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Abstract:

The recent Nobel Prize in Chemistry features Quantum Dots. Quantum Dots are nanocrystals
of compound semiconductors with well capped surfaces for optimum optical and electronic
properties. Quantum confinements were predicted by Dr. Luis Brus in 1986 at Bell Labs.
Hence, without surface defect traps, their optical and electronic properties can be tuned by
controlling the crystallite-size. Today many displays employ QD’s and have great commercial
success.

Such detail size-dependent property study has not been extended to nanocrystals’ bond-
length, mechanical and thermal properties. The lattice expansion in nanocrystals of oxides
and PbS is shown to be a result of surface compressive stress originated from
adsorbents/surfactants, size-dependent Madelung negative pressure, and/or cation
reduction. The findings open a new way to control surface/interface stress in nano-device
fabrication which is important to the overall yield of manufacturing, crucial to the chip
makers’ profit margin and survival. For example, misfit dislocations from lattice mismatch
in epi-growth of SiGe on Si have been avoided through size-control. Strained SiGe/Si enables
faster transistors, an important breakthrough toward GHZ FET’s and BiCOM.

In addition, stiffness (aka Bulk Modulus) also shows size-dependence in nanocrystals of
ceria, MgO and PBS each with a maximum and a general decrease with decreasing crystal-
size. Similarly with thermal expansion the general decrease with decreasing crystal-size is
also observed in nano ceria and MgO. Together the predicted heat capacity exhibits a crucial
size beyond which a general decrease with decreasing crystal-size.

In summary, we will examine how these new findings improve our control over device
processing and reliability.
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