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Development of cesium-free high current negative ion source using high density
sheet plasma
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We report on the progress of research toward realizing of a high-performance
cesium (Cs)-free negative-ion source based on volume production in a magnetized sheet plasma device
(TPDsheet-U) is reported. In the experiments, H 1ions were successfully extracted from sheet

plasma using single-/multi-aperture grids. The experimental results of the single-aperture grid show
that the negative hydrogen ion current density (JC(H-)) performance of Cs-free H- ion beams in
TPDsheet-U is about one-fourth that of Cs-containing H  1on sources in the ITER negative-ion
neutral-beam injector. The JC(H-) was ~7.5 mA/cm2 at an extraction voltage of 10 kV, a discharge
current Id of 90 A. The ratio of the electron current JEG(e) and JC(H-), JEG(e)/ JC(H-), was
successfully reduced below 0.4 for a single-aperture grid with the SMF. Based on these results, we
have designed a Cs-free high-current negative ion source (TPDsheet-NIS) using sheet plasma and
established scaling as a high-current source.



1. #FEBRBEFOE R

DEMO #hZ i & KRR ClItm & bUG & Rkt S E 2720, BHEMTRER, oAV
TF v ADREG e PR = AASEEE A AL AV IRBSNE L T D, BUE, [EEEERE A E
(ITER) HIOBA A PRE LT, By 7 Az W@ AR KERAA A R OkEaA A
BIREE © 29mA/em2, KEE 66A, 5| H LHEFE 1000cm2, Fay 1K) OFI%ATThhT
WA, UL, ZO/A FURTIE, B2V AR TOE—LADREME, MAT 587 LED
oMb B A RN EBER EE O IS, RRFRELR 2 B SRR S 258 TR L huide o
RVENET 5, £T2. AA A E— L SRS SN DBAMEE I L 2 5] & H LS~
DOERBE 2 HIT 2720, A A 2B v — L e/Tu) & 0.5 F (R K B IEHERI) | K S 5
TR D, —J, BV T LAEROIRWAL A UAEREE LT, 77 XA~ OkFEOREBEE ST
DIAET 2 fRBEVER e 2 R U7 R A E R & 5. Z OBREIAERMA A 4 & LToH
Tl FRBRBEEIN TV LR+ AA 4 U EREESD ETITEE S TR,
RHEFEHIL, SEE CEFREOREBNE N — NI X2 AR T D LIRS LTEY .,
DAL A ERMEE S ST 2 E A ER Al A UTRERE L T 5 (2],

2. OB

MBIZHB LTemEBEY — N7 X2 e, 77 AP LHBOET= RNV —E I X
D AR S AT IREhEL 73 03 . ELOICAFIE T HART R L X — 81 & BB CRRBIENE (A8 SIS
AT, VU A2 ACTICERRBARIECTHIRLSAS AV AR T D ENTEDS, K
WETIE, ZORBEERBESE, V— I TORS AT UEEOMKEZKY . KEH - £
MR - A T F U ADORG IR U DA A A IR ZBFE U, BZRE SRR O Pkl 7 & —
AAFHEEBROAA A L PRE L TR — Y U TR MNLTHZ 2 ANET 5,

3. WEDOFE

(1) v— b7 A~&EmREE (TPDsheet-U)

LTIZARMECTHER Ly — b7 7 X~ 445 #E TPDsheet-U(Test Plasma produced by
Direct current for sheet plasma- Upgrade) D& X % ~47[3], £&E# 2m @ TPDsheet-U I3,
7T A< JEGEK & 5] & H LR 2 S ORI E i, BERREPERR - TAEANR - HE
B a A W DR STV D, FrEEE & U COREBIREKESER : 100A-300V DC), HEX
RliFue—4 U =R 7 35,4 =Ry K7 3H(B00L/s x2 £, 1500L/s x1 13) 26 S 4,
BRI CEN 22 DT 2 2 LN TE D, BEEEEITS & LERT 104Pa, 77 A~ Y —
AT 101Pa Th D, ARSIy — b7 T X<id 11 HOERES 2 A NV OfE D5 X
ST, ZHANFESNT T A~ F—7 > TR 5,

(2) AAALE—LBHLEE

AA A B — A5 M UERIL, HAEMm, KOZALEmRE AN TITo7z, 25 OEMIT 2
DEME L7 Z =S, 7T A~IZxtmd % EMA Plasma Grid (PG), &L ZFIINY
% ®HR% Extraction Grid(EG) &3 %, 5l & H UEMOMEIL SUS304, 2 L7 ¥ —THILOEGE
(2 Cu, ZALEMODEAIC SUS304 % V=, PG OALBITHAFL, ZILE HIT ¢ 4mm, BG DOFLLRILH
LEMDEGE ¢ 8mm, ZALEMOLGE ¢ 6mm TH D, Fo. LAEMITIL 36 HOLLDME X HALT
Wb, Lo TA A B — o035 & S 2B EEITHEAEMOLS 0. 126m*, ZFLEMD



