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Abstract
A high-pressure dc glow discharge based on micro-structured-electrode
(MSE) arrays was investigated by diode laser atomic absorption
spectroscopy. The microdischarge was studied at constant current in pure Ar
for pressures ranging from 50 to 400 mbar. The measurements of the
absolute population density of the excited 1s5, 1s4, 1s3, and 1s2 levels of Ar
in the discharge revealed a population density of excited atoms in metastable
and resonance states in the range 1012–1015 cm−3. The gas temperature and
the electron number density were evaluated from the analysis of the
absorption line profiles, taking into account significant broadening
mechanisms. The gas temperature, derived from the Doppler broadening,
was found to increase with pressure from 380 K at 50 mbar to 1100 K at
400 mbar. The electron number density was calculated from the Stark
broadening and shift, and it ranges from 9 × 1014 to 5 × 1015 cm−3. The
MSE-sustained discharges are combining the non-equilibrium character
with the advantage of high-pressure, which recommends them for
non-thermal plasma processing e.g. surface treatment, plasma chemistry and
generation of UV and VUV radiation.

1. Introduction

Plasma sources operating close to atmospheric pressure are
very useful tools for atomic emission spectrometry, surface
treatment, reduction of pollutants, and generation of UV
and VUV radiation. High-pressure plasmas have been
intensively studied in recent years in various configurations
using different types of excitation from direct current or
low frequency alternative current to radio frequency or
microwave. The increased interest in dc and pulsed corona
discharges [1], dielectric barrier discharges [2, 3], micro
hollow cathode discharges [4, 5], radio frequency [6] and
microwave discharges [7] is due to the fact that for applications

4 Author to whom correspondence should be addressed.

on an industrial scale it is very important to achieve reliable
high-pressure operation employing moderate voltages. Using
micro-structured-electrode (MSE) arrays with a discharge
gap of hundreds of µm atmospheric pressure plasma can
be generated at forward voltages of few hundreds of volts.
Based on MSE, stable homogeneous dc glow discharges
can be operated in air, noble gases and mixtures containing
reactive gases at pressures ranging from 50 to 1000 mbar
[8, 9]. Intrinsic parameters of this new plasma source are
up to now not well known. This is due to the limitations in
choosing appropriate diagnostic methods, determined by the
small dimensions of the discharge (hundreds of µm).

This work is concerned with the study of the population
density of the excited atoms produced in an MSE-sustained
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discharge operated in argon and with the evaluation of the gas
temperature and electron number density. The investigations
are focused on the first four excited argon levels (1si , i = 2–5,
Paschen notation). There is a strong motivation for measuring
the excited atoms in this high-pressure discharge. Due to
their long lifetime, atoms in metastable states are a deposit
of energy in the discharge and they could play an important
role in sustaining the ionization [10]. Particularly in high-
pressure discharges, besides the electron impact ionization,
the stepwise ionization becomes significant. The atoms in the
lowest excited states are also the precursor in the generation of
UV radiation. Studies concerning the generation of UV and
VUV radiation in high-pressure discharges with dimensions in
the submillimetric range [11, 12] are known. Microdischarges
operated at high-pressure in rare gases and rare gas halides [13]
could be an alternative to the currently available excimer lamps
based on dielectric barrier discharges [14] if excessive heating
of the gas is prevented. Furthermore, the excited neutrals can
also release very efficient secondary electrons at the cathode,
or may strongly interact with other surfaces and therefore are
suitable for plasma assisted cleaning and/or activation.

The populations of the excited Ar atoms on resonance
and metastable levels were studied using diode laser (DL)
atomic absorption spectroscopy (DLAAS). DLs are very
useful tools for spectroscopic applications due to their special
properties [15], such as very narrow line width (less than
100 MHz), single mode operation and continuous tuning over
the absorption line profiles. Information about the integral
number density of the excited states in the plasma channel was
obtained by means of DLAAS. Due to the small dimensions of
the discharge, accurate determination of the density of excited
atoms is a challenging task.

