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(57) ABSTRACT 

The ball bump mainly includes a body and a protrusion. The 
protrusion is located at the upper of the body and essentially 
consists of a ?at upper surface With an annular inclination. 
The ?at upper surface and the annular inclination together 
de?ne the area for Wire bonding. The method of the forma 
tion of the ball bump of Wire bonding mainly comprises 
steps of: an end of a Wire held by a bonding machine is 
melted to form a ball; the bonding machine bonds the ball 
onto the bonding pad to form a ball bump; the bonding tool 
moves upWard a predetermined vertical distance and the 
clamp of the bonding tool is then opened; the bonding tool 
is moved a predetermined horizontal distance to reduce the 
connection part of Wire connecting to the upper of the ball 
bump for the convenience of Wire cutting; and this forms a 
protrusion on the ball bump consisting of a ?at upper surface 
With an annular inclination; the bonding tool is again moved 
upWard a predetermined vertical distance; and the clamp 
releases the Wire for the ball bump process Which folloWs; 
the clamp is closed to hold the Wire and is moved upWard to 
pull the Wire; and the Wire is out along the heat affected Zone 
and leaves a smaller tip on the ball bump. 
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STRUCTURE OF A BALL BUMP FOR WIRE 
BONDING AND THE FORMATION THEREOF 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention is related to the structure of 
a ball bump of Wire bonding and the formation thereof and 
more particularly to the formation of the ball bump With a 
bonding portion that provides a ?at upper surface for Wire 
bonding. 
[0003] 2. Description of the Related Art 

[0004] To avoid the destruction of the bonding pads during 
Wire bonding onto the bonding pad of the semiconductor 
device, the ball bump is arranged on the bonding pad in such 
a Way as to protect it. Although the ball bump protects the 
bonding pad directly from being struck, Wire bonding on an 
irregular upper surface of the ball bump increases the 
variability of results. Providing that a bonding machine uses 
the same set of Wire bonding parameters, an irregular upper 
surface reduces the quality and reliability of Wire bonding of 
the semiconductor device. 

[0005] The prior art of the US. Pat. No. 5,858,149, issued 
on Jan. 12, 1999 to Seo et al., discloses the structure of a ball 
bump and the formation thereof. As shoWn in FIG. 1, the 
chip 100 has a bonding pad 101. Abonding tool 110, located 
above the chip 100, holds a Wire 120 Which is melted to form 
a ball 121. As shoWn in FIG. 2, the bonding tool 110 strike 
the ball onto the bonding pad 101 of the chip 100 such that 
the bottom of the ball adheres to the bonding pad 101. Then, 
the clamp 111 of the bonding tool 110 is opened and the 
bonding tool 110 presses the ball bump 130. As shoWn in 
FIG. 3, the bonding tool 110 is moved upWard a predeter 
mined distance so as to reserve an appropriate distance of 
Wire 120. The clamp 111 is then closed to hold the Wire 120, 
and the bonding tool 110 is moved upWard to pull the Wire 
120. The ball bump 130 and the Wire 120 are cut along the 
heat-affected Zone and leave the ball bump 130 on the 
bonding pad 101. HoWever, the upper of the ball bump 130 
forms a tip 131 Whose height is determined by the heat 
affected-Zone of the Wire 120; so tip 131 varies in accor 
dance With the heat-affected Zone and increases the vari 
ability of Wire bonding. When the bonding tool 110 directly 
pushes the tip 131 in a horiZontal direction, this results in the 
collapse and shift of tip 131, and the irregular upper surface 
of the tip 131 increases the variability of the ball bump 130. 

[0006] The present invention intends to provide a structure 
for the ball bump Which includes a bonding portion on Which 
a ?at upper surface of uniform height is formed so as to 
reduce the variability of Wire bonding in such a Way as to 
mitigate and overcome the above problem. 

SUMMARY OF THE INVENTION 

[0007] The primary objective of this invention is to pro 
vide a structure of the ball bump for Wire bonding and the 
formation thereof, to form a ?at upper surface on the 
bonding portion of the ball bump for Wire bonding. By 
eliminating the irregularities in the structure of the ball 
bump, the quality and reliability of Wire bonding is 
increased. 

[0008] The secondary objective of this invention is to 
provide a structure for the ball bump of Wire bonding and the 

Sep. 20, 2001 

formation thereof, such that the tip of the ball bump on the 
?at upper surface of the bonding portion is smaller and more 
uniform in structure thus the regular structure of the ball 
bump increase the quality and the reliability of the Wire 
bonding. 
[0009] The present invention de?nes the structure of the 
ball bump of Wire bonding. The ball bump mainly includes 
a body and a protrusion. The protrusion is located at the 
upper of the body and essentially consists of a ?at upper 
surface With an annular inclination. The ?at upper surface 
and the annular inclination together de?ne the Wire bonding 
area. 

