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X-ray photoelectron spectroscopy and photoelectron-diffract®¥iD) measurements are performed on
6H-SiC(0001) for three different reconstructed surfaces: one Si-ric3 Znd two C-richv3xXv3R30° and
6v3 X 6v3R30° reconstructed surfaces. In each case, the @l Si 2 core-level lines are shown and XPD
patterns are compared with double-scattering calculations of an ideal unreconstructed surface. No significant
differences have been observed in the experimentad @1d Si 2 bulk component XPD patterns with the
changes of the surface reconstruction. These experimental XPD patterns fit the simulations of an unrecon-
structed model fairly well. For the highly C-richvBx 6v3R30° reconstructed surface, XPD patterns of the
different deconvoluted components of the €cbre line are presented. An agreement between the experimen-
tal C 1s surfacecomponent XPD diagram and calculations allows us to propose a model for this reconstruction
based on Si adatoms @, sites covered by a commensurable graphite top 1d8163-182@09)09739-9

[. INTRODUCTION Forbeawet al® proposed a top bilayer where the Si plane is
partly or fully substituted by C atoms. The latter, together
Silicon carbide provides a lot of interesting propertieswith Johanssoret al!” and Gunnellaet al'* evidenced a
such as a wide band gap, a large electron mobility, as well asemiconducting surface with a surface state at 1.2 eV below
high physical and chemical stability. It will, therefore, be the Fermi level. Otherwise, Badzi¥gproposed a $Cq ring
widely used in high-temperature and high power(where topmost atoms are silicodistribution over the layer
applications: Most of the silicon carbide polytypes studied which can be enriched in carbon atoms in order to forgn C
are the hexagonal form named (principally 4H and clusters. His model tentatively explains the two surface com-
6H-SiC), and the cubic form nameglor 3C-SiC. We focus ponents of the C4 core level found by Johansson, Owman,
here on the Bl polytype. 6H-SiC crystallographic structure and Matenssof® and a possible presence of silicon atoms in
consists of the stacking of Si-C bilayers with ABCACBA the topmost surface.
sequence along the (or z) axis ((0001) directiong of the The last 63X 6v3R30° reconstruction has been less
hexagonal structure, where each lett&r B, andC) corre-  studied in the past. Historically Van Bommel, Crombeen,
sponds to a Si-C bilayer. TheHsSiC(0001) surface pro- and Van Toorehinterpreted it as a graphitic layer on the
vides several reconstructions depending on the surfac@pmost surface. A number of scanning tunneling micros-
preparation. Starting with a usualkIl oxidized surface, an copy (STM) studie$®?° reveal graphitic structures by the
ultrahigh vacuum(UHV) annealing (above 1000°C re-  presence of honeycomblike images witix 6 or 5X5 re-
moves the residual surface oxide, but leads to a carbon ewonstructions. This discrepancy between thev3 6
richment of the surface due to Si desorption from the sub-x 6v3R30° low-energy electron diffractiofLEED) pattern
strate. As evidenced by a lot of authdr§,a v3xv3R30°  and the STM reconstructions have been interpreted by Tsai
reconstruction results from this cleaning procedure. In ordeet al?! as a surface mixture of partiaB3 x vV3R30°, 5x5,
to avoid silicon desorption, the common procedure whichand 6X6 reconstructions. The latter interpreted th& ®
consists in annealing at lower temperat®&0 °Q under a  reconstruction evidenced by STM as a commensurable ar-
silicon flux leads to a & 3 reconstructed surfade’®Further  rangement of a graphite monolayer on the top silicon sub-
UHV heating ranging from 1100 °C to 1200 °C without sili- strate top layer. Northrup and Neugebateproposed a
con flux leads to a/3xXv3R30° reconstructed surface and graphite monolayer on the top of the previous highly stable
with subsequent heating around 1250°C, to a highe¥3Xv3R30° reconstruction. However, up to now, no con-
C-enriched &3 X 6v3R30° one’''~4The atomic structures sensus with the different structural models has been found
of these C-rich reconstructed surfaces are still under debatéor both C-richv3 Xv3R30° and 6/3 X 6v3R30° reconstruc-
For the v3Xv3R30° reconstruction, Van Elsbergen, tions as well as for their relationship.
Kampen, and Moch’ have observed by Auger-electron  X-ray photoelectron diffraction(XPD) characterizations
spectroscopyAES) that silicon atoms are still present on the have been recently performed by Bischoff, Dentel, and
top of the surface. Owman and Menssof® studied this  Kubler?? on the (0001) and (000-1) faces of 64-SiC. This
reconstruction by STM and found an atomic structure comtechnique allowed these authors to determine the bulk polar-
posed of} layer of Si or C adatoms in threefold-symmetric ity of 6H-SiC. Even if this pioneer study has not been ex-
on top of the outermost silicon layer. These adatoms havéended to differently reconstructed surfaces, the relevant re-
been theoretically identified by Northrup and Neugeb&uer sults did not indicate other XPD angular features than those
to be Si adatoms at tHE, site. For thev3xv3R30° recon-  expected for bulk contributions. More recently, Kiegal 2
struction associated with Si desorption and C enrichmentbserved on different surfaces drastic XPD pattern variations
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for both C 1s and Si 2 probed core levels attributed to sur-
face reconstruction changes fromx3 to v3Xv3R30°.
Without performing clear examinations of the bulk SiC con-
tribution to the XPD patterns, these authors tentatively con-
nected these changes to different reconstruction structura
models proposed in the literature.

