh $hisnear

nmotor |/ F 23 for transmt nd receiving a signal to/fromthe X-axis
" hen? BB LB =t Y akP L o ERaa ot g 15 AT 15 BASHF 1) g oand

receiving,g E'l%@%'soillg ct RELROM LNy \Eh o'fe” Ak 88%951%@9 18 d pRL unit 25

servi ng as an I nput evi ce such as oar to recelive an | nput of

vari ous tvxéqeticfafllc)oahr ehel ﬂigkﬂgtdﬂﬁeéfﬂﬂhﬁﬂq}@i)&ﬁaélolrowﬁﬂ:lﬂélbwﬁlﬁ@t 26
serving as a display device such as a nonitor to display various types of

control iwifrer ddt torbd drortdesd canthel s@Bstinate2d,arad v spm2 tohducsbar i ng
varlous d%@fs of prograns, and a CPU 28 for bonding control. [0031] Next
will ddshell BlpFedessi nghopbPREiBE Sftadse W re- BBRARI PGONBFANat us 10
with 66f %r%%xﬁ%vag%ra%lon %rom.gbe vibrator 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 motoxr 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



25 2 is a flowchart illustrating a bondi ng nethod using the w re-bonding
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 w re-bonding
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 progran1based on a command fromthe control unit 20. 5[0032]

First of alle.d G ‘i‘?%%[ ggggf%ﬁa{lﬂ%%&aﬂé ﬂﬁeérfnidft%r Q?%dér‘?@ t$hep (Step

S1), as shown in first bonding step tep 514, a

pressure xquaetl iHeast fptbs iBhStaRees ot bdndtiery bbb 18stshwe iim FIG 3.
In the pressure contact step, the armdrive notor 16 is rotatably driven

and the odp kkeappci2viesi+ anel Bdaxin diecttiases, vhreceby spheepddllany ti al

ball Ilais fornmed at the ta|I of the bonding wire 11 inserted through the
capi | | ar>1212car} mrmq]xgethé'l the X- and Y-axis directions.
5 [0028]

The control unit 20 is electrically connected to the
ultrasonic horn 13 (vibrator 13a), arm drive motor 16, X-axis
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

1la when the initial ball 1la is in pressure contact with the

20 pad surface 2, in a first bonding step of bonding the bonding
wire 11 inserted through the capiliary 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 capillary 12 when the capillary

14



15 capillary 12 causes the initial ball Ila to cone into contact with the
pad surface 2. After the initial ball Ila conmes into contact with the pad
surface 2, the output torque of the armdrive notor 16 is adjusted to apply
a predeternmined load to the initial ball ha via the capillary 12 and to
bring the 20 initial ball ha into pressure contact with the pad surface 2.
[ 0034] A scrubbing step is next perfornmed (Step S12). In the scrubbing
step, when the initial ball ha is brought into 25 pressure contact with the

T o A 5% e RGOSR By RUCE RIS B i o e
i br ati ot g ot é?&%’%?&?éﬁ?ﬁﬁ%ﬁ?@? L“"gl‘%? dpePeApet el tnaseni €
surface 2 to the lead surface 4 provided on the substrate 3.
It is noted that these pressure contact and scrubbing features
5 are implemented, respectively, by a pressure contact program
and a scrubbing program stored in a storage device or the like.
[0030]
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 ultrasonic 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
receivim;asignalto/fromthexfaxisliﬁearmotorlBa,aY>axis
linear motor IL/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.
[0031}
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



described hereinafter as long as while the initial ball 1lla is in pressure
contact with the pad surface 2. [0035] Here will be described the scrubbing
motion in Step S12 5 with reference to FIG 5. FIG 5(a) illustrates a
novenent trajectory of the capillary in a scrubbing nmotion and FIG 5(b)
illustrates a command position for driving the X-axis |inear notor and the
Y-axis |linear notor. [0036] 10As shown in FIG 5(a), the scrubbing nmotion
drives the X-axis linear notor and the Y-axis linear notor to spirally

rotate the capjllary 12 hel.d by the bondi :

it Ri tial E]aq_ t9 Pg %%rf%%%&%r%mfﬁ%e%é gg‘?ﬁ%@‘%nﬁgdﬁ?o@%ﬁ%&% e|h§a| ly,
e scru | | £i |t | PhEl i

comes. | Nt BETACERG R The el ST o s P o e O o (D, 0) .

spirally fol@aies ddes capthbpidglrbgesmt beseef enercequusind dirashidhe 20

I ncreasing the radius of rotation and, when the radius of
control unit 20.
5 [0032]
First of all, the wire-bonding apparatus 10 runs a first
bonding step (Step S1), as shown in FIG. 2.
[0033]
In the first bonding step (Step S1)}, a pressure contact
10 step is first performed (Step S11), as shown in FIG. 3. 1In
the pressure contact step, the arm drive motor 16 is rotatably
driven and the capillary 12 is lowered. In 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 lla comes into
contact with the pad surface 2, the output tdrque cof 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 1la into pressure contact with the pad surface
2.
[0034]
A scrubbing step is next performed (Step S1i2}. 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
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rotation reaches its maxi numvalue, 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 a 35-pmsquare and the initial ball 1la
is a 20-pm di aneter 25 sphere, the maxi num di anmeter of the spiral rotation
is about 20 pm [0038] The scrubbing notion occurs when the control
unit 20 controls the driving of the X-axis linear notor 18a and the Y-axis
| i near notor 18b based on an X-axis comrand position "x" and a Y-axis

command position "y" shown in FIG_ 5 (b) . [.003 Here wilJl .bhe d ribed a
met hod f otesst iRt aise e B -asi 1 r%%ﬁﬁl[]gloesi%{}leor%m)}:'laaln(?aﬁhle -Caaxi s
command position "y" shown in Fl ( i gace to FIGs. 6 and 7.
FIG 6 i 1Sustt #ES I K-S L5t oﬁ%?o%?vﬁ%%ﬁgféosi tion and a Y-axis
provisio o%?ﬁ““a”d position, and FIG 7 illustrates the notional ratio

bet ween the X-"axi s provisional command 10 position and the Y-axis
provi si onal commnd wpasi beafes¢PEEd the scrufitristg obtdbhn, ia $i¢emsvidal wave

serving as a basis of a circular notion is used to prepare an X-axis

provi si onalticonmiekpositd oGl To BdGan SX{axiid IMERRIE PSS MIGTHEHd a 15

Y-axis provisional command position .yl to be.a Y-axis co pasj,ti on, as

shown i n g e®tonhe Xt bgiceIrlhATd E)ﬁa’f’} 585Hﬁﬁ’rjra‘gp%%h?%ﬁnﬂgaggg' ?52 Blesent ed

by a 3-cycle sine curve, w.axi s 0Mi-Si I g Positdon yl is
i;}%ﬁFEFEE%y%FxmﬁﬁgmfE%SXt% n fB% ?%gbgﬁgstﬁg $

r epr esent _ e cosine curve wth th e shifted 90 degrees
from 20 the X axs PLOVEsinal 1 ceamaNdopesition xI.
[0036]
10 As shown in FIG. 5(a), the scrubbing motion drives the

