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Abstract: Hydrogen termination of oxidized silicon in hydrofluoric acid results from an etching process
that is now well understood and accepted. This surface has become a standard for studies of surface
science and an important component in silicon device processing for microelectronics, energy, and sensor
applications. The present work shows that HF etching of oxidized silicon carbide (SiC) leads to a very
different surface termination, whether the surface is carbon or silicon terminated. Specifically, the silicon
carbide surfaces are hydrophilic with hydroxyl termination, resulting from the inability of HF to remove the
last oxygen layer at the oxide/SiC interface. The final surface chemistry and stability critically depend on
the crystal face and surface stoichiometry. These surface properties affect the ability to chemically
functionalize the surface and therefore impact how SiC can be used for biomedical applications.

I. Introduction

Silicon dioxide (SiO2) is the single most versatile material
in technology. Applications extend from optical fibers, transpar-
ent structures, and biosensor structures to its critical role in
microelectronics owing to its amazingly good interface with Si.
The latter is the critical property that has enabled all of modern
computing and communications. Consequently, much is known
about its chemistry, and broad general knowledge has been
established. One such accepted process is that SiO2 dissolves
in HF acid, leaving a hydrophobic H-terminated Si surface1,2

that is almost devoid of surface states. The dangling bonds are
fully terminated,3 and this surface displays a high degree of
inertness to further room temperature chemical reactivity.4,5 This
hydrogen-terminated surface has become a “standard” for many
surface science studies. It is of great interest to understand why
other group IV compounds, including those with a Si atomic
surface, (e.g., silicon carbide) behave differently.

Silicon carbide (SiC) is beginning to replace silicon for high-
power, high-temperature applications and is being considered
for high- and mid-voltage MOSFET devices. For electronic
applications, the attraction of SiC stems from the ability to grow
a thermal silicon dioxide passivating layer, similar to silicon,
which suggests that the wet chemical cleaning methods (e.g.,
HF etching) that have been well developed for Si can be used
for SiC. Another important attraction of silicon carbide comes
from its stability and biocompatibility, important for biomedical
uses, such as a material for implants (in bone tissues), stents in
blood vessels, and substrate for biosensors. For these applica-
tions, understanding and controlling the surface termination of
its surface is critical. In particular, performing HF etching is an
important step that is common for these applications.

Stoichiometric SiO2 can be thermally grown on both Si and
SiC, and no major difference is expected with regard to bulk
oxide etching by HF, as has been noted previously.6 HF etching
of the bulk oxide proceeds by H2O and SiFx removal.7 The final
surface termination is well understood in the case of silicon.
As the last oxygen atoms are removed from the silicon surface,
the topmost silicon layer is F terminated. As the reaction
continues, the Si back bonds are polarized, making them
susceptible to further attack by HF to remove the top fluorinated
Si atom and leaving the second layer Si atom with H termina-
tion, as shown schematically in Figure 1a. The situation is quite
different for SiC surfaces on both the Si-terminated and
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C-terminated surfaces, as schematically shown in Figure 1b and
discussed below.

II. Background

Differences between Si/SiO2 and SiC/SiO2 interfaces have
been noted in earlier works.8-13 Using ex-situ X-ray photo-
electron spectroscopy (XPS), Sieber et al. reported that oxygen
was present on the Si-face of 6H-SiC following HF treatment,
although postcontamination in air could not be ruled out.11

Seyller showed different low-energy electron diffraction (LEED)
patterns between wet-cleaned and hydrogen-annealed 6H-SiC
(0001) surfaces,10 suggesting that HF-etched SiC is not simply
H terminated. Using vibrational spectroscopy after HF treatment
of both (0001) Si- and (0001j) C-terminated faces of 6H-SiC,
Tsuchida et al. reported that surface-bound H (C-Hx, Si-H)
was not detectable on either surface and instead presented
evidence for the presence of some hydroxyl (OH) groups after
HF treatment, possibly due to contamination in air.13 Surface
wetting of SiC was also found to be different compared to Si
surfaces.8,14,15 In particular, King et al. examined the wetting
characteristics by immersion in a variety of acid/base solutions
and found SiC surfaces to be mostly hydrophilic.8 More recently,
evidence for oxygen on the surface was interpreted as due to
the formation of a silicon oxycarbide (SiOC) alloy at the surface,
associated with the initial thermal oxidation.16