In this paper, we wish to come back to these problems by’
presenting a general x-ray photoelectron spectrosC&py)
and x-ray photoelectron diffractiotKPD) comparison of the
three 8H-SiC(0001) reconstructions mentioned above with
the aim of knowing whether or not XPD is able to discrimi-
nate between them. To this purpose, a good knowledge o'
the XPD SiC bulk contribution is a prerequisite before ad- &
dressing reconstruction-induced features. A particular em-
phasis is also given here to clearly connect the XPD patterns — e —————t
with well specified, i.e., either bulk or surface XPS compo- 976 972 968 %4 976 972 968 964
nents, selected by their different binding energies. T Kinetic energy (eV) Kinetic energy (V)

10) and (11-20 azimuthal planes are extensively probed by

XPD, whose patterns are compared with double-scattering FIG. 1. CIs core-level peaks recorded onx3 (a and b, v3
calculations of an ideal truncated and unreconstructed bulkv3R30° (c and d and 6/3x6v3R30° (e and § reconstructed
substrate. This procedure allows discussion and a fair undegurfaces at the polar anglés=0° (left) and 50°(right).

standing of the main XPD features. For the high C-rich

6v3 X 6v3R30° reconstruction, the Cslcore-level peak pre-  x6v/3R30° reconstructed surfaces. These spectra are re-
sents different convoluted components. The XPD patterns forded at the polar angle#=0° (mainly sensitive to the
each component have been recorded and a structural modgl states [Figs. 1a), 1(c), and Xe) and Figs. 2a), 2(c),
has been proposed for this reconstruction through simulas,4 Ze)] and 6=50° (mainly sensitive to the surface states
tions. [Figs. 1(b), 1(d), and 1) and Figs. 2b), 2(d), and Ze)].
Il EXPERIMENT Concerning the X3 surface reconstruction, the G1
peak presents only one component nanBgdfor the two
6H-SiC(0001) single-crystals purchased from Cree, Incpolar angles of Figs. (& and Ab). This component obvi-
and capped with an-doped epilayer are loaded in an ultra- ously corresponds to the carbon atoms in the bulk environ-
high vacuum preparation chamber (£8mbar). The clean- ment of the {-SiC substrate. The relevant S Jeaks of
ing procedure consists of an annealing at 800 °C during #igs. Za) and 2b) show two components. A dominant,
few minutes under a silicon flux calibrated by a quartz mi-namedB,, reflects the contribution of the Si bulk atoms of
crobalance(deposition rate about 7 A/minSamples are re- the substrate. The other on8,}, more intense fol=50°
sistively heated and the temperature is controlled by an opang |ocated at 1.2 eV towards higher kinetic energies, is
tical pyrometer whose emissivity is set to 0.53. This cleaningattributed to Si-Si overlayer bonds and reveals a Si-enriched
procedure removes the native oxide and other impurities angyrface. This agrees with many previous studée> A
allows a 3x 3 surface reconstruction observation by LEED-commonIy admitted interpretation of thex® surface recon-

Further annealing at 1200 and 1250 °C without silicon fluxstruction consists of distributed Si clusters extending over
leads to av3xXv3R30° and 63X 6v3R30° surface recon-
struction, respectively.

