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ABSTRACT

The rare-earth metal, ytterbium (Yb), was deposited on graphene grown on Si-face SiC, kept at room temperature. Yb
was not found to intercalate, destroy or dope the graphene layer before subsequent heating, unlike alkali metals such as
Li and Na. Our photoemission results reveal that heating to 300°C promotes Yb intercalation into the graphene-substrate
interface. Real-time low energy electron microscopy (LEEM) measurements indicated intercalation to start at a sample
temperature of around 220°C. In the intercalation process, Yb penetrates through the graphene and buffer layer and
forms bonds to the silicon in the topmost SiC substrate bilayer, as indicated by the shifted components observed in the
C Is, Si 2p, and Yb 4f spectra. The YD intercalation decouples the buffer layer from the substrate and transforms it into
another graphene layer as manifested by the absence of buffer layer spots in the u-LEED pattern and the appearance of
an additional © band in the ARPES spectra, respectively. Moreover, the observed shift of the Dirac point down from the
Fermi level by 1.9 eV indicates electron doping of the graphene layer upon Yb intercalation. The Yb intercalated gra-

phene sample was found to be thermodynamically stable up to temperatures around 700°C.
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1. Introduction

The intercalation of graphene has attracted considerable
recent interest, and has been studied quite intensively,
mainly due to ongoing developments of graphene-based
electronics. Intercalation has shown to provide the capa-
bility to modify the structural and electronic properties of
graphene, i.e. to make it possible to tailor the properties
of graphene to meet the need of specific applications. A
monolayer/zero-layer graphene grown on SiC(0001)
substrate can be transformed into bi-layer/monolayer gra-
phene upon hydrogen (H) intercalation [1-3]. H can go
underneath the graphene and the buffer layer [4], which
is a carbon layer located in between graphene layers and
SiC(0001) substrate with graphene-like honeycomb
structure but no graphitic electronic properties. This de-
couples the buffer layer from the substrate and trans-
forms it into another graphene layer. H intercalation is
found to induce p-type doping of the graphene layer,
shifting the Fermi level below the Dirac point, i.e. the
crossing point of the m cone(s) at the K point(s) in the
graphene hexagonal Brillouin zone. Furthermore the H
intercalation has been reported to enhance the charge
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carrier mobility of graphene on SiC(0001) [5]. Some of
the alkali metals such as lithium (Li) [6,7] and sodium
(Na) [8,9] have also been shown to intercalate graphene
on SiC(0001) and decouple the carbon buffer layer from
the SiC substrate. Alkali metal intercalation provides
strong n-doping of the graphene, so the Dirac point then
becomes located well below the Fermi level. Apart from
these elements, noble metals like gold (Au) [10], group
IV and VII elements like silicon (Si) [11], germanium
(Ge) [12] and fluorine (F) [13] have been used for inter-
calation of graphene on SiC(0001) and were shown to
have a large influence on the structural and electronic
properties. Intercalation of graphene grown on transition
metal substrates has also been investigated [14,15]. In
this case the intercalation gives rise to a weakening of the
interaction between graphene and the metal substrate.
Although a large variety of elements have been shown to
successfully intercalate into graphene, earlier studies
have shown that some alkali metals such as rubidium (Rb)
and cesium (Cs) [16] do not intercalate graphene on
SiC(0001) and do not decouple the buffer layer and, ap-
parently, neither does potassium (K) [17,18].
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We have introduced a rare-earth metal, ytterbium (Yb),
to perform the intercalation of graphene grown on SiC
(0001). From a technical point of view, Yb is well known
for its magnetic properties and potential for magnetic
storage applications [19]. The possibility to use Yb for
intercalation of graphite has earlier been studied and re-
ported [20,21]. A. M. Shinkin et al. demonstrated that the
Yb deposition onto single-crystalline graphite flakes [20]
or monolayer graphite grown on Ni(111) [21] followed
by subsequent heating results in the intercalation of Yb.
They established that a heating temperature of 250°C -
400°C was the most efficient range for the Yb intercala-
tion process. The Yb graphite intercalation compound
has been reported to exhibit superconducting behavior
[22]. Photoemission data collected from a single crys-
talline Yb graphite intercalation compound indicated
charge transfer from the Yb atoms into vacant graphite-
derived 7 states, resulting in a lowering of the m bands
around the K point of the Brillouin zone [20]. A low-
ering of the m bands was also observed for YD inter ca-
lated graphite on Ni(111), but it was described [21] to
arise from hybridization of the graphite m states with d
states of the metal substrate. In the present work, we
study the possibility of Yb intercalation of graphene
grown on SiC(0001) by using photoemission and angle-
resolved photoelectron spectroscopy (PES and AR-PES),
low energy electron microscopy (LEEM) and selected
area low energy electron diffraction obtained by restrict-
ed illumination (u-LEED). The results show that no in-
tercalation occurs after deposition of Yb on the sample at
room temperature. Subsequent heating is shown to be
required to promote Yb intercalation similar to what was
found earlier for graphite and graphene on Ni(111) [20,
21]. We find that a heating temperature of about 220°C is
required for the Yb intercalation process to occur for
graphene on SiC(0001). Our experimental results reveal
that Yb intercalation induces significant changes in the
electronic properties of the graphene layer(s).

