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The optical transmission, temperature-dependence of the photoluminescence (PL), and Raman scattering of porous SiC
prepared fronp-type 6H-SiC are compared with those from bpltype 6H-SiC. While the transmission spectrum of bulk SiC
at room temperature reveals a relatively sharp edge corresponding to its band gap at 3.03 eV, the transmission edge of porous
SiC (PSC) is too wide to determine its band gap. Itis believed that this wide edge might be due to surface states in PSC. At room
temperature, the PL from PSC is 20 times stronger than that from bulk SiC. The PL PSC spectrum is essentially independent
of temperature. The relative intensities of the Raman scattering peaks from PSC are largely independent of the polarization
configuration, in contrast to those from bulk SiC, which suggests that the local order is fairly random.
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) Transmission spectra of free-standing PSC and bulk SiC

1. Introduction were taken at 300 K using a 75 W xenon lamp. PL from both

Porous SiC (PSC) has been investigated recently becawssanples was measured from 9 to 300 K in backscattering con-
it is a potentially attractive material for fabricating UV light figuration with the 351-nm line from an Ar-ion laser (15 mW).
emitting diodes (LEDs}) efficient photodetector®, hydro-  The transmitted light and PL were dispersed by a 0.85-m dou-
carbon gas sensofsand as a novel substrate for epitdky. ble spectrometer and detected by a cooled GaAs photomulti-
One reason for some of this interest is the much higher phplier. The absorption coefficientwas determined from 1.8 to
toluminescence (PL) emission efficiency from PSC than th& 2 eV using the relatiom = (1/d) In[T (A)/ To(A)]~%, where
from bulk SiC>57") The energy of the peak PL emission inT and T, are the measured transmittances with and without
PSC is below the band gap of the bulk SiC. If quantum corthe sample, respectively, amdis the thickness of the sam-
finement were important, as it may be in porous*&f-19 ple!¥ The sample reflectance is assumed to be independent
the PL energy would be above the band gap energy. Whitéd wavelengthh. The PL spectra were corrected for varia-
the origin of visible PL from porous Si has not been identitions in spectral sensitivity of the optical apparatus by using
fied definitively, the differences in the PL from porous andungsten and xenon lamps for spectral calibration.
bulk SiC might offer important insight into the origin of PL  Unpolarized and polarized Raman scattering spectra of
in porous semiconductors. This is examined here for PS@th samples were taken at room temperature in backscatter-
prepared fromp-type SiC because of evidence of a possibléing configuration using the 488-nm line from an Ar ion laser
high-energy peak near 3.7 eV observed in the cathodolun{itO mW), with an 0.6-m triple spectrometer for dispersion and
nescence of somg-type SiC sample$? a CCD detector for detection. The Raman mode identification

PSC prepared fronp-type 6H SiC was studied by trans-and polarization configurations from ref. 15 were used here.
mission, PL, and Raman scattering spectroscopies, eachlofthe xy plane, thex’ axis makes a 45angle to thex axis
which provides different information. Optical transmissiorandy’ is perpendicular to thg’ axis. The dependence of the
can help determine the band gap. PL performed at differeRaman spectra on the laser power was checked to make sure
temperatures can give information on radiative and nonraditizat the laser did not heat the sample. The Raman intensi-
tive mechanisms. Raman scattering can analyze the mict@s increased linearly with laser power, and the Raman shifts
crystalline structure and reveal the degree of anisotropy in thésd widths were independent of power. The resolution of the
structure. Reference measurements were made on bulk SiQaman spectra is better than 1¢m