All XPS spectra are acquired using a Mgr (1253.6 eV Si2p
radiation. As thed polar angle of the analyzed electrons can /
be varied by sample rotation around the sample holder axis,
polar angle scans of specific core-level intensities can be
achieved. These data, also named XPD angular distributions,
provide surface crystallographic information. The displayed
XPD modulations are collected {10-10 and(11-20 polar
planes. The solid line relating the data points is obtained
using a conventional smoothing procedure. XPS curve fit-
tings are carried out using a commercial curve processing
package. The peaks are fitted by a stanzdard Voigt function.
The fit quality is checked by minimizing“. Identical line-
widths and the same Voigt function are imposed to all SiC €) ® 6+/3 x 6+/3 R30°
components for each reconstructed surface. - | e =
1158 1154 1150 1158 1154 1150

Ill. XPS CHARACTERIZATION OF 6 H-SiC(000) Kinetic energy (eV) Kinetic energy (eV)
SURFACES FOR THE DIFFERENT RECONSTRUCTIONS

units)

electron Intensity (arb

hoto

0 =50°

3x3

Photoelectron Intensity ( arb. units )
N

FIG. 2. Si2p core-level peaks recorded orx3 (a and b, v3
Figures 1 and 2 display the Gland SiZ core-level xv3R30° (¢ and d and 6/3xX6v3R30° (e and j reconstructed
peaks, respectively, for the>33, v3xXv3R30°, and &3  surfaces at the polar anglés=0° (left) and 50°(right).
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three monolayers of silicon atoms as experimentally evi- (10-10) Plane

denced by Starket al?® and Reuteet al?” and theoretically o : ]

confirmed by Badziag® /] \ Sidpf g
After annealing at 1200 °C without Si flux during several _‘/-/." T 16

. e
" W,

minutes, a/3Xv3R30° LEED pattern is obtained. The G1
lines [Figs. 1c) and Xd)] now exhibit three components.
The previous peak, namdsl,, is energetically shifted and
convoluted by two other surface componefitsore intense
at 6=50°) namedS; andS,. The latter components reveal a
C enrichment of the surface and may correspond to C-C or
Si-C bonds in a C-rich environment. For the same recon-
struction, the Sip level reveals only one component ét
=0° [Fig. 2(c)]. However, the linewidtH1.5 eV) is higher
than the corresponding; line for the 3x 3 surfacg1.2 eV).
This suggests the presence of a second weak compodgnt ( . S
as evidenced for a more grazing=50°) [Fig. 2(d)], re- 20020 40 60 80
flecting a residue of silicon atoms at the surface. Polar angle 8 (degrees)

TheB, /5, intensity ratio of the C $ peak decreases with FIG. 3. XPD pattern of a Si@ core-level peaKesssential con-

increasing annealing time at 1200°C. This reflects &ribution of theB. com . X
. R ponentin the (10-10 azimuthal plane re-
C-enrichment as the3Xv3R30° LEED pattern becomes . 4ad on x3 (;), V3XV3R30° (b), and 6/3% 6v3R30° (C) re-

brighter and is followed by the appearance of the fir€8 6  .,nstrycted surfaces. Curvé) represents a simulation of an ideal

X 6V3R30° spots. However, an annealing at 1250 °C duringrncated 6i-SiC(0001) surface using a double-scattering calcula-
a few minutes is necessary to obtain a well-develope8l 6 tjon.

X 6v3R30° LEED pattern without/3 Xv3R30° spots.

