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Method for preparation of high-quality graphene on the surface of silicon carbide

The invention relates to an improved method for preparation of high-quality graphene on the surface
(0001) of silicon carbide by superficial graphitisation of the compound in a stream of silicon atoms

from an external sublimation source.

Due to its unique properties, such as: a very high mobility of charge carriers (up to 200 000 cm?v~1s!
[1], while compared with 1400 cm?V-1s7! for silicon [2]); a high saturation velocity of charge carriers
(approx. 5x107 ¢cm s7%); a very high thermal conduction (up to 5000 W/mK) [3]; mechanical strength
[4]; or almost ballistic character of electric conduction at room temperature [5], graphene is one of the

most important materials to be applied in future electronics, based on materials other than silicon.

Synthesis of high-quality graphene with large sizes of single crystalline domains still poses a big
challenge. The synthesis methods currently used, such as chemical vapour deposition, mechanical
exfoliation of graphite, superficial ordering of carbon atoms dissolved in a volume of metals, or
synthesis by chemical reactions, very often lead to formation of a material having significantly worse
characteristics than the ones theoretically predicted. Additionally, the necessity to transfer the

graphene onto an insulating substrate in order to use it in electronics is problematic.

One of the most promising methods of graphene synthesis directly on the insulating substrate is the
superficial graphitisation of silicon carbide surface with (0001) crystallographic orientation, observed
for the first time already in 1961 [6]. At a temperature of 1100-12002C, under an ultra-high vacuum
(UHV), the superficial SiC layers undergo thermal decomposition. More volatile silicon atoms are
desorbed, and the excessive carbon atoms remaining on the surface undergo a reorganisation and

form graphene layers [7].

Formation of graphene starts on the first superficial layer of the SiC substrate at the step edges, and
advances on the surface and deeper into the material [9]. To form a monolayer, on average, three
layers of silicon carbide should be decomposed. Under the formed monolayer, a so-called buffer layer
forms, in which the carbon atoms are ordered similarly as in the higher graphene layer, but they still
form covalent bonds with silicon atoms inside the SiC. This layer is a reconstructed surface of silicon
carbide and is non-conducting. It is also responsible for the n-type doping of the overlying graphene

[13]. After the formation of the first monolayer, further growth of graphene is limited by its defects.
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Summarising, under ultra-high vacuum conditions, the graphitisation occurs at relatively low
temperatures, at which carbon atoms have a very low mobility and form a highly defected graphene

layer with a variable thickness of 1 to approx. 6 monolayers.

Patent Application No. US 20140175458 Al describes a method for graphene synthesis on the surface
of silicon carbide, consisting of depositing a metallic layer onto the surface of silicon carbide connected
with double annealing at temperatures T1=810-9002C and T2=1010-11002C. This method results in
formation of graphene on a layer of a metal-silicon carbide composite separating the graphene from

the substrate (pure SiC surface).

Patent No. US 9150417 B2 discloses an invention relating to an improvement of the quality of graphene
obtained by superficial graphitisation of silicon carbide. It consists in carrying out the graphitisation in
a buffer gas atmosphere (e.g. argon), under a pressure of approx. 600 mbarbar. Under these
conditions, the sublimation rate of silicon atoms is significantly reduced, because after desorption,
they have a finite probability of return onto the surface in the result of collisions with argon atoms
[11]; alternatively, it may be understood in thermodynamic terms as a slowdown of the evaporation
process after increasing enthalpy of this transition by a pressure-volume factor. Due to this fact, the
graphitisation process occurs at significantly higher temperatures, of the order of 1450-15002C. In this
temperature range, carbon atoms have higher mobility and form graphene layers characterized by
higher quality and a relatively uniform thickness of approx. 1-2 monolayers [10]. In this process, the

graphene quality strongly depends on the quality of the substrate's surface.

