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We report on highly resolved core-level and valence-band photoemission spectroscopies of hydrogenated,
unreconstructed 18-SiC(0001) and (006)1 using synchrotron radiation. In the CsZXore level spectra of
6H-SiC(OO(ﬁ) a chemically shifted surface component due to C-H bonds is observed at a binding energy
(0.47£0.02) eV higher than that of the bulk line. The Sp Zore-level spectra of SiC(0001) suggest the
presence of a surface component as well but a clear identification is hindered by a large Gaussian width, which
is present in all spectra and which is consistent with values found in the literature. The effect of thermal
hydrogen desorption was studied. OHiC(0001) the desorption of hydrogen at 700—750 °C is accompa-
nied by a simultaneous transformation to the Si-rigf8% /3)R30° reconstruction. On H-SiC(OOO_J) first
signs of hydrogen desorption, i.e., the formation of a dangling bond state in the fundamental band gap of SiC,
are seen at temperatures around 670 °C while the 1()l periodicity is conserved. At 950 °C a X3)
reconstruction is formed. The formation of these reconstructions on thermally hydrogeh&t8C60001)
and (OOO_:) is discussed in the light of earlier studies ¢1-6iC{0001} surfaces. It will be shown that by using
the hydrogenated surfaces as a starting point it is possible to gain insight into how2he/8)R30° and
(3% 3) reconstructions are formed o6éSiC(0001) and B|-SiC(OOO_J), respectively. This is due to the fact
that only hydrogen-terminated-5SiC{0001} surfaces possess a surface carbon to silicon ratio: bf
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[. INTRODUCTION SiC surfaces would be a wet-chemical treatment such as that
used in Si technology, where the so-called R@adio Cor-

In the past years a number of investigations on the propporation of Americi° clean followed by a dip in buffered
erties of hexagondl0001; surfaces of B- and 44-SiC have HF is a commonly employed technique. The procedure
been reported. A majority of these studies dealt with theyields extremely flat Si surfaces which are unreconstructed
Si-richt™1° (3% 3) and (/3% \/3)R30° (Refs. 6—24 recon-  and terminated by hydrogen. The strong Si-H bonds remove
structions on #- and @4-SiC(0001), the (¥X3) surface states from the gap leading to extremely low densi-
reconstruction®® on 6H-SiC(OO(ﬁ), and the oxygen in- ties of charged surface defects. Yablonoviettal > reported
duced silicate adlayer reconstructions onH-4 and @ record low of 2.5 10" charged surface states per‘cfor
6H-SiC{0001; surfaced.®1026-32These surface reconstruc- hydrogenated $111). In addition, the hydrogen-terminated
tions have in common that their surface energy is minimized! surfaces are relatively well protected against oxidation in
via a reduction of the total number of dangling bonds at thetir-”>*" Although the(0001) surface of the hexagonal poly-
surface. This is achieved by an ordered accumulation of suiypes 6H-SiC and 4-SiC is crystallographically equivalent
plus oxygen and/or silicon atoms at the surface, which cont0 Si(111), the surface chemistry is different on account of
sequently results in a deviation of the surface compositiodhe additional carbon atoms. Dipping these surfaces in HF
from the bulk stoichiometry. Nevertheless, many of thesdeaves them covered with hydroxyl groufis*® and an-
surfaces still possess dangling bonds that make them exealing to temperatures above 950 °C is necessary to remove
tremely susceptible to oxidation. In contrast, silicate adlayethe oxygen from the wet-chemically prepared surfeckn
reconstructed surfaces show an extraordinary stability in ai@ddition, they are usually contaminated with hydrocarbons as
However, the silicate adlayer is also thermally stable up tovell, which may decompose partially at elevated tempera-
temperatures of about 1000 °C, which makes this terminatures. The wet-chemical procedure also fails for the (Q001
tion problematic for applications where an oxide interfacesurfaces for similar reasof$>’
layer is not desired. As a consequence, the above-mentioned The only method to yield S{D00L surfaces saturated
surface reconstructions seem not to be adequately suited adth a monolayer of hydrogen was first suggested by
basis for the development of SiC semiconductor devices. Tsuchidaet al,*®~**who have annealed their samples in an

A convenient way to prepare clean and unreconstructedtmosphere of ultraclean hydrogen at temperatures of

0163-1829/2003/620)/20530413)/$20.00 67 205304-1 ©2003 The American Physical Society



N. SIEBERet al. PHYSICAL REVIEW B 67, 205304 (2003

1000 °C and higher. This procedure is similar to the hydro-sijc(000) surfaces (carbon faces The Si-terminated
gen etching which is widely used to reduce surface roughsamples from CREE Research, Inc. were either 3.5° off-axis
ness and polishing damage of SiC substrate surfaces prior fiented, polished substrates, or homoepitaxial epilayers,
homoepitaxial growth by chemical vapor depositionyith a doping of 1.&410%cm™2 (n type and 1
(CVD).***In previous studi¢$~**we have investigated the x 1016 cm~3 (p type), respectively. The C-terminated crys-
chemical, electronic, and structural properties  ofigls from SiCrystal weren type (5% 10 cm~3) and pol-
6H-SIC{0001 surfaces that were hydrogenated by thejshed on-axis.
method of .TSl_JC_hidEEt al. The hydrogenated surfaces with  Before hydrogenation the samples were subjected to a
(1X1) periodicity were observed to be free of unwantedfoyr-step wet-chemical cleaning procedure using hydrofluo-
contaminations such as oxygen and hydrocarfoiée were  ric acid and mixtures of sulphuric acid, hydrogen peroxide,
also able to show that the density of charged defects ognd hydrochloric acid as described elsew8r&Hydrogen
SiC(000)) can be pushed down to values 0kK10'°cm™*  termination was achieved by annealing the samples in ultra-
and below and that the surfaces are stable against oxidatigfyre hydrogen8.0) at temperatures around 1000°C and a
in air* These observations suggest that hydrogenation giressure of X 10° Pa using a contactless infrared heating
SiC{0003 surfaces by high-temperature hydrogen annealingystem. The base pressure of the UHV preparation chamber
is an adequate method for surface preparation especially b@ras pelow 5<10° 7 Pa. A transportable vacuum storage
cause it can be carried out in a CVD reactor directly afterchambper equipped with a mobile ion punipase pressure
homoepitax_ial grovvth, which is usually performed for many pejow 1x 10-° Pa) allowed to transfer up to six hydroge-
device applications. . nated samples to the measuring chambers in our home labo-
_Another interesting aspect of the hydrogen passivategatories for investigations with LEED and x-ray induced
SiC{0001 surfaces is that they are the only known termina-photoelectron spectroscogPS). In addition, the samples
tions of SiC where the Si to C ratio is equal to the bulk ratio\yere also investigated with FTIR-ATR. These measurements
1:1. Therefore it seemed worthwhile to study the hydrogeyere carried ouex situusing a Ge prism as multiple internal
nated SiG000% surfaces in more detail. We have employed gfiection element.
highly resolved photoelectron spectroscopy using synchro- sing the aforementioned vacuum transport system, the
tron radiation in order to study the core-level and valencesamples could be transferred to the synchrotron radiation
band spectra of bothH-SiC(0001) and (0QD) in the as-  source BESSY Il and load locked to the UHV system with-
prepared state as well as after annealing in UHV, whictout breaking the vacuum. Highly resolved photoelectron
induces a change in surface periodicity from>(1) to  spectroscopy was carried out at the undulator beam line
(V3x \/3)R30° or (3x 3), respectively. As we will show in  UE56/2-PGM 2. The end station with a base pressure below
the following sections, the fact that the initial stoichiometry 1x 108 Pa was equipped with a hemispherical analyzer and
of the hydrogenated surfaces is equal to the bulk stoichioma LEED optics. In order to achieve a contrast in surface
etry provides important insights into how these recostrucsensitivity, photon energies of 170 eV and 350 eV were ap-
tions are formed and into the origin of the surface compo-lied to investigate the Sif2core levels and 350 and 510 eV
nents observed in the Sip2and C Is core level spectra of to investigate the C 4 core levels. A photon energy of 74 eV
these reconstructiortd:?32°