All of these results indicate that SiC surfaces are chemically
different than Si surfaces, but the origin of these differences is
unclear. For instance, observation of oxygen and hydroxyl
groups at the surface may simply be due to unstable H
termination, as was found in the case of HF-etched germanium
surfaces.17,18 In view of these observations, concerted efforts

are important to determine the chemistry of the etching processes
and to understand the chemical properties of HF-etched SiC.

III. Methods

Silicon Carbide Sample Oxidation. The samples are research
grade n-type 4H-SiC with 10 µm thick epilayers doped with
nitrogen to about 1016 cm-3 purchased from Cree Inc. Two different
crystal orientations are investigated, namely, the (0001) Si-face (8°
off-axis) and the (0001j) C-face (8° off-axis). All samples are initially
oxidized at 1150 °C, in some cases using enriched 18O, and etching
in HF/H2O or DF/D2O solutions. The use of the different isotopes
allows an unambiguous determination of the source of the residual
surface chemistry. Further details of the sample preparation are
given in the Supporting Information.

Sample Preparation. Samples diced to 5 mm × 5 mm pieces
were used for the NRA and contact angle measurements and
quarters of 2 in. diameter wafers for IR experiments. Samples were
degreased by ultrasonic cleaning sequentially in trichloroethylene
(TCE), acetone, methanol, and deionized (DI) water and then
immersed in dilute HF (5%). The samples were thermally oxidized
in O2 at 1150 °C for time periods necessary to grow approximately
the same oxide thickness19 on all crystal faces (Si-face, 4 h; a-face
and C-face, 1 h). Si(111) samples were also oxidized at 1000 °C
as control samples. Oxide thicknesses were measured to be between
40 and 45 nm on all samples using spectroscopic ellipsometry. The
samples were subsequently etched in solutions of a 1:1 D2O: HF
volume ratio (i.e., 25% HF) with deuterated water D2O (99.9%,
Cambridge Isotope Inc.) and HF (50% vol %, Fisher Chemical).
Since the etch rate of SiO2 in 5.0% HF is about 0.25 nm/s, etch
times of 3-5 min were sufficient to remove the entire oxide layer
on the samples. When solutions with other HF/D2O volume ratios
were used, the etching time was adjusted accordingly. After
processing, the samples were dried by blowing nitrogen without
any further rinsing.

Nuclear Reaction Analysis (NRA) and Rutherford Backscat-
tering (RBS). NRA is one of the most reliable and quantitative
experimental techniques for direct determination of elemental
coverage on semiconductor surfaces.20 In this work, the 18O(p,R)15N
and 2H (3He,p) 4He nuclear reactions were employed for the
detection and quantification of O and D species, respectively, on
HF-etched SiC surfaces. A 2 MeV Van de Graaff electrostatic
accelerator was used as the ion source for nuclear reaction analysis
(NRA) and Rutherford backscattering spectroscopy (RBS). After
etching, the samples were transferred to the analysis chamber
(∼10-7 Torr) within ∼10 min. Annular solid-state detectors placed
at ∼180° were used for the detection of emitted nuclear reaction
products and backscattered ions in the case of NRA and RBS,
respectively. In addition, for NRA, a ∼17 µm Al foil was placed
in front of the detector to stop the backscattered primary ions.
Standards were employed for absolute calibration of the NRA
results.