2. Experimental Procedure 3. Results

The PSC sample was prepared by dark-current anodizationThe normalized transmission spectrumpsfype bulk SiC
(J = 5mA/cn?) of a single-crystalp-type 6H-SiC wafer at room temperature is shown in Fig. 1. This is converted
(Na = 2 x 10*%¥/cm?®, Al acceptors; also with N donors) in into an absorption spectrum in Fig. 2. For doped, indirect-gap
aqueous HE!-13) The c-axis was within 35° of the normal semiconductors, the absorption spectrum has the following
to this wafer. The underlying SiC substrate was removed tspectral dependence:
raising the current density to 500 mA/cn? for several min- 2
utes following the anodization, to get a free-standing PSC film a(E) = ANA(E — Egg — &) (3.1)
that was approximately 150m thick. The average crystallite whereA is a constantEgg the band gap, ang}, the Burstein-
size was estimated to be 8 nm by transmission electron nioss shift!® From the absorption spectrum in Fig. 2, the ef-
croscopy (TEM):213 Part of the original wafer was used asfective band gapEgc + &) of the bulk p-type SiC sample

the bulk SiC reference. is 3.03eV. The band gap of undoped 6H-SiC is known to
be 2.86 eV at room temperatuté:1%1)The 0.17 eV differ-
*E-mail address: sangsig@kuccnx.korea.ac.kr ence between these two values is believed to come from the
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Burstein-Moss shift in this heavily doped sample. is a dominant and broad emission near 1.9 eV, which is 200
PL spectra of bulk SiC at selected temperatures are shotimes weaker than the DAP line at 9K. [This feature appears
in Fig. 3. At 9K, a peak associated with donor-acceptor paite be independent of temperature (9—300 K), and is likely the
(DAPs) around 2.65eV is dominant and a very weak, broaghme as the low energy tail at 9 K.] At and above 200K, there
emission tail is seen at the lower energies. The intensity &f another broad and weaker emission near 2.9 eV. This latter
this peak decreases rapidly with increasing temperature. fgature decreases slowly with temperature.
100K it is 100 times weaker than at 9K, and the DAP peak Figure 4 shows that the Gaussian fitted peak energy
is not seen at and above 150K. At and above 150K the(2.6 eV) and PL line width (0.8 eV) gp-PSC are essentially
independent of temperature from 9 to 300K. The integrated
PL intensity varies little between 9 and 300 K. At 300K, the
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Fig. 5. Raman scattering spectra for (a) bulk SiC and (b) porous SiC for

Fig. 3. PL spectrum of bulk SiC at selected temperatures, taken with various polarization configurations at room temperature (488-nm excita-
351-nm excitation. tion). The photoluminescence background has been subtracted in (b).
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The Burstein-Moss shift should be negligible at 9K, so the
band gap should be 2.91eV. At 9K, the DAP peak (Fig. 3)
is 0.3 eV below the band gap and its high-energy tail barely
reaches the band gap. The PL emission from the PSC is in-
dependent of temperature, and that from the bulk sample is
fairly independent of temperature above 200K. This is un-
expected since the band g&pg is known to decrease with
temperature. This suggests that the PL emission from PSC
seen near the band gap is not directly related to this gap, and
may be related to deep states, perhaps the same that lead to
PL at room temperature in bulk SiC.
At present, the origin of PL from room-temperature bulk
e . i . — SiC is also not clea}r. It has been a.sso.ciated with thel®
RAMAN SHIFT (1em) fect centet®) and with DAP recombinatiot Although the
D, spectrum consists of very sharp zero-phonon lines around
Fig. 6. Raman scattering spectra for bulk SiC and PSC in backscatteringg a\/ and a number of phonon replicas at low temperature

configuration at room temperature (488-nm excitation), with the photo; . . .
9 P ( ) P (@s shown in ref. 20), there has been no definitive evidence

luminescence background remaining. The dotted lines are the respect P
Raman peaks from bulk SiC. that the broad PL emission at room temperature over the en-
ergy region of 1.4 to 3.2 eV is associated with thedgfect
center. Neither the Ddefect center or the DAP can explain
integrated PL intensity from the porous sample is 20 timethe observation of the room temperature PL at energies above

larger than that from the bulk sample. This enhanced Pthe band gap energy.