The present paper is organized in the following way. After (@) [ T T T
a brief description of our experimental procedures in Sec. Il z S'_qogg;zrization
we will discuss our results in Sec. Ill. Thereby a short struc- g |-—— s polarization
tural characterization using low-energy electron diffraction g
(LEED) and Fourier-transform infrared-absorption spectros- §
copy in attenuated total reflection mo@€TIR-ATR) will be =
presented in Sec. Ill A. Sections Il B and Ill C contain a 5
detailed analysis of highly resolved synchrotron x-ray pho- § ... e
toelectron spectroscopy measurements on the hydrogenated 2300 2250 2200 2150 2100 2050 2000
6H-SiC{0001} surfaces. This is followed by a discussion of wave number (cm’)
the inelastic mean free paths determined from our experi- (b) [T T T
ments(Sec. Il D). Thermally induced hydrogen desorption 7 Sl—qo;?g;llzrization
and subsequent formation of8x 3)R30° and (3<3) on g |— s polarization
6H-SiC(0001) and (000), respectively, will be the topic of E
Secs. lll E and 11l F. Finally, our conclusions are presented in 8
Sec. IV. s
£
2
II. EXPERIMENTAL 3000 2950 2900 2850 2800 2750 2700

. o wave number (cm™)
The investigations were focused on the basal planes of

6H-SIC. These are the Si-terminated 8001 surfaces, FIG. 1. Ex situ FTIR-ATR spectra of hydrogen terminated
which are also called silicon faces, and the C-terminate@H-SiC(0001)(a) and 64-SiC(0009) (b).
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was used for the valence-band measurements. A polar angle 6H-SiC(0001)
(electron escape anglef #=20° was used to measure the
core-level spectra and @f=0° for the valence-band spectra.
The experimental resolution was better than 100 meV, 150
meV, 240 meV, and 300 meV for photon energies of 74 eV,
170 eV, 350 eV, and 510 eV, respectively, as derived from
gold Fermi edges.

Thermally induced hydrogen desorption and subsequent
surface reactions were studied by annealing the surfaces in
UHV to temperatures up to 950 °C. Heating of the samples
was accomplished by electron bombardment of the backside in=110eV
of the sample holder. The annealing temperature was moni-
tored by means of a pyrometer with the emissivity adjusted
to that of the sample holder made of molybdenum (
=0.25). Standard annealing time was 2 min. Calibration
measurements using a Ni/Cr-Ni thermocouple have shown
that the temperature accuracy is about 30 °C. The effect of
annealing in UHV was studied by photoelectron spectros-
copy and Fourier-transform infrared-absorption spectros-

copy.

IIl. RESULTS AND DISCUSSION

A. Structural characterization of the H-terminated
6H-SiC{000%} surfaces FIG. 2. (I1X1) LEED images of hydrogen-terminated

Using photoelectron spectroscopy it is not possible to geSH-SIC(0001) (top) and E4-SIC(000) (bottom. The azimuthal

. orientation was different for the two samples, as can be seen from
tect the hydrogen on the as-prepared-6iC{000L sur- . Gitraction images. P
faces. Therefore hydrogenated samples were studied using

Fourier-transform infrared-absorption spectroscopy in the at-
tenuated total reflection mode. Figure 1 displays specira g icates well ordered surfaces. The results presented in this

the S"H and the C'.H stretch modgs measured Oection will be helpful for the interpretation of the core-level
6H-SIC(0001) and Bi-SiC(0000), respectively. The C-H  gpectra discussed below.

stretch mode on SiC(00Q1 is located at (2851.5
+0.2) cm !, in good agreement with Tsuchidzt al3#~*!
On Sig000), two Si-H stretch modes are observed at
(2128.0-0.6) cm ! and (2133.5:0.6) cm 1, respectively. Figure 3a) shows Si D core-level spectra of hydrogen-
The splitting of the Si-H stretch mode, which has also beererminated 61-SiC(0001) measured at photon energies of
reported by Tsuchidat al,**~* has been a subject of a de- 170 eV and 350 eV. As will be discussed in Sec. Il D, the
tailed stud§® and was shown to be due to a small differencecorresponding effective sampling depths are 3.0 and 4.6 A,
in the third-neighbor interactions of the Si-H dipole with the respectively. The binding energy is given with respect to the
underlying lattice, which are different for Si-H units on cubic g;j 2p3, bulk component, which was obtained by a peak fit
and hexagonally terminated terraces. The fact that C-H angbutine as described later in this section. Despite the different
Si-H stretch modes can only be observedpipolarization  surface sensitivity of the two measurements no variation of
and not ins polarization(see Flg lindicates that the Si-H the line Shape with photon energy is observed. For

and C-H bonds are per_pendicul_ar to _the _surface. Note alSQH-SiC(OO(ﬁ):H the carbon atoms of the topmost bilayer,
that on!y thg monohydrldg configuration is clearly. Obs‘.ew'which constitute the surface, are saturated by a monolayer of
able. D_|.hydr|des or trinydrides are b.elow the detection “m't'hydrogen. Consequently, all silicon atoms below including
In add'tﬁn' no Si-H stretch mode signals were observed O%hose which are located in the same bilayer are chemically
SiC(000) and vice versa. The full width at half maximum equivalent. It is thus not surprising that no chemically shifted
values of the observed C-H and Si-H stretch mode Signaléomponent is observable in the &)Zore level.
are typically below 3.0 cm*, which points towards a high  For a more detailed study, the core-level spectra were sub-
degree of order on the surfaces. Ijected to a nonlinear least-squares fitting analysis using a
The high degree of surface order indicated by the smalgonyolution of the Gaussian and Lorentzian line shapes, i.e.,
width of the Si-H and C-H stretch mode signals in Fig. 1 is\pigt lines. The Gaussian widthd) reflects the experimen-
corroborated by the corresponding LEED patterns of hydrota| resolution, the samples’ inhomogeneity, and phonon
gen covered B-SiC(0001) and B1-SiC(000)), which are  broadening. The Lorentzian widthw() is associated with
displayed in Fig. 2. The surfaces exhibit (1) periodicity  the lifetime of the core hole which is generated by the photo-
with sharp diffraction spots. In addition, the LEED patternsionization process. Prior to curve fitting, a Shirley

how a remarkably low diffuse-elastic background which in-

B. Core-level spectra of hydrogenated Bl -SiC(0001)
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) ) ) — taken at photon energies of 350 eV and 510 eV and their deconvo-
FIG. 3. Si 2 spectra of H-terminatedt-SiC(000]). (a) Com- lution.

