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ABSTRACT  

We have developed a surface discharging measurement system, using Pockels effect. Pockels effect is a kind of 
electro-optic effect. The Pockels effect means that the phase shift of polarized light, which phases through the Pockels device, 
is proportional to applied electric field to the Pockels device. In this measurement system using Pockels effect, when the 
light which is produced by LED or LD propagate in the Pockels device, each of two orthogonal components travels different 
velocities which depend on the refractive index of each component. After the light passing through the Pockels device, a 
phase shift occurs in the light between the two components. This results in an elliptical polarization of the emerging beam. 
The degree of the phase shift and the ellipticity depend on the electric field being applied to the Pockels device. Therefore, 
by observing the distribution of the phase shift of the emerged light from the BSO (Pockels crystal), we can measure the 
electric field distribution in BSO. In our experiments, we apply an sinusoidal wave voltage to a needle electrode on the 
sample put on the BSO cell. When the applied voltage makes a surface discharge on the sample by the applied sinusoidal 
voltage, the charge remained on the sample makes the electric field distribution in the BSO cell. Therefore, by measuring the 
distribution of the phase shift, we can observe the surface discharge pattrn. In this experiment, the atmosphere pressure 
around the sample is controlled in the range from 101 kPa to 11 kPa. From those experimental results, we found the patterns 
on various materials are categorized into two characteristics. Furthermore, we also found that the two characteristics strongly 
depend on the ionization energy of the materials of the samples. 
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Table 1  Samples 

Polymer Thickness [�m] 
Kapton-H 7.5 
Upilex-S 7.5 

PVDF (Polyvinylidene difluoride) 4.5 
ETFE (Ethylene tetrafluoroethylene) 12.5 

Fig. 2. Compact surface discharge meas-urement 

system under low pressure conditions 
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Fig. 1.  Surface electric potential distribu-tion of 

electro-optical measurement system. 
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Fig. 3. Patterns of surface charge distribution. (applied 

positive started sine wave) 
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Table 2

#g χ #i

Table 2 Kapton® Upilex®

5.90 eV 5.36 eV PVDF ETFE
8.69 eV 9.46 eV PI

Kapton®,Upilex®

PVDF,ETFE
 

 
Table 2 Electron affinity, Ionization and Band gap energies 

of Various samples 

Polymer Electron 
affinity [eV] 

Ionization 
energy [eV] 

Band gap 
energy [eV] 

Kapton-H 3.58 5.9 2.32 
Upilex-S 3.34 5.36 2.02 

PVDF -0.53 8.69 9.22 
ETFE 0.86 9.46 8.59 

 
  

Fig. 5

PVDF Kapton®, 
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Fig. 4. Patterns of surface charge distribution.  
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