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SPECIFICATION· 

TITLE OF THE INVENTION 

2 0 0 0 0 7 3 7 1 - .8 4 

1 2 DEC '2000 

·SEMICONDUCTOR ELEMENT, SEMICONDUCTOR ELEMENT 

FABRICATING METHOD, SEMICONDUCTOR DEVICE, AND 

SEMICONDUCTOR DEVICE FABRICATING METHOD 
' 

BACKGROUND OF THE ~NVENTION 

The present invention relates to a semiconductor 

element in which a bump is formed on an electrode of the 

semiconductor element by a ball bonding method or the like 

1.0 using a metal thin wire (wire), that is, a method of 

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

1.5 

.fabricating :.the semiconductor element, ·a semiconductor 

device fabricated with the semiconductor element and a ·· 

method of fabricating the semiconductor device. 

In rece~t year~, . el~ctro:ni.c_ -~qtl_iplll.e11t ... :tl?.-.!3 ____ ;>~-~~-. 

develop.ed to have a compact size, a light weight and a high 

function,·· and this has ·also required electroni.c components 

to have a .compact size, a light weight and a high function. 

From this point of view, in regard to a method of forming 

20 a bump electrode on an IC electrode relevant to the present 

invention, a mounting method by means of a wire bonding 

technique is used. 

The method of forming a bump electrode on an IC 

electrode by the aforementioned prior art wire bonding 

25 technique will be· described below with reference t9 the 
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dre)l.wings . 

. Figs. =!- 7A-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 

5 electrode 104 on ~.board 170, a ball bond portion 105 and 

a bump electrode 106. 

The.method of forming the bump electrode on the 

IC electrode will be described next. 

In Fig. 17A, the Au ball 102 formed at the ~ip 

10 end of the Au wire 101 is supplied onto ·the IC electrode 

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

104. by the : bonding. capillary 103. · -Subs_equently, · the 
' bonding capillary 103 moves up, sideway and· then downward, · 

thereby connecting the Au wire to the ball bond· portion 105 

15 · as shown in Fig .... 3:- 7C. Subsequently, the cap~llary-. 103 

moves tip and cut the Au wire 101, thereby forming a bump 

electrode as shown in Fig .. 17D. 

That is, the above ope!ation is described below 

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

20 element by.a prior art ball bonding method and a method of 

connecting the semiconductor element provided with the bump 

are disclosed in United States Patent No. · 4661192. The 

methods will be described. 

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

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

.... · . ·.: : .. : . 
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a discharge electrode to the tip end lOla of a wire 101 

protruding from .the tip· end of a capillary 103~ By the 

application of this high voltage, the wire 101 comes to be 

increased in temperature and melted from the tip end 101a 

5 whil~ a discharge 9urrent is flowing between ~he torch 160 

and the. wire tip end 101a, so that a ball-shaped melted. 

portion as shown in Fig. 18B is formed. After the ball 102 

is formed, the capillary 103 is moved down to the 

semiconductor element side, so that the ball 102 is made to 

10 abut against an electrode 104 of the semiconductor element 

170. By further moving down the capillary 103 with respect 

to the ball 102 that ha~ abutt~d against the el~ctrode 104, 
. . 

the ball 102 is bonded to the electrode 104 and the ball 

102 is formed by the tip end portion 103a of the capillary 

15 .103, .. ~O tha.t a b:i.imP .. b.?.-s~ .Po;r:ti9p. ... a as shown .if:l .. F:!-g .. ;i..sc is 

farmed." Next, as shown in Fig. 18D, by moving up the 

capillari 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 vicin.ity of· 

20 the bump base portion 8, thereby forming a bump 30 on the 

25 

electrode 104 of the semiconductor element 170. 

Consequently, a protruding portion 3 Oa is formed 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 oh the electrode 104, as shown in Fig. 19A, 

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

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

flat surface 31a formed by flattening the protruding 

5 portion 3 Oa is for~ed. _Subsequently, as shown. in Fig. 19B, 

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

contact with a conductive adhesive 18 formed on a stage 41, 

thereby transferring the conductive adhesive 18 onto the 

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

10 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· to the electrode ··20 .. for the 

15 · achievement of electrical connect"ion between ·.the 

semiconductor element 170 and the circuit board·19. 

· However, according to the bump electrode farming 

method as described above~ the Au wire 101 comes in contact 

with the IC electrode portion 194 when the Au wi~e 101 is . . 

20 cut by the capillary 103. Consequently, as shown in· Fig. 

_20A and 20B, the electrode 106a, 106b exhibits an abnormal 

shape and an IC electrode material adheres to the tip end 

of the Au wire 101, causing the issue that the Au ball 102a 

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

25 SUMMARY OF THE INVENTION 
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In view of the aforementioned issues 1 the present 

invention has an object to provide a method of. forming a 

bump electrode on an IC electrode causing no abnormality in 

the shape of the electrode. 

In acco~plishing these and other aspects, 

according ·to a f°irst aspect of the present invention, there 

is provided a method of forming a bump electrode on an IC 

electrode comprising: forming a ball bond portion on an IC 

electrode by a wire bonding apparatus; moving up a bond~ng 

10 capillary; moving the bonding capillary sideway and then 

downward; bonding a wire to a bail bond portion; and 

c~tting the wire, the wire be.ing prevent.ed from coming in·· 

contact with a periphery· of the ball bond portion except · 

for the ball bond portion by presetting a descent position· 

15 · · of the bonding capillary to a _position higher than a ball 

bond forming position. 

·. According to a second aspect of the present 

invention, there is provided a method of forming a bump 

el~ctrode on an IC electrode comprising: forming a ball 

20 bond portion on an IC electrode by a wire bonding 

apparatus; moving up a bonding capillary; moving the 

bonding capillary sideway and then downward; bonding a wire 

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

being prevented from coming in contact with a periphery of 

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

... ' ~ ~ . .... _ _. :'· 

-···· .· .. ··.·· 
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se'l;:ting a chamfer angle of the bonding capillary not 

greater than 90 degrees making the ball bond porti~n have 

a height greater than a diameter of the wire. 

According to a third aspect of the present 

5 invention, there ~s provided a method of forming a bump 

electrode on an IC electrode comprising: forming a ball 

bond· portion on an IC electrode by a wire bonding 

apparatus; moving up ·a bonding capillary; moving - tJ:ie 

bonding capillary sideway and then q.ownward; bonding a w~re 

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 f o~ the ball bond portion by 

setting a chamfer diameter of the bonding capillary greater · 

than a.· diameter of the ball bond. 

1.5 . ~cc_ording to a fourth aspect of the P:r~~s~nt .. 

invention, there is provided a method of forming a bump 

electrode on an IC electrode comprising: for~ing a ball 

bond portion on an IC electrode by a wire bonding 

apparatus; moving up a bonding capillary; movi~g the 

20 bo;riding capillary sideway and then downward; bonding a wire 

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

being prevented from coming in contact with a periphery of 

the ball bond· portion except for the ball bond portion by 

making a tip end portion of an outer radius portion of the 

25 bonding capillary have a tapered thickness for 

'•·;·".-:.····:···.A 
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concentration of a cutting force in a wire cutting stage. 

