'SPECI FI CATI ON TI TLE OF THE | NVENTI ON SEM CONDUCTOR ELEMENT, W
ELEMENT FABRI CATI NG METHOD, SEM CONDUCTOR DEVI CE, 5 SE

DEVI CE* FABRI CATI NG METHOD BACKGROUND OF THE | NVENTI ON The presﬁnginvention
relates to a sem conductor elenent in which a bunmp is formed o

el ectrode of the sem conductor..el enent by a ball bonding nmethod or the |ike
10 using a netal thin wire (wire), that is, a nethod of formng a bunp
el ectrode on an I1C el ectrode, a nethod of fabricating the sem conductor.

el ement, a sem conductor device fabricated yith the sem conductor el ement
and a nethod of fabricating the sem conductor device. 15 In
recent years, electronic equi pment hagpheepreevedped to have a conpact
size, a light weight and a high function, and this has also required

el ectronic COWDOI'I:EIEES O THE ENVENTIPRCt Size, a light weight and a high
funet! I. on SEMICONDUCTOR ELEMENT, SEMICONDUC‘I;OR ELEMENT
FABRICATING METHOD, SEMICONDUCTOR DEViCE
S . SEMICONDUCTOR DEVICE FABRICATING METHOD
BACKGROUND OF THE INVENTION
The present invention relates tc 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 is, a method .of
forming a bump electrode on an IC electrcde, 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
> functicn, and this has also required electronic cemponents
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 butﬁp electrode on an IC electrode relevant to the present
invention, ; mounting method by means of a wire bonding
technique is used.
The method of forming a bump electrxode on an IC
electrcde by the aforementioned prior -art wire bonding

25 technique will be described below with reference to the



Fromthis point of view, in regard to a method of forming 20 a bunp
el ectrode on an | C el ectrode relevant to the present invention, a nounting
met hod by neans of a wire bonding technique is used. The nethod of formng

a bunp electrode on an IC el ectrode by the aforenentioned prior art wre

bonding 25 technique will be described below with reference to the
17A-17D show schematic views of a prior art bunp el ectrode

- drawi ngs. Fi gs.
form ng net hod.

In the figure are shown an Au wire 101, an Au ball 102,
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bondi ng capillary 103, an IC 5 electrode 104 on a board 170, a ball bond
portion 105 and a bunp el ectrode 106. The™ néthod of form ng the bunp

el ectrode on the

10

15

20

25

drawings.
| Figs. 17A-17D show schematic views of a prior art
bump electrcde forming method. In the figure are shown an
Au wire 101, an Au ball 102, a bonding capillary 103, an IC
electrode 104 on a board 170, a ball bond portion 105 and
a bump electrode 106.
The method of forming the bump electrcde on the
IC electrode will be described next.
In Fig. 17A, the Au ball 102 formed at the tip
end of the Au wire 101 is supplied onto the IC electrode

104 as shown in Fig. 178 and bonded onto the IC electrode

104 by the bonding capillary 103. 'Subsequently, the

bonding capillary 103 moves up, sideway and then downward,
thereby connecting the Au wire to the b#ll bond por;ion 108
as shown in Fig. 17C. Subsequently, the capillary 2103
moves. up and cut the Au wire 101, thereby forming a bﬁmp
electrode as shown in Fig. 17D.

That is, the above operation is described below
in detail. A method ¢f forming a bump.on a semiconductor

élement by a prior art bail bonding method and a method of

connecting the semiconductor element provided with the bump

are disclosed in United States Patent No. 4661192. The
methods will be described.
As shown in Fig. 18A, a high voltage of several

thousand volts is applied from a torch 160 which serves as



| C.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 el ectrode 104 by the bonding
capillary 103. Subsequently, the bonding capillary 103 noves up, sideway
and t hen downward, thereby connecting the Au wire to the ball bond portion
105 15 as shown in Fig. 17C Subsequently, the capillary 103 noves up
and cut the Au wire 101, thereby formng a bunp el ectrode as shown in Fig.
17D. That is, the above operation is described belowin detail. A nethod of
formng a bunp on a sem conductor 20 elenmdnt by a prior art ball bonding
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application of this high voltage, the wire 101 ccmes to be
increased in temperature and melted from the tip end 10ia
5 whilg a discharge current is flowing between ;he torch 160
and the wire tip end 10la, so that a ball-shaped malted
portion as shown in Fig. 18B is formed. After the ball 102
is formed, the capillary 103 is moved down to the
semiconductor element side, so that the ball 102 is made to
10 abut against an electrode 104 cof the semiconductor elemeant
170. By further moving down the capillary 103 with respect
to the ball ioz 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 ernd portion 103a of the capillary
15 103, so that a bump base portion 8 as sﬁown in Fig. 18C is
formed. Next, as shown in Fig. 18D, by moving up fhe
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 of the semiconductor element 170.
Consegquently, a protruding portion 30a is formed upright on
the bump kase portion 8 of the bump 30 as shown in Fig.

18D.

25 _ In the semiconductor element 1 where the bump 30



-3 a discharge electrode to the tip end 10la of a wire 101 protruding from
the tip end of a capillary 103. By the application of this high voltage,
the wire 101 cones to be increased in tenperature and nelted fromthe tip
end 10la 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. 18Bis forned. After the ball 102 is forned, the capillary 103 is
noved down to the sem conductor elenent side, so that the ball 102 is nade
to 10 abut against an el ectrode 104 of the sem conductor el ement 170. By
further novi ng down the capillary 103 wi th# éspect to the ball 102 that has

104 and the bal I1690PS EPERB DY ena P pr a3 [ebt P8 Sh09R SF %L R0l | ary

the bump 30 is pressed against a base material 21 on which

a flat surface 21a is formed, so that a bump 31 having a

flat surface 31a formed by flatterning the protruding

5 portion 30a is formed. Subsequently, as shown in Fig. 19B,

the bump 31 having the flat surface 3l1a is brought in

coﬁtact with a conductive adhesiie 18 foimed on a stage 41,

thereby transferring the conductive adhesive 18 onto the

flat surface 3la of the bump 31 and its periphery.

10 Subseguen tly) as shown in Fig. 19C, 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 tc 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 éapiliary 103. Consequently, as showﬁ in Fig.

20A and 20B, the electrode 106a, 106b exhibits an abnormal

shape and an IC electrode material adhéres to the tip end

cf 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



15 103, so that a bunp base portion 8 as shown in Fig. 18C is forned.
Next, as shown in Fig. 18D, by noving up the capillary 103 to the side
opposite to the sem conductor elenment while clanping the wire 101 by neans
of the capillary 103, the wire 101 is torn off in the vicinity of 20 the
bunp base portion 8, thereby formng a bunp 30 on the electrode 104 of

t he sem conductor elenment 170. Consequently, a protruding portion 30a
is formed upright on the bunp base portion 8 of the bunp 30 as shown in
Fig. 18D. 25 In the sen1conductor el ement 1 where the bunp 30
-4- is thus formed on the el ectrode 104, as> shomn in Fig. 19A, the bunmp 30

I s pressed agai nst a base terlal % on_whi a, fl surface ,2la is
formed, so that a bunp 312ﬂg the aforementlone issues, the present

invention has an object to provide a method of forming a
bump electrode on an IC electrode causing no abmormality in
the shape of the electrode.

5 . In accompiishing these and othgr aspects,
according to a first aspect of the present invention, there
is provided a method of forming a bump electrode on an IC
electrode comprising: forming a ball kbond portion on an IC
electrode by a wire bonding apparatus; moving up a bonding

10 caplllary; moving the bcocnding capillary sideway and then
downward; bonding a wire to a ball bond portion; and
cutting the Qire, the wire being prevented from coming in
contact with a periphery of the ball bond portion ekcept
for the ball bond portion by presetting a descent posgition

15 of the bonding capillary to a position higher than a ball
bond forming position.

According to a second aspect o©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 ah IC electrode by a wire bonding
apparatus; moving up a bending 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 fromlcoming in contact with a periphery of

25 the ball bond portion except for the ball bond portion by
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flat surface 31la fornmed by flattening the protruding 5 portion 30a is
formed. Subsequently, as shown in Fig. 19B, the bunp 31 having the flat
surface 31la is brought in contact with -a conductive adhesive 18 fornmed on a
stage 41, thereby transferring the conductive adhesive 18 onto the flat
surface 31la of the bunp 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 naking the bunp 31 abut agaipst the electrode 20, the bunp
31 is bonded to the el ectrode 20 for the 15 achi evenent of electrical

connection bet y&ehi ng t 3 éﬁéﬂxfé’f‘dﬁﬁ&é AELMBRE behaand thgp LI THH) t nReard
19. However, according to the bunp el &ctrode form ng nefhod ‘as descri bed

above, the Au W gfeddr aglims 901 degjreadt makiAgt fRe | Ka¥l eKnd R rtabh Bave04
when the Au wire 101 is 20 cut by the capi?lary 103. Consequently, as
shown in Fig. 20 etg0Ryreduerxithanr addidtéber 106 hex hiilkiet.s an abnor nal
According to a third aspect of the present
5 inveption, there is provided a method of fo;ming 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
bonding capillary sideway and then downward; bonding a wife

10 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 bgll bond portion by
settiné a chamfer diameter of the bondiﬁg capillaxy greatex
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‘bﬁmp
electrcde 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 éapillary 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 béll bond porfion by
making a tip end portion of an cuter radius portion of the

25 bonding capillary have a tapered thickness for
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shape and an IC el ectrode nmaterial adheres to the tip end of the Au wre
101, causing the issue that the Au ball 102a cannot be normally fornmed as
shown in Fig. 20C. 25 SUMVARY OF THE | NVENTI ON -5 1n view of the

af orenmenti oned i ssues, the present invention has an object to provide a
met hod of formng a bunp electrode on an |1 C el ectrode causing no
abnormality in the shape of the electrode. "5 In acconplishing
these and other aspects, according to a first aspect of the present

i nvention, there is provided a nethod of fozning a bunp electrode on an IC
el ectrode conprising: forming a ball bond portion on an IC el ectrode by a

{)M’re. bondi ng app%&&gﬁerm&%e;ra 2ukeRdiNgotfe H2RL IWideY cutR¥hgdstie.
onding capillary sideway and then . _

According te a <£fifth aspect of the present

invention, there is provided a method of forming a bump

electrode on an IC electrode comprising: forming a ball

5 bond_ portion on an IC electrode by a wire bonding

apparatus; moving up a konding capillary; moving the

bonding cépillary sidewaﬁr and then downward; bonding a wire

to a ball bend portion; and cutting the wire, the wire

being prevented from coming in contact with a periphery of

10 thelball bond portion except for the ball bond portion by

setting an angle so that an ocuter radius portion of the

bonding capillary is brought in uniform contact with a

slope of the ball bond portion.

According to a sixth aspect of -the present

15 invention, there is provided a method of forming a bump

electrode on an IC electrode comprising: forming a béll

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

20 to a ball bond portion; and cuiting'the wire, the wire

being prevented from coming in contact Qith 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 boﬁd éortion.

25 According to a seventh aspect of the present
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downward; bonding a wire to the ball bond portion; and cutting the wre,

the wire being prevented fromcomng in contact with a periphery of the
bond portion except for the ball bond portion by presetting a desc

tion 15 of the bonding capillary to a position higher than a bal

form ng position. According to a second aspect of the present nve

there is provided a nethod of formng a bunp electrode on an I C el ectrode

bal |
posi

conpri si ng:
wre

forming a ball 20 bond portion on an IC electrode by
bondi ng apparatus; noving up a bonding capillary; noving the bon
capillary sideway and then downwar d; bondTng

and cutting the

awire to a ball bond port

ent
bond

a
di ng
i on;

aperiphery of 2ibvEnslef | thEra hETePER R CR. SPRTBREL At "sRALRG: tfon,

by

10

is

20

25

which the one bump electrode having twe prctrusions is
bonded to the IC electrode on a circuit forming surface of
a semiconductor element by the method defined in any one of
the iirst to sixth aspects, and said two protrusions are
brought in contact with or put close to one electrode on
salid circuit board when the semiconductor element is
mounted on the circuit board.

According to an eighth aspect of the present
invention, thére 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 aspecté,
said bump comprising: a first protrusion which is comprised
of a portion formed by once melting and solidifying a wire
and its periphery and is bondéd to gaid electrode; and a
second protrusion which is formed of an unmelted portion of
said wire and extended frem said first protrusion keyond a
planar arsa defined by projecting said £irst protrusion on
said electrode to a height approﬁimateiy equal to that of
said first protrusion with respect to said electrode, and
said first protrusian and said second protrusion being
brought in contact with or put close to one alectrode on
said circuit board when the semiconductor element is

mounted on the circuit board.
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setting a chanfer angle of the bonding capillary not greater than 90
degrees naking the ball bond portion have a height greater than a dianeter
of the wire. According to a third aspect of the present 5 i nvention
there is provided a nethod of formng a bunp electrode on an IC el ectrode
conprising: formng a ball bond portion on an IC el ectrode by a wire
bondi ng apparatus; noving up a bonding capillary; noving the bonding
capillary sideway and then downward; bonding a wire 10 to a ball bond
portion; and cutting the wire, the wire being prevented fromconmng in
contact with a periphery of the bal | bond ﬁbrtlon except for the ball bond

portion by setting a chanfer anet of the hon apig | t han
a dianeter of the ball b(r)TB lng t % (;;lr?‘dl %é ?CE c#ﬂou??% %pec%{
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npri formng a ball bond portion on
an |C e'eCtrFﬁ&%flhﬁdﬁan!HéEeléﬁﬁﬂldﬁbeﬂt wherein said first protrusion
is provided with a formed portion fo?med by forming a
S melted portion of said wire by a capilléry anq solidifying
the same and a wire material portion which is comprised of
the wire in a vicinity of said melted portion, extended
from a vertex porticn of said formed portion downwardly of
said vertex porticn and bonded to said fcrmed portion.

10 According to a tenth aspec£ cf 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 provided upright on said base portion.

15 According tc an eleventh aspect of the presgnt
invention, there is provided a semiconductor element as
defined in the ninth aspect, wherein said wire material
portion extended downwardly from said'vertex portion is
bonded to said electrode, instead of said formed portion.

20 Accordiné to a twelffh aspect of the present
invention, there is 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.



apparatus; noving up a bonding capillary; noving the 20 bonding
capillary sideway and then downward; bonding a wire to a ball bond portion;
and cutting the wire, the wire being prevented fromconmng 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 7 concentration of a cutting
force in a wire cutting stage According to a fifth aspect of the present

i nvention, there is provided a nethod of forn1ng a bunp electrode on an IC
el ectrode conprising: forming a ball 5 bos®¥ ~“portion on

o e vode biTe wre” vondlog anetaes ok lpe b gt
invention, there is provided a semiconductor element as
defined in any of the eighth through eleventh aspects,
wherein said second protrusion extends outwardly of said

5 semiconductor element beyond an outer end surface of said
gemiconductor element.

According to a fouxrteenth aspect of the present
invention, there is provided a semiconductor element as
defined in any of the eighth through thirteenth aspects,

10 wherein said first protrusion and said.second protrusion
have vrvespective flat surface portioms 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 circuit board and said bump of ehe
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 konded
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 aspeets, comprising: formiﬁg a first

25 protrusion which is eomprised cf a portion formed by

-
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to a ball bond portion, and cutting the wire, the wire being prevented from
comng in contact wwth a periphery of 10 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 with a el ope of the
ball bond portion. According to a sixth aspect of the present 15

I nvention, there is provided a nethod of form ng a bunp el ectrode on.an IC
el ectrode conprising: formng a ball bond portion on an IC el ectrode by a

wi re bondi ng apparatus; noving up a bo_ndi'dpg_ capillary; noving the

bondi ng capillary sideway and then downwar bondi ng awre 20 to the

o o bon: aEE RS B L WS {08 PR Rt lplp |
bal | -bond porti @adbyidrbosied the $agadidietdridel;arand NECAIRFt a Wiskbohle
W re above a center portion of the ball bond portlon 25
According to a peverubieapekiclofid formedsefit an unmelted portion of said
wire and extended from said first §rotrusidn beyond a
5 plangr area defined by projecting said first protrusion on
said electrode to a height approximately equal to that of
said first protrusion with respect to said electrode,
whereby said first protrusiocn and éaid.seccnd protrusion
are brcocught in contact Qith or put close to one electrcde
10 on said circuit board when the semiconductor element is
mounted on the circuit boaxr@.
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 extending the wire in a: vicinity of said
melted portion from a vertex portion of said formed portion
downwardly cf the vertex portion and bonding the wire to
20 said formed portion, consequently forming a wire material
poxrtion.
According to an eighteenth aspect of the present
invention, there is provided a method of fabricating a
semiconductor element as defined in the seventeenth aspect,

25 wherein said wire material portion instead of said formed



-8- invention, there is provided a sem conductor elenent in which the one
bunp el ectrode having two protrusions is bonded to the IC electrode on a
citcuit form ng surface of a sem conductor. el enent by the nethod defined in
any one of 5 the first the sixth aspects, and said two protrusions are
brought in contact with or put close to one electrode on said circuit board
when the sem conductor elenment is nmounted on the circuit board. According
to an eighth aspect of the present 10 i nvention, there is provided a

sem conductor elenment in which the bunp el %trode is bonded to the IC

el ectrode on a circuit forming surface of 3 sém conduct or el enent by the

met hod defined iékg{‘%?r?'l% 860808 dd %é};g%ﬁ%ﬁ% d%Qﬁcééid St QidRrial

conprising: a fi otrusron whic
portion is formed.

