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(57) ABSTRACT 

Solder mold plates and methods of manufacturing the solder 
mold plates are provided herein. The solder mold plates are 
used in controlled collapse chip connection processes. The 
solder mold plate includes a plurality of cavities. At least one 
cavity of the plurality of cavities has a different volume than 
another of the cavities in a particular chip set site. The method 
of manufacturing the solder mold plate includes determining 
susceptible white bump locations on a chip set. The method 
further includes forming lower volume cavities on the solder 
mold plate which coincide with the susceptible white bump 
locations, and forming higher Volume cavities on the Solder 
mold plate which coincide with less susceptible white bump 
locations. 

14 Claims, 6 Drawing Sheets 
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1. 

SOLDERMOLD PLATES USED IN 
PACKAGING PROCESS AND METHOD OF 

MANUFACTURING SOLDERMOLD PLATES 

FIELD OF THE INVENTION 

The present invention generally relates to solder mold 
plates and methods of manufacturing the Solder mold plates, 
and more particularly, to solder mold plates used in controlled 
collapse chip connection processes and methods of manufac 
turing the Solder mold plates. 

BACKGROUND OF THE INVENTION 

Traditionally, C4 (Controlled Collapse Chip Connection) 
bumps have been used to bond a chip to a chip carrier (Sub 
strate). Conventionally, the C4 bumps (solder bumps) are 
made from lead tin solder. For example, lead is known to 
mitigate coefficient or thermal expansion (CTE) mismatch 
between the package and the Substrate (i.e., organic lami 
nate). For organic Substrates, the Solder commonly is made 
from eutectic lead tin. Accordingly, stresses imposed during 
the cooling cycle are mitigated by the C4 bumps, thus pre 
venting delaminations or other damage from occurring to the 
chip or the substrate. 

However, lead-free requirements are now being imposed 
by many countries forcing manufacturers to implement new 
ways to produce chip to Substrate joints. For example, Solder 
interconnects consisting of tin/copper, tin/silver and SAC 
alloys have been used as a replacement for leaded solder 
interconnents. However, the higher melting points and stiff 
ness of such lead free solders vs. eutectic leaded solders 
causes a transfer of stress through the C4 joint during assem 
bly process (e.g., during a cooling cycle after reflow). Cracks 
in chip metallurgy under C4 bumps have been observed, 
which are named “white bumps' due to their appearance in 
Sonoscan type inspection process. 
More specifically, in practice, the organic laminate has a 

CTE of about 18 to 20; whereas, the CTE of the chip is about 
3. During the Soldering process, e.g., reflow oven, the tem 
peratures can range from about 250° C. to 260°C. This high 
temperature expands the organic laminate more than the chip 
due to the differences in the CTE. As the package (laminate, 
solder and chip) begins to cool, the Solder begins to solidify 
(e.g., at about 225°C.) and the laminate begins to shrink as the 
chip remains Substantially the same size. The chip, Substrate 
and solder joints must deform to maintain electrical and 
mechanical continuity during cooling which give rise to a 
complicated stress pattern transmitted to the chip wiring just 
adjacent to the solder ball. Specific sites often have been 
found to be more susceptible to white spots based on its 
location, wiring pattern or other properties. This process and 
resulting delamination is shown, for example, in FIG. 1. 

In response to the need for lead free soldering, new tech 
niques have been developed to bond the chip to a substrate. 
One such technique is Controlled Collapse Chip Connection 
New Process (C4NP) (also known as IMS (Injection Molded 
Soldering)) which is a flip chip bumping technology devel 
oped at International Business Machines Corp. IMS uses no 
hazardous gases or chemicals and is able to process newer 
lead-free solders. 
IMS uses mold plates containing cavities having uniform 

volumes filled with solder and aligned to substrates that 
receive the solder from the cavities. An exemplary mold plate 
is shown in FIG. 2, which shows uniform cavities throughout. 
Cavities in the mold plates are in a pattern that is the mirror 
image of the Solder receiving pads on the final Substrate or 
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2 
wafer. Cavities can be produced in the mold plate by any one 
of a number of techniques, the selection of which is depen 
dent upon the cavity size and pitch as well as the mold plate 
material. Cavity volume uniformity, however, was found to be 
essential to ensure quality control. Specifically, cavity unifor 
mity was found to ensure that all sites form a complete joint 
and that there is no shorting between adjacent joints. 

