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Selected area anodization for nanostructure formation on p-type silicon surface
controlled by laser beam irradiation

Sanae OOKI*', Shuichi OSAWA **. Takeo NAKANO **, and Shigeru BABA **

ABSTRACT : The effect of low power helium-neon laser (632.8 nm) irradiation on the anodization of
p-type silicon in hydrofluoric acid solution was studied. The laser beam of 2 mW power with a Gaussian
diameter of 0.9 mm was successfully emploved to control the formation of porous silicon (PS) of good
quality. The photoluminescence (PL) of PS was excited by a violet laser diode (409 nm). and the spectra
were acquired with an optical microscope from an area of about 60 pm in diameter on the PS surface. The
microscopic distribution of the PL spectra appeared in a corresponding manner with the beam intensity
distribution during the formation process.

On the laser-irradiated surface the electrochemical reaction is enhanced by the current concentration due
to the photoconduction in the body. while photo-excited electrons recombine with holes near the surface
suppressing the reaction. Under an optimized condition PS which exhibited sharp PL at peak energy of 2.0
eV with 0.3 eV FWHM could be obtained. Though the critical condition may vary with the electrical
property of employed silicon wafer, it is demonstrated that microfabrication is made possible in wet
processing on p-type silicon surface by tuning only laser beam intensity of about 0.1 W/cm”,
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Fig.1 Energy band bending of p-Si in HF solution.
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Fig.2 (a) Initial formation of pores by etching
(b) Pores advance almost horizontal |y because the
hole flux is not pinched up enough at a

protruded tip.
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Fig. 4 Schematic of electrochemical cel| compatible
with laser beam irradiation. Anodization was

carried out inanultrasonic bath cooled with ice.

Fig.5 Intensity profile of laser beam at the

anodization surface. Unit mesh is 0.1 mm in
length, and intensity is normalized to be 50

at the center.
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Fig.6 Microscopic measurement system for photo-
luminescence spectrum
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Fig.8 Cross-sectional SEM images. (a) PS structure
(b) 45° view
at the peripheral zone of laser-irradiated

formed at non-irradiation area.

area, where the thickness of PS varies The
bright surface shows its insulating nature.
The center of laser beam was far on the left.
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Fig.9 Crack generation in PS layers was observed
under high current conditions. The stress was
tensile.
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Fig. 10 Enhancement of PL property by laser
irradiationup to 0.23 mW at /,=20 mA. Laser
irradiation with higher intensity promotes
photochemical etching.
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Fig. 11 Distribution of PL spectra over PS anodized at
iyn= 30 mA with laser-irradiation of 0.23 mW.
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Fig. 15 Effect of current and laser on the PS profile.
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