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Abstract

The helicon discharge has attracted growing interest as a dense plasma source (order of 10'3 cm ™ ®) for ba-
sic research and various practical applications. However, the problem of a high efficiency production mecha-
nism for the helicon discharge remains to be solved. This mechanism is discussed in terms of a comparison
between experimental and computed results, focusing on a mode conversion theory from helicons into slow
waves (Trivelpiece-Gould mode). In addition, recent topics regarding helicon wave physics as well as plasma

applications and future trends in utilizing this wave are highlighted.

Keywords:

high density plasma, helicon wave, Trivelpiece-Gould mode, mode conversion, damping, plasma application

1. 3U0®IC

B RE) SO~ 2 Y #[1-5] % Hwb &, o
TIGATBE D EZIEBHTEEE (e 27108 cm ™3
PE) OF7 5 A= ELNLD, OISR
EYTIATTOLR, BEEER, HAL—F—, F
HTIASET) V7, T5TAMRE, 77 A<t
E, AW oT77 AL LTHuLNTHWA, A
oo TR R TS K offRE DS, FEEEA O
i, FHIEREE R & F ORI E T iy & ALY
YT E, PTOERELREAIE LTTI I~
HRASRSRE DTSN A, FoBBIZ o)
2 VWK AMWEMEL T VT I WENE L SIS
FNTEHEREROT T AEREZH—ISHRHETE TR
EOMBEE oo Tz, Holt, BEShizAy 3 v
5EVEECdH 5 Trivelpiece-Gould JE~E— FEH L, #
DFBEBOEREIL L T 5 A< RTINS TFE

author’s e-mail: sinohara@aees.kyushu-u.ac.jp

BEAHZ AL E UTRES N, FEBRIIZHLE, #
AT DM I oD H L. JHIET T A<
OWEHG & U TEBYHFZIIRMREVWNAETH D,
—HAN) A VEORNEEED LI LIREIL, 79X
7R ALNTLEL OSTCREBARLSNS.
KFFIZBOTRBEET TICHL NI RN T >
WIS & 2 79 A~ M OBIRE, 4HOmE=
JEHBIPIZ DOV T D REIE > THRRE, FTRETIE
INETON) VRO, 3ETIIAY T ¥
L;é%%r77xv/muM®mmtmL@m @W
FHIDWT, 4B TIEANY) a VEITED S B ORE,
BT & A a kot metme
ERL, REDGETELDEITI.

2. CNETOANY O KRAFTOBEENR
AN T VIRIEE RS 0y Ko <o FHIBLO KR A v A



Journal of Plasma and Fusion Research  Vol78, No.l January 2002

T—WTHY, FRSERH D 5 DR & FEk oM
BOARALTWS (0, ocidZNEFNAF v BIOET
4o bhayMEER). EBEOERTIE, %k RE
FEIG O P (FME M % £1X 3—40 MHz, AJJRF/$7 —
Py 3K 3 kW F21%) 2 v, Fkminzhz MM Lan/
WL O S5 2 — & f8i (B 2 X805 T EINwE
B 330G 75 1,000 G #RE) T, BHIE(10%cm 3~ 10"
em ™), KR CETRE Te 38 eV) OF 5 X hER
TETH b, BATAFETN Pyid 1 mTorr — 100 mTorr
2, &S em 25 15 em DFAEIR 775 X< ARl g+
4 XTH 5.

A AT AEFHREIO BT, Fig 1211258 F—
FREFEES AT om AF IS =0 E— FTOMNIETF X
TSRS BE L B D, fudB ORITEE IO WK
Ry b & BITHARN L, Ry 2SR U 72 5 FAED AR @ ARk E <
A EIOMIINEL RS, RIS, BEFENSI NS
7 7% Fig 202", PIGTTE O MR %
Wiz, =7, EHN—, FEVE, AV ALVBLUE
NODOEAHIANVEZ B, KOFTI ADEA
21, PSR, S VBT 5 F &R LT
o rEEHRET L&D H S, BEE— FiX, Fig 2@
(£)TiEm=0%F— ¥, Fig 2(b) Boswell 7 ¥ FF), (c)
THEELTm=%1E—F, Fig2(d) (&R S 4 71
W7 rFF) TlRaBoas VERMONMEEZ D Z
EZE D m OF—FAEINTHE (B LTm=-1¢&
m=1%F—F&), Fig 2 (e)TIZEMESOM & 12 &
D, F&LlTm=—-1Fdm=1FE— FORENETE
LR H B (T TSI RED 3) F5ROE—
NHom b BET HLENH B). Fig 212H A0l F g
U727 v 7T ORSTROLIZTTRL, HEOT VT
FEPNCDZEIZLY, Wk DART MV EHl#EL T
TG ARIER ) TELRASNT L, AN a vk
DRI — BB IE S O fr, DFoRckans
(4] (Fig. 1 B

(1)

(hf+k D = (0w kyoec?)

22750, ko IR OB I K (kL 1ZHEARE—
ELT38la DAL HENE), op T FT7 X
< MR, ciEMIETH L. NN T VT
I X OERMWTEEIIZ oW T, Wiik(1-5]12 8 s h
YA

A 3 2 WFFEIRTOER U S Uf £ 5 Boswell @ 9]
WEoehs it (6,71 & e - TR, WA D % { o B ¢4
BENYWEIE D SICIFIE E Tl A & e o 72 BIEF Tl

100

10

f(MH2) n ¢ (1013 em3)/ B (kG)

k// (cm'1 )

Dispersion relation of helicon wave with azimuthal mode
number m =0 with uniform radial density profile (a: plasma
radius). Here, excitation frequency f, electron density ne,
axial magnetic field B and parallel wavenumber kj are in
units of MHz, 1013 ¢cm=3, kG and cm™7, respectively [2].

Fig. 2 Varioustypes of antennae for excitation of a heliconwave:
(a) loop antenna, (b} antenna with no helical pitch angle,
(c) antenna with double saddle coils, (d) type HI antenna,
(e) helical antenna with half-wavelength and (f) spiral an-
tenna [2].
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Electron density ne as a function of parallel wavenumber
k) under different magnetic fields with azimuthal mode
number m = 0, the first radial mode and the frequency f
=7 MHz (calculation) [47].
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Fig. 5 Scenario of a surface mode conversion from the helicon
to Trivelpiece-Gould (TG) waves.
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Fig. 7 Electron density ne as a function of input power Pi, for (a)
parallel and (b) anti-parallel antenna current directions
(filling pressure Py =51 mTorr) (experiment) [47].
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Fig. 11 Axial profiles of the B, (z component) magnetic field on

axis, as measured (crosses) and computed with the
H-TG (solid curves) and TE-H (dashed curves) models,
for the anti-parallel antenna currents, Pp = 51 mTorr
and B = 300 G [60]. (a) Low density mode before the
jump, ng =2 X 10" cm™2 and (b) high density mode
after the jump, ng =103 cm™3.
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Fig. 12 Fractions of the total power P, absorbed in various parts
of the uniform plasma [60]: (a) in the under-antenna re-
gion; (b) inthe edge layer; and (c) in the edge layer of the
under-antenna region. Solid and broken curves were
computed with H-TG model and with TE-H model, re-
spectively, at B =300 G, Pp =51 mTorr and parallel cur-
rents in the antenna loops.
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