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(57) ABSTRACT 

Provided is a stress-relieving, second-level interconnect 
structure that is low-cost and accommodates thermal coeffi
cient of expansion (TCE) mismatch between low-TCE pack
ages and printed circuit boards (PCBs). The interconnect 
structure comprises at least a first pad, a supporting pillar, and 
a solder bump, wherein the first pad and supporting pillar are 
operative to absorb substantially all plastic strain, thereby 
enhancing compliance between the two electronic compo
nents. 

7 Claims, 6 Drawing Sheets 
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STRESS RELIEVING SECOND LEVEL 
INTERCONNECTSTRUCTURESAND 
METHODS OF MAKING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the benefit of International Patent 
Application Serial No. PCT/US2011/052384, filed 20 Sep. 
2011, which claims the benefit of U.S. Provisional Patent 
Application Ser. No. 61/387,120, filed28 Sep. 2010, and U.S. 
Provisional Patent Application Ser. No. 61/509,209, filed 19 
Jul. 2011, which are incorporated herein by reference in their 
entirety as if fully set forth below. 

BACKGROUND 

1. Field 

2 
components, wherein substantially all plastic strain incurred 
by the interconnect structure is absorbed by a supporting 
pillar. 

In exemplary embodiments, the interconnect structure 
comprises a first pad, a second pad opposite the first pad, at 
least one supporting pillar disposed between the first pad and 
second pad, and a solder bump having a top surface and a 
bottom surface, wherein the second pad is disposed on the top 
surface of the solder bump. 

10 The interconnect structure can further comprise a plurality 
of supporting pillars disposed between the first and second 
pads. A polymer composite, for example but not limited to, a 
low-modulus polymer can be disposed between the plurality 

15 
of supporting pillars. 

In some embodiments, the at least one supporting pillar can 
be a copper-coated polymer. 

In some embodiments, the second pad is of a size sufficient 
to prevent wicking of the solder bump. 

In some embodiments, the first and second pads can be 
made of copper and can be about 15 micrometers thick. 

The various embodiments of the present invention relate to 
second-level interconnect structures, wherein features of the 
interconnect structure may be altered to achieve desired fine- 20 

pitch and low-stress properties, and to methods of making and 
using the same. In some embodiments, the at least one supporting pillar can 

be made of copper, can have a diameter of about 5 to 15 
micrometers, and can have a length of about 10 to 50 

25 micrometers. The at least one supporting pillar can have a 
diameter to length ratio of about 1:2 to about 1: 10. 

2. Description of Related Art 
Interconnects facilitate electrical communication between 

various electronic components within an electronic system. A 
"first-level" interconnect, for example, facilitates electrical 
communication between integrated circuits ("I Cs") and pack
age leadframes. A "second-level" interconnect, for example, 
facilitates electrical communication between packages and 
printed circuit boards ("PCBs"). 

As the semiconductor industry migrates from two-dimen
sional ICs to three-dimensional ICs, new second-level inter
connect structures that achieve higher electrical performance 
and successfully integrate heterogeneous ICs are needed. 
Specifically, new packaging techniques that are cost-effec
tive, thermo-mechanically reliable, and provide compliant 
and reworkable second-level interconnections from large
body, low thermal coefficient of expansion ("TCE") packages 
to PCBs at fine pitches are desirable. 

Several second-level interconnect structures are currently 
used, for example, land grid array ("LGA") packages, which 
are assembled onto a socket with flexible pins that contact 
lands on the package. These sockets are typically assembled 
onto a PCB with the help of solders. The package is then 
plugged into the sockets, therefore making it removable and 
reworkable for processor upgrades. An alternative structure is 
a solder based assembly that does not require an underfill. 

These interconnect structures, however, face fundamental 
challenges as the trend towards three-dimensional ICs and 
silicon and glass-based low-TCE interposer packages with 
fine-pitch board level assembly gains momentum. First, pro
viding a means for stress-relief within the current intercon
nect structures can be costly. Lower cost options, however, 
tend to induce tremendous TCE mismatch between low-TCE 
packages and PCBs. Second, this mismatch subsequently 
creates fundamental limitations in scaling down the pitch size 
with traditional solder compositions. Third, current underfill 
requirements prevent reworkability. 

Alternative second-level interconnect structures are thus 
desirable that address these fundamental limitations and 
enhance thermo-mechanical reliability without compromis
ing cost, reworkability, or electrical performance. 

BRIEF SUMMARY 

Exemplary embodiments of the present invention provide 
interconnect structures interposed between two electronic 

In some embodiments, the solder bump can be tin, silver, 
copper, lead, or a combination thereof. 

