. €3e74\ 6T ti SPECI FI CATI ON TI TLE OF THE | NVENTI ON SEM CONDUCTCOR ELEMENT,
SEM CONDUCTOR ELEMENT FABRI CATI NG METHOD, SEM CONDUCTOR DEVI CE, AND 5
SEM CONDUCTOR DEVI CE FABRI CATI NG METHOD BACKGROUND OF THE Iummmnmmwmmnmm
“present invention relates to a sem conductor el enent in whi
formed on an el ectrode of the sem conductor elenment by a ball bogpgdiseg
nmethod or the like 10 using a netal thin wire (wre), that is, a nethod of
formng a bunp el ectrode on an I C el ectrode, a nethod of fabricating :the
sem conductor el ement, a sem conductor device fabricated mﬁﬂmeMmemmmmﬁ
sem conductor elenent and a nethod of fabnicating the semc ce.
15 In recent years, electronic equi pnent has been devel oped to hew®i*a
conpact size, a light weight and a KBRECIRREATION and this has al so
required el ectronic conponents to have a conpact size, a light weight and a
hi gh functioﬁ?1?¥%nQFhE§Ep6NNFN&QQNewm inregard to a method of forming 20
a bunp electrode on_an | C el ectrode relevant to the present invention, a

mount i ng net hod by FEARENGPE R A n g EAM NTrhe net hod of
wre bonding 25 t cERARAGRT AR MeRLCC FERE Rt o RREL R O ke
5 SEMICONDUCTOR DEVICE FABRICATING METHOD
BACKGROUND OF THE INVENTION
The present invention relates to a semiconductor
element in which a bump is formed on an electrode of the
semiconductor element by a ball bonding method or the like
10 using a metal thin wire (wire), that 1is, a method of
forming a bump electrode on an IC electrode, a method of
fabricating ;the semiconductor element, a semiconductor
device fabricated with the semiconductor element and a
method of fabricating the semiconductor device.
15 In recent years, electronic equipment has been
developed to have a compact size, a light weight and a high
, function, and this has aiso required electronic components
to have a compact size, a light weight and a high function.
From this point of view, in regard to a method of forming
20 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

25 technique will be described below with reference to the



-~ 2 - drawings. Figs . 17A-17D show schematic views of a prior art bunp

el ectrode formng nethod. In the figure are shown an Au wire 10l, an Au
ball 102, a bonding capillary 103, an IC 5 electrode 104 on a board 170, a
*ball bond portion 105 and a bunp el ectrode 106. The nethod of form ng the
bunp el ectrode on the I1C el ectrode will be described next. In Fig. 17A the
Au ball 102 fornmed 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 |IC el ectrode
104 by the bonding capillary 103. Subsequently, the bonding capillary 103
nmoves up, sideway and then downward, ther@by connecting the Au wire-to the
bal | bond portion 105 15 as shown in Fig. 17C. Subsequently, the capillary
103 noves up @FAVERESthe Au wire 101, thereby forming a bunp el ectrode as
shown in Fig. 17D. That _is, the above operation is described below in
detail. A method of forFifl§-atBhih/BroBOw eifhaRinrhid it e OfeAeRFiBY &%ri or

ol emont. pPSC?faaﬂpmf AeEraT5 ApP R BSarSEnSded Th ChF (LUrSHa: LLCPREGHD 7B,
4661192. The 1(_)9%5{\?# ah}leA e%crllbe_%2 Ag ﬁ gnpl n, F| l%%A 1gah:/\,%flc-ﬁc

vol t age of sever busan “appli orc
Serves asg electrode 104 on a board 170, a ball bond portion 105 and

a bump electrode 106.
The method of forming the bump electrode on the
IC 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 electrode
104 as shown in Fig. 17B and bonded onto the IC electrode
104 by the bonding capillary 103. Subsegquently, the
bonding capillary 103 moves up, sideway and then downward,
thereby connecting the 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 a prior art ball bonding method and a method of
connecting the semiconductor element provided with the bump
are disclosed in United States Patent No. 46611392. 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



= 3 a discharge electrode to the tip end 101a of a wire 101 protruding
fromthe tip end of a capillary 103. By the application of this high
voltage, the wire 101 cones to be increased in tenperature and nelted from
‘the tip end 10l1a 5 while a discharge current is flow ng between the torch
160 and the wire tip end 10l1a, so that a ball-shaped nelted portion as
shown in Fig. 18B is forned. After the ball 102 is fornmed, the capillary
103 is noved down to the sem conductor elenent side, so that the ball 102
is made to 10 abut agai nst an el ectrode 104 of the sem conductor el enent
170. By further noving down the capillary3183 with respect to the ball 102
that has abutted against the electrode 104, the ball 102 is bonded to the
el ectrode 104aaddscherigsl |elld redd otardhby ttilpe drid Bma poft RowikBaiof t he
capillary 15 103, so that a bunp base portion 8 as shown in Fig. 18Cis
fornmed. Next,pastshéwngi frimy. thsDibyendviofg aipcapriel bapy | LBy 10% tithéhe
side opposite to_the sem conductor elenment while clanping the wire 101 by
nmeans of the BBPLEFaEyoR03f théswhigh1veliageer phefvira 0k ¢oBeRIiE9 B¢ 20

t he bunp base, portion _8, thereby formng a bunp 30 on the electrode 104 of
the sem condutREFSBPEReAR FRIPEASEquANE o Lh o5 G T o 19 SbRLR s

| ST UPL 99t e BUTRDae ROLLAEN, 2 Plotle BB, 8, a8 2hout A ELo
(010 o0 NCRhEEALOth DA Be IO 5 oA ol BARURLL BB
portion as shown in Fig. 18B is formed. After the ball 102
is formed, the capillary 103 1is moved down to the
semiconductor element side, so that the ball 102 is made to
10 abut against an electrode 104 of the semiconductor element
170. By further moving down the capillary 103 with respect
to the ball 102 that has abutted against the electrode 104,
the ball 102 is bonded to the electrode 104 and the ball
102 is formed by the tip end portion 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
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 bump base portion 8, thereby forming a bump 30 on the
electrode 104 o©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



a flat surface 2la is fornmed, so that a bunp 31 having a flat surface 3la
formed by flattening the protruding 5 portion 30a is forned. Subsequently,
as shown in Fig. 19B, the bunp 31 having the flat surface 31a is brought in
contact with a conductive adhesive 18 formed on a stage 41, thereby
transferring the conductive adhesive 18 onto the flat surface 3la of the
bunmp 31 and its periphery. 10 Subsequently, as shown in Fig. 19C, by
aligning in position the bunp 31 onto which the conductive adhesive 18 has
been transferred with an el ectrode 20 on a circuit board 19 and thereafter
maki ng the bunp 31 abut agai nst the el eet#ode 20, the bunp 31 is bonded to
the el ectrode 20 for the 15 achi evenent of electrical connection between

t he seni condues drhes efherned 7n gk tHetinads t1doard BHRoWHoWEY &g -ad@dy.di ng
to the bunp electrode form ng nethod as, descri bed above, the Au wire 101
comes in cont’@e? RPER el EXAWRAG RER TV S0P EGA "RIYEX 1PHe 28U ORi MEIFHM i s

20 cut by th il 103. _Co tl in Fig._ 20 d 20B,

the el ect rode? LBRE EHB5AERPOR < st B> SHidbe SrEbH 76 BREcrFods
terial adh to the ti d Qf th i 01.. i the i t hat

Uhe Au bal | TOPAC caRfor2d gt Py ey Nl AT . stee-3a S mmey
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an | C el ectragde, CausiN B 0nARIAGT AL V£l Be t R FhARe §lathe ebestgREe 1n

contact with a conductive adhesive 18 formed on a stage 41,
thereby transferring the conductive adhesive 18 onto the
flat surface 31a of the bump 31 and its periphery.
10 Subsequently, as shown in Fig. 19¢, by aligning in position
the bump 31 onto which the conductive adhesive 18 has been
transferred with an electrode 20 on a circuit board 19 and
thereafter 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, according 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 capillary 103. Consequently, 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



5 In"acconplishing these and ot her aspects, according to a first aspect of
the present invention, there is provided a nethod of formng a bunp
el ectrode on an I C el ectrode conprising: formng a ball bond portion on an
1C electrode by a wire bondi ng apparatus;- noving up a bonding 10 capillary;
nmovi ng the bonding capillary sideway and then downward; bonding a wire to a
ball bond portion; and cutting the wire, the wire being prevented from
comng in contact with a periphery of the ball bond portion except for the
bal | bond portion by presetting a descent position 15 of the bonding
capillary to a position higher than a balb bond form ng position. According
to a second aspect of the present invention, there is provided a nethod of
forming a bunp el ectrodénoniew dfCtdlecafovdmenoipnisi hgsuker; nihg Erament 20
bond portion on an | C el ectrode by a wire bonding apparatus; noving up a
bondi ng capi | tavgntaew hgst ke hridicly teaprdatge sadméi]mdn@ft Harraiovnvar d;
bonding a wire to a ball bond portion; and cutting the wire, the wire belng
prevented fr olﬁv@snﬁ%acpﬁOé@r@%cﬁn WG RLEChEPABhERYSSRI2BOt HenPERA L bbKdin
portion except for t he b bong porti.on by - 6 setting a chanfer angle
of the bondin§ Eaﬁﬁﬁpﬁrﬁ nGPegF §€EFofRan 90 degrees maki ng the bal |l bond
portion have a hei ght greater tha .a.di amet of the.wr According to a
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third aspéct of the predént 3 MRY ¢ H %ﬁ?s PPGvi S et
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prevent ed frogl@@@k@ﬂe‘Eoﬁ@%ﬁ@ﬁhgm‘EBrﬁlﬁérhpBEIY Béna P@ibnbgﬂdaﬁofé'on
except for the ball bond portion by setting a chanfer dianeter of the

bondi ng capi | kaeytgoagat 8k hhanra lﬁbﬁﬂﬁﬁ@raﬁ%ai'&@u@ahhobﬂﬂg-upl% ARl dhgg to
a fourth aspect of the present invention, there is provided a nethod o

form ng acbunpaeliattregde nwviary [thellsmidinge capphlisarpgsibewayngrad behénbond
portion on an | C el ectrode by a wire bonding apparatus; noving up a bonding
capil lary; nodomgwehlel; bonding a wire to a ball bond portion; and
cutting the wire, the wire being prevented from coming in
contact with a periphery of the ball bond portion except
for the ball bond portioﬁ by presetting a descent position
15 of the bonding capillary to a position higher than a ball
bond forming position.

According to -a second aspect of the present
invention, there is provided a method of forming a bump
electrode on an IC electrode comprising: forming a ball

20 bond portion on an IC electrode by a wire bonding
apparatus; moving up a bonding capillary; moving 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 periphery of

25 the ball bond portion except for the ball bond portion by



20 bonding capillary sideway and then downward; bonding a wire to a ball
bond portion; and cutting the wire, the wire being prevented fromcomng in
contact with a 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 25
bondi ng capillary have a tapered thickness for concentration of a
cutting force in a wire cutting stage. According to a fifth aspect of the
present invention, there is provided a nmethod of formng a bunp el ectrode
on an I C el ectrode conprising: formng a ball 5 bond portion on an IC

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

nmovi ng the bonding capillary sideway and then downward; bonding a wire to a
bal | bond por segtingndacuthamier hanglee, ofhetvg r ddyslimy prepéitledyf r omt
comng in contact with a periphery of 10 the ball bond portion except for
the ball bondgp6atiesn hps &G idrpraeanyieing thatbahl deerd Paxt ienpsavieon
of the bondi n% g)’a?pi | 1ary i s brought in_uniformcontact wwth a sl ope of the
bal | bond por & GFrIREFFATEE FipkiktFHAGRE dF e PreRent 15 inventi on,

there is provided a nethod of. formng a b | ectrode on. an, 1 C el ectrode
conprising: forning a bg‘tclcodfdirfﬂl%oﬁq oft oﬁ"ngﬁgl GEE r Ode bPea RrFgent

bondi ng appar atus:, SNl naun 2 pandlgcaRE 1) AL IRVLRO Ahie bonding, .

capi |l I ary “si déway and t’hen downwar hg a wire 20°to a ba

o Lo T8 SUSCIBATN i AL RSt LB iy

contact with a periphery of the _ [ pt for ti
portion by brb'&gl'dngﬁtoli%ﬂ%l?lnd'o@lg &P Itkar ¥ 1B ¢8RkACHYW Lh {igew Bﬁnﬁ?ﬂéﬁta

center portion of the ball bond portion. 25 According to a seventh asp
of the presentapparatudNvapkiied uLBere ol dedpd 19IF,CONGWLLQL ekagent

in which the one bunp el ectrode having two protrusions is bonded to the IC

el ectrode on &ceidiely tabdddany sttkaeg afdatlsem conteetdy belnelierd abyitkee

met hod defined in any one of 5 the first to sixth aspects, and said two

protrusi drfs artte® baxobghll heomsbrpertiont hapd puttitinsethe orieesl echie oderen

said circuit board when the sem conductor elenment is nounted on the circuit

boar d. being prevented from coming in contact with a periphery of
the ball bond portion except for the ball bond portion by
setting a chamfer diameter of the bonding capillary greater
than a diameter of the ball bond.

