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Fig. 1. (a) Schematic diagram of the experimental setup; (b) side view of the gap structure.
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Fig. 2. Experimental observations of different plasma structures as the applied voltage increases: (a) Concentric-roll pattern;

(b)—(d) loop dot-matrix concentric-roll pattern; (e) target-wave pattern; (f) honeycomb pattern.
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Fig. 3. Phase diagram of the LDC pattern as a function of Ar concentration: (a) Applied voltage; (b) gas pressure.
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Fig. 4. Waveforms of applied voltage and discharge current for different patterns.
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Fig. 5. Temporal evolution of the LDC Il pattern: Current waveform (a) shows the ICCD shooting time of each picture ((b)—(k)),

and the exposure time is 50 ns (single shot).
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Fig. 6. (a) Equivalent circuit diagram of the narrow gap; (b) equivalent circuit diagram of the wide gap; (c) simulation results of

applied electric field.

185202-6


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. 74, No. 18 (2025) 185202

Ar 1 (4p—4s
n (4p )

L N, (CPI1, — BPII,)

Intensity/arb. units
[\

L
| J
0 J JJ uJJ e L IJ I ‘ \ |
300 400 700 800
Wavelength/nm

Kl 7 LDC I BEEI1E 300—800 nm J L 1 & G116 3%
Fig. 7. 300 nm to 800 nm scanned spectrum emitted from
the LDC Il pattern.

Xy sPA R BE G g4 50 6, 11, 16, 21,
23 mm HYTE LA 22 1) G A T2 6] 3 B i
HETAS B AR RS EL. B 8(a) FiR WAS[E
B T, Bl 8(b) i I ARG E R n, AT, 1A
fea®. LU, WA Ty, ng S T, RS
Barf T, n, Mo T, RAG 2. B, SRS
B G EI T, ne & T, 80K, 7RIS B, B
A B RER, Ty, n, S T, #0A T,
{EEE 22 BR8N

2520 17
2450
% 2380
-
2310
2240
0 5 10 15 20
Distance from the center/mm
T 3.4
(b) [] Wide gap /
0.161 Narrow gap
3.3
Z 0154} : :
2 1 3.2 3
~ p o
~ ; ~
£ 0.147 . £
< 1 3.1 =
% v 3
~ : / L
0.140 + . i
; 3.0
0.133 |7 ) ) ) i 2.9
0 5 10 15 20

Distance from the center/mm
K8 (a) 4> FHR BN BRI (b) 315 £ 5 B2 LL B PO fUE
B

Fig. 8. (a) Molecular vibrational temperature and (b) in-
tensity ratio as a function of the distance from the center.

D RS A R AT BE AT, AT AY
THEAR AT, LA R ARSI R B F
KRFPIESBHEY, T EY n, EAHX, XEKE
E#im, n 8. TS0 BT FReg R 2
fh, FERTRE T, 7, PR TR,
LT RE A RO R IR SIBESL T, FTLL,
TRBE B HA BRI T, n I T,; T
PN 2] R RO A, B PP 0 B A DX
[l O B AR B TR T, n LK T
HI TR B S EAL HLIZHOR, i B AR ) 6]
HLZHTN, Wi, FERSBT, T, ne, T, HEFH
HhO SRS (R R T AT 3 R R /i 5 550
HART RS AR ARTT.

4 % W

FIHT 3 A ARl A2 1 IR 321 5 AE A S BH 4 i
HLARGE 7R T RO PR BE IR | B - i B - )0 FRBREIRT
B DR | B 3 DRE AT NS B - [R] O P R ]
PEATHRSE, SER A B, 7 A B A R R 5 2 R0
FIHR, 5 T S2PRI .

