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: SPECIFICATION
TITLE OF THE INVENTION
'SEMICONDﬁCTOR ELEMENT, SEMICONDUCTOR ELEMENT
FABRICATING METHOD, SEM'ICONDUCTOR DEVICE, AND
’SEMICONDUCTOREDEVICE FABRICATING METHOD‘
BACKGROUND OF THE INVENTION
The present invention relates to é semiconductor
element in which a bump is formed on aﬁ electrode of the
semiconduétor element by a ball bonding method orxr the like
using a metal thin wire (wire), that is,_ 'a method of

forming a bump electrode on an IC electrode, a method of

- .fabricating :the semiconductor element, ‘a semiconductor

de&ice fabricated with the semiconductor element and a-

method of fabricating the semiconductor device.

In recent years, electronic equipment has been

developed to have a compact size; a light weight and a high
function, and this has also required electronic components
to have a_éompact size, a light weight and a high function.
From this point of view, in regard to a method of forming‘

a bump electrode on an IC electrode relevant to the presenﬁ

‘invention, a mounting method by means of a wire bonding

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

technique will be described below with reference to the
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drawings. o

'Figs. 17A-17D show schematic views of a prior art
bump electrode forming method. in the figure are shown an
Au wire 101, an Au ball 102, a bonding capillary 103; an IC
glectrode 104 on a‘board 170, a ball bond po;tion 105 and

a bump electrode 106.

The method of forming the bump electrode on the
IC electrode will be described next.

In Fig. 177, the Au ball 102 formea at the tip
end of the Au Wire 101 is supplied onto -the IC electrode

104 as shown in Fig. 17B and bonded onto the IC electrode

104 by the:_-bonding- capillary 103. - Subsequently, -the .

Eonding capillary 103 moves up, sideway and then downward, - -

thereby connecting the Au wire to the ball bond portion 105

as ghown in Fig. 17C. Subsequently, the capillary- 103

moves up and cut the Au wire 101, thereby'forming a bump
electrodé as shown in Fig. 17D.
'That is, the above operation is described below

in detail. A method of forming a bump on a semiconductor

.élement by a prior art ball bonding method and a method of

connectihg 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
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a discharge electrode to the tip end 10la of a wire 101

protruding from the tip- end of a capillary 103. By the c
application of this high vbltage; the wire 101 comes to be
increased in temperature and melted from the tip end 10la
whil? a diséharge-qurrent is flowing between ;he torch 160
and the wire tip-end 10la, so that é.ball—shaped melted
portion as showﬁ 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
abut against an electrode 104 of the semiconductor element
170. By further moving down the capillary 103 with respecﬁ
to the ball i02 that has abutted against the electrode 104,
the ball 102 is bonded to the'eiectrode 104 and the ball :
102 is formed by the tip end poréion 103a of the capillary
103, so that a bump base portion 8 as shown in Fig. _-_18.¢_ is

formed.” Next, as shown in Fig. 18D, by moving up the

. capillary 103 to the side oﬁposite to the semiconductor

20

25

element while clamping the .wire 101 by'-means of the
capillary 103; the wire 101 is torn'éff in the vicinity of"-
the buﬁp base portion 8, thereby forming a bump 30 on the
electrode 104 of the semiconductor element 170.
Consequently, a protruding portion 30a is forméd.upright on
the bump base portion 8 of the bump 30 as shown in Fig.

18D.

In the semiconductor element 1 where the bump 30
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is_thus formed on the electrode_104, as shown in Fig. 19A,
the bump 30'#3 pressed against a base material 21 on which
Ia flat surface 21a is formed, so ‘that a bump 31 having a

flat surface 31a formed by flattening the pfotruding l

portion 30a is formed. Subsequently, as shown in Fig. 18B,

the bump 31 hav1ng the flat surface 31la is brought in

contact with a conductlve adhe31ve 18 formed on a stage 41,

thereby transferring the conductive adhesive 18 onto the
flat surface 3la of the bump 31 and its perlphery

Subsequently, as shown in Fig. 19C by aligning in position
the bump 31 onto which the conductive adhesive 18 has been
transferred-uith an eleotrode 20 on a circuit board 19 and
thefeaftef.making;the bumb'Bl abut against the electrode

20, the bump 31 is bonded to the electrode 20. for the

achievement of_, electrlcal connection between_“;the'.Lum

semioonductor element 170 and the circuit board'lé.

" However, according to the bump electrode forming
method as described above; the Au.wife 101 comes in contact
with the IC electrode portion 104 when the Au wire 101 is

cut by the oapillary 103. Consequently, as shown in Fig.

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

shape and an IC electrode material adheres to the tip end
of the Au wire 101, causing the issue that the Au ball 102a
cannot be normally formed as shown in Fig. 20C.

SUMMARY OF THE INVENTION
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In view of ;hé afofemeﬁtioned issues, the present
invention has an object to provide a method of forming a
bump electrode on an IC electrédé causing no abnormality in
the shape of the electrode.

In accomplishing these and 'othgr aspects,
according to a first aspect of the present invention, there
is provided a method of férming a bump electrode on an IC
electrode comprising: forming a ball bond portion on an IC
electrode by a wire bonding aﬁparatus; moving up a bonding
capillary; moving the bonding capillary sideway and then
downward; bonding a wire to a ball bond .portion; and

cutting the wire, the wire being prevented from coming in -

~contact with a periphery of the ball bond portion ekcept‘

for the ball bond portion by presetting a descent position:
of the_bonding.capillary to a position higher than-a_ball
bond forming position:

" According to a second aspect of the present'
invention, there is provided a method of forming a bump
electrode on an IC electrode comprising: forming a ball
bond poftion on &n Ic eleéfrode by a wire bonding
apparatﬁé; moving up a bonding capillary; wmoving the
bonding capillary sideway and then downward; bonding a wire

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

‘being prevented from coming in contact with a periphery of

the ball bond portion except for the ball bond portion by
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setﬁing a chamfer angle of the bonding capillary not

greater than 90 degrees making the ball bond portion have

a height greater than a diameter of the wire.

According to a third aspect. of the present
iﬁveption, there is provided a method of foFming a bump
electrode on an IC electrode comprising: forming a ball
bond: portion on an IC electrode by a wire boﬁding |
apparatus; moving up -a bonding capillary; moving -the

bonding capillary sideway and then downward; bonding a wire

~to a ball bond portion; and cutting the wire, the wire

being prevented from coming in contact with a periphery of
the ball bona portion except for the ball bond pdrtién by

settiné a chamfer diameter of the bonding capillary greéter .

than a-diameter of the ball bond.

According to a fourth aspect of the present" o

1nvent10n, there is prov1ded a method of forming a bump
electrode oh 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 éapillary sideway and then downward; bonding a wire
to a bail bond portion; and gutting the wire, the wire
being prevented from coming in contact with a periphery of
the ball bond portion except for the ball bond porﬁion by
making a tip end portion of an outer radius portion of the

bonding capillary have a tapered thickness  for
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concentration of a cutting force in a wire cutting stage.
According fq a fiftﬁ aspect of the breSent
invention, there is provided a method of forming a bump
electrode on an IC electrode comprising: forming a ball
bondﬁ portion on .an IC electrode by a Wire bonding
apparatus; moving up a bonding _cépillary; moving ‘the
bonding capillary sideway and then downwafd; bonding a wire
to a ball bond portion; and cutting the wire, the wire
being prevented from coming in contact with a periphery of
the ball bond portion except for the ball bond portion by
setting an angle so that an outer rad;us portion of the
bonding.capillary is brought in unifqrm contact with a

slope of the ball bond poftion;

According. to a sixth aspect of -the . present

oinvention, there is proyided_aﬂmethod'of_fdrming_a bump

electrode on an IC éiectrode comprising: forming a ball
bond portion on an IC electrode by a wire bonding
apparatus; méving up a bonding capillary; wmoving the
bonding capillary sideway and then'downward; bonding a wire
to a ball bond portion; and cuﬁting fhe wire, the wire
being pfevented from coming in contact with a periphery of
the ball bond portion except for the ball bond portion by
brihging the bonding capillary in contact with the wire
above a center portion of the ball boﬁd ﬁortion.

