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Instruments: Environment control AFM AFM5300E   

There are many needs for evaluation of the work function or the Fermi level especially for interface control related researches and for electronic materials and 
chemical reactions with electron emissions. Two methods are used for the work function evaluation – ultraviolet photoelectron spectroscopy (UPS) in a high 
vacuum and the Kelvin force microscopy (KFM) of the AFM in air. There may be differences in the results of UPS and KFM even though the work function of the 
same sample was evaluated. The measurement method differences were thought to be the main reason. 
 As a KFM evaluation can be performed in air as well as in a vacuum with our environment control AFM, influence on the work function measurement caused 
by the environment (air/vacuum) can be investigated too. In this data sheet, the influence of the environment is examined for a metallic Pt sample with known 
work function (5.65 eV) and a Nb-doped SrTiO3 sample1) (4.2 eV) measured with KFM in air and in a vacuum. 

Introduction 

Figure 1: KFM measurement in air and in a vacuum of  a metallic Pt sample and a Nb-doped SrTiO3 sample by the environment control AFM AFM5300E 

1) The Nb-doped SrTiO3 is a perovskite-type oxide. It is used as a substrate for ferroelectric and superconductor thin films and has n-type semiconducting properties. 

The data of the KFM measurement in air and in vacuum at 10-4 Pa are shown in figure 1. Furthermore, the average surface potential is listed below the histogram. 
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Figure 2: The theoretical value and the experimental work functions (Fermi level) in air and in a vacuum of the Pt sample and the Nb-doped SrTiO3 sample 

Figure 2 shows the theoretical value and the experimental work functions (Fermi level) of the KFM measurement in air and in a vacuum (figure 1) of the Pt 
sample and the Nb-doped SrTiO3 with the electron energy band structure. The theoretical Fermi level difference between the Pt and the Nb-doped SrTiO3 is   
1.45 eV. However, the experimental value of KFM in air is 1.17 eV and of KFM in a vacuum is 1.55 eV, which means that the value of the measurement in a 
vacuum is closer to the theoretical value. Components of atmospheric gas including adsorptive water covering the sample surface and the probe and humidity 
are considered to have an influence on the surface potential measurement. 
 Furthermore, this data sheet presents an application example with a work function difference between the samples being larger in a vacuum than in air. 
However, it is thought that the work function between two samples in a vacuum can also become smaller due to changes of the surface charge double layer or 
the electric dipole of the surface adsorbed species caused by environmental changes such as air/vacuum.  
(Acknowledgement) Pt sample and SrTiO3 sample courtesy: Miyayama Laboratory of the Graduate School of Engineering at The University of Tokyo. 

Analysis Results 
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