HMHI ICCD HAPLIASRE 1B 1 i 2 i Al i
e, K BZ L R EAR ) b HAT A o PN 238
S SR A 3 BRI R TR S A A
5. BEEIRYIE G R fE SN A0 i b R 1
FHBEER, 7[R — S e T =R A iy F 3
LR s TR B B R AR . DR, v CBRAR S
JRCRL TR PR R A Y R B B AT S B
SEFAE A ™ A2 BB AN 2 5 B 37 A5 8 OB
HR R R AR i) SR ) PRI i ol 2. B PP a1
PRI | HL TR R R T e RSB R R
2. RSB PR I N B SN T IR 3
JE R TR BB TR O, (E A R
/I WP B R0 S A Y 70 T IR SR L LT
WL | TR SR, 35 HL I B AR G
AR T DBD BEEI R s S5, fe it T i
PR R P BE R 3 ) 22 B S ORI

S 3k

[1] Navratil Z, Brandenburg R, Trunec D, Brablec A, St’ahel P,
Wagner H E, Kopecky Z 2006 Plasma Sources Sci. Technol.
158

[2] LiJY, Zhou D S, Rebrov E, Tang X, Kim M 2024 J. Phys.
D: Appl. Phys. 57 395201

185202-7


https://doi.org/10.1088/0963-0252/15/1/002
https://doi.org/10.1088/0963-0252/15/1/002
https://doi.org/10.1088/0963-0252/15/1/002
https://doi.org/10.1088/0963-0252/15/1/002
https://doi.org/10.1088/0963-0252/15/1/002
https://doi.org/10.1088/0963-0252/15/1/002
https://doi.org/10.1088/1361-6463/ad58ee
https://doi.org/10.1088/1361-6463/ad58ee
https://doi.org/10.1088/1361-6463/ad58ee
https://doi.org/10.1088/1361-6463/ad58ee
https://doi.org/10.1088/1361-6463/ad58ee
https://doi.org/10.1088/1361-6463/ad58ee
https://doi.org/10.1088/1361-6463/ad58ee
https://doi.org/10.1088/1361-6463/ad58ee
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

¥ 1B ¥ Acta Phys. Sin.

Vol. 74, No. 18 (2025)

185202

3l
(4]
[5]
(6]
(7l
(8]

(9]
[10]

[11]

12]
13]
[14]
[15]
[16]
17)
18]
[19]
[20]
21]
[22]
23]

24]

Dong LF, Mi Y L, Pan Y Y 2020 Phys. Plasmas 27 023504
Zhao X E, Hao W R 2024 Math. Biosci. 374 109222

Floyd C, Dinner A R, Vaikuntanathan S 2024 Phys. Rev.
Res. 6 033100

Reyes L I, Pérez L M, Pedraja-Rejas L, Diaz P, Mendoza J,
Bragard J, Clerc M G, Laroze D 2024 Chaos Soliton. Fract.
186 115244

Nath R, Santos L 2010 Phys. Rev. 81 033626

Otsuka K 1989 Opt. Lett. 14 925

Vorontsov M A, Firth W J 1994 Phys. Rev. A 49 2891
Thomas M, Borris J, Dohse A, Eichler M, Hinze A,
Lachmann K, Nagel K, Klages C P 2012 Plasma Process.
Polym. 9 1086

Wang H R, Hao Y P, Fang Q, Su H W, Yang L, Li L. C 2020
Acta Phys. Sin. 69 145203 (in Chinese) [J7 1325, ffHidE, Hrim,
FAE K, FHAR, 255738 2020 YHEAR 69 145203]

Feng J Y, Pan Y Y, Li C X, Liu B B, Dong L. F 2020 Phys.
Plasmas 27 063516

Bhoj A N, Kolobov V I 2011 [IEEE Trans. Plasma Sci. 39
2152

Duan X X, Xu S W, Liu J, He F, Ouyang J T 2011 [EEE
Trans. Plasma Sci. 39 2074

Zhang J, Wang Y H, Wang D Z 2015 Phys. Plasmas 22
043517

LiXC,LiuR,JiaPY, WuKY, Ren C H, Yin Z Q 2018
Phys. Plasmas 25 013512

LiZY,Jin S H, Xian Y B, Nie L L, Liu D W, Lu X P 2021
Plasma Sources Sci. Technol. 30 065026

