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SUMMARY

I . Project Title

Development of High Current Ion Sources using Helicon Plasmas

II. Objectives and Necessity of the Project

In this study, high current ion sources will be developed from
helicon plasmas having much higher density with very high power
efficiency 1n a relatively lower magnetic field, and will be used as
efficient and economic 1on sources of accelerators for nuclear industry
such as i1sotope production and transmutation.

As plasma researches are progressing actively, their applications are
increasing 1In many areas such as the fabrication of highly accumulated
semiconductor chip, the process of material surface modification, the
environmental treatment of wastes, etc. The applications in nuclear
industry are limited except the fusion energy research. Recently they
are Increasing for the application of accelerators for producing
radioisotopes and for transmuting fission products. And high density
plasmas with high power efficiency are needed since the accelerators in

many application, for example the nuclear wastes treatment, require



large current ion sources. Also in the medical application, large current
ion sources are needed for the mass—production of radioisotopes with
cyclotron.

Therefore, the effective production of radioisotopes and the
economical transmutation of fission products are expected to be possible
with helicon plasma i1on sources by replacing present arc and ECR
plasma sources. And this development wiil enhance the understandings
of helicon plasmas.

In the aspect of economy, helicon plasma sources are much simpler
than other plasma sources, so these can be manufactured easily and be

maintained easily as well.

M. Scope and Contents of the Project

High density helicon plasma sources are designed and manufactured

for nuclear applications. And they are attached to the multi-purpose

vacuum chamber or independent high vacuum chamber, and high
density plasmas are successfully generated.

The simulation of ion beam extraction has been performed with

IGUN code, and then a simple beam extraction system is set up, and
simple extraction test is performed, and will be utilized for the design
of high current ion sources for accelerator. Helicon plasma system will
be made as compact as possible for economic and versatile ion sources.

Plasma diagnostic systems for evaluating plasma properties are



composed, and measured plasma parameters will be used to understand

properties of extracted beam.

IV. Results of Project

According to langmuir probe measurements, high density plasmas

with the density of more than 10" cm™® with the RF power of 10~20
watt and 4 mTorr. Pyrex tube 1s used as helium gas injection plasma
chamber with 250 mm diameter. m=0 mode helicon antenna 1s used to
get highly centrallized plasma column along the center of axis. RF
matching network of standard type is selected to accomodate small
inductance helicon antenna in high frequency ranges. So 100 MHz RF
power supply can be easily adopted. After establishing the helicon
plasma sources, plasma density was measured with Langmuir probe.
And the existence of helicon plasmas are comfirmed.

The simulations of extracted beam profiles are performed with
IGUN code. A simple extraction system has been constructed, and
low-voltage extraction characteristics are studied experimentally as well.

By replacing solenoid coil system with permanent magnet system,
the helicon plasma system become compact, and the manufacturing cost

can be reduced significantly. Also, maintenance of the system will be

much easier.



V. Plan for the Application of Results

The improvement and modularization of the helicon plasma sources
will be continued. Helicon plasma 1on sources may be used as 1on
implanter in the begining. Finally, these helicon 1on sources are going
to be developed as high current accelerator i1on sources for nuclear

applications.
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2Ry 5% ¥o ndx FHF2virt FFEH o 3

19% 2 A3

4.1
(WAF, BAFUE, Seh=otUE, ofvEx, WAz, perveance

1 ) n, €, o P/Ps
(mA) (mA/cm?) (#em’)  (mmmrad) (mrad) (%)
200 414 8.90x10" 0.170 120 47.6
150 331 6.67x10""  0.323 80 35.7
100 206 4.16x10" 25 23.8

50 103 2.08x10"" 0.414 20 11.9
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& de2|2 Ect=0} A|lAF

A1 Ad I Sg=2v A9 47

de| & Fh=ut AL SYko|lEd R FFAMFE LR HAFAL

M 29 513 29 529 7zl A& didk AHEE YERH AT

4% A2, RF A93F33442 7490 oS AR 245e A
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axe AGe BT 57 QA Sl

7} Eepzoh w447
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m Zo]: 100 MHz¢ RF Aol thste] 90 mm= 2433},

238 53 m=0 2= I Z ¢ty B

RFol] o3l skin depth+,

Olgw

Ast7] dstel cheutel ERel £ =T oW, Azd 9

olHEl A= 380 nH, A& 015 LoE SAY/AYG. T3 A7 A

(5-2)
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ste] tHIYY AEE 3 mm 738 FHE S AEES WAdrE ¥

F AES Sk
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1% 54 RF 49d2 A% 32 (a) EF, (b) WIS

Fojol 3ttt AIPA A AA2HE A7 AZF WY we a9
54 & Zo] AA F FHFE UHI, EFY dsid= I8 54(a)dA

1_ 1,1 i
7 -7 v 7 (5-3)
o\, Zi= —em, L= oo +(RHJX) 0T, A% 23

ZD — RO +]0, R@(Z) — Ro, IM(Z) == 0

o )shel Akatd

I - R \1'/? [ 2 1-R/Ry 1!
CL — 2R []. ( —~ 2 0)] , CT_ [(L) L CL (5_4)

o] $EHT A (5-48 FH4 Wshe] gt £AEE 1Y 55(a)(b)sh 2
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Standard Type
Constant Inductance
—8-01Q

