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SEM CONDUCTOR DEVI CE, AND 5 SEM CONDUCTOR DEVI CE FABRI CATI NG2fiviayg004
BACKGROUND OF THE | NVENTI ON The present invention relates to a '
sem conductor elenment in which a bunp is fornmed on an el ectrode of the

sem conduct or el enment by a bal

thin wire (wire), that is, a method of form ng a bunp electrode on an IC
el ectrode, a nethod of fabricating :.the sem conductor elenent, a

sem conduct or device fabricated with the sed conductor el enent and a nethod
of fabricating the sem conductor device. 15 In recent years, electronic

equi prent has been devel oped to have &PEGAPAERATIPNe, a |ight weight and a
his _has _also_required el ectronic conponents to have a

egxfiﬁtéaeTﬁﬁtIﬁHENEIﬂNgh function. Fromthis point of view,

hi gh h function

conpact si ze,

ol ovant 1o the pr oouRt RVRRERER. HENBHA 6P REPRBRCR0= BLREEsE i e

bonding Lechm aue | iagtlnToRTRLRedrol oL 0L BN rBUTBoghest 1 adey on an |
described bel ow wit hsipf @5RBGETOR bRFTCE2falRY RIOR2MatiaY nos.
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BACKGROUND OF THE INVENTION

The present invention relates to e semiconductor
element in which a bump is formed on aﬁ electrode of the
semiconductor element by a ball bonding method or the like
using a metal thin wire (Wire), that is, a method of
forming a'bump electrode on an IC electrode, a method of

fabricating :the semiconductor element, a semiconductor

bondi ng nmethod or the like 10 using a netaL

C
be

device fabricated with the semiconductor element and a

method of fabricating the semiconductor device.

In recent years, electronic equipment has been

deve;oped to have a compact size, a light weight and a high

function, and this has also required electronic components
to have a eompact size, a-light weight and a high function.
From this point of view, in regard to a method of forming
a bump electrode on an IC electrode relevant to the present
invention, a mounting method by means of a wire bonding
technique is used.

The method of forming a bump electrode on an IC
electrode by the aforementioned prior art wire bonding

technique will be described below with reference to the



Figs . 17A-17D show schematic views of a prior art bunp el ectrode formng
method. In the figure are-shown an Au wire 101, an Au ball 1g§, gﬁqging
capillary 103, an IC 5 el ectrode 104 on a bhoard 170, a ball: A%g% I on
10S and a bunp el ectrode 106. The nethod of form ng the bunp el ectrode on
the 1C electrode will be described next. In Fig. 17A, the Au ball 102
formed at the tip 10 end of the Au wire 101 is supplied onto the IC

el ectrode 104 as shown in Fig. 17B and bonded onto the I C el ectrode 104 by
t he bonding capillary 103. Subsequently, ;hg bondi ng capillary 103 noves
up, sideway and then downward, thereby connéecting the Au wire to the bal
bond portion 1%? %g shown in Fig. 17C. Subsequently, the capillary 103
noves up and cu he~“Au wire 101, thereby formng a bunp electrode as

shown in Fig: 17D. That !ﬁbqga.haﬂhq% QRELALEARNLS 1 eFeLiBedebel oW b P art

b
detail. A nethod of formn bunp on a sem conductor 20 el enent” by a prior

art ball bondi Bgmﬁrfte?i%meafr&trmg; e taRiNECinNG HA & iSRFL QI Ewn an

el enent provided With the bunp are disclosed in United States Patent No.
4661192 . The mpt hode wohl, ba Sessalbedo2 Ass YowWidd i 118A, ) gin IC
vol tage of several 25 thousand volts is applied froma torch 160 which
serves as 5 26eVeyt20k -1t on  Ssdardel 2b pcaripdelt bohliepbirpiend 1Bl aawd a
wire 101 protruding fromthe tip end of a capillary 103. By the application
of this high val bagg, ellertdade 1006 cones to be increased in tenperature and
melted fromthe tip end 10la 5 while a discharge current is flow ng between
the torch 160 and the wi rthe inetdwt 190 afoxninhathe banp- shagsyome tagd the
portion as showmn in Fig. 18Bis forned. After the ball 102 is fornmed, the
capillary 103 K€ edesdnisien widk e steseoir@t®exel enent side, so that the
ball 102 is nmade to 10 abut against an el ectrode _104 of the sem conductor

el ement 170. By further rdviFig dowhRrt hEheapi Pady AP FeFedspbcthto G
ball .102 that has abutted agai nst the el ectrode 104, the gall 102 i s bonded
to the el &tro88d @£ Fhe tMe Warg 101 is supplied onto the IC electrode

104 as shown in Fig. 17B and bonded onto the IC electrode
104 by the‘;bonding capillary 103. Subsequently, - the
bonding capillary 103 moves up, sideway and then downward,
thereby connecting thé Au wire to the ball bond portion 105
15 as shown in Fig. 17C. Subsequently, the capillary 103
moves up and cut the Au wire 101, thereby forming a bump
| electrode as shown in Fig. 17D.

That is, the above operation is described below
in detail. A method of forming a bump on a semiconductor
20 element by é prior art ball bonding method and a method of
connecting the semiconductor element provided with the bump
are disclosed in United States Patent No. 4661192. The

methods will be described.

As shown in Fig. 18A, a high voltage of several

25 thousand volts is applied from a torch 160 which serves as




102 is formed by the tip end portion 103a of the capillary 15 103, so that
a bunp base portion 8 as shown in Fig. 18Cis forned. Next, gg ho&g An
Fig. 18D, by moving up thé capillary 103 to the side opposit &0t\ay KEO

sem conductor - elenent while clanmping the wire 10l:" by nmeans of the
capillary 103, the wire 10l is torn off in the vicinity of 20 the bunp base
portion 8, thereby formng a bunp 30 on the el ectrode 104 of the

sem conductor elenment 170. Consequently, a protruding portion 30a is forned
upright on the bunp base portion 8 of the bunp 30 as shown in Fig. 18D. 25
In the sem conductor elenent | where the bubp-30 26 May 2004 - 4 is thus
formed on the el ectrode 104, as shown in Fig. 19A the bunp 30 is pressed
agai nst a baseamtisydrdr@d ehewhiolea tid athesurimcendladlila faf nedwize tHat a .
bunmp 31 having a flat surface 3la farmed by flattening the protruding 5
portion 30a isprotmedigubSeomenhey tizs asbwpf i @ Frgillegy tIR3 bunBy3the
having the flat surface 3la is brought in _contact with a conductive

adhesi ve 18 forped ioatd ot afe s hiwr a9l tadehs tée Wiga R e 6aMas itk be
adhesive 18 onto the flat surface 3la of the bunp 31 and jts _periphery. 10
Subsequent |y, &&c3RAAES iTFi (EMRKEEBYS ARYNTREEPA HBSTt FBR CtRe® a
onto which the caonductiyve adhesive 18 has been transferred w.th _an

el ectrode 20 oWPd1G et BEHIF FFTHRMS Hegrggﬂwétng g%gh&ﬁﬁrﬁa atift

inst the el ectrc 20, the.b 1.is_bonded.to th 2Q f h
O i evement S0 G PiEal Cidnid  bhTBe: AEo T e L REbE e aPEa Bettad
170 and the ci it. board 19, , i t he,; d
forming ot hod PREtisTo A siouph R Y G \J6ECLE! Ahdal AU (LTI MG02 |

| C el ectrode porti when t h d@igl 1Q%h4 S ; herCarid | ame

103. Consequengﬁy,%gg%gﬁ%mn%?ﬁaF?b. g%g ndq%E%,J%ﬁe%gﬁggyrgden106a, 106b
exhibits an ab Sﬁﬁﬁﬁ?o lRet sedenaRt ehbaba BOhes £5i 4 qddre dd p
end of the Au %ﬁ%gﬁ%)l, cadggﬂﬁﬁ?ﬁgpfggﬁg Fﬁgt the Au BZII 102a cannot be
normal |y f1f medias SRQWA I o &1e20G0db 19UMYERY heF s EHEcMENELENe 1 s2ferithy

o0 e 170. By fﬁrther moving down the capillary 103 with respect
to the ball i02 that has abutted égainst the electrode 104,
the ball 102 is bonded to the electrode 104 and the balli
102 is formed by the tip end porﬁion 103a of the capillary

15 103, so that a bump base portion 8 as shown in Fig. 18C is
formed. Next, as shown in Fig. 18D, by moving up the
ry capillary 103 to the side opposite to the semiconductor.
| element while clamping the wire 101 by means of the
capillary 103, the wire 101 is torn off in the vicinity of
20 the buﬁp base portion 8, thereby forming a bump 30 on the '
electrode 104 of the semiconductor element 170.
Consequently, a protruding portion 30a is formed upright on
the bump base portion 8 of the bump 30 as shown in Fig.
18D.

25 In the semiconductor element 1 where the bump 30



The present invention provides a method of fornming a bunp el ectrode on an
| C el ectrode, conprising: operating a bonding capillary, haviggwa &88illary
holed Wth a chanfered portion at a di scharge end thereof,_a? 8%kP04hond
formng position to forma ball bond portion bonded on an |IC el ectrode
using an end of a wire; . noving the bonding capillary upward with respect
‘to the I1C electrode; 10 noving the bonding capillary sideways- and then
downward with respect to the IC el ectrode; bonding the wire to the ball
bond portion bonded on the IC el ectrode; and cutting the wire, the wire
bei ng prevented fromcoming 15 in contact- vith portions around the bal
bond portion other than the ball bond_portion itself, wherein a_chanfered
angl e of the cH&nftéwed fgsmadorriot henelesprPrgr yO0hol 8Si ShPEBSIPNERT . 887,

degrees to nmake the ball_ bond portign haye a hejght greater_than a djaneter
of the wire, wtf® Fﬁ€¥b9§nﬂ§rPéﬁﬁﬁégvagéénﬁF ?hégﬁﬁa EFEHaboF?iBH HéFgg a
vertex angl e of coni cal _incljned, surface . of an_outer. end o ing. of the
capiIIaryghole?'%ﬂé?%i§P¥$ﬁF%M# aiksbgﬁﬁgadtOSPhégﬁ IP‘%%H&’E%?t?%ﬁlggcﬁ
that no space i i rcunscribed.b he wir n LI o] orij . 26
May 2004 pThe enﬁug%§§ﬁtigﬁa¥L#? m¥%pr8€i§%§%§eﬁé odgg?pf%%%?gadénéunp
el ectrode: an | C.el ectyrode, i sidg- i.ng NG -Capil | ,
having a C}Bi I ;ggrrg;hogf étog \%Igt ﬁg‘g‘ﬂgﬁémég%esd gorr?-'l[l n aa'% %(?%?)sne%gr ggbéngéﬁ'
thereof, at a hald HoRd har Mag: AOSLLLOTE L 1 oh8kachaldibond maidid bepded

on an IC_eIectro'e using an en a wire; noving the bonding capillary
upward with re%l%%f‘ttacttovﬁi*&gl LG 6hEGLE 2GE: adilsi vOVi NG dhedondacapbblaky,

si deways and then downward with respect to the IC el ectrode bonding the

wire to the balhdhend, porddofehonded-wa tbaduérevectopdeivand cubitagehbe
wire, the wire being prevented fromcomng 15 in contact with portions

around t he bal If1kend speithicen stherof harhé héuwad | 31bonddpottsonpet sphéry.
wherein a chanfer diameter of the chanfered portion of the capillary hole
i s greater.a hasubsdicarattdry ,ofast browal inboigl. pHQ,i oy, ahighingeichpofstion
diameter of the chanfered portion being a dianmeter 20 of an outer end.
openi ng of t he té@pibiumgr Blhoheo whérbi hheheonduetivepadbedive Lhehpal bepond
portion such that no space is circunscribed by the wire and ball bond
portion. transferred with an electrode 20 on a circuilt board 19 and
thefeaftef'making'the bump 31 abut against the electrode
20, the bump 31 is bonded to the electrode 20 for the
15 - achievement of electrical connection "between - the
semiconductor element 170 and the circuit board 19.

. ~ However, acéording to the bump electrode forming
method as described above, the Au wire 101 comes in contact -
with the IC electrode portion 104 when the Au wire 101 is

20 cut by the éapillary 103. Consequenﬁly, as shown in Fig.
20A and 20B, the electrode 106a, 106b exhibits an abnormal
shape and an IC electrode material adheres to the tip end
of the Au wire 101, causing the issue that the Au ball 102a

cannot be normally formed as shown in Fig. 20C.

25 SUMMARY OF THE INVENTION



26 May 2004 According to a rel ated enbodi nent, there is provided a nethod
of formng a bunp electrode on an I C el ectrode conprising: formng_a ball
bond portion on an IC electrode 5 by a wire bondi ng appar at us? f ggup a
bondi ng capillary; noving the banding capillary sideway and then downward;
bonding a wire to a ball bond portion; and cutting the wire, the wire being
prevented fromcomng in contact wwth a periphery of the ball bond portion
except for the ball bond 10 portion by setting a chanfer dianeter of the
bondi ng capillary greater than a dianeter of the ball bond. .According to a
rel ated enbodi nent, there is provided a nethod of form ng a bunp el ectrode
on an | C el ectrode 1S conprising: formngsa ball band portion on an IC

el ectrode by a wire bondi ng apparatus; noving up a bonding capillary;

novi ng the bonding capillary sideway and then downward; bonding a wire to a
bal | bond portion; and cutting the wire, the wire being prevented from
comng in contact with a 20 periphery of the ball bond portion except for
the ball bond porfticorptBsandki hgvantien epgopbddes or otethrdurér fogaing a
portion of the bandi pLlLl ary-ha r Is ss for concentration
of a cutti nfﬁmﬁgg%c%ggﬁ% E#e‘ %&t%?n%fes altg%%e' %%8&’%&%"“%04 _g_ According to
a rel ated enbodi mpetratihgre bengingi degidlaxy hodawving oz ntapl bldnpholed

el ectrode; on . | C electrode conptising: fogi a b ti an
| C el ect rodé’ r}bya acbma?%eﬁ%ndPﬁgg%éarggt tf{s;é%gbé\}?ar%{pé%dbgﬁ F%§£tagfql %;r y; .
movi ng the heildi njondpifdmaringsi dewayiand ttchefotwwmankayllbobhdndg memtiicar t 0 a

bal |l bond portion; and _cufti the.wre, Lr.e _beLng.prevented from
comi ng in, g’é’ﬁ’tde?g’( ORi £ g&p%ygf)%@??e O?S%W%g%‘a\léﬁdbggdhpg%?lébh except for the
bal I bond 10 por tnboiinhycEet bonding aagiEl sy timawamh wittlerrgspdicys ygorthieon of
t he bondi ng_capi,l |l ary.is brought in uniformcontact with a slope of the
bal | bond pJ'Ft F&ﬁ.ctﬁ§é'8fdi ng to a related enbodi ment, there is provided a

| S net horh of forfbRgna bhepPbeh@Lhg odep DIl sy 743 devegtsr cdeld admgr ikiwnyard
form ng a ball bond portion on an I.C el ectrode by a wire bondi ng appar at us;
novi ng up awﬂt’iﬁdi’:ﬁﬁpg‘éﬁ??a’?l@‘ﬁ ﬁ%\ﬁﬁ%’l‘?@eﬁondi ng capillary sideway and

t hen downward; bpsHiNgy aché reitd to bethé Hmd Heeid ipw¥tiand beuidedngnt kRew r e,
20 the wire_being preyented fromcomng in contact with a periphery of the
bal | bond péft F&ﬁcgﬁe Bt 3 the ball bond portion by bringing the bonding
capillary in contaetingtfhéheivel erpBowera GRANSI pFekenesdofribhe cbalhgbond
portion. 25 Accordi ng to a rel ated enbodi ng, %’hﬁée is provided a

seni conddct 8F &PEREARE MATRNPERTLRBS0AECHTfD tBReORFOIECRIY PR LR Othex

protrusi onstasnbendedat D béhe pErelest 108a ON vheridicilid dipimfergdsantase of
a sem conductor el enment. by _the met hod _defi ned i,g an gnﬂe_ of, tEe first to
si xth aspecP§, thRdcsamdesedt RBrpickr asi 5AS SABL ;L?)ﬁ%h OLf &8nt8EF WPER. or

put close 'bg ey RlACt fedane Sahd ChdXli bohaargbriesh t haveernd caagdgstor
el ement is nounted on the circuit board; ) .
greater than a diameter of the wire, with the chamfer angle
20 of the chamfered portion being a vertex angle of a conical
inclined surface of an outer end opening of the capillary
hole,
wherein the wire is bonded to the ball bond portion
such that no space is circumscribed by the wire and ball

25 bond portion.



26 May 2004 -9 According to a related enbodinment, there is provided a

sem conductor elenent in which the bunp el ectrode is bonded gB!hhe b@h

el ectrode on a circuit foam ng surface of a 5 sem conductor ? y the
any one of the nethods described above, said bunp conprising: a first..
protrusion which is conprised of a portion formed by once nelting and
solidifying a wire and its periphery and is bonded to said electrode; and a
second protrusion which is fornmed of an 10 unnelted portion of said w pe
and extended fromsaid first protrusion beyond a planar area defined by
projecting said first protrusion on said electrode to a hei ght

approxi mately equal to that of said firstgprotrusion with respect to said
el ectrode, and said first protrusion and said second 15 protrusion being
brought in contact with or put close to one electrode on said circuit board
when the sem conductor elenent is nmounted on the circuit board. According
to a further related enbodi nent, there is Zgﬁgrovideﬂ a seni conduct or

el enent, wher ei nT8§i JPFEFRRE pridtiardiioR i SUBFRST dRFWIESH Por MEEREAr tPBN

formed by f dig@amBliigde POEELOHe Obn S A N1RRY-cBeGARbInb AL ¥1 85
solidifying the sane and a wire material, Rortlon which is conprised of the
wire in a vicini PpesprtinagdandrnddngodPénlars . e NAFAAEd ¥ AR At dele

portion of saidl fOr BREPOFLd OpodeYENanEl ¥ of; saidbgeeréex paetben, agd honded
to said forne& portion. According to a further related _enbodinent, there is
30 provi dedbaldenberddfaing ereattiomhdiei AC%E . HadineBORSr t(RGF IR a
base portio ed.t 9 saf r dei g9 tion provided
upright on %gpgggagg %gr??g%f%é¥%é§%a%f%z O%nP%%HAggoﬁd?Egéfo a further

rel ated enbodi nemevindetheibopdng deabbl bt cathrd ofitdl SiRERectwWer &he sai d
Wre nateri§b gg%ggggdgxtended downwardly fromsaid vertex portionis 5
bonded to said electrode, instead of said formed portion. According to a
further 10el at ed sabbng meie, hdrd ecapiplavy ded dewewsi cordluthen alamaard
wherein saigiéﬁcggg Js) 9té$ﬁﬁ#§lﬁ¥%ﬁﬂgﬁr%8@ard an outer end surface side of
said 10 sem' conducior el ement. it hout exceédi ng said outer end surface.
According to a fhonding reétatwicettmdihehall fkond ippgiion dogdgd on the

sem conduct e n \ in said second 15 protrusion extends outwardly
of said sen?éo%%%%?%éd%rgﬁéﬁt beyond an outer end surface of said

sem conduct or el @neining Acioer ding, t bha Wirehbeingl greveshbddifment comiage is
DL 0Vt Se52, STLSALHNEL 2558 BURDLcchSLELN, 2844 LA p2ebeLkysloneaRd ool d
portions ofthéwe ptloérusabhs.bond portion itself, wherein a chamfer
diameter of the chamfered portion of the éapillary hole is
greater than a diameter of the ball bond portion, with the
chamfer diameter of the chamfered portion being a diameter
. 20 of an outer end opening of the capillary hole,
wherein the wire is bonded to the ball bond portion

such that no space is circumscribed by the wire and ball

bond portion.