One should note that the buffer gases used in the process being described may be characterised by a
purity of at most 6N (107 impurities). Under a gas pressure in the reaction chamber of approx. 1 bar,
the partial pressure of the dopants amounts to approx. 10~ mbar, corresponding to an exposure of
the surface to a stream of unknown particles of impurities having a gigantic volume of the order of

1000 L/s (1000 layers of impurities per second).

Patent Application No. US 20110223094 Al describes an invention consisting in graphene synthesis on
the surface of silicon carbide by placing two crystals: silicon and silicon carbide, in parallel, in some
distance, in a vacuum chamber, then pumping off the air from the vacuum chamber to a pressure of
the order of 1x107® mbar, annealing the silicon crystal to a temperature of approx. 12002C with a

simultaneous annealing of the silicon carbide crystal to temperatures of 15002C, 16002C and 17002C.

The goal of the invention is to provide high-quality graphene with a low level of impurities and a
basically defectless structure of the graphene crystalline lattice, i.e. a honeycomb structure, as well as

a method for obtaining such high-quality graphene.
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It was surprisingly found that the increase in silicon partial pressure in the direct vicinity of the surface
of silicon carbide subjected to graphitisation, achieved in accordance with the invention,
advantageously slows down the process of sublimation of silicon atoms, leading to synthesis of a better

ordered higher-quality graphene.

The invention relates to a method for preparation of graphene on the surface of silicon carbide,
characterised in that an SiC crystal with a crystallographic orientation of the surface (0001), is

subjected to, consecutively:
a) a pressure below 1x10~° mbar;

b) optionally annealing at a temperature from 3002C to 9002C under a pressure not higher than 1x10~

8 mbar;

c) optionally annealing at a temperature from 9002C to 10502C in a stream of silicon atoms from an

external sublimation source providing a nominal silicon growth rate from 0.5 A/min to 2.5 A/min;

d) annealing at a temperature from 13002C do 18002C, under a pressure not higher than 5x10~7 mbar,
in a stream of silicon atoms from an external sublimation source providing a nominal silicon growth

rate from 0.5 A/min to 10 A/min.

The invention also relates to a layer of graphene basically devoid of crystal defects, particularly on the
surface of the SiC crystal, characterised in that it comprises from one to four, particularly from one to
two, atomic layers forming a crystal lattice with a honeycomb structure, its diffraction spectrum
obtained by low-energy electron diffraction having a diffraction pattern typical for the graphene on
the SiC surface (0001), and the ratio of the maximum signal intensity to the minimum signal intensity
(SNR), measured at room temperature, in the section between the two consecutive diffraction maxima

connected with graphene is higher than 9.

Preferably, the graphene according to the invention is obtained by the above-defined method
according to the invention. Preferably, graphene according to the invention is characterised in that its
SNR value is higher than 9.8 for the annealing temperature higher than 15012C in step d). Preferably,
the SNR value is higher than 11 for the annealing temperature lower than 15012C in step d). Particularly
preferably, the SNR value is higher than 13 for the annealing temperature lower than 15012C in step
d), the preparation method including step b) of the method according to the invention defined above.
Particularly preferably, the SNR value is higher than 17 for the annealing temperature lower than
150129C in step d), the preparation method including steps b) and c) of the method according to the

invention defined above.
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The method for preparation of graphene according to the invention is based on a replacement of buffer
gases during graphitisation with a stream of silicon atoms originating from an external sublimation
source of a high purity, to slow down the superficial sublimation of silicon atoms from the surface of

silicon carbide.

Due to the application of an external sublimation source, the exposure of the surface to impurities was
reduced significantly. For a beam equivalent pressure (BEP) of approx. 107* mbar, the BEP value for the
impurities will amount to approx. 107 mbar at worst, i.e. even 4 orders of magnitude less than in case
of application of buffer gases. Additionally, while using an external sublimation source, the density of
the silicon atoms stream may be set basically to any value and thus the graphitisation temperature

may be increased significantly.