X-ray Photoelectron Spectroscopy (XPS). Photoelectron spec-
tra were measured with a Perkin-Elmer 5600 ESCA system, using
an Al KR monochromatic radiation of 1486.6 eV. Typically, the
vacuum for measurement was 5 × 10-10 Torr. All XPS spectra
were measured with a step of 0.125 eV using a pass energy of
58.7 eV. The data were collected at three different angles, 15°,
45°, and 75°, as defined by the position of the detector relative to
the normal of the surface sample.

IR Absorption Experiments Using Attenuated Internal Re-
flection (GeATR). Infrared absorption spectroscopy was performed
by bringing the etched surfaces in close contact (within 10-100
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Figure 1. Schematic illustrations of mechanisms for (a) H passivation of
Si(111) and (b) OH termination of (0001j) the C-face SiC.
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nm) with a Ge prism and performing single-reflection attenuated
total internal reflection (ATR) spectroscopy (using a Harrick
Scientific GATR). Absorption spectra were recorded with a Nicolet
6700 Fourier transform infrared spectrometer equipped with a
liquid-nitrogen-cooled mercury cadmium telluride (MCT) detector
using oxidized SiC as reference and averaging typically 5000 scans.

Contact Angle Measurements. Contact angle measurements
were performed with a Ramé-Hart CA Goniometer. The sessile
drop technique was used with a drop of 2 µL. The data shown are
the average of at least three measurements taken in different
locations of the samples.

Density Functional Theory (DFT). Density functional theory
(DFT) calculations were carried using the DMol3 electronic
structure package.21 The surface reaction sites were represented
using fully periodic models based on 2 × 2 supercells of a 4-layer
hydrogen-terminated slab of the HO/Si(111), HO/SiC(0001), and
HO/SiC(0001j) surfaces (with a 30 Å vacuum layer). Calculations
were performed using the gradient-corrected PBE functional.22 A
numerical atomic basis set of double-� quality augmented with
additional polarization functions (DNP) with a real-space cutoff of
6.0 Å was employed in this work.23 A Monkhorst-Pack k-point
mesh with a spacing of 0.04 Å-1 was used to sample the Brillouin
zone. Minimum energy structures for the reactants, transition
structures, and product species for the HF etch reaction were
calculated at each of the surfaces. The nature of the calculated
structures was verified by subsequent harmonic frequency calcula-
tions, which also yielded zero-point energy (ZPE) corrections. The
top layer Si or C atomic charges reported here are Hirshfeld charges
which are computed based on the difference between the molecular
and the unrelaxed atomic charge densities.24

IV. Results

The current effort is initially focused on characterizing the
effect of HF etching on the final oxygen layer in contact with
the underlying substrate for the Si- and C-faces of SiC and then
on determining the chemical termination of the surface and its
reactivity. To this end, a number of techniques with elemental
and chemical sensitivity are combined with first-principles
calculations. These include nuclear reaction analyses (NRA),
X-ray photoelectron spectroscopy (XPS), and infrared (IR)
absorption spectroscopy. In contrast to the hydrogen-terminated,
hydrophobic Si surface, HF-etched SiC surfaces are found to
be hydrophilic with a stable hydroxyl (OH) termination. This
hydroxyl termination occurs on both faces of SiC and is due to
the inability of HF to remove the last oxygen layer of the
thermally grown silicon dioxide. Furthermore, the hydroxylated
C-face of SiC is shown to be remarkably stable to the most
aggressive chemical treatments. We employ gradient-corrected
density functional theory (DFT) to rationalize these findings in
terms of the reaction barriers and enthalpy associated with the
various chemical processes. These results underscore the
importance of kinetic control of surface chemistry with small
changes in reaction barriers leading to qualitative differences
in the resulting surface bonding.