15 According to a fourth aspect of the present
invention, there is provided a method of forming a bump
electrode on an IC electrode comprising: forming a ball
bond portion on an IC electrode by a wire bonding
apparatus; moving up a bonding capillary; moving the

20 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 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

25 bonding capillary have a tapered thickness for



According to an eighth aspect of the present ZO invention, there is

provi ded a sem conductor elenent in which the bunp el ectrode is bonded to
the IC electrode on a circuit form ng surface of a sem conductor el enent by
the nethod defined in any one of the first to sixth aspects, said bunp
conprising: a first protrusion which is conprised 15 of a portion forned by
once nelting and solidifying a wwre and its periphery and is bonded to said
el ectrode; and a second protrusion which is forned of an unnelted portion
of said wire and extended fromsaid first protrusion beyond a planar area
defined by projecting said first protrusi 6nh-on 20 said electrode to a

hei ght approximately equal to that of said first protrusion with respect to
sai d el ect r odeonggataitdon oft pastttigicofonte sa ¢ seamndYriotnasitagdei ng
brought in contact with or put close to one electrode on said circuit board
when the seniconductor SCERMERENGs £8 mdurftidd-ton aspecsi r efi tthearrkesent g
_According to,a ninth aspect of the presentinvention, there is provided a

sem conduct or *BVEREHCas et e dt § nPEREIEREhEh BREIRYG | OhnéPEMANGaid FHFRt

t i oni i.d i th f ti f d by f i 5nel t
oo sl on S o Ss0 iR 2.1 GEmd pori g Lo b (e gg, aSl
material port bgﬂgf"m eBh3COoMRrt §6d ot h%léé‘@:ﬁ?o#i@ ab%' cinifty of ysald, el ted
portion, &xtendedfrbm a vertex portion of sard forned portion downwaraty

of sai d vertexaggatxia%se}ndmawﬂsd &9 sai e gy &h_@gf; Wé&%ﬂ%di%to a

tenth aspect of "the present.’ i1nvention, there” s provided a sem conduct or

el enent asdef Laeding £AB1ieH e s DHePAPIANAIRG! doWAGRSAN Eéh&i&?_r HBgppLtion
has a base portion bonded to 3aid el ectrode and aprotruding porfion

provi ded upri gt HNpsaidybage gerdisn, 15&@C@mitrigl§t are RLeventtheaspeed of
the presentinvention, there is provided a sem conductor el enent asdefi ned
in the ninth adgjeet preveneied faocth wonméngaiar tahpacti witexi epstetbidowmpveast dl y
fromsaid vertex portion isbonded to said electrode, instead of said forned
portion. 20Accohei bglflo keordnvedcfrith cos pesterdf fide threedwitli rhvend imont iderieyi s
provided a sem conductor elenment asdefined in any of the eighth through

el event h aspe@ESbiHer ith aaFHe sELofdasr ATY LRTERYT eX8@hUS POWaL@naroutles
endsurface side of said sem conductar el enment w thout25exceedi ng sai d outer
end surface. POPGIASLFHW I RE alfhiBE™Fhth ABpedtiorm heoprasknivith a

invention, there is i ded em conduct or el enment as defined in any of

the ei ghth t hPdoHR é&é&g‘rﬁ %a&gpz)&“sdc Rittdr'&i™h sai d second protrusion extends
outwardly of said 5 sem.,conductor elengnt_h nd uter. e surface of
sai d sem conductor el em?‘n C%r%?&% di%ﬁgn?o %l’?%lgrtae%%c% aggecgg%f éﬂegs%l?’%sent

i nvention,g theLg drg sREOVIGed-2 §§m€99>%‘1‘a%fd°ra GLEME 88 8LEAGY I BN Of
the eighth through thirteenth aspecCts,

electrode on an IC electrode comprising: forming a ball

bond portion on an fC electrode by a wire bonding
apparatus; moving up a bonding capillary; moving the
bonding capillary sideway and then downward; bonding a wire

20 to a ball bond portion; and cutting the wire, 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 seventh aspect of the present



10 wherein said first protrusion and said second protrusion have respective
flat surface portions at the vertex portions of the protrusions. According
to a fifteenth aspect of the present invention, there is provided a

sem conductor device in 15 which an electiode on a circuit board and said
bunmp of the sem conductor elenent as defined in any of the seventh through
fourteenth aspects are electrically connected to each other. According to a
si xteenth aspect of the present 20 invention, there is provided a nmethod of
fabricating a sem conductor elenent in which the bunp electrode is bonded
to the IC electrode on a circuit form ng $urface of the seni conductor

el ement by the nmethod defined in any one of the first to sixth aspects,
conprising: f&PAeHEie™i rishess pRoPFEYLERAWR cPePECeBRBFESEd e Mor £fon
formed by - 11 .soljdifying a nelted portion f a wire and its, periphery
and i s bonded™dthi e S0Fr ,paﬁge?Bgﬂéﬁg W&QﬁnﬁWBréFFE§QﬁF$ﬁﬁcﬁsis
formed of an uynnel t porti of said wire and, extended fromsaid firs
prot rusi on begﬁﬁﬁegﬁgob%&ﬁagga?iﬁcgﬁ??ﬁeanb? ProFRtti hgreard FFFche 3
protrusion on_sgid.el r i,ght i nately: e |t hat of
said first pr &t rgﬁg’ﬁgﬁ%%hfﬁggeéggg?gﬁo%atl e ece%éorrgca)é%,fl\%egirjgﬁly angit 8% i Pgt

protrusi o angdygaid sacand Qi:‘?&ﬁ“é%?@c@éf gﬁﬁ“g@idi Qﬁgﬁ@&érﬁ\éi or st

close to one electrode 10 on sald clrcul oard when sem conduct or

el ement is MOWHRGHI ftecshtLek twDORN & dﬁﬁgorzﬂbag @ HieVeIdeenrble agpect
of the present invention, there is provided a nethod of fabricating a

seni conduct or sgligirest rasidef bogddi nviidie tihet egbinh casdecicorl Sedbeakaitn said
first protrusion is fornmed by form ng the
mounted on the circuit board.
According to an eighth aspect of the present
10 invention, there is provided a semiconductor element in
which the bump electrode 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,
said bump comprising: a first protrusion which is comprised
15 of a portion formed by once melting and solidifying a wire
and its periphery and is bonded to said electrode; and a
second protrusion which is formed of an unmelted portion of
said wire and extended from said first protrusion beyond a
planar area defined by projecting said first protrusion on
20 said electrode to a height approximately equal to that of
said first protrusion with respect to said electrode, and
said first protrusion and said second protrusion being
brought in contact with or put close to one electrode on
salid circuit board when the semiconductor element 1is

25 mounted on the circuit board.



melted portion of said wire into the fornmed portion by said capillary and
extending the wire in a vicinity of said nelted portion froma vertex
portion of said formed portion downwardly of the vertex portion and bondi ng
the wire to 20 said fornmed portion, consequently formng a wire materi al
portion. According to an eighteenth aspect of the present invention, there
is provided a nethod of fabricating a sem conductor elenent as defined in
t he seventeenth aspect, 25 wherein said wire nmaterial portion instead of
said forned - 12 portion is bonded to said el ectrode when said wire
material portion is forned. According to & nineteenth aspect of the present
invention, there is provided a nethod of fabricating a 5 seni conductor

el ement as defined in thecgEdénRgect® h %r NNt c@APRCEspeEL , tRBerriesentt er
the formation, of sajd forped portion, said wire continued to said fornmed
portion is boHyERPBIPRr SBegecalst | PEPYIdedcA RRVIFPRPPFBRT nBtlement as

For mod. por {1 DR TRER AR BBER BEPEERonIr PORTER AL IS 00t h

sspect of Lo SREML A SOLLRN . (Botfohe LRS- Ekag, oLt el o
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defined in thehn2Ohrasgecrta vicinity of said melted portion, extended
from a vertex portion of said formed portion downwardly of
sald vertex portion and bonded to said formed portion.

.10 According to a tenth aspect of the present
invention, there is provided a semiconductor element as
defined in the eighth or ninth aspect, wherein said formed
portion has a base portion bonded to‘said electrode and a
protruding portion proviaed upright on said base portion.

15 According to an eleventh aspect of the present
invention, there is provided a semiconductor element as

\ defined in the ninth aépect, wherein said wire material
portion extended downwardly from said vertex portion is
bonded to said electrode, instead of said formed portion.

20 According to a twelfth aspect of the present
invention, there 1s provided a semiconductor element as
defined in any of the eighth through eleventh aspects,
wherein said second protrusion extends toward an outer end

surface side of said semiconductor element without

25 exceeding said outer end surface.



wherein the length of said recrystallized region is controlled by an
application tine of a voltage to be applied to said wire for the formation
of said nelted portion. 25 According to a 22nd aspect of the present -
13 invention, there is provided a nethod of fabricating a sem conductor

el ement as defined in any of the 16th through 21st aspects, wherein an end
portion of said second protrusion extends to the peripheral side of said 5
sem conductor el ement when said second protrusion is forned. According to a
23rd aspect of the present invention, there is provided a nethod of
fabricating a sem conductor elenent as -défd med in any of the 16th through
10 21st aspects, wherein an end portion of said second protrusion extends
beyond the periphery of Ag@p8dies Eenduthérterafinaspecthefottisi daasferdai d
sem conduct or, el ement when sai d second, protrusion is formed. According to a
24th aspect oiRYRBCHPBsehters iy eR¥Pvhdedhar £l GRnAH UK ach8PBBE GfS

fabricating a_sem conductor el enent as.,defjned in an f the 16th through
23rd aspect?s,d tPEfn & bR ﬁgvitﬁ't? s%?'ﬂhﬁ‘rstg‘rﬁ”@?‘r ﬁ%f%ﬁe%’ﬁ}a SEB5TEFS - °
protrusion is ﬂorned, am% there%ftert@.fLat surfag; poréion is farned at a
vertex portioffi*of“&dch6f 26°94 d FiFS Prdt rusi g ang” ‘@?:Bﬂijypf’%t ﬁf‘ﬁcgn
Accordingsto g.abthaasnest ofohhe:PLesenh LAVENLLAN. el e Previdad, a
met hod of “fabricating a sem conductor-devi ce conprising: fabricating a

sem conduct or g gh£ABRELRY L he1 E@bricating nethod of any of 25 the 16th
t hrough 24th aspects; providing a conductive ,. . - 14 adhesive at each

of said first protrusi opcesddsrgond ar ebtivseeAthaBdpekechiri ealk! prenact i ng
said bunp of the sem conductor elenent to an electrode on the circuit

board. Accordingehf@ian?6ttheaspeid pfotrher asedmirdmtieiidOnelbhene iz
provi ded a nethod of fabricating a sem conductor device conprising:
fabricating adséimedndnctaey elfertdd dlghtie thbought thgroeehotl aspdefdened in
the 23rd aspect; providing a conductive adhesive at the vertex portions of
each of 34@id ¥heseiprepidsifdrsénpegpomion and said second protrusion
have respective flat surface portions at the vertex
portions of the protrusions.
According to a fifteenth aspect of the present
invention, there is provided a semiconductor device in
15 which an electrode on a c¢ircuit board and said bump of the
semiconductor element as defined in any of the seventh
through fourteenth aspects are electrically connected to
each other.
According to a sixteenth aspect of the present
20 invention, there is provided a method of fabricating a
semiconductor element in which the bump electrode is bonded
to the IC electrode on a circuit forming surface of the
semiconductor element by the method defined in any one of

the first to sixth aspects, comprising: forming a first

25 protrusion which is comprised of a portion formed by



10 protrusion; electrically connecting said bunp of the sem conduct or

el enment to an electrode on the circuit board; and checking the performance
of electrical connection between said bunp and said electrode for a
good-or-bad test by picking up an image of an outwardly protruding portion
15 extendi ng outwardly of said sem conductor el enment beyond the periphery
of said sem conductor el enment by neans of an inmage pick-up device.
According to a 27th aspect of the present invention, there is provided a
met hod of fabricating a 20 sem conductor device as defined in the 26th
aspect, wherein said good-or-bad test of 1said el ectrical connection is
executed by presence or absence of the conductive adhesive based on pick-up
i mge i nf or neebkdbfvingdaomedard postérrudiing porre orngi tkedrapibhpesyi d

i mage pick-up device. 25 According to a 28th aspect of the present - 15

i nvention, tHRe i$ Jpeniedd to nﬁ%deé\ecfﬁ@ﬁiﬁeat#% 8085BANgorRiugeeedevi ce
as deflned in the 26th as E reln said good-b est of said

el ectrical cdﬁﬁ%%??%hoPswg%E ut&d Bﬁm%%n?FrﬁPnanﬁgtﬁéePabeﬁnonsé?&d

duct 5 el I [ t act t
RS TET I LT T S ?Xg é&&%‘orf”ggafv Phhage g o
d 9 f th
vt ded 5 Skl fed de B8 é’@%  Fr SRR Re e 8 R e BRed™
the 28th aspegt;wae ewo Ebrgahéﬁ? nefa f&s@&hgee@gc %15@81 Eﬁggugtfm

el enent i s executed e chara ter| |c t est toa 3

aspect of thes@fc@seﬂmrg@vg%ltsmmbher@lu% RieQ }ee@%d 8o Malied efLeEe%a%atl ng
a 15 sem conductor device as defined in any of the 25th through 29th

aspects, whergherebil ahigurtfiace pHdtrtich fOoideshdd &8€oMEr hbewtRaktoan of
each of said first protrusion and second protrusion before said conductive
adhesive i s pap&ildedughhdihhennsacd wbhHuoti patadheseveoi snpr elededoda 20
the flat surface portion. According to a 31st aspect of the present

i nventi ohp thenesesdpraiaded abeatdionheh frdlsr ismtigmpductor element is

mounted on the circuit board.
According to a seventeenth aspect of the present
invention, there is provided a method of fabricating a
semiconductor element as’defined in the sixteenth aspect,
15 wherein said first protrusion is formed by forming the
melted portion of said wire into the formed portion by said
capillary and extendin§ the wire in a vicinity of said
melted portion from a vertex portion of said formed portion
downwardly of the vertex portion and bonding the wire to
20 said formed portion, consequently forming a wire material
portion.
According to an eighteenth aspect of the present
invention, there is provided a method of fabricating a
gemiconductor element as defined in the seventeenth aspect,

25 wherein said wire material portion instead of said formed



sem conductor device as defined in any of the 25th through 30th aspects,
wherein solder is used in place of said 25 conductive adhesive. - 16

Wth the above-nentioned arrangenent of the present invention, the wire
does not cone in contact with the periphery of the ball bond portion except
for the ball bond portion when the wire is bonded to the ball bond 5
portion, so that a bunp el ectrode can be fornmed on the I C el ectrode. BRI EF
DESCRI PTI ON OF THE DRAW NGS These and ot her aspects and features of the
present invention will becone clear fromthe follow ng 10 description taken
in conjunction wth the preferred enbodi ments thereof with reference to the
acconpanyi ng drawi ngs, in which: Figs. 1A 1B, and 1C are sectional views
showi ng a netdvodt igin fisr bonged banpa bf ezleotheodn wherd Galdatinmdeat®erial
according to an enbodi nent of the present invention; Figs. 1Dis a
sectional vi @@xHew e tfrmad hod of forming the bunp el ectrode on the IC
el ectrode according to the enbodi nent of the present invention; Fig. 2 is a

sectional view of a borRFSRFEEN |tary poneheeReRefBBaErReRE; theg PLERSRL a

perspective view of, a capjllary driving.device of the enbodi nent; _Fig. 3B
P A e et et i St BRRF Ao AP HRRFRor dTothSeftoc RERLCABEREY 5 4

s a SId%SVI%%ﬁ%gg%é§k€gkeéiggggaﬁaéhgefined in the seventeenth or

eighteenth aspect, wherein, after the formation of said
formed portion, said wire continued to said formed portion
is bonded after said capillary describes an approximately
rectangular shape in a plane parallel to a vertical
10 direction above said formed :portion when said first
protrusion is formed.
According to a 20th aspect of the present
invention, there is provided a method of fabricating a
semiconductor element as defined in any of the sixteenth
15 through nineteenth aspects, wherein, a region of said wire
recrystallized by heat has a length extending to an end of
said second protrusion when said melted portion is formed.
According to a 21st aspect of the present
invention; there 1is provided a method of fabricating a
20 semiconductor element as defined in the 20th aspect,
wherein the 1length of said recrystallized region is
controlled by an application time of a voltage to be
applied to said wire for the formation of said melted
portion.