—-9-030

—&—05Q
—v-—-070
—0—-090

-10
10 r——J

0 20 40 60 80 100
Frequency (MHz)

(a) 3 32X T4 WM3lo] WE Joading capacitance

10° —
Standard Type
> Constant Inductance
| -B-0.10 |
5 | —9-03Q
10 ~&—050
§ ~9-07Q |
™ } -0-09Q
*-..—
© 10" I
102
0 20 40 60 80 100
Frequency (MHz)

(b) ATEH I ZAAM 9 Fa4 WMo & tuning capacitance



10 . -

Alternate Type
Constant Inductance
~—|—0.140
. -@-03Q |
10@ ; —A-050
—y— 070

~O—-090Q

-13
10 I —y — - -1 e {

0 20 40 60 80 100
Frequency (MHz)

(c) M3ty 3 2oAe] Fu4 WM3lo] WE Joading capacitance

10-5 - _— - —_— _|
Alternate Type
Constant Inductance
'{ —m-010
- 0-030
10° 1 —A-050 |
—y-070
(1 —0-090
~ |
I._
© 107
;
10" —— —
O 20 40 60 80 100
Frequency (MHz)

(d) Hetd 3 2dMe T4 Wlo] WE tuning capacitance
¢ 55 Fug W g AdydA AgRANAM e 4L
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51 dAgE Za=Eo) dae A A A A9 A 2 ALQ)

Parameters

Figure

RF Frequency

100 MHz 100 W

Antenna inductance 330 nH
Antenna Resistance 0.15 2
Tuning Capacitor 10~700 pF
[Loading Capacitor 10~1000 pF
Fixed Capacitor 10, 25, 100 pF
Matching Cr o pF
Condition C, 800 pF




Zoxol=dq FWE A Vb= e E E=ulE TAAT7] A

A QF Zgzvl ALV SUFgeE FAdF AVES U7HET
&

AEx APAARS M 59 7FSse FIW SR A} 2

ol olaid HelE Fgzvhh AR s maEa QoS B AT

Azle] wEbA 200 AY AFHFAA Hd 1.5 kG7HA] 7HE & =S
AZEF {7 €dxols ZdE 59 WM TSt 42 A
Ast7] st Al HElY FE A AMESte] T Ui W E &
dozH WA= 42 AASES st AE Edlwol= ZY9
AFEAHL 19 560 YeERUAT

B R AR EPAPN

o= Aade] Ao 2wl AL Qs 95 &9

o= FdEtotys, AFw7E AFAd, 44AF R WA Fo] 71
qoz gortnz ZAx7t 538 A ¥tolbyzl, AA Alx®l A2y go
AAL DHFol o7 AdHALLe AP Eo] AATT. oI} FAHEL
FAY HAL £ Ae F7IAHA P2 AR 529 Fo] FFAN L



field intensity (kGQ)

field intensity (kG)

salenoid
separation=0
—a— S50A
—e—125A
—a— 150 A

Z-axis position (cm)

ubakol 7)Ao AlV] B

2
Hy

(

@ . 9—®
oo o—0—0—0—0—0— "
1.0
..__---"""""."——. 0 | [ | [ ] o N . "
radial distribution
05 (150 A)
--@—25cm
4 -~ — 20 cm
—&— 13 cm
0.0 -|—| e
-6 -4 -2 0 2 4 6

r-axis postion (cm)

(b) WrAM S 271 Ao A7) B



- field intensity (kG)

current dependace /
—— entrance

] N -

1.0

0.5

T ¥ "l' T ¥ )
20 30 40 S0 60 70 80 90 100 110 120 130 140
current (A)

(c) Aol WMol ME X719 A7) W3}

1Y 56 FUxolE IAUY HAF L AVA EA

B-field(G)

o+ "%, | Axial Distribution
3k J / \ | —u— Simulation
r —o— Measurement
1k
0 J—D- o—0a—
"‘-H‘hn\ﬂﬂnﬁ__n D_._.n--'ﬂ/nf l
-1 K -\ o - /.
-2k ./ \
-10 -5 0 5 10
Position(cm)

1Y 57 4FANY 34 4% BE
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QAHE &7l LD olew AFAY AE, 4Pl 4 u
o Zo] 50 kVe] VA FAHNA ojeWg
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W 71RHQ) AEAWE Y] Astel 1Y 529 $= BRI Zo| 3

1Y 587 o] single-stage® Zal=u} WAR A AEH Zat=o}
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Parameter Condition
RF Frequency 100 MHz
RF Power 10~50 W
Base Pressure ~107° Torr
Operating Pressure Range ~5 mTorr
Plasma (Gas Air, He
Axial Magnetic Field 400~1300 Gauss
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Threshold Power (W)
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Gas Pressure (mTorr)
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