2. Experimental

Graphene was prepared by direct current heating of n-
type on-axis 4H-SiC(0001) substrates at a temperature of
1300°C for two minutes in ultra-high vacuum. This me-
thod is known to provide a dominant coverage of 1 mo-
nolayer (ML) graphene with a mixture of small 0 and 2
ML areas/domains [23-25], which was also verified by
PES. Deposition of Yb on the graphene samples was
performed in situ by resistive heating of a tungsten coil.
The substrates were kept at room temperature during
deposition. The base pressure of the system was in the
low 107" mbar range. The electronic structure was then
investigated using PES and ARPES while the sample
was heated step by step from 300°C to 900°C. Similarly
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prepared samples were also investigated using LEEM
and u-LEED, which allowed probing of the morphology
and structure of the samples in real-time during the heat-
ing process.

The XPS and ARPES experiments were carried out at
the synchrotron radiation facility MAX-lab in Lund
(Sweden) using beam lines 1311 and 14, respectively.
Beamline 1311 is equipped with a modified SX700 mo-
nochromator and Scienta electron analyzer. It was util-
ized primarily for high-resolution studies of the C 1s, Si
2p, and Yb 4f core levels. A total energy resolution of
<0.10 eV for photon energies from 33 to 450 eV and
<0.30 eV for photon energies up to 750 eV was selected.
The ARPES experiments were performed at beamline 14.
This beamline is equipped with a spherical grating mo-
nochromator and an end station with a PHIOBOS 100
two-dimensional Specs electron analyzer. LEEM and u-
LEED measurements were conducted in an Elmitec
LEEM III system at the University of Bremen (Germany).
A spatial resolution of less than 10 nm can be obtained in
this microscope. The base pressure of the system was
about 10™'" mbar.

3. Results and Discussion

Upon graphene growth on SiC(0001) it is well known
[23-25] that the graphene develops on top of a first car-
bon interface layer, the so-called carbon buffer layer. The
C 1s core-level spectrum from a clean as-grown gra-
phene sample (Figure 1(a), bottom curve) shows the gra-
phene (G) peak at a binding energy (BE) of 284.6 eV, a
small shoulder at the high BE side originating from the
carbon buffer layer (B) and the substrate (SiC) peak at a
BE of 283.6 eV. The extracted G/SiC and B/SiC intensity
ratios are found to be consistent with the values obtained
earlier [26] from ex situ prepared samples with homoge-
neous 1 ML graphene coverage. This suggests that the
sample surface is mainly composed of 1 ML graphene. A
further confirmation of this result is provided by ARPES
spectra, presented below, which show a single © band
with the Dirac point about 0.4 eV below the Fermi level,
which is characteristic of 1 ML graphene on SiC(0001)
[4,27]. The graphene sample was then exposed to an Yb
flux at room temperature. After Yb deposition, no signi-
ficant changes in the C 1s spectrum were observed, see
second curve from the bottom in Figure 1(a). The spec-
trum only appears slightly broader. Heat treatments of
the sample were then performed, and a starting tempera-
ture of 300°C was chosen since it had been reported ear-
lier that this temperature was the most efficient for the
YD intercalation process on graphite [20,21]. Distinct ch-
anges appear in the C 1s spectrum directly after heating
at 300°C, see Figure 1(a). The shoulder (B) at the high
BE side is essentially gone. Noticeable is also that the
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Figure 1. C 1s core level spectra collected (a) at a photon
energy of 450 eV from the monolayer graphene sample,
before and after Yb deposition and heating from 300°C to
700°C, (b) at different photon energies after Yb deposition
and heating at 300°C

