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Direct measurement of a thrust induced by sputtered materials
and application to electric propulsion
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Supervisor: Akira ANDO, Research Advisor: Kazunori Takahashi

A thrust is equal in magnitude and opposite in direction to the momentum flux exhausted from the system. When
accelerating positively charged ions to increase the momentum flux, electrons have to be exhausted to maintain the
charge neutrality and to avoid the charge up of the satellite. Here a new concept of the compact electric propulsion
device using metallic propellant is proposed, where the thrust is generated by mass ejection due to sputtering of a
metallic material. When a magnetron sputtering device and DC power supply are adopted, A maximum thrust of
up to 12 mN/kW with Cu target. It realizes neutralizer free electric propulsion device. This is one of ways to

miniaturize an electric propulsion device.
1. Bi=

EREFHABICHT 2ELBEE>TETE
D, ZOHTH10 cmy 2 FFEE D K E SO CubeSat
EMHIN A/ ENERZED TVD. 2O X
D ANRER O R v o3 UIRT HBICITIE B
28D AN=ZF T UAb~DIRLEED 2 EEAR AR
Thad. LNLRRD, 1RO TIIRMABRE
LR E AV D EDICFHFBEHTE 5T ED
IEUCIZIEBRA DR & 5 B 2 Bivd.

AT, ANy 2 U 2 T BIG OURIEER
WCER Lz, AR 2 U v ZPRAERICRI SRS
BLAEPHECToH D PR 2 LB LB, RIS )R
BT T RAVEROBREE T 52 LT Lo TRIR

B O S DGRy O/NRE - iR b 2T 5.

RIFFETIZANR Y Z U TN > TRAET HHE
HOFHHE R ST o7 5T T R~ DA AT 1.
2. RINRYLT 12k BHE N E DR

AR BV T BB LT, TR~ DAL H R
N Lo TIBRENAZLIC IV B Y —47 M i
L7=BRZ, NRULIZAA 2@y — 7 v ok 1-&
O THEEH BN THONEILT, BBITAS —
PIEEN = R LX — & ol L L CilEiEhb
LEIET. AR B o T EN DR 1T T
PR THY, ZORFRHC > THEN D I AT 57
HIE, BRHEEREO BRI P IEE T B0 0%
B ChD TR MEEL 72V RO HEERA B3 C
XHEEZHNS.

VERR LT HEERE T D~ 7 b Ay 2 HEE A [X]
R T . SRR H L=~ by 2802 IR0,
FERRR A S 2 BN ONFFEE AL T D, REEET

VXTIV T APE — 7 D B T AR 70
STHY, BMEICERER CEBEZENT 52T
FIR=DERELT). TIA~PEEIES1.0 x 1073
Pa FEE D ELZEREFNICAT AT U AL LI NAHRY
TAROMEEEZ BN TRALIEDFHIETT-72[1]. &
BRCIE A Sy X ZRD B 2 Z IO E ThHE- 7
NR=D e fRFEHEH = e U TRERZ LB LT-. =
T CANYZRLIX, AFHAFT L OE2HT=0Dfi 4
— MR THD. K21/ Z—7 v MBI HH#E
DNOENENERFEE RS, 07— v NOGAT
8~12 mN/RWEEE DHES MRS L=, KD HES)

DRESHANZRIEIFL TODTEREZBND.

FET LR aT =T W T TR RTR
— X (BARSE, TIVT A HEE) OFHIE T 7
LA, ENLIZE—F MBI L DIEDOE W ITIAE
Rohenot-. ULEDZENS, HESI A R 2RI
DIETFLTEY, A XKDz L > THES)

PRAEL TNDEZZLID. =
RS R
- i, | \Q
600 o Al b@é\*
Y
A c .{
) ol ‘W\s
| a e
: L)
| | i
8 gy
N ZmN\\«W
| i
[ =— ‘ | ‘ | |
0 20 40 60 - iy

electric power (W)

1: 77 A=R

© 2021 HL AR BETIZERT

B 2: %%2—5y b TOHETFH



SH34E8 A

3. DCMS & HiPIMS TO L

~ 7 xbhur 282 AT, EERE WD
DCMS &3V RA&EJRZ WD HIPIMS O 2F& 5075 3=
W&o TS, BRIZ HIPIMS 1238\ CldE /L
=R D HEBRAEC D722, @fE IO EN
FECED. 2 RUTH W TIRA T HHES) B ONHAL
Ty QR RV WY STAR o €t R Y Y Nk W 3 [ B
JEFHN AT o7, K3 & BIRZ A H L 7B o HE T
FOEREO g Z2 R4, RINBHES, RS
DCMS NRELIRSTWAHZEN DD, HIPIMS O
WATHEN MRV DT, BT 28R 7 LIEE
NHBRIZEDEZEZLND[2]. ZZTHENF =
mnu?, BET « nukVF/T « mu/dm T, F/T
BB R OR ICEESZENDND. EEROMIE
HiPIMS DA KELIp>TWD. i Eo
— 7N FOREREFNX =2 FFOX— v
FUMBIHENAZEIZRIK T 580 THD. HIPIMS
(IR AL S Lo Tl = L —

WU AT DIBHRELD[3].

o orestwin s | LT & mu

rust with Hil .
® thickness with DCMS B%’}AMSS 5187 9
M thickness with HiIPIMS T
1000 T T T T T T T 150
//
r 1.6 nm/W // 9.3 uN/W
L / 7
/

L o / -
—~ / 34 pNI\N//f100 5
=z ~ e Py
3 / o // 8
% 5001 v, -7 I 7]
8 2 a 4
] — ;// =} o}

/ o 50 3
r /g o_p’
4 nﬂ’ﬂ
r/ o 0.19)nm/W
/e
?/ //
7
0 Z 1 1 1 1 1 1
0 100 20%

3:DCMS, HiPIMS “COHE )77 H M ORI

4. VY LTSATDER

IR TR THD LT LEREI L TT T~
HEREAT 2Tz, T IRV T HDIMEAL =D L
KRB ATRE M > TN, 27T A<
BIObBYT AL 7R e— 2 — Lo TMEEST
W5, BLZER NI O F7131.0 X 107* Pa FJET

BV, ZOHEI] FTORIT LOHAIL30 °CTHDH[4].

ZDEEDEVY LT TR DA EIXSIRT. BV
U LT TR~ OEFRITHERRS =L OO, EEIL
S, T EWERRE I D e A Sy H B OV R
FTAHENIIEF I NESNEEZ DB,

ALK B RGS S RLSk

0B 1% (August 2021) —99—

73 XENE
200°C
EEESE 'S
301
woee PV
metalvalve.

K4 : BvyATTA<J K5 BV ULAS T

5. £&&H

AWFFE Tl N SHEER OB 2 B & L
T, AR A Y T TCORNREDTME
LT T R DEREIT T2, ANy B 754
RIS 1T B R8~12 mN/KWOHE AN R S -, &
72~ DCMS & HiPIMS TOTMERMEE 21T > 72 &
Z %, DCMS [FTHEERIE &t smny, HiPIMS (38E
RBEUNKE N BTz, v T LT
TR~ DAERELT - T2 NETREME L, S5%ITER
fEDM EIC X AR ES L E L S 25,

pd.

[1]K .takahashi, et. al. Appl. Phys. Lett. 98,141503,
(2011)

[2] André Anders, et. al, Journal of Applied Physics .

102, 113303,(2007)

[3] Ludovic de Poucques, et al, Plasma Sources Sci.

Technol. 15, 661,(2006)

[4] Daniel A. Steck, http://steck.us/alkalidata (2019)