Z [m]

1. (@) 3 — F 75 X< A 3EE TPDsheet-U | (b) 7T X< HfTH M
(Z 5 1) DRESR Y A

A 4.90 m® Th 5, £72. PG, EGC DY X% 10kV FINEF OB 22 iixte ) & 58 LR s T
W5, EBRTIX, BC L2 L7 X —IZ 0~10kV ODBELEZEINTEZ L TASM A E—0aT T
A= gl &Lz, £, ZOR PG OBMIET —ATEEINTEY, P6 & EG X7 7
R E N TV D, BlEHENTZAAL A2 R OREEE L, BB > TR E=1T, H
BO/NSWEFOLNEC THIRES L, A4 ida Ly 2 —THlldT5 2 Entks, 22T
1. BG RO Ly Z— TR SN - ERIEE PG ORFLAERE CHK L L TE O EBIREE %
NEI Jiow Jo & LT, RBIRTIX, ®EEORMEETERIC ;5EG~@%%&@%%C&
BTN N T v 7T DHEEER L, PC 2fE Lz, LLTICZ OISOV TORT,
(@ Electron Fence (EF) i & %558 [4,5]

[ 2 (a) 1% PG (2% & L 72 Electron Fence (EF)IZd& - T, PGIEfEOEFZEIRBIZ KT v 7
LTWOERTFA R L TWD, WS H HMER T EEIHEIT 58T, MM e ol
LieY v A nuBEZHEE 203 OIS+ 5 (T —E 7 #E), A A TE I LK 2 TREOE
BTHDHIED, 7—ET PRpNET LR L TIEFICEZ I, AA 4V IRENE TRED -

DRRETHD EVIBRICBW L, AL 4 DT —T7 Y-Rpy_ 13, BT —F 7 1 Ep,
EL_/\
l:l

=A==

WX LRI B0 TH D, L7eh>TPCICRET D EF DmSh%, p, <h<py- ERE LY
CHEBE TR b7 v 7S, AL 4 EHRINAS IO EF 2l s 5 2 L Ak,
2 Soft Magnetic material plate for Filter (SMF) D##i& & shi [6,7]

B4 2 (b) TIL PG IZRIE L7z SMF IZ &k > T, RTINS LICREBEF 2 b7 v 7 LT
HZLlERLTWS, ZOKFKNTYH EF OGHE LFRERICT —E T HROELZFIHL TS, 20
IO A A A NI mm DT —F 7 R EFFOI2D . F OWIE TR IFROZE T3 L CIEF I8
KThbH, —F. 7—FTLREO/NIVETIL, TOHENIFE A EMIBITIH > TBEIT 5

Single: ¢ 8 mm
.

Single: 14~30 mm
Multi: 22 mm

y=0mm

RlasimaiCenter;

K 2. BA A 5 &H UBEOHAR L EEE FEBEE OBLEX., (a) :Electron Fence (EF),
(b) : Soft Magnetic material plate for Filter (SMF), JKEDEBIIMIBRE T,



7o, EEITEE OE S 1 SMF (Z#&0s L, EF 06 L RERICEF PRI N7 v 7 Eahd, 7
72 L. EF OBEIITE S OS2 B 2958 < 2 L AR, SMF O5A 1 I13E dh L 72
BT 4 VA —ORRIAERT 270 L VRN TH L EE2 DD, E7fEH L7z SMF IXHIL
D2 or 0.2 x 30 x 10mm, ZFLOEZ 0.5 x 54 x 5. 4mm, JE X t=0. 2mm ZfHH L 7=,

4. WFERE
(1) Electron Fence (EF) %V /-3

LR 7 ORI D72, Electron Fence (EF) ZHWTLLFOEREZIT o7, EF O@ES
Hir (2R 2 BB E L Joclde DRHEING . AA & B EI LEFBRO T HRKE
AU, It = 80A Hir = 6mm T 7.5 225 1.6 THA L7, L2vL, ITER TEXRS
D EW 1 LI 7z e o le, UL, BFER E i L ONS WAL TIZS 505, A4
A I E DD BRENERTH D, A HOMREE 0.5eV F2E L LD T —F7
FRENK 4mm TH L Z 0D, BEENLEZBET O HR Y = ACEHRTLHZ LI TH
BIRBENRED LB 2 6, L0 HIZEEO DR WA RD b s (5],

(2) Soft Magnetic material plate for Filter (SMF) % AW 7=3Bk [7,8]

