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1. Introduction 
Today, semiconducting nanostructures are under extensive investigation, since they have an 
exceptional importance for application in optoelectronics, solar energy conversion and etc. [1]. The 

development of these technologies is closely connected with the miniaturization of sample size. In 

particular, in case of semiconducting layers the thickness is a critical parameter. In thin layers 

some physical characteristics of the material dominate which should not be of high importance. 

Consequently, the surface characteristics are very important in revealing the physical properties of 

nanostructures. A NT-MDT Solver AFM microscope was used to investigate the surface properties 
of carbon layers grown by Chemical Vapor Deposition (CVD) method [2]. Using Atomic Force 

Microscopy , surface topological images of  carbon nanostructured  films are obtained. Surface 

potential with Kelvin probe method are measured for the same samples. The microscope was used 
in semi-contacting mode which enabled to measure the surface potential of a sample along with 

topological characterization.  
 

2. Method Description 
As it is mentioned in Abstract, semi-contacting mode was used in this study. It enables one to 

register the surface potential distribution over the surface of a layer with sufficient accuracy, which 

is of a key importance in investigation of complicated surface (interface). A very important 
characteristics of nanostructures is so called work function, which is the minimum thermodynamic 

work which is needed to remove an electron from the layer surface to “reasonable far” distance. 

Here “reasonable far” means that the final position of the electron is far from the layer surface by 
atomic size but the electron is under the influence of the electric field formed in vacuum. The latter 

is described in the following way [3]: 

        , 
where e is the electron charge, φ is the potential of electric field in the vacuum near the surface and 

   is Fermi energy: By Kelvin probe method the difference of work function is measured. 
This method is based on registration of electric field (gradient of potential) between the sample 

under study and the material with known characteristics used as a microscope probe, which in turn 

with normalization yields the voltage between the probe and the sample. In Fig. 1 the 
corresponding energy diagram is shown.  

 
 

Fig. 1. Energy diagram of the measurement by Kelvin method. 
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Thus, measuring the voltage we can calculate the difference between the sample and the probe by 

the following formula: 

           . 

Though only the difference between the work functions is measured by Kelvin method, it enables 

to calculate the work function of a sample, knowing the corresponding parameters of the probe 
material. 

Measured in this work along with the surface topology, the surface potential     is measured by 

AFM, which gives an opportunity to consider the change in surface potential during surface 
formation case of CVD.  
 

3. Measurements and numerical analysis 
Among nanostructured diamond like carbon (DLC) layers, layers obtained by CVD method are of 

special importance due to their exceptional physical and chemical properties.  Investigated in this 

work DLC layers, the process of their formation and fractural regularities are discussed in [4], are 

obtained by CVD method with the use of ion and magnetron sources. The surface potential at 

different stages of layer deposition is also important to study. In Fig. 2 the topology of the surface 

of DLC layers obtained for different deposition time of 20; 30; 40 minutes are shown.  
 

 

 
Fig. 2. The topology of the surface of DLC layers obtained for different deposition time 

of 20; 30; 40 minutes. 
 

As can be noted from Fig. 2 during CVD formation of DLC layer isles of thin (about 0.34 nm 

thick) are formed, which expand with deposition duration and finally spread all over the sample 
surface. Now let us to compare these images with corresponding surface potential measured by 

Kelvin probe method [5-7] (Fig. 3). 

 
Fig. 3.The surface potential of DLC layers obtained for different deposition time 

of 20; 30; 40 minutes. 
 

As it is seen from Fig. 3, with the expansion of thin layer the module of surface potential increases 

remaining negative though (correspondingly -140mV; -165mV; -250mV, the last in case when the 

surface is almost wholly covered by atomically thin layer), which in turn, means that the layer 
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formed at the surface is a potential well for the whole layer. Actually, at the surface of DLC 

studied in this work, an atomically thick layer is formed the potential of differs from that of the rest 
of the layer and can affect the surface properties of the layer. 
 

3. Conclusion 

Kelvin probe method, which is based on measuring of work function of corresponding surface, is 
perspective method for investigation nanostructured films surface potential and other surface 

properties. During deposition process on surface of CVD DLC films surface as upper layer atomic 

layers are forming. Formed on film surface layers directly affect on surface potential of film and 
are Potential wells compared with the whole film. 
 

References 
1. H. Mariguchi, H. Ohara, M. Tsujioka. SEI Technical Review, 52 (2013). 

2. Zh. Panosyan, A. Gharibyan, A. Sargsyan, et al. Proceedings of SPIE, Nanophotonic 
Materials VII, edited by Stefano Cabrini, Taleb Mokari, vkm 7755, p. 77550Q1, (2010).  

3. Ch. Kittel. Introduction to Solid State Physics (7th ed.). Wiley.  

4. N. Margaryan, Zh. Panosyan, A. Mailyan, S. Voskanyan. Nanotech France 2016, Book of 
Abstracts, p. 153. 

5. L. Yan, Ch. Punckt. et al. AIP Conf. Proc. 1399, 819 (2011). 

6. O.Kazakowa, V. Panchel, T. L Burnett. Crystals, 3, 191 (2013). 
7. C. Barth, T.  Hynninen, et al. New Journal of Physics, 12, 093024 (2010). 

  

 

  


