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SPECIFICATION
TITLE OF THE INVENTION |
| SEMICONDUCTOR ELEMENT, SEMICONDUCfOR ELEMENT
i FABRICATING METHOD, SEMICONDUCTOR DEViCE,
_ 'SEMIFONDUCTORﬁDEVICE 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
uging a metal thin wire (wire), that is, a method .of
forming a bump electrode on an IC electrcde, a method of
fabricating gthe semiconductor elemenﬁ, a semiconductor
device 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
functicn, and this has also required electronic cémponents
to have a compact size, a light weight and a high function.
From this point of view, in regard to a method of forming
a buﬁp electrode on an IC electrode relevant to the present
invention, A mounting method by means of a wire bonding
tecknique is used.

The method of forming a bump electrxode on an IC
electrcde by the aforementioned prior ért wire bonding

technique will be described below with reference to the
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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 tﬁen 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.ball bonding.method and a method of
connecting the semiconductor element provided with the bump
are disclosed in United States Patent No. 4661192. The
methods will be described.

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

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
application of this high voltage, the wire 101 ccmes to be
increased in temperature and melted from the tip end 10ia
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
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
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
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.

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 is pressed againsﬁ 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
portion 30a is formed. Subsequently, as shown in Fig. 198,
the bump 31 having the flat surface 3l1a is brought in
coﬁtact with a conductive adhesiie 18 fdrmed on a stage 41,
thereby transferring the conductive adhesive 18 onto the
flat surface 3la of the bump 31 and its periphery.
Subsequently, 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
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
cut by the éapillary 103. Consequently, as showrl 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.

SUMMARY OF THE INVENTION
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In view of the aforementioned 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. |

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
caplllary; moving the bcnding 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
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 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 from coming in contact with a periphery of

the ball bond portion except for the ball bond portion by
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setting a chamfer a'rigle of the bonding capillary not
greater than 9C degrees making the ball bond portion have
a height greater than a diameter of the wire.

According to a third aspect of the present

5 inveption, there is provided a method of fo:-cming 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 wir.e

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 bondirig 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 bump
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 port;.ion 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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concentration of a cutting force in a wire cutting stage.
According tc a £fi fth 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 vgire 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
the Iball 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
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
to a ball bond portion; and cutiting the wire, the wire
being prevented from coming in contact .with a periphery of
the ball bond portion except for the ball bond portion by
bringing the bonding capillary in contact with the wire
above a center portion of the ball boﬁd pbrtion.

According to a seventh aspect of the present
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invention, there is provided a semiconductor element in
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 aresa defined by progectlng said first protrusion on
said electrode to a helght approxlmately 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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According to a ninth aspect of the present

invention, there is provided a semiconductor element as

_defined in the eighth aspezt, wherein said first protrusion

is provided with a formed portion fo?med by forming a
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.
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.
According tc an eleventh aspect of the present
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.
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

exceeding said outer end surface.
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According to a thirteenth aspect of the present
invention, there is provided a semicoﬁ@uctor 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
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,
wherein said first protrusiorn 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
which an electrode on a circuit board and said bump of ;he
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
invention, there is provided a method of fabricating a
semiconductor element in which the bump electrode .ié Eonded
to the IC electrode on a circuit forming surface of thg
semiconductor element by the method defined in any one of
the first to sixth aspeéts, comprising: formiﬁg a first

protrusion which is ¢omprised cf a portion formed by
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solidifying a melted portion of a wire and its periphery
and is bonded to said electfode; and forming a second -
protrusion which is formed of an unmelfed portion of said
wire and extended from said first §rotrusidn beyond a
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
on said circuit board when the semiconductor element is
mounted on the circuit boaxrd.

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,
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
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,

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

According to a 22nd aspect of the present
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invention, there is provided a method of fabricating 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
semig:onductor element whén said second pz: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
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
invention, there is provided a method of fabricating a
semicohductor element as defined in any:of the 16th thro.x-lgh
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
gaid first protrusion and second protrr:.lsion.

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

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

According to a 26th aspect of the pre#ent
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
prctrusion; 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
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
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.

According to a 28th aspect of the present
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invention, there is provided a me:hod of fabricating 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
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
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
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
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

conductive adhesive.
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With the above-mentioned arrangement of the
present invention, the wire does not come in contact with
the periﬁhery of the ball bond portion éxcept for the ball
bond portlon when the wire is bonded to the ball bond
portion, so éhat a bump electrocde can Ee formed on the IC
elecﬁrode.
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 preferred
embodiments thereof with reference to the acdcmpanying
drawings, in which:

Figs. 1A, 1B, and 1C are sectﬁonal views showihg
a method of forming a kump electrode on an IC electrode
according to an embodiment of the presént invention;

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

Fig. 2 is a sectional view of a bonding capillary
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;

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. SA, 5B, SC, 5D, SE, and 5F are views for
explaining the operation of forming the bump as shown in
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
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;

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
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;

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

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

to a circuit board; and
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Figs. "20A, 20B, and 20C are sectional views
showing an abnormal shape ¢f a bump electrode formed on an

IC electfode.

