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Abstract – It is shown experimentally that a microplasma created by a microstructured electrode array is
sensitive to sound pressure. In this paper, two electrode architectures are used to create the microplasma.
The sensitivity of these microplasma microphones, close to 0.4 nA/Pa, is estimated using a waveguide and a
calibration method by comparison with a reference microphone. An empirical expression of the acoustic pres-
sure sensitivity of microdischarges is proposed. The predictions of this empirical model are in good agreement
with the experimental data.
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1 Introduction

An ionized gas or plasma is a mixture of electrons,
ions and neutrals. In air, at atmospheric pressure, the
plasma is generated by applying a DC voltage between
two electrodes. In this DC discharge, the current flowing
between the electrodes is carried by the free ions and elec-
trons. DC discharges have been intensively studied over
the last four decades in the context of medical sterilization,
gas cleaning, air pollution control, biological decontamina-
tion, material processing, and aerodynamics [1–3]. However,
the fine understanding of these discharges is not yet
acquired, and there are still many unexplained or poorly
modeled phenomena in these intrinsically complex gases.

In acoustics, the desired property is the coupling
between a volume of plasma and the surrounding air. More
particularly, the interactions between the charged particles
and the neutral ones of the plasma and the surrounding gas.
The variations in the electric current of the discharge cause
pressure fluctuations and the propagation of a sound wave
which is the principle of acoustic sources. Conversely, an
acoustic wave passing through the plasma volume of a
discharge provokes fluctuations in its electrical current
which is the principle of acoustic sensors (acoustic pressure
and acoustic particle velocity).

Among the acoustic sources using a plasma, the most
familiar one is lightning [4]. The spark source is its minia-
turized version used mainly in the fields of architectural
and urban acoustics for acoustic measurements in scale
models [5, 6]. The first acoustic studies on electric arcs
began with Du Bois Duddell around the 1900s with the

singing arcs [7, 8]. Since then, many acoustic sources using
a plasma as an electroacoustic conversion element have
emerged. The technical and theoretical developments asso-
ciated with these sources are given in a review by Bastien in
1987 [9]. Since, other publications came to complete these
studies: [10–12] (a non-exhaustive list of references).

In acoustics, the two useful quantities are acoustic
pressure and acoustic particle velocity. Though these two
quantities should be accessible to measurement by the use
of a plasma discharge, there are very few studies considering
this kind of measurement. The most recent one is that of
Béquin et al. [13] which proposes a plasma velocimeter
and an associated electroacoustic model. This work is based
on previous studies by Lindvall [14] and Durbin et al. [15]
on anemometers. For the measurement of acoustic pressure,
only a few plasma microphones have been developed so far
[16–23].

The content of this paper completes the experimental
work of the same authors on microphonic devices using a
plasma as sensing element [16]. In these plasma micro-
phones (Fig. 1), the ionized gas is generated using negative
point-to-plane discharges where a DC high negative voltage
is applied to the needle electrode placed above a ground
plane, metallic electrodes being separated by a millimetric
or a sub-millimetric air gap (three-dimensional setup).
The microphonic devices studied here use a microplasma
array as an electroacoustic conversion element. Two
electrodes configurations obtained by microfabrication
techniques are used to generate the useful plasma [3, 24].
The electrode gap dimensions in the micrometer range are
small enough to generate sufficiently high electric field
strengths to ignite discharges by applying only moderate
voltages (’500 V).*Corresponding author: philippe.bequin@univ-lemans.fr
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2 Microplasma microphone (2D setup)

In the previous paper on microdischarge microphones
[16], theoretical and experimental developments are concen-
trated on individual discharges. Considering now an array
of microdischarges arranged in parallel, also called
Microstructured Electrode Array, the electrode system
can be used as microphone as given in Figure 2. This device
consists of plane electrodes bonded to a substrate (two-
dimensional setup). More precisely, the two electrodes of
170 points are mounted in parallel and placed facing a wire.
The main body is a silica wafer (SiO2). The electrodes were
patterned by photolithography in a chromium-gold layer.
A top layer of SiO2 with a thickness of about 0.5 lm is
added to cover these electrodes in order to prevent erosion.
In order to stabilize microdischarges, each electrode with
points is connected to a ballast resistance (R ’ 23 MX).