According to a further related enbodi nent, there is provided a

sem conductor device in which an electrode on a 25 circuit boag\ﬁ aga %ai d
bunp of the sem conductor el enent are electrically connect ed26Mayueh0%¢ her .
According to a further related enbodi nent, there is provided, a nethod of
fabricating a sem conductor elenent in 30 which the bunp electrode is
bonded to the I1C electrode on a circuit formng surface of the

sem conductor el enment by any one of the methods descri bed above,
conprising: formng s 26 May 2004 -11. first protrusion which is
conprised of a portion fornmed by solidifying a nelted portion of a wire and
its periphery and is bonded to said el ecty.ode; and form ng a second
protrusion which is fornmed of an unnelted portion of said wire and 5
extended fromsaid first protrusion beyond a planar area defined by
projecting said first protrusion on said electrode to a hei ght

approxi mately equal to that of said first protrusion with respect to said
el ectrode, wher eBycerdiingi tet apmelagsdosmindingnt. s&bsng peoEreyirdarse
brought 10 in ta 1 Qr. put e AR egro Of~sad i j t
board when ’éﬁgém %%n\#u%{q“&?{gel %rre%Jt’lﬂﬁs érrfnéunte on%%heggi rf:%i fél%cgtrrcrj@
Accor di ng t ecaptisiher Fermird entradilndmnd tpertElan ¢ proCdalertF®dfod of

fabricati.ng,a senm.conduct el 1eLel ai.d fjr rQf risis LS.

f ormed byc' fBVmané”ltrﬁe%r?éjlétiég ﬁggﬁr}%ﬁu\g? é‘gf’gn% l#'lg iantbg;r%d%ﬁ oéré:triel rj'|oao t'i on
by said capinblréing arite eiomddingg thpildaxy i sigdlewayi nkng ofthemi dlavivesd ;

Vertex port PERIERE BORETRGET IR TRTE FO Aot T d R oy el Yo, |
form ng a wehe neiwesi deipgrtposventosbr dirng toomidqr tilmer contaced wihodanment ,
there is 25 provided a ho abri ' a 1 £O0 o

wher ei n sai Bgﬁ'? STt ef i #‘epg?ﬁo%oflﬁsgggégg ggfnggor@%dEg%rFlgg%elmsmgonded
to said el epbroflen Wisy. settthingg r ea metlemiar petiameters fodr mgdhe 3Goadéngdi ng

to a further re|lated enbodi ment, there i royi ded ,a ywet.hod, of fabricating
a sem conduE‘FB?‘lg?’@ﬁe‘?ﬁ?an?t&aﬁl, aaﬁf“@??e?ﬁg ?or%g iboanlrﬁgfbosf%'d f or med

portion. said 26 May 2004 -12 wire continued to said fornmed portion is
bonded after said capji|lary descrjbes_an roximatel v _rectangul a hape in
a pl ane paral | el PG t'iy‘ba‘il HRFRLET oﬁ“‘g‘g%%eré%ﬂ d&?%ﬁreﬁs pB??V%%e%n%n
said first REGKSAUSI ifpri@hgeda Sump electrode on an IC electrode

15 comprising: forming a ball bond portion on an IC electrode
by a wire bonding apparatus; moving up a bonding capillary;
moviné the bonding capillary sideway and then downward;
bonding a wire to a ball bond portion; and cutting the wire,
the wire being prevented from coming in contact with a

20 periphery of the ball bond portion except for the ball bond
portion by making a tip end portion of an outer radius
portion of the bonding capillary have a tapered thickness

for concentration of a cutting force in a wire cutting

stage.



| ~ccording to a further rel ated enbodi nent, there is provided a nethod of
fabricating a sem conductor elenent, wherein, a region of said wr
recrystallized by heat has a |l ength extending to an end of saﬁdwgéggQﬁ
protrusion when 10 said nelted portion is formed. According to a further
rel ated enbodi nent, there is provided a nmethod of fabricating a

sem conduct or el enent, wherein the length of said recrystallized region is
15 controlled by an application time of a voltage to be applied to said
wire for the formation of said nelted portion. According to a further

rel ated enbodi nent, there is provided a nmethod of fabricating a

sem conductor el enment, 20 wherein an end gortion of said second protrusion
extends to the peripheral side of said sem conductor el enent when said
second protrusion is fornmed. According to a further rel ated enbodi nent,
there is 25 provided a nethod of fabricating a sem conductor el enent,
wherein an end portion of said second protrusion extends beyond the

peri phery of sai @écsemdépgdbet gr xdlamest aTodEeHG: sithersf igaiRFovided a

sem conduct l.ame jd_se P i i faRmede AgcudidygL to a
further reIaeggoghbggiﬁgﬁﬂ?ﬁﬁ%efﬁ ?gagprég%%%%&gpnethod of fabricating a
sem conduct eempréseng; fo2@ingy a2l I3onhepefrfier bowp ahaiih e edtrdde st

protrusign agd seend @J&éj{ngi%a{ﬁtw%iﬁgd Y QAR dddi i) ace

portion i's rme a ver ion of each~of “sal I rSt pxotru; sicon and
second prot mosing. Shécdmmdling t oapillathersiddwayedasdbotitemntdowrivans i s

provi ded a thod _of fabricatin sem . devd e i Si
fabricatingggngéﬁ?cgn %g ogoe e%%%% §§A§F§éﬁﬁié§ﬁ;%%?:%35%§§#ﬂ&§51%¥%§’
above; provtHengwireondiciy verdOemcdiksifremat cemtihg ofinsacdntacst wyitdt r @si on
and second protrusion; .and electrically connecti ald_b h
seniconductgFréFgﬁﬁ%tbFoggﬁ %ngtkg 3 éﬁr? 8SCPF§3F€ EgﬁrgggA%%%?dﬁﬁgdto a
further 10el pbedienbbgi senting heneanglé5spr ahadedna ongelrodadi ukalporcabinng a

sem conduct o vi ce gonprising._fabricatin en ¢ tar y a
fabricatingoﬁegﬁ8d Egééggbgapég5%£¥ 6?0%F8¥%§ga§83k 3? g% §8ﬁ§é?§§uéﬁgthe
vertex portaosbopé eficthofbaldi dbohidr pbrpionr usi on and second protrusion;
el ectrically connecting 20 said bunp of the sem conductor el enent to an
el ectrode on the circuit board; and checking the performance of el ectrical

connection bet wegfes@dthpurgp andebated ebrssdddent ortleegoolls oproatidédsa by
Of “sal 4135 RUrAEbn@ict SPRaNERont HEyBha SRS BEPROHETy BT SR deSeREBRRuct or
el ement by &@amsi Hindn EoBgindi £Kbdpld@vhde pcdtion on an IC electrode
by a wire bonding apparatus; moving up a bbnding capillary;
moving the bonding capillary sideway and then downward;
bonding a wire to a ball bond portion; and cutting the wire,
20 the wire being prevented £from coming in contact with a
periphery of the ball bond portion except for the ball bond
portion by bringing the bonding capillary in contact‘with

the wire above a center portion of the ball bond portion.

25 According to a related embodiment, there is provided a
semiconductor element in which the one bump electrode having
two protrusions is bonded to .the IC electrode on a circuit
forming surface of a semiconductor element by the method
defined in any one of the first to sixth aspects, and said

30 two protrusions are brought in contact with or put close to -
one electrode on said circuit board when the semiconductor

element is mounted on the circuit beoard.



26 May 2004 - 14 According to a further related enbodi ment, there is
provided a nethod of fabricating a sem conductor device, whe gi S '&
good-or-bad test of said electrical connection is executed b? 6&%%2h % or
absence of the conductive 5 adhesive based on pick-up inmage information of
said outwardly protrudi ng portion picked up by said i mage pi ck-up devi ce.
According to a further related enbodinent, there is 10 provided a nethod of
fabricating a sem conductor device, wherein said good-bad-test of said

el ectrical connection is executed. by confirmng the operation of said
sem conductor elenent by electrically bringing a contact in contact with
said outwardly protruding portion insteadgof said imge |5 pick-up device.
According to a further related enbodi nent, there is provided a nethod of
fabricating a sem conductor device, wherein confirmation of operation of
sai d sem conductor 20 elenent is executed by a diode characteristic test.

26 May 2004 -15 According to a further related enbodi nment, there s
provi ded a met hodcSPrHABE| 88t EndH aF@F FRAFEMSRtderieEe WieBRY £l &

surface por ge?rﬁ.éoﬁdtjege'?d e3bmbAE Y8 WM ch ROE! iRfPle1RaGr Lle 5@ hdrded

protrusion ar second protrusion before said conductive adhesive is
provi ded, arm@ t hba sk d edesdueteyecndifesiCECHEt preRATHEE oS WEREE| REs @ f ace

porti on. 510 faeardNd.Le d-iurLher 6! ated cahgdimeal, ddengd s uadled a

met hod of fabricating a sem conductof device, Wherein solder is used in
pl ace of saidéscorbedt iamvadhesai@. briph ¢IPTEFGVE-dedcfiFed RIHTEHOR s,

the wire do t i t .. h § pher | S@nd
portion excgé%%gop%wﬁgﬁggﬁggﬁfggg?g 8%%%20 t§°€ﬁ%abgflxggﬁd%%gﬁgﬁgn,'so
that a bunpsellédtifpiegcanwieef aneditn périnient cznd ode. bondgd vy 2004 - 16

BRI BF DESCRLETLOMGE, THRPRWNEnd protrusion which is formed of an

10 unmelted portion of said wire and extended from said first
protrusion bgyond a planar area defined by projecting said
firsﬁ protrusion on ‘said eléctrode to a height approximately
equal to thaf of said first protrusion with respect to said
electrode, and said first protrusion and said second

15 protrusion being brought in contact with or put close to one
electrode on said c¢ircuit board when the semiconductor

element is mounted on the circuit board.

According to a further related embodiment, there is

: 20 provided a semiconductor element, wherein said first
protrusion is provided with a formed portion formed by
forming a melted portion of said wire by a capillary and
solidifying the same and a wire material portion which is
comprised of the wire in a vicinity of said melted portion,

25 externded from a vertex . portion of said formed portion

downwardly of said vertex portion and bonded to said formed

portion.

According te a further related embodiment, there is
30 provided a  semiconductor - element, wherein: said & formed
- portion has a base portion bonded to ‘said electrode and a -

protruding porticn provided upright on said base portion.



These and other features of the present invention will becone clear from
the foll owi ng description taken in S conjunction wth the preferreg

enbodi ments thereof with references to the acconpanying draw?ﬁd@?Y'ﬂoﬁhich:
Figs. 1A, 1B, and 1C are sectional views showing a nethod of form ng a bunp
el ectrode on an I C el ectrode 10 according to an enbodi nent of the present
invention; Figs. 1D is a sectional view show ng the nethod of formng the
bunp .electrode on the IC el ectrode according to the enbodi nent of the
present invention; 1S Fig. 2 is a sectional view of a bonding capillary in
t he enbodinent; Fig. 3Ais a perspective view of a capillary driving 20
device of the enbodinment; Fig. 3B is a thge chart for explaining the
operation of the enbodinent; 2S Fig. 4 is a side view show ng an exanpl e of
the shape of a bunp formed on a sem conductor el enent according to a
sevent h enbodi nent; Figs. 51A, 5B, 5C, 5D, 5E, and 5F are views for 30
expl ai ning the operation of formng the bu as shown in fig. 7; 26 May
2004 -17 Fig. 6 Rscarfiiipgchart aof ferthey i catlraglprotasinemta bEAPTdr WA ded
for a sem condyston ol eURHL AGGOLJLNGILAcAN, Shgbid-erbodl MPits rwta 1S
a side V|empsﬁomnng another exanple o t%e shape of the bunp shown in Fig.
4: Figs. 8Apo@BiofC, ezanendil ardewnwewdlior fexpl daichgvarpescerRrteldmnr 18
form ng sem conduct or . devj ¢ co i.ng . Sep] . £| enent
havi ng t e BURGSUohBWC iR B oo ipas d el ol S g R g P00
showi ng a rel ationship between the size of a vertex portion of a bunp and

t he amount of 15 transfer of a_condugtive bV f.ekr ed. it h unp;
Fig. tois a sié‘é%@%ﬁ‘%f %tonea'b urt{—‘s egmr;élggglé%. 75t \?fﬁ?%ﬁ t eé)% hg'rsbend
of the secopgopL@édusnon semiewdeutoopr oedadent; onwasrend serfidce sefconde
senlConductSLOgLSQEgA;e%gends toward an outer end surface side of said

10 semiconductor element without exceeding said outer end

surface.

According to a further related embodiment, there is
provided a semiconductor element, wherein said second
15 protrusion extends outwardly of said semiconductor element

beyond an outer end surface of said semiconductor element.

According to a further related embodiment, there is
provided a semiconductor element, wherein said first
} 20 protrusion and said second protrusion have respective flat

surface portions at the vertex portions of the protrusions.

According to a further related embodiment, there is
provided a semiconductor device in which an electrode on a
25 circuit board and said bump of the semiconductor element are

electrically connected to each other.

According to a further related embcdiment, there is
provided a method of fabricating a semiconductor element in

30 which the bump electrode is bonded to the IC electrode on a
 eircuit forming surface of the semiconductor element by any

one of the methods described above, comprising: forming a



Fig. 11 is a flowchart of a process for fabricating a sem conductor device
with the sem conductor elenent of a ninth enbodi nent; 25 Fig, 3& a 8 Vi ew
showi ng an exanple of thé nmethod of testing a sem conductor 46 004
fabricated with a sem conductor el enment having the bunmp shown in Fig. 10
Fig. 13 is a view show ng another exanple of the nethod 30. of testing a
sem conductor - device fabricated wth. a sem conductor el enent having the
bunmps shown in Fig. 10; 26 May 2004 -18 Figs. 14A and 14H are views
showi ng the case where bunps are connected to board el ectrodes of a circuit
board by neans of solder in fabricating a sem conductor device with a

sem conduct or elenent of a tenth enbodimgpt; 5 Fig. .15 is a view show ng
the case where the other end of the second protrusion is not extended to
the height of ' the first protrusion in the bump shown in Fig. 7; 10 Fig.

16 is a vi e\fﬁ%‘awgﬁ%t%%l%ﬁs%h\&*&@f & f éé@rﬁéﬁ& 868 hS poditied @orided yp
shown in Fig by nmeans of the board; Fi 17A, 17S, 17C, and 17D are

sect i onal vﬁ@%9d15Yéﬁ6an@eét9¢|BPrE}?Fn%@h%dwbﬁef%ﬁ¢n+ﬁfef?ﬁﬁﬂp%$@6¥F%

on an |1 C el qgt 'i;%&t? ed 85 52181 28Brod8C, a@@dfééaﬁgeavg@a@nd Qr SXRIAIGH NY
the operation of formng a prior art bunp; 20 Figs . 19A 9B, .and 19C are
views for ewplighni¥gy &opmededfi eaflorum@rlﬁﬁﬁ‘g %P%‘é’rﬁfboﬁéucst%}rd d¥iree R

connect i e h 0 b Ci | t
board. - ad BaYSHHEANAIRRE gafa tHHec WL R B il Obegbhad Dol dndy C i

Vi ews shomndgfanedbn¢WWMPnﬂmﬂﬂ§uﬂgaaﬁﬂﬂﬁ)e#t%ﬁ?odErPBFHEHO%n gr said
electrode to a height approximately equal to that of said

first protrusion with respect to said electrode, whereby
said first protrusion and said second protrusion are brought
10 in contact with or put close to one electrede on said

circuit board when the semiconductor element is mounted on

the circuit boaxd.

According to a further related embodiment, there is

15 provided a method of fabricating a semiconductor element,
wherein said first protrusion is formed by forming the
meltéd portion of said wire into the formed portion by said
capillary and extending the wire in a wvicinity of said
melted portion from a vertex portion of said formed portion

20 downwardly of the vertex portion and bonding the wire to

said formed portion, consequently forming a wire material

pextion.

Nccording to a further related embodiment, there 1is
25 provided a method of fabricating a semiconductor element,
wherein said wire material portion instead of said formed

portion is bonded to said electrode when said wire material

portion is formed.
30 - According to ‘a further related embodiment, there is

provided a method of fabricating a semiconductor element,

wherein, after the formation of said formed portion, said



| C el ectrode. 5 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Bef ore
the description of the present invention proceeds, it is to 26 otggoahat

| i ke parts are designated by like reference nuneral s through6ut
acconpanyi ng drawi ngs. 10 First, before preferred enbodi nents of the
present invention is described, schematic aspects of the present invention
are briefly described bel ow According to an aspect of the present
invention, there is provided a bunp el ectrode form ng nmethod 15 conpri si ng:
formng a ball bond portion on an IC el ectrode by a wire bondi ng appar at us
(e.g. a capillary driving device); noving up a bonding capillary; noving

t he bondi ng capillary sideway and-then dagmward; bonding an Au wire to a
ball bond portion; and cutting the Au wire, the Au wire 20 being prevented
fromcomng in contact with the periphery of the ball bond portion except
for the bal lwhandepotinid byo peeset Ebbgea geseeah A@siHdraiedofa At besd ng

capillary to a p05|t|on hi gher than a ball bond formn osition. Wth this
ar r angenent ,S3He ﬁﬁw%?&ﬁeﬁea&%ﬁ%mﬁt& 2§e&5"ﬁ1“%§1‘ Ph EGAPECct™Wi% h

the 1C el ectgdf: ppatiDleRS tpr 65S@drt 1281 VA rdd@4 on 28pohy bhedCafddhad Y
when the Au wire is cut by the capillary. Accordi tqQ an aspect of the

present i nv@RFGRR Fﬁéﬁesﬁédpfbﬁ$%kﬁFQ¥QHﬁhﬂnePécf?%ﬂ@ df or mi ng met hod
conprising: formng a ball bond portion on an IC electrode 5 by the wire

bondi ng apparatus; moving up a _bonding caplllarg movi ng t he bondi ng
capillary si dewa@céﬁad%ﬁ%n owAnat ¢ B dFRy2ER AL?'W?dé“te@ta bt Dori®

portion; angh,eNtleRT £ NRefHol IR £ ALMHEL ReiddhiRioevented fd1emezen ng
in contact with the periphery of the ball bond 10 portion except for t'he

bal | bond p#tereanbyasaeging &Lcikaifewizfgrecsystrélpandi Ry Bapkl Fapy anot
gr eat er tha'ie%gcﬂe%&%%d%@ NG the RBakl Jrongh porthednbayece-Nsi ght wakgat er

than the dianmefer of the AU wire. Wth this arrangenent, the height of the
bal I bond peedidomel sedepontimn 5o fxmedi5 the Au wire can be prevented from
comng in contact wwth the electrode portion when the Au wire is cut by the
bondi.ng capillary. According to an aspect of the present .invention, there

i s provided a bufpcer@irg ode far urfhest hoell 2eed ogposiipgnt § ortrheﬁz*f aipal |

bond porti Opfgoléad' G %@Eﬁé‘@dgfb ght}qc\eau%?boydg@gleeﬂaﬁeéa@ <TR¥EAE, Up a

bondi ng cap ary; noving the bon Ing capilTary sideway and then ownwar d;
bondi ng an wheweir t dha bdlenssbnd qfortﬁmi argcrystahilzene Avegdore, ifde Au

wi re beijg BLEVen] £k TP ST Idh GAMATe W VB1kABPRL! BICLYoPI ANC

to said wire for the formation of said melted portion.

