#) 32 2 3R Acta Phys. Sin. Vol. 74, No. 11 (2025) 115202

WSFE TR R E R B IE S S 2

HRRY KED KEY

KT

EFRV K

el O

1) (MR YR E SEARSEE, (AE  071002)
2) (BWAEFESA 5T AR Y FH TR0, 2 071002)
(2025 4F 1 H 24 HIg#H); 2025 45 3 A 27 B EHEER)

AE P13 P 2 A O BEL Y0 Pl ) T AR 2 — ) TE R 2 U T2 T . A TARfE R AR /= R A
SR BT L R e, SR IE ST A5 B 4R SO B 5, Sl i ks S0 S8, RS T 2 AR
SEZRBEIE. R 5 2 T B e 1 O Rk B CHE T TR AR S . 45 2R 3 W v B0 Pl A 4 v T TR 30T P
Y7 20 Y e I I i) b B A R S R 8 5 2 o TR 5 B A AT B T O TR A R AT I (] 20 9 B R TR
S B v J] 30T A ) 22 UK R G S R PRI A8 b A ] P 8 3 e S A, BRSO AT T IR B B JE
PLER. SRAE T 07 I S B B PR 4 4 SO0 3%, 308 3o 2k Pe ik MUK 28 8 LAk 898 707 ) B B I A v T2 L R
TS 7> T IR L | 707 e sl BE A8 Al . 25 2R S L 1 LY R AR 1) 7 1) DA SR B PN e/, R
JE 5 75 IR Syl BE ¥ 6 A2 1) D 1] AN A B TG A, o0 S R L R L

KEER: A BTRH L, BRI, i es A
PACS: 52.35.Mw, 47.54.-1, 52.80.Tn
CSTR: 32037.14.aps.74.20250111

1 5 =

4 BT B £ 5 H (dielectric barrier discharge,
DBD) Hik K= AR A B e st )iz Al
SERITEZ — I BTz W TR AL | R
SR I PO A 178 AR gy B A 19100 FpRHTT AR (1Y
AP EARGIR. —ekid, DBD 7E=5 (Al Hh A LIgR
PR 3 A A BEL 0 A 41 22 T8 1) 22
ARBCEAREC, BAT I 2553 B A 10 i 20 80 338
BRI, 5 s R A = 12080, 7 — @ W56 1F T
ARSI TER TAERUR, RS S %)
BCYRHIOHC A, B0, 2 AR AU AR A AU
I, 5 LAY 22 R AR 2 T8 5 ) A

DOI: 10.7498/aps.74.20250111

I, AR E] B RO R E 2 A A SUE R A AR A
AP A6 ) BRE PR 19200, FE 5 2% 20 42 B, DBD
RGP IE R BEE 5 R T2 B9 S TE P, BRI
{22 BBl 291, TR] Bt 5 B2 AR 7 X
AT 77 126 SRS 2R PR R BRE P 4 K 7 A S
NSRS GNP R e R SR NS UR P RS DU N
Gy WAt iy, ol s SRR A R 7 FBE R Ay AT 534
GRSk oA AN ], BETRZ 0 F SR
JRE AR BT 20, S O SR A, BT AT UL
SEBNVF 22 23 R HLUASRE I BEIR], A7 JE B (031
YT NI BEIE] B2, 2R SUBEIA] B9[]0 R B Y
TIHE 4 T ] 9. S T B, s T AL ) ) 35 1] £
P [ b 5 AL 1 1) e JR ik A B07). Pan 45 B9
KB T HAT I A 39 55 - Kagome 7N I IE A%

* ERARFIEEAS (itiES: 12375250, 11875121) ANAIIL4E HAARIEEG: (b5 A2022201036, A2023201012) 5B

t BfE1E#H. E-mail: plasmalab@126.com
T EEEE. E-mail: liginghbu@126.com
1 WE1EE . E-mail: rjixhbu@hbu.cn

© 2025 FEYIEZS Chinese Physical Society

http://wulixb.iphy.ac.cn

115202-1


http://doi.org/10.7498/aps.74.20250111
https://cstr.cn/32037.14.aps.74.20250111
mailto:plasmalab@126.com
mailto:plasmalab@126.com
mailto:liqinghbu@126.com
mailto:liqinghbu@126.com
mailto:rjxhbu@hbu.cn
mailto:rjxhbu@hbu.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

¥ 1B ¥ Acta Phys. Sin.

Vol. 74, No. 11 (2025)

115202

BEE, FLRy 28 4540 02 3 A Ak 3 5 28 i A,
ARSI 3 AL bk, Horp g — e,
Ui Bk bR R — T A% Li B I T — A
5 M AR A R = AR BE R A R R N A
3ANHL I K, R4 F R K AL 2 AT A
H, BB A I 28 25 0 2 S S AR S I 25 213X
Ul I B ] i A P B 2R, HO b BRI
[ 58 LA O, PR, 30 8 %o J Al R 1 0 A
A RIS HA L IR AT

ARSCBET T —FPReik 4l & AR, ERIHIESS
YRI5 I AL B2 5 2 A AR 31— R 3T
BEREL. A HBGR AT G 4 (ICCD) Fa4i A Bt
BF ] (%) B 7 BF 9 1 5 T2 e PRk TR ) Bk ) 3 A A T
FIFH A SIS, X177 s e B i 45 3 A S48
117 2W. K F & T DBD W BERI ) ZFEPE,
AH GBI 50T JH Al 52 55 22 496 v B (5] A A o 2 AL 3
5%,

