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Challenges in Material Science
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Nanostructuring of semiconductors is the modern way of developing devices for electronic, optoelectronic, \

and sensoric applications. The huge efforts made towards matter manipulation at the nanometer scale PouTedHH",
have been motivated by the fact that desirable properties can be generated by modifying the spatial
quantum confinement of electrons and holes, for instance, by changing the system dimension and shape.
Very recently the formation of PbTe quantumdots in a crystalline CdTe host matrix has been demonstrated.
High resolution cross-sectional transmission microscopy studies for the annealed PbTe/CdTe systems
show the existence of rather ideal PbTe nanocrystals with (111), (100), and (110) interfaces to the CdTe
host. An intense room-temperature mid-infrared luminescence could be observed at this system. Since the
availability of light sources in the mid-infrared spectral region is crucial for many applications, e.g. in
molecular spectroscopy and gas-sensor systems for environmental monitoring or medical diagnostics, it is
important to develop a deeper theoretical understanding of these effects.

Simulation Method

The DFT-PAW implementation in the Vienna Ab-initio Simulation Package (VASP), together with the
gradient-corrected parameterization of the exchange-correlation energy is used for the simulation.
The Kohn-Sham matrix is diagonalized using the Residual Minimization Method with Direct Inversion in
Iterative Subspace (RMM-DIIS).

Computational Performance on the NEC SX-8 Cluster

Most of the calculations were carried out on the NEC SX-8 vector system at the
Hochstleistungsrechenzentrum Stuttgart (HLRS). The graph below shows the scaling behavior of VASP on
the NEC SX-8 system for an embedded PbTe nanodot. The timings presented here are only for the first
and second ionic steps while a production run typically performs some 100 ionic steps. The performance of
the iteration (green) is computed as the difference between a complete run for two ionic steps (blue) and
one ionic step (red). The computation is dominated by complex matrix-matrix multiplication (CGEMM).
The sustained iteration performance exceeds 1 TFLOPS already on 128 cpu NEC SX-8.
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