substrate SiC component exhibits a shift of about 1.4 eV
towards lower BE indicating the formation of a dipole
layer at the substrate graphene interface, induced by in-
teractions between Yb and the Si atoms in the first SiC
bilayer as also indicated in the Si 2p spectrum, see below.
For greater detail, the C 1s spectrum was after heating at
300°C collected using different photon energies from 330
eV (surface sensitive) to 750 eV (“bulk” sensitive) as
illustrated in Figure 1(b). These spectra show a distinct
increase in relative intensity of the shifted substrate SiC
component with increasing photon energy, as expected
since this component originates from the substrate un-
derneath the graphene. After heating at 400°C the C 1s
spectrum looks very similar to that at 300°C, see Figure
1(a). The C 1s spectrum is found to be stable upon heat-
ing to 700°C, when the shifted substrate SiC component
starts to move back and the shoulder B on the high BE
side of the graphene peak begin to reappear.

The Si 2p spectrum acquired at photon energy of 190
eV, before and after Yb deposition, and after heating at
different temperatures is shown in Figure 2. The spec-
trum from the clean sample exhibits one Si 2p doublet
(2p12 and 2psp,), originating from the SiC substrate at a
BE of 101.4 eV (2p;32). No significant change is observed
after Yb deposition at room temperature. Only the width
of spectrum is slightly broader and the intensity has de-
creased somewhat. The decrease is due to the attenuation
of the Si 2p signal by the Yb deposited on top of the
sample. After heating at 300°C, interestingly, the Si 2p
spectrum exhibits a shift to lower BE similar to what was
observed for the SiC component in the C 1s spectrum.
Apart from the shift, the Si 2p spectrum becomes promi-
nently broader. With a curve fitting procedure [28], ap-
plying a branching ratio of 1:2 and a spin-orbit splitting

Copyright © 2013 SciRes.

Si 2p

| ¢
Clean /
1

04T 102100
Binding energy (eV)

Figure 2. Si 2p core level spectra collected at a photon en-
ergy of 190 eV from the monolayer graphene sample, before
and after Yb deposition and heating from 300°C to 700°C.

of 0.61 eV, the Si 2p spectrum can then be decomposed
into two components, the first component at a BE of 99.2
eV and the second component at a BE of 100.0 eV. The
shift of the Si 2p spectrum to lower BE (99.2 eV) is in-
terpreted to originate from an interaction between Si and
Yb atoms [29] contributing to the formation of a new
dipole layer at the interface. These results suggest that, at
elevated temperature, Yb can intercalate under the gra-
phene and the buffer layer and bond to Si atoms in the-
topmost SiC substrate bilayer. This results in a shift to
lower BE (100.0 eV) of the SiC substrate signal. Simi-
larly shifted Si 2p components have been observed ear-
lier from H [1,3], Li [6] and Na [8] intercalated graphene
samples. The intercalation results in an elimination of the
buffer layer as observed from the vanishing of the buffer
layer (B) component in the C 1s spectra in Figure 1(a).
After heating at 400°C, the Si 2p spectrum shows similar
features as observed at 300°C. The spectrum is found to
be stable up to a temperature around 700°C when the in-
tensity of the additionally shifted component decreases
and the bulk component starts to shift back towards the
initial position.

