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Fig. 1. Schematic diagram of configuration for discharge

chamber of 2 cm ECRIT ion source.
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Table 2. The magnetic circuit structure parameters

of four discharge chambers.
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Fig. 2. Distribution of magnetic flux density inside of the discharge chambers:

(d) chamber 4.
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Fig. 3. Distribution of microwave electric field intensity inside of discharge chamber 4: (a) L, = 2.1 mm, L, = 0.7 mm; (b) L, =

2.5 mm, L, = 0.7 mm; (¢) L, = 2.9 mm, L, = 0.7 mm.
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Fig. 4. Distribution of electron heating index in ECR layer of different discharge chambers: (a) Chamber 1; (b) chamber 2;

(c) chamber 3; (d) chamber 4.
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Fig. 5. Schematic of the experimental system.
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Fig. 8. Voltage for electron extraction vs. electron beam current from different neutralizers: (a) No.1; (b) No.2; (¢) No.3; (d) No.4.

W, 2 SRR AR L 1 U, BT oAl A
w51, 25 R L, 3, 4 5 R IR ECR
DX 5 H 5 | AR, Y4 B IR w5 AR
i, o R TR L A e B Rl g |, S
JCHL 2 P A S AR AR IR 3, 4 5 R R
i B AL, FEAHF T T ECR X L A h
P AT, S 3550 P B3 R A AR % A
RS A F Y I BT U . 10 15 g 4k
RERCRANGN 2 S AngR, FLRFHIREEK, MOre
[T it T, 2 5 R ARSI RE ™ A A i i 45
TS, DN A R B F T AR BT 7 1R L 75 |
HH HLRAIG.

WHEE 8, 78 Ly = 0.7 mm A% 5 A TR
LW AT, BRI HRE Uy Bk 2 5%
MEs, AT REN B SH L M & TAESHOT
Uy 5EMARYSER R SE, SEgn2E ANl 9 fis. A 9
ATLUE ), Ly MRS 2 5 spfngs sl AR TR 1L ird
(4 Uy B T et 335 00 T W R AG . S PRI Ly AR TR
M, TR N RO = R R £, AT
L5 T R ATUR G A, AR R A B T A
K, WG HRAHIE] I BT Uy BEAG; (A KT

0.2 scem B, lHFRIEYIRE R 1 W, ECR X fin#AY
15 BB FE 5 M R RIS R SR TR, s | A
) I, B (8 Uy Z8ACANBH . 20 AR ), B
Ly 3K, I ARTR] I Jrds Uy FEAK. 43 i A2
Ly W/, AR T, Ly # N S NS R R
FR, M5 R 22 ) & AR BRI R AR R, AT
B T HL T ECR JnfAad R, S 2055 By 11 i

— [, =35 mm

160 —o— L;,=3.5 mm

120 ¢

Upe/V

—#— [;=3.5 mm
| —e— L;=3.9 mm
—0— L;=3.9 mm
—&— L;=3.9 mm
| —& L;=4.3 mm
—— L1 =4.3 mm

, ¢g=0.3 sccm
, ¢g=0.2 sccm
, ¢g=0.1 sccm
, ¢g=0.3 sccm
, ¢g=0.2 sccm
, ¢g=0.1 sccm
, ¢g=0.3 sccm
, ¢g=0.2 sccm

I./mA

K9 AW L RFTF 25 HHEGE P =1 W RT3
HEEAE S

Fig. 9. Electron extraction results of neutralizer 2 with dif-
ferent L; at P, =1 W.

235202-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 68, No. 23 (2019) 235202

BEA, S B F A3 A2 FR . Y 4 0 500 o £
0.1 scem F5 | H Y HLF A 4 mA B, Uy, 1653
A 58, 162.9 1 27.4 V, EIBE L, Joté 5 /).
HIFE PN Ly RAT R hn 2 808 e R 1 L iy
JHEIM, AH AR T BRI F - i R AR (e
FHRERAF LB BRI A A PR BRI . d50Y Ly 3
£ 4.3 mm B, 5 R RERE RS,
£ ECR X BEWE 70 /3 R4S S0 R i, T2 A /o 2%
)55 B AR T AR B 5 |t HL .

ZE L ATAL, DR R LR R B AR
M RNER AR5 L H . 51 R D)% | I &
SR IR /1N . G B XoT v RN 8 1 R T S O
], PRA RN & R A B IR 2 32 5 | Al i s 5
M, ECR X 55| itk BE i, S80S REE TR
LB A RE, MM sZ i rh s 5 | H LR R
2SR M HURL 0 BE TED 2 RN R B, HAA Y
L5 5 B Rl R AR RO T 51 S RS B, o
A B IR R, NIRRT 5 |t F .

3.3 B FIEMPFINENETIEELESIIE
R B 5 - YRR P T A i 6 R K 7 Ak
ZERL WedE L, = 2.5 mm, Ly = 0.7 mm [ 4 S5
FIR, L = 4.3 mm, L, = 0.7 mm ¥ 2 5 HIZE
PEAT R RIS SE . AR TAESEUE & i A Th
1 W, i 0.1 scem, & 10 & FIRE 2 W Hl
3 W LU BN & 58 4 R 5 | H 1 RO S0 56
SR, B 11 N E TR S PR i IR R A R
SEGEE AL, X HE 10 FE 7 (b)), FTLAKRBLES T3l
HRORITES 9 1085 | SR A i i, (R 25

Ib/mA

0.05 0.10 0.15 0.20 0.25 0.30 0.35

q/sccm

B 10 NS 51 s RO AL A LA

Fig. 10. Ion beam current at the neutralization state.
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Abstract

The advantages of miniature electron cyclotron resonance ion thruster (ECRIT) for space propulsion are
long-life and simple-structure. The magnetic circuit and antenna position of ECRIT are crucial in the electron
heating, plasma confinement and transportation process, which affect the beam extraction and the coupling
voltage of neutralizer. In this article, the experimental studies on the ion beam extraction and coupling voltage
of 2 cm ECRIT with different magnetic circuits and antenna positions are carried out. By comparing the beam
extraction characteristics of the ion source and neutralizer of different magnetic circuits, a reasonable magnetic
circuit structure is selected. And the influences of different antenna positions on the beam are compared. The
influences of the magnetic circuit and antenna position on the performance of ECRIT are summarized to obtain
a reasonable thruster structure. The experimental results show that the extracted beam increases with
microwave power and xenon mass flow rate increasing. When the spatial position of antenna is fixed, a suitable
magnetic circuit structure can increase electron heating and reduce particle loss, which is suitable for extracting
ions and reducing the coupling voltage. With a suitable magnetic circuit, there is a suitable antenna position
favourable for extracting ions and reducing the coupling voltage. According to the experimental results, the
optimal structure of ion source and neutralizer are selected for neutralization experiments. The results show
that when the neutralizer works, the beam extraction of the ion source is affected very little. When the
neutralizer and ion source operate under the parameters of power and mass flow rate, respectively, of 1 W and
0.1 sccem (1 sccem = 1 mL/min), and also 2 W and 0.3 sccm, the thruster can operate coordinately to generate
an ion beam of 5.3 mA, a discharge loss of 337.5 W/A, propellant utilization efficiency of 24.7%, thrust force of
368.6 uN, thrust specific impulse of 1277.6 s, and neutralizer coupling voltage of 17.4 V. The results can
conduce to understanding the mechanism of the thruster and thus providing a reference for its design and

performance optimization.
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