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Narrow region plasma measurement method and application to miniature RF plasma
thrusters.
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Miniature plasma thrusters have been developed as propulsion systems for

miniature satellites. The one of the issue of them has been to measure the plasma characteristics in
a narrow region, which can be several millimetres in size. In this study, an optical measurement
system was developed for an miniature RF plasma thruster of 3.4 mm diameter to measure the plasma
distribution by measuring the emission line brightness distribution in narrow plasma regions for
understanding the plasma characteristics in narrow regions. The relative electron number density and
neutral number density distribution of a 10 mm x 10 mm region with a spatial resolution of 0.026 mm
was successfully measured for the first time. In addition, the plasma phenomena in the discharge
tube peculior to the narrow region were observed and the effects on the length and diameter of the
discharge tube were revealed. From these results provided knowledge for the optimisation of
miniature plasma thrusters.



¥ X C—19,. F—19—1, 2—19 (58

1. WFEBRR S A D =

1340 10 cm #EOME/INR N T A2 ITBAFERECREHEIZBES T, F/NRBEORESCRKFETHR
it BUERFRETH Y, FHBERO N KLV ERES TIPS Z EICHBRL TS, LavL, fiE
A X EFERRIOHIFID HHEERR(R 7 2 ) OB ITENLTND, AT AXEHRHETDH LT,
BB L 2 FRATEORHIOLESL, AREREOHLNI v a i PRIARELZ K
ELIRTHZEMAREL 0%, ZTDOH T, I X~ &/, BHICERT5 2L THENEEBL T
T A2 AT A LR EMRE D < B/ NN T2 ICHEIT 2R A0 ED S, W< O OFH
FEIEN T T, 5% O/ NYUN 20RO RIS T 2 7oic, B/ X
VAT AZDEIRLEMERE - BEEMEEAERI TN D,

TT R AT AZDOERMEEILICIE RIS TR~ Z2 A UNET 20 ERNH 5, ZD=D,
7T A< OIRREDOHRE L B OBMRN AT R CTH D, L, BT T A<v AT AHX CIIEE
7077 A B mm DL OKMER E 705, BEFOEERFHANETH 5 7 v — 7 HHIN T
ST, 20 L) BRPfEk O 7T X< O =R+ EONT . BT —2hH0
HEW 2 LA ZE D3 D DAL TV D, BEMHT OREE ) L L CTE7h, T — & & O IEIT
BERARTHD, €D, BEE TDO T T X~ DZEMW A 2 FHHl nRE/R FIE AN TDH Z &
TR Z RESAES T2 Z LS b, B/INUT I X< AZ AKX D12 LT, &
RN AR 72 2t 0o, EFEERRET
EVMEEMELR G TE 2 EBEER) Y 7 X
AT AEANHH(X 1), RF 77 X~ AT A o
S, T T K AR L R A WA 4 gmm N
LD FEHRES 2 VT T X~ ik e -
KT %, RF 77 R~ 25 A% OMREE, <o
BIBIRCRF 7 v 7 FALE 72 Elxt LT — $
BIEZFFOZ ENFROAT ZAZITBNT S---SIIlTTeill
6> TS, L, BT % / T ImEEN
SIZF O TIEER & 7= BI O FHH L 2vT SEET VTS TSR
N, EDOLHTTT A RERSNINE S -
NTHDENEA LN > TE LT, MR . _

LI 1 7 58 H3AE B AL TR, L B/ RE 77 X A7 A 2 ORI

2. WL HEY
AW TIX, BN T T X~ AT AZ DT T X~ OZE/I M % 5H /T RE 72 H VL O &
/NI RE 77 A~ AT AX O TO T 7 A~ A Z1TH) 2 LIk 0 L F2FZEE I

ET%,
1. BT T X 25 22 OWNERZR B NZIEEE T O 7T X~ 22 W54 Rk 2 51 AT RE 70087 L
VLR TR HESL T D,

2. EROFEZHWNT, @/ RF 77 A AT AL DATALNHNDT T A< FHU 2TV,
7T AR R BT L, PERERIEL D 72D DIRE ETS D,

3. WFED ik
3.1 BEEHDLFM T T X~ Gl
75 X~ DFNL. BEZIF LE-EREmEAZFEAL TR EBREEZFHATS o —7
FHAI A K LTV D2, 2 mm WA XOGER A~ ALY A AMIcWEEcH 5, FITZE
WA DA & 0 #E LV, ARFFETIE, JE5R T T O EF RO A2 & QNS P MR+
EE AR LT,
BFDTFNANX—=[AAGN, w7 AT 2 AN CThHhDHETDHERF ST AV AT ALIDT T X~
ST TIZCREF VLY P ERIFDRIETH D Arl & —fliA A2 DN TH 5 Arll O FEAREE
EREIFNEFN
La (i = §) e ANy oSy (T, ), M

L (" = §) o« Ay Ny oo Sy (T, ), @
ERIND o Ina Dt (TENZIV AL & Al OBEERE TH D, T OREN/NEWET D LEENEN
DFEETREE & 8B FE ne & YRR 308 FE n & OBIFRIE
a1 € NN, 3)
[P nezv Q)

