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Fig. 1. Schematic diagram of the experimental setup. Discharge region: L = 30 mm, gas gap d = 1.6 mm. Modulating electrode:

substrate thickness h = 3 mm, hole diameter R = 2 mm, hole depth s = 1.5 mm, hole spacing r» = 3 mm. The coordinate system is

established as shown.
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Fig. 2. Spatial distribution of applied electric field in the gas gap: (a), (b) The total electric field ( 1/ E2 + E2 4+ E2 ) distribution in
the 2-y plane with different z values (z = 1.58, 0.02 mm); (c), (d) the transverse electric field (y/E2 + EZ) in the 2y plane with

different z values (z = 1.58, 0.02 mm). The applied voltage is 2.2 kV. The arrows indicate the direction of the transverse electric

field.
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Fig. 4. (a) Phase diagram of the evolution process of the DAHT pattern as a function of the argon content x and voltage U,
(b) phase diagram of the DAHT pattern as a function of the gas pressure p and voltage U.
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Fig. 3. Transition of the pattern with increasing applied voltage and the corresponding current and voltage waveforms: (al) Square
pattern, U = 2.2 kV; (bl) square superlattice pattern, U = 3.6 kV; (c1) DAHT pattern, U = 4.1 kV; (d1) complex square superlat-

tice pattern, U = 5.8 kV; (a2)-(d2) current and voltage waveforms corresponding to each pattern; other experimental parameters
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Fig. 5. Instantaneous photos of positive and negative half-cycles of DAHT pattern (photograph integrated over 50 voltage cycles):

(a) Different substructure positions of pattern; (al) current and voltage waveforms of the positive half-cycle (A#; = 800 ns, At, =

1200 ns, Aty = 2000 ns, A¢; = 500 ns); (bl)—(el) images exposed corresponding to A#—At, denoted in panel (al); (f1) superposi-

tion of panels (bl)—(el); (a2) current and voltage waveforms of the negative half-cycle (At; = 800 ns, A¢; = 1100 ns, Aé; = 2000 ns,

Atg = 500 ns); (b2)—(e2) images exposed corresponding to A#z—Afy denoted in panel (a2); (£2) superposition of panels (b2)—(e2).
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Abstract

In this work, two types of superlattice patterns with spatiotemporal asymmetry are observed for the first
time using a dielectric barrier discharge device with an array electrode. The device consists of a square array
water electrode and a plate water electrode. Experimental and theoretical studies are conducted on the
formation mechanism of the spatiotemporally asymmetric patterns. By solving the Laplace equation, the electric
field in the gas gap presents a periodic spatial distribution, and the array electrode surface possesses a stronger
transverse electric field. Using this device, two new types of square superlattice patterns are observed in the
discharge of a mixture of air and argon. We employ a high-speed camera and photomultiplier tubes to conduct
spatiotemporal dynamics measurements on one of the patterns. The results reveal a pronounced spatiotemporal
asymmetry. During the positive half-cycle, one substructure exhibits two discharge events. The second begins
near the voltage zero-crossing and extends into the negative half-cycle, whereas no similar behavior is observed
during the negative half-cycle. To estimate the plasma parameters, the emission optical spectra are measured by
a spectrograph. Theoretically, the Poisson equation is solved using COMSOL. The results not only explain the
spatiotemporal sequence of the pattern discharge but also reveal the underlying mechanism of the observed
asymmetry. It is found that the secondary discharge of the substructure in the positive half-cycle is induced by
the transverse transport of wall charges, which is driven by the stronger transverse electric field. These findings
elucidate the pattern’s formation mechanism and open a new direction for studying pattern dynamics in

asymmetric dielectric barrier discharges.
Keywords: dielectric barrier discharge, pattern, spatiotemporal asymmetry, array electrode
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