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Abstract. We present a study of the infrared reflectance of porous silicon carbide (PSC) formed by the electro-
chemical dissolution of silicon carbide substrates of both 6H and 4H polytypes. The reflectanceR&@) both
as-anodized and passivated, is reported for the first time. The passivation of PSC has been accomplished using
a short thermal oxidation. Fourier transform infrared (FTIR) reflectance spectroscopy is emglositdafter

different stages of the thermal oxidation process. The characteristics of the reststrahlen band normally observed in
bulk SiC are altered by anodization; further changes in the reflectance spectra occur following oxidation for different
periods of time. An effective medium theory model that includes air, SiC ang&©omponent materials is shown

to characterize the observed changes in the reflectance spectra after different stages of PSC oxidation.
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[. Introduction portion of the spectrum. Theststrahlerband, which
is the high reflectance between the TO and LO phonon

The passivation of porous semiconductors by short- frequencies, is shown for bulk SiC as the solid line in
term oxidation has been shown to enhance the radiativeFig. 1. The dashed line denoted by “as-anodized” in
efficiency of the porous material, increase its structural Fig. 1 shows the measured reststrahlen band in a typi-
stability and resistance to further oxidation, and, in cal PSC film, which is substantially different than that
some cases, shorten the wavelength of the lumines-in bulk SiC. The splitting of the reststrahl band in the
cence spectrum [1]. Porous silicon carbide (PSC) has reflectance from PSC is likely due to surface phonons
been of interest recently because it photoluminescencesand the appearance of a pronounced peak at 976 cm
more efficiently than bulk SiC. The thermal oxidation has been explained in terms of a cavity mode [3].
of PSC has been shown to enhance the photolumines-
cence efficiency markedly and shorten the PL wave-
length vis-a-vis as-anodized PSC and bulk SiC [2]. 1l. Experimental results
Also, PSC oxidizes more slowly under ambient con-
ditions than porous silicon (PS). Therefore, changes A series of PSC films were fabricated from butktype
in the PSC properties due to high-temperature thermal substratesn-PSC) of both 6H and 4H SiC polytypes
oxidation can be distinguished more easily from those (Np ~ 10*® cm~3) and fromp-type 6H-SiC substrates
changes that are due to aging in ambient alone, which (p-PSC) (Na~ 10 cm™3). For the series of data
permits a well-controlled study of oxide passivation of shown in Fig. 1, am-PSC film was formed im-type
a porous semiconductor. 4H-SIiC. Spectra taken from samples from different

Fourier transform infrared (FTIR) reflectance has areas of this film were nearly identical, and the sam-
been used to investigate the nanostructure of PSCples were subsequently exposed to different lengths
nondestructively [3]. As a partially ionic lattice, SIC  of time of brief oxidation. Upon oxidation, the rest-
exhibits nondegenerate longitudinal optical (LO) and strahlen band narrows (decreasing at high frequencies)
transverse optical (TO) phonons in the far infrared andchanges shape, and apeak®t00cnT?, notseen
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Figure 1L IR reflectance from bulk 4H-SiC, as-anodized PSC, and

effects of brief oxidation om-PSC reflectance.
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Figure 2 As-anodized and passivatedPSC andp-PSC from
6H-SIC.

in bulk SiC and presumably due to Silbecomes more
prominent. A second peak at 1016 This seen after
the anodizations, and more prominently, after oxida-
tion; it disappears after rinsing the samples in ethanol.
Similar experiments were conducted filmgpPSC
andn-PSC films prepared with 6H-SiC substrates. The
corresponding spectra for each of thd®SC samples
are qualitatively similar to those fan-PSC formed
from 4H material. The spectra of oxidizepg-PSC
samples are, however, quite different from those for
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Figure 3 n-PSC reflectance following oxide removal.

and p-PSC prior to oxidation. Essentially, in 5 min,
an appreciably large portion (if not all) of the crystal-
lite of p-PSC is consumed by oxidation (on the basis
of available oxidation rate data of 4H-SiC and 6H-SiC
[4]), whereas the same exposure ofr@RSC sample
results in the conversion of only a small fraction of the
crystallite to oxide.

Following oxidation, one of each of three pairs of
samples prepared from 4H-SiC was briefly placed in a
solution of 49% HF to etch the oxide. The reflectance
of each sample was then measured, which is shown
in Fig. 3, along with the spectra from the as-anodized
film. Following the HF treatment, the reststrahlen band
broadens, but not to the width before oxidation, and
the peak near 1100 crhgets smaller (see Fig. 1); this
broadening is most pronounced for samples oxidized
for the longest time.