According to a further related embodiment, there is
provided a method of fabricating a semiconductor element,

20 wherein an end portion of said second protrusion extends to
the peripheral side of said semiconductor element when said

second protrusion is formed.

According to a further related embodiment, there is
25 provided a method of fabricating a semiconductor element,
wherein an end portion of said second protrusion extends
beyond the periphery of said semiconductor element to the
outside of said semiconductor element when said second
protrusion is formed.
130

\ccording  to - a further related embodiment, there  is

provided a method of fabricating a. semiconductor element,




26 May 2004 - 21 portion except for the ball bond portion by setting a
chanfer dianeter of the bonding capillary greater than the dianeter 8£ t he
ball bond. Wth this arrangenent, the bonded state of the Au2@iMay 2Q
stabilized, so that the Au 5 wire can be prevented fromconm ng in contact
with the electrode portion when the Au wire is cut by the bonding
capillary. According to an aspect of the present invention, there is

provi ded a bunp el ectrode form ng nethod 10 conprising: formng a ball bond
portion on an I C el ectrode by the wire bonding apparatus; noving up a
bondi ng capillary; noving the bonding capillary sideway and then downward;
bonding an Au wire to a ball bond portiaqnsz.and cutting the Au wire, the Au
wire being prevented from 15 comng in contact with the periphery of the
bal | bond portion except for the ball bond portion by making a tip end

portion of ap oul & Eadwﬁnpq?éxh ofstife bondi ng,.caphldify have getsnered
t hi ckness for concentratron of a cutting force in an Au wire cutting stage.

Wth this 2@arrangerents fdmnotl wind thexqalusy 2 skt Surirey POFeEOnso
that the AuJiI& Gl DECP! gvepbeded! PBANEAYJN Cahachewi bhidNeeirst

el ectrode po’ﬁion inmthe cutting stage. According to an aspect of the
present i nventdtonsicmeradi sepeodi predtyusidiunp el ectrode form ng nmet hod 25
conprising: formng a ball bond portion on an |IC el ectrode 26 May 2004 -
f2 by the wire bonding apparatus; noving up a bonding capillary; noving
t he bondi ng capi ldcapydshdevay andfthemedowsdaced bemebdignent Authere tis a

bal | bond portian; .and cutting t U, W re,.the Au_W. I i r eyant
from5 com r’f"d:qvﬁ%@gnt 5ctm%1'fch‘-‘gt ﬁ?p?ﬁf’ﬁﬁggvy tfes%%ﬁogg{ﬁggggrt%%{l&%cept
for 'the bal ledapid spagti orfdyrisettingg an asghicomdudiair anebetment r i ux

portion of t hondi.ng capil |l ar is)ﬁ{ogh%i.uifr nt.ac ! Q1 ope
of the ball %&%&CBBFPEW&W% desriby ng ove:  Brpeidisd N O#o:‘ﬂ&&éh &
10 adhesive at each of said first protrusion and second
protrusion; and electrically connecting said bump of the

gemiconductor element to an electrode on the circuit board.

According to a further related embodiment, there 1is

15 provided a method of fabricating a semiconductor device
comprising: fabricatimg a semiconductor element by a
fabricating mc-:t:hoci described above; providing a conductor
adhesive at the vertex portions of each of said first
protrusion and second protrusion; electrically connecting

20 said bump of the semiconductor element to an electrode on
the circuit board; and chec¢cking the performance of
electrical connection between said bump and said electrode
for a good-or-bad test by picking up an image of an
outwardly protruding portion extending outwardly of said

25 semiconductor element beyond : the periphery = of said

semiconductor element by means of an image pick-up device.

30



10 bringing the bonding capillary in contact with the Au wire is inproved,
so that the Au wire can be cut in a stabilized state. Accordi to 8
aspect of the present invention, there is provided a bunp elggt e a%rning
met hod 15 conprising: formng a ball bond portion on an IC el ectrode by the
Wi re bondi ng apparatus; noving up a bonding capillary; noving the bonding
capillary sideway and then -downward; bonding an Au wire to a ball bond
portion; and cutting the Au wire, the Au wire being prevented from 20
comng in contact with the periphery of the ball bond portion except for
the ball bond portion by bringing the bonding capillary in contact with the
Au wire above a center portion of the ball#-bond portion. Wth this
arrangenent, the bonding capillary can bond and cut the Au 25 wire in a
stabilized state. 26 May 2004 - 23 Preferred enbodi nents of the present
invention will bacdesgihfetdeonEwtther chelaned tamkbdimerl , andhdre(H4 st
Enbodi nent) Figs.. | A-1C show sectional views of processes, OL 5 a, bu,
el ectrode fBFRVAGeAetModetdesr dPhg HEPTEAEAEP eFb RRTHETOHE PRe F7%
invention, waakeian sAY MR L@k -badprReenic 40N §Dedtgiddl Costirtedticm th
any portion other than the ball bond portion 115 when_the Au wire 101 is
bonded to t A8 b&XECBSRE pbYti BRE33BCe 10°F n FPHR1ICE A- A ke siRpiuard V&,
wire 101 ;s ,0Res8¥@Pa =Rl a M rg‘mi@chﬁﬁ]di Dea&api Ehaby¥middBonanckC s8¢t r ode
104 and the ball bond portion 115. . .

cutwardly protruding portion picked up by said image pick-up

device.

According to a further related embodiment, there is

10 provided a method of fabricating a semiconductor device,
wherein said good-bad-test of said electrical connecticn is
executed by éonfirming the operation of said semiconductor
element by elactrically bringing a contact in contact with
said outwardly protruding portion instead of said image

15 pick-up device.

According to a further related embodiment, there is
provided a method of fabricating a semiconductor device,
wherein confirmation of operation of said semiconductor

20 element is executed by a diode characteristic test.



The operation of the nethod of formng a bunp el ectrode on the IC el ectrode
wi |l be described next with 15 reference to Figs. | A-1C and é €206A is a
sectional view when the ball bond portion 115 is formed on RM

el ectrode 104 of the board 170, Fig. 1B is a sectional view showing a state
in which the Au wire 101 is bonded to the ball bond portion 115 by 20 the
bondi ng capillary 113 located in a descent position, and Fig. 1Cis a
sectional view of a bunp electrode 116. Fig. 2 is a sectional view of the
bondi ng capillary 113; in which are shown a chanfer angle 107, an outer
radius 108, a chanfer dianeter 109, a face angle 110 25 and a cone angle
111. 26 May 2004 - 24 First,' the posifisi.on in height of the bonding
capillary 113 in a ball bond formng stage is stored in the apparatus in
Fig. 1A, .and the position in height of the bonding capillary 113 when the
bonding capillary 113 is 5 noved down to bond the Au wire 101 to the bal
bond portion 11S is preparatorily set to a position higher than the
position in the beidodvomgi ngostaagfurthes stedareidn enpodipent he thapel | 4y
113 is driven_b uper geper egl VO il 10
in a caplllé?§°yf$¥fn§ é%ﬁ%%i §8 €g¢#¥ﬁ%g#%fnbvggﬁﬁﬂgﬂﬁﬁggﬁﬁ‘a?gﬁﬁgga

ful crum 151.whewe= izapal Iélg/: dlaumflagedemm'emr;so iiss Sermed &tk Xthet abertex3

which is driven.in X rectio y S : 395, adde Q9PeLahi ons
of the not orR°Y54 “and’agl]SSE’aé a%rl%llgelré) %Err aéjfsétl%nglt e 13 supersol?f?c
generating dexdtomshiod dreforentsanld eccbm;uca:w@ntardiielss'welals orevisied atand of
t he enbodi nent descr.ibed ahove.w || de crl ed_\w e fe Fi gs
. 3A and 38‘%§§éd S5t St h&° BQP?tbondlng T0d. %Anpwkggngpe g§|s£§€ Eﬁié&

3B shows nowairfice peirghbth.of Z dlrectlon per pendi cul ar to

10 According to a further related embodiment, there is
provided a method of fabricating a semiconductor device, .

wherein solder is used in place of said conductive adhesive.

With the above-described arrangements, the wire does

15 not come in contact with the periphery of the ball bond
portion except for when the wire is bonded to the ball bond
portion, so that a bump electrode caﬁ be formed on the IC

electrode.



the X and Y directions and an abscissa axis thereof shows tinme of the
operation of the enbodinent. It is noted that the ball bondi ggd\get aﬁg IS

al so described in detail in a seventh enbodi ment described 2 HePU4

Fig. 3B, first, the controller 181 controls the 26 May 2004 - 25 notors
1S4 and 1S5 so that the capillary 113 is noved to a torch 160. to forma
ball at the Iower end of the wire 101. Then, the capillary 113 is noved to
a first wire coordinate (X Y,Z) as a reference position for form ng a bunp
5 electrode 116 (bunp) on the el ectrode 104 of the board 170 by control of
the controller 181 based on the data stored in a nenory 182 of the
controller 181. The first wire coordi natgegi-s | ocated just above the
position of the electrode 104 in the Z direction. At this tine, a clanp 10
1S9 for clanping the wire 1 set above the capillary 113 in the capillary
driving device 150g oneredsAebyt 6rCrARPDRAWINMGg e 1. Then, the driver 180
of the supersonic generating device 152 is controlled by the controller 181
so that the capillary 113 is noved down toward the el ectrode 104 at a 15
first step (1) OfTﬂg's% a?r&batﬁéke §é’£§l§é’s‘ﬂ'&f geRer gL oendeyhsendfsn WED the
capillary 113 has been noved down by a predeterm ned distance stored in the
nmenory 182, hewomiesceirimng Srred bfet hEotkpwingr y3adar iR {fangerk et ot B

hi gher to o gve he pi f ta Ehe,

el ectrode5 10%5{\/& %tgu%h gs't%r ggﬁgor%Jé@{%agtéé;argangjggaﬁeggghaghlbggoth ren
capi | lary 1i3fieresices yonbhedadoampany ing et nsisep i2yhish:sear ching the
el ectrode 104. When the capillary 113 contacts the el ectrode 104, the
capillary 113 continues to descend until the driver 180 25 detects a

predet er m ned | o&dglr.onla he 18api &hdr W.Cl13rdy seckdopmy) 200w 3BoWiEREed@ i ng
a current runnin throu drj ves, 480, er..fhe_|o d t he
driver 180 ?er%’s%a |rs %%ﬁ%cté s?’émg é?ﬁléé%%)ntor%l %élr %gl giB%é;ée on the
recepti ol ofadchedfingstocant asbodigert ,of i‘cé'xec@m‘ﬁlsshltep-n}.’smt$ocont rols the
driver 180 to apply supersonic vibration to the capillary 113 with a first
|load to forma ball bond portion 11S on the. el ectrode 104 as shown in Fig.

| A at a third st@pgé3) 1D THen, aafstee:tlbhalf orieat | showfinghetheal mebbedl ©dT ti on
115, the capillar 3 i.S._mov d t Sher; 10 s di ng
speeds of t%@rg‘égén% EnPIW <FS O% %( efé)(ﬁ:%% 35[1‘1%1&%1?% %?32 .
Then, at theh&tambodﬁmanfléffthéegriéﬁn; nwwenthanp 159 starts to clanps the
wre d d continues to clanp it during a predeterm ned period of tinme. The
capillary 113 15 is | ooped and noved down as shown in Fig. 5D at the fifth
step (5) while tFEgWi e ds i & ckarpedaby vilee clifarp bbRding thgipéarpdicf

time and aftgr mgoggrrnlegdlof time the wwre 1 is free from cl anpi ng:

Fig. 3A is a perspective view of a capillary driving

20 device of the embodiment;

Fig. 3B is a time chart for explaining the operation of

the embodiment;

25 Fig. 4 is a side view showing an example of the shape
of a bump formed onm a semiconductor element according to a

seventh embodiment;

Figs. 5A, 5B, 5C, 5D, 5E, and 5F are views forx
30 explaining the operation ©f forming the bump as shown in

Fig. 7;



| f necessary, correction of the novenent 20 amounts) is perfornmed by the
controller 181 depending on the shape of the ball portion 112 r tE@ éike
at- a sixth step ( 6 ) . Then, at a seventh step (7) of searc pﬁﬁaY 0 | ope
of the ball bond portion 115, the capillary 113 is 25 further noved down at
a lower speed to prevent the 26 May 2004 - 27 capillary 113 from
contacting the slope of the ball portion 115 wth such a large force that
damages it . At that tine, as described above, the | owest position in

hei ght of the capillary 113 when the capillary 113 is noved down to bond 5
the wire 1 to the slope of the ball bond portion 115 is preparatorily set
to the position higher than the | owest pqggition in the ball bonding stage.
Accordi ngly, based on the preparatorily set position of the capillary 113,

t he novenent amount of the capillary 113 in the Z direction is 10

previ ously determ.ned and _stor et YelB2: n e
stored position g%ﬁ”nngeﬁgnfaaggﬁkgn%ggagggﬁé g%ﬁf%%%-tﬁglg?éggﬁ?ré#ﬂ ?he
super soni ¢ ¢ener aprogidiedi Cerls? semiesudutdaheetapeht apgceiding tiee RBWEr
speed. In order, to %%P%ﬁ%hg wire 1 to the slope of the ball bond 15 portion
11S, the no EVETTEF t he capillary 113 in the X and Y directions
fromthe center of the ball portion 115 are also previously determ ned and
stored in_the menqnr 2. Thus,. based on_{he.sto c RASI LI n nt
amount dat a, ther}':g@ynt}gl far a18§fdlc%on‘f+% ss%‘ﬂ‘glﬁ%t éggtﬁgg 5%8&%@1%5%%‘;

t he capil | arghakk3 cFohacbamphshslmpen afig.het;bal | portion 115, the capillary
113 continues to descend until the driver 180 detects a predeterm ned | oad
fromthe capillary 113 by detecting a current running through the driver
180! After the detggti @n, tbe, deicyerarBOssenrde avwsefond expibdaingi gnal
to the controller 181. Based on the 26 N%% 2004 - 28 .reception.of the
second cont ®FCEFYREI EOFECEBATP of | BFTEEINRRE Tl LEFHE Y Vet XS dhply
supersonjc \gehtiadbhactert Beegapt | havrynd 18hai bimpssehowd Lna@igo Comeec t he

wire 1l to the slqge of the ball bond portion 115 as shown in Fig.
circuit board;

Fig. 9 is a graph showing a relationship between the
size of a vertex portion of a bump and the amount of

15 transfer of a conductive adhesive transferred to the bump;

Fig. 10 is a side view of the bump shown in Fig. 7 at
which the other end of the second protxusion is made to

protrude from an end surface of the semiconductor element;

20
Fig. 11 is a flowchart of a process for fabricating a
semiconductor device with the semiconductor element of a
ninth embodiment;
25 Fig. 12 is a view showing an example of the method of

testing a semiconductor device fabricated with a

semiconductor element having the bump shown in Fig. 10;

Fig. 13 is a view showing another example of the method
30 of testing a  semiconductor = device fabricated ~with'  a

semiconductor element having the bumps shown in Fig. 10;




5 1B at an eighth step (8) . After the connection of the wire 1 to the
sl ope of the ball bond portion 115, the capillary 113 is noved up mh'%e t he
clanp 159, does not clanp the wire 1 at a ninth step (9). Aﬁtgﬁf%ﬁéng th
step (9) is conpleted and the clanmp 159 clanps the wire 1 again, the 10
capillary 113 is noved up to break the wire 1 and noved to a next
coordinate (X Y,Z) above the next electrode 104 at a tenth step (10). Then,
at an eleventh step (11), another ball is forned at the | ower end of the
wire 1 by the torch 160. Then, the first to el eventh steps , (1) through
(11) 15 are repeated on or above the next electrode 104. By thus presetting
t he descent position of the bonding capiflgl.ary 113 to a position higher
than the position in the ball bonding stage, the Au wire 101 can be
prevented fromcomng in contact with the IC el ectrode 20 portion 104 even
when the Au wi re;ﬂ:-%ﬂs.i S1pACSsRd bynt hg-Lapibhar wnbldnghepns headie Wikerd 01
is cut by the capilflary 113 . (Second Enbodi nent) As shown in Fig. 2, by
setting the nimpd exraingprnestad7tef bopsdb@I@CHFORapi Ffardy FARCH: PG e
of not great 2 2 0y rge | HYr ofiediies bal |
bond porti orﬁlgeggswe grgfélg?rérqt agg}tgﬂle&%%?r%t gr %o?ﬁ{ﬁ@u wire 101. By
t hus setti ngvililgle =Seeibehbubbad pberenn Af R tepEhagmpeddmept:can be
prevented. fromcomng in contact 5 with the el ectrode portion 104 when the
Au wire 10l is cut by the bonding capillary 113. (Third Enbodi nent) As
shown in Fig. 2, Fig.nd§ g therichandlmwidigatdiercassn wienshe b reigy end
capillary 11 reater than .pal l; b p i i , alde bond
portion 115 ‘%agtrbee ﬁ?%‘\:/relnt E%Qfe"r‘:é%l%gr e‘gdicHr% o%)#/évar Cg/ ?ﬁe:ﬁﬁ% t%{a{elqlghgorédfi ng
stage, theraehe #likeni pgothesbonden shatmimy shieemAdnwFig-101 to be
stabilized. By thus stabilizing the bonded state of the Au wire 101, the Au
wire 101 can be prevented from

10 Fig. 16 is a view showing the case where a flat surface

is formed on the bump shown ‘in Fig. 15 by means of ‘the

board;

Figs. 17A, 17B, 17C, and 17D are sectional views
15 showing a prior art method of forming a bump electrode on an

IC electrode;

Figs. 18A, 18B, 18C, and 18D are views for explaining
the operation of forming a prior art bump;

20
Figs. 19a, 198, and 19C are views for explaining a

procedure for forming a semiconductor device by connecting a
gemiconductor element having a prior art bump to a circuit
board; and

25



15 coming in contact with the el ectrode portion 104 when the Au wire 101 is
cut by the bonding-capillary 113. (Fourth Enbodi nent) As shown in Fj 2,
by setting the thickness of the tip end portion of the out er 2 @é@$w30@$rtion
108 of the 20 bonding capillary 113 to, for exanple, 10 ~Cmor snuller and
making it have a tapered shape, the cutting force can be concentrated on
the tip end of the outer radius portion 108 in cutting the Au wire 101.
Since the Au wire 101 is cut by a small cutting force as descri bed above,
the Au wire 25 101 can be prevented, fromcomng in contact with the 26
May 2004 - 30 electrode portion 104 in-the cutting stage. (Fifth

Enbodi nent) As shown in Fig. 1B, by setting the angle of the outer radi-us
portion so that the out@igeadi2ma poniopgn 8H3S jde berdi Bgceaphbhary¥; d43
comes in uniformcontact with the slope of the ball bond portion 115, the
ef fect of brislgpwgnghenbahdongataphdparyt 14 Joump celné@ctode t ForedAgnwahe
101 is inproved, so that the Au wire 101 can be stably cut. (Sixth

Enbodi ment ) 1DCASl§ﬁ§wndﬁn Fig. 1B, by bringing the bonding capillary 113
in contact with the Au wire 101 above the center portion of the slope of
the ball bond portion 115, the Au wire 101 can be bonded and cut in a
stablllzed state even when the Au wire contact is varied. 15 Wth reference

to Fig. 1P t%%T%F%EQtD§§§BEHFIBHSPF|EHEOPRﬁﬁgﬂ&ﬁﬂME%?QQ%MEN¥§y 113 to the

pos'tlon Before the description of the present invention
proceeds, it is to be noted that like parts are designated
by 1like reference numerals throughout the accompanying
drawings.
10 First, before preferred embodiments of the

present invention is described, schematic aspects of the
present invehtion are briefly described below.

