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Introduction and Objective 

  In an atmospheric breakdown by a high-power 

millimeter-wave (MMW), an exposed picture of the 

plasma shows a filamentary line formation at a certain 

high power density beam condition (Fig.1). In previous 

studies the plasma was taken by a fast-framing camera, 

and the filamentary structure was formed by a 

propagation of many small particles of plasma
1
.  

  In this study, atmospheric MMW breakdowns in 

some different conditions were generated, their images 

were taken by a fast-framing camera, and a numerical 

simulation was conducted, in order to investigate how 

and by what the filamentary plasma is formed.  
 

 
Fig.1  An exposed image of a filamentary plasma 

 
Experimental approach of the filamentary plasma 
  A 170 GHz gyrotron was applied to generate a MMW 

plasma in atmospheric air at 570 kW using a focusing 

mirror. The beam waist diameter was 40 mm and the 

beam profile was converted from Gaussian into flat-top 

and ring shape using a pair of phase correcting mirrors. 

As a result, the granular plasma ionized at the powered 

area, and its propagation was dependent on the local 

power density distribution (Fig.2).  
 

 
Fig.2  Images taken by a fast-framing camera 

(framing rate: 30 kfps, exposure time: 1.0 s,  

left: Gaussian, center: flat-top from a side view,  

right: ring from a oblique view) 

2-dimensional numerical approach 

  Several previous researches showed a field-parallel 

filamentary plasma at a higher power density in smaller 

area, and some numerical simulations were successfully 

applied to this kind of studies
2
. Therefore, a numerical 

approach by 2-dimensional symmetric FDTD method 

(Mur’s 1st absorption boundary) combined with plasma 

fluid equation (1st extrapolation boundary) was 

conducted to simulate the experimental results (Fig.3). 

As a result, the steadily formed propagation of granular 

plasmas was obtained in H-plane (Fig.4). Granular 

ionization was generated by the interference of incident 

and reflected waves just forward to the plasma.  

 
Fig.3  Calculation condition (grid space: s = /170) 

 

 
Fig.3  Calculation result of integrated traces in H-plane 
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