Yb 4f spectra acquired at a photon energy of 140 eV,
after deposition, and after heating are shown in Figure
3(a). Directly after Yb deposition, two Yb 4f doublets
(4fs,, and 4f;, components, each with a branching ratio
3:4 and a spin-orbit splitting of 1.27 eV [30]) are ob-
served inthe BE range of 0 — 4 eV. The first doublet
shows the 4f;, maximum at BE of 0.9 eV and the second
doublet at 1.5 eV. This spectrum looks very similar to
that obtained earlier from pure Yb metal [31], i.e. two Yb
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4f doublets in the BE range of 0 - 4 eV with a separation
of the 4f;, maximum of 0.6 eV. The two 4f doublets ob-
served in the pure Yb were defined to originate from the
bulk and surface divalent Yb atoms. The Yb 4f spectrum
recorded at a photon energy of 80 eV (surface sensitive)
and of 180 eV (more bulk sensitive) are shown in Figure
3(b). These spectra clearly show variations in relative in-
tensity between the two doublets with photon energy.
The relative intensity of the first doublet with the 4f;, at
a BE of 0.9 ¢V is found to be considerably larger at the
higher photon energy while the opposite is seen to be the
case for the second doublet. This indicates that the first
doublet originates from bulk Yb atoms while the second
doublet originates from the Yb atoms on surface which
corresponds well to earlier observations on pure Yb
metal films [31]. This finding implies that there is no re-
action between Yb and the graphene sample after deposi-
tion at room temperature. Upon heating the Yb 4f spec-
trum is seen to exhibit distinct changes. Heating the sam-
ple at 300°C results both in a pronounced broadening and
a shift of the Yb 4f spectrum to lower BE, closer to the
Fermi energy, as illustrated in Figure 3(a). This broad
spectrum can tentatively be de-convoluted into two over-
lapping doublets. The 4f;, of the main doublet is now
located at a BE of 0.5 eV and is accompanied by a weak-
er doublet with the 4f;, at a BE of about 0.9 eV, i.e.
close to the earlier bulk location. At this stage the spec-
trum clearly shows an absence of the surface component.
Earlier studies on the formation of Yb silicide on Si(111)
[29,32] demonstrated that heating of samples with Yb
deposited on Si(111) substrates to about 300°C - 400°C
leads to a strong reaction between Yb and Si resulting in
a shift of the Yb 4f doublet close to the Fermi level.
From this, we can therefore interpret the main component
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Figure 3. Yb 4f core level spectra collected (a) at a photon
energy of 140 eV from the graphene sample after Yb depo-
sition and heating from 300°C to 700°C; (b) at different
photon energies after Yb deposition.
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observed in the Yb 4f spectrum recorded after heating at
300°C to arise from interacting Yb and Si atoms at the
film-substrate interface. Moreover the relative intensity
of the Yb 4f spectrum in the BE range of 0 - 4 eV is
found to be lower after heating suggesting that, beside
the Yb intercalation, Yb may change valency [29,32], i.e.
transform from divalent to trivalent Yb 4f that contribute
to the feature at higher BE outside the probing region, or
desorb from the sample during heating. No significant
changes in the features of Yb 4f spectrum are then ob-
served after heating up to a temperature of 700°C where
the Yb 4f spectrum shows broader features and the sur-
face component begin to reappear on the high BE tail.
This suggests that the Yb-Si bonding at the interface
starts to break up at this temperature.

The above results reveal that Yb deposited onto gra-
phene on SiC(0001) kept at room temperature do not
give rise to any significant effect in C 1s and Si 2p core
level spectra. Just a slight broadening and decrease in
intensity of the C 1s and Si 2p peaks is observed, but no
sign of intercalation. In stark contrast, alkali metals such
as Li [6,7] and Na [8] can intercalate the graphene layer
directly after deposition at room temperature as mani-
fested by shifts of the substrate C 1s and Si 2p core level
components. In the case of Yb, heating the sample to
300°C was found to be necessary to induce Yb intercala-
tion under the carbon buffer layer. The C Is and Si 2p
substrate peaks then exhibited similar shifts to lower BE,
confirming the formation of a dipole layer at the sub-
strate graphene interface, induced by interactions be-
tween Yb and the Si atoms in first SiC bilayer. This also
corresponded well to the changes observed in the Yb 4f
spectrum after heating to 300°C. The 4f doublets then
broadened and shifted closer to the Fermi level, indicat-
ing the formation of Yb-Si bonding. The disappearance
of the buffer layer (B) component in the C 1s spectrum
also indicated an elimination of this layer upon Yb inter-
calation, similarly to what has been reported earlier for H
[1-3], Li [6] and Na [8] intercalation of graphene on
SiC(0001). The core-level spectra show that the Yb in-
tercalated sample is fairly stable upon heating to tem-
peratures up to 700°C.

Valence band dispersions recorded using a photon en-
ergy of 33 eV, along the I'K direction in the Brillouin
zone before and after Yb deposition and subsequent he-
ating are shown in Figure 4. For the clean sample, the
valence band structure shows in Figure 4(a) the graphene
o and 1 bands along the T'K direction. The maximum of
the o band is located about 4.5 eV below the Fermi level.
The © band reveals a linear dispersion close to the K
point and a band minimum located around 9.0 eV below
the Fermi level at the I' point. After Yb deposition,
there are no significant changes in the dispersion of the
graphene ¢ and & bands, as seen in Figure 4(b). Four ad-
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ditional levels originating from Yb 4f states are hoever
observed between one and three eV below the Fermi level,
see a close-up image at the lowermost right corner. These
are the localized states representing the 4fs;, and 4f;, lev-
els of the bulk and surface Yb atoms, similar to what is
observed in the Yb 4f spectrum in Figure 3. After heating
the sample at 400°C, an additional & band appears, most
clearly in the region of k, from 0.4 to 1.6 Ai, see the inset
at the right corner of Figure (4), while at I" the overlap
is so strong so they look more like one broad band.