INTENSITY (a.u.)

efficiency has been seen mPSC) as well asn-PSC be- Raman scattering measurements can determine the local
fore>® The PL lineshape for energy2.8 eV is similar for grain-like structure of materials (size; rod- or sphere-like
both porous and bulk SiC at 300 K. shape), such as porous semiconductors, by examining the ef-

PL is also seen in PSC using photons with energies bect of the local confinement of phonons on the Raman shift
low the band gap of bulk SiC. Such PL was seen at 488 nand linewidth?-23)If multiple scattering is not severe, analy-
(2.54eV) and 647 nm (1.92eV) in PSC, but not in bulk SiCsis of the Raman spectrum with different polarization config-
As the photon energy is decreased, the high energy tail vamations can determine how the local order deviates from that
ishes and the peak shifts to lower energy§@0 eV (620 nm)  in material with perfect crystalline ordét:?%
for 488 nm excitation and te-1.8 eV (700 nm) for 647 nm]. Figure 5(b) shows that the relative intensity of peak in the

Figures 5(a) and 5(b) show the Raman spectra of the cry®aman scattering spectra from PSC are largely independent
talline and porous SiC for several polarization configuration®f polarization configuration, while those for bulk SiC [in Fig.
The large luminescence background that is present in easta)] are configuration dependent. This observation suggests
PSC spectrum, even using “below band gap” light, has bedimat the porous structure of the PSC is highly random; i.e.
subtracted using a quadratic fit. Figure 6 shows a spectruhe structure that remains after anodization is not merely a
taken in backscattering configuration with no polarization arskeletal remnant of the crystal, but that the structure is lo-

alyzer and with the PL background remaining. cally rotated (randomly). Alternatively, the observation could
) ] also mean that there is much elastic scattering of incident and
4. Discussion Raman scattered photof’s23)transmission experiments sug-

There is strong and broad absorption at energies lower thgast that such elastic scattering is not that significant. There
the effective band gap in PSC (Fig. 1). This below band gap also a weak peak just below the LO phonon in PSC (and
absorption mimics the PL spectrum (Fig. 4). Since the PSCimt in bulk SiC). It is likely due to surface phonons which are
crystalline, it is expected to be transparent for energies bexpected to be observed in this mateffal.
low the band gap. However, this observation suggests theThe Raman scattering spectra from PSC in Fig. 5(b) (with
presence of tail states in the band gap, as seen in amorphtusbackground PL removed) shows that the widths of the Ra-
semiconductor’,® 1213 which may be associated with sur-man peaks are only slightly broader and their positions are
face states. One model of absorption in porous Si involvesaaly slight shifted relative to those of bulk SiC. Such broad-
continuum of band gap energies (above the gap of the crysaing was also observed fartype PSC>6 Such broaden-
tal) determined by quantum confinement and the crystallilag and peak shifting in the Raman spectra of the PSC could
size distributiont® For our PSC sample, the average crysarise from two effects. Momentum conservatiorats re-
tallite size is 8 nmt?13) While a continuum of the band gap laxed due to finite-size effects. For porous Si, the broadening
states due to a distribution of crystallite sizes is also expectatid red-shift relative to the Raman peak of bulk crystalline Si
in PSC, the transmission spectrum does not give any evideritave been described by including finite-size confinement in
of this. It may be masked by the strong absorption below theanocrystal$!~2® Furthermore, for PSC the deviation of the
crystalline band gap. local lattice structure from crystallinity could also strongly af-

Using 351-nm excitation, PL from porous and bulk SiC afect the Raman lineshape, since the intensities and positions
300K is strong at energies far below the band gap of the crysf several of the active Raman modes of bulk SiC depend
tal determined above (3.03 eV); emission also appears to e the angle between the propagation vector anc:theis.
tend to energies somewhat higher than this band gap. Thkence, the second reason why the widths can broaden and the
SiC band gap at 9K is 0.05eV larger than that at 300 Kpeaks shift in PSC can be that the crystalline selection rules
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are relaxed due to the irregularity of the local lattice structurérom the PSC seen near the band gap might be related to those

For porous Si, the irregularity does not influence the Ramamportant in room temperature PL in the bulk SiC. The line

peak position since only the LO peak is active for bulk Si irshapes of polarized Raman scattering from PSC are largely in-

backscattering geometry. dependent of polarization configuration, which suggests that
Finite-size effects are estimated for PSC by using the quatie local order of this porous structure is fairly random.

titative model for the Raman spectrum proposed for porous Si
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