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Extensive study results of the H-mode plasmas in fusion plasma research of the 

toroidal devices enabled to design the current ITER and the expected confinement time of the 

ITER based on the H-mode scaling may be adequate to achieve the goal. While the required 

confinement time may not be an issue, sophisticated control systems, such as in-vessel 

control coils and massive RF systems, are required to control the harmful instabilities (i.e., 

NTM and ELM crashes) in ITER. These delicate control systems may be an issue in devices 

beyond the ITER such as DEMO. While the efforts to find a new way that can control these 

instabilities with a smart tool are the integral part of the KSTAR research, exploration of an 

alternative operating regime that may be compatible to DEMO is also pursued in KSTAR. 

In KSTAR, a new operating regime that can avoid the most harmful instabilities has 

been explored while maintaining the global confinement comparable or better compared to 

that of the H-mode. Since the harmful instabilities are largely driven by either high edge 

pedestal (ELM crashes) or free energy at a rational surface (NTM). One path that can avoid 

the ELM instability is to utilize the core enhanced confinement such as ITB mode, which has 

a high core confinement and low edge pedestal such as in QH mode or no pedestal as in 

L-mode edge. For NTM instability, if removal of the rational surface (q=2) inside the plasma 

is not feasible, it could be placed near the edge where the free energy is low. In this paper, a 

scenario of combining the ITB mode with the stable low edge q discharges in KSTAR will be 

discussed. Here, the stability boundary of the new regime and a path to optimize the ITB 

boundary for optimum bootstrap current will be explored. The required control tools for the 

remaining instabilities like sawtooth and 3/2 mode are also addressed. This will include 

control of the sawtooth crash time scale and size of the q=1 surface which can be used for 

particle exhaust and confinement control. This work is supported by the NRF of Korea under 

Contract No. NRF-2014M1A7A1A03029881 and NRF-2014M1A7A1A03029865. 
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