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Motivation:

• 1. Polar wurtzite GaN(0001) nanorods are composed of 
an array of dipolar Ga-N bilayers, which gives rise to an 
electrostatic potential difference across the rod that tilts 
the energy bands.

• 2. When the rod is long enough, the potential difference 
causes electrons to move from the N−-end to the Ga+-end 
to regulate the potential difference. 

• 3. A given nanorod is an electric dipole. Parallel dipoles 
repel each other, so that nanorods have repulsive 
interactions among them, which may stablize GaN
nanorod/wire formation. 



Origin of the polarization envisioned by 
Bernardini, Fiorentini and Vanderbilt [1]

Ga

• d
• N
• Negative charge center

d=(u-0.375)c
When u=0.3764, P=-0.028 C/m2  (calculated: -0.029 C/m2 [1])
[1] Phys. Rev. B56, R10024 (1997)



Side view of wurtzite GaN(0001)
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Comparison between two views of charge arrangement in 
GaN(0001)

Correct use of the polarization of BFV                          Dipolar array
Surface positive charges (Ga+)                                                               Ga+

P

+ + + + + + + + + + + + + + + + + + +                           
Surface negative charges (N-)                                                               N-

Surface charges are much larger than the
compensation charges of polarization



Problems of the “spontaneous” polarization of Bernardini, 
Fiorentini and Vanderbilt

• 1. “Spontaneous” is not a proper description of this polarization.

• 2. The –0.029 C/m2 polarization is due to the small deviation of u 
from 0.375. The compensating surface charge density of this 
polarization is only 0.0005 e/ao2, which is negligible comparing to 
Ga/N surface charge density.

•
• 3. Due to the long-ranged nature of the Coulomb potential, real 

films, even in the interior of the film, don’t have the symmetry of 
the infinitely extended bulk system, which doesn’t have any 
surface and surface charges.



Tilt of energy bands in the GaN(0001) film/rod 
without across-film charge transfer
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Potential energy difference across
wurtzite GaN(0001) films/rods
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Local valence band maxima and conduction minima
in the 12-bilayer thick (long) wurtzite GaN(0001) film (rod)
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Hollow-core Screw Dislocations



AlN nanotips



ZnO nanorods



GaN nanowires



GaN (tangled) nanowires



Relation between ionicity and crystal structure

• Relatively low ionicity: zinc-blende structures
e.g. GaAs, InAs, InSb, ZnTe, etc.

• Relatively high ionicity: wurtzite structure 
e.g. ZnO, GaN, AlN, etc.

• Very high ionicity: rock salt structure 
e.g. NaCl, KCl, CsF, etc.



Dipole-dipole interactions

• For parallel dipoles

θ d

p

p

Udipole-dipole=p2(1-3cos2θ)/d3

When θ=90o, Udipole-dipole= p2/d3 > 0---repulsive



Schematic drawing of a GaN nanorod bunch

Repulsive dipole-dipole interactions
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