According to a seventh aspect of the present
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invention, there is provided a:semiconductor element in
which the one buﬁp electrode having two protrusions is
bonded to the IC electrode on a circuit forming surface of
a semiconductor element by the méthod defined in any one of
the ?irst to sixth aspects, and said two prq;rusions are
brought in contact with or put close to one electrode on
said circuit board .when the semiconductor element is
mounted on the circﬁit board. |

According to an eighth aspéct 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

method defined in ény 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 bonded to said electrode; and a
second protrusion which is formed of an unmelted.portion of
said wire and extended from said first protrusion beyond a
planar area defined by projecting said first protrusion on
said electrode to a heiéht'appro?iﬁately equél-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 semiconductor element 1is

mounted on the circuit board.
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According to a ninth aspect of the present
invention, there is provided a semiconductor element as
defined in the eighth aspect, wherein said first protrusion
is provided with a formed portion formed by forming a
meltgd portion of said wire by a capillary anq solidifying
the same and a wire maﬁerial portion which_is comprised of
the wire in a vicinity of said melted pértion, extended
from a vertex portion of said formed poftion downwardly of
said vertex portion and bonded to said formed portion.”

According to a tenth aspect of the present
invention, there is provided a semiconductor element as
defined in tﬁe 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.

Apcording_;qlan:eleventh aspect of the present
invention, there is érovided a semiconductor element as
defined in the ninth aspect, wherein said wire material
portion extended downwardly from said vertex porfion is
bonded to said electrode, instead of said formed portion.:

According to a tWelffh aspect of the present
inventioh, there is provided a semiconductor element as
defined in any of the eighth through elevénth aspects,
wherein said second protrusion extends toward an outer end

surface side of said semiconductor element without

exceeding said outer end surface.
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According to a thirteenth 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 outwardly of said
semiconductor element beyond an outer end surface of said
semiconductor element. |

| According to a fourfeenth aspect of the bresgnt

invention, there is provided a semiconductor element as

defined in any of the eighth through thirteenth aépects,

wherein said first protrusion and said second protrusion
have respective flat surface portions at the vertex
portions of fhe protrusions. _
According to a fifteénﬁh ésééct_of_the preéent
invention, thére is provided a semiconductof.device in
which an electrode on a circuit board and saié_bumpjof;the.
semiconductor elemenf as-defined in any of the seﬁenth
through fourteenth aspects are electrically connected to

each other.

According to a gixteenth aspect of the present

- invention, there is provided a method of fabricating a

semiconductor element in which the bump electrode is bonded

to the IC electrode on a circuit forming surface of the

semiconductor element by the method defined in any one of

the first to sixth aspects, comprising: forming a first

protrusion which is comprised of a portion formed by
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solidifying a melted portion of a wire and its periphery
and ié bondefﬂ. to said electrode; and forming a second
protrusion which is formed of an unmelted portion of said
wire and extended from said fitst-protrusidn beyond a
planar area defined by projecting said .first protrusion on
said electrode tc; a height approximately equa-l to that of
saia first protrusion with respect to said electrode,
whereby said first protrusion and éaid second profrusion
are brought in contact with or put close to one electrode
on said circuit board when the semiconductor element is
mounted on the circuit board.

'Ac_corc_iing to a:._s_e.venteentl'_l aspect of the present
invention, Eﬁere is provided a method of fabricating a

semiconductor element as- defined in the sixteenth. aspect,

- wherein said first 'pn;:gli;.;'usion 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 saia
melted portion from a vertex portion of said formed portion
downwardly of the vertex portion and bonding the wire to
said formed 'porti<.>n, consequently forrhing a wire material
portion..-

According to an eighteenth aspéct of the presént
invention, there is provided a method of fabricating a
semiconductor element;_ as defined in the seventeenth aspect,

wherein said wire material portion instead of said formed
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portion is bonded to saia electrode when said wire material
portion is formed. .

According to a nineteenth aspect of the present
invention, there is provided a method of fabricating a
semi?onductor elemgnt as defined in the seventeenth or
eighteehth aspect; wherein, after the formation of said
formed.portion, said wire continued to said formed portion

is bonded after said capillary describes an approximately

‘rectangular shape in a plane parallel to a vertical

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

Acbording to a 20th aspect of- tﬁe- present -
invention, there is provided -a method of fabricating a

semiconductor element as defined in any of the sixteenth

- through nineteenth aspects, wherein, a region of said wire

recrystallized by heat has a length extending to an end of
said second protrusion when said melted portion is formed.

According to a 21st aspect of the present
invention; there ié provided a method of fabricating a
semicbnductor 'éiement 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
applied to said wire foraéhe formation of said melted

portion.

According to a 22nd aspect of the present
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invention, theré 'is provided a method of fabricating a
semiconductor. element as'défihed in any of the 16th through
21lst aspects, wherein an end portion of said second
protrusion extends to ‘the peripheral side of said
semi?onductor ele@ent when said second p;otrusion is
formed.

According to a 23rd aspect of the preseﬁt
invention, there is provided a method of fabricating“a.
semiconductor element as defined in any of the 16th through
21st .aspects, wherein an end porfion of said .second
protrusion extends ' beyond the periphery of said
semiconductof eleﬁent to'the outside of said semiconductor

element when said second protrusion is formed.

According to a 24th aspect of the present

- invention, there is providéd_a method_of fabricating a

semiconductor element as defined in any of the 16th through
23rd aspects, wherein a bump having said first protrusion

and second protrusion is formed, and thereafter a flat

surface portion is formed at a vertex portion of each of

said first protrusion and second protrusion.

- According to a 25th aspect of the present
invention, -there is provided a method of fabricating a
semiconductor device comprising: fabricating a
semiconductor element by the fabricating method of any of

the 16th through 24th aspects; providing a conductive
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adhesive at each of said first protrusion and second

protrusion; and électrically connecting said bump of the

semiconductor element to an electrode on the circuit board.

According to a 26th asﬁéct' of the present
invention, there %s provided a method of fabricating a
semiconduqtor device comprising: fabricating a
semicoﬁductor element by the fabricating method as defined
in ihe 23rd aspect; providing a conductive.adhes#ve at the
vertex portions of each of said first protrusion and seéopd .
protrusion; electrically connecting said bump of the
semiconductor element to an electrode on the circuit board;
and checking the performanég .0f electrical connection
between séid.bump énd said electrode for a good-or-bad test

by picking up an image of an-outwardly protruding portion

extepding_qutwardly_of said éemicondqcto: elgment'bgygnd .

the periphery of said'semiconductor element by means of an
image pick-up device.

According to a 27th aépect of the present
invention, there is provided a method of fabrica;ing a
semiconductor device aé defined in the 26Eh'aspect, wherein-
said good-or-bad test of said eléctrical connection .is
executed by presence or absence éf the conductive adhesive
based on pick-up image information of said outwardly
protxuding portion picked'up by said image pick-up device.