According to a nineteenth aspect of the present
invention, there is provided a method of fabricating a
5 semiconductor element.as defined in the seyenﬁeenth or
eighteenth aspect, wherein, after the formation of said
formed portion, said wire continued to said formed portion
is bonded after said capillaxy describes an approximately
rectangular shape in a plane parallel to a vertiéal
10 direction above said formed portion. when said first
protrusion is formed.
Accerding 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 exténding to an endhof
said second protrusion when said melted?portion is formed.
According to a 21st aspect of the present
inveﬁ:ion, there is provided a method of fabricating a
20 semicbnductor element as defined in the 20th aspect,
wherein the length of said recrystallized region is
controlled by an applicat;'.on time of a voltage to be
aprlied to said wire for Ehe formation of said melted
portion.

25 According to a 22nd aspect of the present
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15 of a portion forned by once nelting and solidifying a wire and its
periphery and is bonded to said el ectrode; and a second protrusion which is
formed of an unnelted portion of said wire and extended fromsaid 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 said circuit board when the sem conductor element is
25 nounted on the circuit board. -9- Accbrding to a ninth aspect of the
present invention, there |SE§rOV|ded a senl onduciéﬁoéﬂggm@t as ggflned I n

the eighth aspectVsRet®¥n ERFEEf AP PEFFIEPTsiDAne abricating “a

semiconductor element as defined in any of the 16th through
21st aspects, wherein an end portion of said second
protrusicﬁ extends to the peripheral side of said
5 semigonductor element whén said second p;otrusion is
formed.
According to a 23rd aspect of the present
inventicn, there is provided a method of fabricating a
gsemiconductor element as defined in any-of the 16th through
10 21st aspects, wherein an end portion of said second
protrusion extends ©beyond the periphery of said
semiconductof element to the outside of said semiconductor
element when said seccnd protrusion is formed.
According to a 24th aspedt of the present
15 invention, there is provided a method of fabricating a
semicohductor element as defined in any:of the 16th throﬁgh
23xrd 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 protrﬁsion.
According to a 25th aspect c¢f the present
invention, there is provided a metho& 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



Is provided with a forned portion formed by formng a 5 nelted portion of
said wire by a capillary and solidifying the sane and a wire nateri al
portion which is conprised of the wire in a vicinity of said nelted
portion, extended froma vertex portion of said fornmed portion downwardly
of said vertex portion and bonded to said fornmed portion. 10

According to a tenth aspect of the present invention, there is provided a
sem conductor elenment as defined in the eighth or ni nt h aspect, wherein
said fornmed portion has a base portion bonded to said electrode and a
protrudi ng portlon prOV|ded upright on sai dpdse portion. 15

According to an gﬁﬁggg %ﬁpe$£c§fo%he {fsgggﬁkn pecfggwﬁghere IS §°ﬂ¥|ded

a seni conduct or as defined e ni n eret’lf s

material portiongextendedsd %‘{I%"a%'dé&xf ran: 'c@nxeeet;%gpgaiaoeu@ Q?”gﬁg to

sai d el ectrode, |nstead of s orne por According to
a twel fth aspect s@hitBBAREESE R emBHE N Qi el@@t?od@ o’ OMé deikhcuit board.

sem conduct or el ement as
According to a 26th aspect of the present
5 invention, there is provided a method of fabricating a
semiconductor device comprising: fabricating a
semiconductor element by the fabricating methed as defined
in the 23rd aspect; providing a conductive adhesive at the
vertex portions of each of said first pﬁotrusion.and second
10 pretrusion; electrically <connecting said bump of the
semiconductor element to an electrode on the circuit board;
and checking the performance of electrical connection
between said.buﬁp and said electrode for a gecod-or-bad test
by picking up an image of an outwardly protruding pcrtion
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
inrvention, 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 ccnductive 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



defined in any of the eighth through el eventh aspects, wherein said second
protrusion extends toward an outer end surface side of said

" semi conductor elenment wthout 25 exceeding said outer end surface. -
10 - According to a thirteenth aspect of the present invention, there is
provi ded a sem conductor el enment as defined in any of the eighth through

el eventh aspects, wherein said second protrusion extends outwardly of said
5 sem conduct or el enent beyond an outer end surface of said sem conductor

el ement. According to a fourteenth aspect qf the present invention, there
is provided a semnmi conductor el ement as defi‘rted in any of the eighth through

H‘g”ﬁg[‘;ﬂ aspect fyeAls oihetikPe S3bd gifilel" U ritindy a0¢ $abdiSEEPRY a
semiconductor device as defined in the 26th aspect, wherein
said good-bad-test of said electrical connection is
executed by confirming the operation of said semiconductor

5 element by electrically bringing a contact in'contact with
said outwardly protruding portion instead of said image
pick-up device.

According to a 29th aspect of the present
invention, there is provided a method of fabricating a
10 semiconductor device as defined in the 28th aspect, wherein
confirmation of cperation of said semiconductor element is
executed by a diode characteristic test.
According to a 30th aspect of the present
invention, there is provided a method of fabricating a
15 semiconductor device as defined in any of the 25tﬁ through
25th aspects, wherein a f£lat surface portion 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
20 the flat surface portion. . |
According te a 31ist 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.



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 el ectrode on a
circuit board and said bunp of the sem conductor elenent 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 I nvention,
there is provided a nethod of fabricating a sem conductor elenment in which
the bunp el ectrode is bonded to the IC elecigade on a circuit formng
surface of the sem conductor elenent by the nethod defined in any one of
the first and sixth aspect@itigonghlel Sabgve fnérmtivhedl f bt Fhndémen®r odff uthen
which is conprised of a portion forned by

present invention, the wire does not come in contact with

the periphery of the ball bond portion éxcept for the ball

bond portlon when the wire is bonded to the ball bond

5 portion, so that a bump electrode can be formed on the IC

electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects and features of the

present invention will become clear from the following

10 description taken in ceonjunction with the preferred
embodiments thereof with reference to the acdcmpanying
drawings, in which:

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

15 according to an embodiment of the presént invention;

Figs. 1D is a sectiocnal 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 embddiment;

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

Fig. 3B is a time chart for explaining the

operation of the embodiment;

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



solidifying a nelted portion of a wire and its periphery and is bonded to
said el ectrode; and form ng a second protrusion which is fornmed of an

unnel ted portion of said wire and extended fromsaid first protrusion
beyond a 5 planar area defined by projecting said first protrusion on said
el ectrode to a height approximately equal to that of said first protrusion
Wth respect to said electrode, whereby said first protrusion and said
second protrusion are brought in contact with or put close to one el ectrode
10 on said circuit board when the sem conguctor elenent is nmounted on the
circuit board. According to a seventeenth aspéct of the present invention,

there is provi de&%{%&%ﬁ{&z%ﬁ%ﬁ@ s%.lmi‘é%ﬁgg &teqreg%'n%rrﬁ@&oﬁﬁing

defined in the_5|x : mhere n'sard first protrusion 1s
formed by form ngothesdmldad d&%b&&ﬂ@nefoﬁatﬁe Vfoféb_érﬂ_%t'QnKrEﬁtﬁ.QﬁEfEd ‘portion

by said capillary and extending the wire in a vicinity of said nelted
portion froma vertex portRigm.ofsasaisd,f GCyedDpPOBE, oand SF are views for
explaining the operation of forming the bump as shown in
5 Fig. 7;
Fig. 6 is a flowchart of a fabricating process of
a bump provided for a semiconductor element accerding to an
eighth embodiment of the present inventiocn;
Fig. 7 is a side view showing another example of

10 the shape of the buﬁp shown in Fig. 4;°

Figs. 8A, 8B, 8C, and 8D are views for explaining
a procedure for forming a semicoﬁductor device by
cecnnecting a semiconductor element having the bumps shown
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 bum§ 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 minth of the present invention;

25 'Fig. 12 is a view showing an example of the
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downwardly of the vertex portion and bonding the wire to 20 said forned
portion, consequently formng a wire material portion. According to an

ei ghteenth aspect of the present invention, there is provided a method of

- fabricating a sem conductor elenent as defined in the seventeenth aspect,
25 wherein said wire material portion instead of said forned - 12 -
portion is bonded to said electrode when said wire nmaterial portion is
formed. According to a nineteenth aspect of the present invention, there is
provi ded a nmethod of fabricating a 5 sem-amsductor el enent as defined in
the seventeenth or eighteenth aspect, wherein, after the formation of said
formed portion, se¢thad of testingea semigwinducscmedepireifabricated with a

semiconductcer element having the bump’shown in Fig. 10;

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

5 semiconductor element having the bumps shown in Fig. 10;

Figs. 147 and 14B are views showing the case
where bumps are connected to board ele?trodes of a circuit
board by means of sclder in fabrica&ing a semiconductor
device with a semiconductor element of a tenth embodiment

10 of the present invention;

Fig. 15 is a view showing.the case where the
other end of the second protrusion is:not extended to the
height cf the fixrst 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 beard; :

Figs. 17A, 17B, 17C, and 175 are sectional views
showing a prior art method of forming a bump electrode on
an IC electrode; _

20 Figs. 18a, 188, 18C, and’ ' 18D are views for
explaining the operation cf forming a'pricr art bump;

Figs. 19A, 198, 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
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I's bonded after said capillary describes an approxi mately rectangul ar shape
in a plane parallel to a vertical 10 direction above said forned
portion when said first protrusion is formed. According to a 20th aspect
of the present invention, there is provided a nethod of fabricating a

sem conductor elenment as defined in any of the sixteenth 15 through

ni neteenth aspects, wherein, a region of said wire recrystallized by heat
has a |l ength extending to an end of said second protrusion when said nelted
portion is formed. According to a 21st aspggt _of the present invention,
there is provided a nethod of fabricating a 20 sem conductor el enent as

defined in the 20th aspeglgs Wigsel Nn2bBe |HROL Bolf a&@ dss8eLysinl biieqd
region is controlled by an appl i cat'i on time of a vol tage to be applied to

said wire for t@m&ﬂr?tdrp@bﬁbrﬁaldsﬁ@éé & ROblPNel@dtrode formed on an
According to a 22n aspect of the present

IC electrode.

5 DETAILED DESCRI PTIQN OF THE PREFERRED EMBODIMENTS
Before the description of the present invention
proceeds, it is to be noted that like parts are designated
by like reference numerals throughouﬁ the accompanying
drawings.

10 First, before preferred embodiments of the
present invention is described, schematic aspects of the
present invehtion_are briefly described below.

According fo an aspéct of the:present invention,_
there is provided a bump electrode forming methed

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 Aﬁ wire, the Au wire

20 Dbeing prevented from coming in éontact;with the periphery
of the ball bond porticn 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
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- 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 elenent when said second protrusion is forned.
According to a 23rd aspect of the present invention, there is provided a
nmet hod of fabricating a sem conductor elenent as defined in any of the 16th
t hrough 10 21st aspects, wherein an end portion of said second
protrusion extends beyond t he perighgﬁy_ of sai d sem conduct or

el ement to the outside of said sem conductor el enent when said second

protrusion is fopyeghe ACHGAH Y WiteR i PSS :‘.chﬁéeoyprt%%e%tapillary.
. According to an aspect of the present invention,
there is provided a bump electrode forming methed
comprising: forming a ball bond portion on an IC electrode
5 by the wire bonding apparatus; moving up a bonding
capillary; moving the bonding capillary sideway and then
downward; konding an Au wire Eo a bal; bond portion; and
cutting the Au wire, the Au wire being prevented from
coming in contact with the periphery,of the ball bond
10 portion except for the ball bond portion by setting a
chamfer angle of -the bending capillary not greater than 90
degrees makihg 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 ié 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 ﬁhe
bonding capillary.
According to an aspect of the:present_invention,
there is provided a bump electrode forming method
20 comprising: forming a béll bond portion on an IC electrode
by the wire bonding apparatus; mwoving up a bkonding
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 cf the ball bond



15 i nvention, there is provided a nethod of fabricating a sem conduct or
el ement as defined in any of the 16th through 23rd aspects, wherein a bunp
having said first protrusion and second protrusion is forned, 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 nethod of fabricating a

sem conduct or devi ce conpri si ng: fabri-cating a sem conduct or
el enent by the fabricating nethod of any_o% 25 the 16th through 24th
aspects; providing a conductive - 14 - ‘adhesive at each of said first

Phe Sem conduct S TeRbrtH et e cEle oHELon Hhe dreir oy g ceing &P ©f
chamfer diameter of the bonding capillary greater than the
.diameter of the ball bond. With this arrangement, the
bonded state of the Au wire is stabilized, so that the Au

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

According to an aspect of the present invention,
there is provided a bump electfo@e 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 portibn 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 ptage. Wwith this
20 arrangement, th; Au wire is cut by -a small cutting force,
so that the Au wire can be prevented from coming in contact
with the electrode portion in the cutting stage.
According to an aspeét of the;present invention,
there is provided a bump electrode forming method

25 comprising{ forming a ball bond portion on an IC electrcde



According to a.26th aspect of the present 5 invention, there is provided a
nmet hod of fabricating a sem conductor - device conpri si ng:

fabricating a sem conductor elenent by the fabricating nethod as defined
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 bunp of the sem conductor elenent to an electrode on the -

circuit board; and checking the perfornmance of electrical connection
between said bunp and said el ectrode for_aygood-or-bad test by picking up
an i mage of an outwardly protruding. portion 15 extending outwardly of said

sem conduct or elgreghebeyDrgl tHaadaag pb?arﬁu@ai GhoARigC 0QPUCH OrbehdiRNt by
means of an inage pick-up device. According to a 27th aspect of the present
invention, thereapilproyidedvingethedbofidimdrcaptilagyya Lidlewage mrsbrichert or
device as defined in the 26th aspect, wherein said good-or-bad test of said
el ectrical conndewnwards bonding an Au wire to a ba bond portion; and
cutting the Au wire, the Au wire being prevented £from
5 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 portibn of the bonding
capillary is brought in uniform contact with a slope of the
ball_bond portion. With this arrangeﬁent, the effect of
10 bringing the bonding capillary in contaét with the Au wire
is improved, so Ehat the Au wire can be Eut in a stakilized
state. .
According to an aspect of the present invention,
there 1is provided a bump electrode forming method
15 comprising: forming a ball bond porticn on ar IC electrode
by the wire bonding appafatus; moving up a bonding
capillary; moving the bonding capiliary sideway and then
downward; bonding an Au wire to a ball bond portion; and
cutting the Au wire, £he 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 aboﬁe a
centex poriion of the ball bond portion. with this

arrangement, the bonding capillary can bond and cut the Au

25 wire in a stabilized state.



execut ed by presence or absence of the conductive adhesive based on pick-up
i mage information-of said outwardly protruding portion picked up by said

I mage pi ck-up device. 25 According to a 28th aspect of

‘the present i nvention, there is provided a nethod of fabricating a

sem conductor device as defined in the 26th aspect, wherein said
good-bad-test of said electrical connection is executed by confirmng the
operation of said seniconductor 5 elenent by electrically bringing a
contact in contact with said outwardly protruding portion instead of said

| mage pi ck-up device. According to a 29th aépéct of the present invention,

Lt O v tSs  Te ot S A%eed nf THECBAMSHSE S5VEE, 08
sem conduct or Eﬂ&%?fﬂbéfﬁescribed below with refererce to Figs. 1 and 2.
(First Embodiment)
Figs. 1A-1C show sectional views of processes of
S a bump electrode_iforming method according to a first
embodiment of thé present invention, w#ere an Au wire 101
is prevented from coming in contact with any portion other
than the ball bond portion 115 when the Au wire 101 is
bonded to the ball bond portion 115.
10 In Figs. 1lA-1C axe shown the Au wire 101 as cné
example of a wire, a bonding capillary 113, an IC electrode
104 and the ball bond porticn 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 bénd
portion 115 is formed con the IC electroae 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 viéw of the bonding
capillary 113, in which are shown a ch;mfer angle 107, an

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

25 and a cone angle 1l11l.



