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Studies of the Conditions Required for the Formation
of a Magnetic Neutral Loop Discharge

Tatsuya SAKODA™*, Makoto KAWAKAMI**, Takayuki MIYAO™™,
Kiichiro UCHINO*** and Katsunori MURAOKA™***

In order to reveal the conditions required for the formation of a neutral loop discharge (NLD) plasma,
distributions of excited atoms, which were strongly related to distributions of ionization rates, were mea-
sured under various discharge conditions by using laser induced fluorescence spectroscopy and optical emis-

sion spectroscopy.

It was found that the results of these measurements were consistent with the theoreti-

cally predicted dependencies of electron heating on the magnetic field strength, the RF electric field, and the

RF frequency.

In addition, it was shown that effects of electron - neutral collisions and of the finite size

of the device set limitations on the formation of the NLD plasma.
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Fig. 2 Schematic arrangement of the experimental appar-

(b)
(a) Configurations of the magnetic field B and the

RF electric field E, and (b) the meandering motion
of an electron in the B and E field.
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Spatial profile of the population density at the 3°P
level for the NL radius Ryy = 100 mm.

The RF power was 400 W and the magnetic field
strength on the chamber axis was 4 mT.
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Spatial profiles of emission intensities at 389nm for
the NL radius Ry, = 80,100 and 120mm . The RF
power was 400W.

Fig. 4

NL EOBEFREE E, 13 175V/m LREL. O
DMHEBR F, ofiix, )R> TeHEZTH &
0.79&7%%. MLy, BERETFEEX NL ETHY
Y= &b, ZOMOBFHTICHRT 2 EL ERE W
ZE&Hbhb, NL ETid, BFEREDLBHEITICH~
TEW, I, BEBITETIVE W@ »S,
EHEE NL ECEFRICITONRLZZEOHLMICE R
TWw3Y, foT, KEFTOBEEFIE r=100mm O
NL FCERENRTWAE LERTED,

CDLSBHRETOREREYRT 3P BAOF
BY -2, 3HICBNEMOREEILIEICL->T
DHERTHI LV TES. Fig. 415, NL FEFHZEML
ERLROZOREGAOEALERT. AHRLY,
NL FEOENIIE- T, BROE -8, T4b
LEEFOREMIEILL TVDE I Lhbhsb.,
LIF 12 & % 3°p #OFEEREL, BAECSEERD
ENB LV REGFEAFHEDDD, PED SN I
DHEHPLRONHBELEET CLIMER*BAI L
WTEL P otz FNITHRT, B EIFEBIC
109 BETEE CH 5 - OB ROMRyEE 2 2 & 5%
V. LaLl, BEORHESICEY NS TS SN I
FEITBRIENTEBDT, —HEOGKT— 55
BRI & BIRT 5 0SB I UL, TRV BES:
TTOHBIZHWGENS, Z0729, LLFO NLD 7
T AT ERDOBERE, RENXT—REDNRSA—F
BIFBEERARBMEITIE, OB HEL BV,

4.2 BIBSAER U RF /N7 — iRzl

NLD 75 A<ERIZBVT, & 1) ORS L®
BRPEIBLNLPEFRL 1012, WHEEZE
LS TT I A 2ERL, ENEBEI L/ Fig. 5
12, NL #%F(3120nm, ¥ £ i£13.56MHz, A J7/%



— 326 —

MR P HREE T 7 A OER SN CET 5%

7 —i2400W & L2 A, BMESY-2 LR 5

B A22. 50 m THBAL L 72 RAS A DOEILEIRT.

Mo EBETRELEICP L, BIRFEEE TS
AR EERLBEDIOTHE. 1) N&h, #H
MER/NELTEE LFEREL Y, BEBR F i
INEL D, POEEEES.2, 2.4, 3.5, 5.9 mT
DEED LIX, Fh¥Fh2l, 10, 6.5, 3.8mT&H >
7z. ¥ F, ofEiZENFh, 0.24, 0.49, 0.76, 1.3
Thb FARLY, BHEEENNSLZY Fo 2/hE
(B LD -T, BAOGAP ICP L7
FHEGHIAETL Z b, b, Zhi, F 75
EL BB EBFFIANFE - 2B LEBBIENY,
T3 AR ERELTERVWI L ERL TV A,
F U< NL #4Z120mm T, H.OEEOBRGHEEY
3.5mT —5€& L, RF AN ST —%Z 2T, F, # ki
DOREEEREECRE L F, 0#FEFEFICLT
BHEEBB L2 RF AJ/87 — %1004 H800W £ T
ZAL SR BRI DOE(LE Fig. 6 IR T. A

L —o— 1.2mT(Fo=0.24)
12 & —e—2.4mT(Fo=0.49)
T S —o—3.5mT(Fo=0.76)
N e g e || —=—5.9mT(Fo=1.3)
g / //t// J -- = --ICP for comparison
208 g A
VA B\
LY X
Z 04 0=t .
- ——/ RF power 400W
02 ¢t NLat 120 mm
IS U T N O U
0 5 10 15 20 25 30
Angle (degree)
Fig. 5  Spatial profiles of emission intensities at 389 nm for
’ magnetic field strengths on the chamber axis of
1.2, 2.4, 3.5, and 5.9 mT. The RF power was
400W. The profiles were normalized at 22.5°.
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Fig. 6  Spatial profiles of emission intensities at 389 nm for

RF powers of 100, 200, 400, and 800 W.  The
magnetic field strength on the chamber axis was
3.5mT. The profiles were normalized at 22.5°.