X-axis 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 value, 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 a 35-um square and the initial ball lla is a 20-pm diameter

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

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

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

17



[0041] Next, the notional ratio between the X-axis provisional conmmand
position xI and the Y-axis provisional comand position yl is prepared as
shown in FIG 7. That is, the 25 notional ratio shown in FIG 7 indicates
the speed ratio at 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 neans
that the capillary 12 is accelerated linearly fromthe speed ratio of 0 to

1 during_the f t I
of 1" durngsinel Sheshac bGP B AR R s, PR Y P R peed
ratio of 149 @ 1g;he shopped éﬂglﬂ%ﬁ he, @H&t«mﬁ er1] 09{’“8)1 Then

the X-axis prOV|S|onaI coman sitionxl and the Y-axis prOV|S|onaI
command pegistdjon yl shown in FIG. 6 are conbined with the notional ratio
shown in FIG 7 to calculate the X-axis command position "x" and the Y-axis
command posi ti derk0 Wwiyl'l bewicsor Fb&d B( MetH@D4Bpr calculghiysInidiieng the
capillary 12 for scrubbing notion causes the initial ball ha and the p
surfate X-B&ifse couplad PogdtHen Jxd ener &by The*dsi Ge™PPM PRGE T &ﬁan)

formn uperfi ci
9 %y§ pEOWnClglFIG 5({(b) with reference to FIGs. 6 and 7. FIG.

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

10 position and the Y-axis provisional command position.
[06040]

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 yl1 is prepared as shown in FIG. 7. That is, the

75 motional ratio shown in FIG. 7 indicates the speed ratio 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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15 layer of the pad surface 2 to be broken, so that the initial ball Ilais
bonded to the pad surface 2. In this case, the initial ball Ha is rubbed on
the pad surface 2 and deformed to possibly have a deformation area Ilb
expanded outward in the radial direction of the scrubbing notion, as shown
in FIG 20 8. However, since the capillary 12 undergoes the scrubbing
notion to be rotated spirally, the tinme and di stance where the initial bal
1la and the pad surface 2 are rubbed together when the capillary 12 is

d h i di n b d f Lied h
i 115 BAPPATA Yo AHOB IS SBORTe GLUorTadl BO thE L ahEer 1o A B Sh e Thi o
al | ovs t e qefhar Mt LopoALeant! bonak L ockepxnanded utid o.de bpdused

[ 0044] al't rasonic vibr on applying step 1s next performed (Step
S13). I nihhesabbhasepiteVi BRat i oMadwl ¥ e St eheaden £die tiid kbakdbal | |1a
is brought into pressure contact with the pad surface 2, ultrasonic

vi br at i oraitd oprodvilde for dro thee stidpmadrduBmaofthdethilrdaspnle. horn 13. The
ultrasonic vibration fromthe vibrator 13a is then transferred to the 5
initial HA042Ha through the ultrasonic horn 13 and the capillary 12. This

causes the initial ball lla to undergo ultrasonic vibration,and ereby the
initial ball |FREEnEREHE A0S AITY qguﬂocggm?aﬁﬁgasﬁFﬁgpyX%535 %gF, o)

that the Jalbialyalls fithd s bafeat (hoa1y;Le | heshainsuh 298.2¢ LAE00S]

After the rst f%g step, a wire %oop %ornlng step is perforned (Step
32), as shawddd Rhi€h 2helmot henii resd oo HowmiagrsGcep7 dheahendang wire
11, the initial ball ha of which is bonded to the pad surface 2, is fed out
of the capid Xaayidschiharol posataoni 1’ hodptend —ies Lisroemhand posiddwmact with
the | ead surface 4. [0046] A second bonding step is next performed (Step
33). 1p004H” 2w Hé Fedond® Bondi ng step (Step 33), a pressure contact step
is first % rf%rned (Step S31), as shown in FIG 4. In the pressure contact
st ep, t hd %A ldrive notor 16°is rot at ably

Thus moving the capillary 12 for scrubbing motion causes
the initial ball 11a 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 1lla is bonded to the pad surface 2. 1In this case, the
initial ball 1la is rubbed on the pad surface 2 and deformed
to possibly have a deformation area 11b expanded outward in
the radial direction of t?e 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 1lb 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

19



driven and the capillary 12 is lowered to bring the bonding wire 11 and the
capillary 12 into contact with the |ead surface 25 4. That is, the output
torque of the armdrive notor 16 is adjusted to apply a predeterm ned | oad
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 bonded to the
| ead surface 4. [0048] A scrubbing step is next performed (Step 532).

L0 U1 SYLDLLOS) By 19050 LA 2 URLARERR SELORL 1B RLLED © 10
Lgﬁd}c Lgsfﬁa'r%fe’”%f‘%ae%e@é( %tﬁ%a niJWiﬁE%HPth&sﬁ%ﬂ&ma&?nfk@ﬁd%hfeo the
g Squashe etween the capillary 12 and the | ead
surface 411,049 194An o# t#¥RSORIIE reidmald oo apPILEi.Ng Bliep uls raexniger f or med
(Step S33).In the ultrasonic vibration applying step, ultrasonic vibration
i s provi dedbfatamrt Heron brtet ovidBatof 1Be 1s then transferred to the
5 initial ball 1la through the ultrasonic horn 13 and the
capillary 12. This causes the initial ball 1lla to undergo
ultrasonic vibration and thereby the initial ball 1la and the
pad surface 2 to be rubbed finely together, so that the initial
ball 1la is bonded firmly to the pad surface 2.
10 [0045]
After the first bonding step, a wire loop forming step
is performed (Step S2), as shown in FIG. 2. 1In the wire loop
forming step, the bonding wire 11, the initial ball 1la 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 S§31), as shown in FIG. 4. 1In
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 capiliary 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
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ultrasonic horn 13 and applied to the initial ball ha, as is the case with
the ultrasonic vibration applying step (Step 513) 15 in the first bonding
step (Step 51). This causes the initial ball ha to be bonded to the |ead
surface 4. [0050] After the second bonding step, a wire cutting step
is perforned (Step S4), as shown in FIG 2. In the wire cutting 20 step,
the armdrive notor 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