Zhang Y H, Ning W J, Dai D, Wang Q 2019 Plasma Sources
Sci. Technol. 28 075003

Zhang J H,Pan Y Y, Feng J Y, He Y N, Chu J H, Dong L F
2023 Plasma Sci. Technol. 25 025406

Noma Y, Choi J H, Stauss S, Tomai T, Terashima K 2008
Appl. Phys. Ezpress 1 046001

Dong L F, Ran J X, Mao Z G 2005 Appl. Phys. Lett. 86
161501

Feng J Y, Dong LF, Wei LY, Fan WL, LiC X, Pan Y Y
2016 Phys. Plasmas 23 093502

LiY H, Wang Y, Pan Y Y, Tian M, Zhang J H, Dong L F
2024 Phys. Plasmas 31 033502

Zhu P, Dong L F, Yang J, Gao Y N, Wang Y J, Li B 2015
Phys. Plasmas 22 023507

[25]
[26]
[27]
28]

(29]

30]

(31]

[32]
[33]
[34]
[35]
[36]
[37)
[38]
[30]
[40]
ja1]
j42]
143]

[44]

185202-8

Dong L F, Shang J, Song Q, Fan W L, Ji Y F 2012 [EFEE
Trans. Plasma Sci. 40 1162

Liu W B, Dong L F, Wang Y J, Zhang H, Pan Y Y 2016
Phys. Plasmas 23 082307

Fan W L, Jia M M, Zhu P L, Liu C Y, Hou X H, Zhang J F,
He Y F, Liu F C 2022 APL Photon. 7 116105

Guw LT, PanYY,YuGL, Wang Z Y, Gao K'Y, Fan W L,
Dong L F 2023 Plasma Sci. Technol. 25 085501

Demaude A, Baert K, Petitjean D, Zveny J, Goormaghtigh E,
Hauffman T, Gordon M J, Reniers F 2022 Adv. Sci. 9
2200237

Yang L Z, Liu Z W, Mao Z G, Li S, Chen Q 2017 Jpn. J.
Appl. Phys. 56 01AC02

Dong L F, Zhu P, Yang J, Li B 2015 High Volt. Eng. 41 2856
(in Chinese) [HEONJ5, 4°F, #o%, 2% 2015 & RHE AR 41
2856]

Bernecker B, Callegari T, Blanco S, Fournier R, Boeuf J P
2009 Eur. Phys. J. Appl. Phys. 47 22808

Sun HY, Dong L F, Liu F C, Mi Y L, Han R, Huang J Y,
Liu B B, Hao F, Pan Y Y 2018 Phys. Plasmas 25 113507
YuGL,Dong L F, DouY Y, Mi Y L, Liu B B, Li C X, Pan
Y Y 2019 Phys. Plasmas 26 023507

Dong L F, Lu N, Shang J, Liu L, Li X C 2011 IEEE Trans.
Plasma Sci. 39 2156

Dong L F, Liu W B, Wang Y J, Zhang X P 2014 IEEE
Trans. Plasma Sci. 42 2

Duan X X, He F, Ouyang J T 2012 Plasma Sources Sci.
Technol. 21 015008

LiC X, Feng J Y, Wang S C, Li C, Ran J X, Pan Y Y, Dong
L F 2024 Plasma Sci. Technol. 26 085401

Yao J X, Miao J S, Li J X, Lian X Y, Ouyang J T 2023 Appl.
Phys. Lett. 122 082905

Ran J X, Luo HY, Wang X X 2011 High Volt. Eng. 37 1486
(in Chinese) (M2, %1 2, £ 4 ¥ 2011 £ 0 JEH A 37
1486]