Table 1  Values relevant to the formation of the NLD plas-
ma for RF frequencies of 13.56, 10, and 7 MHz.
Fy and < € > were calculated by equations 1
and (2), respectively.

Frequency E, Bo L Fo <e>
(MHz) (V/m) (mT) (mm) (eV)
13.56 102 0.48 4.0 0.65 0.44
10 75 0.36 3.0 1.16 0.38

7 42 0.25 1.5 2.55 0.17

F37877 —$3100, 200, 400, 800W DErD FfElx, #
nFh0.4, 0.5, 0.8, 1.1TH 5. BABEEDIAIL,
Fig. 5 & FRRICEINA22. 50 A CTHBLL TV 5.
Fig. 6 205, B SREEIKAME & FARIC, Fo fEAV/NE
WIEEFEHER SR ERY, TIXAERBEREILL
TWhWIZ Edbhs, 7, FOE (0F) IR
BY—s B (22.5) ORMLOMELER- 258,
W, BREBESEZ-oTWTDL FEFRA%ETHI
£, ZoRiRIEEZE LV, Z0kH, TIATER
BEBEALS D EAVIE, BBHWE, RF ASS
T—%EZXTCFDE2ERLZLIZEoTELTS
ZEDHELNIIR o7

4.3 BBEBE&KEN

BB EEZ S 22T B0, AT —R
VORGSR E —ZBIC L CRABBEEATTIAIPH
DEFEBRE L. Bk E13.56, 10, 7 MH2 L &R
2B L, By, Fo D&#E% Table 1 (II/RL72. A
J337 = P=100W #—FICLTWVW5DT, BERHE
FE Eold, w ZHBITH. T2, BEEIEDLLIL
T By, Lb%ALT 5. 1) RicfE) &, HRELLT
RF AT =D —ETHo THREAEHERLIT S
LEoT R OERBBLF Vo IZHFILTKREL
%%, %72, Tablel #FD<e>i3, t=0Tzx =
2 =0 ORMMEHTHITES T 2 ETFOER L ETH
L7292 T, BMEOEB A LF—% (2) Rt
STEHEL-FEYETHE. Z0LHIZ, 2HTRL
TEEICES L, Fo ki <e> dZ(bT5. Zh
12t LT, RF BHRA NL ORIZHIN, BFFEMI
BRAFICIESNS &) ZBREFEHFE T T A<
CHEULEEFNVEELTAL. ZOBE, BTR
RF EFROHMTHIEH L, EFORLIZILDOTELK
KOEE LIV F—IT,

€0=_;‘me<:leEw>2 ®3)

L% %, BRE WG o BT HZOT, #E, AEK
PEALTHEFOEBH LA NVF—IIEML 2.

Fig. 7 |2, JE# % #%13.56, 10, 7MHz & &R 72KED
BHMELY — 2 & 2B A22 SETORNLDMEE



L9 £ WM KERZEERAETENERNKE £19% £35 —327—
100 £ 0 13.56MHz 13.56 MA

C — O

- |0 10MHz o oY N

| | & 7MHz 8 = 10 MHz
Z , E |27 MHz
ERRUR 3
— E 6 E
£ a S5 F o
= | 5k o
2 & 4 E =
g 1k ' g 78
C F 3 E o

I 2 f b@g{

| 1 w@ﬁ)

0‘1 1 1 F N T T O | Il 1 | T | 0 E?‘
0.01 0.1 1 0 0.5 :
. 1 1.5 2 2.5 3
Averaged kinetic energy (eV)
Fig. 7 Variation of emission intensities at 389 nm at an F
angle of 22.5° for RF frequencies of 13.56, 10, Fig. 9 Variation of the ratios of emission intensities

and 7 MHz. The magnetic field strength on the
chamber axis was 5.9 mT. Values in abscissa were
calculated by the equation (2).
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Spatial profiles of emission intensities at 389 nm for
RF frequencies of 13.56, 10, and 7 MHz. The RF
power was 100 W and the magnetic field strength
on the chamber axis was 5.9mT. The profiles were
normalized at 22.5°.
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Fig. 10  Spatial profiles of emission intensities for Ar pressures of (a) 2mTorr, (b)

SmTorr, (¢} 16.5mTorr and (d) 45mTorr.

The RF power was 100W and the

magnetic field strength on the chamber axis was 5.9mT.
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