predeterm ned | ength. Then the capil]ary 12 is raised again with the
bondi ng WarEler] Yeithy &eﬁﬁ)eﬂl?ﬁﬁ) € shown) to cut the tail of the bonding

wre 11. U?leﬁs causes 25 the pad surface 2 and the | ead surface 4 to be
connect ed € eétri cally through the | ooped bonding wire 11. [0051] An

initial ball fofiRgpstien kecbast! Meperper peenest ept&5)s32n. t m ithiet i al
ball formng step, the tail (tip end) of the bonding wire 11 cut in the

W re cuttdgvaiisdian cSeep My ampliel joes 1 sokdargorg @isdruhbiEeaation
flame-off, for exanple, to be forned with a spherical initial ball ha.
[0052F [ Sacbrdrehdbed mmit]a B Ga9ip kit yiah EREMIEHRIIRS KIS bondi ng

t ding. t di t. h i .
DD bondi TG ENg ot B 50 Hacen, BTRGLTE THE (SRSt hbod enC P | gur ed
to form b%%&n?@h%n@%ﬁy§%%£@€ﬁe%xﬁﬁﬁ%ﬁ?w@?e&ﬁ?@eQEgQQ§u9§h@@&%¢ween

sem conddtt or devic hat "are bonded to a 10 substrate 6, through

bondi ng gfh& bandi Nar-WiT2 ddd i niserieddt buesgbeadcapillary 12. The
bunp- bondi ng apparatus 30 basically has the sane configuration as the
Wi r e- bondigwg sppar atus 10 according to the first enmbodi ment, though
different in the bonding target and bondi ng, met hod.  Li ke the 1)?'3
wi r e-1Bondi ng agpaPatassonict nebpakpOBGHRR Wy AP e ¢§ BoFt MR NS Hes t he

15" or heiShoR EHecapt 1T ary 12 s ahe SPR b (e sl 1ePpEyirg A
( :WipPg;gg)laéﬁsg@fgiﬂ%ﬁ%%rfL@s BrB9ndERYr 56@%ed Tidratich3kher sust rate 6
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.
{00501
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 armdrive motor 16 is first rotatably driven to raise
the capillary 12 so that the bonding wire 11 is fed out of the
capillary 12 b? 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

S5). In the initial ball forming step, the tail (tip end) of
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20 a bonding target, an XY novenent nechani sm 18 for noving the bonding
head 15 horizontally in X- and Y-axis directions, and a control unit 40 for
integrally controlling the bunp-bondi ng apparatus 30. The bondi ng head 15

i s conposed 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), armdrive nptor 16, X-axis__linear notor 1 n -axi s
linear ndter PR St t?ﬁFu*?rgéﬁnW%rﬁoFﬁgﬁéPga%ﬁﬁ r??geﬁbﬁér 16,

X-axi s |inear notor,. ] -axl sl A teq L8R 701 £ § Bli@iaR ,0of a
bunp on fﬂ%ﬁ éﬁx§ﬁ9 éggaﬁagﬂgt:gﬁggﬁf%%%gggggfqgévice . 5[ 0054

That is, dhe,Lon g upidn 40 dase2i PaESshLeigdNbatl teature (neans) for
bringing an initial ball |Ila of the bonding wire 11 into pressure contact

W th the maabXsur fessrB] dntbdrdisemt tonduct or device 7 bonded to the

substrate 6 that is placed 10 on the bonding stage 17 gnd a scruhbi ng
feat ube (means)FIGor 2 dgilusiting tas akiayg@He e85 PrEPYLe23RI ZPREH Y on

erpendicular to the direction of K pressure op _the (niti.al |1~ h en t he
"hi Lol GIAOHAAG T prSSStRg CBRPACENCeh FRe-pad s dr FIg o

e pad surface '8, 'in"a bondi ng

step of gglprgpg%rg&g}gggggg%tw 015:ddr i 156 L nbhs S8 t hentapindmr y 12 to

t he pad ce on the sem conductor device 7. [0055] The

control uni teoF it 8f 06 8mps BlingLdnvkt Padnsar ks igv €ommedrot /dadl for
transmtting and receiving a signal 20 to/fromthe armdrive notor 16, an

ul t rasonicf hare df MA2 fomicanbniter dpehees eteiathgre FYrgdte? & om t he

ultrasonic horn 13, an X-axis linear notor |/F 23 for, trqﬂfnjtti c?nd
10 substrate 6, through bonding of a bonding wire inserte

through a capillary 12. The bump-bonding apparatus 30
basically 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'bumpwbonding'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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receiving a signal to/fromthe X-axis |linear notor 18a, a Y-axis linear
notor I/F 24 for transmtting and receiving a signal 25 to/fromthe Y-axis
| i near notor 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
nonitor to display various types of control information for the control
unit 40, a nmenory 27 for storing various types of progranms, and a CPU 28
for bonding control. [t is nqted that.the above-described pressure contact
and scruBBPﬁ@l¥@QFHFeégﬁreaPﬁpféﬁﬁﬁ?eh?n?%gd%%Y?Eéi@f1ﬁ§cﬁggﬁgésﬁﬁg cont act
program and 5 a scrubbing progra r et @ eSt %ag8 JaUines Ondle |ike.
[ 0056] dy%ra%%§¥:§#$#l%g’dggé}gkéﬁ%é processing operation of the

bunp- bondighg apRaratus 39 iWedr Mefreren®® R FlfGematd dandflh bk okl is a
flow chart 1'llustrating a bonding nethod using 10 the bunp-bondi ng

appar at ugheanhdFls@Grfkkd 8 af v cdrmicotrdwstontdagitde’bonding step in
FIG 10. It is noted that the processing operation of the bunp-bondi ng
appar &t u408>4lo be described hereinafter is inplenented by the pressure

contact feature_as a pressure contact p%oqﬁﬁ and_t he scr gmdy%t feature
dfr

as a scrubbi ng TBedgridm baiedBRTACL ot $hd BEREPSFCUNTAET [0057]

e oo A GuBURR, BANAL00 BARY 2h U 0 148513 PAOERELRRASIEP S6).
wire 11 into pressure contact with the pad surface 8 of the
semiconductor device 7 bonded to the substrate 6 that is placed

