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Design and experimental study of matching network
for dual drive RF negative hydrogen ion source
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Abstract: With the increasing demand for the output beam intensity and pulse time of the neutral beam injector
in the magnetic confinement fusion experimental device, it is urgent to carry out research on high-power large-area RF
ion sources. It is the key to designing an impedance matching network that can deliver the maximum power of the RF
power source to the coil and couple it to the plasma, thus to achieve large-area, high-density and uniform plasma
discharge. Based on the previous research on single driver RF ion sources, the impedance matching network of dual
driver RF ion sources was optimized and analyzed. The key parameters of the matching network were calculated, and
the topology of the matching circuit was optimized. In the experiment, frequency tuning was used to tune the matching
network. Stable and repeatable plasma discharge with 140 kW high power and 1000 s long pulse at 25 kW was
achieved under dual drive. Subsequently, based on stable plasma discharge, the issue of power distribution uniformity
between the two drivers was studied. The experimental results indicate that the optimized design of the matching
network is reasonable and feasible, and the RF power distribution of the upper and lower drivers is basically uniform,
laying the foundation for the upcoming negative ion beam extraction in the CRAFT (Comprehensive Research fAcility
for Fusion Technology) NNBI (neutral beam injection system) project.
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Fig. 1 Schematic of CRAFT NNBI RF power transmission system
Pl 1 CRAFT NNBI 47131 %44 i 7 G5 75 €]

T 2 NNBI & 479 3K (0 BELPC VG B %, 3 38 Mk o B0 2 07 2k DA B b R S 0 T 1 . DG IV 9
VLA I 38 LC 402 T0 1, PR D 3 4 o LT P 1Ay 7 3, 22 S5 00 6 2 0 2 e 7 2
FE. T3 20t A R 20 T 9 L 960D R 4% UK ) S 0B T 0 BEL 97 DG g RO 2% 58+ PR o 5450 7 2
FEARHOZS ton = 3, 12 S B0 I B 0000 185 141 P 6 1 4 24 0 0 . P /N PR AT K O B,
YUK 50 ST 25 T 05 40 T B 2R B2 77, B PIANI B 28 o S5 BB BEL R, = R, SRS Ly = Lo

P A A28 0 B T, 512 ELEUG E F T B2 50005 T U 0 AR ML 0 7, 5 s B 2, 1 R0 6 R, 1 3
WA VAE "

dual drive

expansion
= chamber

Fig.2 Real image of CRAFT NNBI dual driver Fig. 3 Initial structure of dual driver matching circuit
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Table 1 Electrical parameters of two capacitors in the impedance matching network of a dual drive RF ion source

C/nF lIc, /A Uc,|/kV Cy/nF lic,I/A Uc,|/kV
1.4 3162 34.8 42 91.6 34
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Fig. 4 Optimization structures of dual drive matching circuit
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Fig. 5 On-site diagram of CRAFT NNBI power transmission system Fig. 6 Impedance matching network
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Fig. 8 High power and long pulse plasma discharge waveforms of dual drive RF ion source
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