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A ball grid array (BGA) or chips scale package (CSP) 
integrated circuit (IC) (20) is manufactured by ?rst identi 
fying the most unreliable solder ball joints in the IC. These 
Worst case joints, or joints in the vicinity of the Worst case 
joints, are changed in pad dimension and exposed to more 
ball/bump conductive material than the other more robust 
joints (14) in the IC (20) to create a ball (24) on a larger pad 
(22) that is larger than the normal siZed ball (14). The larger 
balls (24) are formed by placing multiple smaller balls (14) 
together on a single pad (22) to form one larger ball (24) 
during a re?oW operation. The larger ball (24) improves the 
overall IC reliability by improving the reliability of the 
Weakest joints in the IC design. In addition, the standoff of 
both the larger balls (24) and the smaller balls (14) are 
engineered to be substantially equal. 
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METHOD AND APPARATUS FOR EXTENDING 
FATIGUE LIFE OF SOLDER JOINTS 

SEMICONDUCTOR DEVICE 

FIELD OF THE INVENTION 

[0001] This invention relates generally to semiconductor 
devices, and more particularly, to a method and apparatus for 
extending fatigue life of a semiconductor device. 

BACKGROUND OF THE INVENTION 

[0002] In the integrated circuit (IC) industry, ball grid 
array (BGA), chip scale packaging (CSP), and ?ip chip 
packaging technologies are beginning to gain Wide accep 
tance and application. A general example of BGA or CSP 
technology is illustrated in FIGS. 1-2 herein. Speci?cally, 
FIG. 1 illustrates an integrated circuit die 10 that has bond 
pads 12 arranged in some tWo-dimensional layout across the 
IC’s top surface. These bond pads 12 are exposed conduc 
tive regions that are coupled to underlying electrical com 
ponents on the IC 10. Through this coupling, the bond pads 
12 alloW the circuitry on the IC 10 to be electrically 
connected to other external devices, other peripherals, or 
other ICs over conductive traces of a printed circuit board 
(PCB) or other substrate Whereby larger electrical systems 
may be created (e.g., a computer, a cell phone, a television, 
etc.). In the prior art FIG. 1, all bond pads 12 that electrically 
connect to circuitry on the die 10 are made the same siZe. 
This same or uniform bond pad siZe is usually set at a 
minimal siZe so that IC die area is optimally reduced thereby 
improving the pro?tability and performance of the IC. A 
uniform bond pad siZe also reduces manufacturing costs by 
simplifying the pad design and IC back-end processing. 

[0003] FIG. 2 illustrates that only one conductive ball or 
conductive bump 14 is formed over each conductive bond 
pad 12 from FIG. 1. In FIG. 2, each of the balls or bumps 
14 are of a uniform siZe (i.e., a uniform volume of material 
is used to form each bump in FIG. 2). Such uniform bump 
siZes are utiliZed in the industry to ensure a simple, loW cost, 
high yield process While also ensuring that all bumps on the 
IC 10 are of the same standoff height. Standoff height is the 
distance a bump 14 rises above the top surface of the die 10 
to Which it is attached. It is desirable that all bumps 14 in 
FIG. 2 rise a same vertical distance off the substrate 10. If 
bumps 14 Were to be formed having different heights over 
the die 10, some tall bumps 14 may make electrical contact 
to a planar printed circuit board (PCB) While shorter bumps 
14 may not make suf?cient electrical contact to the PCB, 
Whereby unacceptable electrical open circuits result. To 
ensure proper and uniform standoff height, the simple and 
uniform approach of forming a BGA or CSP design has been 
extensively used. In addition, by using this more simple 
uniform pad design, manufacturing costs are reduced 
Whereby pro?t is maximiZed. 

