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Abstract

A compact ECR H™ ion source using a permanent magnet is under development. The ion source has gas injection
system achieved by a fast piezoelectric gas valve that can reduce the gas load on the vacuum pumping system. This
function is suitable when the ion source is close to RFQ. In the ECR H™ ion source, not only HT but also molecular ions
(HJ and Hy) are generated at the same time. Since it will be used for a proton linear accelerator, it is desirable that the H+
ratio of the beam extracted from the ion source should be as high as possible. Therefore, it is necessary to optimize many
parameters (magnetic field distribution, gas pressure, microwave frequency, etc.) so that the ratio of H™ increases in the
beam extracted from the ion source. Momentum analyzers using a magnetic field or a Wien filter had been used so far, but
a slow scanning measurement for the ion species was time-consuming and inefficient. In order to improve this problem,
a quick scan type mass analysis system using permanent magnets was developed. Analysis of the beam extracted from
the ion source was carried out using this system. In this paper, the details of the analysis results are described.
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Figure 1: Schematic drawing of the ion source. Red lines
indicate magnetic flux.
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Figure 2: Operating principle of the pulse gas valve. A
pulsed gas injection system with a piezoelectric gas valve
that is installed very close to the chamber can reduce the
gas load to a vacuum evacuation system. Hydrogen gas
flows into the plasma chamber due to deformation of the
piezoelectric element.
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Figure 3: (a) downstream cylindrical magnet columns em-
bedded in a ceramic disc with the diameter of 34 mm. The
diameter of each magnet column is 3 mm. (b) schematic
flux plot with multi-mirror field.
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Figure 4: Axial magnetic field distribution.
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Figure 5: Photograph of the ion source testbench.
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Figure 6: Frequency dependence of the components of the
beam.

42 HANNVT, REDERA I VI L BHE

WIZ, HANNVT A =T IZT5R14IV7
Y. REZANTERAIVII2EZLHI LT, 5l
SHLE—LAHDA A VEOEIGIZE D K S s
MWHEEDEFHRZ, HANLVTE2A—T T 55X
A X V7D 0-1000, 0-2000 ps D 2 38 D IZ%F LT RF
DAHEA I T % 0-2000, 1000-3000, 2000—4000,
3000-5000, 4000—-6000, 5000-7000 us & 284k & & TH]
EET>Tme ZORF ¥ N—IZASILUZRFENH
Z5TW Tho7z, £F. KN TH>7-DH RFD
AHRZRA 2T H0-2000 us DRFTH %, H AN
T =TT BHRA I T % 0-2000us, RE D
AN RA I V7% 0-2000us 12 L72HRED A 4 >V FED
SNTAER % Fig. 714, MEEAVERR, Ml R,
MOMMPH AFHEERLTE O, HF BXOHS, HT
WZOWTHIZ DT T 7TRLUTWD, HANLT %
F =TT U TH S 600-1200 pus FEE 72 > TH S A5
ENRZIBO D, YO A VFEE T ARENSL WVIZ
ERWRA IVITREEDLL ERVDRRZITVWS
P, HAFREDN 0.03scem TRIFE A CESNRR AL
Molzy HANLVTHESIEIUDThrSE TIAID
BRI BT ST AR EIZET B ETITUIXS < KM
ZELTHEY, HAMEVPLWIZERIELTWVWS
LEZOND, £z, HF, HY 2D\ T, 5D
HEBRDIZEHNE =P RZTHED, HY T3.5mA.
Hf TOmAREDOLEY -5 TW0W5, ZOE—2
WZOWTIX, HANLVT2A =TT BR1 IV
7% 0-1000us (2 L7256 CH RKOMERLE SN
TWb, HANVT A =TT BRA4IVT%
0-1000us D], RE D AJZA I > 7% 1000-3000us
DN U7z D HY OF5HR % Fig. 8 12T, H AR
E5Y0.15 sccm DHFIZ 4 mA FBE DO EBREILE S 1.,
SR DOPEDOHFHAN TIIRA L w57z, 7z, HY (2
B L Cl&. Fig. 7 D ¥ — 27 IIMZH AL - 7245 R A5
5N5 RFDXA IV TI3ero72h, Hy ICBIL T
. Fig. 9 IZRT LI, FANLVTE2A—T VI
TBHRAIVT % 0-2000us, REFEODANI XA IV
% 4000-6000us, H A& 0.15 scem DR KT, 2.5
mA FEE D EFRMELE S Nz,

— 0.03sc
0.08 sccr

—— 0.03 scc
0.08 scc
4

ﬂnnnﬂ
5533573
535555

Current [mA]
Current [mA]

Aol

— 0.03scc

0.08 scc
— 0.14sc
— 0.23scc
207 — 0.31 scc
—— 0.48sc

3 3
333333

Current [mA]

|

0 250 500 750 1000 1250 1500 1750 2000 0

Time [ps]
(@ HT (57 W)

250 500

5
750 1000 1250 1500 1750 2000 0

Time [ps]
(b) HI (57 W)

250 500 750 1000 1250 1500 1750 2000

Time [us]
(©HT (57W)

Figure 7: Time variation of the ion species in a pulse. RF power is fed from 0 to 2000 us and the gas valve is open from

0 to 2000 us.
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Figure 8: HT currentis about 4 mA at 0.15 sccm. RF power
is fed from 1000 to 3000 us and the gas valve is open from
0 to 1000 us.
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Figure 9: Hj current is about 2.5 mA at 0.14 sccm. RF
power is fed from 4000 to 6000 us and the gas valve is
open from 0 to 2000 us.
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Figure 10: Input RF power dependence (H™).
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