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Characterization of Oxide Films on SiC by Spectroscopic Ellipsometry
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We have, for the first time, evaluated the optical constants of thermally oxidized films on SiC by spectroscopic ellipsometry,
and discussed the characteristics of SiC/Sierfaces. It was found that the effective refractive indices are smaller than those
of the oxide films on Si. They increase with oxidation time, or oxide thickness, reaching to the values of Si oxides. The
refractive indices also depend on the oxidation methods, and the pyrogenic oxidation brings about larger refractive indices than
dry oxidation. The origin of the small refractive indices of oxide films on SiC was discussed in terms of interface structures
and composition in comparison with those of oxide films on Si.
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used for oxidation experiments. The (0001) Si surfaces of
the SiC epilayers were oxidized by two methods, pyrogenic

Silicon carbide (SiC) can be thermally oxidized to grow in-oxidation and oxidation in dry oxygen flow. Pyrogenic oxi-
sulating SiQ layers which are known to have superior dielecdation was conducted at 11@in a flow of oxygen and hy-
tric properties for metal-oxide-semiconductor (MOS) applidrogen gases. Dry oxidation was conducted at 1CO@ a
cation, as in the case of Si. However, high-interface-trappdidw of oxygen gas. The thicknesses of the oxide films ob-
charge densities and oxide-trapped charge densities have begmed were from 16 to 60 nm in the case of pyrogenic oxi-
reported for SiC MOS structurBswhich is a serious problem dation for 1-8 h and 20 to 60 nm in the case of dry oxidation
to be solved before the practical application of SiC MOS fielébr 4-16 h. Spectroscopic ellipsometric measurements have
effect transistors. To reduce the occurrence of these densitiesen carried out using a spectroscopic ellipsometer GESP-5
many ideas have been proposed for the fabrication procgSopra) in the wavelength range between 250 and 850 nm at
of SiC MOS structures, such as re-oxidatfdppst-oxidation an angle of incidence of 75 The optical constants of the
annealing in hydrogen atmosphétévany studies have been oxide films, as well as the film thicknesses, assuming an opti-
also carried out to investigate the SiC/oxide layer interfaceslly single layer structure, were evaluated by the curve fitting
by C-V measuremenfs® X-ray photoelectron spectroscopyof the calculated ellipsometric parametarsand A to those
(XPSF-® and internal photoemission spectroscopy (IPS).measured as a function of wavelength, where the wavelength-
Onneby and Pantaforeported that there exists silicon oxy-dependence of the refractive indices of oxide films were as-
carbide SiGOy from 0.3 to 1 nm in thickness at the interface sumed to follow Sellmeier's law. The optical constants of
Afanas’ev and coworke?s® observed the interface states in6H-SiC used for the calculation were obtained from the el-
the energy range up to 1.5 eV above the top of the SiC valenligsometric measurements for SiC epilayers before oxidation.
band, and suggested the existence of carbon clusters at thelihe surface roughness of the oxide films on SiC was exam-
terfaces from atomic force microscope (AFM) observation dhed by means of AFM measurements.
the SiC surface after removing the oxide layers. Jernigan and i )
coworkers? reported that no excess carbon was detected h  Results and Discussion
the oxide or at the SiC/oxide interface. They reported, how- The refractive indices of the oxide films on SiC oxidized
ever, that the oxide is structurally different from the oxidevith two different methods are shown as a function of wave-
grown on Si, though the oxide is stoichiometric $iOIn  length in Fig. 1. The thicknesses of the pyrogenic oxide film
the case of oxide films on Si, on the contrary, the existen@ad the dry oxide film are both about 20 nm. The values for
of transition layers between Si and $iQ.e., suboxide, was oxide films on Si are also shown in the figure for compari-
reported® Hebert and coworket$ ) measured the refrac- son. It was found that the refractive indices for both the films
tive index of ultrathin oxide films on Si by means of Fowlerare smaller than those of oxide films on Si in the entire wave-
Nordheim tunneling current oscillations and ellipsometry angngth range measured. The figure also shows that the dry
showed that the refractive indices of oxide films increase witbxidation brings about smaller refractive indices than the py-
decreasing film thickness in the thickness range below 10 nnogenic oxidation.