According to a 28th aspect of the present
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invention, there  is provided a meth&d of fabricating a
semiconductor device as defined in th¢ 26th aspect, wherein
séid good-bad-test of said electficai connection is
executed by confirming the operation of said semiconducﬁor
element by electrically bringing a contact in‘contact with
éaid outwardly_protruding portién instead of said image
pickfup device. |
| According to- a 29th aspect of the present
invention, there is provided a method of fabricatihg_a
semiconductor device as defined in the 28th aspect, wherein
confirmation of operation of saia semiconductor element is
éxgcuted by a diode characteristic test.
‘ According to a 30th aspecf of the- present

invention, there is provided a method of fabricating  a

'éemicopduc;o;.deviqq”as_@gﬁined_ip_gny of the 25th through

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

| According to a 31st aspect of the present
invention, there is provided a method of fabricating a
seﬁiconductor device as defined in'any of the 25th through

30th aspects, wherein solder is used in place of said

conductive adhesive.
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With the above-mentioned afrangement of the
present invention, the wire does not céme in contact.with_
the periéhery of the ball bond portion except for the ball
bond porﬁion when the wire is bonded to the ball bond

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
description .taken in conjunction with the preferfed
embodiments thereof with reference to the accompanying
drawings, in{which; . |

" Figs. 13, iB} and 1C are secfional views showihg
a method of forming a bump electrode on an IC electrode
according to an embodiment of the présenﬁ inventioﬁ;

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

Fig. 2 is a sectional view of a bonding capillary
in the'embédiment; |

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

Fig. 3B 1s a time chart for explaining the

operation of the embodiment;

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

- to a seventh embodiment of the present invention;

Figs. 5A, 5B, 5C, 5D, S5E, and SF are views for

explaining the operation-of forming the bump as shown in

Pig. 7;

Fig. 6 ié a flowchart of a fabricating process of
a bump provided for a semiconductor element according to an
eighth embodiment of the present invention;

Fig. 7 is a sidg.view showing another example pf
the sh;pe of ;he buﬁp shown in Fig. 4;

Figs. 8A, 8B, 8C, and 8D are views for explaining

@ procedure for forming a semiconductor'_device by

connecting a semiconductor'eleménﬁ having the bumps.shown :
in Fig. 7 to a circuit board;'

Fig: 9 is a graph showing a relationship betveen
the size of a vertextpoftion of a bump énd the amount of
transfer of a condﬁctive adhesive transferred to the bump;

Fig. 10 is a side view of the .bump shown in Fig.
7 at which the éther end of the second protrusion is made
to protrude from. an end surfacé. of fhe semicoﬁductqr
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;

Fig. 12 is a view showing an example of the
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method of testing a semiconductor device fabricated with a

semiconductor element having the'bump.shown in Fig. 10;
Fig. 13 is a view showing another example of the

method of testing a semiconductor device fabricated with a

semiconductor element having the bumps shown in Fig. 10;

Figs. 14A and 14B are views showing the case
where bumps are connected to board electrodes of a circuit
board by means of solder in fabricating a semiconductor
device with a semiconductor element qf a tenth embodiﬁént
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 of the first protrusion in the bump shown in Fig. 7;

Fig. 16.is a view showing the caseawherefa flat
surface is formed on the bump shown in Fig.-ls by means of
the.board{ | . | |

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

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

Figs. 19A, 19B, and 19C are views for explaining
a procedure for forming a semiconductor device by

connecting a semiconductor element having a prior art bump

to a circuit board; and
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Figs. *20A, 20B, and 20C are sectional views

showing an abnormallshape of a bump electrode formed on an

IC eledtfode.

DETAFLED DESCRIPTIQN OF THE PREFERRED EMBODIM@NTS
Before-the description of the presént invention
proceeds, it is to be noted that like parts are designated
by like reference :nuﬁerals throuéhout. the accompanyipg
drawings. _
First, before preferred embodiments of the
present invention is described, schematic aspects of the
present invehtion are briefly described below.
| Accofding.to an aspéc;.of the present invention,

theré is provided a bump electrode forming method

fomprising: forming a ball bond portion on an IC electrode

by a wire bonding aﬁparatus (e.g. a capiilary driving
device) ; méving up a bonding capillary; moving the-bondiﬁg
capillary sideway and then downward; bonding an Au wire to
a ball bond portion; and cutting the Au Qire, the Au wire
being ﬁfevgnted.frém coming in éontact'with the periphery
of the ball bond portion except for the ball bond portion
by presetting a descent position of the bonding capillary
to a position higher than a ball bond forming position.
With this arrangement, the Au wire can be prevented from

coming in contact with the IC electrode portion as pressed
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by the capillary when the Au wire is cut by thé capillary.

According to én aspect of the present invention,
there is provided a bump electrode forming method
comprisiﬁg: forming a ball bond portion on an IC electrode
by Fhe wire bonding apparatus; moving up a bonding
capillary; moviné the bonding capillary sideway and then
downward; bonding an Au wire fo a_béll bond portion; and
cutting the Au wire, .the Au wire being prevented from
coming in contact with the periphery of the ball bopd
portion except for the ball bond portion by setting a
chamfer angle of-the bonding capillary not greater than 90
degrees makiﬁg the ball bond portion have a_hgight gfgater
than thé diameter of the Au wire. With ﬁhis érrangement,

the height of the ball bond portion is set high, so that

. the Au wire can be prevented from coming in contact with

the.electrodé portioﬁ whéﬁ the Au wire is cut by the
bonding capillary.

| According to an aspect of the present invention,
there is provided a bump electrode_ forming method
comprising: forming a ball bond portion on an.IC electrode
by the wire bonding apparatus; wmoving 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 prevénted from.

coming in contact with the periphery of the ball bond
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portion except for the ball bond portion by setting a

chamfer diamé;er 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
wire)can be prévgpted from coming in contact with the
electrode ﬁortioﬁ when the Au wire is cut by.the bonding
cépillary. |

According to an aspect of the present invention,
there is provided a gump e;ectrode forming method
comprising: forming a ball bond portion on an IC electrode
by the wire bdnding apparatus; moving up ~a bonding
capillary;'ﬁoving the:bpnding capillary sideway and then
dowhward} bondiné an Au wire to a 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 thé ball bond porﬁion by'making a tip
end portion of an outer radius portion of the bonding
capillary have a tapered thickness for concentration of a
cutting force in an Au wire cutting stage. With this
arrangemenﬁ, thé 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

comprising: forming a ball bond portion on an IC electrode
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by_.the wire bondihé .apparaqu;'_moving up a bonding
capillary; moving the bonding capillary sidgway and then
downward; bonding an Au wire to a 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 fof the ball bond portion b§.setting an
angle so that an outer radius portion of the bonding
capillary is brought in uniform contact with a slope of the
bali.bond portion. With this arrangement, the effect of
bringing the bonding éapillary in contact with the Au wire
is improved, so that the Au wire can be cut in a stabilized
state.

According to an aépect of the present iﬁventian,

there is provided a bump electrode  forming method

comprising: forming a ball bond portion on an IC electrode

by the wire bondiné appafatus; moving 'up' a bonding
capillary; moving the bonding capillary sideway and then
downward; bonding an Au wire to a bail bond portion; and
cutting the Au wire, the Au wire being preventgd from
coming in contéct with the periphery:of the ball bond
portion'except for the ball bond portion by bringing the
bonding capillary in contact with the Au wire above a
center por£ion of ‘the ball bond portion. With this
arrangement, the bonding capillary can bond and cut the Au

wire in a stabilized state.
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Preferred embodiments of the present invention

will be described below with reference to Figs. 1 and 2.

