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Some of the world's most advanced research in micro- and nanoelectronic-packaging reliability is u|E|1|][l|

taking place in the Electronic Packaging Laboratory in the University at Buffalo School of Engineering P i I

and Applied Sciences. H"" IH“ E

UB engineers are addressing critical problems confronting the electronics industry as it attempts to
make electronic packages—the bundles of circuits, connections and bonds within electronic
devices—much smaller and more reliable. Their research is helping to reduce the size and increase
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the speed and life span of electronic devices, and is opening the door for the creation of new devices.

Currently, Intel is using the UB lab's research to develop the next-generation packaging for its
Pentium processor. The UB researchers also are working to break industry bottlenecks impeding
development of revolutionary systems and products, such as lead-free packages, nanoscale
computers and even implantable bio-electronic devices, including cell phones and electronic eyes that
work within the body and communicate directly with the brain's auditory and optical nerves.

“No one else in the world is doing what we're doing,” says Cemal Basaran, director of UB Electronics
Packaging Laboratory and an associate professor of civil, structural and environmental engineering.

Basaran and lab co-director Alexander Cartwright, UB associate professor of electrical engineering, are
revolutionizing the design of solder joints that connect circuits to electrical boards within a device.
High electrical-current density and heat produced by the circuits over time breaks down solder joints,
leading to system failure. The damaging effects of high current density and heat also limit attempts
to make electronic packages smaller and faster, Cartwright notes.

“Solder joints are the biggest bottleneck and source of failure in microelectronics,” Cartwright says.
“The chips themselves don't fail; it's where the chips interact on the board that the failure occurs.

“If we can give interconnections and contacts the same speed and reliability as the chips, computers
would be much faster and rarely would fail.”

According to Basaran, the relationship between high electrical-current density and mechanical
degradation has never been studied for solder joints at the engineering-mechanics level. The UB
researchers are the first to measure the strain field in a microelectronic solder joint due to high
electrical-current density. They also are the first to attempt to model and simulate the damage done
to solder joints.

Using a process called moiré interferometry, which uses laser beams to measure the displacement
field of solder material, the UB researchers are able to measure strain within solder joints as they are
exposed to simulated service conditions.

They have developed a novel methodology for measuring the stress and strain imposed on electronics
packaging under near-exact operating conditions and with displacement resolution down to 27 nm.
As the researchers “look down” on the joints at the nanoscale, they notice interesting
transformations. Electromigration of the solder begins to occur, with the solder material shifting
slowly downward toward the board and creating voids within the solder. Too many voids force the
electrical current to find new ways to travel within the solder. Or, electrons become trapped between
voids within the solder.

Using this and other research results from the UB lab, Basaran and his doctoral students have
developed computer models to simulate and predict package-fatigue life and reliability under service
conditions.

Their methods and results are generating interest throughout the electronics industry, and have
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attracted significant funding from many corporations and government entities, including Intel,
Micron, the U.S. Navy, the U.S. Department of Defense, the National Science Foundation and New
York State.

With the European Union and Japan expected to ban lead components next year, the UB lab is among
those racing to develop an understanding of the mechanical properties of lead-free solder, and is
experimenting with tin-silver and copper solder composites.

And, according to Basaran, the UB lab is working on nanoscale packages that may lead to the creation
of supercomputers as small as a wristwatch.

For more information, visit www.buffalo.edu/news.
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