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Abstract

A glow nanosecond discharge from a plane-to-plane impulse dielectric barrier dis-

charge (iDBD) with ammonia gas has been characterized by employing fast imaging

and electrical diagnostics. More precisely, the aim of this study is to investigate the

dynamics of the discharge establishment under various conditions of applied voltage,

pressure, and gas gap. The comparison between the current measurements and the

image analysis reveals a strong correlation between the fast excitation and ionisation

wave velocity and the current rise rate. This correlation has been found only for diffuse

mode discharge since a front wave could be clearly defined, denoted as the luminous

propagation front (LPF). Furthermore, this correlation is supported by a proportionality

factor of 1.5 × 10−3
which is systematic over the studied conditions. Further investi-

gations are considered to evaluate the relevance of such a value over more parameters.
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1 Introduction

The observation, characterization and simulation of excitation and ionisation wave propagation have sparked

significant interest in the scientific community for several decades. This propagation phenomenon has been

studied in various plasma configurations, such as atmospheric pressure plasma jets and dielectric-barrier

discharges (DBD) working at relatively high pressure (more than ten thousand pascal).

In the case of volume dielectric-barrier discharge arrangements [Bra17, GP12], the study of these dis-

charges exposes various operating modes based on the experimental conditions. These modes can be clas-

sified into three general categories [Kog02, MG98, HBK
+

23, BNG17, CH93, OLHD18]: filamentary, diffuse

(also referred to as homogeneous) and patterned (also called self-organised). From a phenomenological per-

spective, the filamentary discharge mode is characterized by streamer breakdown microdischarges, randomly

distributed in time and space over a dielectric plate. On the contrary, the diffuse discharge mode refers to

discharges that extend over the entire electrode surface generally arising from a Townsend breakdown ac-

cording to the literature. More precisely, diffuse modes are described in the literature either as Townsend-type

discharges (APTD) or glow-type discharges (APGD). The Townsend-type discharge is characterized by a lo-

calised emission region near the anode and an exponential increase in electron density toward the anode

[AM00, BMG
+

05, MZ96]. By contrast, the glow-type discharge is characterized by a light-emission distribu-

tion that resembles that of a low-pressure glow discharge [NBT
+

05, MOK
+

02, OIK08, IOK12]. A common

interpretation of such a structure is a relatively slow effective ionisation frequency due to multi-step ionisa-

tion processes, such as Penning ionization, which prevent arc formation [Boe03, MSG
+

03]. The patterned

discharge mode, characterized by stable, localised, and reproducible discharges both spatially and tempo-

rally, represents a variant where radial diffusion is somehow inhibited or at least differ from the diffuse mode

[Pur11, QLO16, ZLOL19, SABP06].

However, the given descriptions of these different modes essentially deal with a well-established dis-

charge, meaning that a luminous channel has formed across the entire inter-electrode space. Therefore,

the understanding of the transient physical processes occurring during the discharge establishment is cru-

cial to complete this description. Furthermore, a deeper insight into these transient mechanisms could en-

able better control of the desired modes by adjusting experimental conditions such as applied voltage char-

acteristics, pressure, and inter-electrode distance. Indeed, various articles highlight local electron mecha-
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nisms, which result in an electric field confinement effect [OLHD18, SABP06] named electron focusing ef-

fect. This effect is induced by the presence of surface and volume charges originating from the previous

discharge and which self-organised during the very first discharges. As an example, J. Ouyang and coworkers

[OLHD18, QLO16, ZLOL19, LO16] experimentally illustrated the influence of discharge periodicity with a

plane-to-plane DBD configuration, thereby demonstrating the existence of transitions from a diffuse mode to

a self-organised discharge mode depending on the working frequency.

The aim of the present work is to characterize the luminous propagation front (LPF) generated by an

impulse dielectric barrier discharge (iDBD) in an ammonia gas using an iCCD camera and to compare its

characteristics with electrical measurements. The purpose of such a study is to highlight a relationship be-

tween the temporal voltage-current evolutions and those of the LPF, through the electron flux propagation.

Besides, this iDBD cell has already been used in order to investigate the axial electric field employing E-FISH

laser technique coupled with voltage and current measurements [JMDNN
+

24]. Similarly to our previous

study [JMDNN
+

24], the LPF characteristics have been studied over three sets of the following experimental

parameters: the applied voltage, the working gas pressure, and the gas gap in-between dielectrics of the iDBD

cell.

2 Experimental setup

The experimental setup section briefly describes the iDBD cell, the power supply used to generate the dis-

charge, and the iCCD camera employed to characterize the latter. A complete description of the discharge

reactor and the power supply is reported in our previous work [JMDNN
+

24].

Figure 1: Experimental schematic of the iDBD cell.

The iDBD cell is designed in a planar configuration, featuring two solid-state dielectrics in the inter-

electrode gap made of aluminium nitride and separated by pure ammonia gas, as schematically illustrated

in figure 1. One dielectric is attached to the upper copper electrode which is connected to the high-voltage

supply while the second dielectric is attached to the lower copper electrode which is grounded. Thus, the

inter-electrode distance die corresponds to the sum of the two 1-mm thick dielectric layers and the gas gap

denoted as g: die = 2 + g [mm]. The discharge itself is driven by a homemade bipolar high-voltage power

supply at 4 kHz with a symmetric square pulse voltage. Voltage and current measurements were performed

around the iDBD cell, with a voltage probe (CalTest Electronics CT4028, bandwidth up to 220 MHz) positioned

on the high-voltage copper electrode and a current probe (MagneLab CT1.0, bandwidth up to 500 MHz) on

the grounded copper electrode.

