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ABSTRACT

The structural and optical features of Porous Silicon(PS) were investigated; the porous silicon was prepared by electrochemical
etching of silicon wafers in HF solution. The morphologies and Photoluminescence(PL) features of the PS were investigated in
terms of etching time, current density and aging conditions. The gverage pore diameter and pore depth were determined by cur-
rent density and etching time, respectively. As-prepared PS exhibited the maximum PL peak at the wavelength of ~ 450 nm. The
degree of deviation from as-prepared PS during aging treatment seemed to depend on the microstructure as well as morphology
of the PS. It is found that etching current density played an important role on the microstructural features of the PS.
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1. Introduction

n recent years, Porous Silicon(PS) has been widely stud-
I ied mainly because of its optical properties which allow
the realization of silicon based optoelectronics."” The obser-
vation of the Photoluminescence(PL) at room temperature
with a few percent efficiency gave rise to a possibility that
optical and electronical devices could be produced on a sim-
ple silicon chip.*¥ A few research groups also reported that
Electroluminescence(EL) could be obtained from the PS,
even though the efficiency is very low.”

Until now, there has been no theory unanimously
accepted for the luminescence of the PS.*” Among the sev-
eral models proposed to explain the PL phenomena in the
visible light, the quantum confinement model seems to be
supported by many experimental and theoretical investiga-
tions.*'¥ But, serious contradictions exist between the pre-
dictions and a number of experimental results.

In order for such unique and useful phenomena of the PS
to be applied in real electronic devices, a number of prob-
lems have to be solved.

- The efficiency of light generation should be increased.

- The intensity of the light emitted from relevant PL or EL

devices should be kept constant with time.

- The devices made of the PS should have good mechanical

strength and thermal stability.

The structural and PL features of the PS were investi-
gated and samples were prepared by electrochemical etch-
ing. Some of the samples were subject to subsequent
oxidation in air atmosphere to examine the variation of opti-
cal features of the PS with aging time.
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2. Experimental Procedure

The etching system used in this experiment is shown
schematically in Fig. 1. The PS was prepared by the electro-
chemical etching method of p-type (001) Si wafers of 4 Qem
resistivity in HF solution. The electrolytes consisted of HF
(49%):H,0:C,H,OH=1:1:2 by volume. The electrolyte tem-
perature was kept at 40°C; the distance between the anode
and the cathode was 1.5 cm. The electrochemical etching was
performed under a current density of 30 and 100 mA/ecm®
for various times.
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Fig. 1. Schematic diagram of the electrochemical etching sys-
tem.
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The surface and cross-section morphology was examined Fig. 3 shows SEM images of flat-on as well as cross-section
by a Scanning Electron Microscope (SEM, Hitachi, X-650). views of the PS. The PS was prepared at a current density of
The PL was measured at room temperature by spectrofluo- 100 mA/cm? for 10, 20 and 30 min. The flat-on view indicates
rophotometer (Shimadzu, RF-5301). The chemical informa- that the pores are of a polygon-type column. The average
tion was obtained by Fourier transform infrared spectro- diameter of the column-shaped pores in the PS is about
scopy (FT-IR, BIO-RAD, FTS-165) and the structural infor-
mation was obtained by High-Resolution X-Ray Diffraction &0
(HRXRD, Philip Xpert MRD). ® Poresize

8 Pore depth

3. Results and Discussion

A SEM flat-on image of the PS is shown in Fig. 2. The PS
was anodized for 5 min at 30 mA/em® in HF solution. The
average pore diameter is approximately 9.2 nm, and the
pores are distributed uniformly on the surface and sepa-
rated with each other by about 9.5 nm.
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Fig. 4. Variation in the pore depth and pore size of the PS.
These samples were etched at 100 mA/em®.
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3.3 um, and these are separated by the walls of about 280-
nm-thickness. In particular, the walls appear to have very
uniform thickness, and stand perpendicular to the surface.