According to an aspéct of the présent invention,

there is provided a bump electrode forming method

15 = comprising: forming a ball bond portion on an IC electrode

by a wire bonding apparatus '(eﬁg. a capillary driving

device) ; moving up a bonding capiliéry; moving the bonding

capillary sideway and then downward; bonding an Au wire to

a ball bond portion; and cutting the Au wire, the Au wire

20 being prevented frém coming in éontact'with the periphery

of the ball bond portion except for the ball bond portion

by presetting a descent position of the bonding capillary

to a position higher than a ball bond forming position.

With this arrangement, the Au wire can be prevented from

25 coming in contact with the IC electrode portion as pressed



hi gher than the ball bond form ng position is determ ned as one exanple as
follows. In Fig. 1D~ in order to prevent a | owest point D of the curved
portion of the wire 101 from 20 coming into contact wth the2§mé%x2é@§ 104,
a point C where the outer radius portion 108 of the capillary 113 contacts
the sl ope of the bunp bond portion 115 shoul d-be mai ntained at a hei ght of
the sumof [(the outer dianeter of the wire 101)+a) fromthe surface of the
el ectrode 104, where a is 25 a constant. Wien the point Cis set at the
center of the 26 May 2004 31 slope of the bunp bond portion 115, the
height (~.m of the point C fromthe el ectpode 104 is actually found by an
expression: C=-0.1*B+34, where B is a vertex angle (degree) of the bunp
bond portion PY5thet sapdidatrar whaegl ¢he0Ruolvitbeis bandbpgthapehpanyatild)a
For exanplé, when 8 is O, Cis 34; when Bis 70, Cis 27; when Bis 80, C
is 26; and when 8 is 18@&\capndking toNsanaapsetnpfi thisppeséatabheehaisat,i sfy
an expression; 8s90. Actually, when the point Cis set at the center of the
sl ope of the BBRFSborkF p¥eekdad 135, bangi sedest i®dset wearmimg cestapdof

t he bunp bond EortLon 115 and .the center of the capillary 113 contacted on
the sl ope of FREPEIFIWondPdritidR Pad lshenidprestionyoanaaxpfesdohrode
B:0.5*A+4%, w%gret% di stance A i.s a width of the bunp bond portion 115.. A
rel ationship betwses t K& Fs BPBEARTe APRAGREHSout BPV4PEnetBr £ obonfansal

101 f. th i h . sat i,sf ,og: F(~ =A(~, m -13.0.
ke an’ actual PEYARSTY W i pRRaTAE. FRB Hagme atrut 2Bt Ehenbumy
bond ti = (ﬁgﬂ?- I f. th i il 113
rgﬂgego;rgﬁPG%é?g@S%ng an J?ﬁ%q%%f€$1§¥5%eF8rgogg@ﬂ%q%fﬁgq&ﬁigién25?%@ t he
di st A ‘ 5 4 = i t

the conters of “the Bune bond portt on Ts ASWiRE caeiiy ey Rt o Bsoty

and the hei ghtodfingheiROidentGdes BOHIO-CHe 25 Al fhough dde gBt eial LAY 1S

used as a bunp

10 portion except for the ball bond portion by setting a
chamfer angle of the bonding capillary not greater than 90
degrees makiﬁg the ball bond portion have a height greater
than the diameter of the Au wire. With ﬁhis érrangement,
the height of the ball bond portion is set high, so that

15  the Au wire can be prevented from coming in contact with
the electrode portion when the Au wire is cut by the
bonding capillary.

According to an aspect of the present invention,

there is provided a bump electrode. forming method

20 comprising: forming a ball bond portion on anlIC electrode
by the wire bonding apparatus; moving up a bonding
capillary; moving the bonding capillary sideway and then
downward; bonding an Au wire to a ball bond portion; and

cutting the Au wire, the Au wire being prevented from

25 coming in contact with the periphery of the ball bond



26 May 2004 32 electrode material in the aforenmentioned enbodi nents, the
bunp el ectrode material is not limted to Au, and the sane effect can be
produced in .the case of another nmetal. As described above, 39'\4@( ach
of the 5 aforenentioned nethods, in the nmethod of form.ng a bunp el ectrode.
on an I C el ectrode conprising: formng a ball bond portion on an IC

el ectrode by a wire bonding technique; noving up a bonding capillary,;

novi ng the bonding capillary sideway and then downward; bonding an Au 10
wire to a ball bond portion; and cutting the Au wire, the Au wire does not
come in contact with the periphery of the2hall bond portion except for the
bal | bond portion. This arrangenent is able to prevent the Au wre bonding
condi ti ons calPS&F ISR t A¥CEDAt dotr ofhe hdaAl vibord wipblrtd okb T et i9iien

t han the ball ?ond portion, such as a el ectrode portion from becom ng

unst abl e and f r Henssesi pifetbechendhng oépahlabpogreitshapeanf thhe
bunmp el ectrode.caused by _the adhesion of the IC electrode material to the
Au Wre, ther§t}§‘“’§ltle(’fwi 5hgusldl deendde it beifommredngenant!,C the

el ectrode with hi al ity and high accuracy. (Seventh Enbodi nment) A
semi conduct or g&P&%@%&&&&ﬁaﬁgﬁ $ly widiferitsh Eé?rﬂ(kidilr?e&ﬂ, ¢fo tetprigseniu
inventiong a %ggiecoggﬁjc%)or devi ce 2 %rrpl oyi ng, the sem conductor el enent as
wel | as a nethod of - 26 M QOYA- S 35 TOFff TEERT nd ™t Heorteaste owdbibt oehe

o erentand seTRLhed. Lo, Uy, Sgn sonductor feviee il be e

descri bed bel ow wi th reference
sane constitueaping! S are denoted by the sane 5 reference nunerals in
each figure. The abové-nentioned sem conductor elenent will be described

first. One bunp is bonde¢angaeh shegkpade Sf Ah& present invention,
there is provided a bump electrode forming method
10 comprising: forming a ball bond portion on an IC electrode
by the wire bonding apparatus; moving up a bonding
capillary; moving the bonding éapillary sideway and then
dowhward} bonding an Au wiré_to a ball bond portion; and
cutting the au wire;-the.Au wire being prevented from
15 coming in ;mntaét with the periphery of the béll bond
portion except for the ball bond portion by making a tip
end portion of an outer radius portion of the bonding
capillary have a tapered thickness for concentration of a
cutting force in an Au wire cutting stage. With this
20 arrangement, the Au wire is cut by a small cutting force,
so that the Au wire can be prevented from coming in contact
with the electrode portion in the cutting stage.
According to an aspeét of the present invention,
there is provided . & bump electrode formiﬁg method

25 comprising: forming a ball bond portion on an IC electrode



circuit formng surface la of a sem conductor elenent 1. 10 In the

sem conductor elenment 1 of the seventh enbodinent, a bunp 3 ggviny h&@
protrudi ng portions of a first protrusion 40 and a second pr MY 8R%%0 i s
bonded to at | east one electrode 2 as shown in Fig. 4. It is to be noted
that this kind of bunp 3 is preferably provided on 15 all the el ectrodes 2
of the sem conductor elenent 1. The second protrusion 50 .extends beyond a
pl anar area Il1 defined by projecting the first protrusion 40 on the

el ectrode 2, and the other end 52 which is a term nal end portion of the
second protrusion 5U extends fromone end281-20 to a hei ght approximtely
equal to that of the vertex portion 41 of the first protrusion 40 in the
direction of R¥i ghhef rgiFehebendihgoderparatuss toopéngot vy t hat bbhgling
shows the case where the other end 52 extends to_a position |ocated
slightly hi ghSF‘Pﬁﬁiﬁrﬁfﬁeww tdie thendtngerapklparyi Gideway ané tihest
protrusion 40, Fi%. %5 o%g,wa 2004 - 34 shows the case_where the other
end 52 ext endSOPRYAESGhPRG LRI EH AT B2 ab Bd2aprdxiBRASI BORaE Phay 2nd

bet th Ltion in height of th d.51 and. th i tion in height
of the vert ex-BSFTEan B oPot HEHT 1 SENB Oty UEHOR 40°189 1RE e End 26 of
th 45i,0n; 50 i tact with, dj | ectrode 2 of

he sem conduCT S 8 Sronf O eBy LIS pPog: (RHGUOREET | 0 BBt A8 ono#8End

the second prgbrusiban S 0B PYR 3haifepanaa égiﬁﬂgwé tvgiﬁ/lt E‘g%ak{tgjrr?é’[ tﬁgP”S

7 of the bunp 3 can be 1 ncreased, and as describ

connection ar aagweens@or&mtiaﬁ i abovaaneRl | 998€; BHMLB kR NBoRk8 ey ode
of the circuit board by neans of a conductive adhesive can.be increased, so

that the conneapiidlargsistBAceghyalairtifohe daticad wikhh RULLRYTOe cHe
amount of transfer of the conductive adhesive onto the bunp 3 can be

i ncreased, anbaflhi dozld Mowtiem t heWpolssthlie ectuhgenenf wheledecsbve I
el ectrical conduction, allowi ng the connection reliability to be ,inproved.
10 bringing the bonding capillary in contact with the Au wire
is improved, so that the Au wire can be cut in a stabilized
state.
According to an aspect of the present ihvention,
there 1is provided a bump electrode forming method
15 comprising: forming a ball bond portion on an IC electrode
by the wire bonding appafatﬁs;. moving up ‘a bonding
capillary; moving the bonding capillary sideway and then
-.downward; bonding an Au wire to a ball bond portion; and
cutting the Au wire, the Au wire being prevented from
20 coming in contact with the periphery of the ball bond
portion except for the ball bohd'portion by bringing the
bonding capillary in contact with the Au wire above a
center porfion of the ball bond portion. With this

arrangement, the bonding capillary can bond and cut the Au

25 wire in a stabilized state.




20 The bunp 3 of the above-nentioned type is formed approxi mately through
the processes in Steps (each indicated by "S" in the f figurg ), 1 h@égugh 3
as shown in Fig: 6, nostly in accordance with the ball bondi SN%W Y That
is, in Step 1, the length of a recrystallization 25 region as descri bed

| ater is controlled by controlling the 26 May 2004 - 35 discharge tine,
thereby nelting the wire 10. In Step 2, the first protrusion 40 is forned
of the nelted wire on the electrode 2. In Step 3, the second protrusion 50
is further farned. These operations will be described in nore 5 detai

bel ow. As shown in Fig. 5A, a wire 10 whigh has a wire dianeter of, for
exanple, 25 ~mand is nade of a material of, for exanple, gold is extended

by about a length Il froppeEberbip «aibbdaditd &8 Ohet beeeaid | Biyeltibh IS
to be 10 noted that the above-nentioned length Il is 450 um i.e., the

projection | efaglh ba 8becpibed Belowlhe tintrefiedlenel tthe Pige. 10 4:5d Nt
limted to the above-nentioned gold, and it nmay be provided by copper,

al um num ni ckeirssokadbpddmenhé |i ke so | ong as the ball bondi ng net hod can
be 15 effected. Depending on the dianeter of the wire 10, bunp di nensions
such as a base di anet er Fagd -alhell§hshounseet thnayediaesorflipygotesshe of
purpose.. A high voltage is nglied to the tig end portion 10a of the wire
10 sinilaPly @o kwep pelectaade aherainghowpt2odi mageyrdory tiee @i pféngt
portion 10a is nelted by an electric discharge between a discharge

el ectrode andethedimpgnEn@fpbhei PFCEGRt tiHd] For MARFR FalA Miret 1P to
be noted that,the dianetgr of the ball . 11 can be con%rolled by.the val ue of
the applicatibf BEPYEPESdahHOMNECHI Brel Br COBERFC  HECRATY HOT hiEPRagEESEs
the‘appllcatlgﬂaﬁokigﬁ%éfl bond portion 115 when the Au wire 101 is
bonded to the ball bond portion 115.

In Figs. 1A-1C are shown the Au wire 101 as oné
example of a wire, a bonding capillary 113, an IC electrode
104 and the ball bond portion 115.

The operation of the method of forming a bump
electrode on the IC electrode will be described next with
reference to Figs. 1A-1C and 2.

Fig. 1A is a sectional view when the ball bond
portion 115 is formed on the IC electrode 104 of the board
170, Fig. 1B is a sectional view showing a state in which
the Au wire 101 is bonded to the ball bond portion 115 by
the bonding capillary 113 located in a descent position,
and Fig. 1C is a sectional view of a bump electrode 116.

Fig. 2 is a sectional view of the bonding
capillary 113, in which are shown a chamfer angle 107, an

outer radius 108, a chamfer diameter 109, a face angle 110

and a cone angle 111.




26 May 2004 - 36 increased. In the ball 11 and a portion having a certain
l ength of the wire 10 continued to the ball 11, the crystal géihn 2{) %he
wire 10 is increased by -heat generated by the above-nentione 9

di scharge. This portion having 5 the great crystal grain is served as a
recrystallized region 16, and its length VI beconmes 120 ~, m when the

di scharge tine is 5 ns. For the reason that the crystal grain size differs
in a boundary portion between a normal crystal region 17 having the initial
crystal grain size and 10 the above-nentioned recrystallized region 16,
there is formed a crystal grain interfacgsli at which the breaking strength
of the wire 10 is weak. For the reason that the other end 52 of the second
protrusion 50 is |ocateghadt fhener ysdi t G5 Anl MEIREC LD e | bOSnWiGIQI tY,
the length VI 15 of the recrystal lized region 16 becones an inportant
factor for tRediariaty anofid aebaemonan@rﬂbmm@rs&)geTm dtengid i cofe t he
recrystallized region 16 as descri bed above can i be controlled by- the

di scharge di mpparathichith@iel.eatn,i cardi schar gesiis iehf eot coe it NeXt thes
shown in Fig. 5C, the ball 11 formed at the tip end portion [0Oa of the wire
10 i s bonded bentdirndecepétiaoge 12 3ofwhdre skai bondicgorcapehany 11by rdeans
of a pressure, heat or supersonic vibration applied fromthe capillary 9.
The shapé of mdwed slowd fsobonsh the 38 vhee2b0}|katths dialisiaondaporddesd on
the el ectrode 2 by the ball 26 May 2004 - 37 11 formed by thus nelting
the wire 10 ilstdeté&r EWWQW@%@%E &e tEhePPPbtéﬁB 6'81‘311’}% 9hans thse
capillary 9. Therefore hg d portion 42 is allowed to have an

appr oxi nat el PAHHF +R Hﬂa’b Vﬁ nding; gtageqr 4 shape 5 having a

t wo: st ep protrusion co ed of ase ortlon 421, t |. der
portion 422 is fornmed a ?)‘?’%t’fn Jf% p ‘tltgln l&?loaw de hjugrs‘l gh't.i\%%lthe

base portion 421 as sI onedl'%]y%érge ﬁtelljtl% C?%‘pij‘{]_% 299 hawi ng. the, h: e t| on

421 of the ab(X/ea et provision of the s
porti on #¢z2. M%C@Qﬁgg;%g ag*ﬂ%h €qb$iEEARSHeELe i ARl 140 iR rel r‘r&ﬁ' ng

portlon in trans e co ductlve adhesive to thé bunp 30Q and
this producesgde gtbeal thatuitdiRincauct | ¥R 2dABS1 Y8y driving device
150 is set oh an X-Y table 153 which is driven in X and Y
directions by motofs 154 and 155. The operations of the
motors 154 and 155 and a driver 180 for driving the
15 = supersonic generating device ‘152 are controlled by a
controller 181.

- The operation of the embodiment described above
will be described with the reference to Figs. 3A and 3B
based on the ball bonding method. An ordinate axis of Fig.

20 3B shows movement (height) of 2 direction perpendicular to
the X and Y directions and an abscissa axis thereof shows
time of the operation of the embodiment.