[0004] HoWever, the bump technologies that use all uni 
formly siZed bumps and uniformly siZed bond pads have 
exhibited reduced ?eld reliability primarily due to the 
smaller solder balls and smaller resultant solder joints 
betWeen the IC substrate and the PCB. Smaller solder balls 
are required in most designs in order to meet the small siZe 
requirements for CSP devices, but the smaller siZes result in 
the formation of more fragile solder joint locations that can 
lead to a variety of ?eld reliability failures. The overall IC 
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device is only as good as its most fragile or most stressed 
solder joint. As a simple example, assume a BGA or CSP 
device has 5 solder joints or terminals, and that the reliability 
of these joints (a relibility value of 1 being the best and 9 
being the Worst) are 1, 2, 2, 4, and 9 respectively. In this 
design, the Worst-case joint of 9 is the Worst case joint. If one 
could improve the joint having a reliability value of 9 to a 
reliability value of 7, or any reliability value better than 9, 
the robustness of the example device Would be greatly 
improved. If the reliability of the joint With the reliability 
value of 9 Were increased to a reliability value of 2, then the 
neW Worst case joint Would become the joint With the 
reliability value of 4. This is a substantial improvement over 
the previous design. 

[0005] Therefore, a need exists in the industry for a 
method of selectively identifying and improving one or 
more Worst case joints in an IC design Whereby overall 
product reliability is greatly improved While the compact 
ness of CSP and BGA devices is not substantially and 
adversely affected. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] The present invention is illustrated by Way of 
example and not limited in the accompanying ?gures, in 
Which like references indicate similar elements, and in 
Which; 
[0007] FIG. 1 illustrates a plan vieW of a prior art ball grid 
array Without solder balls attached; 

[0008] FIG. 2 illustrates a plan vieW of a prior art ball grid 
array package With solder balls; 

[0009] FIG. 3 illustrates a plan vieW of a ball grid array 
package Without solder balls in accordance With one 
embodiment of the present invention; 

[0010] FIG. 4 illustrates a plan vieW of a ball grid array 
package With solder balls in accordance With one embodi 
ment of the present invention; 

[0011] FIG. 5 illustrates an enlarged vieW of a portion of 
the ball grid array package of FIG. 4 before and after solder 
re?oW; 
[0012] FIG. 6 illustrates a cross sectional vieW of the ball 
grid array package of FIG. 4 after solder re?oW; 

[0013] FIG. 7 illustrates a cross sectional vieW of the ball 
grid array package of FIG. 6 mounted on a printed circuit 
board; and 

[0014] FIG. 8 illustrates a How chart of a method for 
designing a ball grid array package in accordance With one 
embodiment of the present invention. 

DESCRIPTION OF A PREFERRED 
EMBODIMENT 

[0015] Generally, the present invention provides a ball 
grid array (BGA) semiconductor device and a method for 
forming a BGA semiconductor device With solder joints 
having extended thermal fatigue life. Fatigue life is extended 
by increasing the area of selected pads of the semiconductor 
device and the amount, or volume, of solder on the pads. The 
increased area pads are located at strategic locations, 
depending on the package type, throughout the ball grid 
array to gain a desired overall fatigue life improvement of 
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the solder joints. Increased volume solder balls are formed 
by including multiple solder balls in close proximity to each 
other on the same increased area pad. The multiple solder 
balls on the increased area pad thermally merge into one 
solder ball during the re?oW process step. The present 
invention may be useful in any type of packaging technol 
ogy that includes solder balls, or solder bumps, such as for 
example, BGA, CSP (chip scale package) and ?ip chip. The 
present invention may also be useful in different types of 
bump forming technology, such as for example, the C4 
(Controlled Collapse Chip Connection) bump process or the 
E3 (Extended Eutectic Evaporative) bump process. The 
present invention Will be further described With reference to 
FIGS. 3-8. 

[0016] FIG. 3 illustrates a plan vieW of a ball grid array 
package before the solder balls are attached in accordance 
With one embodiment of the present invention. In FIG. 3, 
metal pads 12 and 22 are formed on a semiconductor device 
20. The metal pads are generally any number of conductive 
contact regions that are exposed at a top surface of the 
device 20 in order to enable electrical contact to electrical 
circuitry formed on the device 20. Semiconductor device 20 
may be any device requiring solder balls and/or bumps to 
physically and electrically connect the device 20 to a printed 
circuit board. For example, semiconductor device 20 may be 
a substrate portion of a BGA package, or it may be a 
semiconductor material having metal pads for directly con 
necting to a PCB, such as in ?ip-chip technology. Device 20 
may be a multi-chip module (MCM), a Wafer scale inte 
grated product, or like integrated circuit devices. Metal pads 
12 and 22 may be formed from a conductive metal such as 
aluminum or copper, and serve as terminals for external 
connections of the semiconductor device 20. The semicon 
ductor material, or die, may be composed of silicon or some 
other semiconductive material such as gallium arsenide, 
germanium silicon, silicon on insulator (SOI), silicon car 
bide, and/or the like. Electronic circuits are fabricated on the 
surface of the semiconductor material using a conventional 
semiconductor manufacturing process. 