10 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 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 is therefore provided with an arm
drive motor I/F 21 for transmitting and receiving a signal

720 to/from the arm drive motor 16, an ultrasonic 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/from the X-axis linear motor 18a, a Y-axis
linear motor I/F 24 for transmitting and receiving a signal

75 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
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In the bonding step (Step S6), a pressure contact step is first perforned
(Step S61), as shown in FIG 11. In the pressure contact step, the
capillary 12 is lowered and a predeternmined load is applied to the initial
ball ha to bring 25 the initial ball ha into pressure contact with the pad
surface 8, as is the case with the pressure contact step (Step 511) in the
first enbodi ment. [0059] A scrubbing step is next perforned (Step S62). In
the scrubbing step, when the initial ball ha is brought into pressure

i th d f he b [ b ' h
Capi [ ar §713 (RaeRoBetehYacs ubBFng LRG0 on 6 Bar oYRFSd APt QLT "As is the

case “ﬁtthh%aS@ﬁHbE%nQi?%eBo§d§§5e%dﬁngﬂf‘tf@ f kI SfoteypoghaentheThe
s

scrubbi ng  not1 on cause e initral ball Ila and the pad surface 8 to be

rubbed t ggetkercanrd itther ey ddie 0ot ddt mndnetrebbimy featiurgsaare
superficial |ayer of the pad surface 8 to be broken, so that the initial
bal | || aiimpleoredecdd, o rebpepad velnf,aby 8. prestuie kO tarle Preigica gRe
capillary 12 undergoes the scrubbing notion to be raqtated B%r l.LLy, the
tinme &ndadiSSraRdd nghSreIFe iShictesl al SHOZ28Rd dﬁﬁécﬁa&’rs?’r a?é%-are
r ubbed tggﬁ%@ﬁr when the capillary 12 is rotated at the maxi num di aneter
can be r and the force applied to the initial ball ha can be

converged 15 t %\@%Ecd Wiha. ﬁtcfés&;iﬂ&i aji ﬁﬁoca—gg§%%‘gg?é@atﬁ@nd%ffortmt ion
e

area lib not to be expan but to be reduced. | An ul trasonic
vi br at i om@RPRINHNRE i) eppayates 3pewiohnedfe&BerpeS63)FIGe. the arld dsoni ¢

vi bration applying step, 20 ultrasonic vibration is provided fromthe

vi brat or FI%a df0 tilse aulftlioas ohiagthadd us3 rand nap gl Peaddaa Fethed iugingal | 11 a,

as is the case with the ultrasonic vibration app]ying ste Step S13) in
t he ﬂprsﬁhﬁﬂ&%ﬂ%ﬁ#@?dfGQGfPP@%%q%ﬁft%%ébgﬁ&wm#gté % gﬁ%ﬁ %hg st ep

v OO GG 1% SOTRBUM a1 i VT o Vi o8 Lhe EaR 12Ry 12 s0
that the honding W@ qldpksakt8dnoBE PhelBEnsapbhdny drpodyatuprryeier m ned
| engt h. en"the capillary
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 S6), 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 1lla to bring
25 the initial ball 1la 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 is next performed (Step S62). In the
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12 is raised again with the bonding wire 11 being cl anped (not shown) to
cut the tail of the bonding wire 11. This causes the initial ball Ha bonded
to the pad surface 8 to be forned into a bunp on the pad surface 8. 5[0062]
An initial ball formng step is lastly perforned (Step S8). In the initial
ball formng step, the tail (tip end) of the bonding wire 11 cut in the
wWre cutting step (Step 54) undergoes discharging with an electric
flame-of f, for exanple, 10 to be formed with a spherical initial ball 11a,

th th th bal.l .f
ALETE D e i e
practica tta%% QE%ﬁeEBe' ¥8NL | PPacE 0964]he bonding |h'éa@@5
Texan e “5 ﬁ

practica the present vention, a 20 wire-bonding apparatus 10

accordi ng & pot/Be 511&8&11@@&@&1!1%3; \A@Suhaedgf)@l% s g erainich o {06 5h
In a conparative exanple to the practical exanple, a wre-bonding apparatus
confi gur ée trotparfompifialdty ,ard sec o 255§0Md¢@gt§ﬁe§§ruﬁﬁhmﬁ 5 @0

scrubbing step was used for wire bondin ad surface 2 of
S ConAUESE dbToett BhowsiLem o ThRdriatbal | aﬁgugbﬁaadmﬁlmg i (r)sta

bondi b
bonded t G AIE D EICot T La: P b A aerint B Bab A S8 i BB i Fea
surface 4 4 § e thSUBsLg aEﬁe§ex9fvedbC%xéld%0%m Mse éﬁowﬁ;s bardedq R the

second bondi ng step was obs to eval uate
superficial layer of the pad surface 8 to be broken, so that

the initial ball 1la is bonded to the pad surface 8. In 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 1lb 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 lla, 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 87), as shown in FIG. 10. In the bump forming 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
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S the tensile strength of the bonding wire 11 bonded to the |ead surface 4
(eval uation of the second bonding step). [Evaluation of the First Bonding
Step] [0067] The size of the initial ball Ha bonded to the pad
( _ [ 0068]

The first bonding step was performed under the follow ng experimental
conditions: (For the practical exanple) 15 - Duration of ultrasonic

surface 10 2 in the first bonding step was first eval uated.

vibration: 10ms, Load on the capillary: 130gf, Duration of

S bbi I on; iral w ' i

ZF?HZ by 16 PevBRbEFBrASe A 30 £ Poro TR B P SV e ERAn )P S

ul trasoni ¢ vibration: o ' : . -
%tﬁ%r} q’é) (r)%nlbtb]tq{%s g i0adk A d r@%rg%%gxf{ﬁ’e {17 09y 1 PWALdN Of

| oadi ng: C i g~ nbt1on:” none.

| oadi ng: 13ns,

Iﬁﬁyency of
ation of

the initial ball lla bonded to the pad surface 8 to be formed

into a bump on the pad surface 8.

5 [0062]

An initial ball forming step is lastly performed (Step

58). 1In the initial ball forming step, the tail (tip end) of

the bonding wire 11 cut in the wire cutting step (Step S4)

undergoes discharging with an electric flame-off, for example,

10 to be formed with a spherical initial ball 1la, as is the case
with the initial ball forming step {(Step S5) in the first
embodiment.