It is noted that the ball bonding method is also

described in detail in a. seventh embodiment described

25 below. 1In Fig. 3B, first, the controller 181 controls the




can be prevented fromspreading to the circuit formng 15 surface la of the
sem conductor elenent | by virtue of the shoul der portion 42§ iad ;Q base
portion 421. It is to be-noted that this bunp 300 is taken a<83@¥% ﬁ%le in
the follow ng description In the wire 10,. a proxinmate portion 10b in the 20
vicinity of the ball 11 is subjécted to |ooping by the capillary .9 as

i ndicated by a course 14 in a plane parallel to the vertical direction
above the base portion 421 as shown in Fig., SD. In Fig. SD, the distance
of the nmovenent of the capillary 9 is slightly exaggerated for the | ooping,
25 and the looping is practically performagd above a planar 26 May 2004 -
38 area Ill of the base portion 421. It 1s to be noted that the planar

area |11 has acdbrBNIEANaAl 2b9ULLBohatmud L4181 Presgnt seventd eabedi gent.
By the | ast notion 14a of the novenent of the 5 above-nentioned | ooping,

the proxi mat etpethi 080108 €6phi AUBELL Cat hendridwaiei gy pOf ti e Wide expends
downwardly fromthe vertex portion 41 of the.forned portion 42; and as

shown in Fig. ThEn,t bReptapi bhsey pord iieghmbed sobanfledst ovihe qestdhesaak
portion 423 of the base portion 421 by 10 pressure, heat or supersonic

vi bration. Thu¥,%h&)fi mest protefisrencd0 pesiniomd. fdherefoningt he fhusp
protrusion 40 is conprised of the forned portion 42 and the wire materi al
portion 4% whedkchaodeeddsf dbrer) obnt hlee perbxtaede pbf4 i oh tlod, bexrénd2d
fromthe vertex portion 41 and bonded 15 to the peripheral portion 423. The
above- nent i onBY CEBSILRG iof pber gomEdolden A8 lphasese af trevdHta ngtened
vertex portion 41 fromfalling to the sem conductor .el enent side in,
accordance wi tR. & HBeBBWAwaAd- Rfv ekt CORtERELBF oXiBrtat e PBRt itdiStObWEFBm

the vertex porc%'dr@lidfllat%f E.rs]e ]Toocrar{:eedd zcj)hsgoréllsgxrr]eA'?Ehe position of the

electrode 104 in the Z direction. At this time, a clamp
10 159 for clamping the wire 1 set above the capillary 113 in
the capillary driving device 150 is opened not to clamp the
wire 1. Theﬁ, the driver 180 of the supersonic generating
device 152 is controlled by the controller 181 so that the
capillary 113 is moved down toward the electrode 104 at a
15 first step (1) of Fig. 3B by the supersonic generating
device 152. When the capillary 113 has been moved down by
a predetermined distance stored in the memory 182, the
descending speed of the capillary 113 is changed from
higher to lower to prevent the capillary 113‘ from
26 contacting the electrode 104 with such a large forée that
damages it. That is, the capillary 113 is slowly moved
down at a second step (2) for searching the electrode 104.
When the capillary 113 contacts the electrode 104, the
capillary 113 continues to descend until the driver 180

25 detects a predetermined,load'frqm the capillary 113 by




Next, a clanper 12 provided for the capillary 9 clanps the wire 10
extending inside the capillary 9, and thereafter, the wre 18 3&5328 o the
peripheral portion 423 of the base portion 421 is orientated 6 9 W th
the 25 elevation of the capillary 9 as shown in Fig. 5F and then 26 May
2004 - 39 torn off at the crystal grain interface 15 with the further

el evation of the capillary 9. Thus the aforenenti oned second protrusion 50
is formed. By the operation of the capillary 9 as described above, the

ot her end 52 of the 5 second protrusion 50 extends beyond the

af orenenti oned planar area Ill of the firgg protrusion 40 to a height
positi oned between the one end 51 bonded to the aforenentioned peri pheral
portion 423 addcébeiagproxiwitentyertianipgr tiiyoubh ot hehdfiviest 18 ®f r Bsidon

40. It is to be 10 noted that the position of the crystal grain interface
15 is control&fdern tihee Hoaécteardtuion) cthé héndiviear 108@xsends by first
controlling the aforenenti oned di scharge tine as descri bed above so that
t he ot her endcéftact .sagnal ttwe pdret contapplexi naBaély | damadalont othlee
crystal grain interface 15 15 is arranged in height in a position between
t he abovenentfenedtdne eofdthe didsthewapmoxiskaralertleg portrohlar. 18aus,
one bunp having two_protrusions on one electrode 2 is obtained. . _ The
wire 10 i3 cofPRhtedst &R (He VRF el #Rit EPi aPPY [FOMSGIPHS of LRFREFPRsEO
protrusion 40 o the second protrusjon 50 in ;fe f orenenti oned
embodi nent's, FBReFEPIiETE LELeBLED & tdHUnd- 028 Rd BB iHroBt t RERR re
material portion 43t for ampl.e, .the { pheral, portion_423 % t he _base
portion 421, Eﬁftilfmoargé:‘, Oﬁb%é‘et I?é‘éo%teroednégWSﬁs ofYHR tReEddq g ofFudi on
50 to, for eX@HE%%’sEQS (3). Then, after the formation of the ball bond
portion 115, the capillary 113 is moved up at a higher
10 speed than the descending speeds of the second and third
steps (2) and (3), at a fourth step (4).
Then, at the start of a fifth step.(S), the clamp
159 starts to clamps the wire 1 and continues to clamp it
during a predetermined period of time. The capillary 113
15 is looped and moved down as shown in Fig. 5D at the fifth
| step (5) while the wire 1 is clamped by the clamp 159 for
) the period of time and after the period of time the wire 1
" is free from clamping.
If necessary, correction of the movement
20 amount (s) is pefformed by the controller 181 depending on
the shape of the ball portion 115 or the like at a sixth
step (6).
Then, at a seventh step (7) of searching the

slope of the ball bond portion 115, the capillary 113 is

25 further moved down at a lower speed to prevent the




26 May 2004 - 40 peripheral portion 423 and extend the other end 52 as
descri bed above. The | ooping of the wire 10 is perforned so %Bq@ tasoxertex
portion 41 of the first "protrusion 40 is 5 arranged in a posfti Ay
approximately in the vertical direction with respect to the electrode 2 in
t he af orementi oned enbodi nents. However, the.looping may not be perforned
so long as the vertex portion 41 can be arranged in a position in the
vertical direction without 10 perform ng the | ooping. The bunps 300 and 3
are each fornmed on the electrode 2 of the sem conductor elenent 1 in the

af orenenti oned enbodi nents. However, the2furps 300 and 3 may be each forned
on the boards electrode on the circuit 15 board on which the sem conduct or
el ement 1 is qarintlary N&& fromecpobhotiing whelsheserdbdahendadds @omtteran a
sem conductor device is fornmed by , nmounting the sem conductcr elenent 1
provi ded wi t Hkhevidflorsayddhel dasgebiapcsobhar JmRuss okt a ditr &iat Bdad via-
t he above 20 nentioned bunp 300 etc. It is to be notedgthat_tge fallqw ng
descri ption &% 1998CHEBRt aRPKG - t REShdAYESH0 PRS- Wk abipl RE1PRE 8%t S

noted that the ve- mentioned untin peratiqn.is sim to.th
operati on des@® Wtht3 é‘fr}éerré tcéﬂgiléérylé'&%[ Hﬁoﬂﬁ’ﬁ’%go% 5% rd
to the sem cqnductor elenent .1 prpvided 6 2004 - 4 iLh e .

af or enenti ong:g“%u%r‘ﬁoé, rég’y tprfeesssf?%etﬁg Eéﬁ] (%%%i&uc Oor}d e?eﬁ%#gllé%’ the

b t i al i i A, 1 . e ti f t
p?ifrzgigLIZéngh%§¥%§°§£g%ﬂﬁégrg??&@%o <§%§8¥§{ﬁgﬁﬁﬁﬁé gggﬁagggpgggggglgs
agai nst the Tlal; spsface e 1011 i REAHL s%lagé.hem@%xfﬁrﬂaglaggfﬂa@eé W aces

3la at the respective vertex portions 7.7 Next, as shown in . 8B, by

bringi ng the fhatpsephageosiy abtt PRAWTRBHUE itheoshpellkyyh1the the -
conductive 10 adhesive 18 forned on the flat surfaces of a stage 41, the

conductive adhesémentdBamsSuht apsfitie eshpitmdhel 13 rist Hreotr uireetdibands t he
second protrusion 50. Next, as shown in Fig. 8D, the bunp 300 on which the
conduct i v@ adhesvieudByhdstbeeintdamsd esterced simltlgnetkmory 182. Thus,
based on the stored position and movement amount data, the
controller 181 controls the supersonic generating device
152 to descend the capillary 113 at thé'iower épeed. In
order to bond the wire 1 to the slope of the ball bond
15 portion 115, the movement amounts of the capillary 113 in
the X and Y directioné from the center of the ball portion
| 115 are also previously determined and stored in the memory
"182. Thus, based on the stored poéition and movement
amount data, the controller 181 controls the motors 154 and
20 155. When the capillary 113 contacts the slope of the ball
portion 115, the capillary 113.coﬁﬁinﬁes to descend until
the driver 180 detects a predetermined load from the

capillary 113 by detecting a current running through the

driver 180. After the detection, the driver 180 sends a

25 second contact signal to the controller 181. Based on the




15 with the board el ectrode 20 of the circuit board 19,. and the first
protrusion 40 and the second protrusion 50 of each bunp 300 aéiﬁéléﬁﬂt

the board el ectrode 20 by the conductive adhesive 18: Thus a ctor
device 600 is fabricated. 20 By virtue of. the provision of the two
protrusions of the first protrusion 40 and the second protrusion 50, the
anount of transfer of the conductive adhesive 18 onto the vertex portions
7, i.e., the height IV of the conductive adhesive 18 as shown in Fig. 8Cis
i ncreased. 25 Further, by formng the flat surfaces 3la on the vertex 26
May 2004 - 42 portions 7 of the first prpdrusion 40 and the second
protrusion 50, the area of the vertex portions 7 is further increased. As
shown in Fig. r8@cebbeocabeyec RENsé obed cdmiddt ofidiamnsiiehe iqiEoSEI@s 1he
area of the vertex portions 7 5 increases, and therefore, the anount of
transfer can béentpeleazded RrifveMmigp tiw é}bplysunbaﬁeoﬁiﬁ.& Vibddtei abowe
menti oned manner, the conductive adhesive 18 can be transferred onto the
bunmp 300 by thhehehghﬂlvaoﬁ110WMHhoa seeahdrlasd showonnedt gth8Gvitd 1
Furthernore, the warp of the circuit board 19 in the case where the

sem conduct or tel ehenslopesofonhechall tonfieperttomtlbvars gows dhsBiged by
t he above-nentioned anmount of transfer of the conductive adhesive 18, and
thereforeS thdBj atreaseighthmiar O {rAfsrar ths ﬁ@@é??ﬁéénlgfab]Wewarﬁows
t he anpbunt of absorption of the warp to be increased. Theréfore,

specificationloFotk emﬁﬂﬁpﬁtOfhEh%dP%1¥wP??ﬁv@ﬁ%ﬁﬁ?%el%%n1E%%dﬂ%?b}léFﬁnent

1 is connected to.tie circuit board 13 Sgn be IIeV|ateg i i mfrom
t he- ~m conventi-dnif @Bgéﬁf?ﬁdfﬁ dhe clapp 3590 98PFoRP ﬁ@p25 Ei Ythft
board 19 to bi reduced lntﬁostep (9). After the ninth step (9) is

completed and the clamp 159 élamps the wire 1 again, the
10 capillary 113 is mdved up to break the wire 1 and moved to
a next coordinate (X,Y,Z) above the next electrode 104 at
a tenth stepf(lo). Then, at an eleventh step (11), another
ball is formed at the lower end of the wire 1 by the torch
160. Then, the first to eleventh steps (1) through (11)
is are rebeated on or above the next electrode 104.
| By thus presetting the descent position of the
j bonding capillary 113 to a position higher than the
| positién in the ball bonding stage, the Au wire 101 can be
prevented from coming in contact with the IC electrode
' 20 portion 104 even when the Au wire 101 is 'pressed by the
capillary 113 when the Au wire 101 is cut by the capillary
113.
(second Embodiment)
As shown in Fig. 2, by setting the chamfer angle

25 107 of the bonding capillary 113 to an angle of not greater




Furthernore, the connection area of the bunp 300 and the board el ectrode 20
on the circuit board 19 as well as the anpbunt of the conductive adE ive 18
are increased, so that the strength of connecting the bunp 386 May ﬁé

el ectrode 20 can be increased and the connection resistance 26 May 2004 -
43 value can be suppressed to a low value. It is to be noted that, by
virtue of the formation of the first protrusion 40 and the second
protrusion 50 at the bunp 300, the flat surface 31la may not 5 be formed in
the case where a sufficient amount of transfer of the conductive adhesive
18, onto the bunp 300 can be assured mﬁjh%%t_forning the flat surface 3la.
Furthernore, in the case where the other d 52 of the second protrusion SO

s not _ext endi gt o LS N8l INL A0 0 e S¥eLhexpR01 Lh3RaTooke 1BR FhESt .

protrusion 40 an T conduct or & ensnt i 8°hot pressed agai ns

above ”E”t'OﬂﬁgdgoékgagértEhﬁHCEheaalﬁﬁEEEE b@akhkh%.|ﬁ¥réﬂﬂéfﬂe 2la of

the board 21 contaCts the other end 52 as shown in Fig. 15 I's sonetines

the case where the flatpgurhagesdbe3tg s qhormead vanly ]:Q{hci f‘;?oiv’t_eiéﬁxlli!g”' on
7 of the first protrusion 40 as shown™in E 16 and no flat surface 3la is

formed at thetpéhan end-S2®f the 5@0@1@\%&4&&@&5@0@@ in ¢onthetcase
as described above, the conductive adhesive 18 is required to be

transferred owibht bReoéhett28dendoblioACTO4 divighyrhée NAhheicaseonhesectibe

ot her end 52 of the second protrusion 50 is not extending to the height of

t he vertex pobyi bhe7bohdihg tapsllpryt AdsSi.on 40 as shown in Fig. 15, a gap

V between the flat surface 2l1a of the board 21 and the other end 52 when

t he seni conduéThirdl EBnbadimens)25 pressed to the board side has a di nension

such that the ) ) )
As shown in Fig. 2, by making the chamfer

diameter 109'of the bonding capillary 113 greater than the
10 ball bond portion diameter, the ball bond portion 115 can
be prevented from spreading ou;Wardly in the ball bonding
stage, thereby allowing the bonded state of the Au wire 101
to be stabilized. By thus stabilizing the bonded state of
the Au wire 101, the Au wire 101 can be prévented from
15 coming in contact with the electrode portion 104 when the
Au wire 101 is cut by the bondihg~capillary 113.
R (Fourth Embodiment)
| As shown in Fig. 2, by setting the thickness of
the tip end portion of the outer radius portion 108 of the
20 bonding capillary 113 to, for example; 10 pm or smaller and
making it have a tapered shape, the cutting force can be
concentrated on the tip end of the outer radius portion 108
in cutting the Au wire 101. Since the Au wire 101 is cut
by a small cutting force as described above, the Au wire

25 101 can be,K prevented from coming in contact with the



26 May 2004 - 44 conductive adhesive 18 can be transferred to the other
end 52 when the bunp 300 is brought in contact with the condggtive B@Qesive
18 as shown in Fig. 8B. I'n other words, in the case where th M ? d 52
of the second 5 protrusion 50 is not extending to the height of the vertex
portion 7 of the first protrusion 40 as shown in Fig. 15, the bunp 300 of
the sem conductor elenment 1 is required to be pressed against the board 21
so that the dinension of the gap between the flat surface 2l1a of the board
21 and 10 the other end 52 becones not greater than the above nentioned gap
V. Adirection in which the other end 52 @b the second protrusion 50 is
orientated will be described next. The other end 52 of the second
protrusi on 50edectirddee dompiA0A dorirectlas cescindesttappeve can be
orientated to the peripheral side of the sem conductor elenent 1, or as
furt her shown (FaflEihg Emdk@dimtentot her end 52 can be al so extend beyond an
.extension line of the outer end surface 1b of the periphery of the
semi conduct or el ement 1.A9 tshoyrpdn Fige ASvedYt Fattilg &hicepngtlico®fofchehe
other end 52 is executed by the operation of the capillary 9. In regard to
t he bunp 300,O&t&ﬁnf%ﬂ1WﬁﬂEPF?h%noFﬁthéﬁdt@?iQ¥§§€e%ﬁ@%P%e9@ﬁ816P e
extension |ine of the outer e surface | b of, the periphery of the

heRe i i

seni condut or “&Fe RS §28 Fé“;g by 32808 f i WY & GnWigiy they |
Further; th ti i.ch 6 2004 .- 4 b t i 1Q d
Farhors e pertLon ahich, 26 0 C008 5, belpos dn A e f0 .
t dl t i I t len k her. 2t
The’s: por i pherit Handthe MapChiady Ta ! THScORLEdt 1P, ERE BLIREL8 0% 02

t.'extend t j acent | Pt hegad t L
Ther efor 6.t he ot RE Bt 63 o ROt Brought” 1 cont aet orSshOPPLki Feurt

Therefore, the ot I'n contact or short-Circuited
with the adj agentxe! esivQtnatvhen the conductive adhesive 18 is

10 As shown in Fig. 1B, by bringiﬁg the bonding
capillary 113 -in contact with the Au wire 101 above the
center porti@n‘of the slope of the ball bond portion 115,
the Au wire 101 can.be bonded andvcut'in a stabilized state
even when the Au wire contact is varied.
15 With reference to Fig. 1D, the preset desceﬁt
position of the bonding capillary 113 to the pésition
} higher than the ball bond forming position is determined as
| one example as follows. In Fig. 1D, in order to prevent a
lowest point D of the curved portion of the wire 101 from
20 coming into contact with the eleétrodé 104, a point C where
the outer radius portion 108 of the capillary 113 contacts
the slope of the bump bond portion 115 should be maintained
at a height of the sum of [(the outer diameter of the wire
101) +a] from the surface of the electrode 104, where o is

25 a constant. When the point C is set at the center of the



10 transferred to the bunp 310. Therefore, the orientation of the other end
52 to the peripheral side of the sem conductor elenent | can_assure é
anount of transfer of the conductive adhesive 18 and prevent ﬁﬁéabgg 4ble a
occurrence of the short circuit as described above by 15 virtue of the
provi sion of the second protrusion 50 in addition to the first protrusion
40. Further, a sem conductor device.can be also fabricated by formng the
bunp 310 on the electrode 2 of the sem conductor elenent 1 as descri bed
above in"Step 11 20 shown in Fig. 11 and connecting the bunp 310 onto the
el ectrode 20 of the circuit board 19 in-a3faee-down nounting manner in Step
12. When fabricating the sem conductor device as descri bed above, the other
end 52 is neisﬂ@pebpdughe bampohbadt portshnr1if| rchetkdighth(ghe @6 the

adj acent electrode 2 in the sem conductor el enent 1 having 26 May 2004 -
46 the bunp 3P@inEur€héreor ¢het helewvode piotr usi B byt leubdnpy8l8nhas
the outwardly protruding portion 53 . For the above reason, when the bunp
310 is connecEEPHEFE iR eCecOr-3dd+36 . Swbarehd i PcUPEtEBarugls, (degree)
connection area i s greater than that of, for exanple t he bu 300.

Therefore, th&tcEREebPFBNPSRARREFLRAN 1R (Hide qﬂméeraﬁ&gﬂ EanﬁécFPBn
resi stance va an be e | ower.. Furthernore, senlconductor devi ce
610 in 10 Swhi E’ﬁ’ Fias & ¥ojr13e)| enme ‘Prleﬁavp?ma tWEeBur‘?p B Pis C 1

d b f
ggPPgﬂrgncteoo?%hgliﬁcrgL%rf‘%g cOnEeé‘tS g,s; iof"1t roces%u 3 ?gst |8n%ﬁt r%i ec?Pdde
20 on the circpl, bép di'cej fego&a hes POV 4ad. as q%ﬂ\f%'ﬁégb?%&?%fésgest

t he senlconductor Vi ce 6 as. ‘'shown 1 n 3TN

wil | ‘be descridhgd sb%%) th %ﬁsm Eso0den ;{é\ﬁ‘ %I;%C%&?tt%ee% agt cl -

havi ng the bunp 3 unt ed on th e circuit d197in ce-down

nounting mannarg ddie At hele eRdtes of Eh@ 3Qo§ece@dtﬁé%w§l B8Ana0pbst N8h
protruding fromthe outer end surface he periphery of the

sem condugat or 1elsseat dh.stHifiefBr @ettuaenpm'ﬁe OoBehBewhich the iy 308nHsS
connected to the el ectrode 20 on the circuit board 19 cannot be
portion 115 and the center of the capillary 113 contacted
on the slope;of'the bump bond portién 1i5 should satisfy an
expression: B=0.5*%A+40, where a distance A is a width of
the bump bond portion 115. A relationship between the
15 distance A and an outer diameter F of the ball 10la of the
~wire 101 should.satisfy an expression: F(pum) =A(um)-13 (um) .
As an actual example, when 6 which is a vertex angle
(degree) of the bump bond portion 115 (=the chamfer angle
107 of the bonding capillary 113) ranges from 60° to 90°
20 and the outer diameter of the wire 101 is 25um, the
distance A ‘of thé bump bond portion 115 is 80+5um, the
distance B between the centers of the bump bond portion 115
and the capillary 113 is 80x2um, and the height of the
point C is 80+10um.