parison of spectra taken at photon energies of 170 eV and 350 eV.

(b) Deconvolution of the spectrum taken at a photon energy of 170

eV into one spin orbit split doublet. taining the largest experimental scatter since it depends on
surface quality. The lowest Gaussian widths that were ex-

background® was subtracted from the data. In all cases onlytracted from the fitting procedures were 0.53 eV, which is a

marginal changes were noticeable when using a linear backeasonable value when compared with the lowest values

ground instead of a Shirley background correction, implyinggiven in the literature for Si¢**®

that this has no effect on the results presented in this paper. C 1s core-level spectra of the same hydrogenated

The result of a peak fit applied to the Sp Zore-level spec-  6H-SiC(000]) sample taken at photon energies of 350 eV
trum of hydrogenated SiC(00Dltaken at 170 eV photon and 510 eV are plotted in Fig. 4 together with their respec-
energy is displayed in Fig.(B). The spectrum can be fitted tive deconvolution. The sampling depths are identical to the
using a single spin-orbit split doublet. Table | summarizesones used in the Sif2core-level spectra shown in Fig. 3, i.e.
the fit parameters for both, the 170-eV and the 350-eV spec3.0 and 4.6 A for photon energies of 350 and 510 eV, respec-
trum. The only constraints used in the fit were that thetjyely. The shape of the main line varies clearly with photon
Gaussian and Lorentzian widths of the $is2 and Si 1, energy, suggesting the presence of at least two components
lines were forced to be equal, respectively. The spin-orbityhich is indeed expected on account of the terminating C-H

splitting of the Si Dg;, and the Si P;, component was ponds. The extremely weak intensity contribution at about
determined as (0.160160.003) eV and the branchlng ratio as 5 4 ey higher binding energy points to minute hydrocarbon
0.516+0.004 within a data set of more than 15 S 2ore contamination.

levels, independent of surface sensitivity. The Lorentzian L=
width was determined to be (0.12®.021) eV and the 1€ C Is core-level spectra of SIC(009H could be

Gaussian width as (0.5700.030) eV, the latter value con- fitted consistently using three Voigt lines, i.e., two liné&&g:(
and Sc1) for the main contribution and oneS¢2) for the

weak contribution at about 2.4 eV higher binding energy, as
shown in Fig. 4. The best-fit parameters are collected in
Table Il. The Gaussian widths were allowed to vary indepen-
dently because of the different chemical origin of the lines.
The Lorentzian widths were allowed to vary but set equal for

TABLE I. Fit parameters obtained for the SpZore-level spec-
tra of hydrogenated8-SiC(000]). SOS is the spin-orbit splitting
and R=1(Si 2p4,/1(Si 2pg) the branching ratiowg and w, are
the Gaussian and Lorentzian widths, respectively.

ho=170 eV A =350 eV all lines. Best fits were obtaineq f(_)r the Lorentzian width; of
Si 2p Noe=3.0 A Noo=4.6 A (0.19+0.03) eV. Thls value is in gpod agreement with
eff eff former reports on SiC and metal carbidés?

SOS(eV) 0.606+0.003 0.606:0.003 According to the way the relative intensities of the lines
R 0.514+0.005 0.51%#0.002 vary with changing surface sensitivity, the component at
wg (eV) 0.57+0.02 0.56-0.02 lowest binding energylabeledB. in Fig. 4) is ascribed to
w, (eV) 0.14+0.02 0.13-0.01 bulk SiC. The two other remaining components are due to
Assigment SiC bulk SiC bulk emission from the surface. The component labeded in

Fig. 4 with a chemical shift of (0.470.02) eV towards
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TABLE II. Fit parameters obtained for the GsTore-level spectra shown of hydrogenat&di—SiC(OO(H). The binding energy is given
with respect to the bulk componen{Sc1,2)/1 (Bc) is the intensity ratio of the respective surface compon8gt 2) to the bulk component
(Bo)-

C1s fo=350 eV, \g1=3.0 A hw=510 eV, \o1=4.6 A
Label in Fig. 4 Bc Scl Sc2 Bc Scl Sc2
E, (eV) 0 0.46+0.02 2.44-0.10 0 0.48-0.02 2.410.11
1(Sc1,2)/1(Bg) 1.44+0.12 0.05-0.01 0.66-0.07 0.04-0.01
wg (eV) 0.58+0.03 0.71-0.03 1.48-0.12 0.55-0.03 0.72-0.02 1.47-0.11
o, (eV) 0.19+0.03 0.19-0.03 0.19-0.03 0.19-0.03 0.19-0.03 0.19-0.03
Assignment SiC bulk SC-H CHy SiC bulk SiC-H CHy

higher binding energy is ascribed to the carbon atoms of théhe vacuum transport system becomes evident when com-
topmost bilayer, which form the surface C-H bonds seen irpared withex situ measurements that exhibit at least ten
FTIR-ATR. Together with the Si atoms of the same bilayertimes larger hydrocarbon contaminatitn.

their environment is SC-H. The relative strength of this
component wa$(Sc1)/1(B¢g) =1.4(*=10%) for surface sen-
sitive and 0.7 (10%) for less surface sensitive measure-
ments on averagg/An estimate whether these values are Fig. 5@ shows the surface sensitivé ¢ =170 eV) and
reasonable for a monolayer coverage of C-H bonds is givetess surface sensitivé:i p=350 eV) Si 2 core-level spec-

in Sec. Il D). The bonding assignment is also qualitatively trum of hydrogen saturated-5SiC(0001). For comparison
supported when the Pauling electronegativities of the threghe surface sensitive spectrum of the hydrogenated (0001
elements carbon, hydrogen, and silic¢h6, 2.2, and 1.9,
respectively are considered. If one silicon atom is removed

C. Core-level spectra of hydrogenated Bl -SiC(0001)

from a Sj,C tetrahedror(bulk SiC) and replaced by one hy- (i) ﬂ’g“‘_’;m v Si2p
drogen atom, the electronic configuration will change such - p— h$350:V

that a smaller valence charge is transferred towards the car- 2 | sic(ooo7):

bon atom than before. This yields a higher binding energy of S| ho=170eV

the carbon atom in a §C-H environment. The Gaussian 2

width of the bulk line B¢) and the C-H componentS¢l) e

were determined as (0.50.03) eV and (0.7£0.03) eV, E

respectively. The former value compares well with that ob- LAMARAMAAL T AN T

served of the Si @ core-level, which further supports our 3 2 . 1 ) 0 N 2
assignment. The Gaussian width of the C-H component relative binding energy (eV)
(Scl), however, is slightly larger, most probably on account (b) [sic0001), Si2p 4 '

of a different inhomogeneous broadening and/or phonon ho=3508V (1,=4.6A) / 1

broadening.