In this study, we have, for the first time, evaluated the op- Figures 2(a) and 2(b) show the refractive indices of the ox-
tical constants of thermally oxidized films on SiC by specide films with the dry oxidation for various oxidation times
troscopic ellipsometry, and discussed the characteristics fodm 4 to 16 h, and those in the case of pyrogenic oxidation
SiC/SiG interfaces in comparison with those of oxide filmsfrom 1 to 8 h, respectively. Both the figures reveal that, though
on Si. the refractive indices of all the films are smaller than those of
oxide films on Si, they increase with oxidation time or oxide
film thickness and reaching to the values for oxide films on

6H-SIC epilayers, um in thickness and 5 10'°cm~3  Si. The thickness dependences of the refractive indices at the
in carrier concentration (n-type) (Cree Research, Inc.), weveavelength of 630 nm are shown in Figs. 3(a) and 3(b). In
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156 films lead to the evaluation of smaller refractive indices. We

measured the surface roughness of the oxide films on SiC as
g 152 | well as that of the SiC epilayers before oxidation. The AFM
§ measurements suggest that the surface roughnesses of the ox-
o 48T ide films and epilayers are well below 1 nm. Figures 4(a) and
% | 4(b) show, respectively, the AFM image and the line profile of
gt the oxide film with dry oxidation for 4 h (20 nm in thickness).
i 140 b The root mean squares of the surface roughness of the oxide
1h film are around 0.2 nm. Then, we attempted to take into ac-
1.36 ; ; ; ; ; ; count the effects of rough surface layers with the thickness of
200 300 400 500 600 700 800 900 1 nm in the evaluation of the refractive indices of oxide films.
Wavelength (nm) In the calculation, we assumed three layer structures, a rough

Fig. 2. Variations of refractive indices of oxide films on SiC with oxidationSurface Iaygr with the mean re_fractlve indices of air and 0),(Ide
time; (a) dry oxidation, (b) pyrogenic oxidation. The dotted line indicated@Y€r, an oxide layer and the SiC substrate. The changes in the
the values for oxide films on Si. evaluated values of the refractive indices were on the order of

10-3. Therefore, the surface roughness is not the origin of the
result of smaller refractive indices for oxide films on SiC.

the cases of both dry oxidation and pyrogenic oxidation, the From these results, we can conclude that the effective re-
refractive indices decrease with decreasing oxide film thicKractive indices of the oxide films on SiC are smaller than
ness. These features are significantly different from those rénose of oxide films on Si, assuming an optically single layer
ported in the case of oxide films onSil¥i.e., the refractive structure. The increase of the refractive indices with film
indices of oxide films on Si have been reported to increagkickness can be explained as follows: there exist thin lay-
with decreasing film thickness, as denoted by the broken lires with small refractive indices near the SI8C interface,

in Figs. 3(a) and 3(b). This has been explained by the exiand the thickness of the SjGayer on these interface lay-

tence of the transition layers, i.e., suboxide layers, at SySi@rs increases with oxidation time. Therefore, we attempted

interfaces, whose refractive indices are larger than those tof obtain the refractive indices of the interface layers, assum-

SiO,. The decrease of refractive indices of SiC oxide filméng that the oxide film consists of two layers, the si@yer

cannot be explained by the existence of a SiC.Si@nsition and the interface layer. However, it was difficult to obtain

layer. As the refractive indices of SiC are larger than thosthese by curve fitting due to the lack of measured parame-
of Si0O,, the refractive indices of the SiC-Sjtnixed layer or ters compared with the number of unknown parameters to be

SiC,Oy should be larger than those of $iO evaluated. More studies will be required to obtain more de-

There is a possibility that rough surfaces of the SiC oxidtiled information about the SiC/oxide interface layers having
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Fig. 4. AFM image and line profile of the oxide film on SiC with dry oxdation for 4 h.
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