2.1 Electroacoustic model

The electroacoustic model, which expresses the relation
between the variation of the electric current i(t) and the
acoustic pressure pa(t), is given by the semi-empirical
relation [16]:

Sp ¼ � i tð Þ
pa tð Þ ¼ k

I
c P 0

: ð1Þ

The sensitivity Sp is inversely proportional to the ratio of
the specific heats c ¼ 7

5 and the static pressure P0. It
depends on the operating point of the electric discharge
(Ud, I) evaluated at P0. This expression is close to the one
proposed by Dayton et al. [19]. The value of the coefficient
k is deduced from experimental data. For microdischarges
with point-to-plane geometry (Fig. 1), the value of k is close
to 1.3. In our case of flat microdischarges obtained with
microstructured electrode array, k is set to 1.

3 Experimental work
3.1 DC discharge

A discharge cell is generally composed of two elec-
trodes separated by an air gap d (for example: a point

and a plane, see Fig. 1; a multi-point and a wire, see
Fig. 2) and a ballast resistance R connected in series. When
a DC voltage is applied to the discharge cell, the electric
discharge formed between the two electrodes mainly
depends on (i) the air pressure, (ii) the applied voltage,
(iii) the material of the electrodes, and (iv) the geometry
of the discharge [1, 25, 26].

3.2 Voltage current characteristics

The various operating regimes of a DC discharge are
determined from the experimental voltage-current charac-
teristic (voltage Ud between the electrodes versus electric
current I flowing through the plasma). For point-to-plane
discharges (Fig. 1), Figure 3 gives typical examples of
voltage-current characteristics. A clear distinction can be
observed between millimetric (1 mm < d < 7 mm) and sub-
millimetric discharges (d � 1 mm). The dynamic behaviors
of these discharges are described in the following references:
[1, 25, 26].

Figure 4 shows the voltage-current characteristic
(Ud, I = Ir/2) associated with our microdischarge micro-
phone (Fig. 2). The current Ir collected by the wire
electrode is deduced from the voltage drop through a resis-
tance of small value (r ’ 50 X). Voltage and current signals
are acquired with a voltmeter (type Agilent 34401A) or a
fast oscilloscope (type LeCroy LT 322, 500 MHz band-
width, 200 Ms/s) for DC or time dependent current
measurements, respectively.

Due to space-charge effects between the electrodes, the
microdischarges have a self-oscillating behavior [27, 28].
The electric current is self-pulsing with a repetition rate
of a few tens of kilohertz and pulse durations of the order
of a few tens of nanoseconds. It should be noted that array
defaults affect the uniform distribution of current between
points, ultimately limiting the number of microdischarges
that can be created in parallel. With the bombardment of
the electrodes by charged particles, the overall shape of
the electrodes evolves with time. Microdischarges appear
and disappear, and the electric current has a more or less
erratic evolution. The particular morphology of this current
makes it difficult to estimate its mean value.

The voltage-current characteristic (Fig. 4) displays a
negative differential resistance (Rd ¼ �Ud

�I < 0), an electrical
evolution which is generally associated with the self-
oscillating system [29]. The discharge voltage Ud decreases
approximately linearly with the mean current I . Its evolu-
tion can be modeled using the relation:

Ud ¼ U s þ Rd I ; ð2Þ
where Us ’ 820 V is the threshold voltage associated
with the microdischarge start-up and Rd ’ �1.9 MX is
the differential resistance. Values of Us and Rd are
deduced from a least squares method. In order to avoid
the transition to the spark and stabilize the discharge
[24], the Kaufmann criterion must be ensured:
Rd + R > 0 which is the case with a ballast resistance
R close to 23 MX.