25 According to a 22nd aspect of the present

I3



- 17 shape of a bunp fornmed on a sem conductor el enent according to a
sevent h enbodi nent of the present invention; Figs. 5A 5B, 5C 5D, 5E, and
5F are views for explaining the operation of formng the bunp as shown in 5
Fig. 7; Fig. 6 is a flowhart of a fabricating process of a bunp provided
for a sem conductor elenent according to an eighth enbodi nent of the
present invention; Fig. 7 is a side view showi ng anot her exanple of 10 the
shape of the bunp shown in Fig. 4; Figs . 8A, 8B, 8C, and 8D are views for
expl aining a procedure for form ng a sem conductor device by connecting a
sem conductor el enment having the bunps sht®n-in Fig. 7 to a circuit board,
15 Fig. 9 is a graph showing a relationship between the size of a vertex
portion of a buvgnbhdni hdhansinisorovagstceraomeghoshdict fabradghssinge a
transferred to the bunp; Fig. 10 is a side view of the bunmp shown in Fig. 7
at whi ch the S8HEFOBABCEHPYt ALCHERENIS Fivfined o Bavnadethe 1o-pridtreiahf rom
an end surface of the sem conductor elenent;_ Fig. 11 is a flowhart of _a
process for fabftcaATRYCES senf LRIt G d&% e PRIFER OPheCSenf2bhdwrg epnd

element of a ninth of the present invention; 25,Fig. 12 is _a view show ng
an exanpl e of PYREFUSIORg %ﬁ&ﬂﬂd} oftQ estifig Be§éﬁ#g5ﬁéucﬁépede§i e sa1d
fabricate mﬁgh a segicgnduct?r eh ment, havin? thgebqn shPW@ in, Fig.,10;
Fig. 13 i35 a v ew SHoW" 8ran8 it exaon% of® ﬁe nernod of ?e'%?%%na +S
seniconductorfggﬁggg fabricated with a 5 sem conductor el enment having the
bunmps shown in Fig. 10; Figs. 14A and 14B are views show ng the case where

bunps are connected to Reabdaghect kedes 05324CI fEHEEL DOSE d DY MBEANSS O ¢
sol der in fabricating a sem conductor device with a sem conduct or el enent

of ‘a tenth enbadeARAbnlO0 Weddeipr gaaitiddvent ndthdd Gof 15absiaatiey a
showi ng the case where the other end of the second protrusion is not
extended to themhebghticebrt BEefenst aprdefisédnin miyhefbuhp SdoMthiodkdly. 7;
Fig. 16 is a view showi ng the case where a flat 15 surface is formed on the
bunp shomn i n2Esy. d5péytapanghefeihe dmwaratid 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.
According to | a 24th aspect of the present
15 invention, there is provided a method of fabricating a
semiconductor element as defined in any of the 16th through
23rd aspects, wherein a.bump having said first protrusion
and second protrusion is formed, and thereafter a £flat
surface portion is formed at a vertex portion of each of
20 said first protrusion and second protrusion.
According to a 25th aspect of the present
invention, there is provided a method of fabricating a
semiconductor device comprising: fabricating a

semiconductor element by the fabricating method of any of

25 the 16th through 24th aspects; providing a conductive



Figs. 17A, 17B, 17C, and 17D are sectional views showing a prior art nethod
of formng a bunp electrode on an I C el ectrode; 20 Figs. 18A, 18B, 18C, and
18D are views for explaining the operation of formng a prior art bunp;
Figs. 19A, 19B, and 19C are views for explaining a procedure for formng a
sem conduct or device by connecting a sem conductor el enent having a prior
art bunp 25 to a circuit board; and - 19 Figs.20A, 20B, and 20C are
sectional views show ng an abnor mal shape of a bunp el ectrode formed on an
I'C el ectrode. 5 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Bef or e
the description of the present i nvention oteeds, it is to be noted that

| Lke parts are designated ° i ke reference nuner al s t hroughout the
acconpanyi ng ﬂiiaﬂﬁﬁ§§ 3l Iﬂia(:}s("t OSef%ﬁ‘Jéi pEaf&ts eRreRBYELRBNt AN S sgrend

present inventi OE i s,descri ed hemat.i.c as ects of theg sent vehntr on
are briefly dBSRFFBENCHEI GH ’r?g"ltlé’ HEDf Seh gPE‘Ee

i nvention, there, |s |ded a eI ect rm pt hod 1 Qnpri sing:
form ng a bal FBo 8n ortPgne]O%mgﬁ ro e §7‘ 89\?\ntre ﬁcg%a%aér ‘at us

(e. g. a capillary dr| V:Aggogﬁ\ihﬁe)t rmgr nd,gGth Zag)sgé‘gr ngbf:ape a\;\%é,re ve ng

t he bonding capillary sideway a Ren™ downwar ondi ng an

bal | bond<por§h98nraRd CUd:g 1be lugtidens 4 Nficlliold iz 20206400 B vept ed

fromconming in contact 'wt hery of t portion xcept

for the ball Bepdcperti-eBrby pagsetei ng @orﬁ’% £E&Mg POSi 408 Qatfigg bond| ng
capillary to a position higher than a ball bond formng position. Wth this

arrangenent, khRiAdnduceoganlbfepteyenties fA10M Chr Lodinigk hdd CoNtdRatindd h
the 1C el ectrode portion as pressed
in the 23rd aspect; providing a conductive adhesive at the
vertex portions of each of said first protrusion and second
10 protrusion; electrically connecting said bump of the
gemiconductor element to an eleéctrode on the circuit board;
and checking 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
15 extending outwardly of said semiconductor element beyond
the periphery of said semiconductor element by means of an
image pick-up device.
According to a 27th aspect of the present
invention, there is provided a method of fabricating a
20 semiconductor device as defined in the 26th aspect, wherein
said good-or-bad test of said electrical connection is
executed by 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.

25 According to a 28th aspect of the present



- 20 by the capillary when the Au wire is cut by the capillary. According
to an aspect of the present invention, there is provided a bunp el ectrode
form ng nethod conprising: formng a ball bond portion on an IC el ectrode 5
by the wire bondi ng apparatus; noving up-a bonding capillary; noving the
bondi ng capillary sideway and then downward; bonding an Au wire to a bal
bond portion; and cutting the Au wire, the Au wire being prevented from
comng in contact with the periphery of the ball bond 10 portion except for
the ball bond portion by setting a chanfer angle of the bonding capillary
not greater than 90 degrees nuking the -bal3 -bond portion have a hei ght
greater than the diameter of the Au wire. Wth this_arrangenent, the height
of the bal|l bbmdepbiohon tihersetisi ghovidetha nsthad AF walerteatbeg a
prevented fromcomng in contact with the el ectrode portion when the Au
wire is cut b%eWHEOBgHEIFﬁﬁ Pt FF &y AeAdBSAIERgERY 2T aFFRICof HSE Siresent
invention, there.is prqvjded a bu el ectrode_form.ng.,nmethod 20 .conpr.i sing:
fornming a bal?abGndQBBafLGa'Bﬁsﬁn E eF%E@roﬁéeS§rﬁﬁglVVF@nBSEgFﬁ& 1S
apparat us; novin a, bondi capi l l.ary; rmoyi.ng t i . id]

si deway and tﬁ%ﬁgaggﬁm8¥d?0%€%ﬂ?h eﬁ?%&?gﬁﬁégﬁé%'§&g§%ﬁ%g§n%lpor4”5%%%%nd
cutting the 1 e | i vent ] i : act
wth the ori Shershss bPrathalt  GaRey e MgHET B At SRt c B
bond portion rgetd ) i aqet h AN €£apkk harny, ater
t han t he dian%%é? g%h?%gﬁgg?ﬁﬁgﬁﬁfhg$fH8§ﬁ?£o%r§§%§§%E%?? t he bonde fﬁtate
of the Au mﬁr?ibﬁ_ﬁbaggb&égq, so that the Au 5 wire can be prevented from
comng in contact wwth the el ectrode portion when the Au wire is cut by the
bondi ng capillary. AccomndcBgdiagantaspgct2afht hsga@serdt i mtent ipaesdidter e
is provided a bunp electrode form ng nmethod 10 conprising: formng a bal
bond portion énvantliGnel ediamdeiby priveriviede domdthgdapfar fsbsicabvhgg alp a
bondi ng capillary; noving the bonding capillary sideway and then downward;
bondi ng an Auseinieondustial fevbnd pocdsifdmedans thet? $igh tdroemt winheraine Au
wire being prevented from15 conming in contact with the periphery of the
bal | bond por €Pofiaressonf 6f eRerHaiPn o E Pt t5TH IRPHHKI Y SR i e ns
portion of an outer radius pqgrtion of the honding capillary have a tapered

t hi ckness f or SXEREERCr &Y Gn95rdg CHRAFRAGSFIFESSi he8hAu wire cutting stage.
Wth this 20 arrangenent, the Au wre is t. by a small cutting force.. so
that the Au wire can be&ﬁcé’\’fgﬁf‘gd%?on?coﬁ%% | H RO ac?ftht}'hett?ereeﬁee% rode
portion in th i st Accor di t t : ]

i nventi on, thgpgg%élggﬁvi%%%F%.g%nﬁggﬁg€¥¥% e &%Eﬁ%ﬁgqﬁ%tggagégaggk'ri%ing:
form ng gcbal L hand Rerdi-oneriae LS ghesheqden any of the 25th through

29th aspects, wherein a flat surface portion is formed at
the wvertex portion of each of said first protrusion and
second protrusion before said conductive adhesive 1is
provided, and then said conductive adhesive is provided on
20 the flat surface portion.

According to a 31lst aspect of the present
invention, there is provided a method of fabricating a
semiconductor device as defined in any of the 25th through
30th aspects, wherein solder is used in place of said

25 conductive adhesive.



- 22 by the wire 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
fromb5 coming in contact with the periphery of the ball bond portion except
for the ball bond portion by setting an angle so that an outer radius
portion of the bonding capillary is brought in uniformcontact wth a sl ope
of the ball bond portion. Wth this arrangenent, the effect of 10 bringing
the bonding capillary in contact with tjmaé?L\M re is inproved, so that the
Au Wi pe can pe cut in a stabilized state.”According to an aspect of the
present invention, therﬁ.%ﬁbprovid da bungtelec rode formn

t 15
conprising: formng a _baf' o%lae po?’_ %en'%%_ an” T el%%}ﬁ%%%m% t?ﬁ%_\?\/i Re
0ond\ 19, appanstdentOvhigntibon, DORY Qgr%aﬁblslsg%&g RN of REAUNA ey

capillary sideway and then dowhwar ondin W re

portion; and %tﬁ,élﬂi%ﬁ@rﬁ%w tife BdPL %fé%rlﬁoaﬁhfjcggnaﬁ{%ﬁ}% fe%ggéenpt or

comng in contact” wth the periphery of t

the bal |l bondsged t iper-tRwnbriéh nghehevbendiiag Kaidd aey idhLoghagt whid the
Au wire above a center portion of the ball bond portion. Wth this

arrangenesit, pdwecbondi 8g ehat! habymparlbetoded cant bieh&chhetb oM rtthd M@
stabilized state.- - 23 Preferred enbodi nents of the present invention

wi |l be descrebecdthbetiew with reference to Figs. 1 and 2. (First Enbodi nent)
Figs. | A-1C show sectional views of processes of 5 a bunp electrode form ng
met hod accor BREET oPERSEREETICNDGHI WERt DBAWLINESpr esent i nventi on, where an
Au wire 101 is prevented fromconmng in contact with any portion other than
thé ball bond portion 1TBeGRerrithe OAlroK r@spegtes and features of the

present invention will become clear from the following

10 description taken in conjunction with the preferred
embodiments thereof with reference to the accompanying
drawings, in which:

Figs. 1A, 1B, and 1C are sectional views showing
a method of forming a bump electrode on an IC electrode

15 according to an embodiment of the present invention;

Figs. 1D is a sectional view showing the method
of forming the bump electrode on the IC electrode according
to the embodiment of the present invention;

Fig. 2 is a sectional view of a bonding capillary

20 in the embodiment;

Fig. 3A 1is a perspective view of a capillary
driving device of the embodiment;

Fig. 3B 1s a time chart for explaining the
operation of the embodiment;

25 Fig. 4 is a side view showing an example of the



.bonded to the ball bond portion 115. 10 In Figs. | A-1C are shown the Au
wire 101 as one exanple of a wire, a bonding capillary 113, an I C el ectrode
104 and the ball bond portion 115. The operation of the nmethod of formng a
bunp el ectrode on the IC electrode will be described next with 15 reference
to Figs. |A-1C and 2. Fig. 1A is a sectional view when the ball bond
portion 115 is fornmed on the IC 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
bal | bond portion 115 by 20 the bonding capillary 113 | ocated in a descent
position, and Fig. 1Cis a sectional view bf-a bunp electrode 116. Fig. 2

