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Graphene, a single or few layers of carbon atoms placed in a hexagonal lattice, has been one of the 
more important materials for nanoelectronics due to its excellent electrical characteristics [1]. 
According to theoretical calculations, the properties strongly depend on the number of carbon atom 
layers and the presence of defects [2-3]. However the method to characterize graphene structure and 
layer stacking has not been well established. In order to identify the layer structure of graphene, 
diffraction patterns with different numbers of layers and/or different stacking sequences were obtained 
using JEMS simulation and compared with experimentally observed diffraction patterns [4]. For 
gathered information on an in-layer atomic structure, simulated HRTEM images of graphene are also 
compared with experimentally acquired images. 
 
In order to produce a suspended graphene layer, a micromechanical cleavage method was adopted. 
Natural graphite and highly ordered pyrolytic graphite (HOPG) were stamped on to a meshed Cu grid 
pasted with an adhesive layer. HRTEM and diffraction pattern analyses were carried out in a JEOL 
2100F TEM/STEM.  
 
The intensity ratio of diffraction spots from {11-20} to those from {1-100} varied depending on the 
number of stacking layers. Simulation results revealed that graphenes with even number of stacking 
layers like AB, ABAB, etc showed a constant intensity ratio of 1.78. On the other hand, graphenes 
with odd number of layers such as A, ABA, etc  showed varying intensity ratios that increased with 
the number of layers. When there is only one layer, the intensity of the {1-100} is stronger than that 
of the {11-20}. But as the number of layers increases, the intensity ratio increases; approaching the 
value of 1.78, the same as that for graphene with an even number of layers (Fig. 1). By analyzing 
experimentally observed diffraction patterns, we could distinguish single layer graphene from multi-
layer graphene as shown in Fig. 2. It should be noted that a three-layer graphene with a stacking 
sequence of ABC, {1-100} diffraction spots disappear and double layer with AA stacking has the 
same intensity as that of a single layer.  However, these stacking sequences are known to be 
unfavorable.   
 
HRTEM images were obtained from a monolayer graphene sample, confirmed by the diffraction 
pattern as described above (Fig. 3). The center of the hexagon appears as one unit in the image, 
although six carbon atoms should be located at each corner of the hexagon. In order to confirm the 
experimental image, HRTEM images with different defocus values ranging from -50nm to -10nm 
were simulated. The simulated HRTEM image with the Scherzer defocus condition of -45nm  showed 
tendencies similar to those of the experimental image [5].        
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Fig. 1. Intensity ratio variation of {11-20} and {1-100} spots for graphenes depending on number of 
layers. Stacking sequence of graphene layers with ABAB… was used for this calculation.  
 
 
                                                                 
 
 
 
 
 
                                               
 
 

     
Fig. 2. A simulated diffraction pattern of graphene stacking ABC (left), and diffraction patterns of 
monolayer and multi layer graphene (middle and right).  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. HRTEM image, Inverse Fourier transformed image, and simulated HRTEM image of 
monolayer graphene are shown from left to right (Conditions: Cs = 0.5 mm, and V = 200 keV). 

  

  

  

  

single (11-20) ABC 
  

  

multi 

Δf = -45 nm 

Microsc Microanal 15(Suppl 2), 2009 1169

https://doi.org/10.1017/S1431927609098808 Published online by Cambridge University Press

https://doi.org/10.1017/S1431927609098808



