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Lower Hybrid Current Drive is well recognized as a promising technique required for steady-state operation and for controlling the

plasma performance in terms of confinement and stability. For these reasons, it is extensively used in the existing tokamak or in new

projects: EAST, CMOD, FTU, HT-7, JET, JT60-U, NCT, (JT60-SA), KSTAR, Tore Supra, SST1...

This paper reports the possible options together with achieved technological progress for designing the whole ITER system, including

antennae, transmission lines and klystrons.

Three antenna concepts are generally used: i) classical antenna with waveguides fed independently; ii) multijunction; iii) Passive Active

Multijunction (PAM).

Due to the foreseen LH power in ITER (several tens of MW), the total waveguide number will be in the thousand ranges, thus design

using multijunction eases the antenna manufacture. Furthermore, main difficulties for the ITER launcher are the power coupling and

the withstanding of high heat flux ~1 MW/m2 (RF losses, plasma radiating power, neutron attenuation). For these reasons, the actively

water cooled PAM concept has been intensively studied. A PAM prototype has been successfully tested on FTU. Excellent coupling

properties have been confirmed over a wide density range expected for ITER, including the cut off density range. The technology

required for the ITER environment will be tested on the Tore Supra PAM launcher in 2008 (extending the pulse duration to 1000s with

actively water cooling). Also, a complete PAM blue print for JET - resulting from a significant effort of many European laboratories

coordinated by the Euratom-CEA association - has been proposed by the beginning of 2005. In this project, scientific and technical

evaluation on a wide variety of aspect have been included: coupling, thermo mechanical, thermal, disruption induced stresses,

technological choices, diagnostics, testing techniques, vacuum techniques, as well as costing and schedule.

The transmission line design choice, depending on the distance between the antenna and the transmitter and on the frequency, has been

studied. For low distance and low frequency, standard rectangular waveguides can be used, the aim being to keep RF losses smaller

than 10% of the total power. In the other case, circular oversized waveguides propagating the TE01 mode have been considered in the

present ITER design.

In the existing Tore Supra LHCD system, Thales TH 2103 klystrons are used as RF generators. At 3.7 GHz, these tubes can deliver 500

kW CW on 1.4 VSWR. Improved 700 kW CW tube are being developed for Tore Supra. At 5 GHz, a 500 kW CW klystron is

developed by Toshiba for KSTAR project.

Finally, some expected difficulties are discussed together with some possible solutions, namely the manufacturing (choice of material,

brazing...) and RF window design to withstand RF power in ITER. 

At this present stage, a lot of studies, mock up realisation and testing are still urgently needed on many components of the system:

tubes, RF windows, antenna assembling technology, and transmission line components to ascertain the reliability of a LH system in the

harsh environment of ITER.
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