executed by a diode characteristic test. According to a 30th aspect of the
present invention, there is provided a nethod of fabricating a 15

seni conduct or device as defined in any of the 25th through 29th aspects,
wherein a flat surface portion is forned 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 20 the flat
surface portion. According to a 31st aspect of the present invention, there
is provided a nethod of fabricating a sem ¢conductor device as defined in
any of the 25th through 30th aspects, whéréfn sol der is used in pl ace of

said 25 conductive adhesiye,. . WU e ; oue HENNLONSE AeoSNER ©f

capillary 113 in a ball bond forming stage is stored in the
apparatus in Fig. 1A, and the position in height of the
bonding capillary 113 when tﬁe bonding capillary 113 is
S move¢ down to bond the Au wire 101 to the ball.bond.portion
115 is.preparatorily set to a position higher than the
position in the ball bonding stage.
As shown in Fig. 3A, the capillary 113 is driven
by a supersonic generating device 152 sﬁch as a voice coil
10 in a capiliary driving device 150 to minutely move up and
down around a fulcrum 151. The capill%ry driving device
150 is set on an X-Y table 153 which is driven in X and Y
directions by motors 154 and 1585. Theioperations of the
motors 154 and 155 and a driver 180 fér driving the
15 supersonic generating device 152 are controlled by a
controller 181. |
The operation of the embodimént described above
will be described with the reference ﬁc Figs. 3A and 3B
based on the ball bonding method. An ordinate axis of Fig.
2¢ 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. 1In Fig. 3B, first, the controller 181 controls 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 forned
on the 1 C electrode. BRI EF DESCRI PTI ON OF THE DRAW NGS These and ot her
aspects and features of the present invention wll beconme 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 showing a nethod of form ng a bunp
el ectrode on an IC electrode 15 accordi'nd> 6 an enmbodi ment of the present

burp el ect rode. oRPERES | € A3cod TS FAPEALAERcoM At {ogPd Y &
present i_ nventi oforfh G16¢ o FArmCE bR arY k8 9bwdr DANSI W 3PV Fa" Yo1.
Then, the capillary 113 is moved to a first wire coordinate
(X,Y,Z2) as a reference position £for forming a bump
5 eléc;rode 116 (bump) on the electrode 104 of the board 170
by control of the contrcller 181 based:on the data stored
in a memory 182 of the controller 181. The first wire
coordinate is located 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 abeve the capillary 113 in
the capillary driving device 150 is opeﬁed not to clamp the
wire 1. Then, the driver 180 of the suéersonic generating
device 152 is controlled by the controller 181 so thét the
capillary 113 is moved down toward the:electrode 104 at a
15. first step (1) of Fig. 3B by the supersonic generating
device 152. When the capillary 113 has been moved down.by
a predetermined distance stored in the memory 182, the
descending speed of the capillary 113 is changed from
higher to lower to prevent the cépillary 113 from
20 contacting the electrode 104 with such:a large foree 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
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20 in the enbodinment; Fig. 3Ais a perspective view of a capillary driving
device of the enbodinent; Fig. 3Bis a tinme chart for explaining the
operation of the enbodinent; 25 Fig. 4 is a side view show ng
an exanpl e of the - 17 - shape of a bunp fornmed on a sem conduct or

el ement according to a seventh enbodi rent 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 bunmp provided for sem conduct or el enent
according to an ei ghth enbodi nent of the'bf%%ént i nvention;

detecting a current running through the driver 180, and
after the load detection, the driver 180 sends a first
contact signal to the controller 181. Based on the
reception of the first contact signal,'the coniroller 181
5 controls the driver 180 to apply supersonic vibration to
the capillary 113 with a first load to form a ball bond
portion 115 on the electrcde 104 as shown in Fig. 1A at a
third step (3). Then, after the formaticn of the ball bond
portion 115, the capillary 113 is moved up at a higher
10 speed than the descending speaeds of the second and third

gsteps (2) and (3), at a fourth step {(4).
Then, at the start of a fifthfstep (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 movement
20 amoﬁnt(s) is performed by the contxrocller 181 depénding 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 mcved down at a lower speed to prevent the
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Fig. 7 is a side view show ng anot her exanple of 10 t he shape of the bunp
shown in Fig. 4, Figs. 8A .8B, 8C, and 8D are views for explaining a
procedure for forming a seniconductor device by connecting a

sem conduct or el emrent having the bunps shown in Fig. 7 to a circuit board;
15 Fig. 9 is a graph show ng a relationship between the size of
a vertex portion of a bunp and the anount of transfer of a conductive
adhesive transferred to the bunp; Fig. 10 is a side view of the bunp shown
in Fig. 7 at which the other end of the segend protrusion is nade 20 to
protrude froman end surface of the sem conductor elenent; Fig. 11 is a
flowchart of a prarikkadfiorllBabrom atontgcaisgntlosElegieoot deve daldl pbrt hen

sem conductor elenment of a ninth of the present invention; 25

Fig. 12 is a vi e-Shoiimguah axdandee forcehchat damages J-t At that time,

as described above, the lowest position in height of the
capillary 113 when the capillary 113 is moved down to bond

5 the wire 1 to the slope of the ball bond portlon 115 is
preparatorlly set to the position higher than the lowest
pesition in the ball bonding stage. Acgordingly, based on

the preparatorily set position of the Eapillary 113, tke
movement amcunt of the capillary 113 in the Z direction is

10 previously determined and stored in the memory 182. Thus,
based on the stored position and mcvement amount data, the
controller 181 controls the supersonic generating device

' 152 to descend the capillary 113 at thg lower speed. In
order to bond the wire 1 to the slopé of the ball bond

15 pertion 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 memoxy

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
porcion 115, the capillary 113 continués 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
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met hod of testing a sem conductor device fabricated with a sem conduct or

el enrent having the bunp shown in Fig. 10; Fig. 13 is a view show ng anot her
exanpl e -of the nethod of testing a sem conductor device fabricated with a 5
sem conduct or el ement having the bunps shown in Fig. 10; Figs. 14A and 14B
are views show ng the case where bunps are connected to board el ectrodes of
a circuit board by neans of solder in fabricating a sem conductor device
with a sem conductor elenent of a tenth enbodi nent 10 of the present
invention; Fig. 15 is a view show ng the case where the other end of the
second protrusion is not extended to the herght of the first protrusion in

the bunp shown iReEegeibn 55 FheGedcdnd YoathS YYGRE1! NENE ASEHWASH 1Ra2A 1fgh at
15 surface is forned on the bunmp shown in Fig. 715 By means of the board;
controls the driver 180 to apply supersonic vibration to
the capillary 113 with a second load to connect the wire 1
to the slope of the ball bond portion 115 as shown in Fig,
5 1B at an eighth step (8) . After the connection of'the wire
1 to-the slope cf the ball bend portion 115, tﬁe capillary
113 is moved up while the clamp 159 does nct clamp the wife
1 at a ninth step (9). After the ﬁinth step (9) is
completed and the clamp 159 clamps th{ wire 1 again, the
10 capillary 113 is moved up to break the wire 1 and moved to
a next coordinate (X,¥,2) above the next electrcde 104 at
a tenth.s;ep-tlo). 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 Ehe
bonding capillary 113 to a positioﬁ 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
1113.
(Second Embodiment)
As ghown in Fig. 2, by setting the chamfer angle

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



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 forning a
prior art bunp; Figs. 19A, 19B, and 19C are views for explaining a
procedure for forming a semconductor device by connecting a

sem conduct or el enent having a prior art bunp 25 to a circuit board; and

- 19 - Figs. 20A, 20B, and 20C are sectional views showi ng an abnor nal
shape of a bunp electrode formed on an I C el ectrode. 5 DETAILED
DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS Béfore the description of the

present invention = g9 degrees, the height of the ball bond portion 115 is
made greater than the diameter of the Au wire 101.
By thus setting high the ball kond portion 115;
the Au wire 101 can be prevented from coming in contact
5 with the electrode portion 104 when the Au wire 101 is cut
by the bonding cabillary 113.
(Third Embodiment)
As shown in PFig. 2, by making the chamfer
diameter 109 of the bonding capillary 113 greater than the
10 ball bond portion diameter, the ball bond portion 115 can
be prevented from spreading cutwardly in the ball bonding
stage, thereby allowing the bonded state of the Au wire 101
to be stabilized. By thus stabilizing the borded state of
the Au wire.101, the Au wire 101 can be prevented from
15 coming in contact with the electrode portion 104 when ;he
Au wire 101 is cut by the bonding capillary 113.
{Fourth Embodiment) é
As shown in Fig. 2, by setting the thickness of
the tip end portion of the ocuter radius portion 108 of the
20 bohding capillary 113 to, for example; io 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 10i. 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



proceeds, it is to be noted that |ike parts are designated by |ike

ref erence nuneral s throughout the acconpanying draw ngs. 10

Frrst, before preferred enbodinents of the present inventionis

descri bed, schematic aspects of the present invention are briefly described
bel ow. According to an aspect of the present invention, there is provided a
bunp el ectrode formng nethod 15 conprising: formng a ball bond portion
on an I C el ectrode by a wire bonding apparatus (e.g. a capillary driving
device); noving up a bonding capillary; nowgg the bonding capillary

si deway and then downward; bonding an Au wire to a ball bond portion; and
cutting the Au wei&ectidde Ab2Mich 104behnghdrevetdefl suagy@.com ng in contact
with the periphery of the ball bond portion except for the ball bond
portion by prese(¥Fifigh Emsstissnt)osi ti on of the bonding capillary to a
position higher than a ball bond form ng position. Wth this arrangenent,
the Au wire can be preventRsl showm in Fig. 1B, by setting the angle of the

outer radius portion so that the outer radius portion of

5 the bonding'capil}gyy 113 comes in uniform contact with the
slopé of the ball bﬁnd portion 115, the effecé of bringing
the bonding capillary 113 in contact with the Au wire 101
is improved, so that the Au wire 101 can be stably cut.
(Sixth Embcdiment)

10 As shown in Fig. 1B, by bringihg the bonding
capillary 113 'in contact with the Au wire 101 above the
center porticn 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 eapillary 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 thé wire 101 from

20 coming into contact with the electrede 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 « is

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



25 coning in contact with the IC electrode portion as pressed - 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 formng -
met hod conprising: formng a ball bond portion on an IC el ectrode 5 by the
wi re bondi ng apparatus; noving up a bonding capillary; noving the bonding
capillary sideway and then downward; bonding an Au wire to a ball bond
portion; and cutting the Au wire, the Au wire being prevented from com ng
in contact with the periphery of the ball_bgnd 10 portion except for the
bal | bond portion by setting a chanfer angle of the bonding capillary not

greater than 90 degrgess "aild BinphBoRd! poktonsh RA, | @Re ewsgk: hgighbEgERat er
than the dianeter of the Au wire. Wth this arrangenent,
point C from the electrode 104 is actually found by an
expression: C=-6.1*0+34, where 8 is a vertex angle (degree)
of the bump bond portion 115 (sthe chamfer angle 107 of the
5 bonding capillary 113). For example, when 8 is 0°, C is
34; .when & is 70°,. C is 27; when 8 is. 80°, C is 26; and
when 8 is 180°, C is 16. When a=5um, it is preferable to
satisfy an expression: 6<90°. Actually, when the point C
is set at the center of the slope of the bump bond portion
10 115, a distance B between the center of the bump bond
portion 115 and the center of the capillary 113 contacted
on the slope of the bump bond portion 115 should satisfy an
expression: B=0.5*A+40, where a distance A is a width of
the bump bond portion 115. A relationship between the
15 distance A and an outer diameter F of the ball 10la of the
wire 101 should satisfy an expression: F(um} =A(um)-13 (.urﬁ) .
As an actual example, when # which is a vertex angle
{degree) of the bump bdnd portion 115 (=the chamfer angle
107 of the bending capillary 113) rangés from 60° to 90°
20 and the outer diameter of cthe wire 101 is 25um, the
distance A of the bump bond portion 115 is 80+£5um, the
distance B between the centers of the bump bond portion 115
and the capillary 113 is 80z2um, and the height cf the
point C is 80+10um.

25 Although thé& material of Au is used as a bump



t he hei ght of the bal | bond portion is set high, so that 15 the Au wre
can be prevented fromcomng in contact with the el ectrode portion when the
Au wire is cut by the bonding capillary. According to an aspect -of the
present invention, there is provided a bunp el ectrode form ng nethod 20
conpri si ng: forning a ball bond portion on an IC electrode 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 Wiy _being prevented from 25
comng in contact wwth the periphery of the ball bond - 21 - portion
except for the baléctwsdk theraalbynsehélagoﬁeﬁéwﬁﬁedjle&Mmeﬁi:st,hehe
bondlng capillary greater than the
bump electrode material is not limited to Au, and the same
effect can be produced in the case of another metal.
As described above, by using each of the
5 aforementioned 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 capiilary; moving the
bonding capillary sideway and then downward; bonding an au
10 wire to a ball bond portion; and cutting the Au wire, the
Au wire does not come in contact with the periphery of the
ball bond portion except for the ball bend portion. This
arrangement is 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
electrcde portion from becoming unstable and prevent the
possible occurrence of an abnormal éhape 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



di aneter of the ball bond. Wth this arrangenent, the bonded state of
the Au wre is stabilized, so that the Au 5 wre can be prevented from
comng in contact with the ‘el ectrode portion when the Au wire is cut by the
bondi ng capillary. According to an aspect of the present invention, there
I's provided a bunp el ectrode form ng nethod 10 conprising: formng a bal
bond portion on an IC electrode by the wire bondi ng apparatus; noving up a
bondi ng capillary; noving the bonding capillary sideway and then downward;
bonding an Au wire to a ball bond portion; and cutting the Au wire, the Au
wire being prevented from 15 comng in tomact with the periphery of the

ball bond portion exce l,for he bal | bond portipon by nmaking a ti nd
portion of an ou?épr?'% YtRI pb icﬁ?“&l‘c"t"rﬁié‘o&%diﬁge'ﬁﬁ’l | #afy a'i}%"'go aP&r ed

L EKress or COBERLARLiRD Phe® MEHIBERERS g AR Nt [ Byt e
below with reference tc the drawings. It is to be ncted
that the same constituent members are denoted by the same

S reference numerals‘in each figure. :

The abo?é-mentioned.semiconductor'element will be

described first.
One bump is bonded onto eacﬁ electxrode 2 on a
circuit forming surface 1a of a semiconductor 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 the first protrusion 40 on the
electrode 2, and the other end 52 which is a terminal end
portion of the second protrusion 50 extends £rom one end 51
20 to a height ai:proximately equal to that of the vertex
portion 41 of the first pretrusion 40 in 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 £irst protrusion 40. Fig. 15



so that the Au wire can be prevented fromcomng in contact with the

el ectrode portion in the cutting stage. According to an aspect of the
present invention, there is provided a bunp el ectrode form ng nethod 25
conprising: formng a ball bond portion on an |IC el ectrode - 22 - by the
wi re bondi ng apparatus; noving up a bonding capillary; noving the bonding
capillary sideway and then downward; bonding an Au wire to a ball bond
portion; and cutting the Au wire, the Au wire being prevented from5 coni ng
in contact with the periphery of the ballqhond portion except for the bal
bond portion by setting an angle so that an outer radius portion-of the

bondi ng capi | | adhows tieOvaBb WHerditHy Besant ags mtéacc%qaboszﬁ Réighe dall
bond portion. Wth this arrangenent, the effect of
a position located approximately halfway between the
position in height of ﬁhe one end 51 aﬁd the positicn in
height of the vertex portion 41 of the first protrusion 40.
5 The other end 52 of the second protrusion 50
comes in contact ;vith no adjacent electrode 2 of the
semiconductor element 1.
By thus providing the first protrusion 40 and the
second protrusion S0 at one bump 3, the area of the vertex

10 portions 7 of the bump 3 can be increased, and as described
in detail later, the connection area when connecting the
above-mentioned bump 3 to the electrode of the circuit
board by meané of a ccnduétive adhesive éan be increased,
so that the connection resistance valué can be reduced.

15 Furthermore, the amount of transfer of the conductivg
adhesive onto the bump 3 can be increased, and this
eliminates the possible occurrence of a defective
electrical conduction, allowing the connecticn reliability
to be improved.

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

25 region as described later is controlled by controlling the



10 bringing the bonding capillary in contact with the Au wire is inproved,
so that the Au wire can be cut in a stabilized state. According to an
aspect of the present invention, there is provided a bunp-el ectrode formn ng
met hod 15 conprising: formng a ball bond portion on an I C el ectrode 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 20
comng in contact with the periphery of thgsball bond portion except for
the ball bond portion by bringing the bondihg capillary in contact with the

Au wire above a QiHHIrdeOtlimal .ehetbBy Hadle B MO 10, Wi éEHf.z
arrangenent, the bonding capillary can bond and cut the Au 25 wre i a
stabilized statehe first protrusion 40 is formed of the melted wire on the
electrode 2. In Step 3, the second: protrusion 50 is
further formed. These 6p_erations will bé described in more
5 detail below.