At this stage, new C4 and Si2d peak shapes are ob- advantage to be chemically selective, i.e., to probe exclu-
tained and shown in Figs.(d) and If) and Figs. 2¢) and  sively the crystallographic environment of the emitting atom
2(f). The C 1Is peaks present the same three components se&elected by the analysis of a particular XPS core level. The
for the previous reconstruction, but t&g component inten- XPD technique was used in our group to unambiguously
sity is now more intense than tH&, one at¢=50° [Fig.  determine the polarity offd-SiC substratéd or to check the
1(f)]. The energetic positions &, andS, components with polarity and the local order of a SYBH- SiC interface® For
respect to th&, component remained unchanged for the lasthe SiC system, the two elemer(Si or C) are well distin-
two reconstructions. The Sp2peaks[Figs. 2e) and 2f)],  guished by their “scattering power.” The Si forward-
present only one component and the Si surface enrichment fgattering amplitude was estimated to be about twice that of
completely suppressed. the C on€’ This fact acts directly on the forward focusing

The transition from the 3 to 6/3X6v3R30° recon- and determines the Gland Si 2 core-level intensities, ac-
struction is associated with a semiconductor and/or metalli€ording to the relative C and Si positions in the atomic
transiton as observed by ultraviolet photoemissionchains.
spectroscopy (UPS or using synchrotron-radiation We now present an XPD characterization of thé-&iC
sources’ The presence of a density of states at the Fermmonocrystal by polar angle scannings in tti¢-20 and(10-
level shifts the overall peaks toward lower kinetic energies.10) high symmetry planes. In this study we particularly focus
on finding out whether the previous varying reconstructions
may generate different XPD patterns for $idnd C Is bulk
components. In order to understand all XPD peaks, experi-
mental curves are compared with double-scattering calcula-

XPD is presently a well-known technique abundantly re-tions.
viewed in the literaturéRef. 29 and references thergiit is Figures 3a)-3(c) and 4a) and 4b) show, respectively,

a crystallographic subtechnique of XPS consisting of azithe intensity modulations of the Sp2and C s core-level
muthal or polar scans of the photoelectron intensity of spepeaks in thg10-10 plane for the 3< 3 [Figs. 3a) and 4a)]

cific core-level lines (C & or Si2p in the present cagdor andv3xv3R30° [Figs. 3b) and 4b)] reconstructions. The
monocrystalline compounds. The dominant effect of the infass energy is set to 100 eV, and no deconvolution is carried
terference process between the emitted electron wave and thet. In this case the intensity modulations are essentially pro-
waves scattered by all surrounding atoms is to provide intenvided by the dominanB; component of probed core-level
sity maxima along the direction of the nearest atomic neighlines. For the last 83X 6v3R30° reconstruction, only an
bors of the emitter. This main effect, termed forward scatterexperimental Sip XPD curve, recorded with pass energy of
ing or focusing, allows a direct angular vision of the atomic100 eV, is shown in Fig. @) but no C Is one. In the latter
structure in real space originated from the XPS probingcase, thés; component becomes greater thinand the core
depth, in general, and of the nearest-neighbor direction diines are recorded with a pass energy of 20 eV followed by
low index atomic rows, in particular. XPD creates a directdeconvolutions of each peak at each polar angle. The simu-
correlation between crystallographic atomic row directionslations of the former XPD profiles are shown in Figd r

and angular peak positions in the experimental angular disSi2p and in Fig. 4c) for C1s. For an ideal truncated
tributions. This crystallographic technique also presents théH-SiC(0001) substrate, the atomic positions are schema-

Photoelectron Intensity (arb. units)