(First Embodiment)

Figs. 1A-1C show sectional views éf processes of
a bgmp electrode forming method acccrding‘ to a first
embodiment of thé present invention, where an Au wire 101
is prevented from coming in contact with any portion othér
than the ball bond portion 115 when the Au wire 101 is
bonded to the ball bond portion liS. |

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

The operation of the method of forming a bump

electrode on the IC electrode will be described next with

- reference to Figs. 1A-1C and 2. .

Fig. 1A is a sectional view when the ball bond
portion 115 is formed on the IC electrode 104 of the board

170, Fig. 1B is a sectional view showing a state in which

the Au wire 101 is bonded to the ball bond portion 115 by
the bonding capillary 113 located in a descent position,

and Fig. 1C is a sectional view of a bump electrode 116.

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

outer radius 108, a chamfer diame;er 109, a face angle 110

and a cone angle 111.
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First,' the position_in height of the bonding
capillary 113lin a ball bond fo;ming étage is stored in the
apparatus in Fig. 1A, and the position in height of the
bonding capillary 113 when the bonding capillary 113 is
moved down to bond the Au wire 101 to the ball bond portion
115 is.preparatorily set to a position higher than the
position ih the balllbonding stage.

As shown in Fig. 3A, the capillary 113 is drivqn
by a supersonic generating device 152 such as a voice coil
ih a capillary driving device 156 to minutely move up and
down around a fulcruﬁ 151. _The capillafy driving device
150 is set oﬁ an X-Y tgb;é 153;Which is driven in X and Y
directions by-moﬁois 154:and 155. The operations of the
motors 154 and 155 and ‘a driver 180 for driving the
supersonic“‘genératihg "deviﬁe ;152 are controiled by a -
controller 181. | |

' The operation of the embodiment described above-
will be described with the reference to Figs. 3A and 3B
based on the ball bonding method. An ofdinate axis of Fig.
3B shows movement (heighﬁ) of Z direction perbendicular to
the X aﬁd 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

below. In Fig. 3B, first, the controller 181 controls the
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‘motors 154 and 155 so that the capillary 113 is moved to a

torch 160 to form a ball at the lower end of the wire 101.
Then, the capillary 113 is moved to a first wire coordinate
(X,Y,Z2) as a reference position £for forming a bump
élec;rode 116 (bﬁmg) on the electrode 104 of the board 170
by control_of_thé controller 181 basedlon the data stored
in a memory 182 of the.controller 181. The first wire
coérdinate is located -just above the position of the
electrode 104 in the.Z direction. At this time, a clamp
159 for clamping the wire 1 set above the capillary 113 in

the capillary driving device 150 is opened not to clamp the

wire 1. Then, the driver 180 of the supersonic generating

device 152 is controlled by the controller 181 so that the

capillary 113 is moved down toward the electrode 104 at a

_firét step (1) of Fig.ﬁ}B by the supersonic generating

device 152. When the capillary 113 has been moved down by
a predetérmined distance stored in the memory 182, the
descending speed of the capillary 113 is changed £from
higher to lower to prevent the capillary' 113 from
contacting the eleétrode 104fwith such'é large forﬁe 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

detects a predetermined load from the capillary 113 by
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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 controller 181

controls the drlver 180 to apply supersonic v1bratlon to

.the caplllary 113 with a first load to form ‘a 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 is moved up at a higher
speed. than the descending speeds of the second and third
steps (2) and (3), at a fourth step (4).

Then, at the start of a fifth step (5), the clamp
159 starts to clamps the wire 1 and continues to clamp it -

during a predetermined period of time. " The capillary 113

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
ameunt(s) is pefformed by the controller 181 depending on
the shape of the ball portien 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

further moved down at a lower speed to prevent the
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capillary 113 from.eentaeting the slope of the ball portion
115 with such a 1erge force that damages it. At that time,
as described ebpve, the lowest position iﬁ height of the
capillary 113 when the capillary 113 is moved down to bond
the wire 1l to the slope of the ball bond portlon 115 is
preparatorlly set to the position higher than the lowest
position in the ball bonding staget Accordingly, based on
the preparatorily set position of the capillar& 113,'the-
movement amount of the capillary 113 in the Z direction is
previously determined and stored in.the memory 182. Thus,
based on the stored position and movement amount data, the
controller 181 controls the supersonic generatlng dev1ce

152 to descend the capillary 113 ‘at the lower speed In

~order to bond the wire 1 to the slope of the ball bond

..portien 115, the movement amounts of the capillary 113 in

the X and Y directionslfrom the center of the ball portion
115 are also previously determined and stored in the memory

182. Thus, based on the stored position and movement

- amount data, the controller 181 controls the motors 154 and

155. When the capillary 113 contacts the siope of the ball
portion 115, the capillary 113 continues to descend until
the - driver 180 detects a predetermined load from the
capillary 113 by detecting a current running through the
driver 180. After the detection, the driver 180 sends a

second contact signal to the controller 181. Based on the
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reception of the: second contact signal, the controller 181

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.
1B at gn eighth s;ep (8) . After thé coﬁnection of the wire
1 toathe slope of-tﬁe ball bond portion 115, gﬁe capillary
113 is moved up while the claﬁp 159 does not clamp the wire
1 at a ninth step .(9)-'. After the ninth step‘_(9) is
completed and the clamp 159 clamps the wire 1 again, the
capillary 113 is maved up to break the wire 1 and moved to
a next coordinate (X,Y,2) above the next electrode 104 at
a tentﬁnstep{(lo). Then, at an eleventh step (11), another
Ball is formed at the l§wer end of the wire i by the tofch :
160. Then, the first to eleventh steps (1) through (11)
are repeated on or above the mext electrode 104. .

B& thus présetting the descent p&sition of the
bonding ‘capillary 113 to- a position higher than the

position in the ball bonding stage, the Au wire 101 can be

prevented from coming in contact with the IC electrode

portion 104 even when the Au wire-lOl ié'pressed by the

capillafy 113 when the Au wirxe 101 is cut by the capillary
113.

(Second Embodiment)

As shown in Fig. 2, by setting the chamfer angle

107.of the bonding capiilary 113 to an angle of not greater
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than 90 degrees, ‘the height of the ball bond portion 115 is’

made greater';han the diameter of the Au wire 101.

| By thus setting high the ball bond bortion 115,
the Au wire 101 can belﬁrevented from coming in contact
withﬂthe electfodeﬁportion 104 when the Au wi;e 101 is cut
by the bonding cabillary 113.
(Third Embodiment)- |

As shown in-“Fig. 2, by making the chamfer
diameter 109'of the bonding capillary 113 greater than the
ball bond portion diameter, the ball bond portion 115 can
be prevented from spreading outwardly in the ball bonding
stage, thereﬁy allowing the bonded state ‘of the Au wire 101
to be stabilized. By thus stébilizing the bopded state of
the Au wire 101, the Au wire 101 can be prevented from
coming in contact with the electrode portion 104 when-the
Au wire 101 is cut by the bonding capillary 113.