2 LIk E

SEEG AR EOR B KA 1(a) Fs. IR
80 mm (1 [B F JE 25 2% A0 X 0 E, 6 o 4 51
1 mm JERA 985 B4 % B IE4E 0 DBD B R 5T
2. TR EEK, B AR R 2 R A K
JERT DBD HY7K HLAR . b —N 38 5 1E 5% 38
LR (R ai75h 8 CTP-2000 K) A%, 55— 31
e KPR RE 20008 2 mm B TEALIA (LK
4 20 mm) FIIEIIEALIR (G324 20 mm) 1A
O AE ARG B 2 7R A K AR R R R A
572 5 A S g S AE SR 1 HES) Oy XA 1(a) P,
SN, A DT A ARG B T o AR

(a) Spectrometer

i FlberLensl

ICCD i

Power supply

Boundaries

\__’

UL v (o

YEA P E RS, WnE 1(b) AL . BRI
DUSLTE DX S N S BREE B2 4 mm, PUIE AR
FNIIE AL L DO SRR S R 2 mm. #E
AN %% B HCE AR B IR A SR (JR 5%, R
25%, Tk 20 kPa) [ HZS 5 . AN e e s
3k (Tektronix P6015A) Wl &, il H HL 7T H AL
#3k (Tektronix TCPA 300) il & . R SY S R =
Sl A YEER S RS (PMT) (ET 9130/
100B) 4. AMmeL e | 5 LI DA R R R T 1Y
W 3 it R P4 (Tektronix DPO4104) ic 5% Al
R B R B AL (Canon EOS 5D) i
5k HY H fp A S 1% £ (ICCD)(Andor DH334T) $A
T R FL A fl & S KOsl DBD 191E 5% (5 5-4%
¥k 5 Z [ B RS 2 B (transistor-transistor
logic, TTL) {55, HFfil % ICCD Muniss. T
JICHL ESE Z0RR X S e R A E— e B g, A TS
L ICCD PRI TFBC RS i [F] 25, % TTL Fjscs
KIS R AR, 57 ICCD Ay 4ER
IFIRIZE R P Rs 1 1] ISR ICCD AR T B
%, R B & S S AE BRI R R, et (PI
LG- 455-020-1) f£ AJEHE (PT ACTON SP2750),
SRAE T I K

3 #XR5it%

Bl 2(a)—(d) B R BES NI R AR A6 5 il e 3
Bl YN R V, 8 2.9 kV B, BT —
FAIABEE], GnlEl 2(a) Bis, Hf 2 mm SBRARRPIE
NIIE R 278 i S B DIk S B ot
M H 3R, 4 mm SBRITIEH TN HILRIRIE X
BN RFR, MIMDGE HFRR. X V, %

‘ -2 mm P

Oscilloscope (b)

- 4 mm=fR

Bl (a) SCBRACE R, (b) SRR S5 ML 1A

Fig. 1. (a) Schematic diagram of the experimental setup; (b) side view of the gap structure.
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Fig. 2. Patterned discharges under different applied voltages

with an exposure time of 0.1 s.
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Fig. 3. Waveforms of applied voltage and discharge current for different patterns.
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Fig. 4. Temporal correlation from the pattern: (a)—(d) Correspond to Fig. 2(a)—(d), respectively.
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Fig. 5. Temporal evolution of the square lattice pattern.

The current waveform shows the ICCD shooting time of
each picture, and the exposure time is 20 ns (single shot).
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Fig. 6. (a) Equivalent circuit diagram of dielectric barrier
discharge; (b) simulation results of applied electric field.
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Abstract

Pattern discharge is a common mode in dielectric barrier discharge (DBD) and has broad application

prospects in various industrial fields, such as material surface treatment, environmental monitoring, and
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biomedical applications. In this work, a mixed gas of 75% argon and 25% air is used to generate a pattern
discharge. A double-gap boundary composed of hexagonal configuration and square configuration is employed,
and the gas pressure is fixed at 20 kPa. By varying the applied voltage amplitude, single-ring pattern, square-
point-line pattern, square lattice pattern, and annular-lattice pattern are obtained for the first time. The
discharge characteristics and their temporal correlation are studied using both optical method and electrical
method. The results show that the discharge patterns exhibit multiple discharges in each half of the voltage
cycle, and these discharges are temporally correlated with each other. Time-resolved discharge images of the
square lattice pattern are captured using an enhanced charge-coupled device (ICCD). The experimental results
reveal that multiple discharges in a half-voltage cycle correspond to the ignition process of the pattern in the
radial direction from the outside to the inside. The morphology of the square lattice pattern observed by the
naked eye is actually the result of the temporal superposition of luminescence from points at different positions
in the evolution process. The formation mechanism of this pattern is analyzed through electric field simulations
and theoretical calculations. Plasma parameters are diagnosed by collecting the emission spectrum of the square
dot-lattice pattern. The results show that the electron density gradually decreases radially from the outer region
to the inner region, while the electron temperature and molecular vibrational temperature increase radially from
the outer region to the inner region, and the molecular rotational temperature remains almost unchanged. The
temporal evolution of the square lattice pattern is shown in the following figures, where the current waveform
marks the timing of each frame of ICCD imaging for the complete square lattice pattern.
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