According to a fifth aspect of the p~esent 

invent·ion, there is provided a method of forming a bump 

electrode on an IC electrode comprising: forming a ball 

5 bond portion on an IC electrode ,by a wire bonding 

apparatus; moving up a 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 

10 the ball bond portion except for the ball bond portion by 

setting an angle so that an outer radius portion of the 

bon<;iing capillary is. brought in uniform contact with a 

slope of the ball bond portion. 

According . to a s·ixth aspect of · ·the . present 

15 · invention, . there is proyided. a method of forming a bump 

electrode on an IC electrode comprising: forming a ball 

bond portion on an IC electrode by a wire bonding 

apparatus; moving up a bonding capillary; moving the 

bonding capillary sideway and then downward; bonding .a. wire 

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

being prevented from coming in contact with a periphery of 

the ball bond portion except for the ball bond portion by 

bringing the bonding capillary in contact with the wire 

above a center portion of the ball bond portion. 

25 According to a seventh aspect of the present 
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invention, there is provided a semiconductor element in 

which the one bump electrode having two protrusions is 

bonded to the IC electrode on a circuit forming surf ace of 

a ~emiconductor element by the method defined. in any one of 

5 the first to sixth aspects, and said two protrusions are 

brought in contact with or put close to one electrode on 

said circuit board when the s'emiconductor element is 

mounted on the circuit board. 

According to an eighth aspect of the present 

10· invention, there is provided a semiconductor element in 

which the bump electrode is bonded to the IC electrode on 

. a circuit forming surf ace of a semiconductor e~ement by the 

method defined in any one of the first to sixth aspects, 

said bump comprising: a first protrusion which. is comprised 

·15 · _of a portiqn formed. by one~ melting and SC?li~i:fy?-ng a_ wire 

and its· periphery and is bonded to said electrode; and a 

second protrusion which is farmed of an unmel ted. portion of 

said wire and extended from said first prot+usion beyond a 

plana~ area defined by projecting said first protrusion on 

20 said electrode to a height ·approximately equal ·to that of 

said first protrusion with respect to said ele.ctrode, 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 

25 mounted on the circuit board. 
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According to a ninth aspect of the present 

invention1 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 

5 melted portion of said wire by a capillary and solidifying ' . . 

10 

the same and a wire material portion which is comprised of 

the wire in a vicinity of said melted portio~1 extended 

from a vertex portion ·of said formed portion downwardly ?f 

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 the eighth or ninth a~pect, wherein· said for~ed· 

portion has a base portion bonded to said electrode and a 

protruding portion.provided upright on said base portion. 

15 · ~ccording to an eleventh aspe~t of t~e prese~t 
. . 

invention, there is provided a semiconductor element as 

defined in the ninth aspect, wherein said wire material 

portion extended downwardly from said vertex portion is 

bonded to said electrode, instead of said formed portion.· 

20 According to a twelfth aspect of the present 

invention, there is provided a semic.onductor ·element. as 

defined in any of the eighth through eleventh aspects, 

wherein said second protrusion extends toward an outer end 

surf ace side of said semiconductor element without 

25 exceeding said outer end surface. 
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According to a thir~eenth aspect of the present 

invention, there .. is prov.ide9, a semicon_ductor element as 

defined in any of the eighth through eleventh aspects, 

wherein said second protrusion extends outwardly of said 

5 semi?onductor elem~nt beyond an outer end surface of said 

semiconductor· element. 

According to a fourteenth aspect o~ the prese_nt 

invention, there is provided a s·emiconductor element as 

defined in any of the eighth through thirteenth aspect.s, 

10 wherein said first protrusion and said second protrusion 

have respective flat surface portions at the vertex 

portions of the protrus~ons. 

Accordinsr :to a fifteenth aspect of. the present 
. . 

invention, there is provided a semiconductor device in 

15 _which an el~ctrode on a circuit board and s~id_ bump. of::-the 

semiconductor element as defined in any of the seventh 

through fourteenth aspects are electrically connected to 

each other. 

According to a sixteenth aspe~t of the present 

· 20· invention, there is provided a method of fabricating a 

semiconductor element in which the bump electrode .is bonded 

to the IC electrode on a circuit forming surface of the 

semiconductor e·lement by the method defined in any one of 

the first to sixth aspects, comprising: forming a first 

25 protrusion which is comprised of a portion formed by 
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so~idifying a melted portion of a wire and its periphery 

and is bonded. to said electrode; and forming a second · 

protrusion which is formed of an unmelted portion of said 

wire and extended from said first protrusion beyond a 

5 planar area defin~~ by projecting said first protrusion on 

said electrode to a heig~t 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 electro?e 

10 on said circuit board when the semiconductor element is 

mounted on the circuit board. 

· Ac.cor<?-ing to a· se:venteenth aspect of the present 

invention, there i's provided a method of fabricating ~ 

semiconductor element as· defined.in the sixteenth.aspect, 

15 · wherei·n said first P:t"<.?.t:-~sion is formed by f?rming -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 of the vertex portioz:i. and bonding the wire to 
- . .. 

20 said formed portion, consequently forming a wire material 

portion. 

According to an eighteenth aspect of the present 

invention, there is provided a method of fabricating a 

semiconductor element as defined in the seventeenth aspect, 

25 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 ~s provided a method of fabricating a 

5 semiconductor element as defined in the seventeenth or 

eighteenth aspect, wherein, after the formation of said 

formed portion, said wire continued to said formed portion 

is bonded after said capillar}r describes an approximately 

rectangular shape in a plane parallel to a vertical 

10 direction above said formed portion when said first 

protrusion is formed. 

According to a 20th aspect of· th~ present· 

invention, there is provided· a method of fabricating a 

semiconductor.element as defined in any of tlie sixteenth 

15 . through nin~teenth as.pects, wherein, a reg~on of said wire 

recrystallized by heat has a length extending to an end of 

said second protrusion when said melted port~on is formed. 

According to a 21st aspect of the present 

invention, there is provided a method of fabricating a 

20 semiconductor element as defined in the 20th aspect, 

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. 

25 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 

protrusion ext·ends to the peripheral side of said 

5 semiconductor ele~ent when said second protrusion is 

formed. 

According to a 23rd aspect of the present 

invention, there is provided a method of fabricating .. a 

semiconductor element as defined in any of the 16th thr01.~gh 

10 21st .aspects, 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. 

According to a 24th aspect of the present 

1.5 invention, there is provi_ded . a method of fabricatiI'lg a 

semiconductor element as defined in any· of the 1.6th through 

23rd aspects, wherein a bump having said first protrusion 

and second protrusion is formed, and thereafter a flat 

surf ace portion is formed at a vertex portion of each of 

20 said first protrusion and second protrusion. 

