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Activities and Findings

Research and Education Activities: (See PDF version submitted by PI at the end of the report)

Findings: (See PDF version submitted by PI at the end of the report)

Training and Development:
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-PhD student, Karan Kacker, has gained valuable experience in the design, fabrication, assembly, and testing of compliant interconnects;

gained extensive training in cleantoom skills and modeling expertise

- MSME students, Greg Ostrowicki and Thomas Sokol, have gained extensive traing microelectronics cleanroom operations and modeling

expertise

- The findings from this project have been integrated in graduate and undergraduate course lectures dealing with microsystems packaging
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Outreach Activities:

Journal Publications !

Karan Kacker, George Lo and Suresh K. Sitaraman, "Low-K Dielectric Compatible Wafer-Level Compliant Chip-to-Substrate Interconnects”,
IEEE Transactions - Components, Packaging, and Manufacturing Technologies, p. , vol., { ). Submitted

; .
'

Books or Other One-time Publications

Karan Kacker, George Lo, and Suresh K. Sitaraman, "Wafer-Level, Compliant, Off-Chip Interconnects for Next-Generation Low-K
Dielectric/Cu ICs", (2006). Conference, Submitted
Bibliography: ASME - International Mechanical Engineering Congress and Exposition

‘Web/Internet Site

Other Specific Products

Product Type:
Other inventions

Product Description: i '

We have found that varying compliance will significantly benefit from both mechanical and electrical perspectives. Accordingly, we are
working on an invention disclosure that will detail how one can achieve a heterogeneous array of interconnects that will have optimum
electrical and mechanical performance.

The invention disclosure will be filed in the near future.
Sharing Information: ' :

1) Microelectronics industry can use our invention for their off-chip interconnects
2) Packaging industry can use our invention as potential chip-to-substrate interconnects
3) Testing industry can use our invention as microelectronics test probes

Contribuations .
Contributions within Discipline:

- The compliant interconnects developed in this work present a paradigm shift; by combining both electrical and mechanical design aspects, the
compliant interconnects address one of the critical bottlenecks facing next-generation microsystems development .

- The developed interconnects do not crack or delaminate the dielectrics in the die, and at the same time, are reliable and robust -

- The interconnect design is unique and innovative; invention discloures for varying compliance are being planned.

Contributions to Other Disciplines:

- The proposed interconnects can be scaled down and used for bio-sensing applications. For example, the scaled-down interconnects can be
used for antigen detection associated with cancer diagnosis, treatment, and remission evaluation

- The interconnects when assembled using lead-free solder material can be environmentally friendly

- The interconnects can be fabricated in a large-area format, and therefore, they are cost-effective

Contributions to Human Resource Development:

- Next-generation microsystems will significantly benefit from the ongoing work. ‘
- The findings frotn the work will be published in at least one journal and one conference; invention disclosures are also planned
- We will also explore using undergraduate students in the research program

Contributions to Resources for Research and Education:
- The findings and methods from the work are being integrated into undergraduate and graduate classes dealling with microsystems packaging
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3) Compressive Force Profile: A certain amount of compressive force must be applied to
allow all of the interconnects to make contact with the subsirate pads and to overcome the non-
planarity of the substrate. However, it was also observed that if a large force was applied it
would excessively deform the compliant interconnects, causing the arcuate beam to contact the
neighboring pad on the substrate. This in tum would cause the solder from the neighboring pad

to wick cnto the arcuate beam during reflow resulting in misalignment.

4) Temperature Profilfe: The temperature profile for soider reflow can be divided into four
stages: pre-heat, thermal soak, reflow, and cool down. Each of the four stages must be Figure 7: Cross-Section of Assembled
optimized as it impacts assembly yield as well the subsequent reliability of the solder joint. Compliant Interconnects

Using the developed assembly process, the compliant interconnects were subsequently assembled on organic substrates. The alignment of the
interconnects with the corresponding pads on the substrate was verified through X-Ray imaging. A cross-section of the assembled compliant
interconnect on an organic substrate is shown in Figure 7.

