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 Two poloidal and toroidal arrays of Mirnov coil (MC), one of magnetic diagnostics (MDs), 

are proposed to measure magnetic fluctuations at edge region during a plasma discharge in the 

Korea Superconducting Tokamak Advanced Research (KSTAR) machine, which are required 

for the study on the MHD phenomena in the KSTAR plasmas. The poloidal and toroidal arrays 

consist of 22 (26) and 20 coils, respectively. Considerable progress has been done in research 

and development activities for the KSTAR MCs before their installations in the KSTAR 

machine [1,2]. Initial measurements of magnetic fluctuations were carried out by using MCs 

installed on the inboard limiter inside the KSTAR vacuum vessel (VV) during the 

experimental campaign of 2009 in the KSTAR machine. Two partial poloidal arrays of MC 

are located at two different toroidal positions (toroidal angles are 163.2 ° and 258.8 °) and each 

array consists of four MCs in the measurements as shown in Fig. 1.  

 

Figure 1. Mirnov coils during the experimental campaign of 
2009 in the KSTAR machine.  
 

The MC was fabricated by winding a bare 

copper wire (2 × 3 mm2) on a grooved ceramic 

block (see Fig. 2(a).). Spiral grooves were 

prepared on the ceramic block surface for the 

accurate winding (two layers) and the uniformity 

of the coil winding. The number of turns was 7 in 

both winding layers, and the effective area of the 

MC was calibrated as about 9.0 × 10-3 m2. Figure 

2(b) shows the experimental result of the 

frequency response of the MC connected to a 

short signal line. From the investigation, it was 

observed that the frequency response of the MC, 

which was connected to the signal cable of 100 m, was linear up to 100 kHz (-3dB) although 

the MC itself has a linear response up to 2 MHz in the measurement before the installation of 

the MC in the KSTAR machine. Inside the KSTAR VV, a twisted pair of two 1/16 ″ MgO 
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coaxial cables with a length of about 5 m was used for the signal line from MC to the vacuum 

feedthrough. A signal cable (model 9841 @ Belden) with the length of about 80 m was used 

from the feethrough at the KSTAR machine to the data acquisition system.   

 

Figure 2. (a) A fabricated KSTAR 
MC. A ceramic cover on the MC is 
used to protect the surface of MC 
from coating during a plasma 
discharge, which causes the electric 
contact between two adjacent 
windings, and (b) the experimental 
investigation of the frequency 
responses of the MC connected to the 
signal cable of 5 m. 

 

During the experimental 

campaign of 2009 in the KSTAR machine, circular plasmas (R0 ∼ 1.8 m, a0 ∼ 0.5 m) were 

produced through the electron cyclotron heating (ECH) pre-ionization and assisted start-up 

under the toroidal magnetic field of about 2.036 T. The second harmonics of the 110 GHz 

electron cyclotron (EC) wave with the rf power of 250 kW was used for the plasma production 

and heating, and the EC wave was activated during about 3 s. Maximum values of plasma 

current and the discharge duration were up to 330 kA and 4 s, respectively. Figure 3 (a) shows 

time evolutions of the ECH power, the plasma current and signals from some diagnostics such 

as MC, mm-wave interferometer (MMWI) and electron cyclotron emission (ECE).  

 

Figure 3. (a) ECH 
power, plasma current, 
magnetic fluctuation, 
line density and 
electron temperature 
during a plasma shot 
(#2265), and (b) the 
wavelet spectrum of 
the MC signal, 
together with the EFIT 
reconstructions (from 
Dr. Jeon) and fast 
camera data showing 
plasma columns at 
three different times. 
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0.5 ∼ 3 kHz in the MC signal is observed at 0.8 ∼ 1.9 s as shown in Fig. 3(b). The fluctuation 

disappeared during the radial movement of plasma column toward to the outboard. The 

fluctuations with same frequency range were also observed from the wavelet spectra of other 

diagnostic data such as the MMWI, the ECE and a Langmuir probe.  

Figure 4 shows signals from the two partial poloidal arrays of MC. The frequency, 

amplitude, and mode number of the MHD were simply estimated from the smoothed 

cross-power spectrum 

of MC signals in a time 

region of 1.8 ∼ 1.964 s 

by using the spectral 

analysis method [3,4].    

 

Figure 4. MC signals from 
(a) MC1P10 (MC1P11) and 
MC2P10 (MC2P11) at two 
different toroidal angles, 
and from (b) MC1P10, 
MC1P11, MC1P12, and 
MC1P13 at four different 
poloidal angles.   
 

From the spectral 

analysis of the two toroidally separated MC signals, the toroidal mode numbers of the MHD 

can be identified because tokamak plasma is toroidally symmetric. Toroidal mode number of 

the MHD fluctuation is estimated as n = 1 from the ratio of phase difference between two MC 

signals (∆φ12 = (0.97 ∼ 1.2)⋅π/2) to the toroidal angle separation (∆Φ = 94.05°) of two MCs in 

the smoothed 

cross-power spectrum 

of two toroidally 

separated MC signals 

as shown in Fig. 5.    

 

Figure 5. Frequency, 
amplitude and phase 
difference from MC 
signals shown in Fig. 4(a) 
by using the spectral 
analysis method, and the 
drawing showing a 
toroidal separation 
between two MCs.  
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For partial poloidal array with four MCs, the phase differences between MC signals are 

evaluated from the smoothed cross-power spectrum of four poloidally separated MC signals 

as shown in Fig. 6. It was not easy to identify the poloidal mode number from the phase 

differences between the MC signals because there were factors (such as the toroidicity, 

poloidal plasma shaping, and  effect of eddy current on the MC signal) should be considered 

for the poloidal mode identification. 

 

Figure 6. Frequency, amplitude 
and phase difference from MC 
signals shown in Fig. 4(b) by 
using the spectral analysis method, 
and the drawing showing a 
poloidal separation between four 
MCs.  

 

Two full sets of the MC 

array, one toroidal array 

with 20 MCs and one 

poloidal array with 22 MCs, 

are installed inside the 

KSTAR VV where all of the 

in-vessel components such 

as the plasma facing components (PFCs), the in-vessel control coil (IVCC) for the 

experimental campaign of 2010.  Thus, further works on the identification of the mode number 

(m, n) from signals of the toroidal and poloidal arrays of MC will be carried out for the MHD 

study in KSTAR plasmas during experimental campaign of 2010 in the KSTAR machine.  
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