Chanf or _angl cSEBRS G BULER FRATES GG SETIERIGIC AR RS A s
angle 110 25 and_a_cone, ang| 11, - 24, First he_posi tion in height of
the bondi ng capi 71 SFYCTE3 PRORIBAFPCLBhd RS RFEGoBEagB PR &P Bred i n t he
apparatus in Fig. 1A a he -ROSictiy o 4 n i o] he.b i pi ry
113 when the bondi ng cag?p%ér;Bilggrs%ghnéggdq%%Mmé?% ﬁgnggghgq 8£Mf%%?101
to the ball bong)Renkhnchl® drb-AIERA Yo dumSRE 10 SBAY] hEOBLBLANG, { han

the position 1n the ba bondi'ng stage. As showr in Fig. 3A, the capiITary

113 is drgvean%_a7§upersonic generating device 152 such as a voice coil 10
in a capillary driving device 150 to mnutely nove up and down around a

ful crum 151. The capi || gy .dsi vé ng fdewiceartbBfi &8 S&r DFatndprdadn £ 453
which is driven in X and Y directions by notors |54 and 155. The operations
of the not or saivdmansk-dobdedEar dr sert cb8utabrdelgmagttdecording to an
eighth embodiment of the present invention;
Fig. 7 is a side view showing another example of

10 the shape of the bump shown in Fig. 4;

Figs. 8A, 8B, 8C, and 8D are views for explaining
a procedure for forming a semiconductor device by
connecting a semiconductor element having the bumps shown
in Fig. 7 to a circuit bbard;

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

20 to protrude from an end surface of the semiconductor
element;

Fig. 11 is a flowchart of a process for
fabricating a semiconductor device with the semiconductor

element of a ninth of the present invention;

25 Fig. 12 1is a view showing an example of the



1S supersonic generating device 152 are controlled by a controller 181. The
operation of the enbodi nent descri bed above will be described with the
reference to Figs. 3A and 3B based on the ball bonding nethod. An ordinate
axis of Fig. 20 3B shows novenent (height) of Z direction perpendicular to
the X and Y directions and an abscissa axis thereof shows tinme of the
operation of the enbodinent. It is noted that the ball bonding nethod is
al so described in detail in a seventh enbodi ment described 25 below. In
Fig. 3B, first, the controller 181 controlggtbhe - 25 notors 154 and 155
so that the capillary 113 is noved to a torch 160 to forma ball at the
lower end of tRetWokeokOtesthan, at 8meaphiliat¥rlddviseneypgitatad with Wre
coordinate (X, Y,Z) as a reference position for formng a bunp 5 el ectrode
116 (bunp) on shaieleduceds Blement! henvders dhle/bunp csidwel infrige 1o0;
controller 181 based on the data stored in a nenory 182 of the controller
181. The first wire coor diigat e3i $sl acaied ghswiagomeotherpesgiatpie of the
el ectrode 104 in the Z direction. At this tinme, a clanp ~~ 10 159 for
cl anpi ng t he wne¢hbdsetf &beténghe sepitbadycted davice fhbrigpitieldamith a
driving device 150 is opened not to clanp the wire 1. Then, the driver 180
of the supérsofeaigondustion ederesd 1sving ddm rinRe $owvhelRohigol L8 181
so that the capillary 113 is noved down toward the el ectyode 104 at a 15
first step (1) of Fig. 3BIGF -t nktRupBfsoriR® BERerdtSWR) 88789152 keSS he
capillary 113 h%% begn noved down b% a _pred terginid gis%ance stored in the
menory 182, t h&RREECEHIPTg3LFeEanBFCERE LapPPREY 1S FEdERaRfed FrEMILE
hi gher to | ower to prevent the capilJary 113_from 20.contacting th
el Sctrode 104 RPEREDh BEPRY 98T (et hat  dARRESS AT Py SPRLcpiguctor
capillary 113 'c%"“v&it’i‘P‘éEdﬁe‘i’:&% &é:fcé’.{% t?pof 2) EQétﬁegﬁﬁ%E%eme

I contacts e 104, the

el ectrode | 04. én the capillary el ectrode
capillary313 ggngm@pgggg%dyxygygﬁeygﬂ) the driver 1S0 25 detects a
predeterm ned load fromthe capillary 113 by - 26

Fig. 15 is a view. showing 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;

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

15 surface is formed on the bump shown in Fig. 15 by means of
the board;

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

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

Figs. 194, 19B, and 19C are views for explaining
a procedure for forming a semiconductor device by
connecting a semiconductor element having a prior art bump

25 to a circuit board; and



detecting a current running through the driver 180, and after the | oad
detection, the driver 180 sends a first contact signal to the controller
181. Based on the reception of the first contact signal, the controller 181
5 controls the driver 180 to apply supersonic vibration to the capillary
113 with a first load to forma ball bond portion 115 on the el ectrode 104
as showmn in Fig. 1A at athird step (3) . Then, after the formation of the
ball bond portion 115, the capillary 113 is noved up at a higher 10 speed

t han the descendi ng speeds of the second and third steps (2) and (3) , at a
fourth step (4) . Then, at the start of- a&%ifth step (5) , the clanp 159
starts to clanps the mnre 1 and continues to clanp it during a i

predet ernined period of t¥fe. “Afe capPr| A5 129A53FS I%%%%HO%%H AOVRAE down
as shown in Fi 5D at _t fift ( | e e wre 1 ed by

the clanp 15931'?%‘?‘l?$ealbe‘_i" %ﬂr%?ft%?épearﬁg é’f\,\{}é’r ﬁgﬁﬁ?% o¢°¥ri‘erfgr$hea% re
lis free fr clfﬁggngd I f necessary, correction of the novenent 20
anounts) is pe for y ®the controlier 181 dependi ng 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 i's 25 furdingd 1 1By efrdenppaion b?""?ﬁESFREQERREBr EM@@‘%JIME@II*S ,
- 27 capillary 113 fromcontacting the slope of the ball portlon 115 W th

such a large force thatpdaspgeshit dedbripatohi B, tas @oetdned mRoMe o he
| owest position in height of the capillary 113 when the capillary 113 is

noved down t iwiledst het W s ecd ded ridted wipe dfikdiedild srandagpiigriaaed 1S
is preparatorily set to the position higher than the | owest position in the
bal'l bondi ng sy adékeAcrefdiragky, rhasethlon theopgbpartat ohel y;tcs:enngmw:tng)n of
the capillary 113, the novenent amount of the capillary 113 in the Z
direction is dxaww@g$ously determ ned and stored in the nenory 182. Thus,

' based on the stored position and novenent anount data, the controller
1S1 cont¥®ls the super sghrétgenbﬁéwﬁg Reetearesy tea\b@éslé@mq h@fapgihe ary
113 at the | ower speeq. In qrder, to, bond the wre o the sl ope of the
bal | bond 15 %?%?‘gﬁ L 28 enEReT e AaTC R ss%lFe‘E‘%lEaB?PFSFy" 3 ‘ifHethe

X and Y directions,fromLie; Saniel 8LiLRe, Pk R Be1ow.

According to an aspect of the present invention,

there is provided a ‘bump electrode forming wethod

15 comprising: forming a ball bond portion on an IC electrode
by a wire bonding apparatus (e.g. a capillary driving
device) ; 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

20 being prevented from coming in contact 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



115 are also previously determ ned and stored in the menory 182. Thus,
based on the stored position and novenent anount data, the controller 181
controls the notors 154 and 20 155. Wen the capillary 113 contacts the
sl ope of the ball portion 115, the capillary 113 continues to descend until
the driver 180 detects a predetermned |oad fromthe capillary L13 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 - 28 reception of the second contact signal, the controller
181 controls the driver 180 to apply supet@onic vibration to the capillary
113 with a second, | oad tg connect thg wire l to the sI%Pe of the ball bond
T ¢ &Y

portion 115 asYshBGnCPRIE Ty 5WAER atParfiei Bhih 3 &ty CA® SRl ary -

connection of the wire to_the ope of the ball .bond portiaon 115,, the
Cop v ary 195 1o moved BECRRRLES: HE ER P a Wocu ot SR e i at

ot Lt (Bl YR S ol 8 SOIRLEL AU e A

clanps the wire again, capt | Iar S noved up e wre

Land moved {SofoREXnGIOEdLATRE L% PIahPUS IR A oot it ddat a

tenth step (10 at an el &venth step , anot Is formed at

the lowersendspf the Wiigel Byndhegt dEdaddOus Thambvide fig stat%&{c@l«&@ll

th
steps (1) through (11) 15 are repeated on or above the next el ectrode 7104.
By thus presetaphylbk¢;deseeny ROR t}idﬁtiiligt@Q%DDI@fﬁngaébvbﬁfaﬂemdll@qérQ a
position higher than the position in the ball bonding stage, the Au wire
101 can be présenweddf;r bonddnmgngn Acontmettod & hbabe bonel getrtddes ;20and
portion 104 even when the Au wire 101 is pressed by the capillary 113 when
the Au wire l1€dtksngutthsy BAhe wiaqs | | bhg R8. wiBecded rignbpdement dASE rshown
in Fig. 2, by setting the chanfer angle 25 107 of the bonding capillary 113
to an angl e ofomdnIgricat epntact2yvittthahhe0 gyt hefhdilight bal 1t Heotsdil |

bond portion 115 i s made greater than the_diameter of the Au wire 101.
10 portion except for the ball bond portion by setting a

chamfer angle of-the bonding capillary not greater than 90

degrees making the ball bond portion have a height greater

than the diameter of the Au wire. With this arrangement,

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.

Accorxding to an aspect of the present invention,

there 1is provided a bump electrode forming method

20 comprising: forming a ball bond portion on an IC 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



By thus setting high the ball bond portion 115, the Au wire 101 can be
prevented fromcomng in contact 5 with the el ectrode, portion 104 when the
Au wire 101 is cut by the bonding capillary 113. (Third Enbodinent) As
shown in Fig. 2, by nmaking the chanfer dianeter 109 of the bonding
capillary 113 greater than the 10 ball bond portion dianmeter, the ball bond
portion 115 can be prevented from spreading outwardly in the ball bonding
stage, thereby allowi ng 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 prevented from 15 com ny 45 Tontact with the el ectrode

| 113.
(Four th Enboct SeRtH iAot %%%Et}c“ﬁaﬁi 55 ngothe ﬁﬁﬁ’o&kn%‘éétwm tip
end portion O{:héiﬂ%?*uﬁﬂm%@gku?grp@%t' on #8 of tn@ 20 bond| n d pi | :gary 113

to, for exanple um-or sl th t Sthap h& he
tt f a o] e out er

bor 1 on 1081 G anereRg her i BREL oY s nBeEH AP WFr et Rt ity o

smal | cuttingpbauea @%a@%S%E‘E' bed ﬁlqov&re Fﬁ% ALaWiRg -2a 1QL 1gggtb%th%r qyent ed

fromcomng in contact wwth the - el'ectrode portion
cutting stagewit&i fddn EBbOdiveRin o/ §£@wn dohifdd- 14 By 238t td{fﬂ'x”&% sangle

of the outer radius portion so that the outer radius portion o
electrode portion when the Au wire is cut by the bonding
capillary.
» According to an aspect of the present invention,
there 1is 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 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
15 coming in contact with the 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 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 aspect of the present invention,

there is provided a bump electrode forming method

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



5 the bonding capillary 113 cones in uniformcontact wth the slope of the
bal | bond portion 115, the effect of bringing the bonding capillary 113 in
contact with the Au wire 101 is inproved, so that the Au wire 101 can be
stably cut. (Sixth Enbodinent) 10 As shown in 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 stabilized state even when the Au wire contact is
varied. 15 Wth reference to Fig. 1D, the preset descent position of the
bondi ng capillary 113 to the position higRér-than the ball bond fornmng

position is determned as ong exanple as follows. In Fig. 1D, in_order to
prevent a Iomgéi gbﬁntwbrSf gﬂﬁééﬂ ve@PBEFRFBA‘ of "PKeTH r BP10% f PBRAZOY

' i nt tagt, Wi th the elect 04 LAt _C wh th t
"adi U porti oS08 "6 Whd CaRH vy Raatedi BeBR TRl Y | Reb it bond
ti 115 ' i t [.gh f L t
ranecer of TRON e HOTI R4l T o (ho ShFPate o e oTelt ook 10/ Widhe
is 25 t 4 [ [ taat L Zl
!sisope gf C?RZ %&%%ﬁgt%%sﬁﬁgln‘mﬂ% It %g%ﬁezi&ghtwtl?%c%&oﬁét %geyc%?lnttedé F;rgfnh t he
el ectrode 510~ dopidfef UBh| Ybdn@URE Dyi8R @MY 658+ O8hefy- of/. tBE3hahepg g 1S

a vertex angle (degree) of the bunmp bond portion 115 (=the .chanfer angle
107 of the 5 beidiirg Capiéprr ¥o2lIhe Fpawxmhldeapdﬂﬁb@ by Getkisg34n

when 6 is 70, Cis 27, when Bis 80, Cis 26; and when 8 is 7.80, Cis 16,
When a=5um i trnigdepr sberdtite ta sattsty radienpr pssthon &sH0.thact bahbyngwhen
the point C capillary is brought in uniform contact with a slope of the
ball bond portion. With this arrangement, the effect of
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 invention,
there 1is provided a bump electrode forming method
1s comprising: forming a ball bond portion on an IC 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
20 coming 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. With this

arrangement, the bonding capillary can bond and cut the Au

25 wire in a stabilized state.



is set at the center of the slope of the bunp bond portion 10 |15, a

di stance B between the center of the bunp bond portion 125 and the center
of the capillary 113 contacted on the slope of the bunp bond portion 11S
shoul d satisfy an expression: B=0.5*A+40, where a distance Ais a width of
t he bunp band portion 115. A relationship between the 15 distance A and an
outer dianeter F of the ball 10la of the wire 101 should satisfy an
expression: F (~Crc) =A(unm) -13 (un) . As an actual exanple, when B which
is a vertex angle (degree) of the bunp bond portion 115 (=the chanfer angle
|07 of the bonding capillary [13) ranges 28om 60 to 90 20 and the outer
dianeter of the wire 101 is 25, m the distance A of the bunp bond portion
11S is 805Cm the di st aRsefBrzedwanbadianardin epf bhet paranans bordepoienon
115 and the capillary 113 i s 802um and the height of the point Cis

80-r1 oum 25 W-ihokghdereriress balowt AN Fafsa@rge & Ddygs- -1 nd 2.

el ectrode mater| al in@%h .af orenmenti oned enbodi nents, the bunp el ectrode
material is noF1FPH og&mﬁ&F and the sane effect can be produced in the

case of another netal. %s des %LE d above, b us'ng.each f the 5

af orement i oned met hods, Fﬁsrhg v ?hﬁ OHfS?SFXPﬁa a’ bufp %?é%Y?%%%Sﬁﬁ ah 1c
| ectrod ihsing: f ) . d i . I

Wi To bondPng Reching oI A e A e b R or e ng

capillary sideygyqapdntnes @%‘é’“ﬁg’e‘% RONANG, AR AU (M T, 1, 8, PAL 14 fpnd

! . e )
portion; arid cutting the Au w the Au wre does not conme 1 n contact

with the peripBepyeobntBg Babh bBREngOLhI 88neXEEPNiE R ah PRt L oROBEher

portion. This arrangenent is able to prevent the Au wi re bondi ng conditions
caused by thetnant adle dbaibhebAudWigertidh 2185whehnt itk ohhewitBan diheibal |

bond portion, such as a electrode portion from becom ng unstabl e and
prevent the pbssatkbe tocther &add tlorah padytdramliishape of the bunp el ectrode
caused. by the adhesion of the IC electrode material to the Au wire, thereby
al | owi ngi& bunp el ectrode Figs. 1A-1C are shown the Au wire 101 as one
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
15 reference to Figs. 1A-1C and 2.
Fig. 1A is a sectional view when the ball bond
portion 115 is formed oﬁ 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
20 the bonding capillary 113 located in a descent position,
and Fig. 1C is a sectional view of a bump electrode 116.
Fig. 2 1is 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

25 and a cone angle 111.



