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The ability to easily form an SiO, dielectric layer is an important aspect of the dominance of silicon
in microelectronics. An SiO, layer is also easily formed by oxidation of SiC in oxygen or steam. SiC
devices have the potential for faster switching speeds, higher voltages, smaller 51ze lower power
losses, higher temperatures and less cooling. However, interface-state densities D;; (cm™eV™") are high
(10" to 10" for SiC/SiO,; c.f. ~ 5 x 10° for Si/SiO,) and channel mobilities are low. A contributing
reason for the inferior properties of the SiC/SiO; interface is believed to be the presence of carbon as
a byproduct of the oxidation process. A number of post-oxidation annealing procedures have been
used to improve the quality of the interface. A re-oxidation step at 950°C has commonly been
employed to reduce D, with the mechanism believed to be associated with removal of C trapped at
the interface during the oxidation process.

Elemental mapping by energy-filtered transmission electron microscopy (EFTEM) has been used to
measure compositions at the SiC/SiO, interface for various processing conditions. The material was
6H- SlC (0001) from Cree, Inc. having an n-type epilayer with a doping concentration of 1 x 10'
cm”. Following standard RCA cleaning, with or without sacrificial oxidation, oxidation was per-
formed for 4 h at 1100°C, or for 4 h at 1100°C plus a re-oxidation for 3 h at 950°C, or for 12 h at
950°C. A thin layer of Cr was deposited at room temperature to protect the oxide surface and cross-
section TEM specimens were prepared by conventional grinding and ion milling procedures. EFTEM
was performed with a Philips CM30 (LaBg cathode) and Gatan imaging filter (GIF) An incident
beam convergence o. = 2.6 mrad, collection semi-angle p = 4.8 mrad, 2x binning (512* pixels) with
0.32-nm pixels, 3-window mapping with AE™ background fitting, and custom DigitalMicrograph
scripts for image alignment were used. For Sil,;, 10-eV windows (A) centered at 78, 88 and 118 eV
and 3-s exposures were used; 20-eV windows and 15-s exposures were used for C (248, 268 and 294
eV)and O (497, 517 and 543 eV). Incident illumination was constant for the 9 core-loss images of a
given area. Specimens were tilted so that s,>0 for g=00012 to avoid strong diffraction contrast
effects. Figure 1 shows C, O, and Si maps (net core-loss intensities) for a sample oxidized 4 h at
1100°C. Also included are (C map)/(Si map), (O map)/(Si map), and a map of t/A = In(unfiltered/zero
loss), where t is specimen thickness and A is the inelastic scattering mean free path. The diffraction
contrast in the Cr layer was critical in performing image alignment among the 9 core-loss images.
Quantitative compositions were obtained from the elemental maps, calculated partial ionization
cross-sections o(A,f), and exposure times T; e.g., C/Si = (C map)/(Si map).(0si/0¢).(Tsi/Tc). Quanti-
tative composition profiles normal to the SrC/8102 interface were extracted with the DigitalMicro-
graph profile tool. Profiles were averaged over 100 pixels (32 nm) parallel to the interface to reduce
noise. Results for 6H-SiC oxidized 4 h at 1100°C, with and without sacrificial oxidation in the
cleaning stage, are shown in Figure 2. In some, but not all, regions there is a pronounced maximum in
the C/Si atomic ratio at the SiC side of the interface, indicating the presence of excess C. The largest
maxima correspond to ~2 monolayers of C. Typical profiles for 6H-SiC oxidized for 4 h at 1100°C
and re-oxidized 3 h at 950°C are shown in Figure 3. Again some, but not all, regions exhibit excess C
(but not as much as in specimens without the additional 3 h at 950°C). For 6H-SiC oxidized 12 h at
950°C no excess C was detected along the mterface D; values at 0.4 eV below the top of the band
gap are 1.8, 1.02 and 0.70 x 10" cm? for 6H-SiC oxidized at 1100, 1100 + 950, and 950°C,
respectively, and thus seem to correlate with the level of excess C. Extensions of this research
involve 4H-SiC metal-oxide-semiconductor field-effect-transistors (MOSFETs) [2,3].
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FIG. 2. C/Si atomic ratio profiles across SiC/SiO,
interface after oxidation at 1100°C for 4 h. Note

excess interfacial C in regions 1,2 and 5.
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FIG. 1. EFTEM elemental mapping of 6H-SiC oxidized 4 h at 1100°C. See text for details.
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FIG. 3. C/Si atomic ratio profiles across
SiC/Si0, interface after oxidation at 1100°C
for 4 h plus re-oxidation at 950°C for 3 h.
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