The chemical shift of the small componest2 at higher
binding energy in our C 4 core-level spectrdFig. 4 was
determined as (2.420.10) eV with respect to the bulk line
and its Gaussian full width amounts to (1#48.13) eV.
Based on its chemical shift of 2.4 eV, its surface sensitivity,
and the large Gaussian width, this component is ascribed to
weakly bound hydrocarbon contamination. Assuming that
the density of adsorbed hydrocarbons is identical to that of
liquid hydrocarbons {0.75 kg/l), the average overlayer
thickness can be estimated to be (9@.05) A when calcu-
lated with the effective sampling depthsiofs;=3.0 and 4.6
A for photon energies of 350 and 510 eV, respectively. This
corresponds te=5% of a monolayer. The hydrocarbon con- 3 2 1 0 1 b
tgmlnatlon was obsgrved to gradually increase with storgge relative binding energy (eV)
time of the samples in the vacuum transport system despite a
pressure below % 10" ¢ Pa. No contamination is usually de- FIG. 5. (a) Si 2p spectra of hydrogenatedSiC(0001) mea-
tected directly after thermal hydrogen treatment by XPS insured with high and low surface sensitivities in comparison with the
our home laboratory. There a similar surface sensitivity issurface sensitive spectrum of H-terminateHl-6iC(0003) from
achieved by a take-off angle &f=75°, which reduces the Fig. 3. (b) Deconvolution of the Si @ spectra of hydrogenated
probe depth to about 4 A. However, the beneficial effect of6H-SiC(0001) into two components.

intensity (arb.units)
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TABLE lll. Fit parameters obtained for the SpZore-level spectra of hydrogenateH €5iC(0001). The
binding energy is given with respect to the bulk component.

Si 2p =350 eV, \g1=3.0 A ho=510 eV, \y1=4.6 A
Label in Fig. 5 Bg; Ssi Bg; Sq;i
Ep (eV) 0 0.23-0.02 0 0.21-0.02
1(Sc1,2)/1(Bg) 1.4 0.75
wg (eV) 0.48+0.03 0.61:0.03 0.51-0.03 0.64-0.03
w, (eV) 0.13+0.02 0.13-0.02 0.13-0.02 0.13-0.02
Assignment SiC bulk ¢Si-H SiC bulk GSi-H

surface from Fig. 3 is included in the plot. Although the vor the opposite assignment where the component at higher
presence of Si-H bonds on hydrogenatéd-8iC(0001) has binding energy corresponds to Si-H bonds for the following
been shown by FTIR-ATRcf. Sec. Ill A), no chemically reasons. First, the Gaussian width of the component at higher
shifted component can be resolved in the $i @re-level binding-energy is larger than for the lower binding energy

spectra of &1-SiC(0001)-H. In addition, no variation of the component. With SiC(OOT)lthe C-H component was also
line shape with sampling depths can be observed. On thgnserved to be broader than the bulk line. Second, when
other hand, the comparison oi the Sip 2spectra of considering the energetic separation between the bulls C 1
6H-SiC(0001):H with 61-SiC(000):H reveals two differ- 5nq s 2 core-levelf AE=E(C 1s)— E(Si2p)], it is more
ences that were observed systematically within all experi“ke|y that the assignment as shown in Figbfis correct. In
ments: first, the shoulder due to the spin-orbit splitting ap- fneral we find values fokE=(182.17-0.05) eV for hy-

ears strongly enhanced and second, a slight asymmetr ) — . .
b gy 9 Y y(§3rogenated Bl-SiC(000)) independent of measuring device.

the line shape towards the high binding-energy side becom g :
visible. As a consequence, the attempt to fit the Sicre- For hydrogenated Si0002)) surfaces we obtain values close

level spectra with only one spin-orbit split doublet, which led {0 (182.18-0.05) eV, when assigned as in Figbh For the
to good results on the carbon face, fails. It produces unreg2Pposite assignment, the binding-energy differencel is
sonable values for the branching ratio and for the Lorentziar(182.03-0.05) eV which appears somewhat too small.
widths. The Si 2 line shape turned out to be independent ofNevertheless, we have to point out that our favored assign-
doping (p type orn type), surface quality(polished or epi- ment cannot be confirmed with absolute confidence on the
taxial overgrown, and hydrogen coverage. These observabasis of our available dataset. In order to clarify this point
tions rule out differential charging or inhomogeneous surfaceneasurements of better resolved core-level spectra are nec-
band bending as well as surface defects as being responsil@esary, which could probably be achieved by cooling the
for the signal’s odd shape. Phononic effects, which were sugsample to lower temperatures.
gested as an explanation for the asymmetric Bi Gre- Corresponding C 4 core-level spectra of 18-SiC(0001)
levels of S{111):H,°* are also unlikely because we would after hydrogenation are displayed in Fig. 6. Deconvolution of
expect their signature to be also visible in the spectra of théne spectra using only two components yields dissatisfactory
carbon face. results, hence we included a third component. The fit param-
A possible explanation for the observed line shape woulders are collected in Table IV. The strongest component
be to introduce a chemically shifted surface component dut:BC) is due to emission from the bulk. A surface component
to Si atoms in a gSi-H environment. For a full monolayer labeledSc2 in Fig. 6 is located at about (20.1) eV with
coverage of Si-H bonds the intensity ratio of surface to bu”?espect to the bulk line. This component is attributed to
component should be similar to the one observed in thes C 1weakly bound hydrocarbons. The component labeSe,
spectra of hydrogenatedH6SiC(000). Using this addi- \yhich has to be included in order to fit the spectra properly,
tional constraint the spectra can be fitted using two doublets,, s a chemical shift of (0.470.03) eV in good agree-
as shown in Fig. &). The corresponding fit parameters are ment with the hydrogen induced surface component on

compiled in Table lll. With the constraints mentioned above, _. — . .
an energetic separation between the two components ofic(000). Therefore, we propose that this component is