Er E)NSEEN

Binding energy (eV)

Binding energy (eV)

Binding energy (eV)

Figure 4. Electronic band structure along TK direction for
the graphene sample (a) before and (b) after Yb deposition
and (c) heating at 400°C.
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No shift or change in the ¢ band can be observed after
heating. The number of © bands observed from graphene
grown on a SiC(0001) substrate can be used to determine
the number of graphene layers [27]. Hence, the increase in
the number of © bands observed in this case may simply
imply an increase in the number of graphene layers from
one to two layers due to Yb intercalation, in agreement
with the results from angle-integrated photoemission
discussed above. The m bands collected around the K
point at higher energy and angular resolution are shown in
Figure 5. The as-grown sample exhibits a single © band
with the Dirac point located about 0.4 eV below the Fermi
level, which are characteristics of monolayer graphene on
SiC(0001), see Figure 5(a). The shift of the Dirac point
away from the Fermi level has been interpreted to be due
to interactions with the substrate [4,33]. Deposition of Yb
affects the graphene m bands very little, as seen in Figure
5(b). Only the intensity of the bands was slightly lower
than for the clean sample. No shift of the Dirac point could
thus be detected after deposition of Yb on graphene kept
at room temperature. This is contrary to results for alkali
metals (Li [5], Na [7], K [34], Rb and Cs [15]) deposited
on graphene at room temperature where fairly large shifts
of the Dirac point to further away from the Fermi level
were observed directly after deposition, due to electron
doping of the graphene. However, after Yb deposition and
heating at 400°C and 500°C, respectively, two © bands
appear as shown in Figures 5(c) and (d). This indicates the
formation of two graphene layers that we interpret to be
due to Yb intercalation. The two 7 bands are quite distinct
and exhibit different Dirac points located at around 0.4 eV
and 1.9 eV below the Fermi level, respectively. This
downward shift by about 1.5 eV of the m band is inter-
preted to originate from electron charge transfer from Yb
atoms intercalated at the interface to unoccupied graphene
w states. It is only after heating at temperatures when Yb-
Si bonding can detected in the core level spectra that this
intercalation and doping of graphene layers can be ob-
served. It deserves to be noted that the dispersion and
location of the 7 band that we obtain close to the K point

A<1ZIK‘:>A A<1ZIK:>A A<:1KE>A A<33KE>A

Figure 5. m-band dispersion around the K point recorded
from the graphene sample (a) before and (b) after Yb de-
postion, after heating (c) at 400°C and d) 500°C.

Graphene



S. WATCHARINYANON ET AL. 71

after Yb intercalation of graphene on SiC(0001) looks
quite different compared to earlier mappings of the = band
after Yb intercalation in graphite [20] and in monolaye
graphene on Ni(111) [21]. In both cases the ® band was
located about four to five eV below the Fermi level and did
not show a linear dispersion and for the Gr/Yb/Ni(111)
system it moreover showed a splitting into two branches
around the K point.

By using LEEM and u-LEED it is possible to probe in
a real-time the changes induced during Yb deposition
and heating. A LEEM image of the clean as-grown gra-
phene sample at a field of view (FOV) of 10 um is shown
in Figure 6(a). This image reveals the small graphene
flakes/domains normally obtained when preparing gra-
phene on SiC(0001) by heating in sifu. A dominant cov-
erage of 1 ML graphene domains had been determined
from the G/SiC and B/SiC peak intensity ratios obtain-
ed in recorded C 1s spectra, and was confirmed by the
single minimum observed in the electron reflectivity
curve extracted versus electron energy. Deposition of Yb
on the sample at room temperature did not induce any