[0010] The present invention is a method for the formation 
of the ball bump for Wire bonding. The formation of the ball 
bump for Wire bonding mainly comprises steps of: the end 
of a Wire held by a bonding machine is melted to form a ball; 
the bonding machine bonds the ball onto the bonding pad to 
form a ball bump; the bonding tool is moved upWard a 
predetermined vertical distance and the clamp of the bond 
ing tool is then opened; the bonding tool moves a predeter 
mined horiZontal distance to decrease the connection part of 
Wire connecting to the top of the ball bump for the conve 
nience of Wire cutting, this creates a protrusion from the ball 
bump consisting of a ?at upper surface With an annular 
inclination; the bonding tool is again moved upWard a 
predetermined vertical distance, and the clamp is opened to 
release the Wire for the ball bump process Which folloWs; the 
clamp is then closed to hold the Wire and moved upWard to 
pull the Wire; the Wire is cut in the heat-affected Zone 
therefore leaving a smaller tip on the ball bump. 

[0011] Other objectives, advantages and novel features of 
the invention Will become more apparent from the folloWing 
detailed description and the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The present invention Will noW be described in 
detail With reference to the accompanying draWings herein; 

[0013] FIG. 1 is a side vieW of the ?rst step of ball bump 
formation in accordance With the prior art; 

[0014] FIG. 2 is a side vieW of the second step of ball 
bump formation in accordance With the prior art; 

[0015] FIG. 3 is a side vieW of the third step of ball bump 
formation in accordance With the prior art; 

[0016] FIG. 4 is a side vieW of the ?rst step of ball bump 
formation in accordance With the embodiment of the present 
invention; 

[0017] FIG. 5 is a side vieW of the second step of ball 
bump formation in accordance With the embodiment of the 
present invention; 

[0018] FIG. 6 is an enlarged vieW of the bonding tool of 
FIG. 5 in accordance With the embodiment of the present 
invention; 
[0019] FIG. 7 is an enlarged vieW of the bonding tool of 
FIG. 5 in accordance With the embodiment of the present 
invention; 

[0020] FIG. 8 is a side vieW of the third step of ball bump 
formation in accordance With the embodiment of the present 
invention; 
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[0021] FIG. 9 is a side vieW of the fourth step of ball bump 
formation in accordance With the embodiment of the present 
invention; 
[0022] FIG. 10 is a side vieW of the ?fth step of ball bump 
formation in accordance With the embodiment of the present 
invention; and 

[0023] FIG. 11 is a side vieW of the siXth step of ball bump 
formation in accordance With the embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0024] The formation of the ball bump of Wire bonding 
mainly comprises steps of: the end of a Wire held by a 
bonding machine is melted to form a ball; the bonding 
machine bonds the ball onto the bonding pad to form a ball 
bump; the bonding tool is moved a predetermined vertical 
distance and the clamp of the bonding tool is opened; the 
bonding tool is then moved a predetermined horizontal 
distance to reduce the connection part of the Wire connecting 
to the upper of the ball bump for the convenience of Wire 
cutting, thus forming a protrusion of the ball bump Which 
consists of a ?at upper surface With an annular inclination; 
the bonding tool is again moved a predetermined vertical 
distance, the clamp releases the Wire for the ball bump 
process Which folloWs; the clamp is closed to hold the Wire 
and moves upWard to pull the Wire, so the Wire is cut along 
the heat affected Zone of the connection part and therefore 
the Wire leaves a smaller tip on the ball bump. 

[0025] Referring to FIG. 4, a capillary 210 of the bonding 
tool holds the Wire 220 at an appropriate length and the end 
of the Wire 220 is melted to form a ball 221 for ball bump 
bonding. Then the clamp 211 is opened. 

[0026] Referring to FIGS. 4, 5, 6 and 7, the capillary 210 
of the bonding tool moves doWnWard onto a bonding pad 
201 of the chip 200 to form a ball bump 230. Because the 
capillary 210 has an annular inclination, the ball 221 is 
mechanically pressed to form the ball bump 230, and the 
Wire 220 remains connected to the ball bump 230. 

[0027] Referring to FIG. 6, the method of formation of the 
ball bump 230, in accordance With the embodiment of the 
present invention, applies a capillary 210 Which has an 
opening With the height “h” and the diameter “d”. The height 
“h” is 0.3-1.0 mil and the diameter “d” is 1.3-1.5 mil. 

[0028] Referring to FIGS. 6 and 8, the capillary 210 is 
moved vertically a height “H” leaving an annular inclination 
on a upper of the ball bump 230. When the height “H” is 
equal to the height of the ball bump 230, the clamp 211 of 
the capillary 210 is opened. 