LRTZENTE D, Al & Al D 2 RO 2 WoTHERE DM A2 FHT 2 2 LT, EFEEEL
PRI D 2 ot i KD D Z LN TE B,



FHAPEE O X 2 1R T, BZEF v

NND RF 759 A~ A5 AR EREROE 2 — -

H— b OWMEEITI. AT AL DD EHIE Band pass filter Camera
i COMMEIE 350 mm & L7, 3L AT _|.
M. GHIL YR B AT Y v 2 Ar] b Beam Splltter .
ArIT C5HST 580 RAART 4L H | 2 AD View port - Eb‘e"t"’e
HATGNOHRSND, 7T RA<hLORN Chamber = ens
iﬂ%V/XT#kéh E—ARTY v X

T 2 DT B, %ﬂ%h@/\/ AV E
4'/1/&75"@1/(‘737(7/( Y InbH, Arl & =) 30 mm
ArIT I Z# %1 420 nm & 488 nm ZEA L 3 :n:éD
oo TR, A OERH ATV H A O Nead
MOFEAEL | 7 4 L2 OBEIRNIC A B 2R RF plasma thruster

FEDR RN DOHERIAFIEL RN & 2R L

TWb, ZOVATATHEISND T — X1 K 2 HFREMBNFIRE 75 A~v AT AKX,
BRFMOFREMETH D, £ 2T, 77 A<

Z xR & E L Hansen 5% VT, PyAbel &5 Python /Sy 7 — U %FIH L T 7 —~L 4
Hrmtiole, \JBoNleT —XOZYMHIE, AT A X Ttk 10 mm (LEIZERE Lz 7 v — 751
AER L L CHER LT,

3.2 RF 7’7 X~ 27 2% OFHAIFER

FEERZEE OREMEX Z [X] 3 12T, ﬁMiEéﬂMmm\ﬁ 400 mm DEZEF ¢ /3% F
Tirbivlz, Fx¥ V SHNEIICRF 77 A~ AT AZ % E L T\ 5, HEART Ar 2 W T~ &
Jo—ay ha— 7%@LT(JIL£;:H%Z7ELTW5 mﬂ/ﬂ?®ﬂ/ﬂi§ﬁi60MHszﬁj§200W%
FIR[A[RECTH D, F v 7 MEDO N DI F R CHBUEFE 75 Af &2 US4 %,

ﬁmeF772717X$i,W$£ERFT/TTEME#%@@//7N&%L&bT
W5, K4 IZEKHEY A X THHESZ 60 mm, N 3.4 mm O RF 7°'J X< X T 2 O %
RT, RE7UTFHICit. 34— DON—FT7 o FHBALTWD, AHIZETIL, HEEE S
Z 40 775 80 mm, AEENELE 2 mm 25 6 mm OFFHTEX BT 77\’\7 A A BUE L
T/ RE 77 A~ AT A ORMEEZRE Lz, HFEFHIOZEGHERTTOT-DIZ, AT AX T
10 mm (I 4 KROTa—T7E2FEL, 7T A~ ORHIEITWOIFEEHARE S & O g 21T
Do

[l Ontical system

DP [N ¥
|

RP - ‘
[ Tr ==—m
700 mm
Langmuir
E 75 probe
o 3 /
ﬁ- II
S =
Ar— I‘[:l IJ:‘I:LI IJ:I:LI collimator spectro
Tank M MFC| [Maching || R PS meter Triple roop coil
by B(I)x Neodymium magnet
~20 sccm 050 RF power 12X ¢p7x4 mm
~200W 60MH e _
‘ [ 4 #/VH RF 75 X~ 25 2 2 4%
3 EERALE AN
WFZE R R

1 BRAEIR D 7T X~ FHAUFIE DRt ST

X 5 \ZARFFE TR L7- 488 nm TD RF 7' 7 XA~ AT A X D 2 IR ITHEARMEE /54 2 7R 9 7,
RF VI XA~ AT AFDOFHMERLTEY ., EORFWEIRN RF 7 7)., BHRLTWHDLEN
WEETHD, 77 AITEMDBLARA~ LT TV D, GG RO S IERFT D=2, KE
BTRWO T — LG O A 7 A H O G #l7 R 10 mmx£2 51 10 mm O#FH O GRS iz
WCORT, X 6 ISR AR & A R TR D 2 IRE A & kT, 2=0 mm @D r=0-
1.7 mm Mﬁzaﬂm O CTHY, r=0mm % kPRl & U7zdlctBr 2 ot OWriE X & 72> T b, Jik



Measurement I'CgiOIl

RF antenna

¢3.4mm 10 mm

Gléss tube

5 ArIl 0 2 ¥k O R EE 43 AR .
(200 W. 488 nm),

r.mm 10 Lmm

10

B 0 s S 0
o 5 10 zz mm O 5 10 z, mm
(a) BETHBE. (b) H RIS
X6 T - PR EOE E OFEX 2 IRITAAR.
EEHOTEOBENEL, 77 AN FRASEIRD > TEENMET LT < G2 G S
nTn5,

