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Abstract. 105/140Ghz dual frequency gyrotron is used in KSTAR tokamak for an electron cyclotron 
resonance heating (ECRH). The ECH launcher consists of a fixed mirror, a steering mirror, cooling systems 
and some mechanical component for a steering mirror. We have designed the fixed ellipsoidal focusing 
mirror for an efficient heating and localized control. The beam radius using the existing ECH launcher 
system is about 45 mm at the resonance layer. On the other hand, the modified launcher mirror reduces the 
beam size at the resonance layer for incident RF beam to 38 mm. The design results showed good 
agreement compared with the computation and simulation results. Since the distance between the corrugated 
waveguide and the fixed focusing mirror is fixed, it is difficult to more reduce the beam size. However, 
reduced beam size is small enough to localize MHD control and heating. 

1 Introduction  
A gyrotron is a high powered linear beam vacuum 

tube and has emerged as an excellent radio frequency 
(RF) source, which is commonly used for plasma heating, 
current drive of fusion devices, dynamic nuclear 
polarization (DNP), nuclear magnetic resonance (NMR), 
and so on [21-25]. Electron cyclotron heating (ECH) and 
electron cyclotron current drive (ECCD) launcher system 
has installed on the KSTAR tokamak. An ECH/ECCD 
system is required for localized plasma heating, plasma 
startup for large superconducting tokamak device, pre-
ionization for low voltage startup, non-inductive current 
drive, and discharge cleaning of a vacuum vessel [1-3]. 
Recently, ECH/ECCD system is used in MHD instability 
modes control such as suppression of neoclassical 
tearing mode (NTM), control of sawtooth and internal 
transport barriers for high-performance and stability of 
the plasma [4-6]. One of advantage of ECH/ECCD 
system is localizing the deposited power. In order to 
increase efficient plasma heating and localized 
absorption of the RF power, we modified a flat fixed 
mirror to an elliptical mirror and designed the elliptical 
mirror. 

 

 
Fig. 1 Schematic of the ECH system with transmission line(red 
line) on KSTAR 

 

 
Fig. 2 Fixed mirror and steering mirror of ECH launcher for 
KSTAR 

2 Launcher for KSTAR ECH system 
Electron cyclotron heating (ECH) and electron 

cyclotron current drive (ECCD) launcher system has 
installed on the KSTAR tokamak to inject the high 
power, high frequency RF beam from transmission line 
system. 1MW/300s/105/140Ghz dual frequency gyrotron 
is used in KSTAR tokamak for an electron cyclotron 
resonance heating (ECRH).  

 

 
Fig. 3 Calculation (left side) and simulation result (right side) 
of  ECH launcher  using both of  flat mirror 
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Fig. 4 Drawing of the ECH launcher system for simulation 

The gyrotron system is connected to transmission 
line system. A transmission line system of ECH system 
of KSTAR tokamak consist of several miter bend (M/B), 
a matching optic unit (MOU) and a hundred meters of 
evacuated corrugated waveguide (W/G) as shown in 
Fig.1. The high power, high frequency RF beam 
generated by the Gyrotron is transmitted by the HE11 
corrugated waveguide to the launcher. The corrugated 
waveguide radiates the Gaussian-like RF beam with its 
beam waist situated at the waveguide output. Radiated 
RF beam from corrugated waveguide spreads quickly in 
free space and the beam is reflected by two mirrors. 
Fig.2 shows the ECH launcher of KSTAR. Both of two 
mirrors of the launcher has flat surface. KSTAR is a 
medium size tokamak with a major radius of 1.8 m and a 
minor radius of 0.5 m. The distance of the resonance 
layer from the launcher is about 1 m. Fig.3 shows the 
calculation result using the quasi-optical Gaussian theory 
and simulation result, respecrively. The beam radius is 
about 45 mm at the resonance layer because of two flat 
mirrors. As shown fig. 4, the distance is about 47mm 
from the corrugated waveguide to the fixed mirror and 
the distance is about 156 mm from the fixed mirror to 
the steering mirror. The traveling distance of the 
reflected beam by the steering mirror is about 1000 mm. 
In order to increase efficient plasma heating and 
localized absorption of the RF power, we modified a flat 
fixed mirror to an elliptical. 

Fig. 5 Gaussian beam width  zw  as a function of the

distance z from the axis of propagation with beam waist( 0w ),

Rayleigh range( rz ), depth of focus ( b ) and far-field

divergence angle ( 0 ).

3 Basic principle of mirror design 
As mentioned above, output beam of gyroton is 

transmitted in HE11 mode. Gaussian beams diverge in 
the axis of propagation direction as shown in Fig. 5, and 
in the paraxial limit the beam radius as a function of 
position along the direction is defined as [8, 9] .  
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where, 0w  is the beam waist radius. In Eq. (1), the 

quantity 


 2
0w is called the confocal distance ( cz ) or 

Rayleigh range(distance from the beam waist on the axis 
of the propagation where the beam radius is increased by 
a factor of 2 ). From the axis of propagation, the 
power density  zrP , of the Gaussian beam is given by
[10].  
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Here, 0P is the maximum power density at 0r and 
 zw is the beam radius. The total power is proportional

to the power integrated over the area of the beam passing 
any perpendicular plane on the axis of the propagation.  

Fig. 6 Geometry of ellipsoidal reflector. F1 and F2 are the 
focal points of the ellipse, and R1 and R2 are the distances 
from the point P on the surface to the focal points [7]. 

EPJ Web of Conferences 157, 03022 (2017) DOI: 10.1051/epjconf/201715703022
22 Topical Conference on Radio-Frequency Power in Plasmas

2



The total power is irrelevant to the axis of the 
propagation in lossless space and expressed as 
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Substituting Eq. (3) into Eq. (2), the power density 
of the Gaussian beam can be written as  
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 The Gaussian-like beam radiated by corrugated 
waveguide is converged by the focusing mirror. In order 
to focus the incident beam with some angle, the focusing 
mirror should be ellipsoidal surface. The ellipsoidal 
model is rotationally symmetric about its major axis, 
which as shown in Fig.6. The equation of the ellipsoid 
surface is : 
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Fig. 7 Ellipsoidal surface and a part of the ellipsoidal 
surface (focusing mirror)  

4 Result and conclusion 
A new quasi-optical launcher has been modified and 

designed for KSTAR ECH system.  

Fig. 8 Beam radius along the propagation trajectory 

Fig.7 shows the new designed fixed mirror for ECH 
launcher system. The beam radius along the propagation 
path is shown in Fig. 8. As shown in this result, the 
focusing mirror is located at 47 mm away from the 
corrugated waveguide output and the beam radius is 
about 38 mm at the resonance layer (about 1200mm). 
Fig. 8 shows  that the beam size is smaller at the 
resonant layer compared  to the reults in Fig. 3. Fig. 9 is 
the Surf 3D code result which is commercial code and 
shows the beam path trajectory result from the 
waveguide output to the resonance layer. In this result, 
the beam radius is also about 39 mm at the resonance 
layer. This result also shows that the beam size is 
reduced at the resonant layer compared  to the reults in 
Fig. 3. It is small enough to localize MHD control and 
heating. Actually, the beam size can be further reduced 
by using a focusing mirror and it is one of ways to use 
ECH more effectively. However, since the distance 
between the corrugated waveguide and the fixed 
focusing mirror is fixed, it is difficult to more reduce the 
beam size. In order to more reduce the beam size at the 
resonant layer, the structure of the launcher have to 
changed. Since changing the structure of  the launcher is 
out of scope of  this research, it will be deal with in the 
future research. 
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