B 2 (b)> SMF (&, BoFHEFE - FEFiH E ORI LR TH L, 2 2 TiE SMF Z5¢E L7
RHE TRV 2RI S/ 5 §ofF. RIT SMF OF%EFIEICHOWT b @R 529, HEE
=50 28T 5, HIIWES: BIZxd 5t Jeclde & FfEE T EREE Jo, LOAA T E
B Jo DFFEZE K 312" T, Jacldo TSI LT RO E 2> TE Y B=41mT T
F/IME 0.48 4372, L LR b a M LTINS Z & T, Jo & Jic BFESNITHA LT,
S 512 3TmT~43mT Tl Jeclde MEE A EZELLRWZ £ b BN 5885513 3TmT 73 ki
ThdZ ENRINT,

4 ClX, t=02mm & =2 mm OBHA TOREEIEZ 40~90A F THIMN S E7-REDOEDR
BERMEA R, t=0.2mm ZEH L2 R TIE, EFEREENRKE <, 90A £ TEREZITD
ZENHORIR 0Tz, —F5 T, t=2mm OFRFOER TIITRIL TW2 X 51T Joe 3D L TEY |
JoITOT IR BN TWD, ZOREHIIL Jold 7.56mA/em2 TH Y, &bk Juc/de 13

2.0 L7 o7m,
Ve =10kV, Y=18mm

14750 A, V=10 kV 20

0,56 , , o Jemmmi ]
054/ ¢ E ¢
: 2
< 0521 1 £ . .
% 050l t }5 ] gl ’
& ~ .
0.48 { % 4.4 { ] I . '
0.46 1 o ’.
3.0 o . O Jc(@) ] — 8r [ ]
NE 2.5 e ¢ J) NE o
~ 6-
g2 ey .. < e °
< 2.0 2 :
£ e S e ®
~ 1.5 @”"'@-‘v-o 2 e °®
1.ol— e o
35 B‘m[mT] 45 50 "0 S0 0 70 80 %0
1,A]

X 3. EINBESE Bl BB e/ k.
BERLE T EBREBE k. ROAEA AV
BREE J DR,

X 4. HEEWRICH T IHELETFEREBEE
Jio, RORAA F U BREBE T ORM,



S;mplc lines ] | Ol
riTy O?S:‘,:] IBeﬂm 2_@11%[!11

-~ dglle=1 O’. ’ ///1
Jpcc=2 ’ . - - &
2019th :

—_
=
T

Electron current density
Jg ImA/em’]

1 10 2.25m
H' current density J. [mA/cm?] W T
B 5. FRMWRFCRBITIAAAVFENRTA—F X6 KEMEBLEB TPDsheet-NIS D
DHERE, SR,

(3) FLDHLABOBA

PR D RT X — 4 L ARIFFETHF DALz — O EBRFER &K 5 127 F, Ol 2019 4L LLaiT D /3
TA—H @I% 2019 FELED /T A —X%  Z L TOIE 2020 FEN D 2021 HFFEIZHT T
ONTENRTA—=EThDH, KR TOE =5 > hXT A= Z RO, ITER O ZRE LR
DT A>T LTz, 2019 4EFE LIRT CII R A M H- B 2 5 L7225, H- &Rtk L Tl &
HENDETERNEZL 7T A~ OEBEANREEEIC 2> TV D, 2019 FEED D IR
(2022 4EF) 122 F T EF X° SMF % V5 Z & ThatEE B OKRIC L, 77 X~ |
O R X D m B AL RE & e o T,
INOLORREFBEIYE V— 7T X<z T3k Cs BUKEIA A 4 i (TPDsheet-
NIS) OFGFHEITo7 (K 6), AREE TITAA AL 25X L AlGERfEk A (ER DK 4 15D
20cm? F TR T 5, 72, K 2.26mOEkLaA LBV TEERGNICHES 2 8ESEDL 2
EETELTND, SBIIZOEBEZHANDZ L CTRSIORLEAY—V v 72 EiT 5,

<5 HI3CHER >

[1] D.Wiinderlich, C.Wimmer, R.Ried], F.Bonomo, M.Fréschle, I.Mario, A.Mimo,
D.Yordanov, U.Fantz and B.Heinemann, Nuclear Fusion 61(2017) 096023-096034.

[2] A.Tonegawa, K.Kumital, M.Ono, T.Shibuya and K.Kawamura, Jpn .J. Appl. Phys.,
45, 10B (2006) 8212-8216

[3] A.Tonegawa, H.Yazawa, K.Kumita, M.Ono, and K.Kawamura, J. Nucl. Materials, 313
(2003) 1046-4049.

[4] K.Hanai, S.Ishihara, R.Endo, T.Takimoto, A.Tonegawa, and K.N.Sato,
Fusion Eng. and Des. 146 (2019)2721-2724.

[5] K.Hanai, T.Takimoto, H.Kaminaga, A.Tonegawa, K.N.Sato, and K. Kawamura,
Plasma Fusion Research, 15 (2020)2401029-2401032.