[0017] Metal pads 22 are illustrated as having a relatively 
larger surface area than metal pads 12. Metal pads 22 are 
located in areas of the semiconductor material 20 that have 
been identi?ed as having a relatively loWer solder joint 
fatigue life. In FIG. 3, metal pads 22 are located in the 
corners for illustration purposes only. The actual location of 
larger metal pads 22 is determined by factors such as the 
type of conponent substrate, ball grid array format, and 
critical component failure mode and may vary signi?cantly 
from device to device. In an actual implementation, it may 
be desirable to locate the larger metal pads 22 at the package 
corners or at or near the center of the ball grid array. 

[0018] During the manufacturing process, a solder ball, or 
bump, having a predetermined volume is attached to metal 
pads 12 and 22. The solder ball is either stencil printed, 
electroplated, deposited, or evaporated onto the metal pads 
12 and 22 using conventional techniques, such as for 
example C4 and E3. In the illustrated embodiments, the 
solder balls are of conventional composition and are gener 
ally composed of tin and lead. HoWever, in other embodi 
ments, the solder may be composed of one or more other 
materials that are electrically conductive. A standoff height 
betWeen the semiconductor device and a printed circuit 
board (PCB) is generally determined by the siZe of the metal 
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pads and the volume of the solder balls. Therefore, the 
volume of solder included on the larger metal pads 22 should 
result in a standoff height that is substantially the same as the 
standoff height of the solder balls formed on metal pads 12 
to ensure reliable solder joints. 

[0019] FIG. 4 illustrates a plan vieW of a ball grid array 
package With the solder balls attached in accordance With 
one embodiment of the present invention. In FIG. 4, solder 
balls 14 are attached to metal pads 12 and 22 using a 
conventional method. Each of the smaller siZe metal pads 12 
have been attached to a single solder ball 14. To achieve a 
larger volume solder ball on the larger metal pads 22 in the 
illustrated embodiment, multiple standard siZe solder balls 
14 are attached in parallel With each other in the same plane 
and in very close proximity to one another on the same larger 
metal pads. The balls or bumps placed in FIG. 4 may be in 
contact With one another or may be physically spaced apart 
from one another. During re?oW, the multiple solder balls 14 
combine, or merge, to form a single larger solder ball. By 
using multiple solder balls to increase solder volume, a 
manufacturer’s existing process for attaching uniformly 
siZed balls does not have to be changed, thus manufacturing 
costs remain unchanged, and the larger solder joint results in 
improved overall reliability of the solder joints. Note that in 
the illustrated embodiments, the conductive contact regions 
are generally circular in shape. HoWever, in other embodi 
ments, the conductive contact regions may have other 
shapes, such as for example, square or rectangular. 

[0020] In other embodiments, the larger solder balls 24 
can be provided using additional solder that is either dis 
pensed or screen printed onto the larger metal pads 22. Also, 
larger solder balls can be placed onto the larger metal pads 
22. In addition, larger solder balls can be screen printed or 
dispensed onto the PCB metal pads, not shoWn, that corre 
spond to the larger metal pads 22. HoWever, a problem With 
using these alternate embodiments is that they may require 
a change to the existing method for attaching solder balls to 
BGA type packages. Also, neW equipment may be necessary 
for including balls of different siZes. 

[0021] FIG. 5 illustrates an enlarged vieW of a portion of 
the ball grid array package of FIG. 4 before and after solder 
re?oW in another embodiment of the present invention. 
Before re?oW, the four solder balls 14 can be distinctly 
identi?ed on pad 22. After re?oW, the four metal balls are 
merged into one larger solder ball 24 on pad 22. Note that 
any number of solder balls (i.e., tWo or more) may be 
included on the larger pads 22 depending on the siZe of pad, 
the volume of solder desired, and the required standoff 
height. By using multiple same siZe solder balls on the larger 
pads, the volume of the larger solder balls after re?oW 
becomes an integer multiple of the volume of the deposited 
solder balls. 