The measurement of the electron number density and gas
temperature in the microdischarge is based on the analysis
of the absorption line profiles. A major advantage of
the absorption spectroscopy technique using narrow spectral
lasers is that the instrumental broadening is eliminated.
The analysis of the line profiles of the Ar transitions at
801.699 nm (1s5–2p8) and 800.838 nm (1s4–2p6) revealed,
besides Doppler broadening, also pressure broadening and
shift due to the interaction of the absorbing atoms with neutral
and charged particles (collision and Stark broadening). It
is rather unusual to use the line profiles of non-hydrogenic
atoms for evaluating the electron number density because
these spectral lines undergo a quadratic Stark effect with much
smaller impact on the line width than the linear Stark effect.
In a recent paper [16], it was demonstrated that using DLAAS
the electron number density could be measured if this is higher
than 5 × 1014 cm−3.

2. Characterization of the MSE discharge

The MSE array is a matrix of holes regularly distributed in a
multilayer that consists of two metallic foils separated by an
insulator. In each hole a microdischarge is ignited between the
two metal layers representing the electrodes. The insulator
(Kapton) has a thickness of 50 µm and sets the distance
between the electrodes. For the present experiment single-
hole structures with 130 µm thick copper electrodes have been
used. The diameter of the holes was 300 µm.

The MSE-sustained discharge can be considered as a
normal glow discharge whereby the excitation and ionization
efficiency is increased by the specific discharge configuration
(hollow cathode geometry). A single microdischarge in pure
Ar was studied at pressure between 50 and 400 mbar and a
constant gas flow of 100 ml min−1 through the chamber where
the microstructure was mounted. The microdischarge was
operated in the normal glow mode at relatively low current
(0.5 mA) and a sustaining voltage of about 200 V. A detailed
description of the discharge operation was reported in [17].
Due to the very small dimensions of the inner surface of
the cathode the discharge expands out of the hole above the
cathode for discharge currents higher than about 0.1 mA. Thus,
the active surface of the cathode is enhanced, the secondary
electron emission increases and the current is sustained at
constant discharge voltage.

The optical appearance of the discharge was recorded
side-on and end-on using a charge coupled device (CCD)
camera (Princeton Instruments TE/CCD-1024). Because two
of the transitions of interest for absorption measurements are
at 801.699 and 800.838 nm, a narrow band filter centred at
800 nm and with a full-width at half-maximum (FWHM) of
10 nm was used to select this wavelength range from the total
emitted light. The interference filter has a transmission of
95% and does not affect significantly the intensity of the
emitted radiation. The side-on and end-on appearance of the
microdischarge, recorded with an exposure time of 10 ms, is
presented in figure 1 for different pressures. By increasing
the pressure at constant current the emissive volume above
the cathode surface decreases and the discharge concentrates
inside the hole. Similar to a low-pressure glow discharge, as the
pressure rises the negative glow and the cathode fall contract.

3. Experimental arrangement for DLAAS

For the investigation of the first four excited Ar levels shown in
figure 2, three single-mode DLs were used as radiation sources.
Their operational parameters are presented in table 1. A DL
driver (Profile ITC 502) was used to supply the DL current and
also to control and stabilize its temperature.

A classical absorption experiment schematically viewed
in figure 3 was used to investigate the MSE sustained discharge.
The collimated DL beam with a diameter of about 6 mm
was passing through the discharge channel (300 µm diameter,
310 µm length) and was detected by a fast photodiode (PD)
(Si PIN S6036) placed far enough from the plasma (0.5 m) in
order to avoid the light emitted from the discharge reaching the
detector. Due to the geometrical limitation only a small area
of the laser beam was used in the case of the measurements
performed through the hole of the microstructure. Before
entering the discharge the radiation was attenuated by neutral
filters (NF) in order to avoid the saturation of the optical
transition. Due to the small dimensions of the MSE, diffraction
patterns are observed on the detector when passing the laser
beam through the hole inducing noise in the transmitted signal.
Only the zero order of diffraction was selected from the total
transmitted beam. By varying the DL current the wavelength
was continuously scanned across the absorption line with very
low frequency (7–8 mHz). The DL wavelength was measured
with a wavemeter (Burleigh WA-10, spectral resolution 1 pm).
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Figure 1. Optical appearance of the MSE-sustained discharge measured side-on and end-on at the cathode side. The position of the cathode
surface and the MSE hole are shown.
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Figure 2. Partial energy level diagram of Ar and the transitions
studied in this work.