In order for the graphene formed on the surface of silicon carbide to be characterised by desired
properties, its perfect crystallographic ordering is necessary (the atoms must form a lattice with a
honeycomb structure with a low concentration of defects, such as vacancies, dislocations or
intergranular boundaries), high purity (a low concentration of impurities), and in consequence — an
electron structure corresponding to theoretical predictions (a linear relation of electron dispersion

near the K point of the reciprocal lattice), connected with a lack of incoherent dispersions.

In the method according to the invention, the density of the silicon atoms stream was defined so as to
achieve almost equilibrium conditions of the process. Under such conditions, loss of silicon from the
surface occurs very slow. Due to this fact, while using sufficiently high temperatures, the superficial
carbon atoms have a sufficient thermal energy and time for the superficial system to be reorganised

to an almost model graphene/SiC state.

Surprisingly, it was found that the method according to the invention leads to obtaining a very high-
quality graphene devoid of crystalline defects directly on the insulating substrate of silicon carbide. An
additional adjustments of the annealing time value and the stream of silicon atoms from an external

sublimation source allow for obtaining synthesis of a single layer up to four atomic layers of graphene.

Method for determination of quality of the obtained graphene

Low energy electron diffraction (LEED) was used for evaluation of quality of the prepared graphene. A
suitable diffraction pattern, shown in Fig. 1 (an image for electron energy of 156 eV), constitutes a
parameter indicating the presence on the surface of graphene. In accordance with the invention, it is

a diffraction pattern typical for the graphene on the SiC surface (0001).

The gray vector is a vector connected with the substrate's surface (silicon carbide), while the white

vector is a vector connected with the graphene being synthesised. Diffraction maxima connected with
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silicon carbide are located in the corners of the gray hexagon, while the maxima connected with
graphene are located in the corners of the white hexagon. The most intense diffraction maxima
originating from silicon carbide are surrounded by six maxima of a lower intensity (the hexagon around
the most bright peaks), while the most intense diffraction maxima originating from graphene are
surrounded by two strongest maxima located towards the centre of the diffraction image (the
maximum connected with graphene and two secondary maxima form a triangle). Additional maxima,
also forming a hexagon but not always visible, may be located around the maximum connected with

graphene.

A parameter which allows for evaluating the quality and the crystallographic order is constituted by a
ratio of intensities of the diffraction maxima to the background level. In order to evaluate this quantity
numerically in accordance with the invention, a signal analysis should be carried out between the two

consecutive diffraction maxima connected with graphene, as shown for example in Fig. 2.
The signal intensity profile along this line is shown in Fig. 3.

The SNR (signal to noise ratio) value is obtained by dividing the maximum signal intensity in the defined

profile by the minimum intensity. In the example shown, the SNR value amounts to: SNR=90/30=3.

By subjecting the diffraction patterns of the consecutive samples to a similar analysis, a quality

evaluation of the graphene surface in accordance to the invention is carried out.

A. Preliminary preparation of the SiC surface.

To obtain favourable results, it is desired to prepare the starting surface of silicon carbide (which is
subjected to the graphitisation process thereafter) by annealing under ultra-high vacuum at
temperatures from 3002C to 9002C, and annealing under a vacuum higher then 5x10~” mbar at a
temperature from 9002C to 10502C, combined with directing a stream of silicon atoms onto the

sample, resulting in a nominal silicon growth rate of 0.5-2.5 A/min.

The starting surface should be cooled to room temperature and its quality should be checked by
diffraction methods (LEED). After the preparation, the surface is characterised by a (3x3) surface

reconstruction, which is shown in the examples (A) below.
Example Al.

The method for preparation of sample 1: introduction to the vacuum chamber, pumping off the
chamber to a pressure <1x107° mbar, annealing of the sample at a temperature increased gradually
from 100 to 850°C (degassing), annealing of the sample at a temperature 9502C under vacuum

(without the stream of silicon atoms) for a time t=10 minutes.
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Example A2.

