
Experimental observation of negative differential characteristic of
corona discharge in ultraviolet spectrum

I. Kolcunov�a*, R. Cimbala, J. Petr�a�s, J. Kurimský, B. Dolník, J. D�zmura, J. Balogh
Technical University of Ko�sice, Ko�sice, Slovakia

a r t i c l e i n f o

Article history:
Received 14 October 2016
Received in revised form
13 December 2016
Accepted 22 December 2016
Available online 18 January 2017

Keywords:
Current-voltage characteristic
Corona discharge
Anomaly phenomenon
Ultraviolet spectrum
Non-uniform field
Shape electrode

a b s t r a c t

Corona discharge is a self-sustained discharge which appears at electrodes with a small radius curvature
in gas insulation. An almost invisible glow occurs just above the inception voltage. Corona phenomenon
is mainly used in electro-technological processes to obtain space charge for electrostatic precipitation,
separation of different particles, electrostatic liquid or solid coating, neutralization of space charge, etc.
All of these processes rely on a strong nonhomogeneous electric field generated by a point e plate
electrode system. When the critical value of the applied voltage is reached, the ionization processes near
the point electrode start and give rise to the current between two electrodes. If the pointed electrode is
positive, it is possible to observe an anomaly of the current e voltage (I-U) characteristic for the point-
plate space. It means that while the voltage is raising the current density decreases in a narrow voltage
area (2e3 kV). The anomaly was technically named as negative differential conductivity (dI/dU < 0).
Unstable current can have a negative influence on electro-technological processes. The anomaly was
detected for different shapes and materials of the electrode as well as for various temperatures and
distances between electrodes. An oxidation layer, which appears on the metal electrode, also influences
the ionization processes near the pointed electrode and causes a decrease of a current. In this paper
measuring of the discharge activity in a point e plate electrode system is presented. Ionization of gas
atoms and molecules in a high electric field and the following recombination of electrons and positive
ions in the corona region can give rise to high-energy photons which produce new electrons in the field
of discharge. Corona discharges are detected by DayCor Corona camera which can register UV emission
generated by corona in a day light. The experiment was conducted with various shapes of the pointed
electrode and distances between the high voltage and the grounded electrode under applied direct
voltage with positive and negative polarity.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

This paper studies a space charge which is generated in the
space between a point and a plate electrodes when a high voltage is
present at the point electrode. The space charge generated in a
strongly nonhomogeneous electric field finds wide usage in elec-
trical engineering, such as electrostatic precipitation, separators for
particles with various permittivity, neutralizers of electric charge,
during liquid coating, dust plastic application, etc. Various methods
could be used to study processes taking place in the space between
electrodes, for example electrical, acoustic, optical and others.

The space charge plays a main role in the usage of corona

discharge in electrostatics. The space charge is generated when a
critical intensity of electric field is reached near the electrodewith a
small radius of curvature. When a DC voltage is present at the
electrode, a positive or negative space charge appears depending
on voltage polarity. The positive space charge is generated by
positive ions, the negative charge is generated by electrons and
negative ions. As electrons have much higher mobility than ions,
the behavior of space charge between electrodes is different for the
positive and negative voltage polarity. For the same electrode
layout and the same distance between two electrodes, a different
value of critical voltage of corona initiation can be measured.
Additionally, the value of the breakdown voltage differs depending
on the polarity of the applied DC voltage. This effect is known as a
polarity effect. The polarity effect causes that for the same electrode
layout and the same applied voltage, a different value of the corona
current can be measured for the positive and the negative polarity
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of the DC voltage.
The amount of space charge can be measured by measuring the

current flowing from the corona electrode to the opposite elec-
trode. The effectivity of corona electrodes can be evaluated using
the current-voltage characteristics. Using this characteristic, the
power consumption of maintaining the corona discharge can be
calculated or it can be used as a parameter for process regulation in
devices using the corona discharge. In some cases of electrode
layouts (e.g. coaxial cylinders, wire against plate and others) a
mathematical model of I/U characteristics is already known.
However, in most cases, this characteristics is obtained experi-
mentally. Due to the polarity effect the experiment has to be made
separately for the positive and the negative polarity of the applied
voltage.