(Fourth Embodiment)

As shown in Fig. 2, by setting the thickness of
the tip end portion of the outer radius-portion 108 of the
bohding capiliary i13 ta, for example; 10 um or smaller and
making if have a tapered shape, the cutting force can: be
concentrated on the tip end of the outer radius portion 108
in cutting the Au wire 101. Since the Au wire 101 is cut
by a small cutting force as described above, the Au wire

101 can be prevented from coming in contact with the
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electrode portion 104 in the cutting stage.
(Fifth Embodiment) |
As ehown in Fig. 1B, by setting the‘angie of the
outer radius portion so that the outer radius portion of
the bonding caplllary 113 comes in uniform contact with the
slope of the ball bond portion 115, the effect of bringing
the bonding cepillary 113 in contact with the Au wire 101
is improved, so that the Au wire 101 can be statlf cut.
(Sixth Embodiment) .
As shown in Fig. 1B, by bringing the bonding
capillary 113 -in contact with the Au wire 101 above the
center portion of the slope of the ball bond portion 115

the Au wire 101 can be bonded and cut in a stablllzed state ;

" even when the Au wire contact is varied.

With referenee_to Eig._lD, tne.preset descent_i
position of the bonding capillary 113 to the pesition
higher than the ball bond forming position is determined as
one-example as follows. In Fig. 1D, in order to prevent a
lowest point D of the curved:portion of the wire 101 from
coming into contact with the electrode 104, a'nointlc-where
the outer radius portion 108 of the capillary 113 contacts
the slope of the bump bond portion 115 should be maintained
at a height of the sum of [(the outer diameter of the wire
101) +a] from the surface of the electrode 104, where o is

a constant. When the point C is set at the center of the
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slope of the bump bond portion 115, the height (um) of the
point C from the electrode 164 ‘is actually found by an
expressi&n: C;—O..l*6+34, where 6 is a vertex angle (degree)
of the bump bond portion 115 (=the chamfer angle 107 of the
bonding capillary 113). For example, ‘;:hen ¢ is 0°, C is
34; “nrhen § is 70°, C is 27; when 8 is 80°, C is 26; and
when 6§ is 180°, C is 16. When o=5um, it is preferable to
satisfy an expressiofx: 6<90°. Actually, when the point C

is set at the center of the slope of the bump bond portion

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

- q:_'_.__stange_ A. ‘and an outer diameter F of the ball 10la of.the

. wire 101 should satisf.y an expression: F(um) =A{um)-13 (pm) .

As an actual example, when 6 which is a vertex angle
(degree) of the bump bond portion 115 (=the chamfer angle
107 of the bonding capillary 113) ranges from 60° to 90°
and the outer .diam'eter of the wire 101 is 25um, the
distance A of thé bump bond portion 115 is 80+5um, the .
distance B between thé centers of the bump bond portion 115
and the capillary 113 is 80x2um, and the height of the
point C is 80+10um.

Although the material of Au is used as a bump
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elgétrode material in the aforementioned embbdiments, the.
bump electrode mgtefial 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
aforementioned methods, in the method of forming a bump
elecérode on an IC electrode comprising: foéming a ball
bond portion on an IC electrode byl a wire bonding
technique; -moving uwp 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 does not come in contact with the periphery of the

ball bond portion except for the ball bond portion: This

arrangement is able to prevént the Au wire boﬁding

conditions.caused by the.contéct of the Au wire with a
portion other than the ball bond portion, such as a
electrode portion froﬁ beéoming unstable and prevent the
possible ’qccurfgﬁce of an abnormal shape of the bump
electrode caused by the adhesion éf the IC electrode
material to the Au wire, thereby allowing a bump electrode'

to be formed on an' IC electrode with high qﬁality and high

accuracy.

(Seventh Embodiment)

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

employing the semiconductor element as well as a method of
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fabrlcatlng the: semiconductor element and a method of
fabrlcatlng the _semiconductor device will be descrlbed
below with reference to the drawings. It is to be noted
that the same cpnstituent members;are denoted by the same

reference numerals in each figure.

The abow.re—mentioned semiconductor element will be’
described first.

One bump is bonded onto each electrode 2 on a
circuit forming surface 1la of a semiconductor element 1.
In the semiconductor element 1 of the seventh embodiment,
a bump 3 heving two protruding portions of a first
protrusion 40 and-a second protrusion 50 is bonded to at
leest.one electrode 2 ae shown in Fig. 4. It is to be
noted that this.kind of bump 3 is preferably'provided on
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 from one end 51

to a height abprdximately equal to that of the vertex
portion 41 of the first protrusion 40 iﬁ the direction of
height from the electrode 2. It is to be noted that Fig.
4 shows the case where the other end 52 extends to a
position located slightly higher than the height of the

vertex portion 41 of the first protrusion 40. Fig. 15
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shows the case where thé'bther end Sé extends in height to
a .position located approximately .halfway between the .
position in heigﬁt of fhe one end 51 and the position in
height of the vertex portion 41 of the first protrusion 40.

The other end 52 of the second protrusion 50
comes in contact: ;ith no adjacent électrodé 2 of the
semiconductor element 1.

By thus providing ﬁhe first protrusion 40 and the

second protrusion 50 at one bump 3, the area of the vertex

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 means of a cohductive adhesive can be increased,

so that the connection resistance .value can be reduced.

Furthermore, the amount of transfer of the conductive

édhesive\ onto the bump 3 cén be increased, and this
eliminates. the possible occurrence of a deféctive
electrical conduction, allowing the connegtioﬂ reliability
to be improved.

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

region as described later is controlled by controlling the
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discharge time, rthei'eby melting tﬁe wire 10. 1In-Step 2,
EI;e .first protrus_ion 40 is formed of the melted wire on the
electrode 2. In Step 3, the second :pfotrusion 50 is

further formed. These operations will be described in more -

detail below.

-

As shown in Fig. 5A, a wire 10 which has a wire
diameter of, for example, 25 pum and is made of a material
qf_, for example, gold is -extel_'lded by about a length 'II. from
the tip end portion 9a .of the capillary 9. It is to be
noted that the above—mentioned. length II is 450 pm, i.e.,

the projection length in the prior art. The material of

.the wire 10 is not limited to the above-mentioned gold, and
-' it ma..y' be brévided‘ by .copper, “aluminum, nickel, solder or
the 1like so long aé the ball bonding method can be
effected. D_epe_nding on the diameter of the wire 10, bump

dimensions such as a base diameter and a height can be

changed according to the purxpose.
A high voltage is applied to the tip end portion_

10a of the wire 10 similarly to the prior art, and as shown

" in Fig. 5B, the tip end portionm 10a is melted by an

electric 'discharge between a discharge e_lectrode and the
tip end portion 10a, thereby fofming a ball 11. It is to
be noted that the diameter of the ball 11 can be controlled
by the value of .the application voltage, and the diameter

of the ball 11 increases as the application voltage is
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increased. Ihithe ball 11 and a portion having a certain
leﬁgth 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 discharge. This portion having
the great crystal grain is. served as a recrystallized
regidn 16, and 1ts length VI becomes 120 pum when the
dischargé time is 5 ms. For the reason that the crystal
grain size differs in.a.boundary portion between a normal
crystal region 17 having the initial crystal grain size and
the above-mentioned recrystallized region 16, there is
formed a crystal grain interface 15 at which the breaking
strength of the wire 10 is weak. . For. the reason that the
other end 52 of thé.éecond prétruéion 50 is located at the

crystal grain interface 15 or its vicinity, the length VI

~of the recrystallized region 16 becomes an important factor

for the formation of the second protrusién 50. The length
VI of the recrystallized region 16 as described above can
be controlled by the discharge time in which the electric
discharge is effected.

