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GaN surfaces have gained much attention due to the recent technological advances in the
nitrides-based optoelectronic devices. The device characteristics depend on the controlled
growth nechanisms of GalN thin films, which is essentially a surface process. Therefore, a
comprehensive knowledge of the surfaces properties such as atomic structure, electronic and
optical properties are highly desirable in these systems.

In this work, we study the electronic and optical properties of the bare and hydrogenated
GaN(0001) surfaces, using a First-Principles formalism [1]. This formalism is based in the
Density Functional Theory (DFT) within the Local Density Approximation (LDA), and em-
ployes the Harris functional, the Hamann-Schliter-Chiang pseudopotentials [2] and a minimal
sp® space-localized basis using atomic-like orbitals. For our study, we performe calculations
using the generalized self-consistent correction to the Harris LDA functional code called ” Fire-
ball96” [3|. Also, we have included excitonic effects to calculate the electronic and optical
properties of these surfaces.

For different atomic models of bare and hydrogenated GaN(0001) [4], we calculate their
electronic band structure and optical properties for each surface. We analyze in detail the
electronic structure and the main optical signature of each surface. The origin of the optical
spectra is discussed in terms of the main surface electronic states and of the specific surface
atomic rearrangement.

To compare with experimental measurements, we calculate the Electron-Energy Loss
Spectra (EELS) for each surface. Results are presented in terms of the dielectric function
and EELS, and are compared with recent experimental measurements. Finally, we compare
our theoretical results for each surface based in an atomic model with the experimental
results. This comparison allows us to explore which atomic reconstruction can be closer to
reality.

We acknowledge partial support from the Ricardo J. Zevada Foundation, and CONACyT-
Mexico and DGAPA-UNAM-Mexico grants Nos. 27646FE and IN104297, respectively.

[1] O.F. Sankey and D.J. Niklewski, Phys. Rev. B 40, 3979 (1989); O.F. Sankey, D.A.
Drabold, and G.B. Adams, Bull. Am. Phys. Soc. 86, 924 (1991).

[2] D. R. Hamann, M. Schliiter, and C. Chiang, Phys. Rev. Lett. 48, 1494 (1979).

[3] A.A. Demkov, J. Ortega, O.F. Sankey, amd M. Grumbach, Phys. Rev. B 52, 1618 (1995).
[4] Q.-K. Xue, et al., Phys. Rev. Lett. 82, 3074 (1999); J. Fritsch, et al., Phys. Rev. B 57,
15360 (1998); and references therein.

[5] R. Esquivel-Sirvent, and C. Noguez, Phys. Rev. B 58, 7367 (1998).

[6] V. J. Bellitto, et al. Phys. Rev. B 60, 4821 (1999); ibid. 60, 4816 (1999).