The method for preparation of sample 2: introduction to the vacuum chamber, pumping off the
chamber to a pressure <1x107° mbar, annealing of the sample at a temperature increased gradually
from 100 to 8502C (degassing), annealing of the sample at a temperature 9502C in a stream of silicon

atoms resulting in a nominal silicon growth rate of 0.5-2.5 A/min for a time t=10min.
Then, tests of the obtained surface were carried out. The results are presented in Fig. 4.

The tests were carried out by low energy electron diffraction using two samples prepared according to
examples Al and A2. The results in the form of diffraction patterns for electron energy equal to 142 eV

are shown in Fig. 4.

The starting surface prepared by annealing in a stream of silicon atoms is characterised by a surface
reconstruction of (3x3) type. Also, this surface is characterised by an almost perfect crystallographic
ordering, which is proved by a very high number of observable diffraction maxima, their small
transverse size, their high brightness and a low brightness of the background (a high ratio of the signal
intensity to the background intensity, which proves a low number of crystallographic defects and
amorphous areas of the surface). The surface prepared under vacuum is characterised by a
reconstruction of (1x1) type and a low degree of crystallographic ordering, which is proved by a very
high intensity of the background, a relatively low intensity of the diffraction maxima and a diffused

transverse shape of the maxima.
B. Graphitisation of pre-prepared SiC surface.

The starting surface prepared in a way described above was subjected to the graphitisation process at
temperatures from 1300 to 18002C in a stream of silicon atoms from an external sublimation source,
corresponding to a nominal growth rate of silicon layers of 0.5-10 A/min. under a pressure in the
vacuum chamber not exceeding 5x10~7 mbar. After the preparation, high-quality graphene (described

in detail above) forms on the surface, which is shown in the examples (B) below:
Example B1.

The method for preparation of sample 1: introduction to the vacuum chamber, pumping off the
chamber to a pressure <1x10~° mbar, annealing of the sample at a temperature increased gradually
from 100 to 8502C (degassing — no preparation of the starting surface (3x3)), annealing of the sample

at a temperature 14502C (without the stream of silicon atoms) for a time t=10 minutes.

Example B2.
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The method for preparation of sample 2: introduction to the vacuum chamber, pumping off the
chamber to a pressure <1x10~° mbar, annealing of the sample at a temperature increased gradually
from 100 to 8502C (degassing — no preparation of the starting surface (3x3)), annealing of the sample
at a temperature 14502C in a stream of silicon atoms resulting in a nominal silicon growth rate of

approx. 4 A/min for a time t=10 minutes.
Example B3.

The method for preparation of sample 3: after preparation of the starting surface characterised by a
(3x3) surface reconstruction, as described above: annealing of the sample at a temperature 14502C

(without the stream of silicon atoms) for a time t=10 minutes.
Example B4.

The method for preparation of sample 4: after preparation of the starting surface characterised by a
(3x3) surface reconstruction, as described above: annealing of the sample at a temperature 14502C in
a stream of silicon atoms resulting in a nominal silicon growth rate of approx. 4 A/min for a time t=10

minutes.
Diffraction studies of the obtained samples

The tests were carried out by low energy electron diffraction at room temperature using two samples
prepared according to schemes B1-B4. The results in the form of diffraction patterns for electron

energy equal to 156 eV are shown in Fig. 5.

It was found that the surface prepared by preparation of the starting surface of (3x3) type and
annealing in a stream of silicon atoms is characterised by a distinctly better crystallographic ordering.
The diffraction maxima are well-formed, have perfect shapes and high intensities, while the
background is practically invisible. This is an evidence of a high ordering degree and a minimum

concentration of all defects in the graphene layer and amorphous areas on the surface of sample.
Spectroscopic studies of the obtained samples

The tests were carried out by angle-resolved photoemission spectroscopy in the UV-radiation range
(UV-ARPES) at room temperature using two samples prepared according to schemes B1, B3 and BA4.
The results in the form of spectra presenting the intensity distribution of photoelectrons sputtered by
the UV radiation vs. the emission angle (vertical axis) and kinetic energy (horizontal axis), which allows

for imaging of electronic structures of materials, are shown in Fig. 6.