Liu S H, Neiger M 2003 J. Phys. D: Appl. Phys. 36 3144

Liu J, Yang Y, Nie L, Liu D, Lu X 2024 J. Phys. D: Appl.
Phys. 57 275201

Zhao N, Wu K'Y, He X R, Chen J Y, Tan X, Wu J C, Ran J
X, Jia PY, Li X C 2022 J. Phys. D: Appl. Phys. 55 015203
WuKY,WulJC, JiaBY,Ren CH, Kang P C, Jia P Y, Li
X C 2020 Phys. Plasmas 27 082308


https://doi.org/10.1063/1.5127962
https://doi.org/10.1063/1.5127962
https://doi.org/10.1063/1.5127962
https://doi.org/10.1063/1.5127962
https://doi.org/10.1063/1.5127962
https://doi.org/10.1063/1.5127962
https://doi.org/10.1063/1.5127962
https://doi.org/10.1016/j.mbs.2024.109222
https://doi.org/10.1016/j.mbs.2024.109222
https://doi.org/10.1016/j.mbs.2024.109222
https://doi.org/10.1016/j.mbs.2024.109222
https://doi.org/10.1016/j.mbs.2024.109222
https://doi.org/10.1016/j.mbs.2024.109222
https://doi.org/10.1016/j.mbs.2024.109222
https://doi.org/10.1103/PhysRevResearch.6.033100
https://doi.org/10.1103/PhysRevResearch.6.033100
https://doi.org/10.1103/PhysRevResearch.6.033100
https://doi.org/10.1103/PhysRevResearch.6.033100
https://doi.org/10.1103/PhysRevResearch.6.033100
https://doi.org/10.1103/PhysRevResearch.6.033100
https://doi.org/10.1103/PhysRevResearch.6.033100
https://doi.org/10.1103/PhysRevResearch.6.033100
https://doi.org/10.1016/j.chaos.2024.115244
https://doi.org/10.1016/j.chaos.2024.115244
https://doi.org/10.1016/j.chaos.2024.115244
https://doi.org/10.1016/j.chaos.2024.115244
https://doi.org/10.1016/j.chaos.2024.115244
https://doi.org/10.1016/j.chaos.2024.115244
https://doi.org/10.1103/PhysRevA.81.033626
https://doi.org/10.1103/PhysRevA.81.033626
https://doi.org/10.1103/PhysRevA.81.033626
https://doi.org/10.1103/PhysRevA.81.033626
https://doi.org/10.1103/PhysRevA.81.033626
https://doi.org/10.1103/PhysRevA.81.033626
https://doi.org/10.1103/PhysRevA.81.033626
https://doi.org/10.1364/OL.14.000925
https://doi.org/10.1364/OL.14.000925
https://doi.org/10.1364/OL.14.000925
https://doi.org/10.1364/OL.14.000925
https://doi.org/10.1364/OL.14.000925
https://doi.org/10.1364/OL.14.000925
https://doi.org/10.1364/OL.14.000925
https://doi.org/10.1103/PhysRevA.49.2891
https://doi.org/10.1103/PhysRevA.49.2891
https://doi.org/10.1103/PhysRevA.49.2891
https://doi.org/10.1103/PhysRevA.49.2891
https://doi.org/10.1103/PhysRevA.49.2891
https://doi.org/10.1103/PhysRevA.49.2891
https://doi.org/10.1103/PhysRevA.49.2891
https://doi.org/10.1002/ppap.201200020
https://doi.org/10.1002/ppap.201200020
https://doi.org/10.1002/ppap.201200020
https://doi.org/10.1002/ppap.201200020
https://doi.org/10.1002/ppap.201200020
https://doi.org/10.1002/ppap.201200020
https://doi.org/10.1002/ppap.201200020
https://doi.org/10.1002/ppap.201200020
https://doi.org/10.7498/aps.69.20200473
https://doi.org/10.7498/aps.69.20200473
https://doi.org/10.7498/aps.69.20200473
https://doi.org/10.7498/aps.69.20200473
https://doi.org/10.7498/aps.69.20200473
https://doi.org/10.7498/aps.69.20200473
https://doi.org/10.7498/aps.69.20200473
https://doi.org/10.7498/aps.69.20200473
https://doi.org/10.7498/aps.69.20200473
https://doi.org/10.7498/aps.69.20200473
https://doi.org/10.7498/aps.69.20200473
https://doi.org/10.7498/aps.69.20200473
https://doi.org/10.7498/aps.69.20200473
https://doi.org/10.7498/aps.69.20200473
https://doi.org/10.1063/1.5145253