20 to be fornmed on an I1C electrode with high quality and hi gh accuracy.
(Sevent h Enbodi ment) A sem conductor elenent according to a seventh

enbodi ment of the present invention, a sem conductor device 25 enpl oyi ng
the sem conductor elenment as well as a method of - 33 fabricating the
sem conductor elenent and a nethod of fabricating the sem conductor device
w Il be described belowwth reference to the drawings. It is to be noted
that the sanme constituent nenbers are denoted by the same 5 reference
nunerals in each figure. The above-nenti oned sem conductor elenent wll be
described first. One bunp is bonded onto 2ach electrode 2 on a circuit
formng surface |a of a_sem conductor elenent 1. .~10 In the sem conductor
el ement 1 of the sevent Ai&fboditentPoaibiap Fhabehghtwelpor Be udporgiing

portions of a firsi grotrusjon 40 .and a second protrusion 50 is_bonded to
at | east one €tRtt+3d¥ B3R owrlilnPerg f2rmipg; SLegepes i ¥rd Hdt e s

kind of b 3 i f erably, | ded 5 all th | ectrod 2 of th
Ser conduct o BPERBRLS1 L TIHE Secti ROt FS: GPo50 it ciftis BbgBhao8 fitfar
and the of her GALE3 GRFI 190 Ta 1oH NGl BHE (RO oSk he Selod® 10

t [ 50 hej ' I |t
Phat of he VEPTES Sa7Ti on b ina s FrEe BOB rooron Hho s o The caer et on ©

of hei ght eréhqgeIﬁ%g%&tgriw st Cté)ea_n?_EQQttigﬁt rﬁ.;quieﬁ Ehous dihe

case where the other 'end 52 extends to a position |ocated slightly higher
than the hei gpbsot ibheiAS5tHer baxi1pbbhiengdttabet.he first protrusion 40.

Flg- w0 As shown in Fig. 3A, the capillary 113 is driven
by a supersonic generating device 152 such as a voice coil

10 in a capillary driving device 150 to minutely move up and
down around a fulcrum 151. The capillary driving device
150 is set on an X-Y table 153 which is driven in X and Y
directions by motors 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 Z 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. In Fig. 3B, first, the controller 181 controls the



- 34 shows the case where the other end 52 extends in height to a position
| ocat ed approxi mately hal fway between the position in height of the one end
51 and the position in height of the vertex portion 41 of the first
protrusion 40. 5 The other end 52 of the second protrusion 50 conmes in
contact with no adjacent electrode 2 of the sem conductor elenent 1. By
thus providing the first protrusion 40 and the second protrusion 50 at one
bump 3, the area of the vertex 10 portions 7 of the bunp 3 can be

i ncreased, and as described in detail later, the connection area when
connecting the above-nentioned bunp 3 t-0 2%he el ectrode of the circuit board
by means of a conductive adhesive can be increased, so that the connection
resi stance vaP8ECE&n1Bé pBduE2d. sASIRE ttHe ARl lkavey divunts gioMadrs? et of

t he conductive adgesive on%o t he bgg? 3 can he increased, and this
el i minates t hEOp68sitBPetBcEarPendeabl af dete iRy vid Q& theaWidsnddtt i on,

o) oung the eapnselLonsel | abl s ba B LIPLvec 20 Lis bup B0l e

cach 1791 ol 88 DIZ]S b AN LIl LA S B OB P S

Londt o Pl B0 | BEeYELBLL! 135! RBudD) 69" Ol 1 SAIIAD b VLS AU AF Y PY
by control of the controller 181 based on the data stored
in a memory 182 of the controller 181. The first wire
coordinate is lcoccated just above the 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 qgwn 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 distancé stored in the memory 182, the
descending speed of the capillary 113 is changed from
higher to lower to prevent the capillary 113 from

20 contacting the electrode 104 with such a large force 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 from the capillary 113 by



- 35 discharge time,.thereby nelting the wire 10. In Step 2, the first
protrusion 40 is fornmed of the nelted wire on the electrode 2. In Step 3,
the second protrusion 50 is further fornmed. These operations wll be
described in nore 5 detail below. As shown in Fig. 5A, a wire 10 which has
a wre dianeter of, for exanple, 25 umand is made of a material of, for
exanple, gold is extended by about a length Il fromthe tip end portion 9a
of the capillary 9. It is to be '.10 noted that the above-nentioned |ength
Il is 450 umi.e., the projection length in the prior art. The material of
the wire 10 is not |limted to the above-n2#t+oned gold, and it may be
provi ded by copper, alum num nickel, solder or the |like so long as the
bal | bondi ng feEa6H1iaan Shecutrast ervedingepéyriugh ophe hdrdivametld of ande
wire 10, bunp di nensions_such as a base dianeter and a hei ght can be
changed accor3dfhg¥t Fehel PR pdstechipngnh the t déVeY aAdifl | eands ehefirptend
portion 10a of t@e wre, 10 inilargy to the iior art, and as shown 20 in
Fig. 5B, the tPPCeRE pot¥Fdn féa eneF?%HrB$ 8 et®ttri c Bdc&chaPBe BeBween

di sch | d I, d ' 10a, by f ' |1
L1 LTS o BERBERR R e AP Aror P U6 T e Bt 1T ie LortE o bd by
th I f [ ' AVl d di : bal I, 11
| nor oases>as TRE“AARF| SRR oo o | &5 abBgy " oTRRNERedy YRR roL,

and a portion-Havicagiad16eht ais | eNgh haofithe Wdgs woﬁ@aginnae%atﬂt gall

11, the crystal grain of the wire 10 I's increased by heat generate y the
above- menti onggdreligat ih6 ahsehar a@ecthiclePardd iy adg & thgy greataerystal

grain is served as a recrystallized region 16, and its length VI becones
120 um when tHRird step (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 speéds of the second and third
steps (2) and (3), at a fourth step (4).
Then, at the start of a £ifth step (5), 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 wmovement
20 amount (s) is performed 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



di scharge tine is 5 nms. 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 regi on 16,
there is formed a crystal grain interface 15 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 located at the crystal grain interface 15 or its vicinity,
the length VI 15 of the recrystallized region 16 becones an inportant
factor for the formation of the second protrusion 50. The length VI of the
recrystallized region 16 as descri bed ab@&# can be controlled by the

di scharge time in which the electric discharge is effected. 20 Next, as
shown in Fi g.CaRELipeypald frew gomEacainghthei plepg Poritokaidaprertiies wire
10 i s bonded oq%o qu el ectrqde 2 3f t he sem conductor el enent 1 by neans
of a pressuréeitheftt rs"%qﬁbé‘r GXEE YPBF&t FBAC PPRFSRE fifom thife i FH&ey 9.

The shape of the.forne ortion 42.0f .the 25 first, protrusion, 40 forned on
the el ectrodé® %@SFﬁégsgl FEOV?’S he) 1SSt PRI THIP Tl BRAgREREWSRE 10

i s deterni ”eﬂceéﬁ'iffgﬁg’?f \%erglh:ehé i%ﬁ%g\%e r ?%n ;192 o L& LaPI! %;93{153

Therefore, t or med ion 42°15s ave an approximate

conical shapepgs SROUN 1 R ihe 45P5pd SRARREOARYI bl [¥02E18R RESL ST ON

conpri se a base portion 421 at a shoul der portion is fornmed

and a protrudiRpReatbeN1¢24epr @ ded WYHiGRloOm 1die PasgaROEhEOA ok s
shown in Fig. 7. In a bunp 300 having the base portion 421 of the

above-nenti onsskiypen fheche® BdTEl Mdiiny Feyedf hhecriawqdsr, palkteornd22,
t he conductive adhesive is transferred only to the protruding portion 424

in 'transferritipetbeepandtorily aehepiosd tiont e himp SH0i1hadyt b3, ptdduces
the effect that the conductive adhesive can be prevented fromspreading to
the circuit froenengntsamomfincet Ithefcarid lsemn dariduat aheelZeddntect Loy \isr t ue
of the shoul der portion 422 and the base portion 421. It is to be

- 10 previously determined and stored in the memory 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 the lower sgpeed. 1In

order to bond the wire i to the slope of the ball bond

15 portion 115, the movement amounts of the capillary 113 in

the X and Y directions from the center of the ball portion

115 are also previously determined and stored in the memory

182. Thus, based on the stored position 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 continues 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



noted that this bunp 300 is taken as an exanple in the foll ow ng
description. In the wire 10, a proximate portion 10b in the 20 vicinity of
the ball 11 is subjected to |ooping by the capillary .9 as indicated by a
course 14 in a plane parallel to the vertical direction above the base
portion 421 as shown in Fig. 5D. In Fig. 5D, the distance of the novenent
of the capillary 9 is slightly exaggerated for the | ooping, 25 and the

| ooping is practically perfornmed above a pl anar - 38 area lll of the
base portion 421. It is to be noted that the planar area Ill has a

di mensi on of about 80 umin the present- $8/enth enbodi nent. By the | ast
moti on 14a of the novenent of the 5 above-nentioned | ooping, the proximte
portion 10b ceatembéantof thee prrendiarntastt isciwreds Sbce f@tdeidesr I8 from
the vertex portion 41 of the fornmed portion 42, and as shown in Fig. 5E,
the proxi mat CPRFFPoH E668 PLiNsrddd% &< rﬁ?fiﬂéfi?)%‘?ﬁ?oﬁb?'t?’bﬁrﬂ’ééog‘f She

base POrL1on S8k DLo40: pLosBI oy Nest Sl supraons Wbl o, s 4 e
corpr1sed, o LhesLar ppagook! ol S b i Ll o ML £ of
portion 4% anfBbQ@Qfﬁleighth step (8). After the connection of the wire
1 to the slope of the ball bond portion 115, the capillary
113 is moved up while the clamp 159 does not clamp the wire
1 at a ninth step (9). After the ninth step (9) is
completed and the clamp 159 clamps the wire 1 again, the
10 capillary 113 is moved up to break the wire 1 and moved to
a next coordinate (X,Y,Z2) above the next electrode 104 at
a tenth step (10). 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)
15 are repeated on or above the next electrode 104.

By thus presetting the descent position of the
bonding capillary 113 to a position higher than the
position 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



15 to the peripheral portion 423. The above-nentioned | ooping is perforned
for the purpose of preventing the vertex _ portion 41 fromfalling to the
sem conductor el ement side in accordance with the downward novenment of the
proxi mate portion 10b fromthe vertex portion 41 of the fornmed 20 portion
42. Next, a clanper 12 provided for the capillary 9 clanps the wire 10
extending inside the capillary 9, and thereafter, the wire 10 bonded to the
peri pheral 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 - 39
torn off at the crystal grain interface » with the further el evation of
the capillary 9. Thus the aforenentioned second protrusion 50 is forned. By
t he operati ontldn t9te deapiddsaryhe hsidhscoftbebe abale, bohe mittetorerdl H2i of
the 5 second protrusion 50 extends beyond the aforenentioned planar area
1l of the fimade pgotatet ophald tlve adbahgherposi thendd wereeddlt.he one end
51 bonded to the aforenentioned peripheral portion_423 and the approxi mate
vertex portion 41 of thevfilhes pebEtingi BAgBothet bRdlt Hopd POXYGEH kit t he
position of the crystal grain interface 15 is controlled,in the direction
in which the W eA20Vdsterdds AR oA r BFFVRGLERe THD oAt PEned FRRfitge

ti d i bed ab that th th 52 i - t . t
appr ox ot ol YT GerFEA IS0 T drSHet AR ord et ddi 57t 1454 dged i n

hei ght in a posit,on between_the, abgvenenti oned one end 51 and the
approxi mate v t%&eB%??é%%g4iép*%u%?yogggbunp havi ng two protrusions on one

el ectrode 2 i iﬁﬁ? I {re 10 is continued fromthe wire material 20
portion 43 of§¥%££€irs o%%@%?%%ion 40 to the second protrusion 50 in the

af orenenti oned enbodi mepts. slloweverm iHig.S acceplab) e {Qqbanh t ke Lk -

o
portion of the wire material portion 437to, for exanple, the peripheral
portion 423 ofidhec&aSEo PS5t It dbhdigid ddpOneesy Zlgm dihen e wigh 2h&1 of

t he second protrusion 50 to, for exanple, the -
10 ball bond portion diameter, the ball bond portion 115 can

be prevented from spreading outwardly 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 prevented from
15 coming in contact with the electrode portion 104 when the
Au wire 101 is cut by the bonding capillary 113.
(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 um 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 prevented from coming in contact with the



Jperipheral portion 423 and extend the other end 52 as described above. The
| ooping of the wire 10 is perfornmed so that the vertex portion 41 of the
first protrusion 40 is 5 arranged in a position approximately in the
vertical direction with respect to the el'ectrode 2 in the aforenentioned
enbodi nents. However, the |ooping may not be perfornmed so |ong as the
vertex portion 41 can be arranged in a position in the vertical direction
wi t hout 10 perform ng the | ooping. The bunps 300 and 3 are each formed on
the electrode 2 of the sem conductor elenent 1 in the aforenentioned
enbodi nents. However, the bunps 300 and #%ay be each fornmed on the boards
el ectrode on the cirguit 15 ,board on sem conductor elenment 1 is

nmount ed. NextS*EHETP FIBRFH@ORAFP4dégggbgchEgiﬁasétﬁﬁgre a sem conduct or

afor ementi onelt bErS BBBCEIRRARD 3 on a circuit board via fhe above 20
W bo made Taking.t he?ButBSubotAeris’ el iRt St 1l (I IR A€ e
G Ch T of o encar SP P lRUsCRRERILA dob UL, e [ uL 08 PREE AL BBy P or

el ement 1s pr oyhd&sbndindleaph 1Th 18 13f QORERNE hORLIF BLHPCSP0ac Wy P IESHOY
t he sem conduct or el enent to the base nmaterial side as shown in Fig.

the vertex poslopdsof ©hetbhelliveid RSt isi a0 i dive s bR it on
50 of the bunp 300 are pressed 5 against the flat surface 2la of the board
21, thereby foheai bgnfiiaty sapfatesy3la3atint bentespeetiiche ther tex wiord i1001s 7.
Next, as shown in Fig. 8B, by bringing the flat surface side of the bunp
300 in cont aciswinhrohedcorduthhtethe Adhwireel0d fennbe eitably fdudt.
surfaces of a stage 41, the conductive adhesive 18 is transferred onto the
first protrusi®hxab Bmhoghmesséond protrusion 50. Next, as shown in Fig.