Ill. MODEL

Since the wavelength of light is much larger than the
characteristic features of PSC (e.g. pore diameter,
interpore spacing), the reflectance from PSC in the
reststrahlen band can be understood by modeling the
dielectric function of PSC in terms of an effective
medium theory. MacMillan, et al. [3] demonstrated
that the cavity Maxwell-Garnett model (C-MG), which

then-PSC samples; in particular the reststrahlen band consists of spherical cavities of ait = 1) surrounded

is nearly gone and the Sj@eak is quite strong. Repre-

by bulk SiC, accounts reasonably well for the general

sentative spectra are shown in Fig. 2. The observation features of the PSC reststrahlen band. The SiC was

that the change in reflectance 0fPSC due to ther-
mal oxidation is small, while the change fpfrPSC is

characterized as a Lorentzian polarizable medium hav-
ing TO and LO phonon frequencies, a high-frequency

more pronounced, can be understood in terms of the dielectric constant, and a damping parameter. It will

differences in the size of the nanostructuresiRSC

be shown in a future publication that the C-MG model
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Figure 5 Simulated reflectance after oxidation, hybrid model, in-
finite half-space PSC (stage 2).
in terms of the dielectric functions of air, oxide [5] and
SiC, and the volume fraction of each in a manner based

on [6]:

epsc(w) = 'A%+ f/B(1—p3) + (1— f)

O 1)

O where f’ is the volume fraction of airand SiO;,
SiC ssioz(Q) is thg frequency-dependent complex dl_electnc
function of SiIQ, p =r’/R, andA andB are functions
of esic(w) andesio,(w). (The effect of strain in the
Figure 4 (a) As-anodized PSC. (b) Oxidized PSC. (c) After re-  oxide is ignored in this model.)
moval of SiG. We have modeled the reflectance following anodiza-
tion, oxidation, and oxide removal from both semi-
does not characterize many features of as-anodized andnfinite PSC films and PSC films-on-bulk SiC using the
non-oxidized PSC quantitatively, and needs to be mod- C-MG model as described above, and also by hybridiz-
ified. Still, with one modification it does at least char- ing the C-MG model with the LLL effective medium
acterize the oxidation of PSC qualitatively. model [7] for the case of an infinite halfspace of PSC.
The infrared reflectance spectrum is modeled atthree In both the C-MG and the new hybrid model, the course
process stages: (1) after the initial formation of the PSC of oxidation is expressed as a decreasing value of a pa-
film (anodization), (2) after a shortthermal oxidation of rameterp = r’/R, wherep = 1 corresponds to the
the PSC film, and (3) after etching of the oxide in HF, as as-anodized sample (containing no §iOBoth mod-
shown in Figs. 4(a—c). For simplicity, we assume that els reveal a narrowing of the reststrahlen band width.
the pores are spherical. The radius of a typical pore is While the modified C-MG model results (not shown)
defined to be. This system of air cavitiesisthe C-MG  are qualitatively consistent with the data in Fig. 1, the
modelusedin Ref. [3] andis used to model as-anodized hybrid model, shown in Fig. 5, produces the shape of
PSC. During oxidation, SiC in the spherical shell from the reststrahlen band much better. Both models show
radiusr to R is converted to oxide. Since the ratio of the appearance of the antisymmetrie-Si stretching
the molar volume of Sigto that of SiCg, exceedsone  mode near 1100 cnt, which is also observed in the
(g = 2.11), the radius of the pore decreases’tas a data. In the simulation corresponding to stage 3 using
result of oxidation, where® = R® — (R® —r%)g. The the hybrid model, in which the oxide layers have been
dielectric function for such a configuration is expressed removed, the model results shown in Fig. 6 are in good

& O ) F'Ap® + Fesio,BAL— p®) + esicL — 1)
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Figure 6. Simulated reflectance after oxide removal, hybrid model,
infinite half-space PSC (stage 3).

agreement with the data shown in Fig. 3, including the

increase in the reflectance of the reststrahlen shoulder1

on the high-frequency side.

IV. Concluding Remarks

FTIR reflectance is shown to be sensitive to changes
in the PSC composition resulting from a brief thermal
oxidation. These changes are more strikingde?SC
than forn-PSC. These results are indicative of the dif-
ferences in the nanostructure of the pre-oxidation ma-
terial inn-PSC andp-PSC. When the C-MG model is
extended to support an interfacial oxide layer between
the pore and the surrounding SiC, it qualitatively re-

produces the general trends observed in experimental,
data, but does not simulate the shape of the reststrahlen

bandwell. Anew hybrid effective medium model using

the C-MG and Looyenga models has given quantitative
agreement with experiment. This model may be capa-
ble of determining PSC film thickness, porosity, and
oxide thickness, and provides an improved description
of the microstructural topology of PSC.
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