(0.22+0.02) eV is determined with the hydrogen inducegdue to carbon atoms at steps. Any SiC surfaqe, independent
surface component shifted to higher binding energy. of surface type(substraye, polished on- or off-axis or epitaxi-
We note, however, that because of the identical line shap@lly overgrown, contains steps where necessarily surface
observed in the spectra taken with different photon energiesarbon atoms are located. Additionally, any other surface im-
good quality fits can also be obtained by changing the asperfection contributes to the total number of surface carbon
signment of the two components within the $ Bne, i.e.,  atoms. For oup-type epilayer, for example, we derive from
inverting the intensity ratios. Considering the electronegativ-atomic force microscopfAFM) measurements a relative
ity of the elements Si, C, and H and assuming that initial-surface area of about 5% covered by steps. Of course, the
state effects are dominant, the hydrogen related componentestion is why such a component was not observed in the Si
should be located at lower binding energy. However, we fa2p spectra of the carbon face, but in view of the small hy-

205304-6



SYNCHROTRON X-RAY PHOTOELECTRON.. .. PHYSICAL REVIEW B7, 205304 (2003

SiC(0001), C1s
ho=510eV (i =4.6A)

104

electron mean free path (A)

Intensity (arb.units)

10 100 1000
electron kinetic energy (eV)

FIG. 7. Electron mean free path as a function of electron energy
for the three materials, silicofopen squares, Refs. 53 and)54
: : : : : silicon carbide(open hexagons from Ref. 13, filled hexagons from
4 3 2 1 0 -1 -2 this work), and diamondopen diamonds, Refs. 55-57he lines
relative binding energy (eV) are guides to the eye.

FIG. 6. C Is spectra of hydrogen-terminatecH6SiC(0001) o
taken at photon energies of 350 eV and 510 eV and their deconvdNOSt publications refer to escape depths as they were ob-
lution. tained from quantitative calculations of silicon, and to our
knowledge only Johanssat all® estimated electron mean-

drogen induced chemical shift of the SpZore-level it is  free-path values for silicon carbide, albeit for higher kinetic
reasonable that such a small component remains undetectéfi€rgies. There values of 5.1 and 9.0 A are obtained for
kinetic energies of 450 and 650 eV, respectively. The listed
literature values as well as our own results of further mea-
surements in an extended photon energy ramgé shown

As we have seen in Sec. lll B the intensity ratio of surfacehere are summarized in Fig. 7. However, we have to keep in
C-H to bulk contribution in the C 4 core-level was deter- mind that our calculation of the inelastic mean free path is
mined ad (Si;C-H)/I (SiC)=1.4 (= 10%) for surface sensi- based on the assumption that diffraction effects are negli-
tive and 0.7 (10%) for less surface sensitive measure-gible and that the applied model includes continuous damp-
ments on the basis of the applied curve-fitting procedureing of photoelectrons that are emitted from discrete layers of
When a simple layer attenuation model is applied using théhe solid, which might cause problems when very thin layers
characteristic lengths of Si-C and C-H bonds we obtain theire considered.
required ratios of 1.4/{w=350 eV) and 0.aw=510 eV)
Iiovrele;'fe\;:\;i%e ;r?rgﬂlcnt?o?]e(patsk(‘;g&f;n;g gfrzleg‘.’Btf]\i,sregsi\F/):s? E. Thermally induced h)_/drogen desqrption arld subsequent
inelastic mean-free-path values »&=3.2 and 4.9 A at ki- surface reactions on 64-SiC(0001):H
netic energies of 60 and 220 eV, respectively. These numbers Figure 8 shows Si @ and C Is core-level spectra of a
appear reasonable when compared with literature values dfydrogenated B-SiC(0001) surface taken after preparation
silicon, diamond, and silicon carbidsee Fig. 7. For silicon, and after subsequent heating to temperatures of up to
minimum escape depths between 3.0 and 4.0 A are reporte&820 °C. Before heating, the core-levels show the behavior
for kinetic energies between 30 and 50%%" For diamond,  discussed in Sec. Il C. Note that the hydrocarbon contami-
somewhat lower escape depths are reported: 2.0-2.5 A faration is increased with respect to the spectrum shown in
(111) surfaces and 3.5 A fofl00) surfaces for electron ki- Fig. 6 due to a longer storage time in the vacuum transport
netic energies between 35 and 40°%@V?’ For silicon carbide vessel. Annealing the sample to 640°C has essentially no

D. Calculation of electron inelastic mean free path

TABLE IV. Fit parameters obtained for the GsTore-level spectra of hydrogenatet €5iC(0001). The binding energy is given with
respect to the bulk component.

C1s fo=350 eV, \s;=3.0 A hw=510 eV, \s1=4.6 A
Label in Fig. 6 Bc Scl Sc2 Bc Scl Sc2
E, (eV) 0 0.46+0.02 2.12:0.10 0 0.48:0.02 2.270.13
1(Sc1,2)1(Be) 0.07+0.01 0.06£0.01 0.06-0.01 0.04-0.01
wg (eV) 0.54+0.02 0.65-0.03 1.16-0.08 0.57-0.02 0.63:0.03 1.24:0.11
w, (eV) 0.19+0.03 0.19:0.03 0.19-0.03 0.19:0.03 0.19:0.03 0.19:0.03
Assignment SiC bulk SC-H CHy SiC bulk SiC-H CHy
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The Si 2» and C I spectra taken after annealing to
820 °C are also shown in Fig. 8 together with the results of a
deconvolution of the spectra. The best fit parameters are col-
o2 lected in Tables V and VI for the Si2and C Is core-levels,

7 % respectively, measured with different surface sensitivities. In
the Si 20 spectrum two new chemically shifted components
labeledSg1l andSg2 can be observed. The intensity varia-
tion of these two components upon changing the probe depth
(see Table Yreveals their surface nature. These components
are characteristic of the Si-rich B8X3)R30°
reconstructiort® Their chemical shifts of-0.33+0.04 and

—1.10+0.06 eV with respect to the SiC bulk component
(see Table VY are in excellent agreement with the observa-
v tions of Johanssoat al*® According to the structural model
3 2 1 0 A 2 which was determined by LEEf, the signal Sgl at

relative binding energy (eV) —0.33 eV is due to the Si atoms of the topmost SiC bilayer
for which the more electronegative binding partner carbon is
SiC(0001), C1s replaced by Si adatoms. These adatoms which give rise to
ho=3508V (1,~3.04) ¢ the second chemically shifted compone8gR) reside inT,

§ position and each of them is bound to three Si atoms of the

3 topmost SiC bilayer thus forming the/8 x \/3)R30° super-

E structure. In addition, we note that the fit is not perfect at the
higher binding-energy side, where a weak tailing can be ob-
served. This is most likely due to the onset of oxidation of
this strongly reactive surface.