The spectra presented in Fig. 6 show the electron distribution in graphene in the vicinity of point K. As

predicted theoretically, the dispersion relation (dependence of energy on electron quasi-momentum,
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linearly proportional to the emission angle of the electron from the sample — vertical axis) should be
linear around this point, which is evident for all samples, thus graphene has been formed on the

surface of all samples.

A parameter which allows for determining the impact of the surface ordering on the photoemission
spectra is constituted by the background intensity. The lowest background intensity (formally the ratio
of the signal intensity to the background intensity) was observed for sample B4 (the signal intensity

between two branches of the linear dispersion relation is noteworthy).

High-quality graphene according to the invention may be obtained by the method according to the
invention for relatively broad range of values of the critical parameters, particularly the graphitisation
temperature and the stream of silicon atoms. It was illustrated in the preferred embodiments
described below, which should not be however identified with the full scope of the invention being

claimed.
Example 1.

The method for preparation of sample 1: after preparation of the starting surface characterised by a
(3x3) surface reconstruction, as described above: annealing of the sample at a temperature 15002C in
a stream of silicon atoms resulting in a nominal silicon growth rate of approx. 1 A/min for a time t=10

minutes.
Example 2.

The method for preparation of sample 2: after preparation of the starting surface characterised by a
(3x3) surface reconstruction, as described above: annealing of the sample at a temperature 15002C in
a stream of silicon atoms resulting in a nominal silicon growth rate of approx. 25 A/min for a time t=10

minutes.
Example 3.

The method for preparation of sample 3: after preparation of the starting surface characterised by a
(3x3) surface reconstruction, as described above: annealing of the sample at a temperature 12002C in
a stream of silicon atoms resulting in a nominal silicon growth rate of approx. 1 A/min for a time t=10

minutes.
Example 4.

The method for preparation of sample 4: after preparation of the starting surface characterised by a

(3x3) surface reconstruction, as described above: annealing of the sample at a temperature 17002C in
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a stream of silicon atoms resulting in a nominal silicon growth rate of approx. 4 A/min for a time t=6

minutes.
The quality and structure of the graphene samples obtained in Examples 1-4 were analysed.
Tests 1

The quality and structure of the graphene samples obtained in accordance with Examples 1-4 (samples
1-4, respectively) were tested by low energy electron diffraction at room temperature. The results in

the form of diffraction patterns for electron energy equal to 156 eV are shown in Fig. 7.
Tests 2

The quality and structure of the graphene samples obtained in accordance with Examples 1-2 (samples
1 and 2, respectively) were tested by angle-resolved photoemission spectroscopy at room
temperature. The results in the form of diffraction patterns for electron energy equal to 156 eV are

shown in Fig. 8.

In each of the embodiments, high quality graphene was formed on the surface of the sample, which
was confirmed by diffraction and spectroscopic tests. The exact structure of the surface varies, but all
of them are characterised by a very high crystallographic ordering and electron structures of high

quality.
Tests 3

The graphene sample obtained in Example 4 was analysed by angle-resolved photoemission
spectroscopy at liquid nitrogen temperature (T=78 K). The results in the form of an ARPES spectrum

are shown in Fig. 9 A and B.

The sample 4 is characterised by a very high quality of the surface, which is evidenced by sharp bands
in the dispersion relation and a very low background level. Additionally, two graphene layers occur on
the sample, which is evident in the ARPES spectrum as a splitting of linear branches of the dispersion
relation. This fact confirms that the method according to the invention allows for controlling the

number of the graphene layers formed on the surface.
Tests 4

The graphene sample obtained in Example 4 was analysed by scanning tunnelling microscopy at room
temperature under vacuum (an Omicron RT-STM/AFM microscope, the microscope tip made of etched
tungsten, polarisation voltage of 15 mV, tunnelling current of 100 pA). The results in the form of a