https://doi.org/10.1063/1.5145253
https://doi.org/10.1063/1.5145253
https://doi.org/10.1063/1.5145253
https://doi.org/10.1063/1.5145253
https://doi.org/10.1063/1.5145253
https://doi.org/10.1063/1.5145253
https://doi.org/10.1063/1.5145253
https://doi.org/10.1109/TPS.2011.2160874
https://doi.org/10.1109/TPS.2011.2160874
https://doi.org/10.1109/TPS.2011.2160874
https://doi.org/10.1109/TPS.2011.2160874
https://doi.org/10.1109/TPS.2011.2160874
https://doi.org/10.1109/TPS.2011.2160874
https://doi.org/10.1109/TPS.2011.2132805
https://doi.org/10.1109/TPS.2011.2132805
https://doi.org/10.1109/TPS.2011.2132805
https://doi.org/10.1109/TPS.2011.2132805
https://doi.org/10.1109/TPS.2011.2132805
https://doi.org/10.1109/TPS.2011.2132805
https://doi.org/10.1109/TPS.2011.2132805
https://doi.org/10.1109/TPS.2011.2132805
https://doi.org/10.1063/1.4919623
https://doi.org/10.1063/1.4919623
https://doi.org/10.1063/1.4919623
https://doi.org/10.1063/1.4919623
https://doi.org/10.1063/1.4919623
https://doi.org/10.1063/1.4919623
https://doi.org/10.1063/1.4998615
https://doi.org/10.1063/1.4998615
https://doi.org/10.1063/1.4998615
https://doi.org/10.1063/1.4998615
https://doi.org/10.1063/1.4998615
https://doi.org/10.1063/1.4998615
https://doi.org/10.1088/1361-6595/ac02b1
https://doi.org/10.1088/1361-6595/ac02b1
https://doi.org/10.1088/1361-6595/ac02b1
https://doi.org/10.1088/1361-6595/ac02b1
https://doi.org/10.1088/1361-6595/ac02b1
https://doi.org/10.1088/1361-6595/ac02b1
https://doi.org/10.1088/1361-6595/ab2520
https://doi.org/10.1088/1361-6595/ab2520
https://doi.org/10.1088/1361-6595/ab2520
https://doi.org/10.1088/1361-6595/ab2520
https://doi.org/10.1088/1361-6595/ab2520
https://doi.org/10.1088/1361-6595/ab2520
https://doi.org/10.1088/1361-6595/ab2520
https://doi.org/10.1088/1361-6595/ab2520
https://doi.org/10.1088/2058-6272/ac9027
https://doi.org/10.1088/2058-6272/ac9027
https://doi.org/10.1088/2058-6272/ac9027
https://doi.org/10.1088/2058-6272/ac9027
https://doi.org/10.1088/2058-6272/ac9027
https://doi.org/10.1088/2058-6272/ac9027
https://doi.org/10.1088/2058-6272/ac9027
https://doi.org/10.1143/APEX.1.046001
https://doi.org/10.1143/APEX.1.046001
https://doi.org/10.1143/APEX.1.046001
https://doi.org/10.1143/APEX.1.046001
https://doi.org/10.1143/APEX.1.046001
https://doi.org/10.1143/APEX.1.046001
https://doi.org/10.1063/1.1906299
https://doi.org/10.1063/1.1906299
https://doi.org/10.1063/1.1906299
https://doi.org/10.1063/1.1906299
https://doi.org/10.1063/1.1906299
https://doi.org/10.1063/1.1906299
https://doi.org/10.1063/1.4962176
https://doi.org/10.1063/1.4962176
https://doi.org/10.1063/1.4962176
https://doi.org/10.1063/1.4962176
https://doi.org/10.1063/1.4962176
https://doi.org/10.1063/1.4962176
https://doi.org/10.1063/1.4962176
https://doi.org/10.1063/5.0188078
https://doi.org/10.1063/5.0188078
https://doi.org/10.1063/5.0188078
https://doi.org/10.1063/5.0188078
https://doi.org/10.1063/5.0188078
https://doi.org/10.1063/5.0188078
https://doi.org/10.1063/5.0188078
https://doi.org/10.1063/1.4907902
https://doi.org/10.1063/1.4907902
https://doi.org/10.1063/1.4907902
https://doi.org/10.1063/1.4907902
https://doi.org/10.1063/1.4907902
https://doi.org/10.1063/1.4907902
https://doi.org/10.1109/TPS.2012.2183679