The C 1s core-level of the Si-rich (3 \3)R30° recon-
struction is also made up of at least three components, which
is in agreement with the observations of Johanssoal!®
Two components are found to be due to emission from the
surface(see Table V)l and they are labele&:1 andsc2.
Their binding energies are—0.43+0.07) eV and (1.20
+0.10) eV relative to the bulk component, respectively. The

relative binding energy (eV) componentSc1 is ascribed to carbon atoms of the first bi-
layer that are affected by the surface modifications. This

FIG. 8. Si 20 (a) and C Is (b) core-level spectra of hydroge- seems reasonable, since due to the silicon-rich surface the
nated 61-SiC(0001) after annealing in UHV. effective electronegativity of all interface silicon atoms ap-

pears reduced, which causes a small chemical shift of the
effect on the Si p spectrum. In the C 4 spectrum the com- component which corresponds to the next neighboring car-
ponent due to the hydrocarbon contamination becomebon atoms to lower binding energy. Some confusion was
weaker and shifts 0.6 eV towards the SiC bulk componentcaused in the past because of the existence of the second
This indicates a partial desorption of the contaminants acsurface carbon componer8:2, which could not be ex-
companied by a decomposition of the remaining hydrocarplained within the structural model of the/8x \3)R30°
bons. The surface symmetry remains(1). Annealing to  reconstruction. Johansse al'® discussed several possible
temperatures above 750 °@ot shown gradually leads to bonding configurations but none of these could describe the
the formation of a (/3% y3)R30° reconstruction, which is real bonding arrangement as finally determined by an LEED
fully developed at 820 °C. study?? Tautz et al?® concluded that the componeS:2

(a)|sic(0001), Si2p
ho=170eV (A,,=3.0A)

as prepared
(1%1) ‘

intensity (arb.units)

o~
=)
~—

as prepared g A

intensity (arb.units)

TABLE V. Fit parameters obtained for the Sp2core-level spectra of hydrogenatedH &iC(0001) after annealing to 820 °C and
conversion to the Si-rich\(3x \/3) reconstruction. The binding energy is given with respect to the bulk component.

Si 2p ho=170 eV, \o;;=3.0 A fw=350 eV, \s1=4.6 A
Label in Fig. §a) Bsg;i Sgil Sgi2 Bg; Sgil Sgi2
Ep (eV) 0 —1.11+0.05 —0.33£0.04 0 —1.08£0.05 —0.31£0.03
1(Ssi1,2)/1(Bsg) 0.06+0.01 0.26-0.02 0.04-0.01 0.15-0.02
wg (eV) 0.67+0.03 0.62-0.03 0.510.02 0.62-0.03 0.64-0.03 0.58-0.02
w, (eV) 0.14+0.03 0.14£0.03 0.14£0.03 0.14£0.03 0.14£0.03 0.14£0.03
ASSignment SiC bulk S!fadatom Cinterface SiC bulk SiI"lfadatom Cinterface
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TABLE VI. Fit parameters obtained for the Csicore-level spectra of hydrogenateti €iC(0001) after annealing to 820 °C and
conversion to the Si-rich\(3% /3) reconstruction. The binding energy is given with respect to the bulk component.

Cls hw=350 eV, \s=3.0 A ho=510 eV, \o=4.6 A
Label in Fig. &b) Bc Scl Sc2 Bc Scl Sc2
Ep (V) 0 —0.45+0.02 1.25-0.05 0 —0.40+0.05 1.15-0.05
1(Sc1,2)/1(Be) 0.14+0.02 0.42-0.04 0.06:0.01 0.18-0.02
wg (eV) 0.66+0.03 0.66-0.03 1.47-0.10 0.610.03 0.69-0.03 1.45-0.10
w_ (eV) 0.20+0.03 0.26-0.03 0.26-0.03 0.2G:0.03 0.26:0.03 0.26-0.03
ASSignment SiC bulk Qterface cexcess SiC bulk Qnterface Cexcess

must be of extrinsic nature due to contamination from theelemental carbon, since the replacement of one carbon atom
residual gas of their vacuum chamber, since they observeda a C;-C tetrahedron by one silicon atom yields about 0.35
time-dependent increase. eV smaller binding energy for the center carbon atom which
However, we propose that in principle one has to considefdds to about 1.4 e¥. The chemical shift 0851 amounts to
how the (/3% \3)R30° reconstructed surface is prepared.—1.15:0.05 eV and fits well to the expected shift of
The method of Johanssaat al'® and our method have in — 1.2 eV for elemental silicon with respect to SiC. The dan-
common that the reconstruction is prepared by annealing a@ing bond (db) in the SiSi-db environment can be inter-
unreconstructed surface at elevated temperatures. In boffeted as a fourth Si atom in aSi-Si tetrahedron, since the
cases no extra silicon is provided to form the reconstruction€fféctive electronegativity of the center Si atom in gSbidb
Tautz et al?® evaporated silicon onto the surface until a @"d in @ SiSi-Si environment is expected to be equal.
(3x3) Si-fich reconstruction was observed. The '€ same mechanism for the formation of the/3(

o ; . - X+/3)R30° structure holds in principle when a wet-
V33X
(V3 y3)R30" reconstruction then forms during annealing hemically prepared Si0001) surface is used as starting

at temperatures between 900 °C and 950 °C, i.e., during ré 13 ;

moval of excess silicon from the surface via thermal desorppOlnt as was done by Johan_s .~ The difference com-

tion. The latter method is supposed to be more convenien ared to our measurements is the fact Fhat the wet-chemically

since the extra silicon which is necessary to form the silicon—h:"at(Ed surfaces of Johgnsgﬁml. contained a large amount

rich reconstruction is provided by an evaporation source. O.f hydrocarbon contqmmanon so that the qbservaﬂop of the
In our case the starting point is a surface covered with simultaneous formation of elemental species was hindered.

monolayer of hydrogen atoms. Annealing leads to hydrogei-lowgver’ it remains unclear if and to what extent the?

desorption and the formation of the/§x 3)R30° recon- species contairsp and sp?_bondmg arrangements, 1.¢.,
! - . whether it is partially graphitic or not. Finally, we note that
struction although no surplus silicon for the formation of the

Si adatoms is provided. But where does the extra S|I|c:or'%he formquon 0fSc2 IS completely suppressed when the Si
. evaporation method is applied as was successfully shown by

come from? The key answer is that the reconstructed surfac - :
my et al. for the Si-rich (3 3) reconstructior.

is inhomogeneous and oqu a part of it is covered by the It is interesting to note that in our experiments the
(\/§>< \/§)R30° reconstruction. The ordered.area.s, however(\/g>< \/§)R30° periodicity started to develop at 750°C
are Ia_rge enou_Jgh_ to Iea_d to d3x V3)R30° diffraction pat- whereas the preparation methods mentioned above require
tern, i.e., their dimension must exceed some few hundreg