IV. XPD CHARACTERIZATION: 3 x3 AND v3 xv3R30°
SURFACE RECONSTRUCTIONS
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FIG. 4. XPD pattern of a C4 core-level peaKessential contri-
bution of theB; component in the azimuthal plan€10-10 re-
corded on X 3 (a) andv3 Xv3R30° (b). Simulation with a double-
scattering calculation of an ideal truncated €5iC(0001) surface
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FIG. 5. (a) and(c) show a schematic of theoretical bulk crystal-

lographic arrangements in thi&1-20, and(b) and(d) the (10-10 ) ¢
azimuthal planes. The main forward-scattering directions are indiconstructions. The forward-scattering peak located fat
cated by arrows fofa) and(b) carbon andc) and(d) silicon emit-

ters.
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FIG. 6. XPD pattern of Si@ core-level peaKessential contri-
bution of theB, component in the (10-20 azimuthal plane re-
corded on X3 (a), v3Xv3R30° (b), and 6/3X 6v3R30° (c) re-
constructed surfaces. Simulation with a double-scattering
calculation of an ideal truncated#6 SiC(0001) surfacéd).

tized in Figs. %a) and Fc) for the (10-10 azimuthal plane.
They are symmetric with respect to the surface norngal (
=0°) and consist of the mixing of two different atomic ar-
rangements. The arrows indicate the main forward-scattering
directions for the two types of emitte(€ or Si atomg[Figs.

5(a) and Jc)], respectively. The XPD patterns in tiE0-10
azimuthal plan€Figs. 3 and # are rather poorly structured.
For the Si% pattern(Fig. 3), the main forward-scattering
peaks are observed @=0°, 30°, and around 58°. These
structures are attributed to the directions labeled 1, 2, and 3
[Fig. 5(@)], respectively. The simulation of Fig(&® repro-
duces the experimental XPD pattern fairly well. The similar-
ity of patterns 8a) to 3(c) which correspond to three differ-
ent reconstructions, associated with a reasonable fit to a
bulk-truncated structure, are not in favor of any reconstruc-
tion dependence of the XPD patterns, at least for our angular
peak resolution~5°).

Concerning the C4 XPD profiles[Figs. 4a) and 4b)]
we do not intend to discuss the fine structure. We can, nev-
ertheless, note that these patterns do not depend on the sur-
face reconstruction either and similarly for $i,2all struc-
tures are reasonably reproduced by a simulated bulk structure
[Fig. 4(c)]. In this case the expected forward-scattering peak
at =0° presents a maximum &t —5°. This angular shift
is due to our analysis geometry with a photon incidence
angle ofa= —35° which make this feature asymmetric.

Let us now focus on the XPD distribution scanned in the
(11-20 azimuthal plane. The atomic arrangement in this par-
ticular azimuthal plane is shown in Figs(bb and §d) with
the bilayer stacking sequence characterizing the hexagonal
structure (ABCACB). The main forward-scattering direc-
tions are indicated for both types of emitter. The Bidis-
tributions of Figs. 6a)—6(c) still relate to three surface re-

=0°, aroundd=35° and near 55fFigs. Ga)—6(c)] are at-
tributed to the direction 1, 2, and 4 in Figld. According to
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(11-20) Plane 40°. The last one is due to carbon atomic chains along the
— #=35.25° direction(ACB sequenceor —35.25° (ABC se-
\__,SLS“; guence. The close adjacent Si atomic chain along the same

A “« S direction probably shifts this forward-scattering peak toward

e S 40°, the silicon atoms being stronger scatterers than carbon.

b) For the BCA sequence silicon scatterers are located at

“ =29.5°[direction 3 in Fig. %a)] and contribute probably to

R Y the structure around 30°. As in the case of the [8D2PD

’ patterns, no drastic dependence of the diffraction distribu-

) tions are observed with the surface reconstructions and the

M ©) experimental patterns are well reproduced by calculations
relative to a bulk structurfFig. 7(c)].

To sum up this part, we have shown that the XPD patterns
relative to bulk components are completely insensitive to the
reconstructions, whatever the probed core levels or azi-
0 0 2 w0 s muthal planes are. Due to rafcher high e_lectron escape depths

Polar angle 0 (degrocs) (around 20 A the XPS probing depth is around 60 A and
the contributing part of the surface reconstruction to the XPD

FIG. 7. C1s XPD patterns(essential contribution of th§,  Signal becomes negligible. These results are contradictory to
component in the (10-10 azimuthal plane recorded onx® (a) those of Kinget alZ®who report XPD pattern variations for
andv3Xv3R30° (b) reconstructed surfaces. Cur@ is a simula-  scanned bulk core-level peaks and attribute them to the 3
tion with a double-scattering calculation of an ideal truncatedX 3 andv3Xv3R30° reconstructions.
6H-SiC(0001) surface.