In another exemplary embodiment, the interconnect struc-
30 ture comprises a first pad adjacent a first electronic compo

nent, a solder bump having a top surface and a bottom surface, 
a second pad disposed on the top surface of the solder bump, 
at least one supporting pillar disposed between the first pad 

35 
the second pad, and a third pad disposed on the bottom surface 
of the solder bump such that the third pad is adjacent the 
second electronic component. 

The interconnect structure can further comprise a plurality 
of supporting pillars disposed between the first and second 

40 pads. A polymer composite, for example but not limited to, a 
low-modulus polymer can be disposed between the plurality 
of supporting pillars. 

In yet another exemplary embodiment, the interconnect 
structure comprises a first pad, a solder bump having a top 

45 surface and a bottom surface, and at least one supporting 
pillar disposed between the first pad and the solder bump, 
wherein the at least one supporting pillar penetrates the top 
surface of the solder bump. 

The interconnect structure can further comprise a plurality 
50 of supporting pillars disposed between the first pad and solder 

bump. Further, the at least one supporting pillar can be a 
copper-coated polymer. 

Exemplary embodiments of the present invention also pro
vide a method of making the interconnect structure, compris-

55 ing forming at least one first pad on a first package substrate, 
depositing a photoresist around the at least one first pad, 
plating at least one supporting pillar adjacent the at least one 
first pad and plating at least one second pad adjacent the at 
least one supporting pillar in one simultaneous step, plating a 

60 solder bump adjacent the at least one second pad, and remov
ing the photoresist. 

The method can further comprise patterning at least one 
third pad on a PCB and assembling the interconnect structure 
such that the solder bump is placed adjacent the at least one 

65 third pad. Plating the at least one supporting pillar, the at least 
one second pad, and the solder bump can occur simulta
neously in one step. 
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FIGURES 

FIG. 1 illustrates a second-level interconnect structure 
interposed between two electrical components, in accordance 
with exemplary embodiments of the present invention. 

FIG. 2 illustrates another second-level interconnect struc
ture interposed between two electrical components, in accor
dance with exemplary embodiments of the present invention. 

FIG. 3 illustrates yet another second-level interconnect 
structure interposed between two electrical components, in 
accordance with exemplary embodiments of the present 
invention. 

FIG. 4 illustrates plastic strain distribution in an exemplary 
embodiment of the second-level interconnect structure as 
compared to the prior art. 

FIG. 5 illustrates the affect a diameter to height aspect ratio 
of a supporting pillar has on the plastic strain applied to a 
solder bump. 

4 
method steps or intervening method steps between those 
steps expressly identified. Similarly, it is also to be under
stood that the mention of one or more components in a com
position does not preclude the presence of additional compo
nents than those expressly identified. 

As used herein, the terms "interconnect" and "interconnect 
structure" may used interchangeably and refer to devices that 
can be used for connecting electronic components across one 
or more of the generally accepted six levels of interconnec-

10 tion in an electronic system. Further, the term printed wiring 
board ("PWB") and printed circuit boards ("PCBs") may be 
used interchangeably. It shall also be understood that the term 
"adjacent" can mean, for example, below, above, and/or next 
to. 

15 The various embodiments of the present invention provide 

FIG. 6 illustrates a method of manufacturing the second
level interconnect structure of FIG. 1, in accordance with 20 

exemplary embodiments of the present invention. 

a stress-relieving, second-level interconnect structure that is 
low-cost and accommodates TCE mismatch between low
TCE packages and PCBs. The various embodiments of the 
interconnect structure are reworkable and can be scaled to 
pitches from about 1 millimeter (mm) to about 150 microme
ters (µm). 

FIG. 7 illustrates another method of manufacturing the 
second-level interconnect structure of FIG. 1, in accordance 
with exemplary embodiments of the present invention. 

FIGS. SA and SB illustrates methods of manufacturing the 25 

second-level interconnect structure of FIG. 2 and FIG. 3, 
respectively, in accordance with exemplary embodiments of 
the present invention. 

The versatility, scalability, and stress-relieving character
istics of the interconnect structure of the present invention 
make it a desirable structure to utilize in current two-dimen
sional and ever-evolving three-dimensional IC structures. 