https://doi.org/10.1109/TPS.2012.2183679
https://doi.org/10.1109/TPS.2012.2183679
https://doi.org/10.1109/TPS.2012.2183679
https://doi.org/10.1109/TPS.2012.2183679
https://doi.org/10.1109/TPS.2012.2183679
https://doi.org/10.1109/TPS.2012.2183679
https://doi.org/10.1109/TPS.2012.2183679
https://doi.org/10.1063/1.4961087
https://doi.org/10.1063/1.4961087
https://doi.org/10.1063/1.4961087
https://doi.org/10.1063/1.4961087
https://doi.org/10.1063/1.4961087
https://doi.org/10.1063/1.4961087
https://doi.org/10.1063/5.0109016
https://doi.org/10.1063/5.0109016
https://doi.org/10.1063/5.0109016
https://doi.org/10.1063/5.0109016
https://doi.org/10.1063/5.0109016
https://doi.org/10.1063/5.0109016
https://doi.org/10.1063/5.0109016
https://doi.org/10.1088/2058-6272/acb52b
https://doi.org/10.1088/2058-6272/acb52b
https://doi.org/10.1088/2058-6272/acb52b
https://doi.org/10.1088/2058-6272/acb52b
https://doi.org/10.1088/2058-6272/acb52b
https://doi.org/10.1088/2058-6272/acb52b
https://doi.org/10.1088/2058-6272/acb52b
https://doi.org/10.1002/advs.202200237
https://doi.org/10.1002/advs.202200237
https://doi.org/10.1002/advs.202200237
https://doi.org/10.1002/advs.202200237
https://doi.org/10.1002/advs.202200237
https://doi.org/10.1002/advs.202200237
https://doi.org/10.7567/JJAP.56.01AC02
https://doi.org/10.7567/JJAP.56.01AC02
https://doi.org/10.7567/JJAP.56.01AC02
https://doi.org/10.7567/JJAP.56.01AC02
https://doi.org/10.7567/JJAP.56.01AC02
https://doi.org/10.7567/JJAP.56.01AC02
https://doi.org/10.7567/JJAP.56.01AC02
https://doi.org/10.7567/JJAP.56.01AC02
https://doi.org/10.13336/j.1003-6520.hve.2015.09.005
https://doi.org/10.13336/j.1003-6520.hve.2015.09.005
https://doi.org/10.13336/j.1003-6520.hve.2015.09.005
https://doi.org/10.13336/j.1003-6520.hve.2015.09.005
https://doi.org/10.13336/j.1003-6520.hve.2015.09.005
https://doi.org/10.13336/j.1003-6520.hve.2015.09.005
https://doi.org/10.13336/j.1003-6520.hve.2015.09.005
https://doi.org/10.13336/j.1003-6520.hve.2015.09.005
https://doi.org/10.13336/j.1003-6520.hve.2015.09.005
https://doi.org/10.13336/j.1003-6520.hve.2015.09.005
https://doi.org/10.13336/j.1003-6520.hve.2015.09.005
https://doi.org/10.13336/j.1003-6520.hve.2015.09.005
https://doi.org/10.13336/j.1003-6520.hve.2015.09.005
https://doi.org/10.1051/epjap/2009082
https://doi.org/10.1051/epjap/2009082
https://doi.org/10.1051/epjap/2009082
https://doi.org/10.1051/epjap/2009082
https://doi.org/10.1051/epjap/2009082
https://doi.org/10.1051/epjap/2009082
https://doi.org/10.1051/epjap/2009082
https://doi.org/10.1063/1.5042306
https://doi.org/10.1063/1.5042306
https://doi.org/10.1063/1.5042306
https://doi.org/10.1063/1.5042306
https://doi.org/10.1063/1.5042306
https://doi.org/10.1063/1.5042306
https://doi.org/10.1063/1.5042306
https://doi.org/10.1063/1.5082820
https://doi.org/10.1063/1.5082820
https://doi.org/10.1063/1.5082820
https://doi.org/10.1063/1.5082820
https://doi.org/10.1063/1.5082820
https://doi.org/10.1063/1.5082820
https://doi.org/10.1063/1.5082820
https://doi.org/10.1109/TPS.2011.2161342
https://doi.org/10.1109/TPS.2011.2161342
https://doi.org/10.1109/TPS.2011.2161342
https://doi.org/10.1109/TPS.2011.2161342
https://doi.org/10.1109/TPS.2011.2161342
https://doi.org/10.1109/TPS.2011.2161342