~ccording to a 25th aspect of the present 

invention,. ·there is provided a method of fabricating a 

semiconductor device comprising: fabricating a 

semiconductor element by the fabricating method of any of 

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

protrusion; and _electrically conne.cting said bump of the 

semiconductor element to an electrode on the circuit board. 

According to a 26th aspect of the present 

5 invention, there ~s provided a method of fabricating a 

semiconductor device comprising: fabricating a 

semiconducto·r element by the fabricating method as defined 

in the 23rd aspect; providing a conductive. adhesive at the 

vertex portions of each of said first protrusion and second 

10 protrusion; electrically connecting said bump of the 

semiconductor element to an electrode on the circuit board; 

and checking the performance . of electrical connection 

between said bump and s~l.d electrode for a good-or-bad test 

by picking up an image of an-outwardly protruding portion 

15 . exte~ding <?utwardly of said ·semiconducto_r el~ment . _b~yond 

th~ periphery of said semiconductor element by means of an 

image pick-up device. 

According to a 27th aspect of the present 

invention, there is provided a method of fabricat:;.ing a 
. . 

20 semiconductor device as defined in the 26th aspect, wherein· 

25 

said good-or-bad test of said electrical corinection 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. 

According to a 28th aspect of the present 
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inyention, there· is provided a method 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 

5 element by electri~ally 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 

1.0 semiconductor device as defined in the 28th aspect, wherein 

confirmation of operation 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 

1.5 · semiconductor .device as_ ~~~ined in c.i-ny of_ the 25'f:h _thro':lgh 

29th aspects, wherein a flat 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 provi~ed on 

20 the flat surface portion. · 

According to a 31.st aspect of the present 

invention, there is provided a method of fabricating a 

semiconductor device as defined in any of the 25th through 

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

25 conductive adhesive. 
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With the above-mentioned arrangement of the 

present invention, th~_· wire does not come in contact with 

the periphery of the ball bond portion except for the ball 

bond portion when· the wire is bonded to the ball bond 

· 5 portion, so that a 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 cl,ear from the following 

10 description taken in conjunction with the preferred 

embodiments thereof with reference to the accompanying 

drawings, in which: 

Figs. 1A, 1B, and 1C are sectional views showing 

a method of farming a bump electrode on an IC electrode 

15 according to an embodiment of the prese~t invention; . 

Figs. lD is a sectional view showing the method 

of farming the bump electrode on the IC electrode according 

to the embodiment of the present invention; 

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

20 in the ·embodiment; 

25 

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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sh~pe of a bump formed on a semiconductor element according 

. to a seventh. embodiment of the present invention; 

Figs. SA, SB, SC, SD, SE, and SF are views for 

explaining the operation of forming the bump as shown in 

5 Fig. 7; 

Fig. 6 is a flowchart of a fabricating process of 

a bump provided for a semiconductor element according to an 

eighth embodiment of the present invention; 

Fig. 7 is a side view showing another example of 

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

1S 

Figs. SA, SB, SC, and SD are views for· explaining 

·a p~ocedur~ for forming a semiconductor . d~vice by 

connecting a semiconductor· eleme.nt 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 bump and the amount of. 

transfer"of a conductive adhesive transferred to the bumpi 

Fig. 10 is a side view of the-bump shown in Fig. 

7 at which the other end of the second protrusion is made 

2 o to protrude from an end surface of the semiconductor 

element; 

2S 

Fig. 11 is a flowchart of a process for 

fabricating a semiconductor devi~e with the semiconductor 

element of a ·ninth .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 

5 semiconductor eiement 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 s·ol~er in fabricating a semiconductor 

device with a semiconductor element of a tenth embodiment 

10 of the present invention; 

Fig. 15 is a view showing the case where the 

other end of the second protrusion is not extended to the 

height of the. first protrusion in the bump shown in Fig. 7 ;_ 

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

15 surface is formed on the bump ~ho~ in Fig. 15 by means of 

the board; 

20 

Figs. 17A, 17B, 17C, and 17D are sectional views 

showing a prior art method of forming a bump electrode on 

an IC electrode; 

Figs. 18A, 18B, 18C, and 18D are views for 

explaining the operation of forming a prior art bump; 

. 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 

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

showing an abnort:nal shape of· a bump electrode .formed on an 

IC electrode. 

5 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

10 

Before the description of the present invention 

proceeds, it is to be noted that like parts are designated 

by like reference numerals throughout. the accompanying 

drawings. 

First, before pref~rred embodiments of the 
.. 

present invention is described, schematic aspects of the 

present invention are briefly described.below~ 

According.to an aspec~ of the present invention, 

there is provided a .bump electrode forming method 

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

by a wire bonding appar~tus (e .. g. a capillary driving 

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

capillary sideway and then downward; bondi-ng an· Au wire to 

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

20 being prevented from coming in contact.with the periphery 

of the ball bond portion except for the ball bond portion 

by presetting a descent position of the bonding capillary 

to a position higher than a ball bond forming position. 

With this arrangement, the Au wire can be prevented from 

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

According to an aspect of the ~resent invention 1 

there is provided a bump electrode forming method 

comprising: forming a ball bond portion on an IC electrode 

· 5 by the wire bonqing apparatus; moving up a bonding 

capillary; moving the bonding capillary sideway ~nd then 

downward; bonding an Au wire to a_ b~ll bond portion; and 

cutting the Au wire, the Au wire being prevented from 

coming in contact with the periphery of the ball bond 

1.0 portion except for the ball bond portion by setting a 

chamfer angle of-the bonding ·capillary not greater _than 90 

degrees m~king the ball bond portion have a height greater . . . . . 

than the diameter of the Au wire. With this !3-rrangement, 

the height of the ball bond port-ion is set high, so that 

l.5 . the Au wire can be p:r;evented from coming in contact with 

the electrode portion when the Au wire is cut by the 

bonding capillary. 

According to an aspect of the present invention, 

there is provided a bump electrode forming method 
. . 

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

by the ~ire 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 

2 5 coming in contact with the periphery of the ball bond 



... - .......... ·--···-·-~·---· -·---·-······ -··-

- 21 -

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 

· 5 wire can be pre~e~ted from comi~g in contact with the 

electrode portion when the Au wire is cut by the bonding 

capillary. 

According to an aspect of the present invention, 

there is pro~ided a bump electrode forming method 

10 compris~~g: forming a ball bond portion on an IC electrode 

by the wire bonding apparatus; moving up a bonding 

capillary; mo~ing the .b?nding capillary sideway and then 

downward; bonding an Au wire to a ball bond portion; and 

cutting the Au wi:r:e,· ·the Au wire being prevented from 
. ·-

15 . coming in contact with the pe::r:-iphery of the ba_l_l bond 

portion- except for the ball bond portion by making a tip 

end portion of an outer radius portion of the bonding 

capillary have a tapered thickness for concentration of a · 

cutting force in an Au wire .cutting stage. With. this 
. . 