PRACTICAL 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 1la was bonded in the first bonding step was
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FIG 12(a) is a close-up photo of a sem conductor device and pad surfaces
~thereon in the conparative exanple and FIG 12(b) is a close-up photo of a
sem conduct or device and pad surfaces thereon in the practical exanple. In
FI Gs. 12(a) and 12(b), a close-up photo of the entire sem conductor device
1 is centered and, around the photo, close-up photos of twelve pad surfaces
2 provided on the sem conductor device 1 are arranged. In the close-up
photo of each pad surface 2, the 5 square within the frame corresponds to

th d f 2, th t ircl ithin the. f d
Lo an- naest G 1£h A V=g nd P G BuP S O L NG TR Aa et 17 FCTSSTT Gaponds
t def ' j | t FI G .

0 ade rorlf?}{(eg%a’%r gﬁé%@?or@s né%x?afh&éioﬁrﬁ?ﬁ‘ {the COPAHSRN REEWRSY) .

12(a) an ton area IIb is large 10 and the initial

bal | ha expangds Qutr.f therpadsspEfasee23i ontiiei clonparatd ey exianplld, while
the deformation area Il b is reduced and the initial ball Ila falls within

the pad swHd poed2d hntiies prachidcabnéxagpseep [FGE70PsesFed &y AVt of t he
size of the initial ball 1la, the dianmeters (in the X- d Y-axis

di r echi orhpaepsidiccat seng6he@E vt RePF1s0 YhES hi tqoé’lde%gfzpstlh% $itHed to

the respective twelvye d surfaces t hat r r,oyid t he

seni condlﬁ}%%ﬁa%%%cge‘ié)ﬁé?iél%a%ﬁrTé%‘.a‘ ??C?ﬁgng?gggﬁﬁagg?ﬁ “nunber of 20
measur emne, | Ve, r LRG:i 58 Ehgppunber of pad surfaces 2
provi ded @éﬁ%@%iegr?c%ﬁd%kg‘?ogfﬁgg?gg 1.l ?0071}3TFI G 13 shows the dianeters
of the inigd@jballs ha as a result of evaluation of the practical and

conparative 25 exanples under the foregoing conditions. It is noted that in
FIG 13, "X' represéntsof hbedimnetal befl lehta Handadatoldla PRd SW i3 X- axi s

direction, and "Y" represents the dianeter of each_ initial ball lIla in the
Y- axil® dﬁ%ebmi@mep@¢p@ﬁdb@g¢apg 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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to the X-axis direction. "Max" represents the maxi num value anong the
nmeasured diameters, "Mn" represents the mni mumvalue anpng the neasured
di aneters, "Ave" represents the average val ue of the measured di aneters,
and "a" represents the standard deviation (variation). 5[0072]

Referring to FIG 13, it is found that the dianeter of the initial ball ha
bonded to each pad surface 2 is smaller in the practical exanple than in
the conparative exanple. That is, the defornmation area Il b of each initial

ball lIla_due to 10_bonding js,smalLler in the practi 1 inth
corrpalr at il@éi’éx?ﬁp%?s%uﬁ Pbgﬁpt?%iﬁl%a% ler%gsr??ﬁ\luéfg-gﬁ‘%cﬁg i r?q?lh%agr Ia(r:]ti cgl
exanpl e, .spir r in canLl 12.§ i I th
dof of mat 113 o P B B R R P P e BB H b n e W the Tnitial

bal I 11 aga%l 1R bendes $ opeaghapad osurdias eséni ddvahead odevicehe Sewond
Bondi ng Step] [0073] The tensile strength of the bondin%:mﬁre 11
bonded t ardmndeehd Sur taee A dse-tipe phetond herdimgpast epuf@seanext 6

eval uated. [0074] The second bonding ste f th
O et ia o esoonh LOSLNY 8 SRS PEIoLted, unger the

g,r- :t : 82 cgnqueb%é?f%ggie%hbirnawghgrﬁ:;ad4g1;ii:falégazdcggréQSOSQQiéd Qﬁ&hi%qgl’
ball 1la, and the ring outside the initial ball 1la corresponds
to a deformation area 1llb. As is clear from the comparison
between FIGs. 12{(a) and 12 (b), the deformation area 11lb is large

10 and the initial ball lla expands out of the pad surface 2 in
the comparative example, while the deformation area 1llb is
reduced and the initial ball 1lla 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 the 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 is 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 lla 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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Scrubbing notion: spiral with a maxi nrum di aneter of 5pm and a frequency of
350Hz by 3 revolutions, and (For the conparative exanple) Duration of
ultrasonic vibration: 4ns, Load on the capillary: 50gf, Duration of

| oadi ng: 7nms, 5 - Scrubbing notion: linear with a maxi mum | ength of 6pm by
3 strokes. [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

e H i SRR OL deNt 62 eplRagAED. EhaSEsUAnBROL O,

ontal | quel y correspond to

the Tespeahiye %ﬁ&&’%p%&a%?e%s% ddeqeSRLBES) rG‘IAQreO'n ﬁ@itsfei:@ﬁﬁlswh%ace 4

corresponds ressi ons the capillary 12, and the Iine extending

from t he jyagesivan ual 0Fg teac hebead csuiage té reqr meshords reprelsentendi ng
wire 11. As is clear fromthe conparison between FIG . 14(a) and 14(b),

bri ngi ng tike stapiddral WebZ dtnitan ptessiakieoht act with each |ead surface 4
causes only a less-visible 20 inpression in the conparative exanple, while
a clear| Y0P lbl e inpression in the practical exanple, that is, the bonding

Strength of tnEeGHRALAG 38 hife 11 the T eraiTd WP eralh I he hondi ng
wires 11honded Q! Q‘é1ﬁe§E§CBbM9eHV‘€bV§aEEa§a§UsExiﬁﬁé‘cSe42 thatsreeepr ovi ded

in the practical example than in the comparative example. That
is, the deformation area 11lb of each initial ball 11la due to

10 bonding is smaller in the practical example than 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 deformation area 1llb of each
initial ball 1lla to be reduced when the initial ball 1la is

15 bonded 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 practicai example)