DETAILED DESCRIPTIQN 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.

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
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
being 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

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

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
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
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
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
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

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

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
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 electrode forming method
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
coming in contact with the periphery of the ball bond
portion except for the ball bond portibn by making a ﬁip
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
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

comprising{ forming a ball bond portion on an IC electrcde
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by the wire bondin§ apparatus; moving up a bonding
capillary; moving the bonding capillary sideway and then
downward; bonding an Au wire to a ball rond 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 b* 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
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
comprising: forming a ball bond porticn on an 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
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

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 of processes of
a bgmp electrode_aforming 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.

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
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

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 viéw of the bonding
capillary 113, in which are shown a ch;mfer angle 107, an
cuter radius 108, a chamfer diameter 103, a face angle 110

and a cone angle 111l.
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First,” the position in height of the bonding
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
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
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
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.
3B gshows movement (height) of 2 direction perpendicular to
the X and Y directions and an abscissa axis thereof shows
time of the operation of the embodiment.

It is noted that the ball bonding method is also
described in detail in a seventh embodiment described

below. 1In 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
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
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 that the
capillary 113 is moved down toward the:electrode 104 at a
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
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

detects a predetermined load from the capillary 113 by



10

15

20

- 26 -

detecting a current running through tﬁe 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
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
speed than the descending speeds 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
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 periocd of time the wire 1

" is free from clamping.

If necessary, correction of the movement
amoﬁnt(s) is performed by the controller 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

further mcved down at a lower speed to prevent the
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capillary 113 from contacting the slope of the ball portion
115 with such a large force that damages it. At that time,
as described above, the lowest position iﬁ height of the
capillary 113 when the capillary 113 is moved down to bond
the wire 1 to the slope of the ball bond portion 115 is
prepératorily set ﬁo the position higher thaﬁ 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
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 the lower speed. 1In

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

gecond contact signal to the controller 181. Based on the
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reception of the second centact signal, the controllexr 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,
iB 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
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)
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
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

107 of the bonding capillary 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 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
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
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
coming in contact with the electrode portion 104 when the
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
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

101 can be prevented from coming in contact with the
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electrode portion 104 in the cutting stage.
(Fifth Embodiment)

As shown in Fig. 1B, by settihg the-angle of the
outer radius portion so that the outer radius portion of
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)

As shown in Fig. 1B, by bringihg the bonding
capillary 113 'in contact with the Au wire 101 above the
center portion of the slope of the ball bond portion 115,
the Au wire 101 can be bonded and cut in a stabilized state
even when the Au wire contact is varied.

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
coming into contact with the electrode 104, a point'C where
the outer radius portion 108 of the capillary 113 contacts
the slope of the bump bond portion 115 should be maintained
at a height of the sum of [(the outer diameter of the wire
101)+a] from the surface of the electrode 104, where « 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, thejheight (um) of the
point C from the electrode 104 "is actually found by an
expression: =-6.1*0+34, where 8 is a vertex angle (degree)
of the bump bond portion 115 (sthe chamfer angle 107 of the
bonding capillary 113). For example, when 6 is 0°, C is
34; .when 6 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
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
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°
and the outer diameter of the 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.

Although thé& material of Au is used as a bump
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electrode material in the aforementioned embodiments, the
bump electrode material is not limited fo 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
elecﬁrode on an IC electrode comprising: fofming 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

‘wire to a kall 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
portion other than the ball bond portion, such as a
electrode portion from becoming unstable and prevent éhe
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
to be formed on an IC electrode with high quality and high
accuraéy.
(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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fabricating the semiconductor element and a wethod of
fabricating the Bemiconductor device will be described
below with reference tc the drawings. It is to be ncted
that the same constituent members are denoted by the same
reference numerals‘ in each figure. :

The abox.rel-ment ioned semiconductor element will be
described first.

One bump is bonded onto eacﬁ electxrode 2 on a
circuit forming surface la of a semiconductor element 1.
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
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
te 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

vertex portion 41 of the first protrusion 40. Fig. 15
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shows the case where the other end 52 extends in height to
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.

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 SO 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 meané of a ccnduétive adhesive éan be increased,
so that the connection resistance valué can be reduced.
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.