Photoelectron Intensity (arb. units)
A

. . . V. 6v3 X% 6v3R30° SURFACE RECONSTRUCTION
the preceding observations in thE)-10 plane, they do not

exhibit drastic changes with the surface reconstruction either The insensitivity of the XPD patterns to thex3 and
and here again the XPD profiles are well reproduced by3xv3R30° surface reconstructions is well established; we
simulation of the bulk structure as shown by thé éurve.  now examine the case of the/Bx 6v3R30° reconstruction.
The atomic arrangement in this plane is no longer symmetrid@he relevant Si p XPD patterngFigs. 3c) and Gc)] remain
with respect to the normal directiord€0°). It is consti-  similar to those of the two former reconstructions, but the
tuted by atomic chains alternately oriented alaghg35.25°  convolution of the C § line by an important surface compo-
(ACB sequenceand = —35.25° (ABC sequencefor each  nentS; [Fig. 1(f)] must now be taken into account in the
half period along the axis. Therefore the first 7.5 &a half ~ XPD treatment. The use of a low pass ene(g9 eV) en-
period along the axis) under a bulk truncated surface can be ables us to perfornB, andS; component deconvolutions at
formed either by ACB or ABC sequences, leading to atomiceach polar angle, allowing separate XPD profiles for the bulk
rows oriented in opposite directions with respect to the surB, [Figs. 8c) and &f)] and surfaces, [Figs. §a) and &d)]
face normal. When the polar scans are performed fé&sm  components, respectively.
—20° to 80° in this azimuthal plane, a sample rotation of the For the B; components we find again the characteristic
azimuthal angle of 180° should theoretically provide a modi-XPD modulations of the substrate in the probed azimuthal
fied XPD signature in case of a nonequipartition of the twoplanes. Thus, the bulk distributions Figc8and &f) have to
types of surface terminations due to either regalatepping be compared to those of Figs. 7 and 4, respectively. This
or irregularc/2 stepping. Nevertheless, the XPD patterns areclearly attests to the relevance of our deconvolution in order
actually not very sensitive to the termination of the substrateto record the modulations of each component.
i.e., the orientation of the atomic chains relative to particular The new point concerns the XPD patterns of Sesur-
ending sequences. This is due to two main reasons. face component. In thel1-20 plane[Fig. 8a)] we observe

(i) The probing depti{around 60 A at the origin of the forward-scattering peaks neéi=0, 20, 40, and 60° whereas
XPD information is too high(with respect toc/2) to effi-  §=0 and 70° features are obtained in {1®-10 plane.
ciently asymmetrisize the patterns. On the basis of these structural observations, we can now

(ii) The large peak located arourd=35° can be attrib- try to determine the possible atomic structure leading to the
uted to forward scattering along the atomic chains in thissv3 X 6v3R30° reconstructed surface. As previously de-
direction(ACB sequencg[direction 2, Fig. Bo)]. But for the  scribed, a lot of authofs''*?>?%using STM noticed a hon-
ABC sequence, the simulations show that a constructive ineycomb structure attributed to a graphite layer. Its commen-
terference between two forward-scattering directionsgat suration with the SiC substrate leads to’a® surstructuré®
=19.5° (labeled 3 and 54.7°(labeled 4, (—19.5° and  Northrup and Neugebau@roncluded from their calculation
—54.7° for the ACB sequengegive rise to a peak around that a Si adatom at th&, site for thev3xXv3R30° recon-
0=35° (= —35°). struction should be a very stable configuration with respect

The C1s XPD patterns scanned in the safid-20 azi- to the ideal surface and should explain the3 & 6v3R30°
muthal plane are shown in Figs(af and 1b) for the 3X3  phase as a graphite monolayer on #3<v3R30° surface.
and v3xXv3R30° surface reconstructions, respectively. WeThis idea was tentatively confirmed by Van Elsbergen, Ka-
only will discuss the broad forward-scattering feature aroundnpen, and Mach’ with Auger-electron spectroscopy mea-
#=35°. It is formed by two single structures near 30° andsurements.
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FIG. 9. Schematic representation of the proposed structural
model for the 63 X 6v3R30° reconstructed surface. It consists of a
V3 XV3R30° surface reconstruction with silicon or carbon adatoms
at theT, sites capped by a graphite layer.