25 - Duration of ultrasonic vibration: 4ms,

- Load on the capillary: 50gf,

Duration of loading: Tms,

Scrubbing motion: spiral with a maximum diameter of Spm and

frequency of 350Hz by 3 revolutions, and

M)
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on the sem conductor device 1 were neasured. It is noted that the nunber of
measurenents was twel ve, corresponding to the nunber of |ead surfaces 4
provi ded on the seni conductor device 1. [0077] FIG 15 shows the
tensile strength of the bonding wires 11 as a result of evaluation of the
practical and conparative 5 exanples under the foregoing conditions. It is
noted that in FIG 15, "Bonding wdth" represents the width of each bondi ng
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" rept&eite (RIRFERA TR VRIS anong the neasured paraneters, "M n"
represents @%E?&H'Bf“dfﬂfg%6ﬂ§€“b£6¥%€?ﬁﬁyr@ﬁ%Para”Eter51 " Ave”

represents the average value of the nmeasured paraneters, and "a" represents

t he standarg dedatdan dariaiden)sodH078] 15Referring to FIG 15, it is
found that the tensile strength in the practical exanple is approxi mately
t he sane -auddeati dm dthd ceahipag atime, exanple. As a result, it can be

concluded that in the practical exanple, spirally rotating %?e apillary 12
for s&rubbiSegusbtingnmations LABSBSNHARG i PeXinuwdolepubdt %@}Yp@ ad
surface 4 to be cut reliably with | ess reduction in the tensile strength of
t he bonm%ﬁfQMQ%;li. [0079] Thus, in accordance with the w re-bondi ng
apparatu%OH% nd t he bunp-bondi ng apparatus 30 according to the 25

above- described enbodi nents, when the initial ball hais in

FIG. l4(a) is a close-up photo of lead surfaces in the
comparative example and FIG. 14 (b) is a close-up photo of lead
10 surfaces in the practical example. In FIGs. 14({a} and 14 (b},
lead surfaces 4 are arranged around a semiconductor device 1.
In each close-up photo, wide strips extending vertically,
horizontally, and obliquely correspond to the respective lead
surfaces 4, the center circle on each lead surface 4 corresponds
i5 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 from the comparison between FI1Gs.
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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pressure contact with the pad surface 2, 8 of the sem conductor device 1,
7, rotating the capillary 12 causes the pad surface 2, 8 and the initial
ball Ila to be rubbed together while in pressure contact with each other
and thereby the initial ball ha to be bonded to the pad surface 2, 8. In
this case, spirally rotating the capillary 12 allows the force applied to
the initial ball ha to be converged toward the center of rotation and
thereby the time and di stance where the pad surface 2, 8 5 and the initial
ball ha are rubbed together at the maxi num di aneter to be reduced while
bei ng sedured sufficiently. This allows the deformation area Il b of the
initial ?@hl7 a fornmed due to the novenent of the capillary 12 to be
reduced, gr by the accuracy of bonding can be inproved and the pad pitch

10 serving as Fhe 0f Stanse heloveenstile padesythasesid bdndiag Rereeduced.
[ 0080] Specifying the position where the initial ball ha conmes into

cont act wilt Astdhe-pad tswirf aceldatBoasofl tlhed errerde qedsisnidonpmpsrepiival | y
rotating the capillary 12 while increasing the dianmeter of the spiral, and
t her eaf t exagpiliesl hpdest the rp ndge gupidomadyE ipnsphi T& FadiRied HRe dPanmet er

of the spiral to recover the reference sition al]ows.the et ween t he
posi t i on%\%ﬁer &°1 heBIHIR AW i I ,qegriessegar%éhfe Vh‘ti%hp?fe%"ﬁ:lhg%gﬁg&Bﬁt act
with the pa r 8 kL ‘ tw iRt ha is
bonded tggg%eiggégéﬁ? 5%%e%ggbﬁggdggé¥géggéﬁbga'|s&gpﬁgdéiskggggkﬁracy of

bondi ng t@hedewiihehe itaHHvEd sardnihd patiH Bnseny woras. 1 bendist ance
bet ween the pad surfaces 2, 8, to be further reduced. 25[0081] I n

accor dange waich tleedwisuefhardidng AMpaf atresréeatsotdiengakomume vhilust
enbodi nent, when the capillary 12 and the bonding wire 11 inserted through
the ¢@pi kinang theameasHrplepatpBeteFtact Mt h TERE SSERE Ss Eald NATHR t he
substrate 3, the bonding wire 1é is bonded to the lead surégge 4. and

n

pl aced b&deén AT ??ﬁ??sffe FAREGERF surt See 2°PHTBE"Elit hen
spirally tat; tengaﬁg% SfpfﬂéQ%¥ﬁ%%¥%@ﬁ§§§hﬁé%éf§¥ﬂddd“WB”lgeerQ%n%%bbed

spirally on"the I'ead surface n pressure
the standard deviation (variation}.
[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. BAs 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

75 above-described embodiments, when the initial ball 1lla is in
pressure contact with the pad surface 2, 8 of the semiconductor
device 1, 7, rotating the capillary 12 causes the pad surface

2, 8 and the initial ball 1la to be rubbed together while in

pressure contact with each other and thereby the initial ball
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5 contact with each other, whereby the bonding wire 11 can be cut reliably
with a reduced possibility of cutting error. [0082] Speci fying the
position where the capillary 12 and the bonding wire 11 cone into contact
with the lead surface 4 as 10 a reference position, spirally rotating the
capillary 12 while increasing the dianeter of the spiral, and thereafter
spirally rotating the capillary 12 while reducing the dianmeter of the
spiral to recover the reference position allows the gap between the

position where the capilla 12 s brou LNt L u 5 t W th
the | ead S FE&E B° ﬁgdttt?e{:%Sﬁaﬁ Bﬁrg?cgg‘i lF}n‘)r g%rgitgﬁ%p#gg)sd%tg c‘)Lor’l:rzli e | ead
surface : pi i I i S ceRt agt terewi th
to be reﬁﬁ%eggl#ﬂﬁgﬁgl%%%gi¥ﬁ%§ag%u?gggggi1%3%3?ﬁ5@§03%§l%%?t%er i mproved
and the |gad it 8R11t hea disbanesnbetysercdhierd ead suntaeest 4otlax 126 be
further reduced. [0083] The present I1nvention is not restricted to the

pr ef er r echrefrinogiment $heesdmebeddhéietahoeevharehbughradhessefaddihg ot i on
is asinple spiral rotation of the capillary 12 in the 25 above .description

of thé erssHithantigiitial khaldad surmscawpbey drdqatd9edd i FEEFYS f or ned
i ly). i i p havi det er m ned. wi dt . i .