8D, the bunp 300 on which the conductive adhesjve 18 has been transferred
is alignk® 25 with the BSardWrecitodd920 W3- t R¥ A% Ag¥"Dhoble Prndime

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 stabilized state
even when the Au wire contact is varied.

15 With reference to Fig. 1D, the preset descent
position of the bonding capillary 113 to the position
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 electrode 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



the first protrusion 40 and the second protrusion 50 of each bunp 300 are
fixed on the board el ectrode 20 by the conductive adhesive 18. Thus a
sem conductor 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 amount 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 increased. 25 Further, by formng the flat surfaces 31la on the
vertex - 42 portions 7 of the first protrusion 40 and the second

protrusion 50, the area of the verteXlportions 7 is furE &Y dharemsed. As
shown in Fig. 9, the above-nentioned annggt ethan@hér ¥hcrease as the
area of the vertex porti onzO o g mcieBsés” ‘and t her ef 0%‘%\; Addheoynmeant  of
transfer Qeofnbm@ y fornlng tq% f @ta&uuﬁé ¥ In the above
nent i oned® ner, the co%gu y@@tﬁm@ﬁe 18 can be tr ereert et o t he
bunp 300 b% hﬂe(hefgﬁw of 10 um or % 3kgb-aer§ﬁ6W% Fig. 8C 10
FurthernDPe t he warp. of(§H&9qBMGuWFeB ard 19 in the gﬁ§ﬁ1mne©@ 130

sem conduce & St s “connect ed t \%ﬁ;@ aiaehfi Board 19 is absor bed by
t he above-menti oned agg &tup&né?ﬁr of the coq@gqalyelad&é$l e*I8, and
t her ef or e, ghEhéd@ﬂ@% In annunt ofc% agﬁémgl%s cribed 15 abovqialloms
t he anmount of absoH%' rléﬁytﬁﬁﬁvwwp 0 be |ncreasgg Theref G,
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portion in which the sem conductor elenment 1 is connected to the circuit
board 19 can be alleviated to 10 umfromthe conventional specification of
4 Vim also allowing the 20 circuit board 19 to be reduced in cost.
Furthernore, the connection area of the bunp 300 and the board el ectrode 20
on the circuit board 19 as well as the anount of the conductive adhesive 18
are increased, so that the strength of connecting the bunp 300 to the 25

el ectrode 20 can be increased and the connection resistance - 43 val ue
can be suppressed to a low value. It is to be noted that, by virtue of the
formation of the first protrusion 40 amd *3%he second protrusion 50 at the
bunmp 300, the flat surface 3la may not 5 be fornmed in the case where a
sufficient an®btPEtePde rBRstEiabf 1RnkheoRIQEENGELAGRES FELPS GRS S hetrinp
300 can be assured without formng ihe flat surface 3la. Furthernore, in

the case wherRIPRLHEFHErOLHIFEHFaL He® ot HrRT bR dit s thi same
t endi tot hei ght 10 of h t ti f fi t t
20 and the setEBna crbog Srehncad L brB Fat8oat agacklEn metalve S "

nenti oned board 21 to h t he at fac t oard
21 cgntacts t he ot her Z%% 5§Q%§§%§%§n ?ﬁgﬁ%g. %g, ngﬁgasgﬁé%?nggftngh%ase

where thesfl afrSHEHBLLioned methods, in the method of forming a bump

electrode on an IC electrode comprising: forming a ball

bond portion on an IC electrode by a wire bonding

technique; moving up a bonding capillary; woving 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 contac¢t with the periphery of the

ball bond portion except for the ball bond portion. This

arrangement 1is able to prevent the Au wire bonding

conditions caused by the contact of the Au wire with a

15 portion other than the ball bond portion, such as a

electrode portion from becoming unstable and prevent the

possible occurrence of an abnormal shape of the bump

electrode caused by the adhesion of the IC electrode

material to the Au wire, thereby allowing a bump electrode

20 to be formed on an IC electrode 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



15 31la is fornmed only on the vertex portion 7 of the first protrusion 40 as
shown in Fig. 16 and no flat surface 31a is forned at the other end 52 of
the second protrusion 50. In the case as descri bed above, the conductive
adhesive 18 is required to be transferred onto the other 20 end 52.
Accordingly, 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
t he board 21 and the other end 52 when the sem conductor element 1 is 25
pressed to the board side has a dinensi-ors3such that the - 44 conductive
adhesi ve 18 can be transferred to the other end 52 when the bunp 300 is
brought in cofakcicakihgt kdecoaduttpuduadbesi akeldnias ashibowa imetfhgd &F In
other words, in the case where the other end 52 of the_second 5 protrusion
50 i s not extfeamhrgatbnghémeu gﬁme@ndhetomt@mpzﬂtw@ﬁh ¢ des driibstd
protrusion 40 as shown_ in Fig. t he bunp 300 of the sem conductor
element 1 is¥ %%RWrEchorﬁée5?@§§e&°a@&%£g;%Wkﬁﬁﬁmud1911§ot9héﬁ fipEed

di mensi on of the g between the flat surface 2la of the hoard 21 and 10

t he ot her endﬂ%ﬁtbgg%nﬁémﬁo?OQ?EéF%?nFhﬁﬁmpﬁesaBS@edﬁéﬁFFéngg G&s Paue

direction_in mh ch the other ﬁnd 52 h ?e second protrusion 50 is
orientated wiif ?ﬁ?%%%c??%%ﬁa axt? %ﬁ% her*&nd 52 of the. second

protrusion 50 at 15 th oggegerﬁeg{trﬁf a9 A8 %‘?;t%t%ti%?e&é{ltbﬁlll be,

orientated to the perip era € s&m conduct or e enen
further showydd.F{BeqlPirLfe Oother end 52 can be al so extended beyond an
extension |ine Q? %% ou%ér end surface 1b of the periphery of the

senfi conduct or el ement lonkt biugp2Q & GoeIEDt BHcbhabdhe d @@ i onogf 4 he
other end 52 is executed by the operation of the capillary 9. In regard to

the bunp 300,carbuip @brihhehstk€aekhan Wl 52séniexhatdedr element 1.

"10 In the semiconductor element 1 of the seventh embodiment,

a bump 3 having two protruding portions of a first

protrusion 40 and a second 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

defined by projecting ehe 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 to a height approximately 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

position located slightly higher than the height of the

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



beyond of the extension line of the outer end surface 1b of the periphery

" of the sem conductor elenent 1 is denoted by 25 a bunp 310 as shown in Fig.
10. Further, the portion which - 45 Dbelongs to the wire 10 and extends

. beyond the extension line of the outer end surface 1b is denoted by an
outwardly protruding portion 53. By thus orientating the other end 52 to
the 5 peripheral side of the sem conductor elenent 1, the other end 52 does
not extend toward the adjacent electrode 2 in the sem conductor elenment 1.
Therefore, the other end 52 ' is not brgyght in contact or short-circuited
with the adjacent el ectrode 2 when the dnducti ve adhesive 18 is -, 10

t f d t.o the b 310., Ther ef . th i-.entati f,_ the,oth d 52
o the peri HETHT TGS (1S Corh EORMIEOR S Gt i s S6i8 G Smount
ft f f . t hesj : i_bl
occurrence ¢ BREXHON At ac R e LD BET L pRRNEER P e,

SLHEN £ I eA

provi si on of o] 4 10N t fLESt t :usi on
40. Further}xgggéﬁﬁﬁogﬂugégéhgeV|ce can be acio a]%?cgﬁgdbgéaFgéﬁiﬁglthe

bump 310 on Hdwymt est nade vArelexd BerseBhcoNdbetiale digmRNbrbrasisdeschighed
above in Step 11 20 shown in Fig. 11 and connecting the bunp 310 onto the

el ectrode 20 of the ciTkali bthear cerdd ED ff acike dewaomEUi+AY-wEIMEr sion St ep
12. When fabricating the sem conductor device as descri bed above, the other
end 52 i s neiddmes Hmougbhtiantconttdct nor sdimderct r @elietogdode h2t hef 25he

adj acent electrode 2 in the sem conductor elenent 1 having - 46 the bunp
310. Furt hersmregondecseroatiepentrusi on 50 of the bunp 310 has the
outwardly protruding portion 53. For the above reason, when the bu 310 is
connected to the el ect Brdez® B ding ehechirsbopret1gsien st¢@msestieon

area is greater .
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 connectiaon area when connecting the
above-mentioned bump 3 to the electrode of the circuit
board by means of a conductive adhesive can be increased,
so that the connection resistance value can be reduced.

15 Furthermore, the amount of transfer of the conductive
adhesive onto 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 1in 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 1is, in Step 1, the length of a recrystallization

25 regilon as described later is controlled by controlling the



_than that of, for exanple, the bunp 300. Therefore, the connection strength
can be nmade higher and the connection resistance value can be nade | ower.
Furthernore, in a sem conductor device 610 in 10 which the sem conduct or
.element 1 having the bunp 310 is connected to the circuit board 19, a test
process for testing the performance of the electrical connection of the
bunp 310 to the electrode 20 on the circuit board 19 can be provided as one
fabricating process of the sem conductor 15 device 610 as shown in Step 13
in Fig. 11. This test wll be described bel ow For exanple, when the

sem conductor elenent 1 having the bunp 390-is nounted on the circuit board
19 in the face-down nounting manner, the other end 52 of the 20 second
protrusi on 5@iisshestgerivtmaidi thpfekym nékt buy ethendisear ldce In o3teme2,
periphery of the semiconductor elenment 1. Therefore, the portion in which
the bunp 300the &dmsécpsgtrysine &P eb? risuanezh ofn tilgemeiltedi vibeapd tbe
cannot be visually checked. Wen the sem conductor _elenment 1 having 25 the
bunp 310 is RIEREPEh Ehe cERcEtehodrd the i feepBd Rrofrusiee- §dwnis

nount i ng manner, .t he _outwayr dl rot rudi ng, porti, 3 is protruding fromthe
outer end SutrERRelh GETRe pERPERETRFTACIINE Sl BRaUEEEr LBrEmbRLTare
Ther ef or e, t%%t%Bfti%gikp whi ch the bunp 310 is connected to the el ectrode
5 20 on the C|rcuﬁtkb ard 19 can be viewed via the outwardly protruding

portion 53 and subj ect oqvnviis[yafligt esty RUrRiher ny enddn s @ccepiable to
ned ‘v q Q'Ey

t
automatical ly execute the above-nention i sual test nmeans of a c¢anera

25 and a Vi s@alarfeiShloR6 LANNSEHEA & 0 A8 S AT & 25l ase shoy s Ei 9.

12. That is, the electrical connection of ‘the bunp 310 to the electrode 20
can be checked ,@braegangdee, bgdlaesd ditdiddd NG dpsukeal MaggtAf 1thergartion

in which the outwardly protruding portion 53 is connected to the el ectrode
20 by the camgred 2fp én&i pgrthohheal sEgeHaNtergiBlary 9. It is to be
10 noted that the above-mentioned length II is 450 um, i1.e.,
the projection length in the prior art. The material of
the wire 10 is not limited to the above-mentioned 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
changed according to the.purpose.
A high voltage is applied to the tip end portion
10a of the wire 10 similarly to the prior art, and as shown
20 in Fig. 5B, the tip end portion 10a is melted by an
electric discharge between a discharge electrode and the
tip end portion 10a, thereby forming 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



15 vi sual

tester 26, and detecting the presence or absence of the

conductive adhesive 18 in the connection portion by neans of the visual
tester 26. Furthernore, in the sem conductor device 610 enploying the

.sem conductor elenent 1 having the bunp 310, 20 a contact probe 26 can be
brought in contact with the outwardly protruding portion 53 or the
conductive adhesive 18 which covers the outwardly protruding portion 53 as
shown in Fig. 13. The contact probe 26 is connected to a sem conduct or
el enent performance tester 27 which can check 25 the state of connection of

the bunp 310 to the el ectrode 20 438
operation of,the seni,conductor el 1. .Therefore executing, for
eganpl e, a drBaESBRE act & %?‘Fc%ta?s{?tﬁi 0% 7 %O%ﬁfe‘%fkgﬁa‘fﬁ‘% %h%g’ft??'ﬂe

to the electro

36f~the circuit board 19 or th

of the Circult oar s 1Tn a non-con

whet her the copoegtbencol (i1 ol Pedade, 0l o chilepaeri gondugl of ol enp

short circuigedsyl bel §hé°w?§en96egstﬂ%ﬁé%Se&bﬂy?ﬁggﬁéé%ggagé& y fghe

characteristic test is to test the dio

orned int Cl r CUi

sem conduct ogp8,8TRBht1chal EN@RWIR0SE: HinPrEy ent irhg AN HCRRSI rY&Y]fHé
fromflow ng through the circuit of the sem conductor el'enent 1. The

connectign ofhéheyduud teyehalel ged1wda 20sefvihe £d r guite €h1Pi k8a
achi eved by the conductive adhesive 15 18 according to the description of
t he above- men¢gbaad Ehbodndenits Hiwegeh W5 Menwmdsn ERgs.pddshand d¥8,

sol der 28 can be used instead of the conductive adhesive 18. It is to
noted that tfesbbapg8l0time tiakeén res. anFexahbke rieashngshatdAlendcddd:a20
Simlarly to the case described with reference to

10

15

20

25

grain size differs in a boundary portion between a normal
crystal region 17 having the initial crystal grain size and
the above-mentioned recrystallized region 16, there is
formed a crystal grain interface 15 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 located at the
crystal grain interface 15 or its wvicinity, the length VI
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 controlled by the discharge time in which the electric
discharge is effected.

