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From Bloch to Wannier
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Crystal Structure = Lattice + basis Lattice 

Basis 
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Crystal in real space: 

Brillouin zone in reciprocal space: 
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Crystal in real space: 

Brillouin zone in reciprocal space: 
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3.23 Electronic, Optical and Magnetic Properties of Materials - Nicola Marzari (MIT, Fall 2007) 
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3.23 Electronic, Optical and Magnetic Properties of Materials - Nicola Marzari (MIT, Fall 2007) 
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N. Marzari and D. Vanderbilt, Phys. Rev. B 56, 12847 (1997) 
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M. Fornari, N. Marzari, M. Peressi, and A. Baldereschi, Comp. Mater. Science 20, 337 (2001) 
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I. Souza, N. Marzari and D. Vanderbilt, Phys. Rev. B 65, 035109 (2002) 
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Band Structure of (8,0) and (5,5) SWNT 
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(8,0) semiconducting (5,5) metallic 
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Band Structure of (5,5) and (8,0) SWCNTs 



Band Structure of (5,5) and (8,0) SWCNTs 

 (5,5) SWCNT                                         (8,0) SWCNT  

Occupied states only, no disentanglement ! 



Silicon Nanowires 

(001) 

1.2nm 

Si—H Si—Si 

MLWFs for the 
Occupied Manifold 

(001) 



Accurate interpolation 



Accurate interpolation 



Accurate interpolation 



Accurate interpolation 
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Large Scale Calculations 
•  Parameterization 

•  principal layer 

•  Charge density convergence 
•  Same MLWFs and Hamiltonian matrix elements in 

overlapping region 
•  Electronic structure of long 1-D structure with a little 

cost  



MLWFs Extraction From a Saturated Cluster 



First-principles DFT, !-Point only!
Ultrasoft pseudopotentials!

GGA exchange-correlation functional!
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WANNIER FUNCTIONS!
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polyd(CpGp) B-DNA!



Arash A. Mostofi (MIT), Electronic Structure Workshop, 13-15 June 2007, NSCU 

B-DNA Configuration!

2.8eV!

•  105 atoms"
•  330 electrons"
•  18 Å cubic cell"
•  186 WFs"

LUMO bandwidth = 37 meV!
HOMO bandwidth = 60 meV!

Dry, no backbone, 36° twist"
Isolated fragments! Equivalent to 350 atom calculation!



Green’s Function 



Green’s Function (II) 



Transfer Matrices 



Iterative Transfer Matrices 
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"   GC -- Green’s function of the conductor  
"   !L,R -- coupling functions between the             

 conductor and the leads.  
"   H = Hamiltonian 
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"    Self-energies are computed using surface Green’s function matching theory  and 
the concept of layer orbitals:                (Garcia-Moliner and Velasco, 1991, 1992) 

Green’s Function in a localized basis 
M. B. Nardelli  Phys. Rev. B 60, 7828 (1999) 
Datta, “Electronic Transport in Mesoscopic 
Systems” 