 etotor ARG boibectune ] Ff Bl SEauted SA B SILEDEY  Nihis
flatt e“e%:ﬁgﬂ@ftfh%' 88%0&1‘&1&%559&%9&1@; oextiensian i¢fi Hhe1parh swhace 2, 8

or the |'ead surface as shown in FIGs. 16 and 17, for exanple. That is,
the capild@ Y ol2heahendot atfedheptdpl 1 yaal am tanbel tépsesdaviireg«byt ong

axis in the direction of extension of the pad surface 2, 8 or the |lead .
surface 4lndaecshary afi bonding can be improved and the pad pitch
10 serving as the distance between the pad surfaces 2, B, can be
reduced.
[00801
Specifying the position where the initial ball 11a 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 lla is brought into pressure
20 contact with the pad surface 2, 8 and the position where the
initial ball 11la 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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S in the direction perpendicular to the direction of extension. FIG 16(a)
illustrates a novenent trajectory of the capillary when rotated spirally in
an obliquely flattened nanner and FIG 16(b) illustrates a command position
for driving the X-axis linear notor and the Y-axis linear notor in the case
of FIG 10 16(a). FIG 17(a) illustrates a novenent trajectory of the
capillary when rotated spirally in a laterally flattened manner and FIG
17(b) illustrates a conmand position for driving the X-axis |inear notor

and the Y-axis linear nmotor in th f EFIG, 17 :

of t b?ngi et Hﬁlﬁﬁpﬂi m;—“lﬁaﬂ llr?ngB%Fﬁgggaﬁl% &Fﬁé"céug?‘)"ﬁ?lg Lagloc?&i“’]l %éitr Selgaisg
rotate ira n aflatten i i i

Lhe pad e shBgRnytqAaTE RIS Beodddds e ha b P o

be bonded, 1;q {e, RAd $ULLAERe2caSi 1 Pabg BECOmBREntRE topiheashaye tef the
pad surfaé%. 'Ig}r;ﬂ'ﬁ(s al Iaomélfg?heeac%lﬁ%acil/ %f bonollli ng to be@?npr%vggpiven for

the pad o faghed SHexdendiag theabyadi sectaon. 4l whidet iasprassutte case
of bonding the bonding wire 11 to the |lead surface 4, the capillary 12 is
rotat 6d 2ereEatalvith rearlf |etheamevhaiiniyr doRPIHOH e ildn G && ensi on

of the lead surface 4, which allows the shape,of ap i i f. th
capi | | ar y¥ui2 5316l Wtk e ’F%%‘&C%‘ar?%%%ylﬁffﬁt%eogclggﬁ%gé; g%r 6t hg shape
of the Ie[aocb@.llrface 4. This also

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
spiraltorecoverthereferencepositionallowsthegapketween
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, if 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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allows the accuracy of bonding to be inproved even for the |lead surface 4
extending in any direction. [0085] Al t hough the capillary 12 is
rotated spirally three revolutions as a scrubbing notion in the above
description of 5 the enbodi nents, any nunber of revol utions can be adopted
and there is no particular Iimtation on the nunber of revolutions for the
rotation with diameter increase, at the maxi numdianmeter, and with di aneter
reducti on. However, the revolution at the maxi numdi aneter is preferably

Ol One ik nO R SYERL" dET ShARY! o0 PEER. 116 Ao U A KB, | 2

from exp resent "invention’is applicable to
bondi ng Wafdé’,s%é haty, Perd py m bordhngeonbeadcboRg g 11§ galorgich 15 as a
sem conductor devi ce. [&687] It should be appreciated that the
present idedeOmawimpta llighd etk irhe hemaddiesmiten s erdtived iabowd, and

ot her nodifications can be nade to the apparatus and the nmethod 20

descri bedrabeesl wintfane dopd tdmg-He qucﬁ@%@p?@ o Kk § MRS ariss

defi ned by the appended cl ai ) ]
devi cé Zﬁéatggrggggction_pergghdigﬁzg%ﬁﬁ?tﬁgygﬁéégtggg%§ é% égg?gﬂﬁonductor

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-axzis linear motor
in the case of FIG. 17{(a).
15 [0084]
In the case of bonding the initial ball 1la 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 lla
20 to be bonded to the pad suxrface 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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3Substrate 4Lead surface 6Substrate 7Sem conductor device 8Pad surface

10Wre-bondi ng apparatus 11Bonding wire 5 halnitial ball |ib Deformation
area 12Capillary 13U trasonic horn 14Bondi ng arm 10 15Bondi ng head 16Arm
drive notor 17Bondi ng stage

surface 4 extending in any direction.
[0085]
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 11b 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 to the apparatus and the method

20 described above without departing from the scope of the

invention as defined by the appended claims.

REFERENCE NUMERALS

[0088]
25 1 Semiconductor device
2 Pad surface
3 Substrate
4 Lead surface
6 Substrate
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18Movenent nechani sm 18a X-axis |linear notor 15 18b Y-axis |inear notor
20Control unit 21Armdrive notor |/F 22U trasonic horn I/F 23X-axis |inear
notor I/F 20 24Y-axis linear notor |/F 25l nput unit 26Qutput unit 27Menory
28CPU 25 30Bunp- bondi ng apparatus 40Control unit OReference position

7 Semiconductor device

8 Pad surface

10 Wire-bonding apparatus
11 Bonding wire

5 1la Initial baill
11b Deformation area
12 Capillary
13 Ultrasonic horn
14 Bonding arm

10 15 Bonding head

16 Arm drive motor
17 Bonding stage
18 Movement mechanism

18a X-axlis linear motor

15 18b Y-axis linear motor

20 Control 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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CLAIMS 1. A nethod of manufacturing a sem conductor device conprising: a

step of preparing a bondi ng apparatus conpri sing: a bondi ng
stage on which a bonding target with a pad surface provided thereon is
pl aced; a capillary through which a bonding wire with an
initial ball fornmed at a tip end t H2kAMMSi s i nserted; and a

control unit having pressure contact neans for bringing the initial ball
into pressure contact with the pad surface of the bonding target placed on
t he bondi ng stage and scrubbi ng neans for spirally rotating the capillary