Table 1. DLs used as radiation sources for DLAAS and the
operation parameters corresponding to the central wavelength of
each studied transition.

Central
wavelength DL operation
(nm) Transition parameters

801.699 1s5–2p8 Sharp/12.57˚C, 67 mA
800.838 1s4–2p6 Sharp/−1.75˚C, 70 mA
772.633 1s3–2p2 Sharp/12.51˚C, 65 mA
826.680 1s2–2p2 Hitachi/2.5˚C, 95 mA

Before reaching the microdischarge, a small part of the laser
radiation was separated by a beam splitter (BS) and directed
into a confocal Fabry–Perot interferometer (free spectral range
FSR = 2 GHz). This provides the frequency calibration for

the absorption line profiles. The signal transmitted from the
PD and the interference fringes were simultaneously recorded
on a two-channel oscilloscope (Tektronix TDS 360, 200 MHz,
1 GS s−1).

When the direct absorption signal was low (absorption
smaller than 2–5%), the discharge was modulated with low
frequency (225 Hz) by a homemade current sink and the
absorption signals were recorded using a lock-in amplifier
(Stanford Research Systems SR830). The plasma modulation
(PM) technique coupled with phase sensitive detection is a very
well-known method in analytical atomic spectroscopy [18]
where small optical depths (10−2–10−4) have to be measured.

4. Study of the first excited levels of Ar

In the MSE-sustained plasma the excited atoms are produced
between the electrodes as well as above the cathode
by electron impact excitation, dissociative recombination,
radiative cascading from higher excited levels, ion and fast
neutral collisions and photo excitation [19].

The first four excited states of Ar are two metastable
and two resonance levels (figure 2). The metastable levels
are 1s5 and 1s3 (Paschen notation) at 11.55 and 11.72 eV
above the 1p0 ground state, respectively. The lifetime of the
metastable levels is 55.9 s for the 1s5 and 44.9 s for 1s3 [20].
The resonance levels lie close to the metastable levels, i.e. the
1s4 level at 11.62 eV and the 1s2 level at 11.83 eV. The lifetime
of the resonance levels is 9.5 ns and 0.24 ns for 1s4 and 1s2,
respectively [21]. The metastable levels have forbidden dipole
transition to the ground state, which determines their long
lifetime. The resonance levels can decay to the ground state by
radiation emission at 106.666 nm (1s4–1p0) and 104.822 nm
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Figure 3. Experimental set-up for DL absorption measurements through the MSE discharge channel.

(1s2–1p0). In practice, these resonance states are also long-
lived due to resonance radiation trapping and collision transfer
processes with the near-lying metastable states. In high-
pressure discharges these effects result in a lifetime of the
resonance levels comparable with that of the metastable levels.

The density Ni (i = 2–5) of the 1si level can be calculated
using the relation [22]:

∫
kν dν = λ2

0i

gj

gi

Aji

8π
Ni

(
1 − gj

gi

Nj

Ni

)
(1)

For the i–j transition λ0i is the central wavelength, gi and
gj are the statistical weights of the lower and upper level and
Aji the spontaneous emission probability.

The absorption coefficient kν is derived from the
Beer–Lambert law as:

kνl = ln

(
I0

Iν

)
(2)

where I0 is the intensity of the transmitted radiation in the
absence of absorbers, Iν the transmitted intensity at the
frequency ν in the presence of absorbers and l the absorption
length. The term ln(I0/Iν) is known as the optical depth.