As shown in Fig. SA, a wire 10 which has a wire
diameter of, for example, 25 ym and is made of a material
of, for example, gold is extended by about a length TI from
the tip end portion 9a of the capillary 9. It is to be

10 noted that the above-mentioned length II is 450 pm, i.e.,

the projection length in the prior art. The material of

~ the wire 20 is not limited to the above-mentioned gold, and

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

the like so long 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 wiz_'e 10 similarly to the prior art, and as shown

20 in Fig. 5B, the tip end portion lda .ié m2lted by an
electric discharge between a discharge electrode and the
tip end portion 10a, thereby fofming a ball 11. It is to
ke noted thaﬁ the diameter of the ball 11 can be controiled
by the value of the application voltage, and the diameter

25 of the ball 11 increases as the application voltage is



- 23 - Preferred enbodi nents of the present invention will be described
below with reference to Figs. 1 and 2. (First Enbodinent) Figs. 1A-1C show
gectional views of processes of 5 a bunp el ectrode form ng nethod
according to a first enbodi nent of the present invention, where an Au wire
101 is prevented fromcomng in contact with any portion other than the
ball bond portion 115 when the Au wire 101 is bonded to the ball bond
portion 115. 10 In Figs. 1A-1C are shown the Au wire 101 as one
exanple of a wire, a bonding capillary 1133gan IC.el ectrode 104 and the
bal | bond portion 115. The operation of the method of formng a bunp

el ectrode on thentfegbag!l r orie tid bale dasemidbadpaekion hividy a refadmnce to
Figs. 1A-1C and 2. Fig. 1A is a sectional view when the ball bond
lengtn of the wire 10 continued to the ball 11, the crystal
grain of the wire 10 is increased by heat generated by the
above-mentioned electric dischaxge. This portion having
5 the great crystal grain is served as a re;rystallized
regidn 16, and it; length VI becomes; 120 um when the
discharge time is 5 ms. For the reasoﬁ that the crystal
grain size differs in a boundary porticn between a normal
crystal region 17 having the initial cryétal grain size and

10 the above-mentioned recrystallized region 16, there is
formed a crystal grain interface 15 at thch 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 becomes an important factor
for the formation of the second protrusion 50. The 1eng£h
VI of the recrystallized region 16 as described above can
be controlled by the discharge time in which the electric
discharge is effected.

20 Next, as shown ir 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 8. The shape of the formed portion 42 of the

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



portion 115 is forned on the I1C 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 t he bonding capillary 113 located in a
descent position, and Fig. 1Cis a sectional view of a bunp electrode 116.
Fig. 2 is a sectional view of the bonding capillary 113, in which are shown
a chanfer angle 107, an cuter radius 108, a chanfer dianeter 109, a face
angle 110 25 and a cone angle 111. - 24 - First, the position in

hei ght of the bonding capillary 113 in a B¥II-bond formng stage is stored
i n the apparatus |n Fig. 1A _and the position in height of the bonding
capillary 113 whén ?ﬁ@e@)d?ﬂlwscﬁﬁﬂ-ﬁ%gyﬂlelé"%’? 3. 0d SedetRymiaes soh¢hehe Au

wire 101 to the bpall d porti,on
L)uatpe of{l the tip end portion 9a of the capillary 9.

Therefore, the formed portion 42 is allowed to have an

approximately conical shape as shown in Fig. 4 or a shape

5 having a two-step protrusion comprised of a Pase portion

421 at which a ﬁould'er portion 422 is formed and a

protruding portion 424 provided upright én the base portion

421 as shown in Fig. 7. 1In a bump 300 having the base

portion 421 of the above-mentiocned 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 produées 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 portiorn 421. It is to be

noted that this bump 300 is taken as én example in the
follcwing description.

In the wire 10, a proximate pértion 1Cb in the

20 vicinity of tke ball 11 is subjected to lobping-by the

capillary .9 as indicated by a course 14 in a plane éarallel

to the wvertical direction above the base portion 421 as

shown in Fig. 5D. In Fig. 5D, the distanée of the movement

of the capillary 9 is slightly exaggerated for the looéing,.

25 and the looping is practically performed above a planar



115 is preparatorily set to a position higher than the position in the bal
bondi ng stage. As shown in Fig. 3A the capillary 113 is driven by a
supersoni ¢ generating device 152 such as a voice coil 10 in a capillary
driving device 150 to mnutely nove 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 notors 154 and 155. The operations of the notors 154
and 155 and a driver 180 for driwing the 15 supersoni ¢ generating device
152 are controlled by a controller 181. Thg qperation of the enmbodi nent
descri bed above will be described with the reference.to Figs. 3A and 3B

based on the bah{eRONdi NGE NEldWhsepolt dbhal 21 aXi s Ofs ¥ be?PoredBruRBWS
novenent (height) of Z direction perpendicular to the X and Y directions

and an absci ssathai plahar enfess TNIS hasne diméﬂnemrpeiﬂatabmmtofsot ke énboHenent .
It is noted that the ball bonding nethod is al so
present seventh embodiment.
By the last motion 14a of the movement of the
5 above-mentioned looping, the proximate Eortion 10b
continued to the protruding portion 424 extends downwardly
from the vertex portion 41 of the formedfportion 42, and as
showr: in Fig. SE, the proximate porticﬁ 10b is bonded to
the peripheral portion 423 cof the base portion 421 by
10 pressure, heat or supersonic vibration. Thus the first
protrusion 40 is formed. Therefore, the first protrusion
40 is comp;ised of the formed portion 42 and the wire
material pbrtion 43 which has been formeé of the proximate
portion 10b, extended from the vertex porticn 41 and bonded
15 to the peripheral porxtion 423. The above-mentioned 1oopipg
is performed for the purpose of preventing the vertex
portion 41 from falling to the semicénduétor element side
in accordance with the dbwnward movement of the'proximate
portion 10b from the wvertex portion 41 of the formed
20 portion 42. _

Next, a clamper i2 provided for the capillary 9
clamps the wire 10 extending inside the capillarxy 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



described in detail in a seventh enbodi ment described 25 below. In Fig.
3B, first, the controller 181 controls the - 25 - motors 154 and 155 so
that the capillary 113 is hoved to a torch 160 to forma ball at the | ower
end of the wire 101. Then, the capillary 113 is noved to a first wire
coordinate (X, Y,Z) as a reference position for formng a bunp 5 el ectrode
116 (bunp) on the electrode 104 of the board 170 by control of the
controller 181 based on the data stored in a menory 182 of the controller
181. The first wire coordinate is Iocated j ust above the position of the
el ectrode 104 in the Z direction. At this 2°%me, a clanp 10 159 for

O T e G S, A0 (IS aBA HHALY R A Y g

super soni ¢ gener@%é&%klon of the capillary 9. Thus:the aforementioned

second protrusion 50 is formed. By the operation of the

capillary 9 as described above, the other end 52 of the

5 second protrusion 50 extends beyond the aforementioned

planar area III of the first protrusion 40 to a height

positioned between the one end 51 bonded to the

aforementioned peripheral portion 423 and the approximate

vertex portion 41 of the first prctrusion 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 aboye-

mentioned one end 51 and the approximatéjvertex portion 41.

Thus, one bump having two protrusions on one electrode 2 is
ocbtained.

The wire 10 is continued from the wire material

20 portion 43 of ti'xe firgt 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



device 152 is controlled by the controller 181 so that the capillary 113 is
noved down toward the el ectrode 104 at a 15 first step (1) of Fig. 3B by

t he supersoni c generating device 152. Wien the capillary 113 has been noved -
down by a predeterm ned distance stored in the nenory 182, the descendi ng
speed of the capillary 113 is changed fromhigher to lower to prevent
the capillary 113 from 20 contacting the electrode 104 with such a

| arge force that damages it. That is, the capillary 113 is slowy noved
down at a second step (2) for searching the el ectrode 104. Wen the
capillary 113 contacts the el ectrode 104, t'he capillary 113 continues to

descend until theef{pN&FallBPorBioflelest Sna RLAWSIE! FRdedrhaad efnf@ﬁf%é hgg
capillary 113 by - 26 - detecting a current running through the driver
180, and described above.
The looping of the wire 10 is performed 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 electrode 2 in the
aforementicned embodiments. However, the looping may not
be performed so long as-the vertex portion 41 can be
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, tﬁe bumps 300 and 3
may be each formed on the boards electrode on the circuit
15 Dboard on which the semiconductor element 1 is mounted.
Next, the following will describe the case where
a semiconductor device is formed .by mounting the
semiconductor element 1 provided with the aforementjoned
bump 300 or bump 3 on a circuit boafd 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 similaxr to the oﬁeration described
with reference to Figs. 19A through 19C. |

25 In regard to the semiconductor element,llprovided



*

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 electrode 104 as shown in Fig. 1A at a third step (3).
Then, after the formation of the ball bond portion 115, the capillary 113

i s moved up at a higher 10 speed than the descendlng speeds of the second
and third steps (2) and (3), at a fourth stf (4). Then, at the start of a
fifth step (5), the clanp 159 starts to cl ﬁg the wire 1 and continues to

o oo HSEE SHE TRECEREAL gl TR C208) gl end
wire 1is cl aWEQeﬁicbﬁaué{:@'”Fbljel}&rftoﬁ. tBecRe sk Qfathlrﬁﬁlaaﬁldéfésrsﬁch&x
period of tinme the wire 1 is free fromclanping. If necessary, correction
of the novenenin Fig. 8A, the vertex porticns 7 of the first protrusion
40 and the second protrusion 50 of the bump 300 are pressed
§ against the flat surface 2la of the : bcard 21, thereby
forming flat surfaces 31la at the respecEiVE'vertex portions
7.
Next, as shown in Fig. 8B, by bringing the flat
surface side of the bump 300 in ccntact with the conductive
10 acdhesive 18 formed on the flat surfaces cf a stage 41, the
coenductive adhesive 18 is transferréd onto the first
protrusion 40 and the second protrusion 50.
Next, as shown in Fig. ab, the bump 300 on which
the conductive adhesive 18 has been trahsferred is aligned
15 with the board electrode 20 6f 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.soo is
fabricated.
20 By virtue of the provision'of the two protrusions
of the first protrusion 40 and the seéond protrusion 50,
the amount of transfér of the conductive adhesive 18 onto
the vertex portions 7, i.e., the height IV of the
conductive adhesive 18 as shown in Fig. 8C is increased.

25 Further, by forming the £f£lat surfaces 31la on the vertex



-

20 anount (s) is perfornmed by the controller 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 is 25 further noved down at a lower speed to prevent the -
27 - capillary 113 fromcontacting the slope of the ball portion 115 with
such a large force that damages it. At that tine, as described above, the

| owest position in height of the capillary 113 when the capillary 113 is
noved down to bond 5 the wire 1 to the slopq%of the ball bond portion 115

IS preparatorily set to the position higﬁéﬁ' han the | owest position in the

Pﬁ'e' ngi”f': Q?ysii%?“%ﬁ%&@r 9 NG Y enBAAG AN LPS AISRH 246" Idnk SEhe PRRILREN OF
protrusion 50, the area of the vertex portions 7 is further
increased. As shown in Fig. 9, the above-mentioned amount
of transfer increase as the area of thg vertex portions 7

5 increases, and therefore, the amount of tra?sfer can be
increased by forming the flat surface 3la. In the above-
mentioned manner, the conductive adhesive 18 can be
transferred ontoc 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 absofbed by the above-mentioned
amount of transfer of the conductive adhesive 18, and
therefore, the increase in amcunt of transfer as described
15 above allows the amount of absorption of the warp to be
increased. Therefore, thé 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 specifica_tion of 4 um, also allowing the

20 circﬁit board 19 to be reduced in cost.

Furthermore, the connection area of the bump 300
and the board electrode 20 on the circuit board 19 as well
as the amount of the conductive adhesive 18 are increased,
so that the strength of connecting the bump 300 to the

25 electrode 20 can be increased and the connection resistance



°

novenent anount of the capillary 113 in the Z direction is 10 previously
determ ned and stored in the nmenory 182. Thus, based on the stored
position and novenent anount data, the controller 181 controls the
supersoni ¢ generating device 152 to descend the capillary 113 at the | ower
speed. In order to bond the wire 1 to the slope of the ball bond 15
portion 115, the novenent anounts of the capil-lary 113 in the X and Y
directions fromthe center of the ball portion 115 are al so previously
determ ned and stored in the nenory 182. _ Jhus, based on the stored
position and novenent anount data, the controller 181 controls the notors

154 and 20 155yaYien chhens aphhprdasell 3oCaNt 84t ¢alde. sl ope of the bal
portion 115, the capillary 113 continues to descend until the driver 180

detects a predeterm ned | ogtl fisomebhebeapidtedr ytRAS, bpydeveetudg of Cgheent
runni ng through the driver 180. After the detection, the driver 180 sends a
25 second cont &fcotrmakgonl ob the chinstol peotiBgioBaddd endt Hthe second

protrusior. 50 at the bump 300, the flat surface 3la may not

5 be formed in the case where a sufficient amount of transfer

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

Furthermore, in the case where the other end 52

of the second protrusion 50 is not extending to the height

10 of the vertex portion 7 cf the first protrusion 40 and the

semiconductor elemen; 1 is nct pressed against the above-

mentioned board 21 to such an extent that the flat surface

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

Fig. 15, it is sometimes the case whére the flat surface

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

protruéion 40 as shown in Fig. 16 and no flat surface 3la

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

In the case as described above, the conductive

adhesive 18 is required tc be transferred onto the other

20 end 52. Acccrdinély, 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



- 28 - reception of the second contact signal, the controller 181 controls
the driver 180 to apply supersonic vibration to the capillary 113 with a
second | oad to connect the wire 1 to the slope of the ball- bond portion 115
as shown in Fig. 5 1B at an eighth step (8). After the connection of the
wire 1 to the slope of the ball bond portion 115, the capillary 113 is
noved up while the clanp 159 does not clanp the wire 1 at a ninth step

(9). After the ninth step (9) is conpleted and the clanp 159 cl anps the
wre 1 again, the 10 capillary 113 is npvgg up to break the wire 1 and
noved to a next coordinate (X Y,Z) above the next electrode 104 at a tenth
step (10). Thencoaduasiekexdinddivi ap €Ad)be anfidiferield tbstherositenteridhe

| oner end of the wire 1 by the torch 160. Then, the first to eleventh
steps (1) througs2( e’ thearkumgep2ae ed sonborugiiovdnt heontaat ewdthr dde
104 conductive adhesive 18 as shown in Fig. 8B. In other
words, in the case where the other ena 52 of the second
5 protrusion 50 is not extending to the height of the vertex
| portion 7 of the first protrusion 40 as shown in Fig. 15,
the bump 300 of the semiconductor element 1 is required to
be pressed against the boaxrd 21 so that the dimension of
the gap between the flat surface 2ia 6f the bocard 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 tc be noted that the orientation of the ofher 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 ;he extension line of Ehe 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



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 fromcomng in contact with the |IC el ectrode 20
portion 104 even when the Au wire 101 is pressed by the capillary 113 when
the Au wre 101 is cut by the capillary 113. (Second Enbodinent) As shown
in Fig. 2, by setting the chanfer angle 25 107 of the bonding capillary
113 to an angle of not greater - 29 - than 90 degrees, the height of the
ball bond portion 115 is nade greater than the dianeter of the Au wire 101.
By thus setting high the ball bond portidh4f1§, the Au wre 101 can be

prevented from oQM fohd e §OPh@CHire 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
§ peripheral side of the semiconductor element 1, the other
end 52 does not exﬁend toward the adjacent eiectrode 2 in
the semiconductor element 1. Thereforé, 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 préveﬁt the possible
occurrence of the short circuit as described above Dby
15 virtue of the provision of the second protrusion 50 in
addition to the first proﬁrusion 40. “
further. a semiconductor device can ke also
fabricated by forming the bump 310 on the electrocde 2 of
the semiconductor element 1 as described above in Step 11
20 shown in Fig. 11 and connecting the bump 310 onto the
electrcde 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



5 with the electrode portion 104 when the Au wire 101 is cut by the bonding
capillary 113. (Third Enbodi nent) As shown in Fig. 2, by naking the
chanfer diameter 109 of the bonding capillary 113 greater than the 10 bal
bond portion dianeter, the ball bond portion 115 can -be prevented from
spreading outwardly in the ball bonding stage, thereby allow 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 coni ng
in contact with the el ectrode portion 104 when the Au wire 101 is cut by
the bonding capillary 113. (Fourth Enbodim#8) As shown in Fig. 2, by
setting the thic%aﬁgﬁ of e tip end portion of the outer radius portion
108 of the 20 b [ %ﬂ%é&T'lary 113 to, for exanple, 10 [err]mor snaller
and making it have a tapergg«Hiansre! Nohe Webbhd SAIGRAYD 86 SPREEER °0
on the tip end of the outer radius portion

310 has the outwardly protruding pertion 53. For the above

reason, when the bump 310 is connected to the electrode 20

th

on the circuit board 19, its connection area is greater
than that of, for example, the bump 300. Therefore, the
connection strength éan be made higher and the connection
registance 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 beard 19, a test process for
testing the performance of the electrical qonnection of the
bump 310 to the electrode 20 on the circﬁit 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 semicénductor 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.
Therefcre, the portion in which the buﬁp 300 is connected
to the electrode 20 on the circuit board 19 cannot be
visually checked. When the semiconductcer element 1 having