a. Surface Wetting. An immediate visual indication as to the
different behavior of Si and SiC under HF etching is the shape
of the residual droplet of liquid at completion of the etching
process. The measured contact angles (CA) for C- and Si-
terminated SiC surfaces are 24° ( 1° and 4° ( 1°, respectively,
compared to 85° for Si after HF etching. These values are close

to the CA for SiO2 surfaces (CA e 4°), suggesting the presence
of hydrophilic surface oxygen, in good agreement with previous
observations on similar surfaces.8

b. Elemental Composition: NRA. The elemental composition
of the etched surface is first established with nuclear reaction
analysis sensitive to the presence of oxygen (mass 18 isotope,
18O) and deuterium (D). The main result of the ion-scattering
analysis (Supporting Information) is that both HF (deuterium
enriched)-etched SiC surfaces are left with approximately a full
monolayer of original oxygen (i.e., from the grown isotopically
enriched oxide) and the C face retains a large amount of
hydrogen (deuterium from the etching solution). This observa-
tion unambiguously confirms that all of (and only) the last
monolayer of oxygen from the SiO2 remains on the surface
bonded to the SiC substrate. This behavior is in sharp contrast
to the HF(DF)-etched Si(111) surface, which is oxygen free and
shows precisely one monolayer of H (D) coverage only.

c. Surface Chemical States: XPS. XPS measurements further
identify and quantify the chemical state of species on the surface
after etching. A survey scan shows that there is a barely
detectable F signal (a small fraction of a monolayer) similar to
that observed on silicon.5 The carbon core level (C1s) shows
distinct components. On the C-terminated surface, the strongest
peak is at 282.3 eV and assigned to C in bulk SiC. A weaker
carbon feature at 283.7 eV is associated with surface carbon,
as confirmed by angle-dependent experiments (Figure 2a). A
similar core level position has been observed in other materials,
such as Si4C4-xO2 and Si4C4O4, and assigned to carbon in a
solid bound to oxygen.25 For the C-face of the SiC surface, the
only reasonable interpretation is the formation of a C-O bond
on the surface carbon atoms, consistent with the NRA observa-
tion of a residual oxygen monolayer. The weakest component
at 285 eV is associated with carbon contamination (e.g.,
hydrocarbons).25 Assuming that the core level at 283.7 eV is
associated with the last carbon layer, the concentration of this
surface carbon (bound to oxygen) is estimated to be 8.5 × 1014/
cm2 (∼70% of a monolayer). The remnant of the surface is
occupied by Si atoms, most likely resulting from steps. Indeed,
angle-resolved XPS measurements of the Si 2p core level
indicate the presence of surface Si atoms that are also bound to
oxygen (Figure 2b insert). These atoms are characterized by a
Si 2p core level at 101.1 eV (i.e., these atoms are also bound to
oxygen atoms), and their concentration is estimated at 3.4 ×
1014/cm2. The presence of ∼30% monolayer Si atom is
consistent with the substrate miscut and atomic roughness of
the surfaces. Together, the concentration of C and Si makes up
a monolayer, in excellent agreement with the oxygen concentra-
tion of 1.0 ( 0.1 monolayer, measured from the O1s core level
(Supporting Information).

On the Si-terminated surface (insert in Figure 2b), deconvo-
lution of the Si 2p intensity yields three components at 100.5,
101.5, and 103.1 eV, as shown in Figure 2b. The weakest peak
at 103.1 eV is typical of silicon in a high oxidation state (Si2+

and Si3+). This observation is consistent with both the higher
oxygen concentration measured by ion scattering and the higher
hydrophilicity of the Si-SiC surfaces as compared to the C-SiC
surfaces. From angle-dependent measurements, we conclude that
the component at 100.5 eV corresponds to bulk silicon in SiC
and the component at 101.5 eV to surface silicon. The 101.5
eV peak indicates that each surface Si atom is bound to one
oxygen atom only. Indeed, previous work has identified this core
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level shift with the presence of Si1+, such as dSi-O-Sid,
Si4C4-xO2, and Si4C4O4.