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

region as described later is controlled by controlling the
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discharge time, .thereby melting the wire 10. 1In-Step 2,
the first protrusion 40 is formed of the melted wire on the
electrode 2. In Step 3, the second.prc-trusion 50 is
further formed. These 6p_erations will bé described in more
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
noted that the above-mentioned length II ig 450 um, 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 may be frovided by copper, aluminum, nickel, solder or
the like so long as the ball bonding method can be
effected. Depending on the diameter of the wire 10, bump
dimensions such as a base diameter and a height can I;e
changed according to the purpose.

A high voltage is applied to the tip end portion
10a of the wire 10 similarly to the prior art, and as shown
in Fig. 5B, the tip end portion lda .ié m2lted by an
electric discharge betweern a discharge electrode and the
tip end portion 10a, thereby foi:ming 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

of the ball 11 increases as the application voltage is
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increased. 1In the ball 11 and a portiomn having a certain
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
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
the above-menticned 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
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.

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

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
shape 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 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
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
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
vicinity of the 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,.

and the looping is practically performed above a planar
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area JIII of the base portion 4?1. It is tc be noted that
the planar 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 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
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
to the peripheral portion 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
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

elevation of the capillary 9 as shown in Fig. S5F and then
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torn off at the crystal gfain interface 15 with the further
elevation of the capillary 9. Thus gthe aforementioned
second protrusion 50 is formed. Bg./ 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 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
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 position between the aboye-
mentioned one end 51 and the approximate{ vertex portion 41.
Thus, one bump having two protrusions on one electrode 2 is
ocbtained.

The wire 10 is continued from the wire material
portion 43 of the first protrusion 40 to the second
protrusion 50 in the aforementioned embodiments. However,
it is acceptable to bond the end portion of the wire
material portion 43 to, for example, the. peripheral portion
423 of the base portion 421, cut it once, bond the one end

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 position approximately in the vertical

irection 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
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
board on which the semiconductor element 1 is mounted.

Next, the following will describe the case where
a semiconductor device is formed .by mounting the
semiconductor element 1 provided with the aforementjoned
bump 300 or bump 3 on a circuit boafd via the 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 above-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 aforementioned bump 300, by pressing the
semiconductor element 1 to the base material side as shown
in 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
achesive 18 formed on the flat surfaces cf a stage 41, the
conductive 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
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 600 is
fabricated.

By virtue of the provision'of the two protrusions
of the first protrusion 40 and the seéond 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 £f£lat surfaces 31la on the vertex
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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-mentioned amount
of transfer increase as the area of thg vertex portions 7
increases, and therefore, the amount of transfer 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.

Furthermore, the warp of the circuit board 19 in

the case where the semiconductor element 1 is connected to

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

amount of transfer of the conductive adhesive 18, and
therefore, the increase in amcunt of transfer as described
above allows the amount of absorptiorn 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
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

electrode 20 can be increased and the connection resistance
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value can be suppressed to a low value.

It is to be noted that, by virtue of the

formaticn of the first protrusion 40 and the second

protrusior. 50 at the bump 300, the flat surface 3la may not
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
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
3la 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
end 52. Accordinély, 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

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. 8B. In other
words, in the case where the other ena 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 boaxrd 21 so that the dimension of
the gap between the flat surface 2ia 6f the bocard 21 and
the other end 52 becomes not greater than the above-
mentioned gap V.

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

The other end 52 of the second protrusion 50 at
the bump 300 formed as described above can be corientated 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
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

a bump 310 as shown in Fig. 10. Further, the portion which
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belongs to the wire 10 and extends beyond the extension
line of the outer end surface 1b is denoted by an outwardly
protruding portion 53.

By thus orientating the other end 52 to the
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
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
virtue of the provision of the second protrusion S50 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
ghown 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

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

Furthermore, the second protrusion 50 of the bump

310 has the outwardly protruding pertion 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 éan be made higher and the connection
registance value can be made lower.

Furthermore, in a semiconductor device 610 in
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
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
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

the bump 310 is mounted on the circuit board 1S in the
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face-down mounting manner, the outwardly protruding portion
53 is protruding from the outer end .surface 1b of the
periphery of the semiconductor element 1. Therefore, the

portion in which the bump 310 is connected to the electrode

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
camera 25 and a visual tester 26 connected to the camera 25
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 wh_j._ch
the outwardly protruding portion 53 is connected to t;.he
electrcde 20 by the camera 25, taking in the image into the
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,
a contact probe 26 can be brought in .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

the state of connection of the bump 310 to the electrode 20
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of the «circuit board 19 cr the operatlion of the
semiconductor 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
the gemiconductcr‘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
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
18 according to the description cf the above-mentioned
embodiment. However, as shown in Figs. 14A and 14B, solaer
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 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 31la. On the other hand, as shown in Fig. 144,

solder 28 is provided on the electrode 20 of the circuit
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board 19. Then, as shown in Fig. 14B, by aligning in
position the bump 300 of the semiconduétor element 1 with
the electrode 20 of the circuit board 19, bringing the flat

surfaces 3la of the bump 300 into contact with the solder

28 and heating the same, the two protrusions of the first

protrusion 40 and the second prctrusioﬂ 50 of the bump 300
are connected to the eléctrode 20 of the circuit board 19
via the solder 28.