25 the bump 310 is mounted on the circuit board 1S in the



in cutting the Au wire 101. Since the Au wire 101 is cut by a snmall cutting
force as descri bed above, the Au wire 25 101 can be prevented from com ng
i h contact with the - 30 - electrode portion 104 in the cutting stage.
(Fifth Enbodinent) As shown in Fig. 1B, by setting the angle of the outer
radi us portion so that the outer radius portion of 5 the bonding capillary
113 comes in uniformcontact with the slope of the ball 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 %gl can be stably cut. (Sixth
Enbodi nent) 10 As shown in Fig." 1B, by bringing the bonding

capillary 113 inggoDt 3Gkn ‘Mohﬁc&ﬁs né%n‘@f,etﬂgjoxﬁ%\fﬁlyrfrotruding portion

53 is protruding from the outer end surface 1b of the
periphery of the semiconductor element 1. Therefore, the
pertion in which the bump 310 is connect.ed to the electrode
5 20 on the circuit board 19 can be viewed via the outwardly
protruding portion 53 and subjected to-a visual test. -
Furthermore, it is acceptable to automatically
execute the above-mentioned visual test by wmeans of a
camexra 25 and a visual tester 26 connected to the camera 25
10 as shown in Fig. 12. That is, the electrical connection of
the bump 310 to the electrode 20 can be checked for a good-
or-bad test by picking up the image of the portion in w;ich
the outwardly protruding portion 53 is connected to éhe
electrcde 20 by the camera 25, taking in the image into the
15 visual tester 26, and detecting the presence or absence of
the conductive adhesive 18 in the connectiop portion by
means of the visual tester 26.
Furthermore, in the semiconductor device 610
employing the semiconductor element 1 having the bump 310,
20 a contact probe 26 can be brought iq.contact with the
outwaxrdly protrudiﬁg portion 53 or the conductive adhesive
18 which covers the outwardly protruding portion 53 as
shown in Fig. 13. The contact prcbe 26 is conmnected to a
semiccnductor element performance tester 27 which can check

25 the state of connection of the bump 310 to the electrode 20



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
s varied. 15 Wth reference to Fig. 1D, the preset descent
position of the bonding capillary 113 to the position higher than the bal
bond formng position is determ ned as one exanple as follows. In Fig. 1D,
In order to prevent a |lowest point D of the curved portion of the wire 101
from 20 comng 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 shoul d be nai ntai néd48t “a hei ght of the sumof [(the

outer dianmeter of_t wre 101) +[ err frgmthe rface of the electppde
104, where [err]°q sq—;'oe a CHEAnt .%Cﬁ%én El%e Sgi nt%ﬁ& i,gpgé?t%?nt h8?ce£iﬁ%r of
the - 31 - gemiconductor element 1. Therefore, by executing, for
éxample, a dicde characteristic test, it can be checked in
a short time whether the connection of the electrode 2 of
5 the semiconductor element 1 to the electrode 20 of the
circuit board 19 is in a non-conductive state or short- -
circuited. |
It is to be noted that the ab@ve—mentioned diode
characteristic test is toc 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 cf the abcve-mentioped
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 describea.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 3ia. On the other hand, as shown in Fig. 14A,

25 . solder 28 is provided on the electrode 20 of the circuit



sl ope of the bunmp bond portion 115, the height ([err]m of the point C from
the el ectrode 104 is actually found by an expression:. C=-0.1*[err] +34,
where [err] is a vertex angle (degree) of the bunp bond portion 115 (=the
chanfer angle 107 of the 5 bonding capillary 113). -For exanple, when

[err] is O, Cis 34; when [err] is 70[err], Cis 27; when [err] is 80[err],
Cis.26; and when [err] is 180[err], Cis 16 When [err] =b[err]m it is
preferable to satisfy an expression: [err]90[err]. Actually, when the point
Cis set at the center of the slope of the bunp bond portion 10 115, a

di stance B between the center of the bunp'ﬁﬁ%d‘portion 115 and the center

f th il 113 d h l o f d i 5
Shoul'd cabi i Lhoazg S8urorfiiete ag nshpuRl Y FIF O, CBDBRERIED 140
the bunp bond POFBIE_QE%Z: 5%11% @frﬁ;'ﬁd sRihR Qsmesaaw@ollﬁeléﬁeﬂcaacalé\hand

an outer dianete h 101a of the wire 101 should satisfy an
expression: F([ethbndledttadd o) of Ithd kakelhi}t. bdsrdn sgCbuihgengrgie £1aben

[err] which is a vertex angle (degree) of the bunp bond portion 115 (=the
chanfer angle surfaces 31la of the bump 300 into ccntact with the solder
S .28 and heating the same, the two protrﬁsions.of the first
protrusion 40 and the second prctrusioﬂ 50 of the bump 300
are connected to the el-ectrode 20 of the circuit board 19
via the solder 28.
By thus connecting the electrode 20 of the
10 circuit board 19 with the bump 300: having the first
protrusion 40 and the second protrusion 50 by means of
sclder, a solder fillet is formed. By virtue of the
provision of this fillet, the strengtﬁ 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 protrusioha is formed by the
ball bonding method in the aforementioned embodiment.
20 However, it is a matter of course that a methed capable of
forming two protrusions on at least one bump can be used
instead of the ball bonding method.
| As described in detail above, according to the
semiconductor elements of the aspects. as well as the

25 semiconductor element fabricating method of the aspect of



107 of the bondi
t he outer dianet

. bond portion 115 is 80[err]5[err]m the distance B between the centers of

~ the bunp bond po
hei ght of the po
of Au is used as
enbodi nents, the
effect can be pr
usi ng each of th
bunp el ectrode o

ng capillary 113) ranges from60[err] to 90[err] 20 and

er of the wire 101 is 25[err]m the distance A of the bunp

rtion 115 and the capillary 113 is 802[err]m and the

int Cis 8010[err]m 25 Al t hough the materi al

a bunp - 32 - electrode material in the aforenentioned
bunp el ectrode material is not limted to Au, and the sane

oduced in the case of anothqg netal. As descri bed above,
e 5 aforenentioned nethods®®ih the nethod of formng a

on an | C el ectrodé

10

20

25

bump. Therefore, the area of contact of the bump with the
board electrode on the circuit board is increased.
Accordingly, the connection strength and the connection
reliability can beamade high and the corinection 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
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 iz connected
to the board electrode of the circuit board. With this
arrangement, the area of contact of the bump with the board
electrode on the «circuit board is increased, and
accordingly, the connection strength and the connection
réliability of the semicoﬁductor elemeﬁt and the circuit
board can be made high and the connection resistance value
can be made low and stableuin the semiconductor device.

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

two protrusions. This arrangement of course enables the
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techni que; moving up a bonding capillary; nmoving the bonding capillary

si deway and then downward; bonding an Au 10 wire to a ball bond portion;
and cutting the Au wire, the Au wire does not conme in contact with the

peri phery of the ball bond portion except for the ball bond portion. This
arrangenment is 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 el ectrode portion from becom ng unstable and prevent the possible
occurrence of an abnormal shape of the bu el ectrode caused by the
adhesion of the IC electrode material to1 Au wire, thereby allow ng a

b o 20100 2apk il P LD Aok CLBLAChERMS I i ol Bl
seventh enbodi meps1 QinileePr 834N kN URRHURN ond KN SQQQHE.{Q&%&Y' e ?cie
enpl oyi ng the sem conductor elenent as well as a nethod
connection resistance value as described above and allows
the semiconductor.device to be tested by means of the
5 second protrusiocn extended outwardly of the semiconductor
element, }
The entire disclosure of Japanese Patent
Application No. 8-260645 f£iled on Octobér 1, 1996, and No.
8-289836 filed on October 31, 1996, including
10 specification, claims, drawings, and summary are
incorpcrated herein by reference in its entirety.
Alfhough the present invention has been fully
described in comnection with the preferred embodiments
thereof with reference to the accompanying drawings, it is
15 to be noted that various changes and modifications are
apparent to those skilled in the art.; Such changes énd
modifications are to be understood as included within the
scocpe of the present invention as defired by the appended

claims unless they depart therefrom.



- 33 - fa onductor elenent and a nethod of fabricating
t-he sen1c ce Wl be described belowwth reference to the

dr awi ngs. mm & ﬁ ed that the sane constituent nmenbers are denoted
by the sane nurreral s in each figure. The above-nenti oned

sem conduct or el enent WI Tl be described first. One bunp i s bonded onto each
electrode 2 on a circuit formng surface |la of a sem conductor elenent 1.
10 In the sem conductor elenent 1 of the seventh enbodi nent, a bunp 3
havi ng two protruding portions of a first-pggteusion 40 and a second

protrusion 50 is bonded to at |east one electrode 2 as shown in Fig. 4. It
IS to be noted t WHATt BBSCKATMEDII®HuUNpP 3 is preferably provided on

1. A method of forming a bump electrode on an IC
electrode comprising:
forming a ball bond portion (115) on an IC
5 electrode (104) by a wire bonding apparatus;
moving u;> a bonding capillary.' (113).;
moving the bonding capillary sideway and then
downward; . _
bonding a wire (101} to a ball bond portion; and
10 cutting the wire, the wire béing prevented from
coming in contact with a 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. |
15 2. A method of forming a bump electrode om an IC
electrode comprising:
forming a ball bond portion (115) on an IC
electrode (104) by a wire bonding apparatus;
moving up a bonding capillar:y (113);
20 moving the bonding capillary sideway and then
downward; _
bonding a wire {(101) to a bail bond portion; and
cutting the wire, the wire being prevented from
coming in contact with a periphery of the ball bond portion

25 except for the ball bond portion by setting a chamfer angle
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15 all the electrodes 2 of the sem conductor element 1. The second

p[otrusLon_QQ_gﬁigggi_Egﬁgnd a planar area Il defined by projecting the
first protrusion 40 on el ectrode 2, and the other end 52 which is a
term na ﬁmm' | t he second protrusion 50 extends fromone end 51 20
to a he "ﬂ ,y equal to that of the vertex portion 41 of the
first protrusi'on™0sin+the direction of height fromthe 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 hgight of the 25 vertex portion
41 of the first protrusion 40. Fig. 15 - 34 - shows the case where the
other end 52 ext enets) i b€ eie0Bonliong AaSiTIHY Hotabedaeapr thdmaiceieghaksvay

bet ween the position in height of the one end 51 and the position in
making the ball bond portion have a height greater than a
diameter of the wire.
3. A method of forming a bump electrode on an IC
5 electrode comprising:
| forming'.a. ball bond portion (115) on an IC
electrode {104) by a wire bonding apparatus;
moving up a bonding capillary (113);
moving the bonding capillary sideway and then
10 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 kond portion
except for the ball bond portion by setting a chamfer
.15 diameter (109) of the bonding capillary greater than a
diameter of the ball bond. H
4, A method of forming a bump electrode on an IC
electrode comprising:
forming a ball boend portioh (115) on an IC
20 electxode (104) by a wire bonding apparatus;
moving up a bonding capillary (113);
moving the bonding caéillary sideway and then
downward; .
bonding a wire (101) to a ball bond portion; and

25 cutting the wire, the wire being prevented from.
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hei ght _of the vertex—pertion 41 of the first protrusion 40. 5
The other end 52 of tail second protrusion 50 cones in contact with no

adj acenﬂlmﬁml‘mmt“lm t he sem conductor elenent 1. By thus providing the
first p tedUars

i the second protrusion 50 at one bunp 3, the area of
the vertéx 10 portions 7 of the bunp 3 can be increased, and as descri bed
in detail later, the connection area when connecting the above-nentioned
bunmp 3 to the electrode of the circuit board by nmeans of a conductive
adhesi ve can be increased, so that the cqnmigction resistance val ue can be
reduced. 15 Furthernore, the amount of transfer of the conductive

adhesi ve onto t heolitigp ih eanthet iwidreasperiphiély BES tRbi BATR IR Perpossi bl e

occurrence of a defective electrical conduction, allow ng the connection
reliability to bexeegi ofed. t2@ kall bond pbtiburjpy3 mikime a tip end
above-nentioned type is fornmed approxi mately through the processes in Steps
(each portion of an outer radius portion of the bonding capillary
have a tapered thickness for concentrétion of a cutting
5 force in a wire cutting stage. ‘
5. A metpod of forming a bump electréde on an IC
electrode comprising:
forming a ball bond portiox; (118) on an 1IC
electrode (104) by a wire bonding apparatus;
10 moving up a bonding capillary (113);
moving the boﬁding capillary sideway and then
downwaxrd;
bonding a wire {101) to a bkall bond pertion; and
cutting the wire, the wire being prevented'from
15 coming in contact with a periphery of the ball bond portion
except for the ball bond portion by sétting an angle'so
that an outer radius portion of the bohding capillary is
brought in uniform contact with a slope of the ball bond
portion. _
20 6. A method of forming a bump electrode on an IC
electrode comprising:
forming a ball bond portion (115) on an IC
electrode (104) by a wire bonding apparatus;
moving up a bonding capillary (113};

25 moving the bonding capillary sideway and then
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indicated by "S" in the figure) 1 through 3 as shown in Fig. 6, nostly in
accordance wt ondi ng method. That is, in Step 1, the length of

a’recrysl 25 regi on as descri bed later is controlled by
control | i ,ﬂm"ﬂj}ﬂ di scharge tine, thereby nelting the wire 10. In
firs

Step 2, the on 40 is fornmed of the nelted wire on the

el ectrode 2. I n Step , the second protrusion 50 is further forned. These
operations will be described in nore 5 detail below. As shown in Fig. 5A
a wre 10 which has a wire dianeter of, togsexanple, 25 [err]mand is nade
of a material of, for exanple, gold is extended by about a length Il from
the tip end portdmwnﬁhrdﬂ the capillary 9. It is to be 10 noted that the
above-nentioned length Il is 450 [err]m i.e.

" bonding a wire (101) 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
S except for the ball bond portion by bringing the bonding
capillary in contact with th.e wire above a cénter portion
of the ball bond portion.
7. A semiconductor element in which the one bump
electrode (3, 300, 310) having two protrusions (40, 50) is
10 bonded to the IC electrode (2) cn a circuit forming surface
of a semiconductor element by the method defined in any one
of Claims 1-6, and said two protrusiohs are brought in
contact with or put close to cne electrode on said circuit
board when the semiconductor element is mounted on the
15 circuit board.
8. A semiconductor element in which the bﬁmp
electrode is bonded to the IC electrode (2) on a circuit
forming surface of a semiconductor element (1) by the
method defined in any one of Claims 1-6,
20 said bump comprising:

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

a sécond protrusion (50) which is formed of an

25 unmelted portion of said wire and extended from said first
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the projection length'in the prior art. The material of the wire 10 is not
IinitéaLFB_TﬁéfavaevﬁﬁnLioned gold, and it may be provided by copper,
aruninv ' | der or the like so long as the ball bondi ng method can
be 15 mummi"ﬂli&ﬂMCdl ng on the diameter of the wire 10, bunp

di mensi dns ¢suc e dianeter and a hei ght can be changed according to
the purpose. A high voltage is applied to the tip end portion 10a of the
wire 10 simlarly to the prior art, and as shown 20 in Fig. 5B, the tip
end portion 10a is nelted by an electric diggharge between a di scharge

el ectrode and the tip end portion 10a, thereby formng a ball 11. It is to
be noted that thprétaaeish wyddie abplandd £Hvdn e fieRdr bl pdodyct heg vedie of

the application voltage, and the dianmeter 25 of the ball 11 increases as
the application fdkstigepretrusion on said electrode (2) to a height
approximately equal to that of said first protrusion with
respect to said electrode, and
5 - said first protrusion and saia second protrusion
being brought in contact with or put close to one electrode
on said circuit bcard when the semiconductor element is
mounted on the circuit board.
9. A semiconductor element as claimed in Claim 8,
10 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 wire
material portion (43) which is comprised of the wire in a
vicinity of said melted portion, extended from a vertex
15 portion (41) of said formed portion downwardly of said
vertex portion and bonded to said formed portion. -
10. A semidonduétor element as claimed in Claim 8 or
9, wherein
said formed portion has a base portion (421)
20 bonded to said electrode and a protruding portion (424}
provided upright on said base portion.
11. A semiconductor element as ciaimed in Claim 9,
wherein said wire material portion extended downwardly from
said vertex portion is bonded to said electrode, instead of

25 @said formed portion.
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- 36- increased. In the ball 11 and a portion having a certain |ength of
the wire 10 continued to the ball 11, the crystal grain of the wire 10 is

v nor tHGHHAHIBTNTER S o ciicrversi orai o' Served ss oo o

recrystal |1zed regfon$16* and its length VI becones 120 [err]m when the
discharge tine is 5 ns. For the reason that the crystal grain size differs
in a boundary portion between a nornmal crystal region 17 having the initial
crystal grain size and 10 t he above-nentisgned recrystallized regi on 16,
there is fornmed a crystal grain interface 15 at which the breaking strength
of the wire 10 iR2weak. For sémicemaimtdrhaslénentot aer ckatné@ doh tdmy sefond
protrusion 50 is located at the crystal grain interface 15 or its vicinity,
the | ength VI 15Claigis hthreeglsilal wherdineaspish segond qrairusionnpstends
factor for the formation of the second protrusjon 59.'Th3 Iength VI of the
recrystal | i zed r'egffa%f 180 aSul8Ec g F e of said semlconductor

element without exceeding said outer end surface.

5 13. A semiconductor element as .c:laiméd in any of
Claims 8 through 11, wherein said secondfprotrﬁsion extends
outwardly of said semiconductor element beyond an outer end
surface (1b) of said semiconductor element.

14. A semiconductcr element as claimed in any of
10 Claims 8 through 13, wherein said first protrusion and said

second protrusion have respective flat surface portions

(31a) at the vertex portions of the pro.:trusions.

