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Oscillatory current behavior in a pulsed gas discharge in

atmospheric-pressure helium
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This paper presents the results of an experimental study of a pulsed gas discharge in helium at pressures of

1−3 atm in a plane-parallel gap with a mesh cathode and preliminary ultraviolet preionization. At an electron

density of about 108 cm−3 , the discharge was initiated at voltages ranging from 3 to 14 kV. Analysis of current

oscillograms revealed two stable regimes: aperiodic and oscillatory, differing in amplitude and pulse duration. It is

shown that within a certain range of parameters — initial voltage, ballast resistance, and gas pressure — the current

oscillation period, when present, remains constant.
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The study of pulsed gas discharges retains both fun-

damental and applied relevance [1–10]. The results of

such research find wide application in surface processing,

plasma aerodynamics, plasma-assisted combustion, plasma

medicine, and other technological processes.

Despite the progress in experimental diagnostics, it is a

highly complex task to obtain a complete spatiotemporal

pattern of plasma evolution within the entire discharge gap.

The influence of preionization on the dynamics of discharge

development is of particular interest.

Experimental data reveal that, depending on external

conditions, a discharge with gas preionization may proceed

in homogeneous volume, volume with cathode spots,

contracted, and high-current diffuse regimes [11,12]. As was
demonstrated in [11–18], the initial stage of evolution of a

pulsed volume discharge in inert gases with preionization

is the formation of ionization waves; this conclusion

was verified by both numerical modeling and high-speed

imaging of the early stages of the discharge process.

However, it should be noted that the discharge character-

istics are affected not only by the applied field, pressure,

gas, and pre-ionization electron density, but also by the

parameters of an RLC-circuit, where one may introduce

the effective values of resistance R, inductance L, and

capacitance C [19,20].

In the present study, we report the results of examina-

tion of oscilloscope records of current and integral glow

patterns of a plane-parallel discharge in helium at pressures

p = 1−3 atm and voltages varying within a wide range of

U0 = 3−14 kV.

The schematic diagram of the setup is shown in Fig. 1.

Discharge gap S was a system of two electrodes: a top

planar anode made of stainless steel with radius r0 = 2 cm

and a bottom mesh cathode located parallel to the anode.

The interelectrode distance was d = 1 cm. Helium with a

chemical purity of at least 99.99% was the working gas.

To establish the needed vacuum, the chamber was evac-

uated using a Welch CDK 240 (ILMVAC) turbomolecular

pump that provided a maximum residual pressure on the

order of 5 · 10−5 Pa.

Preionization was performed by a spark discharge po-

sitioned behind a mesh anode. The time delay between

the arrival of a high-voltage pulse and the switching-on of

illumination was 100−150 ns, and the light pulse duration

was on the order of 600 ns. An electron density on the order
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Figure 1. Schematic diagram of the setup: C0 — discharge

capacitance, Rb — ballast resistance, K — switch, S1 — source of

preionization of the gas medium of the switch, S — main discharge

gap, and S2 — source of preionization of the main discharge gap

(R0 = 300�, R1 = 21.3 k�, R2 = 765�, C = 4 nF, C0 = 15 nF).
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Figure 2. Characteristic oscilloscope records of the discharge current in aperiodic (a) and oscillatory (b) regimes at U0 = 8 kV, Rb = 52�.
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Figure 3. Integral patterns of discharge glow (oscillatory regime): Rb = 52�.

of 108 cm−3 was achieved with an energy input into the

auxiliary discharge (source of UV radiation) of 0.3−0.4 J.

To examine the influence of voltage U0 at the discharge

capacitance and gas pressure p on the discharge character-

istics, integral glow patterns were recorded using a Sony

AlphaA7 III (ILCE-7M3B) mirrorless digital camera with a

lens with a focal length of 85mm.

The electrical characteristics of the discharge (voltage
and current) were recorded using an ohmic voltage divider

and a low-inductance shunt. Signals were visualized by

a Tektronix TDS2024C four-channel digital storage oscil-

loscope with a bandwidth of 200MHz. The error of current

amplitude measurement did not exceed 3%. High-voltage

pulses were supplied from a pulse generator that could

adjust the amplitude at C0 from 3 to 14 kV. The time of

voltage rise to its peak value was up to 10 ns.

The studies of electrical and integral glow patterns were

carried out in two discharge formation regimes established

with ballast resistances Rb = 2 and 52� connected to

the discharge gap. Two fundamentally different discharge

regimes (aperiodic and oscillatory) corresponding to differ-

ent distances S1 between the electrodes in the switch were

identified.