In IMS processes, a head of an IMS apparatus is filled with 
molten solder and moves in relation to the cavities contained 
in the mold plate, both of which are above solder liquidus 
temperature. As the head scans across the mold plate, the 
solder from the reservoir, under constant positive pressure, 
passes through a dispensing slot and into the uniform cavity 
Volumes. After the Scanning process, the mold plate is cooled 
to solidify the solder. After inspection of the mold plates, the 
mold plates may be either immediately sent for transfer or 
stored in a non-oxidizing environment. The mold plate is 
Subsequently aligned to the wafer and passed through a fur 
nace for bump transfer. Since it uses only the solder volume 
required for each part, there is no solder waste which is 
especially important for costlier alloys. Thus it is economical 
and environmentally friendly. 

SUMMARY OF THE INVENTION 

In a first aspect of the invention, a solder mold plate com 
prises a plurality of cavities. At least one cavity of the plural 
ity of cavities has a different volume than another of the 
cavities in a particular chip set site. 

In a further aspect of the invention, a solder mold plate 
comprises lower Volume cavities formed in at least a first 
location on the solder mold plate coinciding with areas that 
are Susceptible to wiring delamination. The solder mold plate 
also comprises higher Volume cavities formed near and at a 
center of the solder mold plate. 

In an additional aspect of the invention, a method of manu 
facturing a solder mold plate comprises determining Suscep 
tible white bump locations on a chip set. The method further 
comprises forming lower Volume cavities on the Solder mold 
plate which coincide with the susceptible white bump loca 
tions, and forming higher Volume cavities on the solder mold 
plate which coincide with less susceptible white bump loca 
tions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is described in the detailed descrip 
tion which follows, in reference to the noted plurality of 
drawings by way of non-limiting examples of exemplary 
embodiments of the present invention. 

FIG. 1 shows a delaminated wiring layer on a chip after 
cooling of the package; 

FIG. 2 shows a conventional exemplary solder mold plate 
with uniform volumes; 

FIG.3 shows a solder mold plate in accordance with a first 
aspect of the invention; 

FIG. 4 shows a chip package formed using the solder mold 
plate of FIG.3: 

FIG. 5 shows a solder mold plate in accordance with a 
second aspect of the invention; and 

FIG. 6 shows a chip package formed using the solder mold 
plate of FIG. 5. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to solder mold plates and 
methods of manufacturing the Solder mold plates, and more 
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particularly, to solder mold plates used in controlled collapse 
chip connection processes and method of manufacturing the 
solder mold plates. By implementing the invention, it is pos 
sible to prevent wiring layers from delaminating during pack 
aging. More specifically, the present invention provides the 
ability of the wiring levels to maintain their integrity during 
cooling when the laminate Substrate is contracting at a faster 
rate than the chip due to a mismatch in CTE. 

To accomplish the advantages of the present invention, in 
embodiments, the volumes of cavities on the solder mold 
plate will vary depending on a location of white bump for 
mation. For example, the solder mold plate is designed to 
provide more solder volume on sites that are less susceptible 
to delamination (e.g., white bump damage) and provide less 
solder volume on sites that are more susceptible to white 
bump damage caused by, e.g., stress components, wiring 
patterns, etc. In embodiments, an average height of the Solder 
bumps should be maintained, as determined by the Summa 
tion of axial forces and should preferably approach the 
spherical height of the average Volume. That is, the high 
Volume solder bumps, in implementation, will be squeezed 
down from their spherical heights and the low volume solder 
bumps will be stretched up due to the surface tension imposed 
by the laminate (substrate) and the chip. 

