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Synthesis of reflection gratings for advanced plasma heating scenarios 
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When heating fusion plasmas at higher harmonics 

of the electron cyclotron frequency, the absorption 

efficiency can be reduced. This leads to a significant 

transmitted beam power hitting the wall at the high 

field side (HFS). 

To protect the wall and to use the remaining pow-

er, one method is to place a specialized reflector at the 

HFS, which directs the beam back into the plasma for 

a second heating pass [1]. The reflector needs to con-

form to the tiles at the HFS, which are often non-

planar. The direction of the reflected beam is chosen 

such that the absorption of the second heating pass is 

maximized and the wall area at the LFS, which is hit 

after the second pass, contains no sensitive compo-

nents. Additional requirements are a refocusing of the 

beam and polarization independence of the reflection 

characteristics. All these conditions can only be ful-

filled with a grating. The design process involves the 

decomposition of the 3D field problem into a series of 

2D reflections of plane waves. After the 2D gratings 

are optimized, the final 3D grating is synthesized. 

In earlier works [1], [2] a code for the optimiza-

tion of such gratings was already developed and sev-

eral tiles were successfully designed. This code was 

modernized and a number of new features were add-

ed.  

The incident and reflected beams are defined in 

terms of astigmatic Gaussian beam parameters and the 

orientations of the beam axes. Together with the basic 

shape of the reflector (e.g. saddle-type for the HFS of 

a tokamak) local k-vectors kin and kout can be calcu-

lated for every point on the mirror. This 3D problem 

can now be described by an ordinary reflection paral-

lel to the groove and the diffraction of a plane wave at 

an infinite grating perpendicular to the groove.  
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Fig. 1. Groove layout (lines) and optimization points (dots) 

for the 2D profiles 

The only parameters describing the 2D diffraction 

are the beam angles Θin and Θout and the diffraction 

order n. Since the direction of the grooves can be cal-

culated from kin, kout and the normal vector, the whole 

groove layout can be obtained by a simple Runge 

Kutta integration of the grating vectors. Along the 

grooves, we define the points, for which a 2D profile 

will be optimized (see Fig. 1).   

The goal of the optimization is to maximize the 

reflected power in the desired order for both polariza-

tions and to minimize the phase shift between the po-

larizations. The minimum phase shift is necessary to 

preserve an incident elliptical polarization, which is 

required for current-drive scenarios.  

The profile of a single groove is described by 

Fourier coefficients, where the maximum order can be 

obtained with the sampling theorem from the ratio of 

the groove period to the wavelength.  
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Fig. 2. Optimized 2D profiles for different combinations of 

Θin and Θout  

 

Fig. 2 shows optimized 2D profiles for different 

combinations of Θin and Θout. The grooves are shifted 

such, that the highest points are at the interval bound-

aries. This ensures a smooth transition between adja-

cent grooves. 

The final 3D grating is then synthesized by inter-

polation, Fig. 3 shows the scheme. The cross is the 

point (x,y), for which the local z-coordinate is calcu-

lated. The first step is to identify the groove. Then, the 

mirror coordinates are transformed into groove local 

coordinates (u,v). The Fourier coefficients are then 

obtained from the nearest optimized profiles by a 

simple 1D interpolation in the direction of the v-

coordinate.  

Fig. 4 shows the final interpolated grating of a re-

flector, which was designed for the ECRH-2 system 

of ASDEX-Upgrade [3]. It resembles the groove lay-

out from Fig. 1 and shows also the saddle type shape 

of the reflector. The reflector was manufactured from 
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a graphite blank using an NC milling machine (See 

Fig. 5).  
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Fig. 3. Interpolation scheme for the final 3D grating. Note 

that in general the groove width is not constant 

 

Fig. 4. Interpolated grating 

 

 
Fig. 5. Reflector in the milling machine 

 

For an experimental characterization the reflector 

was mounted on a goniometer and illuminated by a 

horn antenna with a Gaussian beam. The reflected 

field was measured with an x-y scanner and a vector 

network analyzer. The measured intensity and phase 

are shown in Figs. 6 and 7. One can see a nicely fo-

cused beam and an astigmatic phase similar to the 

design value.  

The reflector was coated with a thin tungsten lay-

er (13–15 µm) to conform to the ASDEX-Upgrade 

requirements and is already installed in the tokamak. 

High power tests will be performed during the next 

experimental campaign. 

 
Fig. 6. Measured intensity for horizontal polarization 

 
Fig. 7. Measured phase for horizontal polarization 
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