Photoelectron Intensity (arb. units)

f)/'\- pattern changed to thevBX6v3R30° surface reconstruc-
/\\\w B, tion. At this stage we suppose that the firgtridgs of graph-
R ite can be formed on top of C-rick3Xv3R30° recon-
“'\d structed surface zones. In order to develop &3 6
. —— X 6v3R30° LEED pattern, large 86 zones of the surface
20 0 20 40 60 80 must be covered by graphite planes. Following this idea, we
Polar angle 6 (degrees) have considered the structural model proposed by Northrup

FIG. 8. XPD patterns of thé&, (a and d and B; (c and § and l_\IeugehauéSr for the MXG‘GFBOO surface recon- .
component convoluted in the Glcore-level peak recorded on a struction, i.e., at the formatpn of a commeonsurablg graphite
6v3 X 6v3R30° reconstructed surface in tH#1-20 and (10-10 plane on th_e top of the preVIousizSZX\/jRS_O_ - For this last
azimuthal plane, respectively. Curvé® and (e) are the results of reco_nstructlon the authors proposed a silicon adatom at the
simulated XPD modulations of the carbon atom at the last ending 4 Sit¢. The observed forward-scattering peakyat0® for
Si-C substrate bilayer with a reconstruction model which consists of€S; componentFigs. §a) and &d)] strongly suggests this
a commensurable graphite layer on the top ¢8xv3R30° recon- Model. Indeed, in this case, each carbon atom belonging to
structed surface with silicon adatomsTatsite. (See also the sche- the last SiC substrate bilayer and beneath Theadatoms
matic representation in Fig.)9. V3 Xv3R30° reconstruction sites may now give rise to a for-

ward scattering in th&d=0° direction(Fig. 9). Indeed, the

It is now admitted that a graphite layer is present at theother weak structures observed on the XPD pattern at greater
top of the surface. With this hypothesis, tBg component polar angles cannot be explained only by an adatom ar the
should account for carbon atoms in a graphite plane. The firstite. Following the model of a¥8 X 6v3R30° reconstructed
question is to determine whether the graphite layer is formedurface proposed by Northrup and Neugebdtieve have
by one or more planes. In the case of a unique graphite planepnsidered an adatom at tfig site with a commensurable
no scatterer would be seen in tt@01) direction (¢§=0°),  graphite layer on the top of them. TI8& component is at-
and no structuredS; pattern should be observed. The tributed to the graphite layer and, considering our XPD pat-
forward-scattering peaks for tH& component in the XPD terns, may also be attributed to the carbon atoms of the last
patterns[Figs. §a) and &d)] exclude this possibility. We SiC substrate bilayer situated just under the adatoriat
have simulated two graphite planes arranged as in bulkliksites(Fig. 9). In order to explain the contribution of th&
graphite. In the latter case a forward-scattering pealk at component for these carbon atoms of the SiC surface, we
=0° is expected together with another one, large and ineonsider that they are bonded with three carbon atoms sup-
tense, located aroung=30° in the(11-20 azimuthal plane porting the adatonT,. In this case the silicon atoms of the
but no structure around=20° as experimentally observed. last SiC bilayer, bonded with the adatoms at Thesites, are
This also excludes the possibility of the presence of twosubstituted by carbon atoms. These carbon atoms bonded
graphite planes. with the adatomT, are back-bonded with carbon atoms of

The correlation between the3Xv3R30° and 63  the substrate surface and can reasonably giv&ih@mpo-

X 6v3R30° surface reconstructions is now well establishedhent observed in the Cslpeak. We have simulated this
by STM352021 Qur preceding XPS characterizations con-structural model. The required graphite lattice constant, nec-
firm this point. We have observed two surface componentgssary to match thev8 X 6v3R30° cell of SiC exactly, is

