) 32 2 3R Acta Phys. Sin. Vol. 73, No. 14 (2024) 144102

B REFAUEBERE-EREESFEFE

mH# maR KE ZRE O RARK

(BB AR R 2 Y P22 B
(2024 4 2 A 28 HE]; 2024 4F 5 A 20 AU EMEHH)

AT 230026)

AR P 5 R 5 P DA P R A A Y S 6 A AL v LA A I AR SO s BE L T R
FACREM G 1, FEAR SR AR AR T WA MR A S IR SR TSR R 20 5 36 00 SR A ik I ) P SR8 3 R 1
BEFTBEALL; ] COD ARHLAN i 2R BT 00 7 A2 B0 L R4 B IR E A7 12 I8 W7 SR B 1 IR S B T T
RACREM I ET O B HER SR . R RV SRR, o7 W0 4R RE B sy, HR S5 B - ACHE A BN, 45 8 A o 1) iy
oAb, X5 R R W A R 0B SR R S R B BERUE I — 2 B AR URIE R, RREH TS kT
LA 498 T, LT AT 8, 9 0 B TR A A R A B T ACHE R S R e v BE R T SRR A K
RE L 715 SUMR T BUSTARAE 9 S e 76 40 keV A5 PF R, ST IR 10 pA J8/NE] 0.5 pA I, HL 555 B2k
/N, ARARAE 10°—108 e Y8 [ 5 17 FE 3 B B A W R 9 AR AL, 20T 1 eV BEAURIG R, AL 1 A 3 O 4
WFFE TAERB, 78 TAR R R B8 AR B0 T, wl 45 20 3 o 7 A S 5 1] B R 25 15 0052 7 SR8 08Y 10° em 3 LR

ARG 0 PR 5 SR TS AR, 2 S 4 e A R v P ORI AR R A SR O [N R R

S S BT AR TR A

KSR TR, AR TG, R TIRR, RTEE

PACS: 41.75.Fr, 52.50.-b, 52.50.Dg, 52.70.Ds

1 5 =

g N o NS AR TN S Py (VI =r
FEFRTERESEL UHRTE— S Tl 3 B 11K
I, R R RS R T LA™ A B 2 s b 15,
BTE—SLIEIE, T2 A AR PR A B+
A, AE S (AR 1Y) 5 )23 45 B TR S0 35 RS UL B
e 0 B R AN T SIS I DX, MRS
HER FE T 90 km FEHIF] 1000 km. H B2 iK%
BRI UAVRAE S B 25 BE R BEAIR, F o
TE 5x10% —3x10% ecm 3, LR 0.05—0.3 eV [
FEL B 2 5 B R 1 S 6 S DT TR Tl S H:

B e O i Ny TR (OR8PS
AT AT H 288 B R B ) A AR

* K E SRR (S 2018YFE0301102) ¥ BhAYIRAT.

t BIE1E#E. E-mail: xdzhu@ustc.edu.cn
© 2024 FEYIEZS Chinese Physical Society

DOI: 10.7498/aps.73.20240302

S T T L B R PSRRI S B A, R
ST L 2 B, SRS I e P 5 B
TR, BT RE T R W E TAEX, by
R T B b L I 1 — 25 e Rk, AR
FRTRL | FEEFIREX S TAEXEHE, i
MR A, AT R AR EE R B 2 | H SR
il PR .

AR, lﬁﬁﬂ% Hﬂ?ﬁa%ﬁ#%ﬁﬂ?m
T CIN e A P . F T e s AR
TrEAs, ?ﬁE?ﬁﬁﬁl%%Hﬁ”ﬁDiﬁ/\Ifﬁ%i 5
AR AR H B 155 2 A AR B 1 A
HL T RGBS T (<10 Pa) S
TAEESE MR, TAERZ SRS T, MK
SRR — KRR, T % IR 6E
A I BAF TG, T HA M

http://wulixb.iphy.ac.cn

144102-1


http://doi.org/10.7498/aps.73.20240302
mailto:xdzhu@ustc.edu.cn
mailto:xdzhu@ustc.edu.cn
http://wulixb.iphy.ac.cn
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
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. 73, No. 14 (2024) 144102