[0029] Referring to FIGS. 6 and 9, after the capillary 210 
moved vertically a height “H” and stopped, the capillary 210 
is moved a distance “D”, called smooth distance, in a 
horiZontal direction thus formation a protrusion With a ?at 
upper surface for Wire bonding. The Wire 220 is pushed to 
the side by the capillary 210 to reduce the connection part of 
the Wire 220 for the convenience of Wire cutting. The 
distance “D”, as Well as the Width of the protrusion, is 
preferably 2/3-7/s of the diameter of the Wire 220 and can be 
adjusted according to the gap betWeen the Wire 220 and the 
opening of the capillary 210. 
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[0030] Referring to FIGS. 10 and 11, the capillary 210 is 
again moved vertically upWard a predetermined distance 
from the ball bump 230. The clamp releases the Wire 220 for 
the ball bump process Which folloW. When the Wire 220 is 
cut off from the ball bump 230, a length of the Wire 220 is 
reserved on the capillary 210 and is melted to form a ball. 
The capillary 210 is moved upWard in a vertical direction 
from ball bump 230. The Wire 220 is cut off along the 
heat-affected Zone so as to provide a smaller tip on the ?at 
upper surface 233. 

[0031] Referring to FIG. 11, the ball bump 230 of the 
present invention mainly includes a body 231 and a protru 
sion 232. The protrusion 232 is located at the upper of the 
body 231 and essentially consists of a ?at upper surface 233 
With an annular inclination 234. The ?at upper surface 233 
and the annular inclination 234 form the upper surface and 
side surface of the protrusion 232, respectively. The smooth 
surface and the uniform level of the protrusion 232 together 
provide a regular structure for Wire bonding, and a tip 235 
is left betWeen the ?at upper surface 233 and the annular 
inclination 234. Even though the smaller tip 235 is left on the 
protrusion 232, the variability of Wire bonding on the 
protrusion 232 is less than usual. 

[0032] Comparing FIG. 3 With FIG. 11, the ball bump 130 
of the prior art With the tip 131 reduces the bondability and 
reliability of the Wire bonding; but the ball bump 230 of the 
present invention With its ?at upper surface 233 and the 
annular inclination increases the bondability and reliability 
of Wire bonding. Therefore, the Wire bonding of the present 
invention increases the bondability and reliability by using 
a set of parameters. 

[0033] The body and protrusion of the ball bump of the 
present invention have a uniform total height, under proper 
controls. Thus the present invention provides a uniform 
height of balls on a substrate. Therefore, the present inven 
tion can be applied to ?ip chip bonding in such a Way that 
the protrusions of the ball bump are aimed and attached to 
the corresponding bonding pad of the chip and then re?oW 
to electrically connect to the corresponding bonding pad. 

[0034] Although the invention has been described in detail 
With reference to its presently preferred embodiment, it Will 
be understood by one of ordinary skill in the art that various 
modi?cations can be made Without departing from the spirit 
and the scope of the invention, as set forth in the appended 
claims. 

What is claimed is: 
1. A method of formation of a ball bond of Wire bonding 

comprising steps of: 

an end of a Wire held by a bonding machine is melted to 
form a ball; 

the bonding machine Which bonds the ball onto a bonding 
pad to form a ball bump; 

the bonding tool Which is moved upWard a predetermined 
vertical distance to form an annular inclination on a top 
of the ball bump, and a clamp of the bonding tool is 
then opened; 

the bonding tool Which is moved a predetermined hori 
Zontal distance to reduce the connection part of Wire for 
the convenience of Wire cutting, and this forms a 
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protrusion on the ball bump consisting of a ?at upper 
surface and an annular inclination; 

the bonding tool Which is again moved upWard a prede 
termined vertical distance, and the clamp releases the 
Wire for the ball bump process Which folloWs; and 

the clamp Which is closed to hold the Wire and moved 
upWard to pull the Wire, and the Wire is cut along the 
heat-affected Zone. 

2. The method of formation of the ball bond of Wire 
bonding as de?ned in claim 1, Wherein the bonding tool is 
moved upWard in vertical direction to a speci?ed height to 
form the annular inclination on a upper of the ball bump; the 
height should be equal to the height of an inclination of an 
opening in the bonding tool. 

3. The method of formation of the ball bond of Wire 
bonding as de?ned in claim 1, Wherein the bonding tool is 
moved a predetermined horiZontal distance to form a pro 
trusion on the ball bump, Whose Width is preferably 2/3 - 7/s 
of the diameter of the Wire. 
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4. A structure of a ball bump of Wire bonding comprising: 

a body, and 

a protrusion located at the upper of the body and essen 
tially consisting of a ?at upper surface With an annular 
inclination Which together de?ne an area for Wire 
bonding. 

Whereas the ?at upper surface and the annular inclination 
provide a regular structure of the ball bump and thus 
reduce the variability of Wire bonding. 

5. The structure of a ball bump of Wire bonding as de?ned 
in claim 4, Wherein the height of the protrusion of the ball 
bump is equal to a height of an opening of the bonding tool. 

6. The structure of a ball bump of Wire bonding as de?ned 
in claim 4, Wherein the Width of the protrusion is equal to 
2/3-7/s of the diameter of a Wire. 

7. The structure of a ball bump of Wire bonding as de?ned 
in claim 4, Wherein the protrusion further has a smaller tip 
at the edge of the ?at upper surface of the protrusion. 

* * * * * 