Fig. 4 shows that the pore depth increases with etching
time. When the current density of 100 mA/cm® was applied,
the etching rate was about 2.2 ym/min. This indicates that
the current density plays an important role on the distance
between the pores, while the etching time determines the
depth of the pore. The average diameter of the pore in the
PS did not change with etching time. These results support
the explanations of Beale model for the etching process of
the p-type Si."*'"

Fig. 5 shows the PL peaks of the PS prepared by aging the
as-prepared PS in air atmosphere for particular time after
etching silicon wafers at a current density of 30 or 100 mA/cm?®.
The as-prepared PS, prepared at current densities of 30 and
100 mA/em?, exhibits the maximum PL peak at the wave-
length of ~ 450 nm. Both exhibit very similar PL spectral
behaviors. From these results, we thought the observed PL
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Fig. 6. Variation in the FT-IR spectra of the PS with aging
conditions and current densities. The samples were
prepared by anodic etching at (a) 30 mA/em?® for 5
min;: (b) 100 mA/cm?® for 30 min.
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spectral features of the as-prepared PS etched at 100 mA/cm®
might be caused by some structural characteristics of the
280-nm-thick walls rather than just by the thickness of the
walls.

The intensities of red PL peaks of the PS, etched at
30 mA/cm® for 5 min, increase with aging time. When the
as-prepared PS, prepared at 30 mA/cm®, is aged for 7 days
in ambient air, the PL peak at a wavelength of ~ 600 nm
increases significantly as shown in Fig. 5(a). However, the
PS, prepared at 100 mA/cm® and aged for 15 days in ambi-
ent air, exhibits a prominent peak at a wavelength of ~ 450
nm, and has only a shoulder peak at ~ 550 nm. Aging in
ambient air seems to affect the PL features of the PS in a
different way, depending on the current densities at which
the PS was prepared. Such a difference seems to be related
with the microstructural and/or chemical features of the PS.
To investigate the physical-chemical characteristics of the
PS related with the observed PL variation with aging time,
these samples were analyzed by FT-IR and HRXRD.
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Fig. 7. Variation in the 004 peak of the HRXRD patterns of
the PS with aging conditions and current densities.
The samples were prepared by anodic etching at (a)
30 mA/cm® for 5 min; (b) 100 mA/cm® for 30 min.
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The variation of the FT-IR spectra of the PS with aging
treatment is shown in Fig. 6. It has been reported that the
spectral features change significantly 1000 ~ 1200 cm™ in
the spectra of post-etching thermal-treated PS; this is due to
Si-O-Si vibration.'®'? Although the as-prepared PS contains
essentially no oxygen, it is expected that exposure to ambi-
ent air results in oxidation at the PS surface. The PS etched
at 30 mA/em® shows red PL, when the as-prepared sample
was aged. But, the samples etched at 100 mA/cm?® don’t
exhibit any prominent red PL, even after they were aged for
15 days. The FT-IR spectra of the aged PS seem to be differ-
ent to each other in Fig. 6(a) and (b). The peaks at 900 and
1050 cm™ seen in Fig. 6(a) seem to be related with the red
PL; these are due to Si-O-Si bending.'®'® From the compari-
son of the PL (in Fig. 5(a)) with the FT-IR results, the oxida-
tion of the PS can be directly related with the observed red
peak in the PL spectra.

The variation of HRXRD (004) reflection with the oxida-
tion states of the PS is shown in Fig. 7. The samples were
etched (a) at 30 mA/em? for 5 min, and (b) at 100 mA/em? for
30 min. The HRXRD results indicate that the intense and
narrow Bragg peaks at 0 = 34.55° correspond to the diffrac-
tion peak of the silicon substrate, while some broad features
were observed around the (004) peak of the diffraction
curves in Fig. 7(b), after the as-prepared PS were aged for
16 days. On the other hand, the HRXRD patterns of the PS
etched at 30 mA/cm® vary very little with aging treatment
as shown in Fig. 7(b). From FT-IR and HRXRD results, the
aging treatment produced oxidation and lattice distortion in
the PS, but the degree or the amount of such deviation from
as-prepared PS during aging treatment seem to depend on
the microstructure as well as morphology of the PS.

4. Conclusion

The PS was prepared by electrochemical etching method
and the pore distribution was uniform for all samples. The
average pore diameter and pore depth were varied with cur-
rent density, while the etching time plays an important role
on the pore depth; in particular, when the current densities
of 30 and 100 mA/em® were applied, the pore diameters
were ~ 9.2 nm and 3.3 um, respectively.

The as-prepared PS exhibits the maximum PL peak at a
wavelength of ~ 450 nm. But, when the as-prepared PS pre-
pared at 30 mA/em? is aged for several days in ambient air,
the PL peak at a wavelength of ~ 600 nm increases signifi-
cantly. The degree of deviation from as-prepared PS during
aging treatment seems to depend on the structure as well as
morphology of the PS. It is found in this study that etching
current density plays an important role on such structural
features of the PS.
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