5. A semiconductor device in which an electrode (20)

on a circuit board and said bump of the semiconductor
15 element as claimed in any of Claims "7 through 14 are

electrically connected to each other.

l6. A method of fabricating a semiconductor element

in which the bump electrode is bonded to the IC electrcde

{2} on a circuit forming surface of .the semiccnductor
20 element by the method defined in any one of Claims 1-6,

comprising:

forming a first protrusicn (40) which is
comprised of a portion formed by sol;.idify_ing a melted
portion of a wire and its periphery and is bonded to said

25 electrode; and
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be controlled by the d[scharge‘fine in which the electric discharge is
effected. 20 as shown in Fig. 5C, the ball 11 forned at
the tip end p rlll'“H"HmIIH IHIWI re 10 is bonded onto the el ectrode 2 of
t he sem conductbr %l anemt means of a pressure, heat or supersonic
- vibration applied fromthe caplllary 9. The shape of the forned portion 42
of the 25 first protrusion 40 forned on the electrode 2 by the ball -
37 - 11 formed by thus nelting the wire 10 is determ ned by the shape of
the tip end portion 9a of the capillary 9. dgecrefore, the formed portion 42
Is allowed to have an approxi mately conical shape as shown in Fig. 4 or a
shape 5 having a two-step fioeningi sBetoid psotrasien biEd) whithois 4Hrmed
whi ch a shoul der portion 422 is forned and a
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
5 approximately equal to that of said first protrusion with
regspect to said electrode, whereby
said first protrusion and said second protrusion
are brought in contact with or put close to one electrode
on said circuit board when the semiconductor element is
10 mounted on the circuit board.
17. A method of fabricating a semiconductor element
as claimed in Claim 16, 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
15 wire in a vicinity of said melted portion from a vertex
portion (41) of said formed portion:downwardly of the
vertex portion and bonding the wire to said formed portion,
consequently forming a wire material portion (43).
18. A method of fabricating a semiconductor element
'20 as claimed in Claim 17, wherein said wire material portion
instead of said formed portion is bonded to said electrode
when said wire material portion is formed.
19. A method of fabricating a semiconductor element

as claimed in Claim 17 or 18, wherein, after the formation

25 of said formed portion, said wire continued to said formed

\
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protrudina portion 424 provi ded upright on the base portion 421 as shown in
Fig. 7. In a bunp 300 having the base portion 421 of the above-nentioned

type, dueJ ﬂ sion of the shoul der portion 422, the

conductiv 1 l“ﬂﬂ"]ﬂ""l”l:mksferred only to the protruding portion 424 in

_ transferring tthe'coMduttive adhesive to the bunp 300, and this produces the
effect that the conductive adhesive can be prevented from spreading to the

circuit formng 15 surface la of the sem conductor elenent 1 by virtue of

the shoul der portion 422 and the base portign 421. It is to be noted that

this bunp 300 is taken as an exanple in the follow ng description. In the

wire 10, a proxi gateiBfl ti®n bbMled" 4P€er0 salicCi BhpY1 Phr{y haadidivkk | an

subj ected to |l ooping by the capillary.9 as indicated by a course 14 in a

pl ane parallel tapphexieatelyl retttARfular ahape tHheabgplianpophirabld?ltasa

shown in Fig. 5D. In Fig. 5D, the distance of the novenent of the capillary

9 is slightly exuggé&a@bddnGECthenlebpvagsald formed portion when said

first protrusion is formed.

5 20. A method_of fabricating a semiccnductor element
as claimed in any of Claims 16 through 19; wherein, a
region of said wire recrystallized by heat has a length
extending to an end of said second protrusion when said
melted porticn is formed.

10 21. A method of fakbricating a semiconductor element
as claimed in Claim 20, 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.

i5 22. A method of fabricating a seﬁiconductor element
as claimed in any of Claims 16 through 21, wherein an end
portion of said second protrusion extends to the peripheral
side of said semiconductor element when said second
protrusion is formed.

20 23. A method of fabricating a semiconductor element
as claimed in any of Claims 16 thrqugh 21, wherein an end
portion of said second protrusion extends beyond the
periphery of said semiconductor element to the outside of
said semiconductox element_When said second protrusion is

25 formed.

\
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25 agghéng_nggLng_Ls—pFacticalIy performed above a pl anar - 38 - area
111 of ase portion 421. It is to be noted that the planar area |Ill has
a di men | 1!““““% err]n1in t he present seventh enbodi nent. By the

| ast nDt \ vement of the 5 above-nentioned |ooping, the

pr oxi mat e« porﬂ1oﬂ Pob continued to the protrudi ng portion 424 extends
downwardly fromthe vertex portion 41 of the formed portion 42, and as -
shown in Fig. 5E, the proxinmate portion |ob is bonded to the peripheral
portion 423 of the base portion 421 by 10. Qyessure, heat or supersonic

vi brati on. Thus the first protrusion 40 is fornmed. Therefore, the first

protrusion 40 is240npri seda GledH¥R 0¥ Fadrpeating 42ssitbddudidre dTRnRintal
portlon 43 whi ch has been forned of the proximte
as claimed in any of Claims 16 through 23, wherein a bump
having said first protrusion and second protrusion is
formed, and thereafter a flat surface portion (3la) is
5 formed at a vertex portion of each of said first protrusion
and second protrusion. .
25. A method of fabricating a semiconductor device
comprising:
fabricating a semiconductor element by tkhe
10 fabricating method of any of Claims 16.through 24;
pfoviding a coﬁductive adhesive at each of said
first protrusicn and second protrusion; and
electrically connecting said bump of the
semiconductor element to an electrode on the circuit board.
15 28, A method of fabricating a semiconductor device
.comprising: |
fabricating a semiconductor element by the
fabricating method as claimed in Claim és;
providing a conductive adhesive at the vertex
20 portions of each of said firét protrusion and second
protrusion;
electrically coqnecting said bump of the
semiconductor element to an electrode on the circuit board;
and

25 checking the performance of electrical connection
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portion iOb, ext ended fromthe vertex portion 41 and bonded 15 to the

peri pheral pertioen—423—The—above-nentioned |looping is perforned for the

pur pose of pr i tex portion 41 fromfalling to the
sem conduct orj“iliﬂ@lﬂ Hujﬂl!accor dance with the downward novenent of the
proxi mat e por t1ROMI"0 ic vertex portion 41 of the formed 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 $h&&n =i n Fig. 5F and then - 39 -

oo ey S AR P N0 L 30 I Bk e SN e
by picking up an image of an outwardly protruding portion
(53) extending outwardly of said semiconductor element
beyond the periphery of said semiconductor element by means
5 of an image pick-up device (25, 26).
27. A method of fabricating a semiconduci:or device as
.claimed in Claim 26, 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 infcrmation
10 of said outwardly protruding portion picked up by said
image pick-up device.
28. A method of fabricating a semiconductor device as
claimed in Claim 26, wherein said good-bad-test of said
electrical connection is executed by confirming the
15 operation of said semiconductor element by electricaily
bringing a contact in contact with said outwardly
protruding portion instead of said image pick-up device.
29. | A method of fabricating a semiconductor device as
claimed in Claim 28, wherein confirmati.on of operation of
20 said semiconductor element is executed by a diode
characteristic test.
30. A method of fabficating a semiconductor device as
claimed in any of Claims 25 through 29, wherein a flat
surface portion (31la) is fermed at the.vertex portion of

25 each of said first protrusion and second protrusion before
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second rmed. By the operation of the capillary 9 as
descri bed above, the o r end 52 of the 5 second protrusion 50 extends
beyond Hmm“mm ﬂiﬁﬁ pl anar area |1l of the first protrusion 40 to a
hei ght t he one end 51 bonded to the aforenenti oned

peri pher af portlon 423 and the approxi mate vertex portion 41 of the first
protrusion 40. It is to be 10 noted that the position of the crystal grain
interface 15 is controlled in the direction in which the wire 10 extends by
controlling the aforenentioned di scharge 1igge as descri bed above so that
the other end 52, i.e., the portion approximately identical to the crystal
grain interface &8id5 cosdartinregeddhesheeghis i providedt, i ocandetttean isagd
above- nentioned one end 51 and the approxi mate vertex portion 41. Thus,

one bunp having eapdpebivesiathesiveonsdsel poevisiisd 2 ons. bheai filat: Buefaicee 10
is continued fromthe wre material 20 portion 43 of the-first protrusion
40 to the secongPortion.

31. A method of fabricating a semiconductor device as
5 claimed in any of Claims 25 through 30, wherein solder is

used in place of said conductive adhesive.
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protrusion 50 in the aforenmentioned enbodi nrents. However, it is acceptable
to bond the end portion of the wire material portion 43 to, for exanple,

t he peripheral portion 423 of the base portion 421, cut it once, bond the
one end 25 51 of the second protrusion 50 to, for exanple, the - 40 -
peri pheral portion 423 and extend the other end 52 as descri bed 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 approximtely in the
vertical direction with respect to the electrode 2 in the aforenentioned
enbodi nents. However, the |ooping may not'bé3pérforned so long as the

vert ex portio”‘“kéﬁ?hRETaéﬁaﬂﬁEQﬂéﬁﬂbdﬂﬁ%ti0” in the vertical direction

Wi t hout

SEMICONDUCTOR ELEMENT, SEMICONDUCTOR ELEMENT
FABRRICATING METHOD, SEMICONDUCTOR DEVICE, AND
SEMICONDUCTOR DEVICE FABRICATING METHOD

A method of forming a bump electrode on an IC

electrcde includés the steps of forming a ball bend on an

IC electrcde by a wire bonding apparatus, moving up a

S bonding capillary, .moving- the bonding capillary sideway and
then downward, bonding an Au wire to the ball bond portion,

and cutting the Au wire, the Au wire being prevented from
coming in contact with the periphery of the ball bond
portion except for the ball bond portion by presetting a

10 descent position of the bonding capillary to a position

highex than a position in which the ball bond is formed.

Figure 1B



10 perform ng the | ooping. The bunps 300 and 3 are each formed on the
electrode 2 of the semconductor element 1 in the aforenentioned
enbodi mrents. However, the bunps 300 and 3 may be each forned on the boards
el ectrode on the circuit 15 board on which the sem conductor elenment 1 is
mounted. Next, the following will deschipp the case where a semn conductor
device is fornmed by nounting the sem conductor elenment 1 provided with
t he af orenenti oned bunp 300 or bunp 3 on a circuit board via the above- 20
- mentioned bunp 300 etc. It is to be noted that the follow ng description
wi |l be made taking the bunp 300 as an exanpl e. It is to be noted that
t he .above- nenti d ing operation is siml o the operation
descri bed mﬁth’?giéggﬁtg!to Figs. 19A thro K?q
to the sem conductor el enent provide

In regard

115

T 7 7 7 ~_170

FigIC

116

—
777 7 z/’/ 7
170 104




- 41 - with the aforenentioned bunp 300, by pressing the sem conductor
element 1 to the base material side as shown in Fig. 8A the vertex
portions 7 of the first protrusion 40 and the second protrusion 50 of the
bunp 300 are pressed 5 against the flat surface 2la of the board 21,
thereby formng flat surfaces 3la at thggnespective vertex portions 7.
Next, as shown in Fig. 8B, by bringing the flat surface side of the bunp
300 in contact with the conductive 10 adhesive 18 fornmed on the fl at
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.
8D, the bunp 300 on which the conductive adhesive 18 has been transferred
is aligned 15 wth the board el ectrode 20 of the circuit board 19, and
the. first protrusion 40 and the second protrusion 50 of

-
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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 amobunt of transfer of the conductive
adhesi ve 18 onto the vertex portions 7,3/21e., 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 vertex
portions 7 is further increased. As shown in Fig. 9, the above-nentioned
anmount of transfer increase as the area of the vertex portions 7 5

i ncreases, and therefore, the amount of transfer. can be

Fig 2
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increased by formng the flat surface 31a. In the above- nentioned manner,
. the conductive adhesive 18 can be transferred onto the bunp 300 by the
height IV of 10 [err]mor greater as shown in Fig. 8C 10

Furthernore, the warp of the circuit board 19 in the case where the

sem conductor elenment 1 is connected t@/phe circuit- board 19 is absorbed by
t he above-nentioned anount of transfer of the conductive adhesive 18, and
therefore, the increase in anount of transfer as described 15 above
al l ows the anount of absorption of the warp to be increased. Therefore, the
specification of the warp at the portion in which the sem conductor el enent
1 is connected to t circuit board 19 can be alleviated to 10 [err]mfrom
t he conventi onal sESCVfgbahEbﬂ of 4 [err]m also allowi ng 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 increased182.

MEMORY
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so that the strength of connecting the bunp 300 to the 25 el ectrode 20
can be increased and the connection resistance - 43 - value can be
suppressed to a low value. It is to be noted that, by virtue of the
formation of the first protrusion 40 and the second protrusion 50 at
the bunp 300, the flat surface 3la nmaysiRf 5 be forned in the case where a
sufficient anount of transfer of the conductive adhesive 18 onto the bunp

300 can be assured wi tg@but fofmng,the f&gt su&bace 3la. Furthernore, in

t he case where the ot 2 of |[the sgrond gkotrusion 50 is not
extending to the heig p on 7 of the first
protrusion 40 and t he- ¥ CQu t T 1§ not pressed against the
above- nentioned bo F t 0 the flat surface
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2la of the board 21 contacts the other end 52 as shown in Fig. 15, it is
sonetimes the case where the flat surface 15 3la is forned only on the
vertex portion 7. of the first protrusion 40 as shown in Fig. 16 and no flat
surface 3la is forned at the other end 52 of the second protrusion 50. In
the case as described above, the condugpye adhesive 18 is required to be
transferred onto the other 20 end 52. Accordingly, in the case where the
ot her end 52 of the second protrusion 50 is not extending to the height of
the vertex portion 7 of the first protrusion 40 as shown in Fig. 15, a gap
V between the flat surface 2la of the board 21 and the other end 52 when
the sem conductor elenment 1 is 25 pressed to the board side has a

di mensi on such that the - 44 - conductive adhesive 18 can be transferred
to the other end

52

a

; 21
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52 when the bunp 300 is brought in contact with the conductive adhesive 18
as shown in Fig. BB. In other words, in the case where the other end 52 of
the second 5 protrusion 50 is not extending to the height of the vertex
portion 7 of the first protrusion 40 as shown in Fig. 15, the bunp 300 of
the sem conductor elenment 1 is requiredy pg be pressed against the board 21
so that the dinension of the gap between the flat surface 2l1a of the board
21 and 10 the other}Fﬁ@7525hbcones not greater than the above- nentioned
gap V. Adirection in whicg the other end 52 g},the ngfnd protrusion 50 is
orientated will be describgd next. The other end & he second
protrusion 50 at 15 the bynp 300 forned as descri bed above can be

orientated to the periphe e sem cgpe , Or as
further shown in Fig. 10, \ beyond an
extension line of the out f the
sem conduct or el enent 1.
15
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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 bunp 300, a bunp.at which
the other end 52 is extended beyond of the extension line of the outer end
surface | b of the periphery of the sem conductor elenent 1 is denoted by 25
a bunp 310 as shown in Fig. 10. Furtheypqthe portion which - 45 -
belongs to the wire 10 and extends beyond the extension |ine of the outer
end surface | b is denoted by an outwardly protruding portion 53. By thus
orientating the other end 52 to the 5 peripheral side of the sem conductor
el enment 1, the other end 52 does not extend toward the adjacent el ectrode 2
in the sem conductor elenent 1. Therefore, the other end 52 is not brought
in contact or short-circuited with the

Fig.6
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adj.acent el ectrode 2 when the conductive adhesive 18 is 10 transferred to
t he bunp 310. Therefore, the orientation of the other end 52 to the

peri pheral side of the sem conductor elenent 1 can assure the anmount of
transfer of the conductive adhesive 18 and prevent the possible occurrence
of the short circuit as described abovey 15 virtue of the provision of
the second protrusion 50 in addition to the first protrusion 40. Further, a
sem conduct or device can be also fabricated by form ng the bunp 310 on the
el ectrode 2 of the sem conductor elenent 1 as described above in Step 11 20
shown in Fig. 11 and connecting the bunp 310 onto the el ectrode 20 of the
circuit board 19 in a face-down nounting nmanner in Step 12. When
fabricating the sem conductor device as described above, the other end 52
is neither brought in contact or short-circuited with the 25 adjacent

el ectrode 2 in the seniqphﬂgfggw el enent 1 having

.
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- - 46 - the bunp 310. Furthernore, the second protrusion 50 of the bunp 310
has the outwardly protruding portion 53. For the above reason, when the
bunp 310 is connected to the electrode 20 5 on the circuit board 19, its
connection area is greater than that of, for exanple, the bunp 300.
Therefore, the connection strength cam<ﬂq1nade hi gher and the connection
resi stance val ue can be made lower. Furthernore, in a sem conductor device
610 in 10 which FMgge@onductor el ement 1 having the bunp 310 is
connected to the C|rc it bqard 19,4 a test process for tgsting the
performance of the el ectr| conryecti on of th4 burrp 0 to thag@ctrode
20 on the circuit board 19 caffT ' cess of