20 arrangement, the Au wire. is cut by a small cutting force, 

so that the Au wire can be prevented from coming in contact 

with the electrode portion in the cutting stage. 

According to an aspect of the present invention, 

there is provided . a bump electrode forming method 

25 comprising: forming a ball bond portion on an IC electrode 
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by the wire bonding apparatus; ~oving 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 

5 coming in contact with the periphery of the ball bond 

portion except for the ball· bond portion by setting an 

angle so that an outer. radius port~on of the bonding 

capillary is brought in .uniform contact with a slope of the 

ball bond portion. With this arrangement, the effect of 

io bringing the bonding capillary in contact with the Au wire 

is improved, so that the Au wire can be cut in a stabilized 

stat-e. 

According to an aspect of the present invention, 

there is provided a bump electrode ·forming method 

is 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 

2 O coming in contact with the periphery .. of the ball bond 

portion except for the ball bond portion by bringing the 

bonding capillary in contact with the Au wire above a 

center portion of ·the ball bond portion. With this 

arrangement, the bonding capillary can bond and cut the Au 

25 wire in a stabilized state. 
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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 

5 a bump electrod~. , forming method according to a first 

embodiment of the present invention, where an Au wire 101 

10 

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. 1A-1C are shown the Au wire 101 as one 

example of a wire, a bonding capillary 113, an IC electrode 

104 and the pal"l bond portion ·115 .. 

The operation of the method of forming a bump 

electrode on the IC electrode will be described next with 

15 reference to Fig~ .. _;l~-:.'.!-G. ~~d. 2 .. 

Fig. 1A is a sectional view when the ball bond 

portion 115 is formed on the IC electrode 104 of the board 

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

the Au wire 101 is l;>onded to the ball bond portion .. 115 by 

20 the bonding capillary 113 located in a descent position, 

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

Fig. 2 is a sectional view of the bonding 

capillary 113, in which are shown a chamfer angle 107, an 

outer radius 108, a chamfer diameter 109, a face ang.le 110 

25 and a cone angle 111. 
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First 1 • the position. in height of the bonding 

capillary li3 in a ball bond forming stage is stored in the 

apparatus in Fig. lA1 and the position in height of the 

bonding capillary 113 when the bonding capillary 113 is 

5 moved down to bond the Au.wire 101 to the ball bond portion 

11.5 is preparatorily set to a position higher than the 

position in the ball bonding stage. 

As shown in Fig. 3A1 the capillary·113 is driven 

by a supersonic generating device 152 such as a voice coil 

10 in a capillary driving device 150 to minutely move up and 

down around a fulcrum 1.51. The capillary driving device 

150 is set on an.X-Y table 1.53.which is driven in X and Y 
•. ·. 

directions by ·motors 154 and 155. The operations of the 

motors 154 and 155 and · a driver 180 for driving the 

1.5 supersonic .. generating device 152 are controlled by a 

controller 181.. 

· The operation of the embodiment described above · 

will be described with the reference to Figs. 3A and 3B 

based on the ball bonding method. An or~inate axis of Fig. 
. . . 

20 3B shows movement (height) of z direction perpendicular to 

the X and Y directions and an abscissa axis thereof shows 

time of the operation of the embodiment. 

It is noted that the ball bonding method is .also 

described in detail in a seventh embodiment described 

25 below. In Fig. 3B, first, the controller 181 controls the 
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·mo~ors 154 and 155 so that the capillary 113 is moved to a 

torch 160.to form a ball at the lower ~nd of the wire 101. 

Then, the capillary 113 is moved to a first wire coordinate 

{X,Y,Z) as a reference position for forming a bump 

5 electrode 116 (bu~~) on the electrode .104 of the board 170 

by control of the controller 181 based on the data stored 

in a memory 182 of the controller 18i. The first wire 

coordinate is located ·just above the position of the 

electrode 104 in the Z direction. At this time, a clamp 

10 159 for clamping the wire 1 set 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 

15 f_irst ~tep __ (1) of Fig .. }~ _by the supers~:mic 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 

high~r to lower to prevent the capillary 113 from 

20 contacting the electrode 104 ·with such· a large ·force that 

damages it. That is, the capillary 113 is slowly moved 

down at a second step (2) for searching the electrode 104. 

When the capillary :J.13 contacts the electrode 104, the 

capillary 113 continues to descend until the driver 180 

25 detects a predetermined load from the capillary 113 by 
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de~ecting 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 

5 controls the dri~e~ 180 to apply supersonic vibration to 

.the capillary 113 with a first load to form a ball b~nd 

portion 115 _on the electrode 104 as shown in Fig. lA at a 

third step (3) . Then, after the formation of the ball bond 

portion 115, the capillary 11~ is moved up at a hig~er 

10 speed_ than the descending speeds of the second and third 

steps (2) and (3), at a fourth step {4). 

Then, at the start of a fifth ~tep (5), the clamp 

159 starts to ·clamps the wir-e 1 and continues to clamp it 

during a predetermined period of time. The capillary 113 

15 - is looped and moved down_ as; sh:own. in Fig ... SD at_ the ~ifth 

step (S') while the wire 1 is clamped by the clamp 159 for _ 

the period of time and after the period of time the wire 1 

is free from clamping. 

If necessary, correction of the movement 

20 amount{s) is performed by the controller 181 depending on 

the shape of the ball portion 115 or the like.at a sixth 

step (6). 

Then, at a seventh step (7) of searching the 

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

25 further moved down at a lower speed to prevent the 



- 27 -

capillary 113 from contacting the slope of the ball portion 

115 with such a large force that damages it. At that time, 

as described ab~ve, the lowest position in height of the 

capillary 113 when the capillary 113 is moved down to bond 

5 the wire 1 to the slope of the ball bond portion·115 is 

preparatorily set to the position higher than the lowest 

position in the ball bonding stage~ Accordingly, based on 

the preparatorily set position of the capillary 113, ·the 

movement amount of the capillary 113 in the Z direction is 

10 previously determined and stored in the memory 182. Thus, 

based on the stored position and movement amount data, the 

controller 1:01 controls the supersonic. generating devic;:e 

152 to descend the capillary 113 ·at the ·lower speed. In 

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

15 . port_i_°.17- ~-~5..'. th~ --~°-~~~ent -~~?.':1.1:~_s __ ()f the capillary 113. in 

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

115 are also previously determined and stored in the memory 

182. Thus, based on the stored position and movement 

amount data, the controller 181 controls the motors 154 and 

20 155. Whem the capillary 113 contacts the slope of the ball 

portion 115, the capillary 113 continues to.descend until 

the · driver 180 detects a predetermined ·load from the 

capillary 113 by detecting a current running through the 

driver 180~ After the detection, the driver 100· sends a 

25 second contact signal to the controller 181. Based on the 
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re~eption of the-second contact signal, the controller 181 

controls the driver 180 to apply supersonic yibration to 

the capillary 113 with a second load to co.nriect the wire 1 

to the slope of the ball bond portion 115 as shown in Fig. 