2. Phenomenon occurring near a corona electrode

When measuring an I/U characteristics using a point electrode
with a positive polarity, higher dispersion of measured current
values were detected in a particular voltage area [1e3]. Authors
focusing on the area of an audible noise generated by the corona
discharge found a tight correlation between the audible noise and
the corona current [4]. The polarity effect can also be measured
acoustically. Authors [5] showed that the amplitude and the pulse
width of the current pulse in positive corona discharge is higher
than in negative corona discharge. Further analysis of the time-
domain characteristics of corona-generated audible noise pulses
[6] showed that with the increase of applied voltage pulse rate
increases and amplitudes of the pulses decrease. If the applied
voltage is further increased, the pulse rate and the amplitudes of
the pulses gradually stay stable.

In general, the current-voltage characteristic of corona pro-
cesses for both, the positive and the negative polarity, is described
as the current steadily increasing with an increase of voltage. This
paper shows, that this characteristic is not correct in the case of the
point electrode with a positive polarity. The measurements of the
current and the light emitted by the corona show that, as the
voltage increases, the current first reaches a local maximum, then
decreases to a local minimum after which is starts to steadily in-
crease again. This current-voltage anomaly in the case of a positive
polarity was first observed by prof. Karol Marton in 1980's [7,8].
Under his supervision, Mr. Kapas made a mathematical analysis of
the space charge in the weak and strong electromagnetic fields
[9,10], where he focused on processes appearing just above the
inception voltage of corona discharges. The inception voltage de-
pends on the point electrode end, distance between electrodes and
the point electrodematerial. However, to this date this anomaly has
not been studied in greater detail and no methodological experi-
ments were conducted in order to better understand and charac-
terize this anomaly.

Micro-physical processes in a strongly nonhomogeneous field
depend on voltage and electric field intensity. Electron avalanches
generated in the initial phase are only sporadic. The number of
electrons in the avalanche according to Townsend theory increases
exponentially. For homogeneous electric field the next equation is
valid:

nx ¼ n0 expðaxÞ (1)

where nx is the number of electrons in the avalanche after reaching
the distance x from the cathode, a is Townsend's ionization coef-
ficient. However, in a nonhomogeneous electric field the intensity
of electric field E(x) and the ionization coefficient a(x) are not
constant. The number of electrons in the avalanche nx at distance x
from the beginning of the avalanche can be calculated as follows:

nx ¼ n0 exp

0
@Zx

0

aðxÞdx
1
A (2)

The increase, respectively decrease, of the number of electrons
in the space between electrodes is influenced by the following
secondary processes:

- secondary cathode electron emission influenced by g-processes
and photo-emission,

- photoionization of neutral molecules of gas,
- collision of ions,
- electron absorption by electronegative molecules e.g. oxygen,
water, hydrogen and others,

- electron and ion recombination,
- electron diffusion.

The first three processes contribute to the avalanche electron
increase; while the other three processes cause their decrease.
Electrons, positive and negative ion are represented unevenly in
ionizing fields. The electron concentration can be expressed as [8]:

vne
vt

¼ Ni þ knannebeE � kane � Rernþn� þ n�
t

þ divðnebeEÞ
þ DeV

2ne (3)

Ni e electrically charged particle pair number per m3/s caused
by external sources of energy,
kn an ne be E e charges generated by impact ionization with be
mobility and electric field intensity E,
kn e proportion coefficient,
kane e electron absorption by particles, where ka ¼ he ve,
he e probability of electron being captured by a particle,
ve e electron velocity,
n�/t - decrease of negative ion density and appear of electrons
during t time interval,
div(nebe E) e drift of charge carriers in electrical field,
DeV

2ne e particle diffusion,
Rernþne e particle recombination.

Positive nþ and negative n� ion concentration can be expressed
as

vnþ
vt

¼ Ni þ knannebeE � Rirnþn� � Rernþne � divðnþbþEÞ
þ DiV

2nþ (4)

vn�
vt

¼ kane � n�
t

� Rirnþn� þ divðn�b�EÞ þ DiV
2n� (5)

Solving these differential equations leads to the density of in-
dividual electric charge types that are present in the discharge
space. For stationary state it can be shown that:

vn
vt

þ vn�
vt

þ vne
vt

¼ 0 (6)

In strong electric fields the influence of secondary processes has
to be considered. By including these factors in the Equations
(4)e(6), the overall current density can be expressed as:

jðxÞ ¼ qe ½nþðxÞ$bþðxÞ þ n�ðxÞb�ðxÞ þ neðxÞbeðxÞ�EðxÞ (7)

Integral current flowing through an area with a diameter S
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