MIKA: A MULTIGRID-BASED PROGRAM PACKAGE FOR ELECTRONIC STRUCTURE CALCULATIONS

T. Torsti^{1,2} J. Ignatius^1, M. J. Puska^2 and R. M. Nieminen^2

1 CSC - Scientific Computing Ltd., P.O. Box 405, FIN-02101 Espoo, Finland email: Tuomas.Torsti@csc.fi 2 Laboratory of Physics, Helsinki University of Technology,

P.O. Box 1100, FIN-02015 HUT, Finland

MIKA (Multigrid Instead of the K-spAce) [1] is a program package for quantum mechanical simulations of nanostructures [2, 3]. It consists of various applications, which solve the Kohn-Sham equations of density functional theory [4] (DFT) in different geometries (1D, 2D, axial symmetry, 3D). The equations are discretized on a real-space mesh, and solved using multigrid methods [5]. The central numerical techique in MIKA is the novel Rayleigh-quotient multigrid method [6] (RQMG).

In comparison to the more traditional plane-wave techiques, the real-space approach to electronic structure has the following advantages: flexible choice of boundary conditions, parallelization with domain decomposition, and availability of nonuniform grids. In addition, linear-scaling methods [7], where localized orbitals are needed, are most naturally formulated in real space.

We present an overview of the programs included in MIKA and give some examples of ongoing work related to the further development of the numerical methods and the software. We also present examples of research projects, where the MIKA-package is utilized.

[1] http://www.csc.fi/physics/mika.

[2] T. Torsti, Ph. D. -thesis (2003); http://lib.hut.fi/Diss. [3] H. Saarikoski, Ph. D. -thesis (2003); http://lib.hut.fi/Diss. [4] W. Kohn, Rev. Mod. Phys. 71, 1253 (1999). [5] T. Beck, Rev. Mod. Phys. 72, 1041 (2000). [6] M. Heiskanen et al., Phys. Rev. B 63, 245106 (2001). [7] S. Goedecker, Rev. Mod. Phys. 71, 1085 (1999).