To study the light emission dynamic from the discharge, a picosecond high-speed gated iCCD camera

from Stanford Computer Optics was positioned facing the iDBD cell. This camera is equipped with an EF
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100 mm f/2.8 Canon macro lens giving a depth of field of approximately 5 mm, which is significantly smaller

than the dimensions of the square electrodes (∼ 3.2× 3.2 cm
2
). Moreover, the iCCD camera is synchronised

with the applied voltage and gated at 1 ns. The resulting image is obtained by accumulating 5000 broadband

emission shots from the discharge, with a temporal resolution of 1 ns. These images are then phased with the

electrical characteristics by associating the temporal evolution of the discharge current Idis with that of the

integrated intensity over the gas gap, as both exhibit a strong correlation.

Table 1: Overview of the main parameters among the studied conditions

Influence of

Voltage (sect. 3.2) Pressure (sect. 3.3) Gas gap (sect. 3.4)

V (kVpp) 4 – 8 6 6

p (×104Pa) 1 0.8 – 2.0 1

g (mm) 3 3 3 – 9

Electrical measurements and iCCD ultra-fast camera have been carried out for both negative transition

NT (from a higher to a lower voltage) and positive transition PT (from a lower to a higher voltage), for each

condition listed in table 1. One can note that only the measurements obtained with the negative transition is

presented and discussed in this paper. Since the applied voltage is symmetrical, the behaviour described with

NT is similar and symmetrical with PT.

3 Results and discussion

The results and discussion section begins with a general description of the typical observations made in this

discharge configuration in ammonia gas, with a reference conditions: 8 kVpp, 1 × 10
4

Pa and 3-mm gap. This

first approach is followed by a more detailed study that deals with the correlation between imaging analysis

and electrical analysis for the different studied operating parameters (cf. table 1).

3.1 General observations and descriptions

The goal of this subsection is to present general observations and clarify the type of regime that characterizes

the pulsed discharges implemented here.

Figure 2a shows the spatial distribution of the 1-ns emission from the ammonia discharge operating

under the reference conditions, measured at 80 ns after the beginning of the NT, so at t0+ 80 ns. Along the

x-axis (longitudinal direction), the pure ammonia plasma-emitted light extends beyond the dimensions of the

copper electrodes and appears predominantly homogeneous (or diffuse), except for the edge effects. Along

the y-axis, the light intensity is distributed in three distinctive areas. From the upper to the lower dielectric,

a thin luminous area is observed, followed by a darker space and then a large luminous zone. As shown with

the axial emission distribution (along the y-axis) plotted in figure 2b, the thinner luminous area intensity

is greater than the larger luminous area. This pattern resembles that observed in a diode-type discharge.

A similar analogy has already been drawn for some DBD-type discharges in sinusoidal mode, operating at

pressures close to atmospheric pressure, with gases such as He, Ne, or gas mixtures referred to as Penning

mixtures such as Ar:NH3 He:N2 [HBK
+

23, BNG17, MGNS09, YCW
+

18, GGG
+

00, BBN
+

14, BPM15]. Thus, by

analogy, the smallest and brightest luminous area would be attributed to the cathode fall and negative glow

region, followed by a Faraday dark space and then a positive column close to the lower dielectric surface.

Such an attribution implies that the surface of the upper dielectric assumes a cathodic role, while the lower

dielectric acts as the anode during the negative transition. This assumption is consistent with the voltage-
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current measurements presented in our previous article [JMDNN
+

24], which indicate that the global electron

flux Γe is directed from the upper dielectric to the lower one during the negative transition.

Figure 2: (a) iCCD ultra-fast camera image of iDBD discharge in pure ammonia at 80 ns from the beginning of the NT (t0).
(b) Distribution of the normalised light intensity along the y-axis, integrated over 2 mm around the centre, as indicated by the red
rectangle in (a). Measurements were taken at 104 Pa, 8 kVpp, and g = 3 mm.

The selected images compiled in figure 3 depict the temporal evolution of the distribution of the discharge

emitted-light, which establishes itself over the gas gap during the NT, under the reference conditions. This

figure shows that the first variation in intensity is measured at t0 + 70 ns, closest to the lower dielectric which

acts as an anode from the start of the NT (t0). These initial variations in intensity measured by the iCCD

camera indicate the precedence of an excitation and de-excitation process that presumably occurs before

t0 + 70 ns. At t0 + 72 ns, a region near the cathode becomes significantly brighter compared to the one

observed at t0 + 70 ns, which persists near the anode. Furthermore, these spatial variations in light intensity

form a luminous propagation front (LPF), defined as the boundary of the brightest region located on the

cathodic side. After t0 + 74 ns, the LPF has finally reached the vicinity of the upper dielectric surface and

can no longer be defined. Unlike Γe, this luminous front has thus propagated toward the cathode with an

average velocity of at least 0.5 mm/ns (equivalent to 0.5 × 106 m/s). From this time, here t0 + 74 ns, the gas

gap can be divided into three distinct regions: the brightest region near the cathode carried by the LPF, a dark

space, and a region near the anode with lower brightness. Once these three zones are established, a stationary

regime will be spatially achieved along the y-axis as shown with the following images in figure 3. Indeed, at

t0 + 76 ns, the previously described profile (cf. figure 2) is fully established, in accordance with the direction

of Γe, as indicated by the blue arrow in figure 3. From t0 + 76 ns onward, the distribution of the luminous and

dark regions remains almost unchanged along the y-axis.

However, an expansion of about 2.4 mm at the edge is then observed along the x-axis under the reference

conditions, as indicated by the dashed red lines in figure 3. Both sides of the iDBD cell are concerned. This

longitudinal expansion is accompanied by an increase in light intensity at the edges of the discharge-emitted

light due to the intrinsic limits of the copper electrodes (edge effects). Moreover, the shape of the extremities
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