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The influence of an Si-SiON interface structure on dc-electric field
induced second-harmonic generation (EFISH)

The results are reported of an analysis of the influence of the structure of an Si-SiOxN1−x

interface on the d.c. electric field induced second-harmonic generation (EFISH). A model of
quadratic nonlinear polarization for second harmonic generation (SHG) is analysed, where the
SHG eficiency is given by [1,2,3]:
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b,is are anisotropic and isotropic terms of bulk quadrupole second order susceptibil-
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s —second and third or-

der dipole susceptibilities of the Si-SiO2 interface, ψ—azimutal angle, εst—d.c. electric field,
G(ω, z) = exp{i(2kz + Kz)z}—factor responsible for retardation and absorption effects inside
silicon, k, K—fundamental and SHG complex wave vectors respectively, Fb and Fs take into
account Fresnel factors for the SHG waves from the bulk and surface contributions respectively.

To take into account quantum confinement in an ultrathin SCR (space charge region),
self-consistent calculations using a DFT (Density Functional Theory) approach [4] were carried
out. The influence of an impurity segregation effect, spatial distribution of the O/N ratio, spa-
tial and energy distribution of interface traps in the interface region Si-SiOxN1−x and spatial
distribution of the fixed charge in the oxide on dc-electric field induced second-harmonic gener-
ation (EFISH) were analysed. The influence of these distributions on the capability of EFISH
generation for probing the static electric field in the Si-SiOxN1−x interface region and the O/N
ratio was evaluated. A comparison was made with the approach based on δ-approximation of
the interface traps charge and fixed charge in the oxide [5].

References

[1] V. V. Savkin, A. A. Fedyanin, F. A. Pudonin, A. N. Rubtsov, O. A. Aktsipetrov, Oscillatoric bias dependence

of dc-electric field induced second-harmonic generation from Si-SiO2 multiple quantum wells, Thin Solid Films
336 (1998), 350.

[2] O. A. Aktsipetrov, A. A. Fedyanin, DC-electric-field-induced second-harmonic generation in Si-SiO2 multiple

quantum wells, Thin Solid Films 294 (1997), 236.
[3] O. A. Aktsipetrov, A. A. Fedyanin, A. V. Melnikov, J. I. Dadap, X. F. Hu, M. H. Anderson, M. C. Downer,

J. K. Lowell, Dc-electric-field-induced second-harmonic generation spectroscopy of Si(001)-SiO2 interface:
separation of the bulk and surface nonlinear contributions, Thin Solid Films 294 (1997), 231–234.

[4] K. J. Pluciński, I. V. Kityk, M. Makowska-Janusik, A. Mefleh, H. Kaddouri, S. Benet, Photoinduced Opti-

cal Second Harmonic Generation of SiNO Films Deposited on Si〈111〉 Substrate, J. Appl. Phys. 87 (2000),
3806–3814.

[5] O. A. Aktsipetrov, A. A. Fedyanin, A. V. Melnikov, E. D. Mishima, A. N. Rubtsov, DC-electric-field-induced

and low-frequency electromodulation second-harmonic generation spectroscopy of Si(001)-SiO2,
arXiv:physics/9806003v2, 3 Jun 1998.


