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Abstract
Research on corona discharges from plasma generators has been studied using the line-plane configurations (L-PC).
The purpose of this study is to calculate the comparison of the level of conformity of the voltage current characteristic
curve (I-V) from the simulation results of numerical calculations of the electrode geometry function and the results of
experimental data. There is an electrode (electrode 1) in the form of a rectangular plate with a very thin thickness
which has a length and width of a and b respectively in an upright position (line configuration). Electrode 1 has a
distance of c to electrode 2 which is in a lying position (plane configuration) below the electrode 1. Furthermore, by
using variation of c of 2.5 cm, 2.8 cm, 3.1 cm and 3.4 cm, the two electrodes are connected to the plasma generating
equipment, thus producing a plasma discharge that comes out of the tip of the electrode 1 towards electrode 2.
Research results from all variations of c prove that there is a high degree of suitability between numerical calculations
with experimental data by taking the value of the fitting for the sharpness shape factor of k in the area with the largest
plasma discharge. © 2020 EDP Sciences.
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Abstract. Research on corona discharges from plasma generators has been studied using the line-plane
configurations (L-PC). The purpose of this study is to calculate the comparison of the level of conformity of
the voltage current characteristic curve (I–V) from the simulation results of numerical calculations of the
electrode geometry function and the results of experimental data. There is an electrode (electrode 1) in the
form of a rectangular plate with a very thin thickness which has a length and width of a and b respectively in
an upright position (line configuration). Electrode 1 has a distance of c to electrode 2 which is in a lying
position (plane configuration) below the electrode 1. Furthermore, by using variation of c of 2.5 cm, 2.8 cm,
3.1 cm and 3.4 cm, the two electrodes are connected to the plasma generating equipment, thus producing a
plasma discharge that comes out of the tip of the electrode 1 towards electrode 2. Research results from all
variations of c prove that there is a high degree of suitability between numerical calculations with
experimental data by taking the value of the fitting for the sharpness shape factor of k in the area with the
largest plasma discharge.

1 Introduction

Plasma is gas which is ionized in an electric discharge [1].
When gas is conditioned on a plasma state, charged
particles in the gas have a smaller potential energy among
inter particles compared to their kinetic energy so that the
particles are free to move [2]. Plasma generation through
the concept of electrical discharge is known as corona
incandescent plasma discharge [3,4]. There is a common
plasma model in the industry called capacitively coupled
plasma (CCP) [5,6]. The electrode configuration of the
CCP is similar to the principle of a capacitor in an
electronic circuit. This model consists of two asymmetrical
electrodes with one electrode having a very sharp surface
and the other electrode having a nearly horizontal surface.
Incandescent corona plasma discharges will appear around
the electrode with high/sharp curvature due to the area
having a high gradient potential [7]. This fact that supports
the dependence of the electric current value on the
electrode geometrical curvature in the case of the corona
discharge is that the geometrical shape of the electrode
which is sharper will produce a plasma flow that is getting
bigger.

Numerous papers on corona discharge cases or
ordinary electrical circuits using capacitor or CCP compo-
nents often discuss the characteristics curves of current
and voltage from all sorts of electrode configurations.

These configuration models include tip-plane configuration
[8], cylinder-wire-plate configuration [9], sub-millimeter
electrode gap configuration [10], point-to-ring configuration
[11], needle-to-plate configuration [12], multi point-plane
configuration [13] and coaxial Cylinders [14]. Most
discussions concerning characteristic models of current
and voltage system are only experimental, except for
journals of [8,14], which detailed the (I–V) characteristic
curves from numerical calculations as well as comparisons
with experimental results. There is a very striking difference
in the (I–V) characteristic value ratio between [8] and [14].
The (I–V) characteristic of [8] is based on the geometrical
shape of the electrode capacitance in the case of an ordinary
electric circuit while the (I–V) characteristic of [14] uses the
corona discharge curve approach formula. The value of the
electric current obtained from [14] is almost close to106 times
the value of the electric current from [8].

There are also several papers that discuss the concept of
corona discharge not focused on the formulation of (I–V)
characteristic curves and the configuration of the electro-
des (curvature of the electrodes geometry) but instead
discusses the influence of certain factors when event
happened of corona discharges such as EHD flow [11],
convective heat transfer [15], electric wind [16,17] and
electrostatic precipitation [18,19]. From papers [15–19], it
can be concluded that corona discharge is a fairly complex
physical event, so that the (I–V) characteristic curves are
not only influenced by the curvature of the electrodes
geometric but also influenced by other factors such as
convective heat transfer, electric wind and electrostatic* e-mail: asepyoyowardayafisika@gmail.com

Eur. Phys. J. Appl. Phys. 89, 30801 (2020)
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Stimulated Brillouin gain spectroscopy in a confined
spatio-temporal domain (30 µm, 170 ns)
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Abstract. The Brillouin gain spectrum of a test sample (liquid acetone at room temperature) on scales
simultaneously confined in space (∼30 µm) and time (∼170 ns) is reported. This is done using a pulsed
stimulated Brillouin scattering gain spectrometer in a θ ≈ 90◦ crossing beam configuration. After having
identified and corrected for different sources of background signals, we obtained a Brillouin gain spectrum
allowing an accurate measurement (MHz range) of the Brillouin frequency (few GHz). This is of interest for
probing acoustic properties of transparent media subjected to repetitive fast transient phenomena on small
length scales.