0 a dig ect Lo dRRiPaniantiiaiuity & enfbofildatdlicdbanpHsRgon Lhe initial

ball whén the i I pressure contact wth the pad surface;

a pressure contact step.of_ controll.i e .e contact neans based on
a command fPo#??f?zpfi%?ﬁorfr@a%ﬂpﬁ'@nééﬁa%ncﬂ%ﬁéﬁ%%ar atus to bring the
initial ball forned at the tip end of .the, bondin ire that .is inserted

t hrough the capi @ %?W'F&ﬁ@%@%@ﬂ?@ adanging %rgﬂlqyw&adaqﬁéwﬁ%gmgfd’e[cﬁe
bondi ng target placed on the bondi ng stage; and a scrubbing step of
cont r olthénegntitplamedubbi ng means based on a command fromthe control unit in
t he bondi ng apparatus to spirally rotate the capillary in a direction

per pendi cul ar t o 4 eapitkryethtougyh whichra bsndimgowire néthi an initidl bedl formedrattehe
initial ball is in pressure contact with the pad surface. 2. The nethod of

manuf a({@%ﬂd‘%e’f‘eéﬁmwt&ﬁﬂ_ device according to claim1, wherein the

scrubbing step conprises specifying the position where the initial ball 37
cones into contag i ] : (o itigiPhapl |y
rotating the capi# ?éﬁ'{/&fm% ?ﬁ%@gﬁggﬁﬁgFﬁ%ﬁﬁ?[‘ggﬁﬁg@g@?ﬁg tﬁe
dianeter of the spiral, and thereafter spifally rotatin he capil |

While nEeuBraRUhEomactarly e pRR Liack of i hastt 1Aide} dafdfion e
position. 3. The nethod of manufacturing a sem conductqr device according
to cl aibanding\stags and iserubbing eanss fas sriGiHy retatiag thgsarillay Ja@ digfie has
an extended shape, spirally rotating the capillary in a flattened manner

al ong tgerpendieclar ¢ thé direttiors ob pressurdnenithe ipitiaf bakk when. the ibdiabioaly is in
apparatus conpri si ng: a bonding stage on which a bonding target wth
a pad ieane dUnkydtdath thagiRPsurfsee?! aced;

a pressure contact step of controliing the pressure contact means based on a
command from the control unit in the bonding apparatus to bring 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 bonding
stage; and

a scrubbing step of controlling the scrubbing means based on a command
from the control unit in the bonding apparatus to spirally rotate 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.

2. The method of manufacturing a semiconductor device according to claim 1,
wherein the scrubbing step comprises specifying the position where the initial ball
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a capillary through which a bonding wire with an initial ball forned at a
tip end thereof is inserted; and a control unit having 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 scrubbi ng
nmeans &emespnictbmatbwithithg padesursme dsayreferencelipositihpapipaityprotating.ther t o
the direction of pressure on the initial ball when the initial ball is in

press urcgagta@}r ﬁgin i RefblepcBasbshidr whRe indreadingehs iambterasiuheabiral, rpda

sem con evice conprising: a step of preparing a bondi ng apparat us

conpri i ng; . . i a
Tead s dqigetepsappl:pipldh 435 CaBan, e RAULIE R SARKGESC! MOSbr 0"
bondi n? wire is itnserted' .and a control unit having pressure
cont acterRuandhe 57efFNGe R he capillary and the bonding wire inserted

t hrough the capillary into pressure contact wth the | ead surface of the
bondi ng target placed on the bondi ng stage and scrubbing neans for spirally
rotating the capillary in a direction perpendicular to the direction of
pressurde on THeemzdipod oAnyamifecturing a apimicenducter devige @ssarding éxckadm §i t h
the | ead surface; a pressure contact step of controlling the pressure

cont actyHeEramstheasepsbiifg atepPoomprsés, avhdhthecpad soffacenhiis an extendsoihshapg,
apparatus to bring the capillary with the bonding wire inserted

t heret yr h j | i dMethet Ridf lextansidit ef

pr essuggﬂgg)ﬁ{éggﬁnéﬁf%ta?ﬁgé&gg\? gﬁt} r;é?gﬁfg]‘?ﬁtehgf bondiendig'%tcgraget pl aced on the
bondi ng stage; I_f'amd a scrubbing step of controlling the scrubbing
means BA8EFISMMECEonmand from the control unit in the bondi ng apparatus to
spirally rotate the capillary in a direction perpendicular to the direction
of pressure on the capillary when the capillary is in pressure contact with
the | ead surface. 6. The nmethod of manufacturing a sem conductor device
accor didg t A bbadimgBppanaiugicompisingr ubbi ng step conprises specifying the
position where the capillary conmes into contact with the |ead surface as a
ref erence pasidondihg $figealonywhighati bgnding taaget Mathy af padn surtacee pravidese
position while increasing the dianmeter of the spiral, and thereafter

spirall i he capillary while reducing the dianeter of the spiral
to recgﬁgﬁ&{nﬁ% pLljﬁ‘(:"tedr?ence posi ti on. 7. The nmethod of manufacturing a

sem conduct qr ' rdi Al oy i t
conpri ses, \&8%&%@%3% s\&b ac%agﬁgé!ﬂgn%lgwgﬁga@@#gggp?TQ{)HP%FF?/ t?ofrgd[i ng
the capillary jn a flattened manner along the direction of extension of the
| ead sdhemadls '@?“ﬁdbﬁ'ﬁﬁji ng apparatus conpri sing:

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 initial ball when the initial ball is in

pressure contact with the pad surface.

5. A method of manufacturing a semiconductor device comprising:
a step of preparing a bonding apparatus comprising:
a bonding stage on which a bonding target with a lead surface provided
thereon is placed,

38



a bondi ng stage on which a bonding target with a | ead surface provided
thereon is placed; a capillary through which a bonding wire is inserted;
and a control unit having pressure contact nmeans for bringing the
capillary and the bonding wire inserted through the capillary into pressure

contact with the deqiifytiraoughadhittha Bumithigyireds geterieidaend on the bondi ng
stage and scrubbing neans for spirally rotating the capillary in a

CheCon? 1 By P SR AR pre e AR s Bram i swthbtary
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 controlling the pressure contact means based on a
command from the control unit in the bonding apparatus to bring the capiliary with
the bonding wire 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; and

a scrubbing step of controlling the scrubbing means based on a command
from the control unit in the bonding apparatus to spirally rotate 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.

6. The method of manufacturing a semiconductor device according to claim 3,
wherein the scrubbing step comprises specifying the position where the capillary
comes into contact 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.
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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 on which a bonding target with a lead surface provided
thereon is placed;

a capillary through which a bonding wire is inserted; 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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