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

first protrusion 40 formed on the electrode 2 by the ball
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11 formed by thus melting the wire 10 is determined by the
shepe of 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
having a two- step protrus1on comprised of a base portion
421 at which a shoulder' portlon 422 is formed and a
protrudlng'portlon 424 prov1ded.uprlght on the base portlon._

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

“portion 421 of the above-mentioned type, due to the

provision of the shoulder portion 422, the conductive
adhesive is transferred only to the protruding portion 424

in transferring the conductive adhesive to'the_bump 300, -

‘and this produces the effect that the conductive edhesive

can be prevented from spreading to the circuit forming

surface 1a of the semlconductor element 1 by v1rtue of the

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

In the wire 10, a proximate portion 10b in the
vicinity of the ball 11 is subjected to looping.by the
capiileryLQ es indicated by a course 14 in a plane'narallel
to the vertical direction above the base portion 421 as
shown in Fig. 5D. In Fig. 5D, the distance of the movement
of the capillary 9 is slightly exagqerated for the looning,

and the looping is practically performed above a planar
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area III of the base portion 421. It is to be noted that
thé planaf area III has a dimension of about 80 um in the
present seventh embodiment.

By the last motion 14a of the movement of the
above-mentioned looping, the proximate portion 10b
continue& to the prgtruding portion 424 extendé‘downwardly
from.the.vertex portion 41 of the formed portion 42; and as
shown in Fig. 5E, the proximate portion 10b is bonded to
the peripheral portion 423 of the base portion 421 by
pressure, heat or supersonic vibration. Thus the first
protrusion 40 is formedl Therefore, the first protrusion
40 1is comprised of the formed portion 42 and the Wirg
ﬁatérial-ﬁﬁrtion 43 which has been formed of the proximate

portion 10b, extended from the vertex portion 41 and bonded

_to the peiipheral portion 423. The above-mentioned looping

is perfqrmed for the.purpése of preventing the vertex
portion 41 from falling to the semiconductor element side

in accordance with the downward movement of the proximaté

portion 10b from the vertex portion 41 of the formed

portion 42.

‘Next, a clamper 12 provided for the capillary 9
clamps the wire 10 extending inside the capillary 9, and
thereafter, the wire 10 bonded to the peripheral portion
423 of the base portion 421 is orientated upwardly with the

elevation of the capillary 9 as shown in Fig. SF and then
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torn off at the crystal grain interface 15 with the further

elevation of the capillary 9. Thus the aforementioned

second protrusidn 50 is formed. By the operation of the
capillary 9 as described above, the other end 52 of the
second protrusion 50 extends beyond the aforementioned
planar area III of the first protrusion 40 ."!.:o a height
positioned between the one end 51 bonded to the

aforementioned peripheral portion 423 and the approximate

vertex portion 41 of the first protrusion 40. It is to be

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

~is arranged in height in a positioh between the above-

mentioned one end 51 and the approximate vertex portion 41.
Thus, one bump having two protrusions on one electrode 2 is
obtained.

The wire 10 is éontinued from the wire material
portioh -43 of i:hé first protmsion 40.. to thé second
protrusién 50 in the aforementioned embodimenf.s. 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

51 of the second. protrusion 50 to, for example, the
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peripheral portion 423 and extend the other end 52 as

described above.

The looping of the wire 10 is performed so that
the vertex portion 41 of the first protrusion 40 is
arranged in a po‘si'ti'o_n approximately in the vertJ_'.cal'
direétion with .respect to the electrode- 2 in the
aforementioned embodiments. However; i:he looping méy_ not
be performed so long as the vertex portion 41 can be
a:franged 'in a position in the vertical direction without
performing the looping.

The bumps 300 and' 3 are each formed on the

. electrode 2:- of the semiconductor element- 1 in '._:t",he

afofrergentioned embodiments. i{owevér, the bum-ps. 300 aﬁd 3
may be each formed on the boar'ds electrode on the c_ircuit
board on wh__ich the 'semi_cpn_ductqr element 1 is mounted.
Next, the fc.>llowing will describe the case where
a semiconductor device is formed by mounting the
semiconductor element 1 provided' with the aforementioned
bump 300 or bump 3 on a circuit 'board via tl;;e above-
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 abov'e-—mentioned

mounting operation is similar to the operation described

with reference to Figs. 19A through 19C.

In regard to the semiconductor element 1 provided
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with the aforemeﬁtioﬁéd bump 300, by pressing the
semiconductor element 1 to the base material side és shown
in Fig. 8A, the vertex portions 7 of the first protrusion
40 and the second protrusion 50 of the bump 300 are pressed
against the flat gufface 21la of the board 21, thereby
forming.flat_surfaces 3la at the respective vertéx portions
7.

Next, as shown in Fig. 8B, by bringing the flat
surface side of the bump 300 in contact with-the conductive
adhesive 18 formed on the flat surfaces of a stage 41, the
conductive adhesive 18 is transferréd onto the first
protrusion 4b and the second protrusion 50. _

Nexﬁ, as'shown-in Fig. Sb, thé bump 500 onlwhich-

the conductive adhesive 18 has been transferred is aligned

with the board electrode 20 of the circuit board 19,. and

the first protrusion 40 and the second protrusion 50 of
each bump 300 are fixed on the board electrode 20 by the

conductive adhesive 18. Thus a semiconductor device 600 is

fabricated.

By virtue of the provision of the two protrusions
of the first protrusion 40 and the second protrusion 50,
the amount of transfer of the conductive adhesive 18 onto

the vertex portions 7, i.e., the height IV of the

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

Further, by forming the flat surfaces 31la on the vertex
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po:_:‘tic.nns 7 of ‘tﬁe_ first protrusion 40 and the second
protrusion 50, the area of the vertex:portiéns 7 is further-
increased. As shown in Fig. 9, the above-mentioned amount
of transfer.inc-rease_ as the area of the vert_ex. portions 7
inqreases, and th_qrefore, “the amount of transfer can be
increased by fortt'lir_lg the flat surface 31a. 1In the above-
mentioned manner, the conductive adhesive 18. can be
transferred onto the bump 300 by the height IV of 10 um oxr
greater as shown in Fig. 8C.

Furthermore, the warp of the circuit board 19 in

the case where the semiconductor element 1 is connected to

- the circuit board 19 is absorbed by the above-mentioned

amdunt_ of transfer of the conductive adhesive .'18, a'nd.
therefore, the increase in amount of transfer as described
ébove allows the amount of absorp‘;.ion_ of the warp to be..
increased. Therefore,. the specificatioh of the warp at f_he
portion in which the semiconductor element 1 is connected
t_o' the cifcuit board 19 can be alleviated to 10 pm £from the
conventional specificatioﬁ of 4 pm, also allowing the
circﬁit board 19 to be reduced in cost..

Furthermore, the connection area of the bump 300
and the board elgcﬁrode 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

electrode 20 can be increased and the connection resistance
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ualue can be'suppressedlto a low value.

It.'is_ to be noted that, by wvirtue of the
formation of the first lprotrusion 40 and the second '
protrusion 50 at the bump 300, the flat surface 31a may not
be forwed in the case where a sufficient amount of transfer
of the conductlve adhesive 18 onto the bump 300 can be
assured without formlng the flat surface 3ia.

Furthermore, 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 and the
semiconductor element 1 is not 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 sometlmes the case where the flat surface
31la 1s formed only on the vertex portlon 7 of the first
protru81on 40 as shown in Fig. 16 and no flat surface 31la
is formed at the other end 52 of the second protrusion 50.