25 Although the material of Au is used as a bump



visual Iy checked. \Wen the semi conductor element 1 having 25 the bunp 310
is mounted on the circuit board 19 in the 26 May 2004 - 8
nount i ng nmanner, the outwardly protruding portion 53 is prot?@ 2 8%g1the
outer end surface 1b of the periphery of the sem conductor elenent 1.
Therefore, the portion in which the bunp 310.is connected to the el ectrode
5 20 on the circuit board 19 can be viewed via the outwardly protruding
portion 53 and subjected to a visual test. Furthernore,' it is acceptable
to automatically execute the above-nentioned visual test by nmeans of a
canera 25 and a visual tester 26 connecteghto the canera 25 10 as shown in
Fig. 12. That is, the electrical connection of the bunp 310 to the

el ectrode 20 gapcbecRerked-ian angRALOn Ak lat Med SHboe: Honthe immoe
of the portion in which the outwardly protruding portion 53 is conhected to

the el ectrodendfipbylbbereaaenatdbialaksngotNliknetbaBEs Afit Oahherha ¥hwal
tester 26, and detecting the presence or absence of the conduct i ve adhesive

18 in the conag€€kiancpar beoprbyumedns noft Heheaydes vl dresiledr 2hetal .
Furthernore-, in the sem conductor device 610 ' enploying the sem conduct or
el ement 1 having the buikp 38esczAbadcortmste pr dhe Asican beadhought ithe
contact with the outwardly protruding portion 53 or the conductive adhesive
18 whi ch Soveaforkaecottinaed! yairhmdsdi by poet inetlssl aef sfowming R gbui®
The contact probe-26 is connected to a sem conductor el enent perfornmance
tester 27 whi ehechnodrecin 20t € stl@cd rsidec oppeRY { 9hngt fRemime 1badd t he

el ectrode 20 26 May 2004 )
bond portion on an IC electrode by a wire bonding

7 technique; moving up a bonding capillary; moving the
bonding capillary sideway and then downward; bonding an Au
10 'wire to a ball bond portion; and cutting the Au wire, the
Au wire does not come in contact with the periphery of the
ball bond portion except for the ball bond portion. This
.arrangement is able to prevént >the Au wire bohding
conditions caused by the contact of the Au wire with a
is5 portion other than the ball bond portion, such as a
electrode portion from becoming unstable and prevent the
) ‘ possible occurrehce of an abnormal shape of the bump
| electrode caused by the adhesion éf the IC electrode
material to the Au wire, thereby allowing a bump electrode
20 to be formed on an IC electrodé_with high quality and high

accuracy. -

(Seventh Embodiment)

A semiconductor element according to a seventh
embodiment of the present invention, a semiconductor device

25 employing the semiconductor element as well as a method of



- 48 of. the circuit board 19 or. the operation of the sem conductor

el ement 1. Therefore, by executing, for exanple, a diode characteristic
test, it can be checked.in a short time whether the connecti 88 NaYy 2§

el ectrode 2 of 5 the sem conductor elenent 1 to the electrode 20 of the
circuit board 19 is in a non-conductive state or shortcircuited. It is to
be noted that the above-nenti oned diode characteristic test is to test the
di ode formed in the 10 circuit of the sem conductor elenment -1 for the

pur pose of preventing an excessive current fromflow ng through the circuit
of the sem conductor elenent 1. The connection of the bunp to the el ectrode
20 of the circuit board 19 is achieved'b§ he conductive adhesive 15 18
according to de | bt i 0 - pent q enhodi ment ..However, as
houn 1 0 Fi g EEREE T 5HE Chphifos3KER L RER: PR Tohe iBES S
conductive a L3V, {31 n - 4hat 1 hes 0@y . as
an exanple i ?é%%ls&%%g a%gem ?ﬁg%&i?%‘lefggl y&%%%e%égg%%sgr%%g&%ﬁ@h

reference 10 dGSy BfeBDrelBBeMEE! €% RO i%i@ﬁét hee f i EStoPhRt il 40

and the second protrusion 50 of the bunp 300 of sem conductor elenment 1

are provi ded pMdth #1858 Pe&hé VE€ohsal tSeht aaeRbEEE. aPR R R bAME Smshown
in Fig. 14A, 25 solder 28 is provided on the el ectrode 20 of the circuit

26 May 2004 rdrdoes dndierdheninasashodmguipeli g. 14B, by aligning in
position the bunp 300 of the sem conductor elenment 1 with the el ectrode 20
.of the circuit board 19Thdrabwiatgndriteidied seurifrelidlar efl etnkatbwirpl 300
into contact with the solder 5 28 and heating the sane, the two protrusi.ons
of the first dgstrikednfiBstand t he second protrusi on 50 of the bunp 3D0 are
connected to the electrode 20 of the circuit board 19 via the_sol der 28. By
t hus connecting the el e@reoBuMPO it hordad enkeuisaBoapeaorefe h2t Ive bunp
300 having the first protrusion 40 and the_second protrusion 50 by neans of
sol der, a sol¥efCyiF| gPrWénﬂoﬁh‘é’é?‘CBy 1A r9fied oFePRECPAYFESTOR LGt Sl -
fillet, the strength against a stress effected on the circguit board 19 is

i ncr easetP andt® h %SSE%hHQE?PSHOFeF'ﬁﬁﬁth} oL Shsr fRMEnt L - t he

connection area,i s i ncreased and.the congectLon resi st ance v?lue
?¥W&} I

reduced. The aburlfbur?%vi%g n@rottP"_l?siBﬁg FRIEB8elOBY 1PRE bR %olr%iilﬁ%t
nEthOd"1tr“%f%é%SQ?gﬁlQBegﬂ@ﬂ§xgégng protrusion 50 is bonded to at

least one electrode 2 as shown in Fig. 4. It is to be

noted that this kind of bump 3 is preferably provided on

15 - all the electrodes 2 of the semiconductor element 1. The
second protrusion 50 .extends beyond a planar area III

j defined by projecting the first protrusion 40 on the
| electrode 2, and the other end 52 which is a terminal end
portion of the second protrusion 50 extends from one end 51

20 té a height apprdximately equal to that of the vertex
portion 41 of the first protrusion 40 iﬁ the direction of

height from the electrode 2. It is to be noted that Fig.

4 shows the case where the other end 52 extends to a

poéition located slightly higher than the height of the

25 vertex portion 41 of the first protrusion 40. Fig. 15



20 However, it is a matter of course that a nethod capable of form ng two,
protrusions on at | east one bunp can be used instead of the bhall b 8ing
met hod. As described in-detail above, according to the senic@%dﬂﬁyga 4
el enents of the aspects as well as the 25 sem conductor el enment fabricating
met hod of the aspect of 26 May 2004 - 50 the present invention, two
protrusions are provided on one bunp. Therefore, the area of contact of the
bump with the board el ectrode on the circuit board is increased. '
Accordi ngly, the connection strength and the connection 5 reliability can
be made high and the connection resistanga wal ue can be made | ow and stabl e
in connecting . the sem conductor element to the circuit board. Furthernore,
accor di ng t o TRV diie srads tdve ke tihee odrﬂldzhenalsBecbx@@@dtshqnsggii%rldl{c%or
device 10 fabricathnq_nethod of the aspect of the present invention, the
seni conduct o eP&FH FavildFaths prepresioasedly ohallfuey, aecdesss i heg
above, is us q*%#? the.bﬁgg,is connected to the board el ectrode of the
circuit boar &oWTIP M Bf+SRgerEnthet Racaesd &l cond actte oposheibHM Wi th
t he board 15h@%§% ro%eﬁgn the circuit board is increased, .and accordingly,
r t

t he connection en SnYSt hEXCBARELPR ol af ithisi Figtoprbheusdrinceoduct or

el ement and the circuiﬁﬁggarghcan gﬁhcan be made hi gh and the connection
resi stance value can be nade TowS 3t aBfe Ghe t fRCeRd curmhuntsirordegioce

20 Furt her noegmeaCcopdi he .sem conduct or devi ce fabricating nethod of
the aspect of the pr esedr}?itlta(rjlcvéent%r%ﬁ, ?%eaa%@%i%%eﬁ’?rf’ﬁé secofd the

protrusion i semitended i wardlanof; the sem conductor el ement beyond the
peri phery of the semi conductor elenent at the bunp having 25 two

protrusions. This arrapgegsik Q}o@?&iﬁ& fﬁ@“ﬁf?%éﬂg%otrusion 40 and the
second protrusion 50 at one bump 3, the area of the vertex

10 portions 7 of the bump 3 can be increased, and as described
in detail later, the connection area when connecting the
above-mention?d bump 3 to the electrode of the circuit
board by means of a conduétive adhééive can be incréased,
so that the connection resistance value can be reduced.

15 _Furthermore, the amount of transfer‘ of the conduétive
adhesive oqto the bump 3 can"be~'inCreased, and this
eliminates  the possible occurrence of a defective
electrical conduction, allowing the connection reliability
to be improved.

20 The bump 3 of the above—mentioned type is formed
approximately through the processes in Steps (each
indicated by "S" in the figure) 1 through 3 as shown in
Fig. 6, mostly in accordance with the ball bonding method.
That is, in Step 1, the length of a recrystallization

25 region as described later is controlled by controlling the




26 May 2004 - 51 inprovenent of the connection strength and the connection
reliability and the reduction and stabilization of the connegthﬁn
resistance val ue as described above and all ows the sem conduc®dan@dPée to
be tested by nmeans of the 5 second protrusion-extended outwardly of the

sem conductor elenment. The entire disclosure of Japanese Patent Application
No. 8-260645 filed on Cctober 1, 1996, and No. 8-289836 filed on COctober
31, 1996, including 10 specification, clains, drawi ngs, and sunmary are

i ncorporated herein by reference inits entirety. Al though the present

i nvention has been fully described in conggction with the preferred

enbodi nents thereof with reference to the acconpanying drawings, it is 15

to be noted tlkdlsARIdHIS GRANGES s f § £at i Qns: ; aLe apparent .t o _those
skilled in the art. éﬁ%h changes an rnéﬁ%%é%t%%%swé?é %@'bezﬁhd%$§Pogd as

i ncluded wi t hitihet ifid rseopeoetubhenps €SNty dreN birOR has mdetbred ; e
appended cl ai ns unl ess they depart therefrom 26 Nh? 288% 9%%¥ QﬂA?hFS

CLAIMED | S 1. eAemitiruate of . f or Thn@tabousp elhect s88d6nan wbd Lu &l &6t rqde
conprising: S operating a bonding capillary (113), having a capillary Rol ed
with a chanf efedthen ifommet.a Theohageranbrdeieof beaeachabkaboAdnheLni ng
position to forma ball bond portion (115) bonded on an |C el ectrode (104)
usi ng an énd éﬁQ&%ﬁlh?kQﬂM); 10 novi ng the bonding capillary upward with
respect to the I C-electrode; noving the bonding capillary sideways and then
downward with respect t@&s f&owo dnedtiigodSA, a wire 10 which has a wire

diameter of, for example, 25 um and is made of a material

of, for example, gold is extended by about a length II from

the tip end portion 9a of the capillary 9. It is to be

10 noted that the above-mentioned length II is 450 um, i.e.,
the projection length in the prior art. The material of

“the wire 10 ié not limiﬁed to the above-méntioned gold, and

it may be provided by copper, aluminum, nickel, solder or

the like so 1long as the ball bonding method can be

15 effected. Depending on the diameter of the wire 10, bump
dimensions such as a base diameter and a height can be

i changed according to the purpose.

| A high voltagé is applied to the tip end portion

10a of the wi;e 10 similarl? to the prior‘art, and as shown

20 in Fig. 5B, the tip end portién 16a ié melted Ey an
electric discharge between a discharge electrode and the

tip end portion 10a, thereby fofming a ball 11. It is to

be noted that the diameter of the ball 11 can be controlled

by the value of the application voltage, and the diameter

25 of the ball 11 increases as the application voltage is




bonding the wire (101) to the ball bond portion bonded IS on the IC
el ectrode; and cutting the wire, the wire being prevented fromcom nq? in
contact with portions around the ball bond portion other t har6dVay 8804 bond
portion itself, wherein a chanfered angle (109) of the chanfered portion of
the capillary hole is less 20 than 90 degrees to nmake the ball bond portion
have a height greater than a dianmeter of the wire, with the chanfer angle
of the chanfered portion being a vertex angle of a conical inclined surface
of an outer end opening of the capillary hole, 25 wherein the wire is
bonded to the ball bond portion such that3fo-space is circunscribed by the
w re and bal degglrgd ortioE. 2h A nethod of formng a bunp el ectrode on an
| C 30 el ectrode, 88%fii'si §: theplrdtli Ad ansomdiony g | having 14 3yerbaviing a
capillary holg, chanfered portion at a discharge end thereof, at 26
May 2004 -53 ae%\g{:ﬁ (gfnt § oHihd D &Sntitemads trotkeabBalll Lbontheoctysnallls)
bonded on an 4, el egEr 104), using. an end of a wre (1.07.) ; noving the
bondi ng capi Ig%ary up%va%gvé' erlegple%tuf%r?%eg by keattgomeranedihy the
bond capi | | arabsi-depays; apdgt d with respect to the IC el ectrode;
| bonding the wire to the gal Fgggg%\gg:\gﬁ'so%adﬁﬁled SALEh@ATt iCrechavileg and
10 cuttirg ththeM g@edthecW €5 pel oI eyent from_coning in contact with
portions around the bal l it')“\&(;ndapo.r |olﬁ{ o%(%erse%‘éégt FE bal %WW%%%d
itsel f, wheretegianchaf eandi anef efehdeR) Lhe %mgﬁgd ‘%grt}non of the

r

capillary hole is greater than a dianeter of the ba ond YP&R, BB=with

the chanfer dlimwtargeftine tbasf eied poit i oK bekag o a0 opter
end opening of the capillary hole, wherein the w reo;ﬁsgt%ﬁté: oCIPFFg: |1

bond porti on ®wcin thite ndiSpare in &i beURBEEYDBSLRY NG M d pall_fpond
portion. 20 3. A nethod form ng a bunf el ec::?oge on an IeC é%ég%r cﬁ)gr,m%};

defined by clgsitaluragsion L7 bperab nhet beibeoadi agysagi | ﬁéi{n(%&l’ ﬁ-% the
ball bond fornming position, the fornmed ball bond portion 25 (115) on CIlle TC
el ectrode (16He | 8bgysraenrivaled coacrustaabdzid Gtddidg tlke WepSrotheswire
is prevented fromcomng in contact with the portions around the ball bond

portion ot helr ¥4 theepaFFabowae por inberfasel £Shptnwkiing a hiei Break i3y

ortion of a ter. ,radiu ortion of the bonding capillar
P Ig"tq-’%rlgt'-h O% éhé)w{re 10 is weak. Fgr-tge reaéon that the

other end 52 of thé second prdtruéion 50 is located at the
crystal grain interface 15 or its vicinity, the length VI

15 of the recrystallized region 16 becomes an important factor
for the formation of the second protrusion 50. The length
VI of the recrystallized region 16 as described above can
be contrelled by the,dischafge time in which the electric
discharge is effected.

20 '~ Next, as shown in Fig. 5C, the ball 11 formed at
the tip end portion 10a of the wire 10 is bonded onto the
electrode 2 of the semiconductor element 1 by means of a
pressure, heat or supersonic vibration applied from the
capillary 9. The shape of the formed portion 42 of the

25 first protrusion 40 formed on the electrode 2 by the ball



havi ng a tapered thickness for concentration of a cutting force in a wre

cutting 26 May 2004 54 stage agai nst a sloped cone surface aof thg 62
" ball bond portion. 4_ A seniconductor elenment in which the bgRgVay &P

is bonded to the I1C electrode (2y on'a circuit formng surface of a
sem conductor elenment (1) by the nmethod defined in any one of Clains 1-3,
said bunp conprising a first protrusion (40) which is conprised of a

portion fornmed by once nelting and solidifying a wire and its periphery and

is bonded to said electrodes and a second protrusion (SO which is fornmed

of an unnelted portion of said wire and_ext

beyond a planga %rea defined by projecting said first protrusion on said
el ectrode t2) Motarmeidghly appsonelatakyrgguak Lo, Lh f said first
2 5eaLbati ferpinerubronhend

protrusion with respect to said el ectrode,

sard

sai d second pFHEPEsi ©f Bdingthpoughd ipdrGARIACE LW ut,_cl.ose to ore
pbreaACh M LR Qi D tcapg_?_ % o8 - on

el ectrode on

the circuit b
said first protrusiqon is_p=ovided with a formed portion (

%Qcircuit hoard When t he sem conduct or el enen

orne

forning a : pefPRUFSFELEAYoFOBARE lnishepby as eapiwr ahy @ng S‘ﬁléxdigyég %he
: 1d Y4y

sanme and a mﬁﬁgvnaterial pardon 3) which is conprised o

e W ne |

vicinity of sa|dlﬁ%IFe&“ﬁbﬁﬁ%ﬂmPQQQnNﬁknhfammpf&y@mt@f ROMais@N &) 5 Of

sai d forned

10

15

20

25

421 at which a shouldez‘ portion 422 is formed and a
protruding portion 424 provided upright on the base portion
421 as shown in Fig. 7. 1In a bump 300 having the base
portion 421 of the above-mentioned type, due to the
provision of the shoulder portion 422, the conductive
adhesive i; transferred only to the protruding portion 424

in transferring the conductive adhesive to the bump 300

and this produces the effect that the conductive adhesive

can be prevented from spreading to the circuit forming

‘surface la of the semiconductor element 1 by virtue of‘the

shoulder portion 422 and the base portion 421. It is to be
noted that this bump 300 is taken as an example in the
following description..