Solder Mold Plate and Structure According to a First 
Aspect of the Invention 

FIG.3 represents a solder mold plate in accordance with a 
first aspect of the invention. More specifically, FIG. 3 shows 
a plurality of cavities 12 of uniform volume on a solder mold 
plate 10. FIG. 3 also shows cavities 14 with lower volume 
than the cavities 12 (which correspond to a particular chip set 
site). In embodiments, the cavities 14 can have a total reduc 
tion in volume of about 30% to about 35% in comparison to 
cavities 12 (based on a calculation for a 3-on-6 solder bump). 
(As should be understood by those of skill in the art, 3-on-6 
refers to a 3 mil. contact diameter and a 6 mil. center to center 
distance between solder bumps.) In further embodiments, the 
percentage decrease in Volume of the cavities 14 can be less 
than about 30%, depending on the amount and location of the 
cavities on the solder mold plate 10. In one embodiment, the 
average volume of the cavities is about 30 mill. 

In implementations, the locations of the cavities are based 
on white bump formations. To manufacture the cavities, the 
susceptible areas of white bump locations are determined 
(e.g., chip set site). These Susceptible locations may at high 
stress concentrations, high wiring pattern density, etc. Once 
these locations are determined, the cavities can be formed in 
the solder mold plate 10 corresponding to certain locations. 
For example, the cavities 12 coincide with sites that are found 
to be less Susceptible to delamination (e.g., white bump dam 
age) and the cavities 14 coincide with sites that found to be 
more susceptible to white bump damage. For example, the 
cavities 14 may coincide with a corner of a chip, where the 
wiring levels are more susceptible to delaminating issues. It 
should be understood that the cavities 14 may be clustered 
about two or more susceptible sites orata single site of known 
or possible susceptibility to white bump formation. 

In further implementations, the cavities 14 are a small 
number compared to the total number of cavities on the mold 
plate 10. In particular, again using a calculation based on a 
3-on-6 solder bump, about 5% to 10% of the cavities can have 
a reduction in volume within the range of about 30% to 35%. 
With a smaller number of cavities 14, it has been found that 
the solder bump formation will not significantly affect the 
overall height off of the substrate. In this way, the distance 
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4 
between the substrate and the chip, as well as the distance 
between adjacent solder bumps, will beat a sufficient distance 
So as to not electrically short. 

FIG. 4 shows a chip package formed with the solder mold 
plate of FIG. 3. As shown in FIG. 4, the high volume solder 
bumps 12a (corresponding to the high Volume cavities 12) are 
squeezed down from their spherical heights and the low vol 
ume solder bumps 14a (corresponding to the lower Volume 
cavities 14) are stretched up due to the surface tension 
imposed by the laminate (substrate) and the chip. In this 
embodiment, the low volume solder bumps 14a are located at 
a corner of a chip (chip set site), where wiring levels are 
Subject to greater stress which may cause delaminating 
issues. 

It should be recognized that analytical techniques are avail 
able which can be used to calculate how much stretching may 
be obtained on the susceptible sites insuring (i) that the low 
volume solder balls on the chip will touch the substrates pad 
as the chip sinks down during joining and (ii) the high Volume 
solder balls that are squeezed do not violate the nearest 
approach criterion. 

Solder Mold Plate and Structure According to a 
Second Aspect of the Invention 

FIG.5 represents a solder mold plate in accordance with a 
second aspect of the invention. More specifically, FIG. 5 
shows a plurality of cavities 16a-16d and 18 each of a differ 
ent volume, respectively, on a solder mold plate 10. In this 
embodiment, the cavities 16a-16d will have a gradual 
decrease in Volume gradation towards the edges of mold plate 
10, away from the cavity 18. In this way, the cavity 18 will 
have a higher volume than the cavities 16a-16d. In this 
embodiment, the summation of the volumes of the cavities 
16a-16d and 18 are calculated to substantially equal a prede 
termined average Volume. 