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

first protrusion 40 formed on the electrode 2 by the ball

e

nt 1
te or

he
r ent

be



Figs. 8A-8D, the vertex portions 7 of the first protrusion 40 and the

" second protrusion 50 of the bunp 300 of the sem conductor elenent 1 are
provided with respective flat surfaces 3la. On the other hand, as shown in
_Fig. 14A, 25 solder 28 is provided on the electrode 20 of the circuit -
49 Dboard 19. Then, as shown in Fig. 14B, by aligning in position the bunp
300 of the sem conductor elenent 1 with the electrode 20 of the circuit
board 19, bringing the flat surfaces 3la of the bunp 300 into contact with
the solder 5 28 and heating the same, the two protrusions of the first
protrusion 40 and the second protrusidh:%b of the bunp 300 are connected to
the electrode, 20 of the ciycuit pboard 19 via the solder 28., B hus
connect i ng tﬁ% g?ﬁ@?éogg SRIB MG Het AP WS e gooaﬁf t\ﬁrt“f’fr’t%]etbé'uﬁ-ﬁ’%oo
havi ng the f] pr ot ruysion_4 nd, t n rotd usi.gn ns, of

sol der, a so %%éefi% etﬁlles o rr%&lo(Ii B@Sﬁ'?%ﬁed’% t He %?gvigg%%ylo#@?hisgs'

fillet, the shEeRghbbeacaistsarald eas etbactar 08 Lhedfireuid heaed 9 i

i ncreased and the 15 connection rel Ity 1's rnproved. Furthernore, the

connection aggarbgimAeEegSednandlt BRapANASCELSAN €8I $HANCA VAl Ye drfpe
reduced. The bunp having two protrusions is forned by tthe ball bonding

method ig thﬁaaiﬁge@emmdlmpe?i?xﬁﬂmton 2oriioveyed , of t al BadeMpldzrari o
0

course that a nethod capable o rmng two protrusions on at [east one
bunp can be ased atstwddadhof at ehdadlderbopdiragonet 4pel. iAs deseaedbesnd n adet ai |
above, according to the sem conductor elenents of the aspects as well as
t he protruding portion 424 provided upright on the base portion
421 as shown in Fig. 7. In a2 bump 300 having the base
portion 421 of the above-mentioned type, due to the
.10 provision of the shoulder portion 422, the conductive
adhesive is 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
15 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
20 vicinity of the ball 11 is subjected to looping by the
capillary .9 as indicated by a course 14 in a plane parallel
to the wvertical direction above the base portion 421 as
shown in Fig. 5D. In Fig. 5D, the distance of the movement

of the capillary 9 is slightly exaggerated for the looping,

25 and the looping is practically performed above a planar



25 sem conductor el enent fabricating nethod of the aspect of - 50 the
" present invention, two protrusions are provided on one bunp. Therefore, the
area of contact of the bunp with the board el ectrode on the circuit board
.is increased. Accordingly, the connection strength and the connection 5
reliability can be made high and the connection resistance val ue can be
made | ow and stable in connecting the sem conductor elenent to the circuit
board. Furthernore, according to the sem conductor device of the aspect and
t he sem conductor device 10 fabricating et hod of the aspect of the present
i nvention, the sem conductor elenent having two protrusions at one bunp, as

descri bed abgygs IrgrugedcdRdyRe By ibs geAnected ;o ttoh%eb%eiecf'tf%%gde

of the circuit board. Wth this arrangenent, the area of contact of t

bump with thenkogndnty ehest made ner thaigehedbh Bean®dt igicnaased ¢iged
accordingly, the connection strength and the connection reliability of the

sen conduct oprekemensedet thhendoddtiethithoard can be nmade high and the
connection resistance val ue can be made | ow and stable in the sem conductor
devi ce. 20 Furt her nor e Byaadtos dlagt t aot hen serbc afdudior mdegneatf alit iied i ng
met hod of the aspect of the present invention, the end portion of the
second pbkot r abpur-mengivaeded betwengll y bhet hersenitedraducportebanent 0beyond
the periphery of the semiconductor el ement at the bunp having 25 two
prot rusi ons. CPALINYeAahgerBAt PEPLTBUIRE ROMbIAT 42fe extergls doyprieddEnt of
t he connectign strength and the connection reliability and the reduction
and stabi | i zBEPBNEBE YRECBIPREET M $eSisthfcEorarderast 488ct? hetN@R¥e and
all ows the segiconduc&gr d§¥'ce ﬁo be tested q¥ means ﬁ% t.he 5 second
protrusi on eXt8WHed outifhar %’o? ¢ HRT TN LAIRCT DT ORI eRBnt-S ARRAGH | £
di scl osure of,Japanese Pat.ent plicatipn .18-260645 filed on tober 1,
1056, “and. NochE- HuaaensTH Ea peitRoro AT 30 4G PRRE asgor 421 BY
10 pressure, heat or supersonic vibration. Thus the first
protrusion 40 is formed. Therefore, the first protrusion
40 1is comprised of the formed portion 42 and the wire
material portion 43 which has been formed of the proximate
portion 10b, extended from the vertex portion 41 and bonded
15 to the peripheral portion 423. The above-mentioned looping
is performed for the purpose of preventing the vertex
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



.10 specification, clains, drawi ngs, and sumrmary are incorporated herein by
reference in its entirety. Although the present invention has been fully
described in connection with the preferred enbodi nents thereof with
-reference to the acconpanying drawings, it is 15 to be noted that various
changes and nodifications are apparent to those skilled in the art. Such
changes and nodifications are to be understood as included within the scope
of the present invention as defined by the appended clai ns unl ess they
depart therefrom Substitute Sheet 52 - 25 February 2003 WHAT IS CLAI MED
IS: 1. A nmethod of formng a bunp el ect+ade -on an |1 C el ectrode, conprising:
operating a bonding capillary (113), having a capillary hole with a

chanf ered portoxm @fif adithehargeteidgrhénebhteataacbhat | whohd iorfmmgher
position to forma ball bond portion (115) on an IC el ectrode (104); noving
t he bondi ng cabdvdignuphartthed chpiddpavt 2.0 t MhUsC ehectafoemeniviomedhe
bondi ng capillary sideways and then downward with respect to the IC

el ectrode; bo?RIFPRY aPHPEEUELIOR) 500 iishArmgd bonBly pbRei ererand Q@utad nghehe
wire, the wire being prevented fromcomng in contact with portions around

the ball bondc3Ft1dFY oPhés deirtiRebatPoBendEhsr QtEY 1R\ T SBy ety a
roator {han SPORr SEOTEIRE Ehe BHIHONESHEFE orf et o TETH O Sat
greater an eygr e n ave. ater
than a diameter_of the wi ith the ch le.of the chantfered
porti on bl ndo VBRI AREI o B B C e 11| PREHC LR Pace tof Can Sertt OFEN ng
of the capil| é’i@%ﬁed%%@%’w@e}%edﬂ%e febondad t thﬁo.ﬁ&ég bend poLLion
such that no Spacé i s circunmscribed by the wire and bal ond portion. 2. A

met hod of form&ﬂeaeﬁeﬂani@aegéfsl?gg)eea%agpk@i%heqtzrao%d GBS Wk i mate

operating a bonding capillary ( aving a capillary hole™with a

chanf ered por¢éppeRtpdredisshat oot et t her€Ofprétrd@sion 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 approximate vertex portion 41.

Thus, one bump having twa 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 the 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



_Substitute Sheet 53 - 25 February 2003 ball bond formng position to forma
ball bond portion (115) on an IC el ectrode (104); noving the bondi ng
capillary upward with respect to the IC el ectrode; noving the bondi ng
.capil lary sideways and then downward with respect to the I C el ectrode;
bonding a wire to the ball bond portion; and cutting the wire, the wire
bei ng prevented fromcomng in contact wwth portions around the ball bond
portion other than the ball bond portion itself by setting a chanfer

di aneter (109) of the chanfered portion of the capillary hole greater than
a dianeter of the ball bond portion, witH&he chanfer dianeter of the
chanfered portion being a dianeter of an end opening of the capillary hole,
wherei n the RSELPREBIAIEPHG Whet HhI RIBoreKERIE | SRSsuehhehatento BRads i s
ci rcunscri bed Q% tgﬁ $ﬁre and ball bond portion. 3. A nmethod of formng a
bunp el ect r oI HASE RPYEGt rode, as defined by daim1, wherein in

ti t he bondi L (113 the_ b bond f ' i,tian,
'he Torned bal | bond porbP ohSPKEES Bh EHE FEre) 8t F80E ¢ oA s Sn (7ot

rmed bal | bond pof tFon°r11sy C81 &1 F5dE (T =
Comi ng. 1 contae BTt nEoBar Cront arbund The BERT DRRA"BaFEPn B hd® ¢ han

t he bal | iof iiself ' j ti di
e ba o$oonda s408 idgeld % sTRK LRI %%%gﬁggﬁgg | Dl CndN YLal.fadi us

portion t he bondi ng capi ry have a kness tor concentration

of a cutting dpFr&€cisna WhEd Cublipagt c3Ubslid ute Shesbasd 2 23pFehuary
2003 stage agai nst a sl oped cone Surface of the conical ball bond portion.

4. A sem conduEspEmeheNBAédi ampbithehbe . bunpwel-eet r ede Nsopandechaloddre 1C
el ectrode (2) on a circuit formng surface of a sem conductor el enent (1)
by the net hodaeperddrimednygoorieomf E&hkaitike lvdrteal dodutororlr i S8&Ngbe
arranged in a position in the vertical direction without
10 performing the looping.

The bumps 300 and 3 are each formed on the
electrode 2 of the semiconductor element 1 in the
aforementioned embodiments. However, the bumps 300 and 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 1is 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



a first protrusion (40) which is conprised of a portion formed by once
nmelting and solidifying a wwre and its periphery and is bonded to said

el ectrode; and a second protrusion (50) which is formed of an unnelted
portion of said wire and extended fromsaid first protrusion beyond a

pl anar area defined by projecting said first protrusion on said el ectrode
(2) to a height approximtely equal to that of said first protrusion with
respect to said electrode, and said first protrusion and said second
protrusion being brought in contact with or put close to one el ectrode on a
circuit board when the seniconductor elentht~is nmounted on the circuit

board. 5. A senicondyctor elenent as clained in_Claim4, whereipn said first
protrusion iswagvi& \M%ﬁ%%f?%ﬂ?&ﬁP?Aﬁt?%mp(4§?oforﬁﬁﬁ FBFETHRAg §he

|t ed [ f, i.d _w il d | i difyi d

wi o nhteri aPoDaPERANCERS) SHETBRY & ConbhPoBaSS(TEhE- U T oo HRCatel BPAPLY of
id | ted =on, d ; ' . ' .

Subst i tut o shedt 55 By TR et B XS ER LY i o yPgr kP 0RTRE,

portion and bggRd t i i ON.c P. i d 0 I S
Ol ai med 1 O A Be Rar e B aa Pt ot i s P Bage Cpor i Bae(A2D)

bonded t ossai dgakaekr ode: ardag PE@EFakeh N@1ROId F 0B Ked 290z PoOVIIded: HRELGHE on
sai d base portion. 7. A sem conductor elenent as clainmed in Claimb5,

wherein said Wbireifgt ELh8l spEfites £xd endededovnnpacdlyef vepteai go¥eibax
portion is bonded to said electrode, instead of said forned portion. 8. A
sem conduct or 7el enent as clained in Caimb5, wherein said second protrusion
extends toward an outer end surface side of said sem conductor el enent
wi t hout exceeding said dexér emd showmader Fig. 8B, by bringing the flat
surface side of the bump 300 in contact with the conductive
.10 adhesive 18 formed on the flat surfaces of a stage 41, the
conductive adhesive 18 is transferred onto the £first
protrusion 40 and the second protrusion 50.
Next, as shown in Fig. Bb, the bump 300 on which
the conductive adhesive i8 has been transferred is aligned
15 with the board electrode 20 of the circuit board 19, and
the first protrusion 40 and the second protrusion 50 of
each bump 300 are fixed on the board electrode 20 by the
conductive adhesive 18. Thus a semiconductor 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 amount of transfer of the conductive adhesive 18 onto
the vertex portions 7, 1i.e., 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



9. A sem conductor elenment as clained in aimb5, wherein said second
protrusion extends outwardly of said sem conductor el enent beyond an outer
end surface (1b) of said sem conductor elenment. 10. A sem conductor el enent
as clained in Caim5, wherein said first protrusion and said second
protrusion have respective flat surface portions (3la) at the vertex
portions of the protrusions. Substitute Sheet 56 - 25 February 2003 11. A
sem conductor device in which an ‘el ectrode (20) on a circuit board and said
bunp of the sem conductor elenent as claimed in Caim5 are electrically
connected to each other. 12. A nethod of %%b?icating a sem conduct or

I in whi he b I i s bonded
cl oot 10 M L Re PPl RELL0ds L3 Pendedfoetne d Captectpgde (2 en o
In-any one Ofplgtﬂ‘ﬁ@i 5350 SO :jasxi)élagioff 95@1 Ogréeic'éréﬁ%ﬂé”ﬂsi'so%ﬁﬁefm' ch
o] y sol | a ed p awre

is conprised a portion forme I'fyrng ortion o

and its peri &gféxgﬁ%ﬁdls honglet, 0 380 K CleClRAG AN dTIdE R SRAGN

protrusion (5 Is formed of an unnelted portion of said wire and

extended fromsaishhéfst phrereHsEOAsbeyendraapbndheareatdsf igtad inhs 7
projecting said first protrusion on said electrode (2) to a height

appr oxi neg el yireftahsé o, t Bal afhewd fbifd J SEher @lbusitorb M t hafiespeclaho 1sai d
el ect rode, whereby o ;
increased by forming the flat surface 3la. In the above-
mentioned manner, the conductive adhesive 18 can be
transferred onto the bump 300 by the height IV of 10 um or
greater as shown in Fig. 8C.