In noble gas discharge plasmas the density of the upper
level Nj is at least three orders of magnitude smaller than that
of the Ni level, if 1s–2p transitions are considered. Therefore,
the density Ni of the lower level is given by

Ni =
∫

kν dν

λ2
0i (gj /gi)(Aji/8π)

(3)

The quantities λ2
0i (gj /gi)(Aji/8π) are given in table 2 for

the studied transitions.
Passing the DL beam through the MSE hole, the

transmitted laser intensity was measured and the absolute
number density of the excited atoms was calculated using
equation (3). The evaluation of the absolute number density
of the excited levels is rather difficult because the absorption
length cannot be precisely determined in our case and due

Table 2. Transitions studied in the present work and their
characteristics.

λ2
0i (gj /gi)×

λ0 Ei Ej Aji (Aji/8π)

(nm) (eV) (eV) gi gj (s−1) (m2 s−1)

801.699 11.549 13.095 5 5 9.553 × 106 2.40 × 10−7

800.838 11.624 13.172 3 5 4.657 × 106 1.98 × 10−7

772.633 11.723 13.328 1 3 1.271 × 107 9.05 × 10−7

826.680 11.828 13.328 3 3 1.680 × 107 4.57 × 10−7

to the fact that the plasma is not completely homogeneous.
As can be seen from figure 1, the excited atoms are not
uniformly distributed in the discharge. Furthermore the optical
appearance of the microdischarge changes with pressure, i.e.
at 50 mbar on the discharge axis the light emission shows
a maximum, while at 400 mbar it shows a minimum. As
absorption occurs inside the MSE hole and above the cathode
as well, a minimum and a maximum absorption length were
considered.

For calculating the absolute number density, the maximum
value for the total absorption length was taken as the sum
of the length of the hole and the plasma length outside the
hole. The plasma length outside the hole was evaluated from
spatially resolved absorption measurements above the cathode
as the distance from the cathode surface to the point where
the absorption signal decreases to approximately 10% from
its maximum value. The minimum absorption length was
taken as the sum between a third of the hole length and the
distance from the cathode to the point where the light intensity
diminishes to 20% from its maximum value. As an example,
at 50 mbar the maximum and the minimum absorption length
considered were 1100 µm and 600 µm, respectively. At
400 mbar the maximum lies at 300 µm and the minimum at
50 µm. Furthermore, when only an effective absorption area
is considered the absolute number density increases by a factor
of two. Under these conditions, the errors in determining the
absolute number density are in the range of about ±50%.

Figure 4 presents the variation of the absolute number
density with pressure for the first four excited levels of Ar. For
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Figure 4. Absolute number density of the 1si (i = 2–5) excited
levels of Ar in the MSE-sustained discharge for the pressure range
50–400 mbar.

the metastable 1s3 level only two values were obtained because
the DL used for probing this transition was destroyed during the
measurements. In the pressure range 50–400 mbar the absolute
number density values vary from 1.9×1014 to 6.3×1014 cm−3

for the lowest 1s5 level and from 4.8×1012 to 8.8×1012 cm−3

for the highest 1s2 level. Within this relatively high uncertainty
it can be seen that the density slightly increases with pressure
mostly due to the rise in the current density.

It should be stressed that inside the hole of the MSE both
the production and the destruction of excited states are very
efficient. Due to the high current density a large number of
excited atoms are produced, especially in the negative glow
adjacent to the cathode. Since the geometrical dimensions
of the hole are small, diffusion becomes important in the
destruction of the excited species in spite of the high pressure.
The excited atoms easily reach the walls of the hole where they
are strongly quenched. Other processes that are responsible
for the depopulation of the excited levels are the two- and
three-body collisions, whose importance rises with pressure.
In the region outside the hole the density of charged particles
is lower than inside the hole and it is expected that only a small
fraction of excited atoms are produced by electron impact. The
plasma volume above the cathode surface can be considered
a spatial afterglow, where the excited atoms are mostly
created in recombination processes and by photo-excitation or
absorption of the resonance radiation escaping from the hole.
The destruction mechanisms above the cathode are partially
different: the depopulation of the excited levels occurs mostly
due to volume processes like two- and three-body collisions,
quenching due to impurities. Indeed, measuring without gas
flow through the chamber it was observed that the density of
excited atoms strongly decreases with time.