S . ) emperatures above 900 “G323 We explain this with a
angstroms, Wh'Ch.'.S the ty_plcal traqsfer Width of a LEED lower desorption temperature for hydrogen as compared to
experiment. Any silicon enrichment in some part of the sur-

.Othe desorption temperature of oxygen and/or the temperature
in oth . A h . i b St which Si sublimation occurs. Figure 9 shows the hydrogen
in other regions. As we have seen in our spectra Iy coverage as a function of annealing temperature as deter-
and Sc2 components are located at the surface and the'rrnined by FTIR-ATR. As can be seen from that figure, rapid

intensities increase simultaneously as soon as thﬁ R : °

. ydrogen desorption is observed starting at around 700°C
l(\/§>< V3)R30 strucfturr]e sztar_ts tcl’ dever:op. '.I'Eerﬁforf, aland is completed at 750 °C, at which temperature the devel-
east a major part of th&:2 signal together with th&s; opment of the (/3% 3)R30° reconstruction was observed.
signal must originate in a dissociation of SiC at the surfaceObViously annealing of the hydrogenated surface to tem-
T_he re_sulting Si atoms d_iffuse along the surface to océ[u)y_ eratures,between 700 °C and 750 °C provides the activation
sites in order to minimize the surface free energy Ieavmg;nergy for both hydrogen desorption and formation of the

behind carbon-rich surface regions that are covered by e %§>< J3)R30° reconstruction by the mechanism alluded to
0

emental carbon. Since the dissociation process producé:1 ve. ie. disproportionation of SiC
both, silicon-rich and carbon-rich areas on the surface at the » 1-€., dISprop '

same time we like to call it a disproportionation, although no Thermally induced hydrogen desorption and subsequent
formal change of the oxidation state of Si and C occurs. The surface reactions on 64-SiC(0001): H

above described scenario is supported when the relative '
binding energies 08:2 andSg;1 are considered. The chemi-  The effect of annealing in UHV on the core-level spectra
cal shift of Sc2 amounts to 1.250.05 eV and is typical of of hydrogen-terminated 6-SiC(0001) can be seen in Fig.
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FIG. 9. Hydrogen coveragén monolayersas determined from
the signal strength of the Si-H stretch mode in FTIR-ATR as a
function of annealing temperature. The hydrogen coverage was de- T T T T T T

. oo . 3 2 1 0 -1 -2
termined from the relative signal strength before and after annealing lative bindi
the sample in UHV. relative binding energy (eV)

_ _ _ (b) | sic(0007), C1s
10. The line shape of the Sp2core-level remains unaffected ho=350eV (. 30A)

%'%
s
ﬂ as prepared
- j 1x1)

up to 820 °C. In the C 4 core-level spectrum the only varia-
tion that is observable is a slight reduction of hydrocarbon
contamination. Additionally, we observe that the relative
binding energy of this contamination component shifts closer
to the bulk line by 0.6 eV. As already proposed for
6H-SiC(0001) (see Sec. Ill E this can be explained by a
partial decomposition of remaining hydrocarbons at the sur-
face. The surface periodicity remained X1) as was
checked by LEED. Increasing the temperature to 950°C
leads to the formation of a (83) reconstruction which is
accompanied by clear changes in the shape of theSirl

C 1s core-level spectra. Both spectra can be deconvoluted
using three components. An example of such a deconvolu-

intensity (arb.units)

tion is also shown in Fig. 10. The best fit parameters for "'3 2 1 0 _1 2

surface and bulk sensitive Sp2and C Is core-level spectra relative binding energy (eV)

taken after annealing to 950 °C are compiled in Tables VII

and VIII, respectively. FIG. 10. Si 2 (@) and C Is (b) core-level spectra of hydroge-

As we have seen in the case of the @@ surface, nated 61-SiC(000) after annealing in UHV.
hydrogen desorption commences between 700°C and
750°C, the same temperature at which th@% y3)R30°  state. A comparable dangling bond state was previously ob-
reconstruction is formed. In contrast to that, first signs ofserved —on the silicate adlayer reconstruction on
hydrogen desorption onH6-SiC(0003) are already seen af- 6H-SiC(0009).?" The observation oD indicates that hy-
ter annealing at 670°C. In the valence-band spectra showdrogen desorption ont-SiC(000Y) is possible without im-
in Fig. 11, a small but clear peak develops above the valencenediate reconstruction of surface. This is probably due to the
band maximum in the energy gap of 6H-SIC, which is la-stronger localization of the carbon valence orbitals, which
beledD. The location oD is typical for a dangling bond causes unfavorable bond angles and lengths on reconstructed

TABLE VII. Fit parameters obtained for the Sip2core-level spectra of hydrogenateeI-I{BiC(OOO_J) after annealing to 950 °C and
conversion to the Si-rich (8 3) reconstruction. The binding energy is given with respect to the bulk component.

Si 2p ho=170 eV,\¢;;=3.0 A =350 eV, \o;;=4.6 A
Label in Fig. 1Qa) Bg; Seil Ssi2 Bsg;i Seil Ssi2
E, (eV) 0 —0.45£0.04 0.670.06 0 —0.47£0.05 0.59-0.06
1(Ssil,2)/1 (Bgy) 0.20+0.04 0.21-0.04 0.08:0.01 0.08:-0.01
wg (eV) 0.77+0.03 0.71-0.03 1.240.07 0.69-0.04 0.69-0.05 1.370.09
w, (eV) 0.15+0.03 0.15-0.03 0.15-0.03 0.15-0.03 0.15-0.03 0.15-0.03
Assignment SiC bulk Slcess Sio, SiC bulk Skxcess Sio,

205304-10



SYNCHROTRON X-RAY PHOTOELECTRON.. .. PHYSICAL REVIEW B7, 205304 (2003

TABLE VIII. Fit parameters obtained for the Cslcore-level spectra of hydrogenatedt fSiC(OO(E) after annealing to 950 °C and
conversion to the Si-rich (8 3) reconstruction. The binding energy is given with respect to the bulk component.

