Large Scale CW ECRH Systems: Meeting a Challenge
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Heating of plasmas towards thermonuclear fusion temperatures and steady state discharge control is a major challenge in next step devices. Electron Cyclotron Resonance Heating (ECRH) provides a large flexibility and complies with various physics demands such as controlled plasma start-up from the neutral gas, steady state plasma stability control, and performance optimization by plasma profile shaping. The narrow localized power deposition, the technological advantage of remote wave launching and beam control, and, last not least, the good theoretical understanding of the wave-particle interaction physics assigns a key role to ECRH. Both, the W7-X Stellarator and the ITER Tokamak will therefore be equipped with powerful CW-Systems, which are similar in frequency (140 GHz, 10 MW, 1800 s for W7-X and 170 GHz, 24 MW, 1000 s for ITER). Localized CD is a key feature for the control of both, the MHD-instabilities in Tokamaks and the magnetic configuration in Stellarators. 


The request for many different sophisticated applications, -some of them are vital for steady state plasma control-, and the increasing power demand results in a growing complexity of the systems. This is in conflict with the request for high availability, reliability, maintainability, and robustness, which arises from DEMO demands. ‘Advanced’ ECRH-components must therefore comply with both the complex physics demands and operational robustness and reliability.


The W7-X ECRH system is the first CW-facility of an ITER relevant size [1] and is extensively used as a test bed for new components. The development of refined technological solutions such as fast high power beam switches, power combiners [2] and holographic mirrors aims at improving the efficiency for MHD-control techniques, making more efficient use of the installed power, reducing the effort for power upgrades, and sharing common antennas for ECRH and ECE-diagnostics. A prototype of a fast directional switch/combiner was integrated in the transmission system of the W7-X ECRH installation and recent high power results are presented. In view of DEMO remote steering launchers may experience a revival, because front steering launchers with their delicate steering mechanisms facing the burning plasma may not be acceptable. Improved concepts for remote steering are thus being investigated for the 1 MW, CW, high field-side launch at W7-X and the conceptual design is presented. 
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