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Figure 1 (Color online) Schematic diagram of pulsed microwave fluorocarbon plasma jet experimental system.
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Figure 2 (Color online) Morphology of Ar/CF, APPJ under different
pulse modulation duty cycles and frequencies.
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Figure 3 (Color online) Length of Ar/CF, APPJ under different pulse
modulation duty cycles and frequencies.
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Figure 4 The emission spectrum of microwave Ar/CF, APPJ at a
pulse modulation frequency of 20 kHz and a duty cycle of 50%.
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Table 1 Microwave Ar/CF, APPJ active particle related generation

reactions
A £ S DL R
811.0 nm et+Ar—Ars +e 1x107°
706.3 nm e+Ar +CF,—Ars +CF, 1.4x107%
A=1.38x107",
611.7 nm e+CF4—CF5+F+e B=0, C=16.0
_ A=5.9x10716,
611.7 nm e+CF;—CF;+F B=—1, C=52
A=2.22x107"°
" ,
275.7 nm e+CF4—CF,+2F+e B=0.99, C=14.77
A=6.48x107"4,
275.7 nm ¢+CF;—CF,+F+e B=—0.96, C=11.25
N A4=9.36x107"
453 + ]
S ¢+CF4,—CF; +F+2e B=0, C=20.4
s A=1.27x107"
4353 + ]
JLR S ¢+CF4—CF, +2F+2e B=0, C=29.0
N A=8x107"°
Sard * ’
EE et+CF3—CF;'+2e B0, C-12.2
s A=2.5x107"
o + >
S e+CF,—CF, +2e B0, C=12.2

a) XU = g S I (1 33 28 B BT 43 5l Rem® s Rllem® 7Y 4,
BRICIR L H B U h=AT Bexp(—CIT) T R E TR, T HTIRE,
HAT: K.

275211-5



BRIEIRSE. P E LY WELE 7% RIC¥

2026 £ FHsS6eE T

8 L

7
3 M,
S 5 &
5 ‘ 60>
=4 507
@(3 | “ “1 =
e o

1 30

0 L L L I 1

200 400 600 800 1000
B (nm)

Bl S (R4 RRORE D) ik s VA 4 5 4920 KHZERE, S (7] ok
1 5 7% L6 'R Ar/CFy APPII) AR e i

Figure 5 (Color online) Emission spectra of Ar/CF4 APPJ at different
pulse modulation duty cycles when the pulse modulation frequency is
20 kHz.
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Figure 6 (Color online) Particle intensity of Ar/CF, APPJ at different
pulse modulation duty cycles when the pulse modulation frequency is
20 kHz.
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Figure 7 (Color online) Emission spectra of Ar/CF, APPJ at different
pulse modulation frequencies when the pulse modulation duty cycle is
50%.
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Figure 8 (Color online) Particle intensity of Ar/CF, APPJ at different
pulse modulation frequencies when the pulse modulation duty cycle is
50%.
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o ‘%ﬂfﬁt SRR (K) H]Wfff)’m SRR (K)
30 329.22+0.59 10 370.55+0.71
40 341.72+1.79 20 371.85+£0.40
50 358.65+£0.75 30 362.35+0.61
60 372.25+1.51 40 375.35+0.84
70 382.82+0.74 50 378.25+1.04
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Figure 9 (Color online) Electron density of Ar/CF4 APPJ at a pulse
modulation frequency of 20 kHz and a duty cycle of 50%.
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Figure 10 (Color online) Electron density of Ar/CF, APPJ at
different pulse modulation duty cycles when the pulse modulation
frequency is 20 kHz.
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Figure 11 (Color online) Electron density of Ar/CF, APPJ at different
pulse modulation frequencies when the pulse modulation duty cycle is
50%.
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Study on the influence of pulse modulation parameters on the
characteristics of microwave Ar/CF, plasma jets

CHEN Sile'", WANG Chunlongl, WANG Chao'!, WANG Yuyingl,
CHEN Zhaoquan' & LI Ping’

' School of Electrical and Information Engineering, Anhui University of Technology, Ma’anshan 243032, China
2 School of Electrical and Information Engineering, Anhui University of Science and Technology, Huainan 232001, China
*Corresponding author (email: silechen@ahut.edu.cn)

Plasma surface fluorination is one of the effective methods to enhance the surface insulation strength of insulating
materials, and pulse-modulated microwave discharge is an important approach to generate high-performance
fluorocarbon plasmas. To better achieve parameter control and performance enhancement of fluorocarbon plasmas, in
this paper, pulsed microwave discharge is utilized to generate an atmospheric pressure Ar/CF, plasma jet. The discharge
morphology, reactive species, gas temperature, and electron density of the plasma jet are diagnosed, with a focus on
investigating the influences of pulse modulation parameters (pulse modulation frequency and duty cycle) on the
characteristics of the Ar/CF, plasma jet. The results show that increasing the pulse modulation frequency leads to a
decrease in jet length, concentration of reactive species, and electron density, and has little effect on gas temperature. The
influence of duty cycle is opposite to that of modulation frequency. Under the parameters in this paper, the gas tem-
perature can be controlled within the range of 329.22-382.82 K, and the electron density can reach the order of 10" m™.
The research results can provide references for the application of plasma surface fluorination.

pulse modulated microwave discharge, plasma jet, fluorocarbon plasma, plasma surface modification
PACS: 52.50.Sw, 52.40.Fd, 52.35.Mw, 52.25.0s
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