5. Gas temperature and electron density

5.1. Theoretical considerations

In discharge plasmas different mechanisms contribute to the
broadening of the atomic transition lines. In high-pressure
plasmas the line profiles are mainly broadened and shifted
due to the thermal movement of the atoms, their frequent

collisions with neutrals and their interaction with charged
particles.

If the absorbing atoms have a Maxwell velocity
distribution characterized by a temperature T , the intensity
profile of a Doppler broadened spectral line follows a Gauss
distribution. The FWHM �λG of this distribution is related to
the temperature T by [23]:

�λG = 7.16 × 10−7λ0

√
T

M
(4)

where M is the atomic mass of the absorbing particle and λ0

the central wavelength of the transition.
Pressure broadening is a consequence of the interaction

between the excited atoms under consideration and neutral
particles (collision broadening) and of the micro-fields created
by charged particles (Stark broadening). The interaction of the
absorbing atoms with neighbouring neutral atoms generates a
broadening of the line profile and also a shift of its central
wavelength. The relations that give FWHM and the shift for
the collision broadening are

�λcoll
Lwidth = 2γN (5)

�λcoll
Lshift = βN (6)

where N is the neutral particle density and 2γ and β are the
collision broadening parameters specific for each transition.

Stark broadening is caused by the Coulomb interaction of
the absorbing atom with the charged particles present in the
plasma. The non-hydrogenic atoms are subject to quadratic
Stark effect, which induces a broadening and a shift of the
line. In this case, the FWHM �λStark

Lwidth and the shift �λStark
Lshift

are complex functions of the electron density Ne and electron
temperature Te. The expressions for the Stark broadening and
shift can be approximated by [24]

�λStark
Lwidth = 2 × [

1 + 1.75 × 10−4N1/4
e α

×(
1 − 0.068N1/6

e T −1/2
e

)] × 10−16wNe (7)

�λStark
Lshift =

[
d

w
+ 2 × 10−4N1/4

e α
(
1 − 0.068N1/6

e T −1/2
e

)]

×10−16wNe (8)

where w is the electron impact width, d/w is the relative shift
and α is the ion broadening parameter, all given in [25].

Collision and Stark broadened line profiles have a
Lorentzian intensity distribution. The total Lorentz con-
tribution �λtotal

Lwidth, assuming there is no correlation between
the two effects, is given by

�λtotal
Lwidth = �λcoll

Lwidth + �λStark
Lwidth (9)

A similar relation holds for the shift of the line. The
convolution of the Gauss and Lorentz distributions is the Voigt
profile. The approximate equation relating the Voigt, Gauss
and Lorentz FWHM is given in [26]

�λ2
G = �λ2

V − �λV · �λtotal
Lwidth (10)

The main idea here is to separate the Gauss contribution
(which dominates the profile near the line centre) and the
Lorentz contribution (which governs the wings of the line).
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The procedure was the following: first the total Voigt width and
shift �λV were determined from the experimentally recorded
optical depth ln(I0/Iν). For the evaluation of the total Lorentz
contribution, the values of the optical depth were measured
far out in the wings of the absorption line where the Lorentz
distribution P(λ) can be approximated by

P(λ) = A

2π

�λtotal
Lwidth

(λ − λ0)2
(11)

where A is the integral of the measured absorption profile
and (λ − λ0) is the distance from the line centre. The Gauss
width was calculated using equation (10). Further, the collision
contribution calculated with the broadening parameters given
in [27] and [28] was extracted from the total Lorentz width and
the remaining part was ascribed to Stark broadening.