S, and S, for the C1s peak for thev3xv3R30° surface 2.464 A. The distance between the adatom affthsite and
reconstruction and the same surface components for thide last silicon substrate layer is set at 2.095 A as considered
6v3 X 6v3R30° surface reconstruction with an increase ofby Northrup and Neugebaukt.The distance between the
the S, intensity. We noted that when th€ Xv3R30° LEED  graphite layer and the Si adatom in tig site is chosen to
pattern was taking place, th® component intensity, first 2.4 A (see Fig. 9. Reducing this distance gives rise, by
weak, increased with subsequent heating before the LEEBimulation, to the same weak structufaeard= 20 and 40y
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but shifted to higher polar angles for ti#1-20 azimuthal  two surface components for the S Peak. This strongly

plane. The simulation of the XPD modulation contributionssuggests that the adatomsTatsites in our model are silicon
of carbon emitters attributed to ti&% component, i.e., each gnes.

carbon atom of the SiC surface under adatbynand those
from the graphite overlayer, is represented in Fidb) &nd
8(e) for the two (11-20 and (10-10 azimuthal planes. We VI CONCLUSION

have experimentally measured the instrumental function giv- XPS and XPD characterizations oH6SiC(0001) sub-

ing rise to an increase of the signal intensity with increasingstrates have been performed for different surface reconstruc-
polar angles, by deposing an amorphous carbon monolaygibns (Si-rich 3x3, C-rich v3XVv3R30°, and 673

with a carbon solid source on Substratgand recording the  x 6v3R30°). A full set of experimental XPD patterns have
XPD pattern of the C & core-level peak. After normalization been compared to simulations obtained by double-scattering
this instrumental function has been added to the theoreticajalculation. The twa(11-20 and (10-10 azimuthal planes
calculation in order to reproduce the observed photoemissiohave been well identified by this technique and each angular
intensity which increases at grazing angles and to realize structure of the XPD patterns is well reflected by our calcu-
good comparison between experimental and theoretical XPIations. No change of the XPD pattern with the reconstruc-
patterns. The weak structures néat 20°, 40°, and 60° for tion has been observed. In the last case of th& 6
the (11-20 azimuthal plane are well reproduced by our X 6v3R30° reconstructed surface, the XPD pattern of each
simulation. For the othef10-10 azimuthal plane, the struc- component of the C4 core-level line is presented and a
ture neard="70° is also reproduced. We obtain a fairly good structural model is proposed. It consists of silicon adatoms at
agreement between our simulation of the proposed structurdl, sites bonded with carbon atoms substituting silicon sur-
model and the XPD pattern of tt component. These re- face atoms atV3xXv3R30° sites with a commensurable
sults cannot definitively rule out other structural models pro-graphite layer on the top of them. A fairly good agreement
posed previously. Considering graphitic states as the result gfetween the experimental and calculated XPD modulations
a graphite layer on top of thé3 xv3R30° reconstruction, is obtained for this proposed structural model. Finally we
the sufficiently intense scattering peak observeddat0°  demonstrate the possibility to elaborate a two-dimensional
strongly suggests that, among the proposed structural moggraphite surface layer. Compared to bulk graphite, such a
els, an adatom in @, site is the most favorable. It can either system provides dimensionality reduction which may occa-
be carbon or silicon. In these two cases it is bonded wittsion fundamental interests such as, the study of two-
carbon atoms which may explain the absence of a surfacdimensional plasmons.

component in the Si peak for the &3 < 6v3R30° surface
reconstructiorfFigs. 2e) and Zf)]. Our reasoning about the
interpretation of the surface componei8s and S, of the

C 1s peak, far from fully rigorous, cannot clear up this point. ~ This work was financially supported by an ARA/LETI
However, Johansson, Owman, andridassorf, by synchro-  (CEA) grant. The authors are pleased to thank G. Gewinner
tron high resolution core-level examinations, have observednd P. Wetzel for providing the XPD calculation program.
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