By thus connecting the electrode 20 of the
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
connection reliability is improved. : Furthermore, the
connection area is increased and the coninection resistaﬁce
value is reduced.

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

| As described in detail above, according to the
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 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 cornecting the
semiconductor element to the circuit board.

Furthermore, according . to thé 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. Wwith 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 element 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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improvement of the connection strength and the connection
reliability and the reduction and stabilization of the
connection resistance value as describéd above and allows
the semiconductor.device to be tested by means of the
secopd protrusion 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
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
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.
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WHAT IS CLAIMED .IS:

1.

electrode

5 electrode

dowvnward;

10

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

forming a ball bond portion (115) on an IC
(L04) by a wire bonding apparatus;

moving u; a bonding capillar§ (113f;

moving the bonding capillary sideway and then

bonding a wire (101} 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 ball bond portion by presetting a descent

position of the bonding capillary to a position higher than

a ball bond forming position.

15 2.

electrode

electrode

20

downward;

A method of forming a bump electrode om an IC
comprising:

forming a ball bond portion (115) on an IC
(104) by a wire bonding apparatus;

moving up a bonding capillar§ (113);

moving the bonding capillary sideway and then

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

25 except for the ball bond portion by setting a chamfer angle
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(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.

3.

electrode

electrode

downward;

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

forming a ball bond portion (115) on an IC
{104) by a wire bonding apparatus;

moving up a bonding capillary (113);

moving the bonding capillary sideway and then

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

diameter

(109) of the bonding capillary greater than a

diameter of the ball bond.

4,

electrode

electrode

downward;

[

eet Has Been

T \l\l

i

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

forming a ball boend portioh (115) on an IC
(104) by a wire bonding apparatus;

moving up a bonding capillary (113);

moving the bonding capillary sideway and then

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

cutting the wire, the wire being prevented from.

THIS SHEET HAS BEEN |
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coming in contact wiﬁh a periphexry of the ball bond portion
except for the ball bond portion by making a tip end
portion of an outef radius portion of the bonding capillary
have a tapered thickness for concentrétion of a cutting'
5 force in a wire cutting stage. ‘
5. A meth_od of forming a bump electrt;de on an IC
electrode comprising:
forming a ball bond portion (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 kall bond pecrtion; 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 bending capillary (113};

25 moving the bonding capillary sideway and then
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downward;

" bonding a wire (101) to a ballhbond portion; and

cutting the wire, the wire being prevented from

coming in contact with a periphery of the ball bond portion
except for the ball bond portion by bringing the bonding
capillary in contact with 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
bended 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
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,

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

unmelted portion of said wire and extended from said first

i
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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 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,
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. -
10. A semidonduétor element as claimed in Claim 8 or
9, wherein

said formed portion has a base portion (421)
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

said formed portion.

_
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12. A semiconductor element as claimed in any of
Claims 8 through 11, wherein said secondﬁprotrusion extends
toward an outer end surface side of said semiccnductor
element without exceeding said outer end surface.
13. A semiconductor element as ﬁlaiméd 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
Claims 8 through 13, wherein said first protrusion and said
second protrusion have respective flat surface portions
(31a) at the vertex portions of the proﬁrusions.
5. 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 ‘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
element by the method defired in any ome of Claims 1-§,
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

_electrode; and
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forming a second protrusion (50) which is formed
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) 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 bondéd to said électrode
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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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.

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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24. A method of fabricating a semiconductor element
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 (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 a semiconductor element by tkhe
fabricating method of any of Claims 16 .through 24;

pfoviding a conductive adhesive at each of said

irst protrusicn 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: |

fabricating a semiconductor element by the
fabricating method as claimed in Claim :23,-

providing a conductive adhesive at the vertex
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

checking the performance of electrical connection
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between said bump and said electrode for a good-ér-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).

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 based on pick-up image infcrmation
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
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, wherxein confirmation of operation of
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 (31a) is formed at the.vertex portion of

each of said first protrusion and second protrusion before
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said conductive adhesive' is provided, and then said
conductive adhesiﬁe is provided on .the flat surface
portion. '
31.- A method of fabricating a semi:_conductor 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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