microscopic image are shown in Fig. 10 Aand B
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In the microscopicimage, the perfect crystallographic structure of graphene is evident: the honeycomb
structure. The unit cell of graphene is a single small hexagon; the change in the background intensity
results from the effect of the subsurface layer (a buffer layer with a (6v3x6V3)R302 symmetry). The
structure is characterised by a very low amount of any impurities or defects, confirming the high quality

and crystallographic ordering on the surface of sample.
Summary

The presented method for graphene synthesis take advantage of the physical phenomena described
in the Patent Application No. US 20110223094 Al. In both cases, the high quality of graphene is
obtained by a reduction of the sublimation rate of silicon atoms from the silicon carbide surface by
introducing additional external silicon atoms to the atmosphere in the nearest vicinity of the silicon

carbide surface. However, these methods differ in numerous important aspects.

Firstly, in the Patent Application No. US 20110223094 Al, the graphitisation process of the silicon
carbide surface is carried out in a vacuum chamber ensuring a baseline pressure of the order of 1x10~
® Torr (see Fig. 1A in the cited document). Thus, the described method suffers from the same significant
purity limitation as the method described in the Patent No. US 9150417 B2, in which the sublimation
rate of silicon atoms is reduced by an application of buffer gases. The baseline pressure of the order
of 1x107>-1x107° Torr corresponds to an exposure of the surface to unknown impurities of the order of
17 /s even before the beginning of annealing. It is a better value than that obtained while using
buffer gases, however it corresponds still to a high degree of the sample contamination. During
annealing at so high temperatures, the pressure in the chamber deteriorates by at least one order of

magnitude, thus the exposure to impurities amounts to at least 107 | /s.

On the other hand, the method according to the invention yields results different from the point of
view of quality, thanks to application of a baseline pressure on the level of ultra-high vacuum, or
approx. 1x107° mbar (an exposure of the order of 0.0001 L/s), as well as maintaining the pressure in
the chamber during the annealing at a level better than 5x107 mbar (an exposure of the order of

0.5 L/s, or two orders of magnitude lower than in the method known from US 20110223094 A1).

Moreover, the method described in the Patent Application No. US 20110223094 A1l does not plan a
precise control over the value of the stream (partial pressure) of silicon atoms in the direct vicinity of

the sample, apart from increasing the distance between the crystals.

Meanwhile, the method according to the invention allows for precise controlling of the value of the

stream of silicon atoms and its change depending on the annealing temperature and time for the
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silicon carbide crystal. Thank to precise control over the process parameters, the obtained results are

significantly different than those obtained by the methods known earlier.
Also, the state of art does not provide the preliminary preparation of the silicon carbide surface.

On the other hand, in the preferred embodiment of the method according to the invention, a
preparation of the starting surface of silicon carbide subjected to graphitisation is carried out by
annealing it at temperatures of 3002C-9002C under ultra-high vacuum, followed by annealing it at a
temperature of 900-11002C in a stream of silicon atoms, corresponding to a nominal rate of silicon
growth of 0.5-2.5 A/min, under ultra-high vacuum, and then cooling the crystal to room temperature.
The preliminary preparation results in removal of impurities from the surface of silicon carbide before
commencing graphitisation, during which the impurities could diffuse to the interior of the crystal, as
well as form structural defects in the graphene layer and also, it results in formation of a high
crystallographic order ((3x3) reconstruction of the surface) and smoothing of step edges. The
presented results confirm that the preliminary preparation of the surface affects the quality and the

structure of the graphene obtained in the graphitisation process advantageously.
Also, the known method excludes a direct control over temperature of the silicon carbide surface.

On the other hand, the method according to the invention executes such a control using an optical
pyrometer directed onto the sample. A precise temperature control is very important for obtaining

optimal and repeatable results.