25 On this surface, there is also some
surface carbon bound to oxygen (component at 284.0 eV in the
C 1s core level spectrum). While these Si and surface C atoms
form a monolayer, the amount of oxygen is substantially higher
than a monolayer. Using an estimate similar to that done for
the C-face SiC surfaces, the total amount of oxygen is estimated
at 2.0 ( 0.1 monolayers (Supporting Information). This higher
amount of oxygen agrees with the trend of the NRA results. It
is also accounted for by the presence of SiO2 formed during
postoxidation of Si-rich regions, which further increases hy-
drophilicity, i.e., the amount of hydroxyls on the surface. An
estimation of the oxygen layer thicknesses on top of the SiC
bulk shows that this overlayer is in the range of 0.15-0.3 nm
for both surfaces. These thicknesses are in the monolayer range
on top of the SiC bulk (Supporting Information).

In summary, the XPS data show that for the C-face the surface
carbon atoms are predominantly bound to oxygen and there is
a substantial (∼30%) component of surface Si also bound to
oxygen. The Si-terminated surface gives clear evidence for
single Si-O bonding with a weaker component of Si in higher
oxygen bonding states and some indication of C-O bonding.

d. Surface Chemical Termination: Infrared Absorption
Spectroscopy. Infrared absorption spectroscopy is well suited
to determine the local chemical structure of the surface,
particularly with respect to the bonding of H or D to the surface.
Using an attenuated total reflection (ATR) configuration (Sup-
porting Information), it is possible to measure and distinguish
all hydrogen/deuterium configurations that could potentially be
formed such as CHx, SiHx, C-OH, Si-OH, and their deuterated
analogues at the monolayer level. For these experiments, the
oxides on the Si- and C-faces of 4H-SiC and on (111) Si (for
comparison) are etched using a 1:3 volume ratio of HF and
D2O. Similar HF treatment of oxidized Si(111) surfaces clearly
show Si-H and Si-D vibrations (not shown).4 After obtaining
the IR absorption spectra of the etched SiC surfaces, the samples
are immersed in boiling sulfuric acid/hydrogen peroxide (piranha
solution) and examined again, the assumption being that the
latter treatment removes all hydrogen/deuterium by reoxidation.

The spectral results obtained on C-terminated SiC are shown
in Figure 3a for HF:D2O and Figure 3b for HF:H2O treatments.
Besides a strong multiphonon absorption at ∼2150 cm-1 (arising
from changes in sensitivity to substrate upon oxide removal)
there are clear absorption bands at 2450 and 3350 cm-1 for the

HF:D2O-treated surface and at ∼3400 cm-1 for the HF:H2O-
treated surface, assigned to O-D and O-H stretching modes,
respectively. These frequencies (2450 and 3350 cm-1) are
substantially lower than those of typical silanols on Si (2650
and 3660 cm-1) but are expected for C-OH structures (alcohol
termination, as described below). For the HF-treated SiC surface,
the blue shift (from 3350 to ∼3400 cm-1) of the O-H stretch
is expected because a full monolayer is formed i.e. OH-OH
dipole coupling. Using fully hydrogenated Si(100) and partially
hydroxylated Si(100) surfaces as reference,26 the coverage of
OH is estimated to be 0.7 ( 0.2 monolayer (Supporting
Information). Importantly, on both HF:D2O- and HF:H2O-treated
surfaces, there is no evidence for the formation of C-H or Si-H
termination.

Strong oxidizers invariably remove all H passivation of silicon
surfaces via oxidation of silicon. Therefore, the absence of
deuterium removal shown in Figure 3c is particularly surprising.
Figure 3c reveals that the O-D-terminated surface is completely
stable against further oxidation and H/D isotopic exchange when
immersed in a hot sulfuric acid/hydrogen peroxide solution.
While the stability of the O-D bond is not unexpected in a

(26) Chabal, Y. J.; Christman, S. B. Phys. ReV. B 1984, 29, 6974.