- the sem conductor 15 3{90 g6 RGeS OB fn Fig. 11. This
| '
test w 50 /.2|a
K3It: +—2l

3lo A~
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be descri bed bel ow. For exanple, when the semiconductor elenment 1 having
the bunp 300 is nounted on the circuit board 19 in the face-down nounting
manner, the other. end 52 of the 20 second protrusion 50 is not protruding
fromthe outer end surface Ib of the periphery of the sem conductor el enent
1. Therefore, the portion in which theifnp 300 is connected to the

el ectrode 20 on the circuit board 19 cannot be visually checked. Wen the
sem conductor elenment 1 having 25 the bunp 310 is nmounted on the circuit
board 19 in the - 47 - face-down mounting manner, the outwardly
protruding portion 53 is protruding fromthe outer end surface Ib of the
peri phery of the sem conductor elenent 1. Therefore, the portion in which
the bunp 310 is connected to the el ectrode :

Fig.9
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5 20 on the circuit board 19 can be viewed via the outwardly protruding
partion 53 and subjected to a visual test. Furthernore, it is acceptable to
automatical ly execute the above-nentioned visual test by neans of a canera
25 and a visual tester 26 connected to the canmera 25 10 as shown in Fig.
12. That is, the electrical connectionqgf24he bunp 310 to the el ectrode 20
can be checked for a good- or-bad test by picking up the imge of the
portion in which the outwardly protruding portion 53 is connected to the

el ectrode 20 by the canmera 25, taking in the image into the 15 visual
tester 26, and detecting the presence or absence of the conductive adhesive
18 in the connection portion by neans of the visual tester 26. Furthernore,
in the sem conduct or devid?iqpq.dﬂbloying t he sem conductor elenment 1
havi ng 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

310 50 53
N

2




shown in Fig. 13. The ‘contact probe 26 is connected to a sem conductor
el.enment performance tester 27 which can check 25 the state of connection
off the bunp 310 to the el ectrode 20 - 48- of the circuit board 19 or the
operation of the sem conductor elenent 1. Therefore, by executing, for
exanpl e, a diode characteristic test, {4 n be checked in a short tine
whet her the connection of the el ectrode of 5 the sem conductor elenment 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-nenti oned di ode
characteristic test is to test the diode formed in the 10 circuit of the
sem conductor elenent 1 for the purpose of preventing an excessive current
fromflow ng through the

Fig.11'_
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circuit of the sem conductor elenent 1. The connection of the bunp to the
eflfjectrode 20 of the circuit board 19 is achieved by the conductive adhesive
15 18 according to the description of the above-nentioned enbodi nent.
However, as shown in Figs. 14A and 14B, solder 28 can be used instead of

t he conductive adhesive 18. It is to g/peted that the bunp 300 is taken. as
an exanple in Figs. 14A and 14B. 20 Simlarly 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 bunp 300 of the

sem conductor elenent 1 are provided-with respective flat surfaces 3la. On
the ot her hand, as shown in Fig. 14A 25

o sol der 28 is provided on the
el ectrode 20 of the circuit - 49 - >~ 07 :
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o .
board 19. Then, as shown in Fig. 14B, by aligning in position the bunp 300
ofy 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 protrusi oygpg) of the bunp 300 are connected to
the electrode 20 of the circuit board 19 via the solder 28. By thus
connecting the electrode 20 of the 10 circuit board 19 with the bunp 300
having the first protrusion 40 and the second protrusion 50 by neans of

solder, a solder fillet is forned. By virtue of the provision of this
fillet, the strength against a stress effected on the circuit board 19 is
i ncreased and the 15 connection reliability is inproved. Furt her nore,

he .

reduced. The bunp having two protrusions is forned b

t he connection area is increased and the connection reristance value is

27

Fig.13




bal | bonding nethod in the aforenentioned enbodi nent. 20 However, it is a
mgtter of course that a nethod capable of formng two protrusions on at

| east one bunp can be used instead of the ball bonding nethod. As descri bed
in detail above, according to the sem conductor elenents of the aspects as
wel |l as the 25 sem conductor el ementyg@hricating 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 cang md@#Ai gh and the connection resistance

val ue can be nmade | ow and stable in connecting the sem conductor elenent to
the circuit board. 28

£ ﬁ::ét?o
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Furthernore, according to the sem conductor device of the aspect and the
sem conduct or device 10 fabricating nmethod of the aspect of the present

i nvention, the sem conductor elenent having two protrusions at one bunp, as
descri bed above, is used and the bunp is connected to the board el ectrode
of the circuit board. Wth this arrangﬁnﬁpt, 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
t he sem conductor elenent and the circuit board can be made high and the
connection resistance val ue can be made | ow and stable in the sem conductor
devi ce. 20 : Furt?‘rﬁ;‘g e,/5accordi ng to the sem conductor

devi ce fabricating nethod of t ‘aspect of the present invention, the end
portion of the second protrusion is extended outwardly of the sem conductor
el enent beyond the periphery of the sem conduct el enent at the bunp

havi ng 25 two protrusions. 4£h| 300 aagiement course enabl es the
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du,

i nprovenent of the connection strength and the connection reliability and
the reduction and stabilization of the connection resistance val ue as
descri bed above and all ows the sem conductor device to be-tested by neans
of the 5 second protrusion extended outwardly of the sem conductor
element. The entire disclosure of 4 nese Patent Application No.
8-260645 filed on October 1, 1996, and . 8-289836 filed on Oct ober -
31, 1996, i ncl udi ng 10 speci fication, cl ai s, dr awi ngs, and
sunmmary are incorporated herein by reference in its-entirety. Al though
the present inventi ,Jhas been fully described in connection with the
preferred enbodi rreﬁgltger/ezfﬂm'th ref ere to th acconpanyi ng draw ngs,
it is 15 to be noted that various chapges| an rJD i'fications are
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apparent to those skilled in the art. Such changes and nodifications are

t a: be understood as included within the scope of the present invention as
defined by the appended cl ai ms unl ess they depart therefrom - 52 - WHAT
IS CLAIMED I S: 1. A nmethod of form ng a bunp el ectrode on an IC

el ectrode conprising: formng a ball bqggiz.portion (115) on an IC 5

el ectrode (104) by a wire bondi ng apparatts; noving up a bonding capillary
(113); noving the bondi ngecapil si deway and t hen_downward; bonding a
wire(101) to the ball bo%d’;&rt*gvé and 10 Figul&&the vire,
the wire being prevented from
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comng in contact wwth a periphery of the ball bond portion except for the
bal | bond portion by presetting a descent. position of the bonding capillary
to a position higher than a ball bond formng position. 15 2.

met hod of faormng a bunp electrode on an I C el ectrode conprising: formng a
bal | bond portion (115) on an IC a<aé@ﬁ%e (104) by a wire bonding
apparatus; noving up a bonding capilla 113); 20 novi ng t he
bondi ng capillary sideway and then downward; bonding a wire (101) to a bal
bond portion; and cutting the wire, the wire being prevented from com ng
contact with a periphery of the ball bond portion 25 excent for the bal
bond portion by setting a chanfer angle

Fig. 194 170
O T
3la \\\ ool 7?777_f (@] ?ff

e




e o7 o

- - (107) of the bonding

capillary not greater than 90 degrees making

the ball bond portion have a height greater than a dianeter of the wire. 3.

formng a ball bond portion

A nmethod of form.ng a bunp electrode on an IC 5 el ectrode conprising:

(115) on an IC electrode (104) by a wire

bondi ng apparatus; noving up a bondin91g§pillary (113); noving the bonding

capillary sideway and then 10 downwar d;

portion; ‘and cutting the wr
contact with a periphery of
portion by setting a chanfer
greater than a dianeter of t
bunmp el ectrode on an IC

bonding a wire to a bal bond

e, th wire being prevented fromconing in

the ball bond portion except for the ball bond
15 dianeter (109) of the bonding capillary
he ball bond. 4. A nethod of formng a
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el ectrode conpri ng:- fermng a ball bond portion (115) on anqgg%g’z\'

el ectrode (104) by a wite bondi ng appar at us;

T

W re being preven
bal |

portion of an outer

rOm

portlon

bond portion except for the bal

nmovi ng up a bonding capill ams

caplllary si deway and t hen downward; bondi ng

and 25 -

Substitute sheeting7 tOetobier aOQChe

4 comng in contact with a periphery of the

t hi ckness for.
5.

concentrati on of

cutting 5

bond portion by naking a tip end
radi us portion of the bonding capillary have. a tapered

A nethod of forning a bump eled?

n

10

15

20

25

rode on an I C

WHAT IS CLAIMED .IS:

1. A method of forming a bump electrode on an IC

elect*ode compr:.s:.ng

forming a ball bond portion (115} on an IC

electrode (104) by a wire bonding apparatus;
moving up a bonding capillary (113);
moving the bonding capillary sideway and then

downward;

cutting the wire, the wire béing prevented from
coming in contact with a periph.ery of the ball bond portion
except for the ball bond portion by pz"ese_tting a descent
position of the bonding capillary to a position higher than
a ball bond forming position.

electrode comprising:
- forming a ball bond portion (115} on an IC

electrodé_ (104) by a wire boﬁding apparatls; |

"moving up a bonding capjd ar:y (113);
moving the bonding -capillary sideway and then
downward; "

bonding-a wire {(101l) £o a ball bond portion; and
ting the wire, 'the- wire being prevented from

coming”in contact with a peripnery of the ball bond portion

REPLA(EH&ENT‘SHEETS SG

bonding a wire=(101} to a?iall bond portion; and

force in a wire cutting stage.
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eIectTTnhyﬁnmﬁmﬂﬁehﬂg-—#e¢n1ng a baII bond pdftion ( 115) on an |C

electr re bondi ng apparatus; 10 novi ng up a
bondin H , iuﬁﬁ novi ng the bonding capillary sideway and then
downwar (101) to a ball borfwhstituteosheetind2Z ctobgr 2000

wre, the W re being prevented from 15 comng in contact with a 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 with a slope of the ball bond 20 6. A met hod of.
formng a bunp el ectrode on an I C el ectr®de-conprising: formng a ball bond
portion (115) -‘ al '_ -[ep_rode 1l4 by a WAre bond| ng apparat us;

novi ng up a bon g caprirary sy *=STovVI 10 g pomaimng

capil lary Sld%ﬂﬁ%J@PQﬂ£ %@ll bond portion have a height greater thay a
diameter of the wire.
3. A method of forming a:bump electrode of an IC
5 electrode comprising:
| forming a ball bond portion (115; on an IC
electrode iloéf by a Qirelbenainé apperétd‘; ) |
\.4 moving up a bonding capillary 13);
moving the bo'n:ding capillary sideway and then
10 downward; |
bonding a wire to a bal) bond portion; and
cutting the wire, the wiai*;e being prevented from
coming in contact with a periphery e;f the' ball kond 'pertiéﬁ
except for the ball bond portion by setting a chamfer
15 diameter (109) of the Jonding capillary greater than a
diameter of the ball pond.
4, | A method Of foming & bump electrodef. or; a; IC
U electrod.e- comprising: o . .
formfhg a ball bond portion (115) on an IC.
20 electrxode (144) by a wire bonding apparatus; .
oving up a bonding caplllary (113)
moving the bonding capillary sideway and then
downward; -
bonding a wire (101} to a,ball bond portion; and-

25
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J55.

Wire (101) to the baII bond portion; :and cutting

the wire prevented from conming in contact mnth a periphery
of the | u E nﬁﬁ except for the ball bond portion by bri ngi ng :
t he bon contact with the wiSubstitutecsheeten2 2Ogtober 2008
the ball bond portlon : A sem conductor el ement "'in which the one

bunp el ectrode (3, 300, 310) havi ng two prottusions (40, 50) is 10 -bonded

to the IC el
el enent by t
pr ot rusions
said circuit.

5
.10
15

N\
20
25

ectrode (2) on a circuit formng surface of a sem conductor
he nmet hod defined in any one of Clainms 1 and 6, and said two

are brought ih contact with %% put close to one el ectrode on
board when the entconductor elene t s, nmoynted on the

= -l -

except for the ball bond portion by making a tip 4£nd
portion of an outer radius portion'of the bonding cap llary
have a tapered thickness for concent*atlon of A cutting
force in a wire cuttlng stage B , .
5. A method of forming a'bump ele trede on annIC
electrode comprising:

forming a 'bal.l bend portion (115) on an IC
electrode (104) by a wiﬁeibondi--'apparatus;

moving up a.bondin.cepillary..(‘-_n) ;’

moving the bcn..ngt capillary sicdeway and then
downward; |

.bonding g/wire (101) to a ball bond portion; and

cuttipg the wire; the wire being prevented from -
coming in copfact with a periphery of the ball bond p’ertion
except £ga the Iba]'.l bond per_t:ic_a;t by ee't_:t_‘:ing" an angle so
that 3 { outer radius’ pqrt'ion'.of the bonding ‘capillary 'is

brodght in uniform contact with a slope of the ball bond

5. A methed of forming a bump électrodewoe-en Ic
electrode comprising: |

forming a ball bord "portion (ilS) on an IC-
electrode (104$ by a wire bonding apparatus;

moving up a bending capillary (113);

meving the bonéing eapillarf sideway and then

REPLACEMENT SHEET|
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i5 " circuit board. 8.. A " sem conductor.;- el ement in‘ which the
bunp el ectrode is bonded To the |IC el ectrode (2)on-a circuit formsng

s one HINVAVHEEIRENR, 50" ™ oot stushe &5 stone 2060

protrusi oh (40) wlich is conprised of a portion formed by once nelting and
solidifying a wire and its periphery.-and is bonded to said el ectrode; and a
second protrusion (50) which is formed of an 25 unmel ted portion of said-
wire and extended fromsaid first - 56 - protrusion beyond a planar area
defined by projecting said first prottd&on on said electrode (2) to

a height

]

o
10
15

N\
20
25

downward;
‘the
" bonding a wire (101) to afball bond portion; and
cu;ting the wire; the wire being prevented from
coming in contact with a periphery of the ball bond pp;tio;
except for ﬁhé ball bond portion by bringing the Eondiné
capillary in contact with thé wire above a cénter portion
of the ball bénd pﬁrtion.
7. A semiconductor element En-which-the one'bﬁmp_
electrode (3, 300, 310) having two protrusions (40, 50) is
bonded to the IC electrode (2) cn a circuit forming surface
of a semicondu;tqr element by the method defined in any one'
of Claims /36, and said two prqtrusidhs are bkouéht in
contact with or put close to one.electrqde-on said circuit
board when the semicondué;of eiémént.is.mounted on the'
circuit board.
8. A aemiconduéto: elgment in. which the.:bﬁﬁé
electréde is bonded to the IC electrcde (2) on a circuit
forming éﬁrface of a sémiconduct?r gigment (1} by the
method definéd in any one of Claimgzgigr
said bump comprising:

a first protrusion {40) which is comprised of a
portion formed by once melting and solidifying a wire and
its periphery 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

REPLACEMENT SHEET
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‘approxi mately equat to-.that of sald first protru5|on W th respect to said

el ect rode;—and 5 said first protrusion and said second
protrusion bei ng brought in contact with or put close to one. el ectrode on -
sal d ci Umm "Mﬁl’ﬂ,m t he seni conduct or- eSubstitutessheetnt27 Qutobar 2000c i t
board. onductor element as clained in aim8, 10 wher ei n
sai d flrst protru3|on s provided with a formed portion (42) formed by
forming a nelted portion of said wire by a capillary and solidifying the
sane and a wre material portion (43) which is conprised of the wire in a
vicinity of said nelted portlon extendéﬁsrron1a vertex 15~ portion (41) of

id f d f d t t d, bongded t d
7o ed por 1 bAFoEpUs LN MY sPb1RRRE, P4 He Aokl B0 B0 AP cedre o
9, wherein said-Eer nBebhardinn Bas gigg)seem&o% (421 &9 Londadybo said

el ectrode and a protruding portion
approximately equal to that cof said first protrusiocn with

 respect to sé.'id electrode, and
S said first protrusion and saia gecond protrusion
being brought in contact with or put close to one electrode
on said circuit board when the semiconductor element is
mounted on the circuit board.
9. A semiconductor eiement as claimed in Claim 8,"
10 wherein said first protrusion is provided with a ' formed |
portion (42} fcrmed by formiag a melted portion of said
wire by a capillary and solidifying the same and a wire
material_portion (43) which is comprised of the wire in a
vicinity of said melted portion, extended frem a vertex
15 portion (41) of said formed portion downwardly of said
vertex portion and bonded to said formed portion. -
10. A semiconductor element as claimed in Claim 8 or
(_/ 9, whereiﬁ
said formed portion has a base portion (421)
20 bonded to said electrode and a prbtruaing'poftién (424)
provided upright on saié base portioﬂ.
i1, A semiconductor element.as claimed in Claim 3,

wherein said wire material portion extended downwardly from

said vertex portion is bonded to said electrode, instead of

25 said formed portion.

