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  Long line-shaped plasmas are attractive for use in material processing in manufacturing 
industries, such as flat panel displays (FPDs)1) and surface medication of large-thin films.2,3) In 
this study, we consider a newly proposed method of large-scaled line plasma generation. In this 
method, microwave power in a narrowed and flattened rectangular waveguide is employed to 
produce plasma. Since the width of waveguide is very close to the cutoff condition, the 
wavelength of microwave inside the guide is very much lengthened, providing a condition of 
long uniform line plasma. Microwave plasmas also have an advantage in the high-pressure 
region because high-density line-shaped plasma generation is possible without the use of any 
metal electrodes. We consider this to be useful in generating plasmas in a pressure range from 5 
Torr to atmospheric pressure 

The wavelength of the microwave of frequency 2.45 GHz is restricted to approximately 12 
cm in free space. In rectangular waveguide the fundamental excitation mode is the transverse 
electric field TE10. The wavelength λg of the excited microwave electric field (TE10) inside the 
waveguide is described by  
 
 
 
 
 
where λg is the wavelength in free space, l the width of the waveguide and ε and µ are relative 
permittivity and permeability, respectively. Equation (1) describes the computed λg, of 
microwave propagating in rectangular waveguide as function of the waveguide. At waveguide 
width of 96mm, for the slandered WST-AD, the excited wavelength is about 15.9 cm regardless 
the value of ε. However, as waveguide width decreases one can see λg dramatically increases 
and reaches a very long length (<2000 mm) near the cut-off width. Thus employing a narrower 
wave-guide with appropriate width l 
will enable λg to be extended and 
thus long-uniform line shaped 
plasma can be produced 
   Figure 1 is an illustration of the 
experimental apparatusused in this 
study. A microwave power supply 
(MKN-152-3S, NIHON KOSYUHA 
CO.) was used with a frequency of 
2.45GHz. Microwave power was 
launched from the power supply 
through an isolator and three-stab 
tuner. The waveguides are based on 
the WST-AD standard and the TE10 
mode. The E-corner waveguide was 
connected to a tapered waveguide. A 
narrow rectangular waveguide of 1.0 to 2.0m in length and 5mm in height was examined. The 
width of the waveguide could be varied from 55 to 61 mm. The waveguide has a long slot of 5 
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 1000 to 2000mm 



Measured Wavelength: 
HeI 492 nm 

Helium Gas Pressure: 
5Torr 
Microwave Power: 800W E

m
is

si
on

 in
te

ns
ity

 (a
. u

.)
 

 

Axial distance  z (cm) 

0 

2 

4 

6 

8 

10 

12 

0 20 40 60 80 100 

 
 

mm width on the top surface and the discharge 
tube with rectangular cross-section is immersed 
to generate plasma. Ar and He plasmas were 
attempted to generate by employing an 
extremely long microwave wavelength.  
  The effect of the waveguide width on the 
excited electric field wavelength is shown in 
Fig. 2. The measurements were performed at 
Argon pressure of 5 Torr and microwave power 
of 600W. At waveguide widths between 61.3 
mm, the axial electric field profile (along z axis)  
is uniform over the entire waveguide length and 
thus a long wavelength period is excited. 
However as waveguide width is decreased to 
58.3 mm or 55.3 mm, the field intensity       
dramatically decreases and a periodic structure                      Fig.2 Microwave electric field 
was observed. The field profile at waveguide widths  
of 58.3 mm and 55.3 mm resembles exponential 
decay suggests that both waveguide widths were 
below the cutoff width at these discharge conditions. 

Figure 3 shows a CCD recording of the 100 cm 
line argon plasma dependences of waveguide 
widths. The plasma glow apparently reflects the 
excited field pattern. At waveguide width of 61.3 
mm the line plasma glow was homogenous and 
uniform over the entire 100 cm length. However, as 
waveguide decreased to 60 mm the line plasma was 
uniform for the first 20 cm and shrinks at the far 
end.   

As waveguide width decreased to 58.3 mm  
the plasma glow shows a periodic structure with       Fig.3 Phtographs of line plasma generation 
wavelength 6 cm which fairly reflects the electric 
 field pattern measured at waveguide width 58.3 mm.   
In case of Helium gas (not shown here), the  
uniformity of the produced line plasma had the same  
dependences of waveguide width as in argon plasma.  
 In Fig.4, the result of the optical emission  

spectroscopy measurement is shown, where HeI  
492 nm line intensity is plotted for the axial distance. 
 It is clearly seen that the uniform plasma is produced  
in the entire region of 1 m line. Thus we conclude that  
the present method of plasma production is quite  
advantageous for large area processing. 

 
 
 
 
                                                                                                    Fig.4 Uniformity of line plasma 
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