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  Detailed analysis of a wall potential drop at a 
plasma-facing wall (PFW) is studied for a two-temperature 
electron distribution (TTED). In this study the electrostatic 
potential φ is assumed to decrease monotonically from the 
sheath entrance, where φ = 0, to the plasma-facing wall. 
The electron and ion velocity distribution functions at the 
sheath entrance are Maxwellian and shifted Maxwellian 
distributions, respectively. The shifted ion speed is assumed 
to be the ion sound speed at the sheath entrance, which is 
expressed by using the effective electron temperature Te,eff: 

 
    
cs,TTED = (ZiTe,eff + γiTi ) / mi , (1) 

where mi, Zi and γi are the mass, atomic number and the 
ratio of specific heats of the ions, respectively. The 
effective electron temperature is defined as: 

 
    

nse
Te,eff

=
nec
Tec

+
neh
Teh

, (2) 

where nec, neh and nse are the cold-, hot-electron density 
and the total density at the sheath entrance, respectively, 
and Tec and Teh are the temperatures of the cold and hot 
electron components, respectively. Under this model the 
floating wall potential drop 

  
φw (φw < 0) is determined by 

the condition of equal current density of plasma electrons 
and ions to the PFW: 

 

    

2nec

1+ erf −eφw / Tec

Tec eeφw /Tec

+
2neh

1+ erf −eφw / Teh

Teh

eφw /Teh

= nse{ 2πmeZiTe,eff / mi

+
2 meTi / mi exp[−(ZiTe,eff + γiTi )]

1+ erf (ZiTe,eff + γiTi ) / 2Ti

}

 (3) 

In this study the model is applied to a hydrogen plasma and 
γi = 1.0. 

In order to study the effects of the TTED on the wall 
potential drop, we consider the ion temperature Ti to be 
negligibly small. The density and the temperature of the 
hot electron component give a higher electron current to 
the PFW. Therefore,

  
e φw  becomes larger to limit the 

electron current density, while the ion current density does 
not change. In the case of a much deeper potential drop, 
the electron current due to the cold component becomes 
much smaller and the floating potential is determined by 
the electron current due to the hot component [the 2nd term 
on LHS of Eq. (3)], and the ion current; the effect of 
truncation of the hot-electron velocity distribution is also 

negligibly small. In this case the potential drop φw,1 
becomes: 

  
    

eφw,1
Tec

=
Teh
Tec

ln(
nse
neh

Tec
Teh

2πZime
mi

nse
nec + nehTeh / Tec

) . 

  (4) 
In the case of a lower electron temperature of the hot 
electron component, e.g. Teh/Tec = 3.0, the potential drop is 
as low as around 5. This means the approximation of φw,1 is 
not applicable, where the effect of the cold component is 
neglected. On the other hand, for a higher electron 
temperature of the hot electron component, e.g. Teh/Tec = 
20.0, the potential drop is as high as about 50, where φw is 
in good agreement with the approximate form φw,1.  

In the case of finite ion temperature, the ion current 
density increases and 

  
φw  decreases to balance the 

electron current density. Therefore, 
  
φw  is determined by 

the competition of between the hot electron component and 
the finite ion temperature. These effects are shown in Fig.1 
by the relation between the hot electron component and the 
finite ion temperature, where on the boundary line 

  
φw  is 

equal to that without either of them 
   
φw0 . 

   
    
φw0 ≡ φw(neh = 0,Ti = 0) =

Te
2e

ln
2πZime

mi

⎛

⎝
⎜⎜⎜⎜

⎞

⎠
⎟⎟⎟⎟⎟

.   (5) 

For the hydrogen plasma 
   
e φw0 / Tec  is 2.839. In the case 

that the ion temperature is higher than the boundary value, 
the wall potential drop

  
φw is smaller than 

   
φw0 , because 

the effect of ion temperature is stronger than that of the hot 
electron component. On the other hand, in the case the hot 
component, neh/nse or Teh/Tec, is higher than the boundary 
value, the wall potential drop is larger than 

   
φw0 . For 

example, for neh / nse = 0.03, Teh / Tec = 5.0 and Ti = 0, the 
normalized potential drop increases to 3.727. An ion 
component with a temperature Ti / Tec = 0.628 decreases 
this value to 

   
e φw0 / Tec  = 2.839. In the case of a higher 

hot electron component, neh / nse = 0.1 and Teh / Tec = 10.0, 
the boundary ion temperature is as high as 11.12. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1 The relations between the hot electron component 
and the finite ion temperature, where the 

  
φw  is equal 

to that without either of them 
   
e φw0 / Tec . 
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