2_ Z OCT 2000
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provi ded_upright on said base portion. 11. - A sem conductor el enent as

claimed in Caim9, wherein said wire material portion extended downwardly
fron1sai_lnnumnT ' is bonded to said electrode, instead of 25 said
formed p 3 Imr" HH" 12. A sem c Guibstiture sHepter27 ctober 2000 n

any of C

ink & tHrodgh*11l, wherein said second protrusion extends toward

an outer end surface side of said sem conductor elenent w thout exceeding

‘said outer

end surface. 5 13. A sem conductor elenent as clained in

any of Claims 8 through 11, wherein said second protrusion extends
outwardly of said sem conductor el ement beyond an -outer end surface (Ib) of

sai d_sem condygtor el et by aucror A TEILEONEYCLI01RLER B, CLRI T i

any of
5
—
10
15
20
25

Claims 8 through 11, wherein said second protrusion extends

toward an outer end surface side of said semiccnductor

element without exceeding said outer end surface.

13. A semiconductor element as claimed in any of

Claims 8 through 11, wherein said secondfprctrt.lsion extehds

outwardly of said semiconductor element beyond an outer end
surface (1b) of said semic_:onductor elenient .

14. A semiconductcr element as ciaimed in any of
Claims 8 through 13, wherein said first protrusion and s;id

second protrusion have respective flat surface portions

{31a) at the vertex portions of the protrusions.

15. ’ A semiconductor device in which an electrode {(20)
on a circuit board and said bump of the semiCoﬁductor
element as claimed in any of Claims "7 through 14 are
electrically connected to each other.

16. N A method of fabricating a sem:iconductor element
in which. the bump electrode is bonded to the IC electrcde
(2) on a circuit forming surface of -the semiconductor

: : : 1 and 6
element by the method defined in any one of Claims/3—6,

 comprising:

forming a first protrusicn (40} which 1is
comprised of a portion formed by solidifying a melted

portion of a wire and its periphery and is bonded to said

_electrode; and

REPLACEMENT SHERT
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100 dains 8 through 13, wher ei-ri said first protrus_i"on.and'sai d second
~protrusion have respective flat surface portions (3la) at the vertex
portions of the protrustons A sem conduct or device in which an

el ect od t'boa d and sai d bSapstiuté lsheetri2P0dishér 2000
| r mnﬂglﬂ""”ﬂﬂr r sai stiu eg

; el enent of Cainms 7 through-14 are electrically connected
. to each ot het A net hod of fabricating a sem conductor elenent in
! which the bunp electrode is bonded to the IC electrode (2) on a circuit
form ng surface of the sem conductor 20 el enent by the nmethod defined in
any one of Clains 1 and 6, conprising: f&8ni-ng a first protrusion (40)
which is conprised of a portion forned, by solidqifying a.nelted portion of a
“wire and its periphery 18ghBnBRPID FEgtFusson & ?@ctm 3ng°rmeé)

of an unmelted portion of said wire and extended from said
first protrusion beyond a planér area defined by projecting
said first protrusion on said electrode (2) toc a height
5 approximately equal tc that of said first pro;ru51on with
respect to said electrode, whereby
said first protrusion and said second protrusion
Q,/ are brought in contact with or pﬁt clese tc one electrode
on said circuit board when the semiconductor element is
10 mounted on the circuit board.
17. A method of fabricating a semiconductor element
as claimed in Claim 16, 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
15 wire in a vicinity of séid melted portion from a vertex
portiqn (41) of said.formed portion:downwardly of the
vertex portion and bonding the wire to said formed.portion,'
K“j | consequeﬁtly forming a wire materialgportion (43).
18. A method 6f fabricating a semiconductor element
20 as claimed in Claim 17, wherein said wire material portion
instead of said formed portion is bondéd tc said electrede
when said wire material portion is formed.
19. A method of fabricating.a semiconductor elemént
as claimed in Claim 17 or 18, wherein, after the formétion.

25 of said formed portion, said wire continued to said formed

27 0T 200




- 58 - forming a second protrusion (50) which is formed of an unnelted
porti-or‘MHMclmuﬂﬂm extended fromsaid first protrusion beyond a

pl anar MiGdl rojecting said first protrusion on said el ectrode
(2) to a height 8 Spptoximately equal to-tSubstituteashksdti-27 Qotoben 2000

Wi th respect to said el ectrode, whereby said first protrusion and said
second protrusion are brought in contact with or put close to one el ectrode
on said circuit board when the sem conductor elenent is 10 nounted on the-
circuit board. 17. A nmet hod of fabricating a sem conductor el enent as
claimed in Caim116, wherein said first §9retrusion is fornmed by form ng the
melted portion of said wire into the formed portion (42) by said capillary
and ext endi ngpeheices i r donded vagtew t padh sarRL %R d ISSFELERST r ¥t a

vertex portion (41l of P21 d.JomRq.Roukign dovaverdly Sl ife1 o a

vertical direction above said formed portion when said
first protrusion is formed.

5 20. A method of fabricating a semiconductor element
as claimed in any of Claims 16 throuéh 19, wherein, a
region of said wire recrystallized by heat has a length

'(.J | extending to an end of sai§'second protrusion when said
melted porticn is formed.*

10 21. A method of fabricating a semiconductor element
as claimed in Claim 20, wherein thé length of said
recrystallized region is controlled by an application time
of a voltage toc be applied to said wire for the formation
of said melted portion.

15 22. A method of fabricating a semiconductor element
as claimed in any of Claims-is through 21, wherein an éna
portion of said second protrusion extends to the peripheral

. side of said semiconductor element when said second
protxusion is formed. .

20 23. A method of fabricating a semiconductor element
as claimed in any of Claims 16 through 21, wherein an end
portion of 'said second protrusion extends beyond the
periphery of said semiconductor element to the outside of

said semiconductor element when said second protrusion is

25 formed.




Oertéx;pQLlijuLjuuLJnnnﬁJm} t he mﬁfe to said forned portion,“consequentfy

form ng
senlcond ﬂ
mat eri al ’
when said w
fabricating

re materi al ﬁortlon 43). 18. A method of fabricating a

"mu“& I|lEI as clainmed in daim17, wherein said wire

of said fornmed peor Substitstebshebtcd 27 Gutober 2000 ode
C
fe mat'eri®al portlon Is formed. 19. A et hod of
a sem conductor elenent as clained in Caim17 or 18, wherein,

after the formation 25 of said forned portion, said wire continued to said

formed -
appr oxi mat el

59 - portion is bonded after said capillary describes an
y rectangul ar shape in a ptaée parallel to a vertical direction

~above said formed portion when said first protrusion is formed. 5 20.
A nethod of fa&ri cati ngRa™eEhre orflaFicatdigh semiconductor element

S
10
15
20
25

as claimed in any of Claims 18 through 23, wherein a bump.
having said first protrusion and second protrusion is
formed, and thereafter a flat surfacg portion (31a) is
formed at a vertex portion of each of said first protrusion
and second protrusion. . |
25. A method of fabricating a semiconductor device
comprising: .

fabricating &+ semiconductor element by thém
fabricating method of any of Claiwms 16-through 24;

p*OVldl;g a conductive adhesive at each of said
first protrusidn and second protrusion; and

electrically connecting said bump of the
semiconductor element to an electrode on the circuit board. .
26. A method of fabricating a semiconductor.device
.comprising: : h

| fabricating a semiconductor element by the

fabricatiﬁg method as claimed in Claim 53;
| - providing a conductive adhesive at the vertex
portions of each of said firét protrusion. and second
protrusion;

electrically connecting said bump of the

semiconductor element to an electrode on the circuit board;

-

and

checking the performance of electrical connection

T L
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as. cl ai med in'any of Clains.16.through 19, wherein, a region of said wire

recryst aH-z

ed—byteat—has a | ength extending to an end of said second

r el ement as cl ai Gadstitutel sheat>027 Qeteber 2006

pr ot r usi ' d portion is forned. 10 21. A et hod of
roe <o ARG
| engt h of necmyssa

Ized region is controlled by an application tinme

of a voltage to be applied to said wire for the formation of said nelted

portion. 15

claimed in any of Clainms 16 through 21, wherein an end portion of said
second protrusion extends to the periphgsjal. side of said sem conductor

el ement when

21, wherein an end

peri phery of

beyond the periphery of said semiconductor element by means

5

-/
10
15

v
20
25

22. A nmet hod of fabricating a sem conductor elenent as -

said second protrusion is forned. 20 23. A net hod of
fabricating abstweennzhict bumpl &k riaidsetéat rede i foranygedd el teésthr ough

byi Bigkineg ol A dmagieepdnant outNardly shrfrmiding portion

(53) extending outwardly of said semiconductor element

of an image pick-up device (25, 26).
27. A method of fabricating a semiconductor device as

.claimed in Claim 26, wherein said good-or-bad test of said

electrical connection is executed by presence or absence of

the conductive adhesive Sgséd on pick-up image information
of said outﬁvardly protruding portion picked up by said
image pick-up device.
28. A method of fabricating a semiconductor device as
claimed in Claim 2§, whereiﬁ said good-bad-test of said
electrical connection is executed by confirming the
operation of said semiconductor element by electricai_ly
bringir;g a contact ih contact with said outwardiy
protruding portion instea& of said image pick-up device.
29. A method of fabricat:ing a semiconductor dev_ice as
'claimed in Claim 28, wherein confirmation of operation of
said semiconductor element is executed by a diocde
characteristic | test.
30. - A methed of fabricating a semiconductor device as
ciaimed in any of Cla.ims 25 through 29, wherein a £flat
urface portion (31la) is formed at the.ver;'tex portioﬁ of

each ¢f said first protrusion and second protrusion before

ortion of said second protrusion extends beyond the

27 0OCT 2000
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said sem’ conduct or . el enent when sai d second protrusion is 25 formed. -
60 - A nethod of -fabricating a sem conductor el enent as cl ai ned

in any of h 23, wherein a bunp having said first protru3|on
and seco mn#"ﬂ'mgum"mf;or med, and t her eafSubstitutel sheesr2 4 Qctpber 2600

is B forhedrats awertex portion of each of said first protrusion and
second protrusion. 25. A nethod of fabricating a sem conductor device
conprising: fabricating a sem conductor elenent by the 10 fabricating '
‘method of any of Cainms 16 through 24; pr ovi ding a .conductive adhesive at

each of said first protrusion and second 88rotrusion; and

said conductive adhesive is provided, and then said .

conductive adhesive is provided on . the flat surface

portion. |

31. A method of fabricating a semiiconductor device as
5 c¢laimed in any of Claims 25 through 30, wherein solder is

used in place of said conductive adhesive.

REPLACEMENT SHEET
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electrically connecting said bunmp of t he seni conduct or eG?Eg
el ectrode on the circuit board. 15 26. ' A net hod of fabritating a

Semi conduct or device conprising: fabricating a semiconductor_ el enent
fabricating nethod as clained in Oaim23; pr8yvbstitiesheshddd M%cgoq{%
at the vertex 20 portions of each of said first protrusion and second
protrusion; electrically connecting said bunp of the sem conductor

PO%3)-3

nt to an

t he
ve

el enent to an electrode on the circuit board; and 25 : checki ng
t he performance of electrical connection - 61 - between said bunp and
said el ectrode for a good-or-bad test =5 - -

i0

15

20

25

In view of the afbrementioned issueé, the present
invention has an objecﬁ to provide a method of forming a
bump eléctrode on an IC electrode causing no abnormality in
the shape of the eledtrode. | |

In accomplishing these and othgr aspects,
according to a first 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 bcnding capillary sideway and then

- downward; bonding a wire to -=/ball bond portion; _and

cutting the wire, the wire being prevented from coming in
contact with a periphery of the ball bond portion ekcept
for the ball bond portion by presetting a descent position
of the bonding capillary to a pésition higher than a pall

bond forming position.

bond portion on an~JC electrode by a wire bonding

ding capillary; moving  the

apparatus; moving up a bc

"REPLACEMENT SHEET
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by picking up an inmage of an outwardly protruding portion (53) extending
outwardly of said sem conductor el enment beyond the per| phery of said

'sem conductor el enment by neans 5 of an inmage pick-u |ce ) 7.
A method of fabricating a seniconductor devi cguﬁgﬂ @(%E'E‘] ﬁﬁz’%"&
wherei n said good-or-bad test. of said electrical connectlon I S executed by

presence or ‘absence of the conductive adhesi ve based on pick-up i mge
information 10 of said outwardly protruding portion picked up by said

i mage pi ck-up device. 28. A met hod of, fabricating a sem conduct or
device as clained in Caim26, wherein sa & good- bad-test of said

el ectrical connggtjon is exgcuted hy gaonfipm.ag tihe .5 - operajiop.of said
seni conduct.or eRgment - by electrrcal bri ngi ng a contact In contact with

said outwardly 3¢ LEWdi PEaRO08E | Syl GRtkioky tAkUbhlBISoRd Ghoti SteHaR  29.
A nmet hod of fabficgting a sem conductor device as clained in C aim 28,
wherein confirmat hebght gpestér ofhri a diameter of the wire.
' According to a third aspect of the present
5 invention) there is provided a metﬁod of foFming a bump
electrode o an IC electrode comprising: forming a béll
bond portion \on an IC electrode by a wire bonding
apparatus; moving up a bonding capillary; moving the
bonding capillary s\deway and then downward; bonding a wire
10 ‘to.a ball bond portign; 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
settiné a chamfer diameter of\the bondiﬁg capillarxy greater
than a diametexr of the ball bond.
i5 ' According to a fourth\ aspect of the present
invention, there is provided a method of forming a bﬁmp
electrcde on an IC electrode comprisdug: forming a ball
bond portion on an IC electrode 5y a wire bonding
. apparatus; moving up a bonding capillary; moving the
26 bonding éapillary sideway and then downward; bopding a wire
to a ball bond portion; and cutting the wire,\ the wire
béing prevented from coming in contact with a periphery of
the ball bond portion except for the bﬁll bond porﬁian by

making a tip end portion of an cuter radius portion of ¥he

25 "beﬁdﬁg__—e‘a?i&a. 3 Ty ha”e = cape Tt TCST S
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20 said semconductor elenment is executed by a diode

characteristic test. 30. - A net hod of fabricating a sem conductor
device as clained in any of Clains 25 through 29, wherein a flat surface
portion (31a) is fornmed at the vertex portionSubstitite sheeh - A8 Blarghi20Q1

protrusion and second protrusion before

'is provided, and then said conductive adhesive is provided on the

surface portion.
as 5 clainmed in

31. " A nmethod of fabricating a seni conductor devi
any of Clains 25 through 30, wherein solder is used in

place of said conductive adhesive. =~ -7 -
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According tc a fifth aspect of the p £sent
invention, there is provided a method of formifig a bump

electrode on an IC electrode é:omprising: Porming a ball

- 62 - said conductive adhesive

fl at
ce

bond portion on an IC electrode 2 a wire bonding

apparatus; wmoving up a boqdin capilléry;. moving the
bonding capillary sidewai; angthen downward; bonding a wire
td a ball bond portio and cutting the wire, the wire
being prevented frga coming in contact with a periphery of
the .ball bond. portion excep't for the ball bond portion by

setting 3z angle so that an outer radius portion of the

bondifig capillary is brought_in uniform contact with a’

According to a sixth aspect of -the present
invention, there is provided a method of forming a bump
electrode on an IC electrode comprising: forming a béll
bond portion on an IC electrode by a wire bonding
apparatus; moving up' a bonding capillary; mwmoving the
bonding capillalry sideway and then downward; bonding a wire
to -aZball bénd portion; and cutting the wire, the wire
being prevented frofn 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.

According to a seventh aspect of the present
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invention, there is -provic.led a semiconductor element in
which the one bump electrode having twe protrusions is
bonded to the IC electrode on a circuit forming surface of
a semiconductog.élement by the methbd deﬁined in any one of
the first %g?%&xth aspects, and said two protrusions are
brought in contact with or put close to cne electrode on
salid circuit board when the semiconductor element is
mounted on the circuit board. |

According to an eighth aspect of the present

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

angd

method defined in any one of the first «e/sixth aspects,
said bump comprising: a first protrusion which is comprised
of a portion formed by énce melting and sblidifying a w;re
and its periphery and is bondea 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 f£irst protrusion on
said electrode to a heiéht appro#imateiy 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 aslectrode on
said circuit board when the semicoqductor element 1is

mounted on the circuit board.
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According to a thirteenth aspect of the.present
invention, there is provided a seéicoﬁductor element as
defined in any of the eighth through eleventh aspects,
wherein said secdnd"prottusion extends: outwardly of said
semigonductor element beyond an outer énd su;face of said
semiconductor element.

According to a fourteénth aspect of the present
invention, ﬁhere is provided a semiconductor element as
defined in any of the eighth through thirteenth aspects,
wherein said first protrusiorn and said second protrusion
have vrespective flat surface portioms at the vertex
portions of the protrusions.

| According to a fifteenth aépgct of the present
invention, there is provided a semiconductor device in
which an electrode on a circuit board and said bump of the
semiconductor elemeﬁt as defined in any of the sewventh
through fourteenth éspects are electrically connected to
each other.

According_to a sixteenth aspect of the present
invention, there is provided a method of fabricating a
semiconductor element in which the bump electrode is konded
to the IC electrode on a circuit forming surface of the
semiconductor element by the method defined in any one of
the first &e/sixth aspects, comprising: formiﬁg a first

protrusion which is comprised of a portion formed by
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