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 transfer of the conductive adhesive 18, and
therefore, the increase in amount of transfer as described

15 above allows the amount 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
to the circuit board 19 can be alleviated to 10 um from the
conventional specification of 4 pum, also allowing the

20 circuit board 19 to be reduced in cost.

Furthermore, the connection area of the bump 300
and the board electrode 20 on the circuilt 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



said first protrusion and said second protrusion are brought in contact
with or put close to one electrode on a circuit board when the

sem conductor elenment is nounted on the circuit board. 13. A nethod of
fabricating a sem conductor elenent as clained in Caim1l2, wherein said
first protrusion is fornmed by formng the nelted portion of said wire into
the formed portion (42) by said capillary and extending the wire in a
vicinity of said nelted portion froma vertex portion (41) of said forned
portion Substitute Sheet 57 - 25 February 2003 downwardly of the vertex
portion and bondi ng the mnre to said fornedl portion, consequently formng a
wre materi al rtion . 14. A nethod of fabrlcatlng a sem conduct or

el ement as c|&$ﬁﬁa FﬁncpﬁlﬁPEQreﬁﬁéﬁe R &ailaw vFéuﬁ’aterlal portion instead
of said fornmed portion ;E bonded t sai d elecgk en said wire_materi al

portion is for rred 15. ACnetfod-of eabﬂoé:ﬁdl ¥on‘ﬂh’61f‘6‘? S enefte as

clained in O gigghergl af%gr t he fornatlon o%osald f rned orti

said wire con |nue o sard ornedjﬁ%?tPgﬁtrus onde af?%$ ﬁﬁqq r§

d ib | l
escri bes an RREOKLIBLELY £ECiANGHLA SNAPEHLN: TP Q‘af‘FQ@éa“g 0 s

vertical direction above said porti‘on when Irst protr
formed. 5 ©bpe formed in the case where a sufficient amount of transfer

of the conductive adhesive 18 onto the bump 300 can be
assured without forming the flat surface 31la.

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 board 21 to such an extent that the flat surface

21la of the board 21 contacts the other end 52 as shown in

Fig. 15, it is sometimeé the case where the flat surface

15 31la is formed only on the vertex portion 7 of the first

protrusion 40 as shown in Fig. 16 and no flat surface 31la

is formed at the other end 52 of the second protrusion 50.

In the case as described above, the conductive

adhesive 18 is required to be transferred onto the other

20 end 52. Accordingly, 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 21a 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



16. A nethod of fabricating a sem conductor elenment as clainmed in any of
Claim 13, wherein, a region of said wire recrystallized by heat has a

| ength extending to an end of said second protrusion when said nelted
portion is fornmed. 17. A nethod of fabricating a sem conductor el enent as
claimed in Caim116, wherein the length of said recrystallized region is
controlled by an application tine of a voltage to be applied to said wre
for the formation of said nelted portion. Substitute Sheet 5g - 25
February 2003 18. A nethod of fabricating a sem conductor elenent as
claimed in Caim13, wherein an end porfi%ﬁ of said second protrusion

tended to th i.ph l..sid id ' duct t i
econd pr ot r USCBRIS Ty RSS20 ASnErRonSof “FaBF T 5aFTnGot BErf EORAuEREr
element as cl ghmegnln Gl Mohi, WGS Sk ag0dnpor L 0%l S8l dsggond,
protrusi on extende eyond the“peripheéry of saird sem conductor élenent to

the outside of.csehh.sen cOMUCIOL TeerEt when Sal dr3ECONh P OtISLOReLS

formed. 20. A net Icating a sem con r efement as clalne

Caim 13, whelgisa bUMhavingesahdrhi kol RIOldUSEQn 88d sxecand pLobpysi on
is formed, and thereafter a flat surface portion (31la) is forned at a

vertex pordi oprofreadrotosaisdnbir ekt phatl hgstentREGheegRAdoPr Ohé USé PRex2].
A nmet hod of fabricating a sem conductor device conprising: -fabricating a
sem conduct or pelreden 7yl the dirdatatgreg vietileod af 3 asldud3; iprPygdi ng, a
conducti ve adhesive at each of said first protrusion and second protrusion;
and the bump 300 of the semiconductor element 1 is required to
be pressed against the board 21 so that the dimension of
the gap between the flat surface 21a of the board 21 and
10 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
15 the bump 300 formed as described above can be orientated to
the peripheral side of the semiconductor element 1, or as
further shown in Fig. 10, the other end 52 can be also
extended beyond an extension line of the outer end surface
1b of the periphery of the semiconductor element 1. It is
20 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 which 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

25 a bump 310 as shown in Fig. 10. Further, the portion which



electrically connecting said bunp of the sem conductor elenent to an

el ectrode on the circuit. board. 22. A nethod of fabricating a sem conductor
devi ce conpri si ng: r Substitute Sheet 5g - 25 February 2003 fabricating a
sem conductor element by the fabricating nmethod as clained in Caiml19;
provi ding a conductive adhesive at the vertex portions of each of said
first protrusion and second protrusion; electrically connecting said bunp
of the seniconductor elenment to an electrode on the circuit board; and
checking the performance of electrical co gegtion between said bunp and
said electrode for a good-or-bad test by picking up an i nage of an

outwardiy propeufhng R tdon (53 @4t Uil ng oulger dlyoRh sAd sarlgendyct or
el ement beyond the~periphery of Sai'd sem conductor "ef enment” by weans of an
. ok . 1 _ _ LAty . ¢
hgeggep;g crg}g§§|§ﬁ %%gf%122f€vﬁefﬁﬁ% sé?ggbg%d§%$§ggg %2g?éo sa%%gﬁyc o

el ectrical coppgetl,@Anks p@xeaedby presence or absence of the conductive
adhesi ve based on pick-up inage information of said outwardly protruding

portion picked up by sapg ifRge RirGlntatdelryj Cehe2bthriethad of fkabrigating
a sem conductor device as clained in Caim22, wherein said good-bad-test
of said ebectpetabheeniectiiden dfs téree @dneictdndwcordy raliengerithel opetat o ohe of
sai d sem conductor elenment by el'ectrically bringing a contact in contact
with said out eaddbg pretr adith@xFand dovwarst ddwe ofd jsaiaht nelgpctprode up in
devi ce. the semiconductor element 1. Therefore, the other end 52
is not 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 conductive adhesive 18 and preveﬁt 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
fabricated by forming the bump 310 on the electrode 2 of
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 manner in Step 12. When fabricating the
semiconductor device 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



1 Substitute Sheet 60 - 25 February 2003 25. A nethod of fabricating a

sem conductor device as clained in Caim24, wherein confirmation of

operation of said sem conductor elenent is executed by a diode

characteristic test. 26. A nmethod of fabricating a sem conductor device as

claimed in daim?22, wherein a flat surface portion (31a) is fornmed at the

vertex portion of each of said first protrusion and second protrusion

bef ore said conductive adhesive is provided, and then said conductive

adhesive is provided on the flat surface portion. 27. A nmethod of

fabricating a sem conductor device as craffred in Oaim22, wherein solder

is used in pl gﬁe f sai3i conductive adhesive. .AY!' %Al
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Ca]Ca]Ca]@a]CahC%hﬁﬁl@f&&@&@abeakeahhﬁ its connection area is greater
than that of, for example, the bump 300. Therefore, the
connection strength can be made higher and the connection
resistance value can be made lower.

Furthermore, in a semiconductor device 610 in

10 which the semiconductor element 1 having the bump 310 is
connected to the circuit board 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 300 is mounted on the circuit board 19 in
the face-down mounting manner, the other end 52 of the

20 second protrusion 50 is not protruding from the outer end
surface 1b of the periphery of the semiconductor element 1.
Therefore, the portion in which the bump 300 is connected
to the electrode 20 on the circuit 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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shown in Fig. 13. The contact probe 26 is connected to a
semiconductor element performance tester 27 which can check

25 the state of connection of the bump 310 to the electrode 20
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semiconductor element 1. Therefore, by executing, for
example, a diode characteristic test, ié 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-conductive 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
circuit 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-mentioned
embodiment. However, as shown in Figs. 14A and 14B, solder
28 can be used instead of the conductive adhesive 18. It
is to be noted that the bump 300 is taken as an example 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 231a. On the other hand, as shown in Fig. 14A,

25 solder 28 is provided on the electrode 20 of the circuit
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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 strength against a stress

effected on the circuit board 19 is increased and the

15 connection reliability is improved. Furthermore, the
connection area is increased and the connection resistance
value is reduced.

The bump having two protrusions is formed by the
ball bonding method in the aforementioned embodiment.

20 However, it is a matter of course that 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

gemiconductor elements of the aspects as well as the

25 semiconductor element fabricating method of the aspect of
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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 board 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
reliability of the semiconductor element and the circuit
board can be made high and the connection resistance 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 element beyond the
periphery of the semiconductor element at the bump having

25 two protrusions. This arrangement of course enables the
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the semiconductor device to be tested by means of the
5 secopd protrusion extended outwardly of the semiconductor
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

L 10 specification, claims, drawings, and summary are
incorporated herein by reference in its entirety.

Alfhough the present invention has been fully

described in connection with the preferred embodiments

thereof with reference té the accompanying drawings, it is

15 to be noted that various changes and modifications are

apparent to those skilled in the art. Such changes and

modifications are to be understood as included within the

scope of the present invention as defined by the appended

claims unless they depart therefrom.
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moving the bonding capillary upward with respect to the IC

electrode;

moving the bonding capillary sideways and then downward
with respect to the IC electrode;

bonding a wire (101) to the ball bond portion; 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 by setting a chamfer angle (107) of the
chamfered portion of the capillary hole at not greater 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 vertex angle of a conical inclined surface of an
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.

2. A method of forming a bump electrode on an IC electrode,
comprising:
operating a bonding capillary (113), having a capillary

hole with a chamfered portion at a discharge end thereof, at a
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with respect to the IC electrode;

bonding a wire to the ball bond portion; 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 by setting a chamfer diameter (109) of
the chamfered portion of the capillary hole greater than a
diameter of the ball bond portion, with the chamfer diameter of
the chamfered portion being a diameter of an 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.

3. A method of 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 (115) on
the IC electrode (104) is an 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 portion of an
outer radius portion of the bonding capillary have a tapered

thickness for concentration of a cutting force in a wire cutting
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and is bonded to said electrode; and

a second protrusion (50) which is formed of an unmelted
portion of said wire and extended from said first protrusion
beyond a planar area defined by projecting said first protrusion
on said electrode (2) to a height approximately equal to that of
sald first protrusion with respect to said electrode, and

said first protrusion and said second protrusion being
brought in contact with or put close to one electrode on a
circuit board when the semiconductor 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 portion of said wire by a
capillary and solidifying the same and a write material portion
(43) which is comprised of the wire in a vicinity of said melted

portion, extended from a vertex portion (41) of said formed
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8. A semiconductor element as claimed in Claim 5, wherein said
second protrusion extends toward an outer end surface side of
sald semiconductor element without exceeding said outer end

surface.

9. A semiconductor element as claimed in Claim 5, wherein said
second protrusion extends outwardly of said semiconductor element

beyond an outer end surface (lb) of said semiconductor element.

10. A semiconductor element as claimed in Claim 5, wherein said
first protrusion and said second protrusion have respective flat

surface portions (3la) at the vertex portions of the protrusions.
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12. A method of fabricating a semiconductor element in which
the bump electrode is bonded to the IC electrode (2) on a circuit
forming surface of the semiconductor element by the method
defined in any one of Claims 1-3, comprising:
forming a first protrusion (40) which is comprised of a
portion formed by solidifying a melted portion of a wire and its
periphery and is bonded to said electrode; and
forming a second protrusion (50) which 1is formed of an
unmelted portion of said wire and extended from said first
protrusion beyond a 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,
whereby
said first protrusion and salid 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 board.

13. A method of fabricating a semiconductor element as claimed
in Claim 12, wherein said first protrusion is formed by forming
the melted portion of said wire into the formed portion (42) by
said capillary and extending the wire in a wvicinity of said

melted portion from a vertex portion (41) of said formed portion
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15. A method of fabricating a semiconductor element as claimed
in Claim 14, wherein, after the formation of said formed portion,
said wire continued to said formed portion is bonded after said
capillary describes an approximately rectangular shape in a plane
parallel to a vertical direction above said formed portion when

said first protrusion is formed.

16. A method of fabricating a semiconductor element as claimed
in any of Claim 13, wherein, a reglon of said wire recrystallized
by heat has a length extending to an end of said second

protrusion when said melted portion is formed.

17. A method 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 applied to

said wire for the formation of said melted portion.
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extended beyond the periphery of said semiconductor element to
the outside of said semiconductor element when said second

protrusion is formed.

20. A method of fabricating a semiconductor element as claimed
in Claim 13, wherein a bump having said first protrusion and
second protrusion is formed, and thereafter a flat surface
portion (3la) is formed at a vertex portion of each of said first

protrusion and second protrusion.

21. A method of fabricating a semiconductor device comprising:

fabricating a semiconductor element by the fabricating
method of Claim 13;

providing a conductive adhesive at each of said first
protrusion and second protrusion; and

electrically connecting said bump of the semiconductor

element to an electrode on the circuit board.

22. A method of fabricating a semiconductor device comprising:
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said bump and said electrode for a good-or-bad test by picking up

an 1image of an outwardly protruding portion (53) extending
outwardly of sald semiconductor element beyond the periphery of

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

(25, 26).

23. A method of fabricating a semiconductor device as claimed
in Claim 22, wherein said good-or-bad test of said electrical
connection is executed by 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 claimed
in Claim 22, wherein said good-bad-test of said electrical
connection 1is executed by confirming the operation of said
semiconductor element by electrically bringing a contact in
contact with said outwardly protruding portion instead of said

image pick-up device.
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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 diode characteristic test.

26. A method of fabricating a semiconductor device as claimed
in Claim 22, wherein a flat surface portion (3la) is 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 22, wherein solder is used in place of said conductive

adhesive.