In the wire 10, a proximate portion 10b in the
vicinity of the ball 11 is subjec;ed to lobbing by the
capillary .9 as indicated by a course 14 in a planevparallel
to the vertical direction above the base portion 421 as
shown in Fig. 5p. 1In Fig. 5D, the distance of the movement
of the capillary 9 is slightly exaggerated for the looping,

and the looping is pPractically performed above a planar

ni cal
ode

ended fromsaid first protrusion

Fgeiores dea cHodued opoeitamants As igl aly ' ai.m 4 wherein
1 1 %4932]) havda b?n



26 May 2004 -55 portion downwardly of said vertex portion and bonded to
said fornmed portion. 6. A sem conductor elenent as clai ned iE %%4
wherein 5 said first protrusion is provided with a formed po Bi Qﬁng a
base portion (421) bonded to said electrode and a protruding portion (424)
provi ded upright on said base portion) 10 7. A sem conductor elenent as
claimed in claim5, wherein. said wire material portion extended downwardly
fromsaid vertex portion, is bonded to said electrode, instead of said
formed portion. 15 8. A sem conductor elenent as clainmed in claim4,
wherein said second protrusion extends toy@rd an outer end surface side of
said sem condgl(;(taor ﬁ‘lge nt w t hout exceeding said outer end surface. 20 9.
A seni conduct of “ &l &fEnPradhe Sased portdbai ke, wier gish tsaigk 5&9@@% tha
protrusion ex,tlﬁ d% qut war dly of said sem conductor. elenent beyond an Sut er
end .surface ( ‘)Q }9BaKr42ZERi déAdBasoR Qimepeton25flAboktsery GANOLCt Of o
el enent as clﬁgggﬂénsgbgk 4, gfng[ei n said first protrusion and said
gbcﬂ“ e

second protrusion have res flgfiitstar face portions (31a) at the
vertex portions of tl :eB?r g\%b%u?{?o%s]. 26 May 2004 56  11. A

se. Tni cori ductor device tn i Sin Ean (26) tbe ancvenent bgarghand
sai d bunys of atmﬁ,é;q;;gga]gﬂg&or I nt as_clainmed in Claxm4 are

el ectrically connected to eachl(;%toﬁjre{‘r%g’12.tlﬁ mePRe¥ 18R tRabrpeatiog a 10b
sem conduct orcaalteiredd i b WHE hAd1S- | ect.,rode_is bonded to the IC
electrode (2) on a circuit fo:bm' ng l@f}?%a éjr,flof‘hgzéeﬁ?‘ééﬁéﬁc@@wnedam@m by
the nmethod defrawedHen vasmt 3 @2k 16hal T8, f - 31 rising: formng a first
protrusion (901 which is con%ri sed of aof)or ?O(\t??%ef W44 Achgs

mel t ed porti éiasn aimi Fegandgi t shpeki nd s .honded tp sai d _electrode:
and form ng glh;econd pr o~cr usi on (58) B\%ﬁ?‘éﬁgi go orl%éld%o(ﬁ) ah® URnBAeed to
portion of s&h@ weriphdrakt ensied i omp3 i D dr rofrusion beyond a

pl anar area defined by projecting said fi r%c;f!t %Iﬁ%t ?)rl?ss‘l%oné)éﬁé%apd kcP¥ode
(2) tv a® hePgRSsaFsoxheahabel sppegsain ico vikua of orsai d sty p%r- usi on

W th respect to said e7.ectxode, whereby said first pI’OFI rusion anht*8&id
second pxot r BEPE& S hridug farmmsht acdthendefiorer, pitte Of OS& t 9pg gkgctrode
on a cixCUt laoa,rd when the sezai conductor el enent is nmounted on FR&OD
circuit board’ I RORErHSEESLTOF abhpcdidmpda sent tondu@ osnel RNt , a5,
claimed in hg}}% wherein said - first pro~crusion is fornmed by formng
the nelted porton-of PSAFdOR fd Whisht hes fheemEpaned anf (42 oSHhdr e
capillary an : endi the wire.an a vicinity of said nelted portion roma
vertex porti gﬁg%%%l %Qgsﬁ’at??%? Poktieoertex portion 41 and bonded

15 to the peripheral portion 423. The above-mentioned looping
is performed'for.the'purpose of preventing the vertéx
portion 41 from falling to the semiconductor element side
in accordance with. the downward movement of the-proximate

- portion 10b from‘ the vertex portion 41 of the formed

20 portion 42.

Next, a clamper 12 provided for the capillary 9

clamps the wire 10 extending inside the capillary 9, and

thereafter, the wire 10 bonded to the peripheral portion

423 of the base portion 421 is orientated upwardly with the

25 elevation of the capillary 9 as shown in Fig. 5F and then



26 May 2004 57 downwardly of the vertex portion arid bonding the wire to
said faorned portion, consequently formng a wire materi al por&ilﬁn éﬁg& .

19. A method of fabricating a sem conductor elenent as clai me8 May m 23,
wherein said wire material portion instead of said formed portion. is
bonded to said el ectrode when. said wwre material portion is foznmed. 15. A
rtiethod~ of tabxicating a sem conductor elenent as clainmed in Caim1l3,
wherein, after the formation of said formed poxtion, said wire continued to
said forned portion is bonded after said capillary describes an.

approxi mately rectangul ar shape in a pl ang, par allel to a vertical direction
above said forned portion when said first Brétrusion is formed. 7.6. A

i uezhod of fapgi Eag @@éﬂ':gg%q._léct l.e t cl ai_med _in ai_m 12,
wherein, a regéisgﬁa%%sﬁsaa?d wire recrly r"E'Iq'lr%ergl elraf:sb—’lyc 3 t AL 5-%3: Fargher
‘extending to aneepdi i d C :Pr ugi on i d rtion,is .
fornmed. 17. A rret‘hodggf Scfﬂabtr:?ga%gl.lg%gm %6ndu%$§$ e%?lgzugﬁ{)%%g‘egﬁéfjﬁeedii n
Clai m 16, Wesetsnthgroenaish odf swai £k agsEysgal | iage@hfee% é.lfsi&qn{;l%mtlh%d by
an application time of a voltage to be applied t0 said re for the

formation by saptiliekied poftd@Scribd@ MBYBvA004hsSSodiBerAchbt O QF ne
fabricating a sem conductor elenent as clained in claim1l2, whereln an end

portion of sasecerdomiqrmisitst 080exéebdadso Lerald phaeal 2 gbdemehir$ainda
sem conduct or el efrent when said second protrusion is formed. s 19. A nethod

of fabricatinglanseniaewadubtbr ofl eent fasst| piroeduisicd adon 3, ahBEgiyhaN
end portion of said second protrusion e:~ctends beyond the periphery of-
sai d senm condeefbElenedentoetyesie outsi denef said sehi cboddetior Hd ekarent
when said secopnd protrysion is fornmed. 20. A method of fabr~.catzng a
seni conduct or 2EPERBRN L aSNERaPREdPPEralaipRrtionmideiand thepaparorgmagied
first protrusion and second Erotrusi on_is fornmed, and thereafter a
vertex portion 41 of the first protrusion 40. It is to be
10 noted that the position of the crystal grain interface 15
is controlled in the direction in which the wire 10 extends
by controlling the aforementioned discharge time as
described above so that the other end 52; i.e., the portion
approximately identical to the crystal grain interface 15
15  is arranged in height in a position between the above-
mentioned one end 51 and the approkimate vertex portion 41.
R Thus, one bump having two protrusions on one electrode 2 is
obtained.
The wire 10 is continued from the wire material
20 portion 43 of the first protrusion 40 to thé second
protrusion 50 in the aforementioned embodiments. However,
it is acceptable to bond the end portion of the wire
material portion 43 to, for example, the peripheral portion

423 of the base portion 421, cut it once, bond the one end

25 51 of the 'second protrusion 50 to, for example, the



15 flat surface portion (31la) is fornmed at a vertex portion of each of said
first protrusion and second protrusion. 21. A nethod of fab.r~.cating a
sem conductor' device conprising: 20 fabricating a sem condué®Max2@btnt by
the fabricating method of claim 12; providing a conductive adhesive at each
of said first protrusion and second protrusion; and electrically connecting
said bunp el ectrode of the 25 sem conductor elenent to an el ectrode on the
circuit board. 22. A nethod of fzbricating a sem conductor device
conprising: f,~l~ricatinc~ a sem conductor elenent by the fabricating 30
method as clainmed in claim7.9; providing s conductive adhesive at the
.vertex portions of each of said first 5r6 rusion-and second protrusion,

26 May 2004 - i1C cQnn in ai d bu el ectrqde of the

seni conduct orggl'rg?g%%%{loa%%i(réﬁggt re;o%tc?e %rrllét ﬁgtfin:%uf:%‘ebd%ﬁ 2T aRB9C N kiay
the performangeseki®eClayial, connection S between said bunp el ectrode and
said el ectrode for a goodor-bad test by picking up an i mage of an outwardly
protrudi ng portion (53) ey ard : | d ] uct.or el enent
beyond the periphery of. said geﬁgg(t#lﬁé\%g{go%lg{ee?édn?l%%nggﬁgm%% 3R }:ﬁﬁ‘ e.

pi ck- up devi ceh&0 ¢(@bteR6)porZfon A4tet hed ©fef abyjigati | conduct.ar
device as clained in clai n§)22, wherein said %o?&%ﬁb%@s@o@rps%& LS

el ectricab coanzenged i $nexacuied hiordeb@bFokine tdls, 1S pr gﬁgncgeg(__iggience
] . :

of the conductive adhesive based on pick-up image informati-on of sai
“outwardly progiugichgopor tWidrh pidegkatp byo satHei magecpixaup Hevige. R4 A
met hod of fabricating a sem conductor device as 20 clained in claim?22,
wher ei n sai d §68HSBRNSA@NEEs Eerbloddaied tel - c Howalveraneet | Deop Sngxasyt 84 by
conf'i rm ng tgﬁ operation of said sem conductor element by electrically
bringi ng a coRtadeiiPEeRR oS WeRI saisd blue wareditexpr portdiong 4Dr tdaen, be

i nst ead of usi ng sai d i.mage pick-up device. 2S 25. A nethod of fabricating
a sem conduct 3t T3BYF elé’sgachg?%?rh thafhe2¥eriiendi icmt fomt wobhofit
operatiogoof sctor, ~:1 elenent is executed by a diode

_ gng sFm cong~t _ _ _ .
char act efi Stlé telfMisy ’Z'%‘.e ASPBAREd of fabricating a sem conductor device

as claimed in claim2i, Tmergtimr\]ps? f3|0(’%)t g.gc[lf %Ceaggrtéggh( 3floar?meids on the

electrode 2 of the .semiconductor element: 1 in the

aforementioned embodiments. i{owever, the bum'pé 300 aﬁd 3

may be each formed on the boards electrode on the circuit

15 board on which the semiconductor element 1 is mounted.

Next, the following will describe the case where

a semiconductor device is formed by mounting the

semiconductor element 1 provided with the aforementioned

bump 300 or bump 3 on a circuit board via the above-

20 mentioned bump 300 etc. It is to be noted that the

following description will be made taking the bump 300 as

an example. It is to be noted that the above-mentioned

mounting operation is similar to the operation described

with reference to Figs. 19A through 19C.

25 In regard to the semiconductor element 1 provided



26 May 2004 formed at the vertex portion of each of said first protrusion
and second protrusion before said conductive adhesive is pro 'gﬁd, 8& t hen
sai d conductive adhesive-is provided on the flat surface poré?5 g g A
met hod of fabricating a sem conductor device as clainmed in claim27.
wherein solder is used in place of said conductive adhesive.
A AAAACAAA?A?A A2 ARA? A AH A A A A .ANR A A A9{y. A95. Ase. AL! .
A H AUy. A[,.A5. A{. AHR A", . AAy. AR A Afe. AS. A/ n,. Au. Ay5R Ay[. An. Al y. Ae. AHe. Ay
. Ay. Abe. Ae. Al . Aa?. Ae. A A?. A . A% A Ae. A?)"9fD) " ; | &KQg %
}xsnl d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]q_:a]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] cal %
V6S_e. / 13>C'f i xsini dnd] Caf Kl 0] Sl & 2] sahsal %]oca] ) cadralcahgal agleal ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ux\
$HHHSSWORE' YEkthi tohdubrdrVel\ehesii 8 ZhC ah@aiagaécaheekgahc alierl eal kel cal .
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal W/ MIN011122
2* 3+33p4S555667 FAG@BREAGS the<<veroéex il oF<al coff cahsaf caleapeakealaalcal ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! X>d>i >G
?1 2UGNA2 A3 An At BD& DA DEDE Gyt oh & | mopt It MV VAN sedre hurfe 8jooa bea] pajeealerh] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] cal NNN8OSO, P8BapnRPariEQf RaRRSTSSESYT b R BT TIBUUWE xsnaddZ] k)] caheajeta] cal)
ca] ca] ca] ca] ca] ca] ca] ca] ca] cEA]Dca] ca] ca] ca] ca] ca] ca] ca] ca] cd] ca] ca] ca] ca] ca]
ca] ca]ca! VS NES 7B [ [the FRsrertive VExseixd prrtdloses ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal]ca] ca]ca] cd\Q ] ? mAr8_  aaaaa
dd! g- g4ghhhhi i Fj $kakk4!l ul | | } xsni d Z] cal ca] ca] cal ca]l.ca] ca] cal ca] ca] cal.ca] ca]
ca] ca] ca] ca] ca] ca] ca] cafereaPSa] "] idh caé%a] y] BalegtRrInkas ptq
Vaqaaq. rArrrryss tutt=u .
x}xsni d Z] ca] & ]réa?]cc?afégﬁcﬁc%‘}l%ﬁ%‘%ﬁ’ AL AL SPREPER SRS ERPERFEd ] ca

] ca] ca] c

xaxxx!y yyh%?%‘{%%]{]}%]qg\%]o(g%k%xsﬁl ) Eflca]f ]tca]1 flcg’]sca)]fcg] ca‘]agaﬁ ci‘] cat] ca] ca
Sal B
]efi]s(r:lﬂjcg] gg} gg}ncai cal ca] %g}%g]ﬁ%} ca%c?]%g]t%rcga%éc% ca] % cal ca ca]écl%]escta] ca

] ca] ca] ca] ca] pabtahealealealarl @HRdeond protrusion 50

" Sf KL<+ng}xsn| d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj ca] calc
a] ca] ca] ca] ca] ca] ca] ca] crhaa] c@l erloeal Gal galylr Zpl" KhEg w3k dloablod ealica] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]
caV] ca] caV] cakt@! jcondwatixs aidthedliMeah@ahas] bakaakeahedkeakdalicakidlgeaidal c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]jca! G )!(,fNUk}xsnid

_Z] ] ca] calkca] edjuda]tte dedaad cal eaf cafieaRoapdaltde aa:]nora]ria] bahrd] 48|, cameh] ca
] ca] ca] ca] ca] ca] ca%ca] ca] ca! =u+7>wQ Vf Bz;

, v}xsni d_Z]] c&hea] tbfe) payca]léapaa]é@a]a:ra} ca]lca]scs;p@d] @ ealen] 68] cf ca]
ca] ca] cal ca] ca] ca] ca] ca] cal ca] ca%ca'

_auxW 5AH} xsnie@<A e ]%’é‘fc J-68Pc &Fc&PCaRegnh] ebf eareaf caPcared]a] ca

ca] ca] ca]ca] ca] ca] ca] ca a cajcaJcalH "/ 1>u sni d cal caJ calca] ca
] ca] ca]] ca] ca] eé%r@a%fca] & L L ] c3+83]%aﬁ%%ﬂ% S5t %%h%%a‘%%‘a]ﬁ] ca
] ca] ca] ca! NNZ So}x nid 7]] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca]ca
] ca] ca] ca] ca] S":] y| ca] ca] ca] ca]ca]calca]ca]ca! _%6Dv']-/K )CDfry}xsni

aTeal cal & oal 22} EZ} cal 4 CShE ekl sl R ol SIS 2R ‘“‘f%a S
] ca] cal cal calgalqal cal ¢ cgliselraallea] 5@) calealial caloahogloakoalion) o) oal o

a!' "7kl b<=dpw. _o}xsnid_Z ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] cal

ca] ca] ca] ca] caly=a]fd ] ot cal £ad £al caf caheateahicatkve hatiddived 1B Gnto

AC~-B} xsnid_Z]]]ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca]ca]ca]ca]l
ca] ca] ca] ca] cajin] cadreadcalaitcialita] ca! BNSde'# the height IV of the

conductive adhesive 18 as shown in Fig. 8C is increased.

25 Further, by forming the flat surfaces 3la on the vertex



&ELMX o, } xsni d_Z]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!, -41] _ABEJd] $% ﬁg\(g?b%ébga] caj
ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] cal ca] ca] calcalca]ca]c ]calc
aJ ca] ca] ca] cal ca]ca! ' *AAVR*+; <R{}

| wmhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca
U] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!

p! I X"]"A""" 8H@OHt #HHHAHH=SESKSLISSY<UCY8H wr mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca]
ca]ca]ca]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
I O&R& &) &&&&&&&EW ' " 3(8(<(((()))))))) =*a%»| wnhc”Y]]ca]ca] ca]ca]ca]ca]ca]c
aJ cal ca] ca] ca]calca]ca]ca]ca]ca]ca]ca]calca]ca]ca]ca]ca]ca]ca]cal ca] ca] cal
cal ****x*x*xx*xx*xpoygiens W/ pi/08G@ first protrusion 40 and the second
11c222333} xsni d_Z] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
a] ca] ca] ca] captafFedpdacaPcakbe] sakaadt ] lom e thabd Tl RG] 5%555:’&5@5&5555

77} }xsni d_z] ] jeereapesy: caP@aFéla?]"@a]l@a]“ca] cd} caheakbayeaheatcahed] am]omm]tca] c
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10%9& () -!' M 19%H&ek) as shown in Fig. 8cC.
10 Furthermore, the warp of the circuit board 19 in
the case where the semiconductor element 1 is connected to
- the circuit;board 19.is absorbed by the above-mentioned
amount of traﬁsfef of the conductive adhesive 18, andb
therefore, the increase in amount of tranSﬁer as described
15 above allows thecamount of absorption of the warp to be
increased. Therefore; the specification of the warp at the
portion in which the semiconductor element 1 is connected
-:f— to the.circuit boar? 13 aanrb&'alleviated to 10 um from the
conventional specificatioh of 4. pm, also allowing the
20 circait board 19 to be reducea?inAcost.v
Furthermore, the connection area of the bump 300
and the board electrode 20 on the circuit board 19 as well

as the amount of the conductive adhesive 18 are increased,

so that the strength of connecting the bump 300 to the

25 electrode 20 can be increased and the connection resistance
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It is to be noted that, by virtue of the
formation of the first protrusion 40 and the second
protrusion 50 at the bump 300, the flat surface 31la may not
' 5 Dbe formed in the case where a sufficient amount of transfer
of the conductivé adhesive 18 onto the bump 300 can be
aséured without forming the flat éﬁrface 31a.
Furthermore, in the case where the other end 52
of the second protrusion 50 is not extending to the height
10 of the vertex portion 7 of the first protrusion 40 and the
semiconductor element 1 is not pressed against the above-
mentioned boérd 21 to quh.an extent that the flat surface
21la of the‘board 21 contacts the other end 52 as shown in
Fig. 15, it is sometimes the case where the flat surface
15 = 31a is formed only on the vertex portion 7 of the first
protrusion 40 as showﬁ in Fig. 16 and no flat surface 3la
| ‘ is formed at the other end 52 of the secohd protrusion 50.
- et In‘the casé as deét%ipe&fabové?fﬁhé‘éuuductive
adhesive 18 is required to be transferred onto the other
20 end 52. Acdordingly, in the case where the other end 52 of
the second protrusion 50 is not extending to the height of
the vertex portion 7 of the first protrusion 40 as shown in
Fig. 15, a gap V between the flat surface 2la of the board

21 and the other end 52 when the semiconductor element 1 is

25 pressed to the board side has a dimension such that the
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conductive adhesive 18 as shownlln Fig. 8B. In other
words, in the case where the other end 52 of the second
protrusion 50 is not extending to the height of the vertex
portion 7 of the.first protrusion 40 as showﬁ in Fig. 15,
the bump 300 of the semiconductér element 1 ié required to
be pressed against the board 21 so that the dimension of
the gap between the flat surface 2la of the board 21 and
the other end 52 becomes not greater than the above-
mentioned gap V.