Referring to FIGS. 1, 2, and 3, exemplary embodiments of 
interconnect structures are illustrated. The various intercon
nect structure embodiments are disposed between two elec
tronic components, and more specifically, a low-TCE pack-

DETAILED DESCRIPTION 

Referring now to the figures, wherein like reference numer-
als represent like parts throughout the several views, exem
plary embodiments of the present invention will be described 

30 age and a PCB. As illustrated, there is at least one interconnect 
structure disposed between the two electronic components, 
however it shall be understood that a plurality of interconnect 
structures can be disposed between the two electronic com
ponents. It shall also be understood that while the various 

35 interconnect structure embodiments are slightly different, 
they all comprise at least a first pad, a supporting pillar, and a 
solder bump, wherein the first pad and supporting pillar are 
operative to absorb substantially all plastic strain, therefore 

in detail. Throughout this description, various components 
can be identified as having specific values or parameters, 
however, these items are provided as exemplary embodi
ments. Indeed, the exemplary embodiments do not limit the 
various aspects and concepts of the present invention as many 
comparable parameters, sizes, ranges, and/or values can be 40 

implemented. 

enhancing compliance. 
The interconnect structure 105 illustrated in FIG. 1 com-

prises a first pad 120, a solder bump 125 having a top surface 
and a bottom surface, and at least one supporting pillar 130 
disposed between the first pad 120 and the top surface of the 
solder bump 125. The first pad 120 and the supporting pillar 

It should also be noted that, as used in the specification and 
the appended claims, the singular forms "a," "an," and "the" 
include plural references unless the context clearly dictates 
otherwise. For example, reference to a component is intended 
also to include composition of a plurality of components. 
References to a composition containing "a" constituent is 
intended to include other constituents in addition to the one 
named. Also, in describing the preferred embodiments, ter
minology will be resorted to for the sake of clarity. It is 
intended that each term contemplates its broadest meaning as 
understood by those skilled in the art and includes all techni-
cal equivalents which operate in a similar manner to accom
plish a similar purpose. 

Values may be expressed herein as "about" or "approxi
mately" one particular value, this is meant to encompass the 
one particular value and other values that are relatively close 
but not exactly equal to the one particular value. By "com
prising" or "containing" or "including" is meant that at least 
the named compound, element, particle, or method step is 
present in the composition or article or method, but does not 
exclude the presence of other compounds, materials, par
ticles, method steps, even if the other such compounds, mate
rial, particles, method steps have the same function as what is 
named. 

It is also to be understood that the mention of one or more 
method steps does not preclude the presence of additional 

45 130 can be made of many electrically conductive materials to 
facilitate electrical conductivity between the two electronic 
components 110/115, for example but not limited to, copper, 
aluminum, or combinations thereof. A polymer, for example, 
a low-modulus polymer, such as polyimides and silicones, 

50 can be disposed around the supporting pillar 130 to provide 
further support to the supporting pillar 130. The supporting 
pillar 130 can also be a metal-coated polymer, wherein the 
inside comprises the polymer and the outside comprises cop
per, aluminum, or combinations thereof. It shall be under-

55 stood that the supporting pillar 130 is of adequate thickness to 
handle the appropriate electrical current running between the 
two electronic components 110/115. In some embodiments, 
one supporting pillar 130 may be disposed between the first 
pad 120 and the solder bump 125. In other embodiments, 

60 however, a plurality of supporting pillars 130 may be dis
posed between the first pad 120 and the solder bump 125. In 
this embodiment, the polymer material can be disposed 
between the plurality of supporting pillars 130 to provide 

65 

further structural support. 
The solder bump 125 can be substantially spherical in 

shape and can be made from materials such as, tin, silver, 
copper, lead, or combinations thereof. It shall be understood 
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that the first pad 120 and the supporting pillar 130 materials 
must be of a melting point higher than the solder bump 125 
material so that melting the solder does not subsequently melt 
the first pad 120 and supporting pillar 130. In some embodi
ments, the supporting pillar(s) 130 can penetrate the top sur
face of the solder bump 125. When the interconnect structure 
105 and the two electronic components 110/115 are com
pressed together and combined, the first pad 120 and support
ing pillar 130 act to absorb substantially all plastic strain 
applied to the interconnect structure 105 due to thermal or 10 

mechanical or thermo-mechanical loading during its testing 
and operation. Thus, the solder bump 125 receives minimal 
stress and the reliability and durability of the interconnect 
structure becomes enhanced. 

15 
Referring to FIG. 2, there is shown an illustration of 

6 
As described, the supporting pillar of the various embodi

ments can accommodate part of the TCE mismatch between 
package and board. Without the supporting pillars, the maxi
mum equivalent plastic strain caused by deformation is 
applied to the solder bumps. However, in the exemplary 
embodiments described herein, the maximum equivalent 
plastic strain is applied to the supporting pillar, while the 
strain applied to the solder bump is minimal, as illustrated in 
FIG. 4. It shall be understood that the diameter to height 
aspect ratio of the supporting pillar directly influences the 
plastic strain applied to the solder bump. It shall be further 
understood that a higher aspect ratio consequently lowers the 
plastic strain applied to the solder bump, as demonstrated in 
FIG. 5. The feasibility of fabrication, however, must also be 
considered in determining an optimal aspect ratio. 