In the case as described above, the conductive
adhesive 18.is required to be transferred.onto the other
end 52. Accordinély, in the case where the other -end 52 of a
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 2l1la of the board
21 and the other end.52 when the semiconductor element 1 is

pressed to the board side has a dimension such that the
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conductive adhesive 18 can be transferred to the other end

52 when the bump 300 is brought in contact with the
conductive adhesive 18 as shown in Fig. B8B. In other

words, in the case where the other end 52 of the second :

protrusion 50 is not extending to the height of the vertex

portion 7 of the first protrusion 40 as shown in Fig. 15,

the bump 300 of the semiconductor element 1 is required to

be pressed against the board 21 so that the dimension_pf
the gap betweeh the flat surface 21a of the board 21 and
the other end: 52 becomes not greater than the above-
mentioned gap V.

Agdirection in which the other end 52- of the
second protrusion 50 is orientatéd.will be déscfibed_néxt.-

The other end 52 of the second protrusion 50 at
phe bump_309_formed_as_described apgve can be.drienFépgg_to
the peripheral side of the semiconductor element 1, or as.
fuither shown in Fig. 10, the other end 52 can be also
extended beyond aﬁ ektension line of the outer end surface
1b of the periphery of tﬁe semiconductor element 1.:'It is
to be noted that fhe orientétign of thé ofher-end'sz is
executed by the operation of the capillary 9. In regard to
the bump 300, a bump at which the other end 52 is extended
beyond of the extension line of Ehe outer end surfacé 1b of
the periphery of the semiconductor element 1 is denoted by

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



10

15

20

25

- 45 -
belongs to the wire.lo 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 qflthe semiconductor element 1, the other
end 52 does not éxéend toward the adjacent eiectrode 2 in
the semicondﬁctor element 1. Therefore, the other end 52
is not brought in contact or short-circuited with the
adjacent electrode 2 when the conductive adhesive 18 is
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 prevent the possible

occurrence of the short circuit as described above by

. virtue of the provision of the second protrusion 50 in

addition to the first.proﬁrusion 40.

- Further, a sewmiconductor device can be also
f;bricaﬁed by forming.the bump 310 on the electrode 2 of
the semiconductor element 1 as described above in Step 11
shown in Fig. 11 and connecting the bump 310 onto the'.
electrode 20 of the circuit board 19 in a face-down

mounting wmanner in Step 12. When fabricating the

semiconductor device as described above, the other end 52

is neither brought in contact or short-circuited with the

adjacent electrode 2 in the semiconductor element 1 having
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the bump 310.

Furthermore, the second protrusion 50 Qf the bump

310 has the outwardly protruding portion 53. For the above

reason, when the bump 310 is connected to the electrode 20
on the circuit board 19, its connection area is greater

than that of, for example, the bump 300. Therefore, the

connection strength can be made higher and the connection

resistance value can be. made lowér.

Furthermore, . in a semiconductor device 610 in
which the semiconductor eleﬁent 1 having the bump 310 is
connected to the circuit board 19, a test process for

testing the performance of the'elgctrical connection of the

bump 310 to the electrode 20'6h the circuit board 19 can be -

-provided as one fabricating process.of the sémiconductor

dev1ce 610 as shown in Step 13 in Flg. 11. .This'tgét_will
be descrlbed below.

- For example, when the semiconductor element 1
having the bump 300 is mounted on the. circuit board 19 in
the face-down mounting manner, the other end 52 of the
second protrusion 50 is not pfotruding from the outer end
surface 1b of the periphery of the semiconductor element 1.
Therefore, the portion in which the bump 300 is connected
to the electrode 20 on the circuit board 19 cannot be
visually chécked. When the semiconducﬁor element 1 having

the bump 310 is mounted on the circuit board 19 in the
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face-down mounting manner, thé outwardly protruding portion
53 is protruding from the  outer .end surface 1b of the
periphexry of the semiconductor element 1. Thexrefore, the
portion in which the bump 310 is connected to the electrode
éo on the circuit _}?oard 19 can be viewed via the outwardly
protr}xding portion 53 and subjected to a visual test. |
Furthermore, it is acceptable to automatically
execute the above-mentioned wvisual test by means of a
camera 25 and a visual tester 26 connected to the camera 25
as shown in Fig. 12. That is, thé electrical connectidn,of
the bump 310 to the electrode 20 can be checked for a good-
or-bad test by picking up the image of the portien in which
the outwardly protruding portibh 53 is c;onnec_ted to ‘the -

electrode 20 by the camera 25, taking in the image into the

visual tester 26, and detecting the presence or absence of

the conductive adhe_as:ive 18 in the connection portion by
means of ‘the visual tester 26. | |
Furthermore, in the semiconductor device 610
employing the semiconductor element 1 having the bump 310,
a contact probe 26 can be 'Brought in .contact With. the
outwardiy protruding portion 53 or the conductive. adhesive
18 which covers the oﬁtwardly protruding portion 53 as
shown in Fig. 13. The contact probe 26 is connected to a
semiconductor element performance tester 27 which can check

the state of connection of the bump 310 to the electrode 20
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of the cifcuiﬁ board 19 or the operation of " the
semiconductor element 1. Therefore, by executing, for
éxample, a diode éharacteristié test, it can be checked in
a short time whether the connection of the electrode 2 of
the semiconductorﬁelement 1 to the electxrode 20 of the
circuit board 19 is in a non-cénductive state or short-

circuited.

It is to be noted that the above-mentioned diode

characteristic test is to test the diode formed in the

circuit of the semiconductor element 1 for the purpose of
preventing an excessivé current from flﬁwing through the
circuit of the semiconductor element'l.

| fﬁe connection of thé Buﬁp to the electrode 20 of -
the circuit board 19 is achieved by the conductive adhesive
18 according to the description of the above-mentioned
embodiment . However,.as shown in Figs. 14A and 14B, solder
28.can be used instead of the conductive adhesive 18. It

is to be noted that the bump 300 is taken as an example in

Figs. 14A and 14B.

Similarly to the case described with reference to
Figs. 8A;8D, the vertex portions 7 of the first protrusion
40 and the second protrusion 50 of the bump 300 of the

semiconductor element 1 are provided with respective flat

surfaces 31la. On the other hand, as shown in Fig. 143,

solder 28 is provided on the electrode 20 of the circuit
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boérd 19. Then; as shown in Fig. 14B, by aligning in
position the bump 300 of the semiconductor element 1 with
the electrode 20 of the circuit board 19, bringing the flat
surfaces 31a of the bump 300 into contact with the éolder
28 an heating the same, the two protrusions‘of the first
protrusion 40 and the second protrusion 50 of the bump 300
are connected to the éléctrodé 20 of the circuit board 19
via the solder 28.

By thus cbnnecting the eléctrode 20 of the
circuit board 19 with the bump 300 having  the first
protrusion 40 and the second protrusion 50 by means of
solder! a solder fillet is fofmec_l. By j;;rtue of the
provision of this fillet, the éﬁrengﬁh againét a-stress -
effected on' the circuit board .19 is 'increased énd the.
connection reliability is improved. '_  Furthermore, - the
connection area is inéreased and the connection resistance
value is‘reduced. _

The bump having two protrusioné is formed by the
ball bonding method in the afqrémentioned_ embodiment .
However, it is a matter of course thaﬁ a method capable of
forming.two protrusions on at least one bump can be used
instead of the ball bonding method.

As described in detail above, according to the
semiconductor elements of the aspects. as well as the

semiconductor element fabricating method of the aspect of
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the present invention, two protrusions are provided on one
bump. Therefore, the_érea of contact of the bump with the
board electrode on the circuit board is increased.
Accordingly, the connection strength and the connection
reliability can be made high and the connection resistance
value canﬁ be méde low and stable in connecting the
semiconduqtor element to the circuit board.