Figure 2. (a) X-ray photoelectron spectra of the carbon 1s core level on the C-face SiC measured at different incident angles, 45° and 75° (insert), yielding
increasingly higher surface sensitivity. This measurement makes it possible to distinguish bulk from surface species. (b) X-ray photoelectron spectra of the
silicon 2p core level on the Si-face SiC and C-face SiC (insert). A third component at ∼103 eV (assigned to SiO2) is required to obtain an acceptable fit for
the Si-face SiC surface. Peak assignments and surface concentrations derived from XPS measurements performed at 45° are shown in Table 2S in the
Supporting Information.

Figure 3. Infrared absorption spectra of the C-face 4H-SiC surfaces after
etching of the oxide overlayer using (a) HF:D2O and (b) HF:H2O. Spectra
a and b are referenced to the surface before etching. (c) Infrared absorption
spectra of the C-face 4H-SiC etched with HF/D2O subsequently treated 10
min in a piranha solution (c is referenced to the surface before treatment in
the piranha solution). The piranha solution does not induce any change on
the surface, that is, no exchange of the O-D to O-H.

J. AM. CHEM. SOC. 9 VOL. 131, NO. 46, 2009 16811
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strong acid (pH , 1),27,28 the lack of oxidation by this strong
oxidizer is clearly different from that observed on deuterium-
terminated silicon surfaces. In acidic media, HF-etched C-SiC
surfaces are terminated by hydroxyls and stable against the most
aggressive chemical treatments because the underlying substrates
cannot be oxidized.

The stability of the O-H functionality on the Si-SiC surface
is different. While the topmost oxygen remains stable against
HF etching and acid treatment, there is no evidence of deuterium
at the surface. No O-D stretching modes are evident in the IR
or in the NRA results, which is consistent with the deuterium
undergoing release or exchange. It is well established that
silanols are far more acidic than their corresponding carbinol
analogues due to a large difference in electronegativity (Pauling,
1.9 and 2.6).29 The more electropositive Si better stabilizes the
resulting oxygen anion, leading to a lower deprotonation energy,
which results in higher acidity and facile proton exchange.30

The atomic charges calculated using density functional theory
for the topmost SiC substrate atoms are -0.16 and 0.35 for C
and Si, respectively.

V. Discussion and Modeling

As illustrated schematically in Figure 1b, the diverse experi-
mental measurements described here provide a consistent picture
revealing that the HF-treated SiO2/SiC surface is characterized
by a full monolayer of bonded oxygen arising from the original
oxide with a substantial fraction of the oxygen further bonded
to hydrogen in a hydroxyl termination. Therefore, both the
carbon and the silicon surfaces of SiC have a markedly different
surface termination than the pure hydrogen termination of
silicon.

To gain insight into the dramatic differences in surface
reactivity and final termination upon HF treatment, density
functional theory was used to analyze the kinetics and thermo-
dynamics of the HF etching reaction on Si and SiC surfaces.
The reaction considered is

where X represents the underlying top layer substrate atom for
each surface (X ) Si on Si(111), Si on SiC(0001), and C on
SiC(0001j). The energy profiles for HF reaction at the HO/
Si(111), HO/Si-SiC, and HO/C-SiC surfaces are presented in
Figure 4 (denoted •, ], and O, respectively). The potential
energy surface for the HF etching reaction has a central barrier,
associated with the transition structure, separating the reactant
and product channels which are characterized by molecule/
surface reactant and product complexes. The critical point
structures for these surfaces are similar to those shown for HO/
Si(111) in Figure 4 (top), where the separated reactants, reactant-
complex, transition state, product-complex, and separated
products are denoted R, RC, TS, PC, and P, respectively. The
reference system for assessing the relative reactivities of SiC
substrates is the Si(111) surface. The HF + HO/Si(111) process
is predicted to have a barrier of 0.67 eV with the final products
0.37 eV lower in energy than the reactants. These results are
consistent with previous calculations finding the HF + HO/

Si(111)f F/Si(111) + H2O reaction to be both thermodynami-
cally and kinetically favorable.7,31