Figure 2 shows typical oscilloscope records of the dis-

charge current at voltage U0 = 8 kV. It can be seen from the

oscilloscope records that, under otherwise equal conditions,

the current flow regime changes from aperiodic (Fig. 2, a)
to oscillatory (Fig. 2, b) as the interelectrode gap width in

the switch exceeds 2mm.

With ballast resistance Rb = 52�, the amplitude value

of current in the oscillatory regime is higher than in the

aperiodic one; at lower resistances (e. g., Rb = 2�), the

opposite is true: the current amplitude in the aperiodic

regime is higher. In the oscillatory regime (Fig. 2, b), the
period of current oscillations is T ≈ 1.7µs and is virtually

independent of U0 and p. In addition, the discharge duration

in the oscillatory regime increases with an increase in U0

and falls within the range of 5−7µs in the examined field

interval.

Figure 3 presents the integral discharge glow patterns in

the oscillatory current regime for Rb = 52� at different

voltages and pressures ranging from 1 to 3 atm. In contrast

to the aperiodic regime, the oscillatory one (at voltages

through to 11 kV) allows one to form an extremely uniform

volume discharge without pronounced diffuse channels and

luminous spots on the electrodes (Fig. 3). A further
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Figure 4. a — amplitude values of the discharge current in the oscillatory regime at pressure p = 1 atm and ballast resistance Rb = 52�

for the first three maxima in Fig. 2, b; b — characteristic oscilloscope records of the discharge current in the oscillatory regime: U0 = 8 kV,

Rb = 52� (1 — experiment, 2 — calculation based on Eq. (1)).

intensification of the applied field leads to the emergence

of explosive emission plumes on the solid electrode, which

grow in number with an increase in U0. At voltage

U0 = 14 kV, integral patterns reveal the formation of a spark

channel.

It can be seen from Fig. 3 that the brightness of the

plasma column decreases with an increase in gas pressure,

but the discharge also becomes more uniform. In addition,

the current amplitude decreases and the discharge pulse

duration increases.

Figure 4, a shows the amplitude values of current I

recorded for the first three maxima in the oscillatory regime.

The oscillatory nature of current with polarity reversal

(Fig. 2, b) makes it possible to introduce an effective induc-

tance and substitute the actual circuit with an equivalent one

in the form of an RLC-circuit, where Rd , Ld , and Cd are the

resistance, inductance, and capacitance of the discharge gap.

Let us write the Kirchhoff equations for the

RdLdCd -circuit:

Ld

dI

dt
+ RdI +

1

Cd

∫

Idt = 0 ⇒
d2I

dt2
+ 2δ

dI

dt
+ ω2

0 = 0,

δ =
Rd

2Ld

, ω0 =
1

√
LdCd

. (1)

The solution of (1) is I(t) = I0e−δt sin(ωt + ϕ), where

ω =
√

ω2
0 − δ2 = 2π

T
. Here, ϕ = 0 under the condition that

I(t = 0) = 0. Determining the attenuation coefficient as the

ratio of amplitudes of the first and third current maxima

from Fig. 4, b δ =
ln
(

I0/I(T )
)

T
= ln(2.3±0.4)

T
, we obtain equality

ω =
√

ω2
0 − δ2 =

√

1

LdCd

−
R2

d

4L2
d

=

√

√

√

√

1

LdCd

−

(

ln(I0/I(T )
)

T

)2

=
2π

T
, (2)

which provides the following expression for product LdCd :

LdCd =
T 2

4π2 +
(

ln(I0/I(T ))
)2

≈
( T

2π

)2

⇒ ω ≈ ω0 =
1

√
LdCd

. (3)

In accordance with (3), the observed period of

oscillations (if they appear) depends, at least within the

studied range of parameters, just on product CdLd of the

capacitance and inductance of the equivalent circuit of the

discharge gap. Figure 4, b presents an example comparison

of experimental oscilloscope records of current (Fig. 2, b)
for U0 = 8 kV and Rb = 52� with calculated values

derived from the solution of Eq. (1) with an experimentally

determined cyclic frequency. A similar match is observed

for other combinations of U0, p, and the interelectrode

distance in the switch in the oscillatory regime.

Thus, two fundamentally different regimes of discharge in

helium in the examined circuit were identified. With a small

interelectrode gap S1 of the switch, the discharge current

pulse has an aperiodic shape. As S1 increases, it assumes

a distinct oscillatory nature with an almost constant period

T ≈ 1.7µs that does not depend on voltage and pressure.

The oscillatory regime produces a much more uniform

glow without bright cathode (anode) spots at voltages up

to 11 kV. The obtained results are important in the context

of optimization of plasma radiation sources and design of

gas discharge systems in media with elevated pressures of

several atmospheres, where diffuse discharge regimes stable

over time scales of 1µs or more are required.
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