[6] H.Kaminaga, T.Takimoto, A.Tonegawa, and K.N.Sato, Rev. Sci. Instrum., 91 (2020)
113302-113307.

[7] H. Kaminaga, T.Takimoto, A.Tonegawa, and K.N.Sato, Fusion Eng. and Des., 168 (2021)
112676-112680.

[8] A.Tonegawa, H. Kaminaga, K.Hanai, T.Takimoto, K.N.Sato and K. Kawamura,
Nuclear Fusion, 61 (2021)106030-106036.



5 5 0 0

Hiroki Kaminaga, Toshikio Takimoto, Akira Tonegawa, Kohnosuke Sato

91

Characteristics of extracted ion beam froma cesium-free negative ion source usingsheet plasma

2020

Review of Scientific Instruments

113302-113305

DOl
10.1063/5.0013364

HANAI Keito TAKIMOTO Toshikio KAMINAGA Hiroki TONEGAWA Akira SATO Kohnosuke KAWAMURA 15

Kazutaka

Development of Cs-Free Negative-lon Source by Sheet Plasma 2020

Plasma and Fusion Research 2401029-32
DOl

10.1585/pfr.15.2401029

Keito Hanai, Shogo Ishihara, Ryuta Endo, Toshikio Takimoto, Akira Tonegawa, Kohnosuke Sato 1468

Characteristics of cesium-free negative hydrogen/deuterium ion source by sheet plasma 2019

Fusion Engineering and Design 2721 2724
DOl

10.1016/j - fusengdes.2019.04.096

Hiroki Kaminaga, Toshikio Takimoto, Akira Tonegawa, Kohnosuke Sato 168

Characteristics of co-extracted electron beam current in sheet plasma-type cesium-free 2021

negative-ion source

Fusion Eng. and Des.

112676-112680

DOl
10.1016/j - fusengdes.2021.112676




A.Tonegawa, H.Kaminaga, K.Hanai, T.Takimoto, K.N.Sato and K.Kawamura 61
Characteristics of the extracted negative-ion beam in a cesium-free negative-ion source using 2021
TPDsheet-U
Nuclear Fusion 106030-106036
DOl
14 0 7

Hiroki Kaminaga

Reduction of co-extracted electron beam by magnetic conguration on negative ion source by using TPDsheet-U

The 29th International Toki Conference on Plasma and Fusion Research

2020

Hiroki Kaminaga

Characteristic of co-extracted electron beam current in sheet plasma type cesium free negative ion source

31th edition of the Symposium on Fusion Technology

2020

le/1H-

2020




TPDsheet-NIS

2020

TPDsheet-U

37

2020

Keito Hanai, Toshikio Takimoto, Hiroki Kaminaga, Akira Tonegawa, Kohnosuke Sato, Kazutaka Kawamura

Design of High Current Cesium-Free Negative lon Source by Sheet Plasma

14th International Symposium on Fusion Nuclear Technology (ISFNT-14)

2019

Keito Hanai, Toshikio Takimoto, Hiroki Kaminaga, Akira Tonegawa, Kohnosuke Sato, Kazutaka Kawamura

Development of Cs-free negative ion source by sheet plasma

The 28th International Toki Conference on Plasma and Fusion Research (1TC-28)

2019




36

2019

2019 SAS Symposium

2019

Hiroki Kaminaga, Ryuichi Onuma,Talga Goka, Toshikio Takimoto, Akira Tonegawa, Kohnosuke Sato, Kazutaka Kawamura

Effects of Magnetic Filter SMF on the Reduction in Co-Extracted Electrons for Cs-free Negative lon Source Using TPDsheet-U

19th International Conference on lon Sources

2021

Hiroki Kaminaga, Ryuichi Onuma,Talga Goka, Toshikio Takimoto, Akira Tonegawa, Kohnosuke Sato, Kazutaka Kawamura

Characteristics of plasma parameters with magnetic filter of SMF on negative ion source using TPDsheet-U

The 30th International Toki Conference on Plasma and Fusion Research

2021




Taiga Goka, Ryuichi Onuma,Hiroki Kaminaga, Toshikio Takimoto, Akira Tonegawa, Kohnosuke Sato, Kazutaka Kawamura

Reduction of co-extracted electron current by SMF using Cs-free negative ion source

The 30th International Toki Conference on Plasma and Fusion Research

2021

38

2021

Cs

38

2021

(€D) 11
The 28th International Toki Conference on Plasma and Fusion Research The ITC Best Presentation Award
for Students
https://ww.u-tokai .ac.jp/academics/undergraduate/science/news/detail/post_68.html
https://ww.nifs.ac. jp/itc/itc28/students.html

@ 1 22 25 38

https://ww.u-tokai .ac.jp/gd-science/news/184/
http://www.jspf.or.jp/Jspf_annual2021/wakate.html