In this embodiment, a maximum of about 15% to about 
20% Volume deviation from an average Volume is contem 
plated across the solder mold plate 10. In particular, again 
using a calculation based on a 3-on-6 solder bump, about 15% 
to 20% reduction in Volume, compared to an average Volume, 
is contemplated by the invention for worst case sites, e.g., 
sites susceptible to white bump formation caused by stress 
components, wiring patterns, etc. Corresponding to the 
reduction in Volume, a maximum increase in Volume of about 
15% to 20% is contemplated for locations which are less 
susceptible to white bump formation. 
With this percentage, it has been found that the solder 

bump formation will not significantly affect the overall height 
off of the substrate, i.e., the distance between the substrate 
and the chip, as well as the distance between adjacent solder 
bumps, will be at a sufficient distance so as to not electrically 
short. Also, in any scenario, it may be preferable to maintain 
at least an average Volume (or height) of the solder bumps. 
As in the previous embodiment, the Smaller Volume cavi 

ties are calculated (or determined) to coincide with sites that 
are more Susceptible to delamination (e.g., white bump dam 
age) and the cavities with a larger Volume coincide with sites 
that are less susceptible to white bump damage. Prior to 
manufacturing the cavities, the Susceptible areas of white 
bump locations are determined. Once these locations are 
determined, the cavities can be formed in the solder mold 
plate 10 corresponding to certain locations. For example, the 
cavities 16a and 16b may coincide with a corner or edges of 
a chip, where the wiring levels are found to be more Suscep 
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tible to delaminating issues (caused by stress components, 
wiring patterns, etc.); whereas, the cavity 18 coincides with 
the center of the chip. 

FIG. 6 shows a chip package formed with the solder mold 
plate of FIG. 5. As shown in FIG. 6, the high volume solder 
bumps 18a and 16d. (corresponding to the high Volume cavi 
ties 18 and 16d) are squeezed down from their spherical 
heights. Also, the low Volume solder bumps, e.g., 16c-16a 
(corresponding to the lower volume cavities 16c-16a) are 
gradually stretched up from their spherical heights due to the 
Surface tension imposed by the laminate (Substrate) and the 
chip. In this embodiment, the volume of the solder bumps is 
gradually decreasing in Volume towards the edge of the chip 
(chip set site). The height of the solder bumps is essentially 
constant across the chip and is essentially the same as if all 
Volumes were identical and equal. 
As with the first aspect of the invention, analytical tech 

niques are available which can be used to calculate how much 
stretching may be obtained on the Susceptible sites insuring 
(i) that the low volume solder balls on the chip will touch the 
Substrates pad as the chip sinks down during joining and (ii) 
the high volume solder balls that are squeezed do not violate 
the nearest approach criterion. 

ADDITIONAL EMBODIMENTS OF THE 
INVENTION 

The structures as described above are used in the fabrica 
tion of integrated circuit chips. The resulting integrated cir 
cuit chips can be distributed by the fabricator in raw wafer 
form (that is, as a single wafer that has multiple unpackaged 
chips), as a bare die, or in a packaged form. In the latter case 
the chip is mounted in a single chip package (such as a plastic 
carrier, with leads that are affixed to a motherboard or other 
higher level carrier) or in a multichip package (such as a 
ceramic carrier that has either or both surface interconnec 
tions or buried interconnections). In any case the chip is then 
integrated with other chips, discrete circuit elements, and/or 
other signal processing devices as part of either (a) an inter 
mediate product, such as a motherboard, or (b) an end prod 
uct. The end product can be any product that includes inte 
grated circuit chips, ranging from toys and other low-end 
applications to advanced computer products having a display, 
a keyboard or other input device, and a central processor. 

While the invention has been described interms of embodi 
ments, those of skill in the art will recognize that the invention 
can be practiced with modifications and in the spirit and scope 
of the appended claims. 
What is claimed is: 
1. A solder mold plate comprising a plurality of cavities, 

wherein: 
at least one cavity of the plurality of cavities has a different 
Volume than another of the cavities in a particular chip 
set site; 

the at least one cavity coincides with locations on a chip 
that are susceptible to white bump damage; 

the at least one cavity is two or more cavities which each 
having a reduction involume of about 30% to about 35% 
in comparison to the another of the cavities; and 

the two or more cavities is a plural amount of cavities 
which do not exceed about 5% to 10% of a total amount 
of the plurality of cavities. 