The lack of a direct measurement of temperature on the surface in the method known from the state
of art leads to a lack of repeatability of the results and a lower credibility of the results reported by the
authors of the cited documents — all direct methods for temperature measurement such by
thermocouples, or a pyrometer directed onto the rear surface of an annealed SiC crystal results in a
very high uncertainty and possible temperature oscillations during the process, impairing the quality

of the graphene being synthesised.
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Claims

1. A method for preparation of graphene on the surface of silicon carbide, characterised in that

an SiC crystal with a crystallographic orientation of the surface (0001), is subjected to, consecutively:
a) a pressure below 1x107~° mbar;

b) optionally annealing at a temperature from 3002C to 9002C under a pressure not higher than 1x10~

8 mbar;

c) optionally annealing at a temperature from 9002C to 10502C in a stream of silicon atoms from an

external sublimation source providing a nominal silicon growth rate from 0.5 A/min to 2.5 A/min;

d) annealing at a temperature from 13002C do 18002C, under a pressure not higher than 5x1077 mbar,
in a stream of silicon atoms from an external sublimation source providing a nominal silicon growth

rate from 0.5 A/min to 10 A/min.

2. A layer of graphene basically devoid of crystal defects, particularly on the surface of the SiC
crystal, characterised in that it comprises from one to four, particularly from one to two, atomic layers
forming a crystal lattice with a honeycomb structure, its diffraction spectrum obtained by low-energy
electron diffraction having a diffraction pattern typical for the graphene on the SiC surface (0001), and
the ratio of the maximum signal intensity to the minimum signal intensity (SNR), measured at room
temperature, in the section between the two consecutive diffraction maxima connected with

graphene is higher than 9.

3. Graphene according to claim 2, characterised in that it is obtained by the method defined in
claim 1.
4, Graphene according to claim 3, characterised in that the SNR value is higher than 9.8 for the

annealing temperature higher than 15012C in step d).

5. Graphene according to claim 3, characterised in that the SNR value is higher than 11 for the

annealing temperature lower than 15012C in step d).

6. Graphene according to claim 3, characterised in that the SNR value is higher than 13 for the
annealing temperature lower than 15012C in step d), the preparation method including step b) defined

in claim 1.

7. Graphene according to claim 3, characterised in that the SNR value is higher than 17 for the
annealing temperature lower than 15012C in step d), the preparation method including steps b) and

c) defined in claim 1.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1, 3-7(completely); 2(partially)

A method for preparation of graphene on the surface of
silicon carbide,characterised in thatan SiC crystal with a
crystallographic orientation of the surface (0001), is
subjected to, consecutively:

a) a pressure below 1x10 -9 mbar;

b) optionally annealing at a temperature from 300°C to 900°C
under a pressure not higher than 1x10 -8 mbar;

c) optionally annealing at a temperature from 900°C to
1050°C in a stream of silicon atoms from an external
sublimation source providing a nominal silicon growth rate
from 0.5 A/min to 2.5 A/min;

d) annealing at a temperature from 1300°C do 1800°C, under a
pressure not higher than 5x10 -7 mbar, in a stream of
silicon atoms from an external sublimation source providing
a nominal silicon growth rate from 0.5 A/min to 10 A/min.

A layer of graphene basically devoid of crystal defects on
the surface of the SiC crystal, characterised in that it
comprises from one to four, particularly from one to two,
atomic layers forming a crystal lattice with a honeycomb
structure, its diffraction spectrum obtained by low-energy
electron diffraction having a diffraction pattern typical
for the graphene on the SiC surface (0001), and the ratio of
the maximum signal intensity to the minimum signal intensity
(SNR), measured at room temperature, in the section between
the two consecutive diffraction maxima connected with
graphene is higher than 9.

2. claim: 2(partially)

A layer of graphene basically devoid of crystal defects,
characterised in that it comprises from one to four,
particularly from one to two, atomic layers forming a
crystal lattice with a honeycomb structure, its diffraction
spectrum obtained by low-energy electron diffraction having
a diffraction pattern typical for the graphene on the SiC
surface (0001), and the ratio of the maximum signal
intensity to the minimum signal intensity (SNR), measured at
room temperature, in the section between the two consecutive
diffraction maxima connected with graphene is higher than 9.
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