The difference in reaction energetics between the Si and the
SiC surfaces provides critical insight toward understanding the
different HF etching surface products. As shown in Figure 4,
the activation energies for removal of surface OH (replacement
by F) at the Si- and C-face SiC surfaces are substantially higher
(1.25 and 1.69 eV, respectively) than for the Si surface. While
the overall reaction enthalpy for fluorination of OH-Si-(SiC)
and OH-Si (Si) is similar (0.42 eV exothermic), the C-face SiC
is thermoneutral. Therefore, the HF etching reaction that is
highly effective for Si surfaces is kinetically hindered at oxidized
SiC surfaces that consequently remain hydroxyl terminated. The
surface oxygen from the last oxide layer cannot be removed
under the experimental conditions.

These calculations also yield the vibrational frequencies of
the critical structures, such as the O-D and O-H stretch modes.
Calculated vibrational frequencies are in excellent agreement
with experimentally resolved IR absorption bands for O-H and
O-D bonded to C on the SiC surface (theory (H/D), 3351/
2440 cm-1; expt (H/D), 3350/2450 cm-1). The key experimental
observation, stability of the surface oxygen, is therefore well
explained by the theoretical calculations.

These findings indicate that the presence of oxygen is
primarily due to hydroxyl termination. This finding is in contrast
to the interpretation of Correa et al.16 that attributed the presence
of oxygen to the formation of an oxycarbide alloy at the surface.
In fact, our DFT calculations show that the insertion of oxygen
into the Si-C back-bond to form oxycarbide is energetically
unfavorable, being endothermic by ∼4 eV.

V. Conclusions and Outlook

In summary, a diverse set of analytical measurements have
been applied along with first-principles calculations to obtain a
consistent and detailed understanding of the effect of HF etching
at SiO2/SiC interfaces. In contrast to the well-known hydro-
phobic H-terminated surfaces derived from oxidized Si surfaces,
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Figure 4. (Top) Structures optimized within density functional theory for
each critical point involved in the removal of -OH by HF to form SiF at
the Si(111) surface. (Bottom) Reaction energy profiles for HF etching surface
reaction pathways with the Si(111) and Si- and C-face SiC surfaces. [R,
RC, TS, PC, and P indicate the reactants, reactant-complex, transition state,
product-complex, and products, respectively.]
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HF etching of oxidized SiC yields hydrophilic, hydroxyl-
terminated surfaces.

The stability and hydrophilicity of the -OH layer on the
C-face of SiC have important implications for subsequent
surface reactions. For instance, as shown in the Supporting
Information, the hydroxyl termination of SiC surfaces makes it
possible to graft self-assembled silane molecules onto HF-etched
SiC surfaces with high packing densities. The higher stability
of the OH-terminated C-SiC surfaces presents a higher barrier
for the process, but typical C-SiC surfaces have a high enough
step density and atomic roughness to present enough Si surface
atoms for grafting (Supporting Information Figure 1S).

This finding has profound implications for the use of SiC
for biomedical applications because its termination directly
affects the interaction of such surfaces with proteins. For
example, it is known that cell cultures preferentially adhere to
substrates with high wettability.32,33 Therefore, the residual and
stable hydroxyl termination on HF-treated C-SiC surfaces will
have important consequences for applications requiring bio-
compatibility.34 In contrast, the ability to graft hydrophobic
SAMs on Si-SiC provides an alternative functionality for stents.
The respective reactivities of Si-SiC and C-SiC are also
important for microelectronic applications, such as the growth
of high-k dielectrics on SiC substrates.

Finally, these results provide new insights into the complex
problem of the structure of the SiC/SiO2 interface as employed
in power devices, namely, there is no evidence for a residual,
nonetchable, nonstoichiometric oxide at the interface. Rather
the residual surface, although far from perfect, can be understood
in terms of chemical concepts of binding and reaction barriers.
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