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On TST-2 [1], non-inductive plasma current (Ip) 

start-up by the lower hybrid wave (LHW) at 200 

MHz is being investigated. Presently two 

capacitively-coupled combline (CCC) antennas 

located on the outboard midplane (outboard-launch 

antenna) and the top of the plasma (top-launch 

antenna) are used (FIG. 1). The CCC antennas can 

excite a traveling LHW with a sharp wavenumber 

spectrum and high directionality. In order to 

increase the driven Ip beyond the previous level of 

16 kA, the position of the antenna side limiters was 

adjusted to reduce the density in front of the 

antenna, and the toroidal magnetic field Bt was 

increased by about 30%. Furthermore, additional 

limiters were installed on the top and the bottom of 

the plasma to control wave propagation and 

dissipation in the scrape-off layer (SOL), and 

further wall and antenna conditioning was 

performed. As a result, the LHW-driven Ip was 

increased up to 25 kA (FIG. 2). 

 

FIG. 1. Photographs of the outboard-launch (left) and 
the top -launch (right) antennas. 

According to ray-tracing/Fokker-Planck analysis 

using GENRAY/CQL3D, the current drive 

efficiency can be improved substantially by 

launching the LHW from the top of the plasma. 

Top-launching is advantageous because (1) the rays 

tend to propagate towards the plasma center even in 

high density plasmas, (2) the rays experience a 

large up-shift in the parallel index of refraction n|| 

during propagation, which improves wave 

accessibility to the core and strong damping in the 

core, and (3) the loss of wave power in the SOL 

plasma is avoided because the wave power is 

absorbed before the rays reach the SOL. The new 

top-launch antenna was installed on TST-2 in 

March 2016. Preliminary experiments demonstrated 

that Ip of 12 kA can be sustained using the 

top-launch antenna alone [2], but the discharge was 

quite sensitive to the plasma size and position, 

especially during the initial start-up phase. In order 

to overcome such a difficulty, both antennas are 

used. Simultaneous launching of the LHW (60 kW 

and 50 kW from the outboard-launch and 

top-launch antennas) has demonstrated that Ip of 21 

kA can sustained. 
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FIG. 2. Waveforms of (a) Bt, (b) net RF (LH and EC) 
powers PRF, (c) Ip, (d) loop voltage VL, (e) 

line-average density ne, (f) and (g) electron density 
and temperature profiles measured by Thomson 
scattering at 55 ms. 
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