Furthermore, -according to the semiconductoxr

. 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-describéd above, is used and the bump is connected

to the boérd electrode of the circuit board. With this

arrangement, the:area of contact of the bump with the board
electrgdéxmgn fthe“_Qir¢@%?. board is_ increased;_;gpg
accordingly, the conﬁection strength and the connection
reliability of the semiconductor element and the circuit
board can be made high and the connectipn resistance value
can be made low and'stable in the semiconductor device.
.Furthermore, according to the semicoﬁductor
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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improvement of the conﬁection strength and the connection
reliability ;nd_thé reduction and stabilization of the
connection resistance value as described above and allows
the semiconductor-device to be tested by means of the
secoyd protrusion_gxtended-outwardly of the gemiconductor
element.

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

Aithough the present invention has been fully

described in connection with the preferred embodiments -

thereof with reference to the accompanying drawings, it is

to be_noteqlthab various chahges and_modificatiénsnare
apparent to those skilled in.the art. Such_changes and
modifications are té be understood aS'ihclﬁded within the
scope of the present invention as defined by the appended

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

WHAT IS CIAIMED IS:

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;

bonding a wire (101) to the ball bond portion; and

cutting the wire, the wire being prevented from coming in contact with a
periphery of the ball bond portion except for the ball bond portion by setting a chamfer
angle (107) of the bonding capillary not greater than 90 degrees making the ball bond

portion have a height greater than a diameter of the wire.

2. A method of forming a bump electrode on an IC electrode comprising:

forming a ball bond portion (115) on an IC electrode (104) by :.11 wire bonding
apparatus; |

moving up a boﬁding capillary (113);

moving the bonding capillary sideway and then downward;

bonding a wire to the ball bond portion; and

cutting -the wire, the wire being prevented from coming in contact with a
periphery of the ball bond portion except for the ball bond portion by setting a chamfér

diameter (109) of the bonding capillary greater than a diameter of the ball bond.
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3. A method of forming a bump electrode on an IC electrode comprising:

53

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;

bonding a wire (101) to the ball bond portion; and

cutting the wire, the wire being prevented from coming in contact with a
periphery of the ball bond portion except for the ball bond portion by making a tip end
portion of an outer radius portion of the bonding capillary have a tapered thickness for

concentration of a cutting force in a wire cutting stage.

4, 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);

moving the bonding capillary sideway and then downward;

bonding a wire (101) to the ball bond portion; and

cutting the wire, the wire being prevented from coming in contact with a
periphery of the. ball bond portion except for the ball bond portion by setting an angle

so that an outer radius portion of the bonding capillary is brought in uniform contact

with a slope of the ball bond portion.
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5. A semiconductor element in which the bump electrode is bonded to the IC
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electrode (2) on a circuit forming surface of a semiconductor element (1) by the method
defined in any of Claims 1-4,

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 protrusion beyond a planar area defined by projecting said
first protrusion on said electrode (2) to a height approximately equal to that of said first
protrusion with respect to said electrode, 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 semiconductor element is

mounted on the circuit board.

6. A semiconductor .element as claimed in Claim 5,

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 portion (41) of said formed portion downwardly of said

vertex portion and bonded to said formed portion.

7. A semiconductor element as claimed in Claim 5 or 6, wherein
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. said formed portion has a base portion (421) bonded to said electrode and a
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protruding portion (424) provided upright on said base portion.

8. A semiconductor element as claimed in Claim 6, wherein said wire material

portion extended downwardly from said vertex portion is bonded to said electrode,

instead of said formed portion.

9. A semiconductor element as claimed in any of Claims 5 through 8, wherein said
second protrusion extends toward an outer end surface side of said semiconductor

element without exceeding said outer end surface.

10. A semiconductor element as claimed in any of Claims 5 through 8, wherein said
second protrusion extends outwardly of said semiconductor element beyond an outer

end surface (1b) of said semiconductor element.

11. A semiconductor element as claimed in any of Claims 5 through 10, wherein
said first protrusion and said second protrusion have respective flat surface portions

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

12. A semiconductor device in which an electrode (20) on a circuit board and said

bump of the semiconductor element as claimed in any of Claims 5 through 11 are

electrically connected to each other.
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13. A method of fabricating a semiconductor element in which the bump glectrode
is bonded to the IC eleétrode (2) on a circuit forming surface of the semiconductor
element by the method defined in any one of Claims 1-4, comprising:

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

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

mounted on the circuit board.

14. A method of fabricating a semiconductor element as claimed in Claim -13,
wherein said first protrusion is formed by forming the melted portion of said wire intc;
the formed portion (42) by said capillary and extending the 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).
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15. . A method of fabricating a semiconductor element as claimed in Claim 14,
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wherein said wire material portion instead of said formed portion is bonded to said

electrode when said wire material portion is formed.

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

protrusion is formed.

17. A method of fabricating a semiconductor element as claimed in any of Claims
13 through 16, wherein, a region of said wire recrystallized by heat has a length

extending to an end of said second protrusion when said melted portion is formed.

18. A method of fabricating a semiconductor element as claimed in Claim 17,
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.

19. A method of fabricating a semiconductor element as claimed in any of Claims 13
through 18, wherein an end portion of said second protrusion extends to the peripheral

side of said semiconductor element when said second protrusion is formed.
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20. A method of fabricating a semiconductor element as claimed in any of Claims
13 through 18, wherein an end portion of said second protrusion extends beyond the

periphery of said semiconductor element to the outside of said semiconductor element

" when said second protrusion is formed.

21. A method of fabricating a semiconductor element as claimed in any of Claims
13 through 20, wherein a bump having said first protrusion and second protrusion is
formed, and thereafter a flat surface portion (31a) is formed at a vertex portion of each

of said first protrusion and second protrusion.

22. A method of fabricating a semiconductor device comprising:
fabricating a semiconductor element by the fabricating method of any of Claims
13 through 21;
providing a conductive adhesive at each of said first protrusi-on and second
protrusion; and

electrically connecting said bump of the semiconductor element to an electrode

on the circuit board.

23. A method of fabricating a semiconductor device comprising:
fabricating a semiconductor element by the fabricating method as claimed in

Claim 20;

providing a conductive adhesive at the vertex portions of each of said first

protrusion and second protrusion;

* ¢ L M S
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electrically connecting said bump of the semiconductor element to an electrode
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on the circuit board; and

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

of said semiconductor element by means of an image pick-up device (25, 26).

24. A method of fabricating a semiconductor device as claimed in Claim 23,
wherein said good-or-bad test of said electrical connection is executed by presence or
absence of the conductive adhesive based on pick-up image information of said

outwardly protruding portion picked up by said image pick-up device.

25. A method of fabricating a semiconductor device as claimed in Claim 23,
wherein said good-bad-test of said electrical connection is executed by confirming the
operation of said semiconductor element by electrically bringing a contact in contact

with said outwardly protruding portion instead of said image pick-up device.

26. A method of fabricating a semiconductor device as claimed in Claim 25,

wherein confirmation of operation of said semiconductor element is executed by a

diode characteristic test.

27. A method of fabricating a semiconductor device as claimed in any of Claims 22

through 26, wherein a flat surface portion (31a) is formed at the vertex portion of each
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of said first protrusion and second protrusion before said conductive adhesive is
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provided, and then said conductive adhesive is provided on the flat surface portion.

28. A method of fabricating a semiconductor device as claimed in any of Claims 22

through 27, wherein solder is used in place of said conductive adhesive.



