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ABSTRACT EXPERIMENTAL RESULTS

*A radio-frequency negative ion source with an extraction area of 0.32 X eAt an RF power of 35 kW, the extracted negative hydrogen beam
0.4 m? has been developed. parameters are 13 A at 100 keV for 0.1 s, with a corresponding beam
eThe source operates without the need for a start filament. The design current density of 317 A/m?.

parameters are achieved, though not simultaneously. eFor long-pulse operation, the beam parameters are 50 keV at 0.25 A for
eBuilding on the development of the single-driver source, a three-driver, 5000 s.

three-stage acceleration ion source has been developed and is currently in eFor high beam energy operation, the parameters are 198 keV at 0.15 A for
operation. 3s.

eThe desigh parameters have not yet been achieved simultaneously due to

INTRODUCTION limitations in the ion source test stand, which currently lacks a dedicated

calorimeter.

eNeutralization efficiency of NNBI can stay above 60 % when beam energy

s larger than 150 keV. eAs a result, the beam energy impacting the back plate of the vacuum

eThe NNBI facility at SWIP, formally started construction in 2017 anc chamber must be kept within limits, and the electrode transparency is too

high to withstand long-pulse, high-power beams simultaneously.

planned to be completed in 2025. The aim of the facility is to explore anc

master the key technologies of NNBI for future fusion reactor. The aim of

the facility is to attain a hydrogen neutral beam with the particle energy of 1 % | . . | 2 : - ’
500 keV, current density of 300 A/m2, and pulse duration of > 100 s. ; /\/ /'\ ,/\_/'“"\ L gm ' L ; : )
*The facility mainly contains two test stands: test stand | focuses on the | LY \ jigi. ...... r———— — = [ |
negative ion source technology researches, and test stand Il is the full- Wl . i B ] % - Ir.-,________ll -
function prototype for the neutral beam injector. — Tine (o) : " tmeas
I ;
7 j A ; A < 10-
eTest stand | is developed for test of single-driver and dual-driver source. E R ————— 1 f\%i é ) .
*RF power supply: 2 MHz, 80 kW 3;;“ i . Q%A%g I
eExtraction power supply: 10 kV/60 A | et - Dt Co 0 éi(kvzv(; R
*Acceleration power supply 1: 200 kV/5A Typical Beam characteristics: 1.homogeneity, 2. high beam energy, 3. high
e Acceleration power supply 2: 110 kV/50 A (PSM) beam current, 4.long pulse, 5. 1, .. statistical, 6. I,.. and I,,+ vs RF power

e|solation transformer: 200 kV FUTURE PLAN

ePlasma diagnostics: Langmuir Probe, Optical emission spectroscopy, Cavity

ring-down spectroscopy eFirst beam in 2024, at RF power of 8 kW, 0.4 A/40 keV/200 s negative
. Source Beam Tank
eBeam diagnostics: W-wire dump, Mo plate dump, beam profile measured hydrogen ion beam has been extracted. Gue  Twk _Defec
by infrared camera. eAlthough no higher beam energy and ia

current was achieved, the first operation

was closed to upgrade the test stand, e.g.
assembling the large cryopumps. | Calorimeter

Neutralizer

eThe aim parameters of the next experiment
campaign is 200 kV, 10 A, 100s. Test stand Il

: ;

Single driver, 200kV Dual-driver, no extraction Quad-driver, 200 kV

Roadmap of negative ion sources CONCLUSION

eThe single driver radio-frequency negative ion source with an extraction

Primary parameters of the ion sources

N A T e e area of 0.32 X 0.4 m* has been developed and tested on test stand I. The
RF power 80 kW, 2 MHz 80 kWx2, 2MHz 80 kW x4, 2MHz 80 kWx3, 2MHz . .
Dri\F/)erdimensions ®28 cm, 14 cm (height) ®28 cm, 14 cm (height) ®28 cm, 14 cm (height) ®28 cm, 14 cm (height) source Operates WIthOUt the need for d Start fllament' Currentlyl the
Expansionienamber I FealiEa IS e 100 (1) x50(w) x25(c) cm? 180 (1) x50(w) x25(d) cm? 148 (1) x50(w) x25(d) cm? maximum beam current, beam energy, and beam duration achieved are
G apertures o o T 1713x3 o 13 A, 198 keV, and 5000 s. The design parameters are achieved, though
Extraction voltage 10 kV - 10 kV 10kV t . It I
Acceleration voltage 110 kV/200 kV - 200 kV 500 kV no Slmu aneous y'
. o — T eThe triple driver source has been developed and tested at test stand II.
Bias Plate Sin‘gle— driver sourceim c— _ _
— % Faraday shicld } R Currently, 0.4 A/40 keV/200 s negative hydrogen ion beam has been
—— | extracted.
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