2. The solder mold plate of claim 1, wherein the at least one 
cavity has a lower volume than the another of the cavities. 

3. The solder mold plate of claim 1, wherein an average 
volume of the at least one cavity and the another of the 
cavities equals a predetermined Volume. 
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6 
4. A solder mold plate comprising a plurality of cavities, 

wherein: 
at least one cavity of the plurality of cavities has a different 

Volume than another of the cavities in a particular chip 
set site; 

the at least one cavity coincides with locations on a chip 
that are susceptible to white bump damage: 

the at least one cavity is two or more cavities which have a 
gradual decrease in Volume gradation towards edges of 
the solder mold plate: 

a volume degradation across the solder mold plate is a 
maximum of about 15% to about 20% volume reduc 
tion; and 

the about 15% to 20% volume reduction is offset by about 
15% to 20% increase in volume in at least one of the 
another cavities. 

5. The solder mold plate of claim 4, wherein the gradual 
decrease in Volume is away from a center cavity. 

6. A solder mold plate, comprising: 
a mold plate with a plurality of cavities for molding solder; 
lower volume cavities formed in at least a first location on 

the solder mold plate coinciding with areas that are 
Susceptible to wiring delamination; and 

higher Volume cavities formed near and at a center of the 
solder mold plate, 

wherein: 
the plurality of cavities comprise the lower volume cavi 

ties and the higher Volume cavities; 
the location in which the lower volume cavities and the 

higher volume cavities are formed in the mold plate 
are determined such that the lower volume cavities 
coincide with the areas of a chip set that are suscep 
tible to wiring delamination and the higher Volume 
cavities coincide with areas of the chip set that are less 
Susceptible to wiring delamination; 

the lower Volume cavities each having a reduction in 
volume of about 30% to about 35% in comparison to 
the higher Volume cavities, the reduction in Volume is 
based on a calculation for a 3-on-6 solder bump; 

the lower volume cavities do not exceed about 5% to 
10% of a total amount of the plurality of cavities: 

each one of the plurality of cavities has a rounded, semi 
circular shape; and 

the mold plate and the plurality of cavities are configured 
such that high volume solder bumps formed by the 
higher Volume cavities are Squeezed down from their 
spherical heights, and lower Volume solder bumps 
formed by the lower volume cavities are stretched up 
due to Surface tension imposed by a Substrate and a 
chip. 

7. The solder mold plate of claim 6, wherein the lower 
Volume cavities are positioned in a decreasing Volume with 
respect to the center of the solder mold plate. 

8. The solder mold plate of claim 6, wherein a predeter 
mined average Volume is maintained with the lower Volume 
cavities and the higher Volume cavities. 

9. The solder mold plate of claim 1, wherein: 
the plurality of cavities are configured such that an average 

height of produced solder bumps is maintained as deter 
mined by Summation of axial forces; and 

the average height approaches a spherical height of an 
average Volume of the plurality of cavities. 

10. The solder mold plate of claim 9, wherein the average 
volume of the plurality of cavities is about 30 cubic mils. 

11. The solder mold plate of claim 1, wherein each one of 
the plurality of cavities has a rounded, semi-circular shape. 
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12. The solder mold plate of claim 1, wherein the mold 
plate is configured to produce 3-on-6 solder bumps. 

13. The solder mold plate of claim 1, wherein the reduction 
in Volume is based on a calculation for a 3-on-6 solder bump. 

14. The solder mold plate of claim 1, wherein the plurality 
of cavities are configured Such that high Volume solder bumps 
formed by higher volume cavities of the plurality of cavities 

8 
are squeezed down from their spherical heights, and lower 
volume solder bumps formed by lower volume cavities of the 
plurality of cavities are stretched up due to surface tension 
imposed by a Substrate and a chip. 
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