[0022] FIG. 6 illustrates a cross sectional vieW of the ball 
grid array package of FIG. 4 after solder re?oW. A siZe of 
metal pad 22 and the volume of solder attached to metal pad 
22 determine a standoff height 27. For reliability and ease of 
assembly, the standoff height 27 should be substantially the 
same for all of the solder balls Where substantially the same 
is Within roughly 10% deviation in height. 

[0023] FIG. 7 illustrates a cross sectional vieW of the ball 
grid array package of FIG. 6 mounted on a printed circuit 
board 26. A mounted standoff height 28 should also be 
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substantially the same for all of the solder balls after the 
solder balls are re?oWed in order to reliably attach the 
semiconductor device 20 to the printed circuit board 26. 

[0024] FIG. 8 illustrates a How chart of a method for 
designing a ball grid array package in accordance With one 
embodiment of the present invention. At step 30, a semi 
conductor BGA design is analyZed to determine Which are 
the “Worst case” solder joints, i.e., Which solder joints of the 
design have the shortest fatigue life. At step 32, an increased 
solder volume is substituted for the solder balls associated 
With the N Worst case solder joints as determined in step 30, 
Where N is any siZe subset of the total number of pads on the 
semiconductor device. Note that either the solder volume of 
the N Worst case joints can be increased or the solder volume 
of the joints in the vicinity of the N Worst case joints can be 
increased to achieve the same effect. At step 34, the pad siZe 
for the pads having the increased solder volume is adjusted 
and optimiZed for solder joint standoff height. At step 36, the 
modi?ed ball grid array package is tested to determine 
solder joint fatigue life. In the illustrated embodiment, the 
design is modeled using Ansys ?nite element analysis. 
HoWever, in other embodiments, other ?nite element analy 
sis softWare can be used. If the fatigue life is improved by 
an acceptable amount, then the product can be manufactured 
as in step 38. HoWever, if the fatigue life has not been 
improved by the required amount, then steps 30 through 36 
are repeated until the required fatigue life is demonstrated. 

[0025] The present invention provides the improved sol 
der joint fatigue life and reliability of ball grid array pack 
ages having relatively large solder balls, While maintaining 
the small solder ball con?guration. Also, by using multiple 
solder balls placed in close proximity on a single enlarged 
pad to form the larger merged solder ball of increased 
volume, a manufacturer’s current process for placing sub 
stantially uniform solder balls can be used. This provides the 
semiconductor device of the present invention at about the 
same cost as the ball grid array package having uniformly 
siZed solder balls throughout. 

[0026] While the invention has been described in the 
conteXt of a preferred embodiment, it Will be apparent to 
those skilled in the art that the present invention may be 
modi?ed in numerous Ways and may assume many embodi 
ments other than that speci?cally set out and described 
above. Accordingly, it is intended by the appended claims to 
cover all modi?cations of the invention Which fall Within the 
true scope of the invention. 

What is claimed is: 
1. A method for making a device, the method comprising 

the steps of: 

providing a substrate containing electrical circuitry, the 
electrical circuitry being coupled to a plurality of 
conductive contact regions on a surface of the sub 
strate; and 

providing a ?rst ball of conductive material on a ?rst 
conductive contact region Within the plurality of con 
ductive contact regions that has a volume X and 
forming a second ball of conductive material on a 
second conductive contact region Within the plurality of 
conductive contact regions that has a volume Y, Where 
Y is substantially greater than X. 

Aug. 1,2002 

2. The method of claim 1 further comprising the step of: 

providing a substrate Where the physical dimensions of 
the ?rst and second conductive contact regions are 
different, Whereby one of the ?rst or second conductive 
contact regions has a larger surface area than another of 
the ?rst or second conductive contact regions. 

3. The method of claim 1 Wherein the step of forming 
further comprises: 

forming a third ball of conductive material on a third 
conductive contact region Within the plurality of con 
ductive contact regions that has a volume Z, Where Z is 
greater than both X and Y. 

4. The method of claim 1 Wherein the standoff height of 
the ?rst and second balls are substantially equal. 

5. The method of claim 1 Wherein the ?rst ball is formed 
by placing N conductive balls onto the ?rst conductive 
contact region Where N is greater than or equal to 1 and 
Wherein the second ball is formed by placing M conductive 
balls onto the second conductive contact region Where M is 
greater than or equal to 2 and M is greater than N. 