https://doi.org/10.1109/TPS.2011.2161342
https://doi.org/10.1109/TPS.2011.2161342
https://doi.org/10.1109/TPS.2014.2355078
https://doi.org/10.1109/TPS.2014.2355078
https://doi.org/10.1109/TPS.2014.2355078
https://doi.org/10.1109/TPS.2014.2355078
https://doi.org/10.1109/TPS.2014.2355078
https://doi.org/10.1109/TPS.2014.2355078
https://doi.org/10.1109/TPS.2014.2355078
https://doi.org/10.1109/TPS.2014.2355078
https://doi.org/10.1088/0963-0252/21/1/015008
https://doi.org/10.1088/0963-0252/21/1/015008
https://doi.org/10.1088/0963-0252/21/1/015008
https://doi.org/10.1088/0963-0252/21/1/015008
https://doi.org/10.1088/0963-0252/21/1/015008
https://doi.org/10.1088/0963-0252/21/1/015008
https://doi.org/10.1088/0963-0252/21/1/015008
https://doi.org/10.1088/0963-0252/21/1/015008
https://doi.org/10.1088/2058-6272/ad386a
https://doi.org/10.1088/2058-6272/ad386a
https://doi.org/10.1088/2058-6272/ad386a
https://doi.org/10.1088/2058-6272/ad386a
https://doi.org/10.1088/2058-6272/ad386a
https://doi.org/10.1088/2058-6272/ad386a
https://doi.org/10.1088/2058-6272/ad386a
https://doi.org/10.1063/5.0139247
https://doi.org/10.1063/5.0139247
https://doi.org/10.1063/5.0139247
https://doi.org/10.1063/5.0139247
https://doi.org/10.1063/5.0139247
https://doi.org/10.1063/5.0139247
https://doi.org/10.1063/5.0139247
https://doi.org/10.1063/5.0139247
https://doi.org/10.13336/j.1003-6520.hve.2011.06.006
https://doi.org/10.13336/j.1003-6520.hve.2011.06.006
https://doi.org/10.13336/j.1003-6520.hve.2011.06.006
https://doi.org/10.13336/j.1003-6520.hve.2011.06.006
https://doi.org/10.13336/j.1003-6520.hve.2011.06.006
https://doi.org/10.13336/j.1003-6520.hve.2011.06.006
https://doi.org/10.13336/j.1003-6520.hve.2011.06.006
https://doi.org/10.13336/j.1003-6520.hve.2011.06.006
https://doi.org/10.13336/j.1003-6520.hve.2011.06.006
https://doi.org/10.13336/j.1003-6520.hve.2011.06.006
https://doi.org/10.13336/j.1003-6520.hve.2011.06.006
https://doi.org/10.13336/j.1003-6520.hve.2011.06.006
https://doi.org/10.13336/j.1003-6520.hve.2011.06.006
https://doi.org/10.1088/0022-3727/36/24/009
https://doi.org/10.1088/0022-3727/36/24/009
https://doi.org/10.1088/0022-3727/36/24/009
https://doi.org/10.1088/0022-3727/36/24/009
https://doi.org/10.1088/0022-3727/36/24/009
https://doi.org/10.1088/0022-3727/36/24/009
https://doi.org/10.1088/0022-3727/36/24/009
https://doi.org/10.1088/1361-6463/ad39f9
https://doi.org/10.1088/1361-6463/ad39f9
https://doi.org/10.1088/1361-6463/ad39f9
https://doi.org/10.1088/1361-6463/ad39f9
https://doi.org/10.1088/1361-6463/ad39f9
https://doi.org/10.1088/1361-6463/ad39f9
https://doi.org/10.1088/1361-6463/ad39f9
https://doi.org/10.1088/1361-6463/ad39f9
https://doi.org/10.1088/1361-6463/ac27d5
https://doi.org/10.1088/1361-6463/ac27d5
https://doi.org/10.1088/1361-6463/ac27d5
https://doi.org/10.1088/1361-6463/ac27d5
https://doi.org/10.1088/1361-6463/ac27d5
https://doi.org/10.1088/1361-6463/ac27d5
https://doi.org/10.1088/1361-6463/ac27d5
https://doi.org/10.1063/5.0002697
https://doi.org/10.1063/5.0002697
https://doi.org/10.1063/5.0002697
https://doi.org/10.1063/5.0002697
https://doi.org/10.1063/5.0002697
https://doi.org/10.1063/5.0002697
https://doi.org/10.1063/5.0002697
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. 74, No. 18 (2025) 185202