5 · :LB at ·.an eighth step (8) . After the connection of the wire 

1 to the slope of the ball bond portion 115, the capillary 

~13 is moved up while the clamp 159 does not clamp the wire 

1 at a ninth step ( 9 }··. After the ninth step ( 9) is 

completed and the clamp 159 clamps the wire 1 again, the 

10 capillary 113 is moved up to break the wire 1 and moved to 

a next coordinate (X,Y,Z) above the next electrode 104 at 

a tenth s_tep: (10) . Then, at an· eleventh step (11) , another 

ball is formed at the lower end of the wire 1 by the torch 

160. -Then, the first to eleventh steps _{1) through (11) 

15 · are :r:_-epeate_d on or above the next electrode 104. 

By thus presetting the descent position of the 

bonding ·capillary 113 to· a position higher than the 

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

prevented from coming in contact with the IC electrode 

20 portion 104 even when the Au wire ·101 i~ ·pressed by the 

capillary 113 when the Au wire 101 is cut by the capillary 

113. 

(Second Embodiment) 

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

25 107 of the bonding capillary 113 to.an angle of not greater 
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than 90 degrees,'the height of the ball bond.portion 115 is 

made greater tha:i;l the diameter of the Au wire 101. 

By thus setting high the ball bond portion 115, 

the Au wire 101 can be prevented from coming in contact 

5 with the electrod~_ .~ortion 104 when the Au wire 101 is cut 

by the bonding capillary 113. 

(Third Embodiment}· 

As shown in · Fig. 2, by making the chamfer 

diameter 109 of the bonding capillary 113 greater than t_he 

10 ball bond portion diameter, the ball bond portion 115 can 

be prevented from spreading outwardly in the ball bonding 

stage, thereby allowing the bonded state·of the Au wir~ 101 
. . 

to be stabilized. By thus stabilizing the bo~ded state of 

the Au wire 101, the Au wire 101 can be prevented from 

15 coming __ in c9ntact _·with the electrode. portion 104 when··the 

Au .wire 101 is cut by the bonding capillary 113. 

(Fourth Elnbodiment) 

As shown in Fig .. 2, by setting the thickness of 

the tip end portion of the outer radius portion 108 of the 

20 bonding capillary 113 to, for example, 10 µm or smaller and 

making it have a tapered shape, the putting force can·be 

concentrated on the tip end of the outer radius portion 108 

in cutting the Au wire 101. Since the Au wire 101 is cut 

by a small cutting force·as described above, the Au wire 

25 101 can be prevented from coming in contact with the 
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electrode portion 104 in the cutting stage. 

(Fifth·Em.bodiment} 

As shown in Fig. 1B, by setting the angle of the 

outer radius portion so that the outer radius port.ion of 

· 5 the bonding capillary 113 comes in uniform contact with the 

10 

15 

slope of the ball bond portion 115, the effect 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 Embodiment) 

As shown in Fig. 1B, by bringing the bonding 

capillary 113 ·in contact with the Au wire 101 above the 

center porti~:m of the slope of the ball bo.nd porti:~n ll!;i, 

the Au wire 101 can be bonded and cut "in a stapilized state 

· even when the Au wire contact is varied. 

With reference to Fig. lD, the preset descerit 

position of the bonding capillary 113 to the position 

higher than the ball bond forming position is determined as 

one example as follows. In Fig. lD, in order to prevent a 

lowest point D of the curved portion of the wire 101 from 

20 coming into contact with the electrode 104, a·point C where 

the outer radius portion 108· of the capillary 113 contacts 

the slope of the bump bond portion 115 should be maintained 

at a height of the sum of [(the· outer diameter of the wire 

10l)+a] from the surface of the electrode 104, where. a is 

25 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 (µm} of the 

point C f_rom the electrode 104 ·is actually found by an 

expression: C=-0.1*8+34, where 8 is a vertex angle (degree} 

of the bump bond portion 115 (=the chamfer angie 107 of the 

5 bonding capillary 113): For example, when 8 is 0°, C is 

34; when 8 is 70°, C is 27; when 8 is 80°, C is 26; and 

when 8 is 180°, c is 16. When ~=5µm, it is preferable to 

satisfy an expression: 8s90°. Actually, when the point C 

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

10 115, a distance :j3 between the center of the bump bond 

portion 115 and the center of the capillary 113 contacted 

on the slope; 9f· th~ b':lmp bon~ portion 115 should satisfy an 

express.ion: B=O. 5*A+4o, wh~re·. a distance A is a width of 

the bump bond portion 115 .. A relationship ·between the 

· 15 distance A and an outer diameter F of the ball 101a of .. the 

wire 101 should satisfy an expression: F{µm} =A{µm}-13.(µm). 

As an actual example, when 8 which is a vertex angle 

(degree} of the bump bond portion 115 {=the chamfer angle 

107 of the bonding capillary 113) ranges from 60° to 90° 

20 and the outer· diameter of the wire 1·01 is 25µm, the 

distance A·of the bump bond portion 115 is 80±5µm, the 

distance B between the centers of the bump bond portion 115 

and the capillary 113 is 80±2µm, and the height of the 

point C is 80±10µm. 

25 Although the material of Au is used as a bump 



- 32 -

electrode material in the aforementioned embodiments, the 

bump electrode material is not limited to Au, and the same 

ef·f ect can be produced in .the case of another metal . 

As described above, by using each of the 

· 5 aforementioned methods, in the method of forming a bump 

electrode on an IC electrode.comprising: forming a ball 

bond portion on an IC electrode by a wire bonding 

technique; ·moving up a bonding capillary; moving the 

bonding capillary sideway and then downward; bonding an Au 

10 ·wire to a ball bond portion; and cutting the Au wire, the 

Au wire does not come in contact with the periphery of the 

ball bond poFtion except for the ball .~and portion~ This 

arrangement is able to prevent the Au wire bonding 

conditions caused by the contact of the Au wire with a 

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

electrode portion from becoming unstable and prevent the 

possible ·. occurr~nce of an abnormal shape of the bump 

electrode caused by the adhesion of the IC electrode 

material to the Au wire, thereby allowing a bump electrode 

20 to be formed on an·Ic electrode with high quality and high 

.accuracy. 

(Seventh Embodiment) 

A semiconductor element according to a seventh 

embodiment of the present invention, a semiconductor device 

25 employing the semiconductor element as well as a method of 
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f a}?ricating the, semiconductor element and a method of 

fabricating the semiconductor device will be described 

below with reference to the drawings. It is to be noted 

that the same constituent members are denoted by the same 

s reference numeral_s ._in each figure. 

The above-mentioned semiconductor element will be· 

described first. 