The interconnect structure 105 illustrated in FIG. 1 can be 
fabricated using either an electroplating method, an electro
less plating method, or combinations thereof, as illustrated in 
FIGS. 6 and 7. FIG. 6 illustrates process steps for fabricating 
an interconnect structure comprising at least one supporting 
pillar made of copper, aluminum, or combinations thereof. As 
described above, the supporting pillar can optionally be sup-
ported with a polymeric material. The first step includes pro
viding an interposer with at least one first pad 305. A seed 
layer can then be deposited on the interposer 310. A plating-

another exemplary embodiment of an interconnect structure 
205 disposed between two electronic components 210/215. 
This interconnect structure 205 embodiment comprises a first 
pad 220, a second pad 235 opposite the first pad 220, and a 
supporting pillar 230 disposed therebetween. The intercon- 20 

nect structure 205 further comprises a solder bump 225 hav
ing a top surface and a bottom surface, wherein the second 
pad 235 is disposed on the top surface of the solder bump 225, 
and further wherein a third pad 240 can be disposed on the 
bottom surface of the solder bump 225. 

As described above, the first pad 220, second pad 235, and 
third pad 240 can be made of copper, aluminum, or combi
nations thereof. It shall be understood that although this 
embodiment provides three pads, the various interconnect 
structure embodiments can have variations thereof (for 30 

example, a first and third pad, a first and second pad, a second 
and third pad, etc.). The supporting pillar 230 can also be 
made of copper, aluminum, or combinations thereof. As illus
trated in FIG. 2, one supporting pillar 230 can be disposed 
between the first pad 220 and second pad 235. In an alterna- 35 
tive embodiment, and as illustrated in FIG. 3, a plurality of 
supporting pillars 230 can be disposed between the first pad 
220 and second pad 235. The supporting pillars 230 can be 
further structurally supported by a low-modulus polymer, 
however the low-modulus polymer is not required. 

25 mask layer can subsequently be deposited over the seed layer 
and first pads 315. The plating mask layer can then be 
removed from the surface of the first pads 320 and the low
modulus polymer, if used, can then be deposited over the first 
pads 325. At least one via is then defined within the low-

The solder bump 225 can be substantially spherical in 40 

shape and can be made from materials such as, tin, silver, 
copper, lead, or combinations thereof. When the interconnect 
structure 205 and the two electronic components 210/215 are 
compressed together and combined, the first pad 220, second 
pad 235, third pad 240, and supporting pillar 230 act to absorb 45 

substantially all plastic strain applied to the interconnect 
structure 205 due to thermal or mechanical or thermo-me
chanical loading during its testing and operation. Thus, the 
solder bump 225 receives minimal plastic strain and the reli
ability and durability of the interconnect structure become 50 

enhanced. 
It shall be understood that the elements described in the 

various exemplary embodiments can be interchanged and/or 
combined to create other embodiments, and thus the 
examples provided herein are in no way limiting. 

55 
The various interconnect structure embodiments can be 

tuned to achieve a desired pitch size, for example, from about 
1 millimeter (mm) to about 150 micrometers (µm), therefore 
making the exemplary embodiments of the interconnect 
structure desirable for three-dimensional interposer applica
tions. Specifically, the first, second, and third pads can range 60 

from about 10 micrometers to about 15 micrometers in thick
ness. Further, the supporting pillar(s) can be of a diameter 
ranging from about 5 micrometers to about 15 micrometers 
and of a length ranging from about 10 micrometers to about 
50 micrometers. In exemplary embodiments, the supporting 65 

pillar 230 has a diameter to length aspect ratio of about 1 :2 to 
about 1: 10. 

modulus polymer 330. Vias can then be coated with copper, 
aluminum, and/or combinations thereof to define the support
ing pillar(s) 235. The mask and seed layer may then be 
removed 340. The interposer, first pad, and supporting 
pillar(s) may subsequently be assembled on a solder bump 
disposed on a PCB substrate 345. 