M7, S B TR R TN REE— Db e RE R, 1
FL TR B AT AT RO R I BRI, T
FL SRR R SRR w4, [R] I AR Ji = 0 A Ao
e AURARTEIATY, 18000 7 A IR B 2 g 1 AR
BT — BT A B e

ARSCH R RE L T ARG S R AR IR BT 11, A
IR PR S TR RS R Y
J7 % EACRE R R ) R SR SRR EA T TR
A COD FHBLAN R ST A B H 7 RS B
TRIEATIZ W, 455 W A R 1 2RO S R P S 1
RS T B RERRAE, X i IR A5 B T AR
FL 4 BT T N T T TR

2 LI F

P 1 RS R TR, R R A M
AT T T AR . E AR IR 1R A
ForMa T, B TEAIA WS % S0k [12], 781X
PTG TR ASREE RGh—f
O T HRM—BHBER A, TAER 24 HAR 30 cm,
5 B2 40 cm B SEBEES B, s REEH— B L

AR AL IR Y

s z
T
Y,
z
S fb AR
ST
BFR _
=
g
tetarnl|| ||
[aN]
30 cm
TR e | ||| '
-
S
LA s
O,
—4}+<®
(b =

1 SEm s R

Fig. 1. Schematic diagram of the experimental setup.
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Fig. 2. Photos of nitrogen plasma taken by CCD digital

20 keV

30 keV

40 keV

camera. The electron beam current is controlled at 5 pA.
Each column shows the change of plasma shape with elec-
tron energy when the gas pressure is fixed, and each row
gives the plasma shapes at different pressures under con-

stant electron energy.
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Fig. 3. The simulation results of the transmittance of the
electron beam Tyc and energy transmission efficiency Eyc
with electron beam energy from 20 to 40 keV. The thick-

ness of the silicon nitride film is 400 nm.
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Fig. 4. Statistical distribution of electron scattering angle
after passing through the 400 nm film with different energy:
(a) Distribution of electron scattering angle; (b) N(6)/N,

ratio with 6.
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Fig. 5. The results of the langmuir probe measurement:
(a) Typical I-V curves under different beam currents; (b) the
electron density variation with beam currents; (c) the elec-
tron temperature variation with beam currents. The energy

of the electron beam is 40 keV, and the working pressure is
100 Pa.
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Fig. 6. The variation of electron density and electron tem-
perature with working pressure. The electron beam energy

is 40 keV, and the electron beam current is 5 pA.
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Low-density plasmas generated by electron beams
passing through silicon nitride window"
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Abstract

In general, more attention is paid to how to improve the characteristic parameters of plasma in plasma
applications. However, in some cases, it is necessary to produce plasma with low-electron density, such as in the
laboratory simulation of ionospheric plasma in space science. In this study, a low-density plasma is generated by
electron beams passing through a silicon nitride transmission window under low pressure condition. The
transmission properties of electron beam passing through silicon nitride films are investigated by Monte Carlo
simulation, and the plasma feature is studied by a planar Langmuir probe and a digital camera. It is found that
the plasma exhibits a conical structure with its apex located at the transmission window. At a constant
pressure, the cone angle of conical plasma decreases with the electron energy increasing. This is qualitatively
consistent with the Monte Carlo simulation result. The frequency of electron-neutral collisions increases as the
working pressure rising, which leads the plasma cone angle to increase. When the beam current is reduced from
10 pA to 0.5 pA at 40 keV, the electron density decreases, in a range between 10° and 10° cm™®, while the
electron temperature does not change significantly but approaches 1 eV. It can be inferred that the electron
density decreases with the distance z from the transmission window in the incident direction of the electron
beam. A low-density plasma of less than 10° cm™ can be obtained further away from the transmission window.
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