Experimental Reliability Assessment

The compliant interconnects assembled on organic subsirate were subjected
to JEDEC (JESD22-A104-B), test condition J thermal profile - cycling between 0
and 100 °C with 10 minute dwell times.
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The assemblies were taken out at various intervals during thermal cycling §
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and the daisy chain resistance was measured. The thermal cycling results are 2 %\o\.\_’\
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presented in Figure B. The vertical axis correspond to the number of working

robing pads calculated as a percentage of the number of working probing pads j
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Figure 8. % Working vs Number of Cycles

after assembly but prior to thermal cycling. The assembly process stil needs
further refinement to enhance the yield and the overall reliability of the test
vehicle.
Compatibility with Low-K Dielectric

Numerical simulations were done to examing if the developed interconnects will be beneficial for ICs with low-K dielectric material. To
demonstrate this, a generalized plane-deformation (GPD) finiteelement model was developed for a die on an organic substrate. The
ntercennects, die pads, and solder attach were also modeled. The solder reflow temperature was taken as the stress-free temperature, and the
assembly was simulated 1o be cooled down from the reflow temperature to -55°C. It was observed that the stresses introduced in the die are less
than 5 MPa. As the compliant intercannects create significantly lower stresses in the die by decoupling the die from the substrate, the low-K
dielecinc material is not likely to crack or defaminate. On the other hand, for flip-chip on organic board assemblies with underfills, cur simulations
with identical die/substrate dimensions indicate that the die stresses will be of the order of 140 MPa; such high stresses are likely o lead to low-K
dielectric cracking or delamination. Simitarly when the interfacial peet and shear stresses are examined at the die pad/interconnect interfaces, it is
seen that the siresses are less than 10 MPa. This indicates that the interconnects are less likely to delaminate or crack from the die pads under
typical thermo-mechanical loading.
Integrative Solution

The compliant iMterconnects provide excellent opportunities for I/O customization based on electrical and mechanical requirements. In general,
the interconnests near the center of the die need not have a high mechanical compliance as the differential displacement between the die and the
substrate due to CTE mismateh is low near the center of the die. Thus, the interconnects at the center of the die can be fabricated in the shape of
a column structure, while the interconnects near the edge of the die can be fabricated with ¢compliant interconnect structure. In other words, the
three-mask process can be used to create interconnects that vary in shape from the center to the edge of a die: from column to low-compliance
interconnects to high-compliance interconnects, and still maintaining the 100-um pitch through the entire array. The central columns can be
beneficial from a number of perspectives: (1) They can be used predominantly as ground-power interconnects with the ability to carry higher
current, (2) Thay can provide high enough rigidity against potential vibration or drop induced damage on the compliant interconnects, {3) They can
act as a stopper to prevent damage fo the compliant interconnects when an excessive force is inadvertently applied either during assembiy andfor
when a heat sink is atached. As these columns are located near the center of the die where the CTE-induced differential thermal expansion is
low, these columns will neither fatigue fail nor exert excessive force on the low-K dielectric to crack or to delaminate. The interconnects away from
the center of the die can be fabricated with increasing magnitude of compliance as ane traverses to the comer/edge of the die. Typically, near the
comer of the die, the CTE-inducad differential thermal deformation is high, and therefore, higher compliance is needed to reduce the force induced
on the die pads by the interconnact. The interconnects in the middle can have “low” compliance and still will not delaminate or crack the low-K
dielectric. When the mechanical compliance is low (smaller arc radius or wider interconnect), the efectrical parasitics will improve, and thus the
compliant interconnects will provide a unique opportunity to failor the system performance by balancing electrical requirements against thermo-
mechanical reliability concerns.
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ACTNITIES
Mechanical and Electrical Design, Fabrication, Assembly, and Testing have been
carried out to realize the compliant interconnects.
1. Mechanical Design. Analytical and numerical models have been developed to
determine the mechanical compliance of the compliant interconnects in the three

orthogonal directions. Models have been developed 1o determine the
siress/strain distribution in the compliant interconnects under thermo-mechanical

Figure 1: Fabricated Compliant Interconnects
loading. Models have also been developed to illustrate the compatibility of these

{with and without solder)
interconnects with Low-K / Cu dies.

2. Electrical Design. Analytical models and numerical models have been developed to determine the electrical parasitics {i.e. resistance,
inductance) of the interconnects at DC as well as up to 10 GHz frequency.

3. Design Optimization. Since the geometric parameters of the compliani interconnect have opposite effects on the desired mechanical and
electrical performance, gecmetry optimization was dene te meet both the mechanical and electrical performance targets and requirements.

4. Fabrication: Using LIGA-like fabrication process, compliant interconnects were fabricated at a 100pm pitch (Figure 1).
Assembly and Testing: Silicon wafers with compliant interconnects were singulated into individuat chips, and these chips were assembled on
organic substrates through solder attachment of compliant interconnects. The thermo-mechanical reliability was assessed through subjecting

the assemblies to therrnal cycling and menitering the interconnect electrical resistance.
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