Referring to FIG. 7, there is shown process steps for fab
ricating an interconnect structure comprising at least one 
supporting pillar, wherein the at least one supporting pillar is 
a metal-coated polymer. As explained above, the polymer can 
be coated with copper, aluminum, or combinations thereof. In 
this example, the first step also includes providing an inter
poser with at least one first pad 405. At least one polymer wire 
may be formed on the first pads by injection molding, trans
fer, and printing 410. The polymer wire can then be electro
less plated with copper, aluminum, and/or combinations 
thereof to create a metal-coated polymer supporting pillar 
415. The interposer, first pad, and supporting pillar may then 
be assembled on a solder bump disposed on a substrate 420. 

The interconnect structures illustrated in FI GS. 2 and 3 can 
also be manufactured using electroless plating techniques, 
electroplating techniques, or combinations thereof, as illus
trated in FIGS. Sa and Sb, respectively. As illustrated, the 
package substrate is first cleaned 505. A stress buffer layer 
can then be laminated on both sides of the package substrate 
510. An electroless copper seed layer about 0.3 to about 0.5 
micrometers thick can subsequently be deposited on the 
stress buffer layer 515. Using photolithographic techniques 
520, electrolytic copper plating techniques 525, and photore
sist stripping techniques 530, at least one first pad can be 
formed. A liquid or dry film photoresist can then be deposited 
around the at least one first pad and charmels can be defined 
using lithography techniques 535. 

Copper can then be plated within the charmels to form the 
at least one supporting pillar and the at least one second pad 
in one simultaneous step 540. The ability to electroplate both 
the supporting pillar and the second pad in one step is an 
improvement over conventional two-step methods. By elec
troplating the supporting pillar and the second pad in one 
simultaneous step, the size of the second pad may be limited, 
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as illustrated in FIG. Sa. However, as illustrated in FIG. Sb, 
the size of the second pad may be increased by fabricating a 
plurality of supporting pillars. As one skilled in the art will 
appreciate, an increased second pad size better contains the 
solder bump and prevents the solder bump from wicking up 
and interfering with the supporting pillars. Alternatively, the 
supporting pillars and the second pad can be fabricated in 
separate steps to increase the size of the second pad. Solder 
bumps can then be plated adjacent each of the at least one 
second pads 545. It shall be understood, that the solder bumps 10 

may also be plated simultaneously with the supporting pillars 
and second pad plating, such that the plating of the supporting 
pillars, second pad, and solder bump all occur in one step. The 
photoresist and the seed layer can then be stripped and the 
package substrate can be diced 550 accordingly. Finally, at 15 

least one third pad can be patterned on a PCB 555 and the 
package substrate to PCB can be assembled 560. 

8 
a first pad adjacent the first electronic component; 

a solder bump having a top surface and a bottom surface; 

a plurality of supporting pillars disposed between the 
first pad and the top surface of the solder bump; and 

a second pad disposed on the bottom surface of the 
solder bump such that the second pad is adjacent the 
second electronic component. 

2. The system of claim 1, further comprising a polymer 
composite disposed between the plurality of supporting pil
lars. 

3. The system of claim 1, wherein substantially all plastic 
strain incurred by the interconnect structure is absorbed by 
the plurality of supporting pillars. 

4. An interconnect structure interposed between two elec
tronic components, comprising: 

a first pad; 

a solder bump having a top surface and a bottom surface; 
and 

a plurality of supporting pillars disposed between the first 
pad and solder bump, wherein each of the plurality of 
supporting pillars penetrates the top surface of the solder 
bump. 

5. The interconnect structure of claim 4, wherein each of 
the plurality of supporting pillars comprises a copper-coated 
polymer. 

Numerous characteristics and advantages have been set 
forth in the foregoing description, together with details of 
structure and function. While the invention has been dis- 20 

closed in several forms, it will be apparent to those skilled in 
the art that many modifications, additions, and deletions, 
especially in matters of shape, size, and arrangement of parts, 
can be made therein without departing from the spirit and 
scope of the invention and its equivalents as set forth in the 25 

following claims. Therefore, other modifications or embodi
ments as may be suggested by the teachings herein are par
ticularly reserved as they fall within the breadth and scope of 6. The system of claim 1, wherein the interconnect struc

ture further comprises a third pad disposed on the top surface 
30 of the solder bump, wherein the plurality of supporting pillars 

is disposed between the first and third pads. 

the claims here appended. 
We claim: 
1. A system of interconnected electronic devices the sys-

tern comprising: 
a first electronic component; 
a second electronic component; and 
an interconnect structure interposed between the first and 35 

second electronic components, wherein the interconnect 
structure comprises: 

7. The system of claim 1, wherein the first electronic com
ponent comprises a low-thermal expansion coefficient pack
age and the second electronic component comprises a printed 
circuit board. 

* * * * * 