e) 223°C,

Figure 6. LEEM image with FOV of 10 pm recorded from
the graphene sample (a) before and (b) after Yb deposition,
and after heating (c)-(e) at 223°C and (f) 225°C.
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significant changes in the LEEM image, as illustrated in
Figure 6(b). Only the small graphene flakes are still visi-
ble and there are no metal droplets formed on the sample.
During the subsequent heating LEEM images were re-
corded in the real-time. No pronounced changes were
observed in the images until a temperature around 220°C
was reached, see Figures 6(c)-(e). These three images
were collected at half a second intervals at a temperature
of 223°C and show that, at the same electron kinetic en-
ergy of 2 eV, two types of domains with different con-
trasts, bright and dark gray, are now discernable. It is also
clearly seen that the relative amount of these two domain
types change with time at this temperature. The darker
and smoother gray domains appear to grow and cover a
larger part of the surface. When reaching a temperature of
225°C, the surface looks more or less homogeneous as seen
in Figure 6(f). No more pronounced morphology changes
were observed in the LEEM images when increasing the
temperature further up to 700°C. Electron reflectivity
curves were extracted versus electron energy, /(V) curves,
from the LEEM images collected. Before Yb deposition
the I(V) curve exhibited a single minimum/dip which re-
presents monolayer graphene. After Yb deposition, the
I(V) curve was fairly flat and exhibited two weak broad
minima. After heating the sample at 260°C, the /(V) curve
was still very flat but exhibited an additional weak mini-
mum. We have at present no clear interpretation of these
I(V) curves, but it is likely that the interpretation of the
I(V) curves within the rather simplistic kinematic diffrac-
tion model that is typically assumed, also known as quan-
tum confinement contrast [35], has to be replaced by a
more realistic description taking into account the particu-
lar electronic structure of the substrate and interface re-
gion as modified by the intercalant. This can, in principle,
be achieved within the framework of ab-initio scattering
theory, which properly accounts for band structure effects
in the electron reflectivity [36], but which is certainly be-
yond the scope of the present paper.

The u-LEED pattern collected from the clean sample
before Yb deposition in Figure 7(a) shows sharp (1 x 1)
graphene spots surrounded by 673 x6+/3 | R30° buffer
layer spots. The (1 x 1) SiC substrate spots are also de-
tected but their intensities are quite low at this selected

b) Yb
Figure 7. p-LEED patterns collected at electron energy of

50 eV for (a) before and (b) after Yb deposition, and after
heating (c) at 280°C.

c) 280 °C

. :

a) Clean
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energy. The rotation of the graphene spots with respect to
the substrate spots indicates that the graphene layer is
rotated an angle of 30° with the SiC substrate. The dark-
shadow appearing in the uppermost left corner in the
#-LEED images arises from secondary electrons and is
unavoidable since the instrument used has no energy
filter. After Yb deposition at room temperature, the u-
LEED pattern became fainter and the graphene spots
appear more diffuse, as illustrated in Figure 7(b). The
buffer layer and SiC substrate spots are no longer clearly
visible. The 4-LEED pattern recorded again after heating
at 280°C, see Figure 7(c), shows sharp graphene spots
but now the buffer layer and substrate spots have com-
pletely disappeared. This disappearance of the buffer lay-
er u-LEED spots is in accordance with the absence of the
buffer layer (B) component in the C Is spectra in Figure
1(a) and supports our interpretation of elimination/trans-
formation of the buffer layer by Yb intercaltion.

4. Conclusion

We have shown that the rare earth metal, Yb, can inter-
calate into graphene grown on SiC(0001). PES and AR-
PES measurements reveal that, after Yb deposition with
the sample at room temperature, Yb stays on top of the
graphene and does not intercalate or distort the graphene
layer. This is clearly revealed by the preserved features
in the C 1s and Si 2p core level spectra, the band struc-
ture, and by the Yb 4f spectrum, which shows both a
bulk and a surface shifted 4f doublet. These results are
different to what has been observed earlier for the alkali
metals Li and Na that when deposited on graphene at
room temperature induced intercalation. After subse-
quent heating, Yb intercalation was found to occur as
manifested by the appearance of clear shifts of the sub-
strate C 1s and Si 2p components and pronounced changes
in energy and shape of the Yb 4f doublets. Real-time
LEEM measurements indicated intercalation to occur at a
sample temperature around 220°C. The results show that
Yb penetrates through the graphene and the buffer layer
and forms bonds to Si at the substrate interface. The Yb
intercalation results in an elimination of the buffer layer
as indicated by the absence of a buffer layer component
in the C 1s spectrum and buffer layer spots in the u-
LEED pattern. The intercalant Yb decouples the buffer
layer from the substrate and transforms it into a second
graphene layer contributing to a second © band as ob-
served in the ARPES spectra. However, these two gra-
phene layers contain different amounts of doping as seen
from the different energy positions of the Dirac points of
these two 7 bands. The YD intercalated graphene sample
is found to be stable up to a heating temperature around
700°C, when YD starts to desorb from the sample, and
the core level spectra are observed to begin to transform
back to their initial shapes.

Copyright © 2013 SciRes.
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