Discharge evolution mechanism and spectral diagnostic study
of loop dot-matrix concentric-roll pattern”
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Abstract

Dielectric barrier discharge (DBD) can produce abundant discharge patterns. It is one of the most
interesting nonlinear systems for studying pattern formation. In this work, circular boundaries with different
radii are utilized and superimposed to form a narrow and wide combined discharge gap. The pressure is set to
25 kPa for the experiment, and the frequency is fixed at 58 kHz. By varying the applied voltage, concentric-roll
pattern, loop dot-matrix concentric-roll pattern, target-wave pattern and honeycomb pattern are obtained. The
electrical and optical properties of several types of patterns are analyzed. This study focuses on the
spatiotemporal evolution of the loop dot-matrix concentric-roll patterns by using an intensified charge-coupled
device (ICCD), and theoretically analyzes the formation mechanism of these patterns. The results show that the
discharge pattern has a radial development with a gradual breakdown process from the outside to the inside. It
is related to the pre-ionization effect of the narrow gap on the discharge. The emission spectra of different
discharged filaments in the radial direction of loop dot-matrix concentric-roll pattern are measured and
analyzed. A spatially resolved diagnosis of plasma parameters is performed. It is found that the molecular
vibrational temperature, electron density, and electron temperature are much larger in narrow gap than those in
wide gap. In the wide gap, the molecular vibration temperature, electron density, and electron temperature
gradually increase along the radial direction from the inside to the outside, but the changes are relatively small.
In the narrow gap, the parameters such as the molecular vibration temperature, electron density, and electron
temperature far from the center of the circle are smaller than those near the center of the circle. This is related

to the micro-change of the electric field.
Keywords: dielectric barrier discharge, pattern discharge, spatio-temporal evolution, pre-ionization
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