1 Introduction

Brillouin scattering refers to the scattering of light by
a transparent medium due to the coupling of incoming
photons with density fluctuations (phonons) [1]. When
analyzed, the frequency and the linewidth of the scat-
tered light contain valuable information on the scattering
material such as the speed of sound and the phonon life-
time. The energy-momentum conservation in the collision
between an incoming photon and a phonon of the mate-
rial imposes that the Brillouin scattered light is frequency
shifted by the amount:

ΩB = 2nω
v

c
sin (θ/2) (1)

where n is the index of refraction, ω is the angular fre-
quency of the incident light, v is the speed of sound in
the material, c is the speed of light in vacuum, and θ is
the angle between the incoming and the scattered light.
ΩB is called the Brillouin angular frequency. From equa-
tion (1), knowing n, ω and θ, one readily sees that the
measurement of ΩB gives access to the speed of sound
of the material. The Brillouin linewidth gives the phonon
lifetime [2]. Stimulated Brillouin Scattering (SBS) in the
so-called amplifier configuration consists in crossing two
independent laser beams in the medium at a given angle.
One laser is referred as the pump (intensity I1 (W/m2),
angular frequency ω1) and the other one as the probe (I2,
ω2). We shall call L the interaction length between the
two lasers. In the limit of constant pump intensity I1, the
probe intensity I2(L) after interaction with the pump and

∗ e-mail: lionel.djadaojee@lkb.ens.fr

the medium over a distance L is given by:

I2(L) = I2(0) exp (g(Ω)I1L) (2)

where I2(0) is the incoming probe intensity and g(Ω) is
the so-called Brillouin gain factor expressed in m/W. It
depends both on the thermodynamic properties of the
medium and the angular frequency difference between the
probe and the pump lasers Ω = ω2 − ω1. The electrostric-
tive coupling between the photons and the phonons when
Ω approaches ΩB results in the probe intensity exponen-
tial growth (Ω > 0) as it propagates through the medium
in the pump light field: this is the SBS effect, first exper-
imentally demonstrated by Chiao et al. in the 60’s [3].
It must be noted that if Ω < 0, the Brillouin gain fac-
tor is negative and energy is transferred from the probe
to the pump field so that the probe intensity experi-
ences exponential decay. The Brillouin gain factor g(Ω)
is expected to be a Lorentzian function of Ω of central
angular frequency ΩB and linewidth ΓB [2]. Stimulated
Brillouin Gain (Loss) Spectroscopy consists in measuring
the g(Ω) function in order to access to the values ΩB

and ΓB of a given medium. To that purpose, the ratio
I2(L)/I2(0) is measured as a function of Ω by maintain-
ing one of the two lasers at a fixed frequency while tuning
the other laser frequency. Pohl et al. in 1970 were the first
to measure a Brillouin gain spectrum [4]. They shifted
the frequency of the probe laser by generating a Bril-
louin backscattered light (SBS generator [2]) at angular
frequency ωBg

= Ω = ω2 − ω1 in a mixture of liquids. By
changing the composition of the liquid mixture, they were
able to tune ωBg

= Ω. Since this pioneering work, numer-
ous experimental and theoretical works have been devoted
to Stimulated Brillouin Gain (SBG) spectroscopy. Unlike
the Pohl’s experiment, SBG spectrometers are now based
on a frequency tunable laser (pump or probe) and can
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Abstract

Organic solar cells based on planar copper phthalocyanine (CuPc)/C  heterojunction have been characterized, in which
a 2 nm-thick layer of bathocuproine (BCP) is inserted into the CuPc layer. The thin layer of BCP allows hole current to
tunnel it through but blocks the exciton diffusion, thereby altering the steady-state exciton profile in the CuPc zone (zone
1) sandwiched between BCP and C . The short-circuit current density (J ) of device is limited by the hole-exciton
scattering effect at the BCP/CuPc (zone 1) interface. Based on the variation of J  with the width of zone 1, the exciton
diffusion length of CuPc is deduced to be 12.5–15 nm. The current research provides an easy and helpful method to
determine the exciton diffusion lengths of organic electron donors.
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