6. The method of claim 5 Wherein the M conductive balls 
are initially physically separate from one another. 

7. The method of claim 6 Wherein a thermal cycle results 
in all of the M conductive balls merging With each other to 
form a single larger conductive ball. 

8. The method of claim 1 Wherein the ?rst ball is formed 
by placing one conductive ball onto the ?rst conductive 
contact region and Wherein the second ball is formed by 
placing a plurality of balls across a surface of the second 
conductive contact region, Wherein each of the plurality of 
balls contacts the second conductive region. 

9. The method of claim 1 Wherein the method comprises 
the folloWing steps Which are all performed before the steps 
of providing and forming: 

analyZing the device to identify a plurality of Worst case 
connection joints in the device; 

designating that balls associated With the Worst case 
connection joints are to be increased in volume to the 
volume Y, While other joints are assigned the volume X; 
and 

manipulating the siZe of the conductive contact regions 
associated With the Worst case joints on the substrate to 
create at least the second conductive contact region, the 
second conductive contact region then having a differ 
ent siZe from the ?rst conductive contact region. 

10. The method of claim 9 Wherein the step of manipu 
lating changes a standoff height of the joints associated With 
the Worst case joints Whereby the standoff height of the 
Worst case joints are nearly equal to the standoff height of 
other joints Within the device. 

11. The method of claim 9 Wherein the steps of analyZing, 
designating and manipulating are repeated until an accept 
able device reliability is obtained. 

12. The method of claim 1 Wherein volume Y is roughly 
an integer multiple of the volume X Whereby Y=n*X Where 
n is a ?nite positive integer. 

13. The method of claim 1 Wherein volume Y is at least 
one and a half times the volume X. 

14. An integrated circuit comprising: 
a substrate having conductive bond pads Where a ?rst 

conductive bond pad is of a ?rst siZe and a second 
conductive bond pad is of a second siZe Wherein the 
?rst and second siZes are different; 
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electrical components formed on the substrate, the elec 
trical components being coupled to the conductive 
bond pads by conductive members formed over the 
substrate; 

a ?rst conductive ball formed on the ?rst conductive bond 
pad Wherein the ?rst conductive ball comprises a ?rst 
volume of conductive material; and 

a second conductive ball formed on the second conductive 
bond pad Wherein the second conductive ball comprises 
a second volume of conductive material that is different 
from a ?rst volume. 

15. The integrated circuit of claim 14 Wherein the ?rst and 
second conductive balls have a substantially equal standoff 
height. 

16. The integrated circuit of claim 14 Wherein the ?rst and 
second conductive bond pads are attached to a printed circuit 
board (PCB), Wherein the PCB contains a ?rst PCB pad 
connected to the ?rst conductive bond pad and a second PCB 
pad connected to the second conductive bond pad Wherein 
the ?rst and second PCB pads are of different siZes. 

17. Amethod of making a device, the method comprising 
the steps of: 

providing an integrated circuit, the integrated circuit con 
taining electric circuitry that is routed to at least a ?rst 
bond pad and a second bond pad, the ?rst bond pad 
having a ?rst surface area and the second bond pad 
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having a second surface area Wherein the ?rst surface 
area is less than the second surface area; and 

forming conductive balls on the ?rst and second bond pad 
surface Wherein one ball is formed on the ?rst bond pad 
and a ?rst plurality of balls that are laterally separated 
from each other are formed over the second bond pad. 

18. The method of claim 17 further comprising the steps 
of: 

heating the integrated circuit to convert the ?rst plurality 
of balls separated across the second bond pad to a 
single contiguous ball residing over the second bond 
pad. 

19. The method of claim 17 Wherein the single contiguous 
ball and the one ball formed over the ?rst bond pad have a 
substantially equal standoff height. 

20. The method of claim 17 Wherein the integrated circuit 
comprises a third bond pad having a third surface area Where 
the third surface area is different from both the ?rst and 
second surface areas, and Wherein the step of forming 
comprises: 

forming a second plurality of balls that are laterally 
separated from each other over the third bond pad 
Wherein a number of balls in the ?rst plurality of balls 
and a number of balls in the second plurality of balls are 
different. 