Figure 1. Schematic representation of a negative point-to-
plane discharge with metallic electrodes – three-dimensional
setup. 100 lm � d � 3 mm, R = 23 MX [16].
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3.3 Estimating acoustic pressure with a reference
microphone and a microplasma microphone

The details and performance of the experimental device
used (Fig. 5) are discussed in more details in a previous
paper devoted to the plasma microphone [16]. It enables
the comparison of the value of the sound pressure deduced
from plasma microphone to the one of a reference micro-
phone (using a comparison calibration method). First,
acoustic pressure at the center of the tube is measured with
a reference microphone (not shown in Fig. 5), the micro-
phone is flush-mounted with the inside wall of the tube.
Note that the microplasma microphone is maintained inside
the tube in order to take into account its influence on the
acoustic field. Then, the acoustic pressure is measured with
the microplasma microphone (the reference microphone
being removed). As previously described in [16], a computer
program is used to drive the frequency, amplitudes, and
phases of a dual-channel signal generator (Tektronix AFC
– 3022C) which supplies sinusoidal signals to the loudspeak-
ers. A Lock-in Amplifier (SR830 DSP Stanford Research
Systems) carries out a synchronous demodulation of its

input (voltage from the microphone) by locking its internal
oscillator on the phase reference received from the generator
(synchronisation output). The measured data are then
post-processed by the computer.

Figure 6 shows the sound pressure levels measured in
the waveguide with the plasma microphone (with gap
length d = 100 lm) and the reference microphone for two
voltages applied to the loudspeakers (VL = 2 and 3 VRMS).
The sensitivity of the plasma microphone is obtained by
adjusting its frequency response to that of the reference
microphone.

In the frequency range 100–400 Hz, the acoustic device
provides an acoustic pressure close to 355 Pa (’145 dB
SPL), which represents a variation in atmospheric pressure
P0 of approximately 0.35%. The plot also reveals peaks in
the frequency response (540 Hz, 1.17 kHz, 1.84 kHz,
2.51 kHz, 3.17 kHz, and 3.82 kHz) which are the resonances
of the air volume included in the waveguide [16]. Note that
the microplasma microphone can measure small pressure

Figure 3. Variation of voltage Ud with mean current I
associated with a point-to-plane discharge (Fig. 1) – [16].

Figure 4. Variation of voltage Ud with mean current I associ-
ated with a microstructured electrode array: two electrodes with
170 points and a wire electrode (see Fig. 2). Comparison between
experimental data (���) and empirical model (–), Equation (2),
with the adjusted parameters Us ’ 820 V and Rd ’ �1.9 MX
deduced from a least squares method.

Figure 2. Left side: schematic representation of the microdischarge microphone – two-dimensional setup. Two electrodes with
170 points and a wire electrode. d = 100 lm, L = 17 mm, H = 450 lm, h = 170 lm with a tip radius of approximately 20 lm.
R ’ 23 MX and r ’ 50 X are the values of the ballast and shunt resistance. Right side: photograph of a microplasma microphone.
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fluctuations close to 6 Pa (110 dB SPL). The “adjusted”
sensitivity of the microplasma microphone is Sp �
0.48 � 10�9 A/Pa. Knowing the operating parameters of
the microdischarge, the semi-empirical model (Eq. (1)) gives
a sensitivity value Sp = 0.49 � 10�9 A/Pa. The predictions
of the empirical model are good despite the difficulties in
estimating the mean value of the electric current.

The frequency responses in Figure 6 also reveal pressure
peaks (with a low amplitude) at frequencies of’840 Hz, 1.5
kHz, and 2.2 kHz. As described in reference [16], this is the
signature of a sensitivity of the microplasma sensor to the
particle velocity. Separating the information on acoustic
pressure and particle velocity is therefore necessary. The
architecture of the electrodes must be adapted to this func-
tion by taking inspiration from anemometry using electric
discharges [13–15, 30] for example.

