Optical anisotropy in porous silicon layers made by polarized-light-assisted etching
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It is reported that light-emitting porous silicon (PSi) layers subjected to photoelectrochemical or photochemical etching with
polarized light exhibit significant optical anisotropy in terms of luminescence polarization as well as refractive index. The
anisotropy in luminescence polarization is found to be determined by the competition between electrochemical and
photochemical dissolution reactions. PSi samples prepared under the prevalence of the former reaction generally show larger
anisotropy and smoother surface, and therefore are favorable for device applications.
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Fig. 1. Unpolarized PL spectra of PSi samples formed on
n-type and p-type substrates by anodization under
polarized illumination. The anodization was performed at
30 mA/cm?® (n-type) and 20 mA/cm? (p-type) for 30 min.
The PSi samples were then slightly oxidized
electrochemically to improve stability against laser
irradiation.
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Fig. 2. Anisotropic optical response in the n-type (a)
and p-type (b) PSi samples of Fig. 1 [18,19]. Degrees
of linear polarization in PL at several emission energies
are plotted as a function of the angle between the
electric field of the excitation light (Eec) and the [011]
direction of the substrate. The electric field of the
etching light (Egcp) is parallel to the [011] direction..
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Fig. 3. Degree of polarization in the PL of an n-type
sample prepared with a low anodization current density
of 2.3 mA/cm’.
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Fig. 4. Degree of luminescence anisotropy [P, / P, ],
average degree of linear polarization [(P+P, ) /2], and
PL intensity in p-type samples photochemically etched
with polarized light after anodization in the dark.
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Fig. 5. Possible model which can explain the optical
anisotropy due to polarized illumination in
photoelectrochemically etched (a) and photochemically
etched (b) PSi samples [19].
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Fig. 6. Degree of linear polarization as a function of
emission photon energy for three different polarization
directions of the excitation light [22]. The PSi sample
was formed by the anodization of a p-type Si wafer at
10 mA/cm? for 30 min. The anodization was performed
under illumination with polarized light.
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