One bump is bonded onto each electrode 2 on·a 

circuit forming surface la of a semiconductor element ~· 

10 In the semiconductor element 1 of the seventh embodiment, 

a bump 3 having two protruding portions of a first 

·protrusion 4:0 and· .a secon<t protrusion_ SO 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 

lS · all the electrodes 2 of the semiconductor element 1. ·-The ., .. .. .... - . ...• .... . ............. . 

second ··protrusion SO extends beyond a planar a;rea III 

defined by projecting the first protrusion 40 on the 

electrode 2, and the other end S2 which is a terminal end 

portion of the second protrusion SO extends from one end 51 

20 to a height approximately equal to that of the vertex 

portion 41 of the first protrusion 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 

2S vertex portion 41 of the first protrusion 40. Fig. 15 
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shows the case w~ere the other end 52 extends in height to 

a position located approximately halfway between the 

position in height of the one end 51 and the position in 

height" of the vertex portion 41 of the first protrusion 40. 

The other end 52 of the second protrusion 50 
.. ".· 

comes in contact· with no adjacent ·electrode 2 of the 

semiconductor·element 1. 

By thus providing the first protrusion 40 and the 

second protrusion 50 at one bump 3, the area of the verte~ 

10 ·portions 7 of the bump 3 can be increased, and as described 

in detail later, the connection area when connecting the 

above-mention~d bump 3 to the elect;-ode of the circuit 

15 

20 

~ . . - . . 

board by means of a conductive adhesive can be increased, 

so that the connection resistance .value can be reduced. 

Furthermore, the amount of transfer of the conductive 

adhesive, onto the bump 3 can be increased, and this 

eliminates, the possible occurrence of a defective 

electrical conduction, allowing the connection reliability 

to be improved. 

The bump 3 of ·the above-mentioned type is formed 

approximately through the processes in Steps (each 

indicated by 11 8 11 in the figure) 1 through 3 as shown in 

Fig. 6, mostly in accordance with the ball bonding method. 

That is, in Step 1, the length of a recrystallization 

25 region as described later is controlled by controlling the 
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discharge time, .thereby melting the wire io. In· Step 2, 

the first protrusion 40 is formed of the melted wire on the 
. . 

electrode 2 • In Step 3, the second ·protrusion SO is 

further formed. These operations will be described in more 

· s detail below. 

A~ shown in Fig. SA, a wire 10 which has a wire 

diameter of, for example, 2S µm and is made of· a material 

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

the tip end portion 9a of the capillary 9. It is to l;:>e 

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

the projection length in the prior art. The material of 

.the wir~ 10 is not limited to the above-men~ioned gold, and 

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

the like so long as the ball bonding method can be 

15 effected. Depending on the diameter _of __ the wire 10, bump 

dimensions such as a base diameter and a height can be 

changed according to the purpose. 

A high voltage is applied to the tip end portion 

l.Oa of the wire 10 similarly to the prior art, and as shown 

20 in Fig. SB, the tip end portion· lOa is melted by an 

electric discharge between a discharge electrode and the 

tip end portion lOa, thereby forming a ball 11. It is to 

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

by· the value of the application voltage, and the diameter 

2S of the ball 11 increases as the application voltage is 



·\; 

- 36 -

increased. In the ball 11 and a portion having a certain 

length 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 

· 5 the great crystal grain is. served as a recrystallized 

region 16, and its length VI becomes · 120 µm when the 

~ischarge 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 

10 the above-mentioned recrystallized region 16, there is 

formed a crystal grain interface· 15 at which the breaking 

strength of the wire 10. is weak .. For. the reason that the 

other end 52 of the second protrusion 50 is located at the 

crystal grain interface 15 or its vicinity, the length VI 

15 . of the recrystallized region 16 bec~mes an important factor 

for the formation of the second protrusion SO. The length 

.20 

VI of the ·recrystallized region 16 as ~escribed above can 

be controlled by the discharge time in which the electric 

discharge is effected. 

Next, as shown in.Fig. SC, the ball 11 formed at 

the tip end portion 10a of the wire 10 is bonded onto the 

electrode 2 of the semiconductor element 1 by means of a 

pressure, heat or supersonic vibration applied from the 

capillary 9. The shape of the formed portion 42 of ·the 

25 first protrusion 40 formed on the electrode 2 by the ball 
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11 formed by thu~ 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 

.5 having a two-step protrusion comprised of a base portion .. 
4.21 ·at which a shoulder portion 422 is formed and a 

protruding portion 42.4 provided upright on the base portion 

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

portion 421 of the above-mentioned type, due to tl}.e 

10 provision of the shoulder portion 422, the conductive 

adhesive is transferred only to the protruding portion 424 

in tr?-nsf~rri.ng the conductive adhesi:ve to the bump 30~,. 

and this produces the effect that the condu~tive ~dhesive 

can be prevented from spreading to the circu1t forming_ 

15 surface· la of the semiconductor element 1.by virtue of the 

shoulder, portion 422 and the base portion 421. It is to be 

noted th~t this bump 300 is taken as an example -in the 

following description. 

In the wire 10, a proximate portion 10b in. the 

20 vicinity of the ball 11 is subjected to looping by the 

capillary:9 as indicated by a course 14 in a plane parallel 

to the vertical direction above the base portion 421 as 

shown in Fig. SD. In Fig. SD, the distance of the movement 

of the capillary 9 is slightly exaggerated for the looping, 

25 and the looping is practically performed above a planar 
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area III of the base portion 421. It is to be noted that 

the planar area III has a dimension of about BO µm in the 

present seventh embodiment. 

By the last motion 14a of the movement of the 

above-mentioned looping, the proximate portion lOb 

continued to the protruding portion 424 extends downwardly 

from the vertex portion 41 of the formed portion 42; and as 

shown in Fig. SE, the proximate portion lOb is bonded to 

the peripheral portion 423 of the base portion 421 by 

pressure, heat or supersonic vibration. Thus the first 

protrusion 40 is formed. Therefore, the first protrusion 

40 is comprised of the formed portion 42 and the wire 
.. 

material portion 43 which has been formed of the proximate 

portion 19b, extended from the vertex portion 41 ·and bonded 

15 to the peripheral portion 423. The above-_mentioned looping 
. . 

is perfqrmed for the purpose of preventing the vertex 

portion 41· from falling to the semiconductor element side 

in accordance with the downward movement of the. proxirnat~ 

portion lOb from the vertex portion 41 of the formed 

20 · por.tion 42. 

·Next, a clamper 12 provided for the capillary 9 

clamps the wire 10 extending inside the capillary 9, and 

thereafter, the wire 10 bonded to the peripheral portion 

423 of.the base portion 421 is orientated upwardly with the 

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

... ·.r•·•":"• 
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torn off at the crystal g~ain interface 15 with the further 

elevation of the capillary 9. Thus the aforementioned· 

second protrusion 50 is formed. By the operation of the 

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

S second protrusion , 5 ~ extends beyond the aforementioned 

planar area II"I 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 protrusion 40. It is to be 

10 noted that the position of the crystal grain interface 15 

is controlled in the direction in which the wire 10 extends 

by controlling the aforementioned discharge .time ·as 

described above SO that the other end 52 I i • e o I the portion. 

approximately identical to the crystal grain interface 15 

15 · is arrangeq in height in .. a position 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 continued from the wire material 

20 portion · 43 of the first protrusion 40 to the second 

protrusion so in the aforementioned embodiments. However I 

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 

2S 51 of the second protrusion so to, for example,. the 

.... ··. . :· :.•." .. "':•_ ... · .. ~.-.... ~·":·~· 
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pe~ipheral portioi;i 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 
'· . 

direction with respect to the electrode 2 in the 

aforementioned embodiments. However, the looping may not 

be performed so long as the vertex portion 41 can be 

arranged in a position in the vertical direction without 

10 p~rforming the looping. 