Cl1s fw=350 eV, \g;=3.0 A fw=510 eV, \o;;=4.6 A
Label in Fig. 1@b) Bc Scl Sc2 Bc Scl Sc2
E, (eV) 0 1.02+0.06 1.8G:0.03 0 1.0%0.06 1.83:0.03
1(Sc1,2)/1(Be) 0.16+0.02 0.56-0.04 0.16:0.01 0.41-0.03
wg (V) 0.77+0.03 0.91%0.05 0.710.02 0.78-0.03 0.85-0.06 0.73:0.03
w, (eV) 0.23+-0.03 0.23:0.03 0.23-0.03 0.23-0.03 0.23:0.03 0.23-0.03
ASSignment SiC bulk Q!Iayer Cinterface SiC bulk Caldlayer Cinterface

surface? In addition, the annealing step leads to a changesible to resolve the expected binding energy change of about
in band bending which manifests itself in a shift of the whole0.1 eV in the presence of the large Gaussian widths of the
spectrum to lower binding energy by 1.0 eV. Of course thecore-level spectra.

guestion arises, why the core-level spectra after annealing at The C 1s core-levels of the (&3) reconstructed

820°C are so similar to the ones of the as-prepared samplH-SiC(000]) surface have been deconvoluted into three
(see Fig. 10 The unaltered shape of the Sp Zore-level  componentgsee Fig. 1(b) and Table VII]. Two surface
after hydrogen desorption Wh|Ch iS most ||ke|y Complete af'Component§C1 and SCZ are necessary to fit the Spectrum
ter annealing at 820 °C fulfills the eXpeCtation in that C-H adequate|y_ This was also reported by JohanmaLzs
bonds merely affect the topmost carbon layer but hardly thgjowever, the component in their work which is equivalent to
electronic structure of the silicon atoms underneath. As gur S.1 component was much broadesd=2.1 eV). This
consequence, hydrogen desorption will have no effect on thﬁ]ay be due to the fact that they started from a wet-
Si Zp core-level Shape. On the other hand, it is difficult to Chemica”y prepared surface which was covered by a consid-
estimate how the C-H component of the G tore level  erable amount of hydrocarbofisAs discussed above, the
evolves upon hydrogen desorption. In principle, the chemicahydrocarbons decompose partially during annealing and may
shift of unsaturated surface carbon atoms in ¢€8lb en-  obscure the C 4 spectral shape in the work of Johansson
vironment should not be much different from that in aet al?® The photon energy dependence of the intensity ratio
SisC-C environment, since in the latter case the same vaof the two componentésee Table VIIJ suggests that the C
lence charge is transferred between both carbon atoms as #fioms corresponding t6:1 are located above the C-atoms
the former, namely, zero. As a result, the binding energy otorresponding t5.2, which in turn are located above the
the unsaturated surface carbon atoms is eXpeCted at 0.35 %\érbon atoms of the bulk. This again is in contrast to the
higher binding relative to the bulk componéfifThis would  work of Johanssoet al,2> who concluded that C atoms cor-
explain why the C % spectra remain unchanged upon hydro-responding tdS.2 are located above C atoms corresponding
gen desorption: the chemical shift of hydrogenated surfacg, Scl. This disagreement may also be due to the larger
carbon amounts to (0.470.02) eV(Sec. lll B) and has to be jnjtial hydrocarbon contamination on their samples. There-
Compared with the estimated shift of 0.35 eV. It is not POS-fore we propose that the égg) structure is made up of
carbon adatoms on top of carbon interface layer. In our study
the intensity ratio ofSc1 to Sc2 is around 0.3 which indi-
cates that one carbon atom correspondinggd is located
above three to four carbon atoms correspondingSg@.
However, proposing a more detailed structural model based
on the data at hand would be too speculative.

In the Si 2 core-level spectra taken after annealing to
950°C [see Fig. 1 and Table VI], we observe two
chemically shifted componentSgl at lower andSg2 at
higher binding energy relative to the bulk component. Com-
ponentSgl can be explained in a similar way as the com-
ponentSc2 in the C s spectra of the (3% y3)R30° recon-
struction of SiG0001), i.e., excess Si which is left behind
during the formation of the carbon-rich ¥33) structure
again following disproportionation of SiC. The second sur-

18 16 14 12 10 8 6 4 2 ('):EF face componensg?2 is located at 0.63 eV higher binding
binding energy rel. to E_ (eV) energy which suggests the onset of oxidation of the Si en-
riched regions and formation of Si It is well known from

FIG. 11. Valence-band spectra of hydrogenatét+&iC(0001) Si-rich reconstructions of SiC surfaces that they are suscep-
directly after preparation and after annealing in UHV to 670°C. tible to oxidation. For example, the Si-rich/8x \3)R30°

SiC(0001), ho=74eV

intensity (arb.units)
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reconstructed Si@001) surface was observed to be easily SiC(0001) thermal desorption of hydrogen from the
oxidized even at liquid-nitrogen temperatdrelhe observa-  SiC(0001) surface occurs between 700°C and 750°C
tion of surface components in the Sp Zpectra of the (3 and is accompanied by the formation of the Si-rich
X 3) reconstructed IG—SiC(OO(ﬁ) surface is also in contrast (13X /3)R30° reconstruction. The core-level spectra are in
to the work of Johansscet al. 2> who have not observed any good agreement with the literature. The origin of the surface
surface components in their SpXpectra. Again the reason componentS:2 in the C Is core-level spectra has been iden-
for this discrepancy is most likely the initial hydrocarbon tified as due to excess carbon, which originates from a dis-
contamination on the wet-chemically prepared samplesproportionation of SiC. On-SiC(0007) first signs of ther-
which may yield the carbon necessary for thex@) struc-  mal hydrogen desorption are seen at 670°C where the

ture without disproportionation of SiC. (1x1) periodicity of the surface is still conserved. At
950 °C the surface undergoes a transition to th& 83 re-
IV. CONCLUSION constructed surface. The & tore-levels suggest a structure

in which C adatoms are located above the topmost carbon

In this paper we present results of photoelectron S.peCtrosf?ayer. As for SiQ0003J), a disproportionation of SiC is nec-
copy on hyd.ro.genated he>.<agona_l Sic surfgces us!ng Sy'?e'ssary to provide carbon atoms forming the reconstruction
chrotron radiation. On B-SiC(000]) a chemically shifted |eaving behind Si enriched areas on the surface. As a conse-

surface component due to carbon atoms in;&Si environ- quence, the([§>< \/§)R300 reconstructed Si0001 and the
ment could be identified. As expected, the corresponding Si

2p core-level does not exhibit chemically shifted compo-(lgxg) reconsructed SiC(0093surfaces formed from wet-
nents. The Si @ core-level spectra of hydrogenated chemically prepared or hydrogenated surfaces have to be

: . .. considered inhomogeneous. Using them as starting points for
6H-SIC(0001) suggest the presence of a c.hemlcglly shifte evice production by depositing materials on top of them
surface component due tg;8i-H, but a definite assignment ; :

. o ._seems Inappropriate.
was not possible because of the intrinsically large Gaussian
width of the core-levels that are generally observed on SiC
surfaces.

In addition, the thermally induced hydrogen desorption
and subsequent formation of surface reconstructions was Thjs work was supported by the Deutsche Forschungsge-
studied. The advantage of the hydrogenated surfaces is thafeinschaft through Grant No. SFB 292. We thank Dr. R.
they provide a starting point at which the Si:C ratio of the Graupner and Dr. J. Ristein for fruitful discussions. We also
surface is ideally 1:1. In this way the formation of the Si-rich express our gratitude for support by the people from BESSY
(V3% \/3)R30° reconstruction on Si0001 and the carbon- ||, especially by Dr. W. Braun, and by Dr. W. Mahler and Dr.
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