Introduction & History of
Electromigration
Introduction :

The use of microelectronic devices within our daily lives has increased vastly resulting in the
transformation of our lives by recent scientific and technological advances. Electromigration is a
principal wear-out mechanism of integrated circuits (IC), thus limiting their reliability.
Reliability is important for the success in the microelectronics industry as a product is expected
to work for an extended period of time without failure. This makes electromigration an area of
intense research as more and more is demanded from microprocessors – to be faster, with smaller
components and cheaper.

History :

An IC contains various interconnected semiconductor components, such as transistors, resistors,
capacitors and diodes. The first integrated chip contained tens of transistors within a chip area of
1 cm2, and can now be called “Small-Scale Integration” (SSI). To find out more about the
different parts of an integrated circuit, click here.
With time, there has been a reduction of the dimensions of personal computing systems, from the
size of a desktop, to a notebook, to a palmtop, to a credit card, to a watch, eventually to the size
of a finger ring!
Concurrently, there has been a change in volume and complexity of wireless communication
system.
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Currently, a chip area of 1 cm2 or smaller contains hundreds of thousands of transistors to several
million – “Very Large-Scale Integration” (VLSI) – making it possible to fabricate a Central
Processing Unit (CPU) on a single integrated circuit. The industry now uses the terminology of
“Ultra-Large-Scale Integration” (ULSI), for chips containing more than a million transistors and
to emphasize chip complexity.
This continuous stream of achieving higher levels of integration brings about an exponential
growth in the power of computing and communications technology to consumers and businesses
worldwide. This is described by Moore’s Law.
Moore’s Law states that:
The number of transistors on an integrated circuit doubles about every two years.
Today, adding transistors in pace with Moore’s Law continues to drive increased functionality,
performance and decreased cost of computing and communications technology. The price of an

individual transistor has decreased drastically from $45 (in the 1950s) to less than a hundredthousandth of a cent (currently - 2005)!
The graph depicting the rapid growth in the number of transistors integrated onto a single chip
given below

The dramatic miniaturization has involved not only the semiconductor components of an IC but
also the conducting lines linking them (theinterconnects – part of the metallization on a device).
Changes relevant for electromigration-induced failure of interconnects include:


line widths shrinking from 10 mm to 0.19 μm, which will become even finer in the future.



total length of interconnect lines on a single IC increasing from several cm to several km
(reaching lengths of about 5 km).



current densities increasing from 108 A m–2 to 1010 A m–2.



number of metal levels increasing from 1 to 7 – this is because the number of components
has increased so vastly that a single level on the top of the silicon substrate is insufficient to
interconnect all the semiconductor components in the substrate, thus requiring multiple
levels of metallization lines.

Line widths decreasing from 1 μm to 0.5 μm (for research purposes line widths as small as
0.07 μm

have

been

used).
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These changes all increase the likelihood of electromigration-induced failure of the metallization
and they drive further research to reduce the effect of electromigration. The latest development is
the move away from aluminium-based to copper-based metallization lines.
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