Wiz, Ta—T7HAE DR EITo R AR 710077, T a—7FHlX. =10 mm (7 # I
=0, 2.5. 5.0. 7.5mm ICEEWZEmRE AW TEHI Lz, 2=10 mm /. {& TOYEFEH & 7
12— 7 FHANC X D MREE T BEEE O T a2 X 7 (@), WIZRT, (@)X RF %71 200 W, (b)
X150 W OFER L7225 TW D, HWVBIDEFFHITE O NI E S, RO, 7
— 7 CEONTETREECTH D, EHLL L EOMETHBLEINTND, =T — 33—
XA B OB HERAEEZ X LT D, K 7@)., bz RDEFEHE 7 a— 75l O cHEIX
I—FHLTWBZERnS5, K723 20 mm (VBT RF BEHEL2-BOF v —73
LSRR R AR L TV D, T a—T7 0Tz 70-200W £ TlAITE< —&H LT
5, ZOFER IV | ARWFZE TR L 7R el AR, SemEik O F % 5 1B B A DO -4 MR
IRE I, mm YA ROWGEIR D 7T X~ 547 & GHAI T RE 72 o AT AISHENL ST &V R D, AR
MFEET, Z2R 5 fREE 0.026 mm A FER L TV 5,

4, 2 BN RF 75 A< A5 AKX DT 5 X< 3|

AWFFE CRA%E L 7= IR O SefElk 7 7 X< 3| FiE 2 W /M RF 77 XA~v A5 A
X DIEBENND T T X< it &2 Eha Uiz, B/ RF 77 XA~ A7 2AXZ O 8D 1 21
7T A= OAERRFEBOHIEN TE TWRWZ ENET b5, X 8 ITHXHEHE E S5
O EEFEZ RS, K 8(@)b)D L 9 RIKMETIE T 7 A~ 7 7+ L0 Efiflo
WZAELTEY, FHRANZIZIFE L2V, K 8D KitESFIMFICB W T Rk T 7 X~ 4
KENEL DT T AN FHRICHER SN TV D, mWWEREES D 722X, $BE O Ttk T
DT A~ BRI L TWD, AWFFETIL, X8 % 1 f1& LT 10-200 W &) & 0.3-10
scem OEIBNTDOT T A iz ifla L, 77 A~ AWM ESEINIKGFET, e
B LT LR LN LT,

B9 ICITES R &% 40, 60, 80 mm D 3 5efth TV & B 7-BR D FAxHE 7508 FE 4y
Hi % g, ARBFGETIR, IEE OBRSCE &7 EORARDIERMEIC G 2 D B A RE L,
X 9139 T 5scem DFERTHY T CTT I A~ERSINTWDLEMTHD, 2T A K4



NEEINIBEIBHEELZET AL, 60 mm b E < 2o TEYHEV 40 mm 128\
TH, 80 mm IZBWTCHETHELIIELT LTS, L, B EE RS SAFEL
TWHZ EERL TS, RIFEOFER LY B/ RF 77 X~ 25 A% OekatiEkic
M 7R EZ/D 2 ENTET,

14 1.4
£ Probe
c 12 f o 12 F ® Probe
[} e b c £
52 ., F mea-surement S o 1k measurement
So 1| —Optical 5 e [ -
2L 2 F 5 —Optical
oS £ Measurement L 08 |
S 008 ¢ oo 3 measurement
D = £ o Dos
E g 0.6 ﬂ"‘ ; L
© £ =904 |
= £ £ [ [ E
E204 ¢ ESo2f
=) c r - c r
P 02 F § ok —
0 B -0.2 N T T T S T R R A S A
-10 00 1.0 20 30 40 50 60 70 80 90 100 210 00 1.0 20 30 40 50 60 7.0 80 9.0 10
r- aXIS mm XIS, mm
(a) 200 W. (b) 150 W.
12 |
- 1 + +
[}
Qo
g 0.8 +
c
5
520 ;
= B
2 2
W @04
- 0
] ® Probe measurement
= 02 ® Optical measurement
E °
o
z 0 ‘
-0.2 O b

0 50 100 150 200 250
Input RF power, W

() RF B %K 2 I-BEDE A EEE DL,

X7 7'u—7 AR & O g,

80

0o 10 20 30 40 50 60 O 20 40 60

0 10 20 30 40 50
(c) 5.0 sccm. (c) 40 mm.

8 AHH PR - B 4y Am (U e A7) o 9 FHS A 1B FE oA (R SHEAT),



1 1 0 0

Yuya OSHIO, Rin HIWATASHI, Hiroyuki NISHIDA, Hirotaka OTSU -

Plasma Distribution Measurement of a Miniature RF Plasma Thruster by Narrow-band Imaging 2023

Journal of Evolving Space Activities -

DOl
3 0 1
RF
6
2022
RF
2021

Yuya OSHIO,Rin HIWATASHI ,Hiroyuki NISHIDA and Hirotaka OTSU

Plasma Distribution Measurement of Miniature RF Plasma Thruster

33rd International Symposium on Space Technology and Science

2022