A:direction in which the other end 52  of the
second protrusion 50 is orientated will be described next.

The other end 52 of the second protrusion 50 at
the bump 300 formed as described above can be orientated to
the peripheral side‘of the semicohaucﬁor element 1, or as

further shown in Fig. 10, the other end 52 can be also

~=rctengwl beyond an . extension-line-of the-outer end surtace

1b of the periphery of tﬁe semiconductor element 1. It is
to be noted that the orientation of the other end 52 is
executed by the operation of the capillary 9. In regard to
the bump 300, a bump at whidh the other end 52 is extended
beyond of the extension line of the outer end surface 1b of
the periphery of the semiconductor element 1 is denoted by

a bump 310 as shown in'Fig. 10. Further, the portion which
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10q; q; line of the outer end surface 1b is denoted by an outwardly
protruding portion 53.
By thus orientatihg the other end 52 to the
"5 peripheral side Qf‘the semiconductor element 1, the other
end 52 does not extend toward the adjacent electrode 2 in
the semiconductor element 1. Therefore, the other end 52
is mnot brought in contact or short-circuited with the
adjacent electrode 2 when the conductive adhesive 18 is
10 transferred to the bump 310. Therefore, the orientation of
the other end 52 to the peripheral side of the
‘semiconductor element 1 can assure the amount of transfer
of the conductlve adhesive 18 and prevent the possible
occurrence of the short circuit as described above by
15 virtue of the provision of the second protrusion 50 in

addition to the first protrusion 40.

* Further, a semiconductor device can be also

fabricapeI- Ly 'LOIF_“b the~bump 310 on the -electrode 2 ot et ave

the semiconductor element 1 as described above in Step 11
20 shown in Fig. 11 and connecting the bump 310 onto the
electrode 20 of the circuit board 19 in a face-down
mounting wmanner in Step 12. When fabricating the
semiconductor aevice as described above, the other end 52
is neither brought in contact.or short-circuited with the

25 adjacent electrode 2 in the semiconductor element 1 having
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connection strength ean be made higher and the connection
resistance value can be made lower.
Furthermore, in a semiconductor device 610 in

10 which the semiconductor eleﬁent 1 having the bump 310 is

connected to the circuit boafd 19, 'a test process for
testing the performance of the electrical connection of the
bump 310 to the electrode 20 on the circuit board 19 can be
provided as one fabricating process of the semiconductor

15 device 610 as shown in Step 13 in Fig. 11. This test will

be described below.

. . For example, when the semiconductor element 1
having the bump BOOZEe:MEuﬁEed’ﬁﬁﬁtheVﬁ%%duiﬂ board 19 in
the face-down mounting manner, the other end 52 of the

20 second protrusion 50 is not protruaing from the outer end
surface 1b of the periphery of the semiconduetor element 1.
Therefore, the portion in which the bump 300 is connected
to the electrode 20 on the cifcuit board 19 cannot be

visually checked. When the semiconductor element 1 having

25 the bump 310 is mounted. on the circuit board 19 in the
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protruding portion 53 and subjected to a visual test.

Furthermore, it is acceptable to automatically
execute the above-mentioned visual test by means of a
camera 25 and a visual tester 26 connected to the camera 25
10 as shown in Fig. 12. That is, the electrical connection of
the bump 310 to the electrode 20 can be checked for a good-
or-bad test by picking up the image of the portion in which
the outwardly protruding portion 53 is éonnected to the
electrode 20 by the camera 25, taking in the image into the
15 visual tester 26, and detecting the presence or absence of
the conductive adhesive 18 in the connection portion by
i means of the visual tester 26. |
. Furthermore, in the - gemiednductor  device 610
e_rﬁploying the semiconductor element 1 having the bump 310,
20 a contact probe 26 can be bfought in contact with the
outwardly protruding portion 53 or the conductive adhesive
18 which covers the oﬁtwardly protruding portion 53 as
shown in Fig. 13. The contact probe 26 is connected to a
semiconductor element performance tester 27 which can check

N

25 the state of connection of the bump 310 to the electrode 20
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example, a diode characteristic test, it can be checked in
a short time whether the connection of the electrode 2 of
5 the semiconductor;element 1 to the electrode 20 of the
circuit board 19 is in a non—eenductive state or short-
circuited. -
It is to be noted that the above-mentioned diode
characteristic test is to test the diode formed in the
10 circuit of the semiconductor element 1 for the purpose of
preventing an excessive current from flowing through the
c1rcu1t of the semiconductor element 1.
The connection of the bump to the electrode 20 of
the circuit board 19 is achieved by the conductive adhesive
15 18 according to the description of the above—mehtioned
embodiment. 'However,>as shown in Figs. 142 and 14B, solder
; 28 can be used instead of the conductive adhesive 18. It
w7 - = dgeto be noted-that the bump 300 is taken as aﬂﬁéxample_in
Figs. 14A and 14B.
20 Similarly to the case described with reference to
Figs. 8A-8D, the vertex portions 7 of the first protrusion
40 and the second protrusion 50 of the bump 300 of the
semiconductor element 1 are provided with respective flat
surfaces 31la. On the other hahd, as shown in Fig. 143,

25 solder 28 is provided on the electrode 20 of the circuit
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position the bump 300 of the semiconductor element 1 with
the electrode 20 of the circuit board 19, bringing the flat
surfaces 3la of the bump 300 into contact with the solder
5 28 apd heating the same, the two protrusions of the first
protrusion 40 and the second protrusion 50 of the bump 300
are connected to the eléctrode 20 of the circuit board 19
via the solder 28.
By thus connecting the electrode 20 of the
10 circuit board 19 with the bump 300 having the first
protrusion 40 and the second protrusion 50 by means of
solder, a solder fillet is formed. - By virtue of the
provision of this fillet, the éﬁrength against a stress
effected on the circuit board 19 is increased and the
15 = connection reliability is improvgd.‘ Furthermore, - the
connection area is inéreased and the connection resistance
\ | value is reduced.
Thie bump having two*protrusions is formed by the
ball bonding methbd in the aforementioned embodiment.
20 However, it is a matter of course thaﬁ a method capable of
forming two protrusions on at least one bump can be used
instead of the ball bonding method.
As described in detail above, according to the
semiconductor elements of the aspects. as well as the

25 semiconductor element.fabricating method of the aspect of
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bumpi Therefore, the area of contact of the bump with the
board electrode on the circuit board 1is increased.
Accordingly, the connection stfength and the connection

5 reliability can be made high and the connection resistance
value can be made low and stable in connecting the
semiconductor element to the circuit board.

Furthermore,  according to the semiconductor

device of the aspect and the semiconductor device

10 fabricating method of the aspect of the present invention,

the semiconductor element having two protrusions at one

bump, as described above, is used and the bump is connected

to the boerd electrode of the circuit board. With this

arrangement, the area of contact of the bump with the board

15 electrode on .the circuit board is increased, - and

accordingly, the connection strength and the connection

i , reliability of the semiconductor element and the circuit

. board can be made high and tne(connecticﬁ%fééistance value
can be made low and stable in the semiconductor device.

20 Furthermore, according to the semiconductor

device fabricating method of the aspect of the present

invention, the end portion of the second protrusion is

extended outwardly of the semiconductor eiement beyond the

periphery ofvthe semiconductor]element at the bump having

25 two protrusions. This arrangement of course enables the
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connection resistance value as described above and allows
the semiconductor'device to be tested by means of the
secopd protrusion'gxtended outwardly of the gemiconductor
element. |

The entire disclosure of Japanese Patent
Application No. 8-260645 filed-on October 1, 1996, and No.
8-289836 filed on October 31, 1996, = including
specification, claims, drawings, and summary  are
incorporated herein by referenée in its entirety.

Alfhough the present invention has been fully
described in connection with the preferred embodiments
thereof with reference to the accompanying drawings, it is
to be noted that various changes and modifications are
apparent to those skilled in the art. Such changes and
modifications are td be understood as included within the
scope’ of the present invention as déf?ﬂggtby the appended

claims unless they depart therefrom.
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1. A method of forming a bump electrede on an IC

electrode, comprising:

5 operating a bonding capillary (113), having a capillary
holed with a chamfered portion at a discharge end thereof,
at a ball bond forming position to form a ball bond portion

‘ (115) bonded on an IC electrode (104) using an end of a wire

(101) ;
10 moving the bonding capillary upward with respect to the

Ic electrode,
movmng the bonding caplllary sideways and then downward

with respect to the IC electrode;
bonding the wire (101) to the ball bond portion bonded

15 on the IC electrode; and
cutting the wire, the wire being prevented from coming
in contact with portions around the ball bond portion other
than the ball bond portion itself, wherein a chamfered angle
(107) of the chamfered portion of the capillary hole is less
20 than 90 degrees to make the ball bond portion have a height
greater than a diameter of the wire, with the\chamfer angle
of the chamfered portion being a vertex angle of a conical
inclined surface of an outer end opening of the capillazxy
hole,
25 wherein the wire is bonded to the ball bond portion such

that no space is circumscribed by the wire and ball bond

portion.

2. A method of forming a bump electrede on an IC

30 electrode, comprising: .
operating a bonding capillary (113), having a capillary

hole with a chamfered portion at a discharge end thereof, at
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a ball bond forming position to form a ball bond portion
(115) bonded on an IC electrode (104) using an end of a wire
(101) ;

moving the bonding capillary upward with respect to the
S IC electrode;
moving the bond capillary sideways and then downward
with respect to the IC electrode;
’ bonding the wire to the ball bond portion bonded on the
IC electrede; and
10 cutting the wire, the wire being prevented from coming
in contact with portions around the ball bond portion other
fhan the ball bond portion itselt, wherein a chaﬁfer
diameter (109) of the chamfered portion of the capiliary
hole is greater than a diameter of the ball bond portion,
15 with the chamfer diameter of the chamfered portion being a
diameter of an outer end opening of the capillary hole,
wherein the wire is bonded to the ball bond éortion such

that no space is circumscribed by the wire and ball bond

portion.

3. A method forming a bump electrode on an IC electrode,

as defined by claim 1,
wherein in operating the bonding capillary (113) at the
ball bond forming position, the formed ball bond portion
25 (115) on the IC electrode (104) is approximately conical,

and

in cutting the wire, the wire is prevented from coming
in contact with the portions. around the ball bond portion
other than the ball bond portion itself by making a tip end
30 portion of an outer radius portion of the bonding capillary
having a tapered thickness for concentration of a cutting

force in a wire cutting
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portion.
4. A semisenducto= element in which the bump elactrode is

bonded to the IC electrode (2) on a circuit forming surface of a

semiconductor element (1) by the method defined in any one of

Claims 1-3,

said bump comprising:

a ¢first protrusion (40) which is comprised ¢f a portion
formed by once melting and solidifying a wire and its periphery
and is bonded to said electrode; and

a second protrusién {50) which is formed of an unmelted
pozrtion of said wire and exteﬁded fzom said firsc pzotfusion
beyond @& planar area defined by projecting said first protrusion
on said electrode (2) to a height approximately equal to that of
said first protrusion with respect to said electrode, and

said £first pzotxusion and said second protrusion being
brought in centact with or put elose tTo one electrocde on a

circuit board when the semiconducter element is mounted on the

circuit board.

5. A semiconductor element as claimed in Claim 4,

wherein said first protrusion is provided with a formed
portion (42) formed by forming a melted poxtion of said wire by a
capillary and solidifying the same and a wire matérial portion
(23) which is comprised of the wire in a vicinity of said melted

. pertion, extended from a vertex portion (41) of said formed
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6. A semiconductor element as claimed in claim 4, wherein
§ said first protrusion is provided with a formed portion
having a base portion (421) bonded to said electrode and a

protruding portion (424) provided upright on said base

portion,

10 7. A semiconductor element as claimed in claim 5, wherein
said wire material portion extended downwardly from said

vertex portion is bonded to said electrode, instead of said

formed portion.

15 8. A semiconductor element as claimed in claim 4, wherein
said second protrusion extends toward an outer end surface

side of said semiconductor element without exczeding said

outer erd surface.

20 9. A semiconductor element as claimed in claim 4, wherein
said second protrusion extends outwardly of said

semiconductor element beyond an outer end surface (1b) of

said semiconductor element,

25 10. A semiconductor element as claimed in claim 4, wherein
said first protrusion and said second protrusion have

respective flat surface portions (31a) at the vertex

portions of the protrusions.
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12. A method of fabricating a semiconductor element in which

the bump electzede is bonded to the IC electrode (2) on a circuit

forminig surface of the semiconductor element by the method

defined in any one of Claims 1-3, comprising:

forming a fizst protrusion (40) which is compzised of a
portion formed by solidifying a melted portion of a wire and its
periphery and is bonded to said electreda; and

forming & second protrusion (50) which is formed of an
unmelted portion of sa;i.d wire and extended from said £irst
protrusion beyond a planar area defined by projecting said first
protrusion on said electrode (2) to a height approxzimately equal
to that of said first protrusion with zespect to said electrode,

whereby

said first protrusion and said second protrusion are

brought in contact with or put close to one electrode on a

circuit board when the semiconductor element is mounted on the

circuit hoard.

13. 2 method of fabricating a semiconductor element as clained
in Claim 12, wherein said first protrusion is formed by forming
the melted portien of said wire inte the fermed portion (42) ky

said capillary and extending the wire in a wviecinicy of said

melted portion £zom a vertex portion (41) of said formed pextiecn
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formed portion, consequently forming a wire material poxticn

(43) .

14. A method of fabricating a semiconductor element as claimed
in Claim 13, whezein said wire material portion instead of said

formed porti¢s 4is bonded to said electrode when said wire

material portion is formed.

15. A method of fabricating a semiconductor element as claimed

in Claim 13, wherein, after the formation of said formed poxtiomn,

said wire continuwed to said formed portion is bonded afrer said
capillary describes an'app:oximately rectangular shape in a plane

parallel to a vertical direction above said formed portion when

said first protrusion is formed.

16. A wethod of fabricating a semiconducter element as claimed

in Claim’'12, wherein, a region of said wire recrystallized

} ' .
by heat has a- length estending to an end of said second.

protrusion when said melted portion is formed.

17. A merthod of fabricating a semiconductor element as claimed

in Claim 16, wherein the length of said recrystallized region is

controlled by an application time of a voltage to be applisd to

said wire for the formation of said melted portion.




10CC 10CC 10CC f/ "109€CC& ()-:+,,-.[..wWJ3uVv7 'A
T&YA0YE ()-! Y&YA0YR' ()-! &SH10%=&' ()-! &SH109BB&' () -t %4 0% (LAl cvdOyR: () -.
W /00002XJ<7 I A ° 102 0 0 (og'niay 3064 O~/
10 ' "y5%40% & ()-!#y5%0%T& ()-3L!'10%& ()-!, &MAO%& ()-!3 &A0%& ()-0000
1c2330Mt7! 39@10%& () -f!9@10983& ()-f!" %0 ()-y! %0%& ()-y&3
109 () - #f 109 ()- 10__3444552636{\:, 7!
10! : y#10%&' ()-T810%A &' ()-29! 10%& ()- @6 (Y0%Vv& ()-!'3 (%40%s& ()-!1
(9409 ()-364656A6 77\:,7! 10!:y#10%& ()-T810%A& ()-!PYnAd0% uu& ()--,F
:110% u&' () -z#f 10% u& ()- 10 10 Normal " "Heading 13]c" "Heading 23]c"
“Headi ng 33]c" "Heading 43]c" "Heading 53Be" "Headi ng 63]c" "Heading 73]c"
"Headi ng 83]c" "Heading 93] c"A "Default Paragraph FontR'9)/35W AMFJ+MJQ&VY"
dti nsx~U * 4AMpe?cA@E#' - 4348: <>@DFHILNPRTVXZ\ 7" bdf hj | nprt vxz| ~% W X>NW

18. A method of fabricating a semiconductor element as

claimed in claim 12, wherein an end portion of said second

protrusion extends to a peripheral side of said

semiconductor element when said second protrusion is formed.

19. A methed of fabricating a semiconductor element as
claimed in claim 12, wherein an end portion of said second
protrusion extends beyond the periphery of said
semiconductor element to the outside of said semiconductor

10 element when said second protrusion is formed.

20. A method of fabricating a semiconductor element as
claimed in claim 12, wherein a bump having said first
protrusion and second protrusion is formed, and thereafter a
15 flat surface portion (31la) is formed at a vertex portion of

each of said first protrusion and second protrusion.

21. A method of fabricating a semiconductor device

comprising:
20 fabricating a semiconductor element by the fabricating

method of claim 12;
providing a conductive adhesive at each of said first

protrusion and second protrusion; and
electrically connecting said bump electrode of the

25 gemiconductor element to an electrode on the circuit board.

22. A method of fabricating a semiconductor device

comprising:
fabricating a semiconductor element by the fabricating

30 method as claimed in claim 19;
providing a conductive adhesive at the wvertex portions .

of each of said first protrusion and second protrusion;
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electrically connecting said bump electrode of the

semiceonductor element to an electrode on the circuit board;

and
performance of electrical connection

checking the

5 between said bump electrode and said electrode for a good-
or-bad test by picking up an image of an outwardly
protruding portion (53) extending outwardly of said
semiconductor element beyond the periphery of said

semiconductor element by means of an image -pick-up device

10 (25, 26).

23. A method of fabricating a gsemiconductor deQice as
claimed in claim 22, wherein said good-or-bad test of said
electrical connection 1is executed by determining the
15 presence or absence of the conductive adhesive based on

pick-up image information of said outwardly protruding

portion picked up by said image pick-up device.

24. A method of fabricating a semiconductor device as

20 claimed in claim 22, wherein said good—or-bad test of said
- electrical connection is executed by confirming the
operation of said semiconductor element by electrically
bringing a contact in contact with said outwardly protruding

portion, instead of using said image pick-up device,

25
25. A method of fabricating a semiconductor device as
claimed in claim 24, wherein confirmation  of operation of
said semiconductor element  is executed by a dicde
characteristic test.

30

26. A method of fabricating a semiconductor device as

claimed in claim 21, wherein a flat surface portion (3la) is
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formed at the vertex portion of each of said first

protrusion and second protrusion before said conductive

adhesive is provided, and then said conductive adhesive is

provided on the flat surface portion.

27. A method of fabricating a semiconductor device as

claimed in claim 21, whexein solder is used in place of said

conductive adhesive.