Figure 7 shows the second electrode structure used as
microphone. A disk-shaped electrode serves as a single
cathode and the anode is a ring-shaped electrode (electrodes
without a top layer of SiO2). A ballast resistor (R ’ 23 MX)
prevents the transition to the spark. This three-electrode
system is designed for particle velocity measurement
[13–15, 30]. As in the previous electrode structure (Fig. 1),
the electric current is self-oscillating and its erratic character
is more pronounced than in the previous electrode system.
This fact is mainly due to the absence of a SiO2 layer on
the electrodes. The constant bombardment of the electrodes
by charged particles erodes their surface more rapidely and
locally changes the inter-electrode distance.

Figure 8 shows the voltage-current characteristic (Ud, I)
associated with this electrode structure (Fig. 7). As in the
previous case, the discharge voltage Ud decreases approxi-
mately linearly with the mean current I (Rd ¼ �Ud

�I < 0).
Its evolution can be modeled using the relation (2) with
Us ’ 595 V and Rd ’ �2.9 MX.

The sensitivity of this microplasma microphone (Fig. 7)
is deduced from the experimental setup (waveguide and
comparison calibration method) used previously. Figure 9
gives the frequency response of the reference microphone
and that of the microplasma microphone (Fig. 7). Its
sensitivity is estimated close to 0.4 � 10�9 A/Pa. This fre-
quency response reveals a pressure peak at ’840 Hz. As in
the previous electrode architecture, this sensor also has a
sensitivity to the particle velocity. After 2 kHz, Figure 9
shows a significant discrepancy between the frequency
responses of the microplasma microphone and the reference
microphone. The reason for this difference however is not
clear and this tendency must be confirmed by complemen-
tary measurements. Knowing the operating parameters of
the microdischarge, the empirical model (Eq. (1)) gives a
sensitivity value Sp = 0.42� 10�9 A/Pa. As for the previous
case, the predictions of the model are in quite good agree-
ment with the experiment considering the difficulties in esti-
mating the mean value of the electric current. Note that
Figure 9 provides a unique frequency response comparison
of microphone because the electrode system, as designed,
has a limited lifetime, about 15 min compared to 2 h for
points systems with a top layer of SiO2.

Figure 5. Experimental device used to control the sound pressure at the center of the tube. The sound pressure is first measured
with a reference microphone and then with a microplasma microphone. A Faraday cage is placed around a part of the waveguide.
L = 455 mm and Rt = 21.9 mm.

Figure 6. Sound Pressure Level measured with a microplasma
microphone (d = 100 lm) and a reference microphone for two
voltages VL applied to the loudspeakers. Magnitude in dB SPL:
20 log(Pmic/Pref) with Pref = 20 � 10�6 Pa. Operating point of
the discharge: Ud ’ 680 V, I ’ 70 lA. Fitted sensitivities: Sp2V ’
0.46 � 10�9 A/Pa and Sp3V ’ 0.5 10�6 A/Pa.
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4 Summary

This work completes the experimental work of the same
authors [16] on the microplasma microphones with point-
to-plane geometry. In this paper, we have shown experi-
mentally that a microplasma created by microstructured
electrode array is sensitive to sound pressure. The sensitiv-
ity of these sensors close to 0.4 nA/Pa is estimated using a
waveguide and a calibration method by comparison with a
reference microphone. Concerning the electroacoustic
sensitivity of these microplasma microphones, the predic-
tions of the proposed empirical model are in good agree-
ment with the experimental data. Unfortunately, the
electrode systems as they were manufactured are fragile
and their lifetime is limited. This work constitutes a first
step in the development of a microplasma microphone.
Many theoretical, technical and experimental problems
remain to be solved.
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