The bumps 300 and 3 are each formed on the 

electrode 2:· of the semiconductor element· 1 in .: the 

aforementioned embodiments. However, the bumps 300 and 3 

may be each formed on the boards electrode on the circuit 

15 · board on which the semic9:p.duct<;>r element 1 is mount.ed ;. 

20 

25 

Next, the following will describe·the case where 

a semiconductor device is formed by mounting the 

semiconductor element 1 provided with the aforementioned 

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

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. ·aA, the vertex portions 7 of the first protrusion 

40 and the second protrusion so of the bump 300 are pressed 

5 against the flat .surface 21a of the board 21, thereby 

forming. flat surfaces 31a at the respective vertex portio·ns 

7. 

Next, as shown in Fig. BB, by bringing the flat 

surface side of the bump 300 in contact with the conductive 

10 adhesive 18 formed on the flat surfaces of a stage 41, the 

conductive adhesive 18 is transferred onto the first 

protrusion 49 and the second protrusion -SO. 

Next, as shown in Fig. SD, the bump 300 on which 

the conductive adhesive 18 has been transferred is aligned 

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

the first protrusion 40 and the second protrusion 50 of 

each bump 300 are fixed on the board electrode 20 by the 

conductive adhesive 18. Thus a semiconductor device 600 is 

20 

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. "'BC is ·increased. 

25 Further, by forming the flat surfaces 31a on the vertex 

. ···.·····.··.·;; 
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po;-tions 7. of the first protrusion 40 and the s"econd 

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 the vertex portions 7 

5 increases, and therefore, the amount of transfer can be 
• ; 11. 

increased by forming the flat surface 31a. In the above-

mentioned manner, the conductive adhesive 18 can be 

transferred onto the bump 300 by the height IV of 10 µm or 

greater as shown in Fig. SC. 

10 Furthermore, the warp of the circuit board 19 in 

the· case where the semiconductor element 1 is connected to 

the circuit : ~card ·19 is ab~orbed by the above-mentioned 
. . 

amount of transfer of the conductive adhesive ·1a, and 

th~refore, the increase in amount of transfer as described 

15 above allows the amou~t of absorption of the ~arp t~ be 

increased. Therefore, the specification of the warp at the 

portion in which the semiconductor element 1 is connected 

to· the circuit bo~rd 19 can be alleviated to 10 µm from the 

conventional specification of 4 µm, also allowing the 

20 circuit board 19 to be reduced in cost. 

Furthermore, the connection area of the bump 300 

and the board electrode 20 on the circuit board 19 as well 

as the amount of the conductive adhesive 18 are increased, 

so that the strength of connecting the bump 300 to the 

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

It is to be noted that, by virtue of the· 

formation of the first . protrusion 40 and the second 

protrusion 50 at the b~mp 300, the flat surface 31a may not 

5 be fqrmed.in the case where a sufficient amount of transfer . ~ ... 

of the conductive adhesive 18 onto the bump 3.00 can be 

assured without forming the flat surface 31a~ 

Furthermore, in the case where the other end 52 

of the second protrusion 50 is not extending to the height 

10 of the vertex portion 7 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 conta~ts the other end 52 as shown in 

Fig. 15, it is sometimes the case where the f·lat surface 

15 . 31a is. formed only on the vertex portion 7. of the f:i,.rst 

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

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 ~ransferred onto the other 
. . 

20 end 52. Accordingly, in the case where the other ·end ·52 of 

the second protrusion 50 is not extending to the height of 

the vertex portion 7 of the first protrusion 40 as shown in 

Fig. 15, a gap V between the flat surface 2la of the board 

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

25 pressed to the board side has a dimension such that the 

. ·.· ...... : 
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conductive adhesive 18 can be transferred to the other end 

5_2 when the bu~p 300 is brought in contact with the 

conductive adhesive 18 as shown in Fig. BB. In other 

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

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 of 

the gap between the flat surf ace 2la .of the board 21 and 

10 the other end 52 becomes not greater than the above-

mentioned gap V. 

A :direction in which the other end 52 · .of the 

second protrusion SO is orientated will be described next. 

The other· end S2 of.the second protrusion SO at 

15. the bump 300 formed as described above can be 6rientate.d to 

the peri~heral side of the semiconductor element 1, or as 

further shown in ·Fig. 10, the other end S2 can be also 

extended beyond an extension line of the ou.ter end surface 

lb ~f the periphery of the ~emiconductor element 1 .. It is 

·20 to be noted that the orientation of the other. end ·s2 is 

executed by the operation of the capillary 9. In regard to 

the bump 300, a bump at which the other end S2 is extended 

beyond of the extension line of the outer end surf ace lb of 

the periphery of the semiconductor element 1 is denoted by 

2S a bump 310 as shown in Fig. 10. Further, the portion which 
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be~ongs to the wire 10 and extends beyond the extension 

line of the outer end surface 1b is denoted by an outwardly · 

protruding portion 53. 

By thus orientating the other end 52 to the 

· 5 peripheral side of the semiconductor element 1, the other 
.. "• 

end 52 does not extend toward the adjacent electrode 2 in 

the semiconductor element 1. Therefore, the other end 52 

is not brought in contact or short-circuited with the 

adjacent electrode 2 when the conductive adhesive 18 is 

10 transferred to ·the bump 310. Therefore, the orientation of 

the other end 52 to the peripheral side of the 

·semiconductor element 1.can assure the amount of transf~r 

of the conductive adhesive 18 and prevent the possibie 

occurrence of the short circuit as described above by 

15 . virtue of the provision of the second protrusion 50 in 

addition to the first protrusion 40. 

·. Further, a semiconductor device can be also 

fabricated by forming the bump 310 on the electrode 2 of 

the semiconductor element 1 as described above in ~tep 11 

20 shown in Fig. 11 and connecting the bump ~10 onto the· 

electrode 20 of the circuit board 19 in a face-down 

mounting manner in Step 12. When fabricating the 

semiconductor device as described above, the other end 52 

is neither brought in contact or short-circuited with the 

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

Furthermore, the second protrusion SO o.f the bump 

· 310 has the outwardly protruding portion 53. For the above 

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

· 5 on the circuit board 19, its connection area is greater 

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

connection strength can be made higher and the connection 

resistance value can be·. made lower. 

