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Abstract:The paper presents the properties of a new but allready known material – graphene. Graphene is a 2-
dimensional network of carbon atoms. Are presented the estonished characteristics of this form of carbon, along 
with some interesting field of use. 
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1. Introduction  
 Graphene is a 2-dimensional network of carbon atoms. These carbon atoms are bound 
within the plane by strong bonds into a honeycomb array comprised of six-membered rings. 
By stacking of these layers on top of each other, the well known 3-dimensional graphite 
crystal is formed. Thus, graphen is nothing else than a single graphite layer.  

The quasi-1-dimensional carbon nanotubes are formed by rolling up graphene sheets. 
By adding five-membered rings it is possible to form the quasi-0-dimensional fullerenes. The 
most prominent one is the Buckminsterfullerene C60 (Bucky ball), which looks like a football 
ball (figure 1). 
 

 
 

 Fig.1. Honeybomb lattice of graphene. 
 

 Graphene layers can be stacked into graphite or rolled up into carbon nanotubes. The 
formation of fullerenes requires the incorporation of five-membered rings. 
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2. Electronic properties of graphene   
 The electronic properties of graphene are most interesting. The electronic structure of 
graphene has been known from theory for a long time and was frequently used to describe the 
properties of carbon nanotubes. Recent progress in the preparation of graphene and thin stacks 
of graphene (so-called few layer graphene, FLG) has put graphene into the focus of many 
research activities worldwide. Thereby different methods are currently used to obtain 
graphene. Among them are mechanical or chemical exfoliation from graphite and epitaxial 
growth on silicon carbide or transition metal surfaces. 
 Graphene differs extremely from conventional 2D electron gas systems created in 
semiconductor heterostructures. The reason is the linear dispersion relation E(k) of the charge 
carriers in the vicinity of the K-point of the hexagonal Brillouin zone, where the bonding π-
band meets the anti-bonding π*-band. The band structure thus has the form of a double cone, 
which formally is equivalent to the dispersion relation of rest-mass-less particles. The 
symmetry of the lattice requires a two-component wave funktion, similar to particles known 
from relativistic quantum mechanics. The charge carriers and their behavior are described by 
Diracs equation for mass-less fermions. This has several interesting consequences. An 
example is the unusual Landau level spectrum when the system is subject to a magnetic field, 
and the resulting new half-integer quantum Hall effect. Other interesting properties of charge 
carriers in graphene are their scattering and interference phenomena. Graphene thus provides 
new and interesting physics to study both experimentally and theoretically.  
 Another interesting property of graphene is its high charge carrier mobility, for which 
values of 10.000 Vs/cm2, in some cases even 200.000 Vs/cm2 were reported. Graphene is thus 
a candidate for high frequency electronic devices. But other applications such as ultrasensitive 
gas detectors, spintronics, or quantum computing were proposed as well.  
 Several groups in Erlangen (Germany) are now working on this interesting material. 
The research carried out concerns different aspects such as growth of graphene, its electronic 
properties and its modification (e.g. doping, band gap engineering), and processing of 
graphene into electronic devices.  
 
 

 
 

Fig.2. Band structure of graphene 
 
 Band structure of graphene (figure 2) showing the π-bands which are responsible for 
charge carrier transport. In contrast to semiconductors, which possess a parabolic dispersion 
relation, graphene exhibits a linear dependence of the electron energy on the wave vector. 
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3. “AR” atmosphere improves growth of epitaxial graphene on SiC 
 
 A recent publication of the group of Th. Seyller in Nature Materials  shows the 
beneficial influence of an atmosphere of Argon gas on the morphology of graphene layers 
grown on SiC (figure 3). The Ar atmosphere slows down Si evaporation, thus enabling a 
higher growth temperature which leads to a smoother surface morphology. The paper has 
been hilighted by a News and Views article written by P. Sutter. 
 This technique can lead to industrial obtaining of grapheme layers, which can be used 
in different technologies and applications  
 

 
 

Fig.3. graphene layers grown on SiC 
 
 
4. Mechanical properties of graphene 
 
 As of 2009, graphene appears to be one of the strongest materials ever tested. 
Measurements have shown that graphene has a breaking strength 200 times greater than steel, 
with a tensile strength of 130GPa (19,000,000 psi).[4] However, the process of separating it 
from graphite, where it occurs naturally, will require some technological development before 
it is economical enough to be used in industrial processes, though this may be changing soon. 
 Graphene paper or GP has recently been developed by a research department from the 
University of Technology Sydney by Guoxiu Wang, that can be processed, reshaped and 
reformed from its original raw material state. Researchers have successfully milled the raw 
graphite by purifying and filtering it with chemicals to reshape and reform it into nano-
structured configurations which are then processed into sheets as thin as paper, according to a 
university statement. Lead researcher Ali Reza Ranjbartoreh said: 'Not only is it lighter, 
stronger, harder and more flexible than steel, it is also a recyclable and sustainably 
manufacturable product that is eco-friendly and cost effective in its use.' Ranjbartoreh said the 
results would allow the development of lighter and stronger cars and planes that use less fuel, 
generate less pollution, are cheaper to run and ecologically sustainable. He said large 
aerospace companies such as Boeing have already started to replace metals with carbon fibres 
and carbon-based materials, and graphene paper with its incomparable mechanical properties 
would be the next material for them to explore. 
 Using an atomic force microscope (AFM), the spring constant of suspended graphene 
sheets has been measured. Graphene sheets, held together by van der Waals forces, were 
suspended over SiO2 cavities where an AFM tip was probed to test its mechanical properties. 
Its spring constant was in the range 1–5 N/m and the Young's modulus was 0.5 TPa, which 
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differs from that of the bulk graphite. These high values make graphene very strong and rigid. 
These intrinsic properties could lead to using graphene for NEMS 

(nanoelectromechanical systems) applications such as pressure sensors and resonators. 
 As is true of all materials, regions of graphene are subject to thermal and quantum 
fluctuations in relative displacement. Although the amplitude of these fluctuations is bounded 
in 3D structures (even in the limit of infinite size), the Mermin-Wagner theorem shows that 
the amplitude of long-wavelength fluctuations will grow logarithmically with the scale of a 
2D structure, and would therefore be unbounded in structures of infinite size. Local 
deformation and elastic strain are negligibly affected by this long-range divergence in relative 
displacement. It is believed that a sufficiently large 2D structure, in the absence of applied 
lateral tension, will bend and crumple to form a fluctuating 3D structure. Researchers have 
observed ripples in suspended layers of graphene, and it has been proposed that the ripples are 
caused by thermal fluctuations in the material. As a consequence of these dynamical 
deformations, it is debatable whether graphene is truly a 2D structure. 
 
5. Conclusions 
 Until now graphene of sufficient quality has only been produced in the form of small 
flakes of tiny fractions of a millimeter, using painstaking methods such as peeling layers off 
graphite crystals with sticky tape. Producing useable electronics requires much larger areas of 
material to be grown. This project saw researchers, for the first time, produce and successfully 
operate a large number of electronic devices from a sizable area of graphene layers 
(approximately 50 mm2). The graphene sample, was produced epitaxially - a process of 
growing one crystal layer on another - on silicon carbide. Having such a significant sample 
not only proves that it can be done in a practical, scalable way, but also allowed the scientists 
to better understand important properties. 
 Graphene also has potential for exciting new innovations such as touchscreen 
technology, LCD displays and solar cells. Its unparalleled strength and transparency make it 
perfect for these applications, and its conductivity would offers a dramatic increase in 
efficiency on existing materials. 
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