Furthermore,.·· in a semiconductor device 610 in 

10 which the semiconductor element 1 having the bump 310 is 

connected to the circuit board 19, a test process for 

~esting the performance of the.electrical connection of the 

bump 310 to the electrode 20· on the ~ircuit b~ard 19 can be 

·provided as one fabricating process of the semiconductor 

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

be desc·ribed 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 s~ of the 

20 second protrusion·so is not protruding from the outer end 

surface ·1b of the periphery of the semiconductor element 1. 

Therefore, the portion in which the bump 300 is connected 

to the electrode 20 on the circuit board 19 cannot be 

visually checked. When the semiconductor element 1 having 

25 the bump 310 is mounted on the circuit board 19 in the 
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fa<;:e-down mounting manner, the outwardly pro~ruding portion 

53 is protruding from the· outer end surf ace lb of the 

periphery of the semiconductor element 1. Therefore, the 

portion in which the bump 310 is connected to the electrode 

5 20 on the circuit board 19 can be viewed via the outwardly 
'. 

protr~ding portion 53 and subjected to a visual test. 

Furthermore, it is .acceptable to automatically 

execute the above-mentioned visual test by means of a 

camera 25 and a visual tester 26 connected to the camera 25 

10 as shown in Fig. 12 . That is, the electrical connection. of 

15. 

the bump 310 to the electrode 20 can be checked for a good­

or-bad tes1; by picking up the ~mage of the po~tion in which 

the outwardly prot;ruding portion 53 is connected to ·the 

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

visual tester 26, and detecting the presence or absenc~ of 
;o 

the conductive adhesive 18 in the connection portion by 

means of' the visual tes.ter 26. 

Furthermore, in the semiconductor device 610 

~mploying the semiconductor element 1 having the bump 310, 

20 a contact probe 26 can be ·brought in contact with the 

outwardly protruding portion 53 or the conductive adhesive 

18 which covers the outwardly protruding portion 53 as 

shown in Fig. 13. The contact probe 26 is connected to a 

semiconductor element performa11:ce tester 27 which can check 

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

....... ·········..--; 
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of the circuit board 19 or the operation of the 

semiconductor element 1. Therefore, by executing, for 

example, a diode characteristic test, it can be checked in 

a short time whether the connection of the electrode 2 of 

· 5 the semiconductor element 1 to the electrode 2 0 of the . '· 
circuit board 19 is in a non-conductive state or short-

circuited. 

It is to be noted that the above-mentioned diode 

characteristic test is to test the diode formed in the 

10 c~rcuit of the semiconductor element 1 for the purpose of 

preventing an excessive current from flowing through the 

circuit of t:he semiconductor element 1. 

The connection of the bump to the electrode 20 ·of · 

the circuit board 19 is achieved by the conduct.ive. adhesive 

15 . 18 according to t~e descriptio_n o~ t::he:. _a~ove~me~ti_O.?-~d 

embodiment. However, as shown in Figs. 14A and 14B ~ solder 

20 

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· prot.rusion 

40 and the ~econd protrusion so_of the bump 300 of the 

semiconductor element 1 are provid.ed with respective flat 

surface.s 31a. On the other hand, as shown in Fig. 14A, 

25 solder 28 is provided on the electrode 20 of the circuit 
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bo~rd 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 solder 

5. 28 and heating the,, same, the two protrusions of the first 

protrusion 40 and the second protrusion so of the bump 300 

are connected to the electrode 20.of the circuit board 19 

via the solder 28. 

By thus connecting the electrode 20 of the 

10 circuit board 19 with the bump 300 having · the first 

protrusion 40 and the second protrusion 50 by means of 

soider, a solder fillet is formed. :_ By y~rtue of the 
. . . 

provision of this fillet, the strength against a stress 

effected on· the circuit board .19 is ·increased and the. 

15 -· ::o~ection re_l~abi~ity is imp!_oy~d..~ Furthermore, ··. the 

connection area is increased and the connection resistance 

value is ·.reduced. 

The bump having two protrusions is formed by the 

ball bonding method in the aforementioned embod~ment. 

20 However, it is a matter of course that a method capable of 

forming two protrusions on at least one bump can be used 

instead of the ball bonding method. 

As described in detail above, according to the 

semiconductor elements of the aspects as well as the 

25 semiconductor element fabricating method of the aspect of 

........ ·. -~·· ···:--; 
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th~ 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 

5 reliability can be made high and the connection resistance 
.. "· 

value can be made low and stable in connecting the 

semiconductor element to the circuit board. 

Furthermore, .. according to the semiconductor 

device of the aspect and the semiconductor device 

10 fabricating method of the aspect of the present invention, 

the semiconductor element having two protrusions at one 

bump, a~- described above, is used and the bump is connected 
. . . 

· to the board electrode of the circuit board. With this 

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

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

.20 

accordingly, the connection strength and the connection 

reliabil~ty of the semiconductor element and the circuit 

board can be made high and the connection resistance value 

can be made low and stable in the semiconductor device. 

Furthermore, according to the semiconductor 

device fabricating method of the aspect of the present 

invention, the end portion of the second protrusion is 

extended outwardly of the semiconductor element beyond the 

periphery of the semiconductor element at the bump having 

25 two protrusions. This arrangement of course enables the 
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improvement of the connection strength and the connection 

relj,ability and. the .reduction and stabilization of the 

connection resistance value as described above and allows 

the semiconductor device to be tested by means of the 

S second protru~io~ ~xtended outwardly of the semiconductor 

element. 

The entire disclosure of Japanese Patent 

Application No. 8-260645 filed on October 1, 1996, and No. 

8-289836 filed on October 31, 1996, including 

10 specification, claims, drawings, and summary are 

inc9rporated herein by reference in its entirety. 

Although the present invention has been f~lly 

described in connection with the preferred embodiments· 

.thereof ~ith reference to the accompanying drawings, it is 

15 · to be noted that· various changes and modifications-. are 

apparent to those skilled in the art. Such changes and 

modifications are to be understood as·included within the 

scope of the present invention as defined by the appended 
. 

claims unless they depart therefrom. 

..... 

-··· ··· ... •. 



52 
11111111111111111111111111 1111 

* C L M S * 
WHA.T IS CIAIMED IS: 

1. 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 a chamfer 

angle (107) of the bonding capillary not greater than 90 degrees making the ball borid 

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

2. A method offorming 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 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 

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: 

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 

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 

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 (1 b) 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 

(3 la) 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 electrode 

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

element by the method defined in any one of Claims 1-4, comprising: 

forming a first protrusion ( 40) which is comprised of a portion formed by 

solidifying a melted· portion of a wire and its periphery and is bonded to said electrode; 

and 

forming a second protrusion (50) which 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 into 

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, 

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 methc;>d 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 protrusion 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 

Claim20; 

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

protrusion and second protrusion; 
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electrically connecting said bump of the semiconductor element to an electrode 

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 m 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 s~cond protrusion before said conductive adhesive is 

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. 

. . . . . . . . . . . '. . . . . . . . . . 