5.2. Plasma parameters and discussion

The line profiles of the 801.699 nm Ar transition at two
different pressures, 50 and 400 mbar are presented in figure 5.
It can be seen that the line width and the shift of the central
wavelength are strongly increasing with the pressure. For
the evaluation of the plasma parameters only the transitions
at 801.699 and 800.838 nm were studied. The main reason for
the restriction of the analysis to these lines is their large optical
depth. The analysis of the transition at 772.633 nm could not
be pursued, since the collision broadening parameters were
not found in the literature. The line at 826.680 nm is too broad
(FWHM more than 10 pm at 400 mbar) for a mode-hope free
laser diode tuning over the line and the far wings.

5.2.1. Gas temperature. According to the model previously
presented, the absorption line profiles of the 1s5–2p8

Ar transition at 801.699 nm were deconvoluted and the
Gauss contribution to the line profile was extracted. Using
equation (4), the temperature was calculated and the results
are presented in figure 6 for the pressure range 50–400 mbar.
In the same figure the temperature obtained from the analysis
of the line profile of the 1s4–2p6 transition at 800.838 nm is
also shown. It can be seen that there is a good agreement
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Figure 5. Effect of the pressure in the absorption line shape for the
801.699 nm line.

between the data obtained from the two transitions, which gives
confidence in the accuracy of the results.

The gas temperature increases with pressure. By
increasing the pressure the electron mean free path reduces,
the electrons gain less energy between collisions and transfer
more energy to the gas. As the power input in the discharge
is constant and the plasma volume decreases with pressure, it
results in a higher current density and consequently to a more
pronounced heating of the gas. Note that the gas temperature
corresponds to the plasma region with the highest population
density. Thus, for pressures higher than about 200 mbar
these measurements give the gas temperature of the discharge
confined inside the hole of the MSE.

5.2.2. Evaluation of the electron number density. The total
Lorentz contribution was measured experimentally far in the
wings of the absorption line profiles for the transitions at
801.699 and 800.838 nm. Figure 7(a) shows the results for
the transition from the metastable 1s5 level and the collision
broadening contribution, taking into account equations (5)
and (6) and the data given in table 3. For the 801.699 nm
line the values of the broadening coefficients from table 3
were adjusted to the discharge temperature using the T 0.3

dependence (Lindholm–Foley theory). The broadening
parameters for the 800.838 nm transition, which connects
the resonance 1s4 level with the 2p6 state, were assumed to
be temperature-independent. The neutral gas density was
determined using the ideal gas law considering the discharge
pressure and the temperature previously estimated. For
both transitions investigated, a big difference between the
total Lorentz width and the collision broadening width was
observed. This difference is ascribed to the quadratic Stark
effect and can be described by equation (7).

As predicted by the theory, the central wavelength of the
transition from the metastable 1s5 level is shifted. This shift
increases with pressure (see figure 5). The experimentally
measured and theoretically calculated collision shift are plotted
for comparison in figure 7(b). In the case of the transition from
the resonance 1s4 level, the line shift is very small (less than
1 pm at 50 mbar) and is pressure-independent. The errors in
evaluating the experimental shift are rather large due to the fact
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Figure 6. Gas temperature in the microdischarge derived from the
1s5–2p8 and 1s4–2p6 transitions.
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that it was not possible to measure the central wavelength very
precisely (wavemeter accuracy 1 pm).

Subtracting the collision contribution from the total
Lorentz width and shift, the electron density was estimated
from equations (7) and (8), using the Stark broadening
parameters listed in table 4. The electron temperature was
assumed to be about 1 eV taking into account the results
presented in [29]. A small variation of this value has no
significant influence on the calculated electron density. The
electron number density cannot be given very accurately
because different values of the collision width and shift could
be found in the literature (see figure 7 and table 3). The range
of electron density is presented in figure 8, where the values of
the collision broadening parameters were taken from different
publications. It can be seen that the electron number density
increases by a factor of 5 in the pressure range 50–400 mbar.
The present measurements give the electron number density
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Figure 7. Measured width (a) and shift (b) due to pressure
broadening for the transition at 801.699 nm ( ) and calculated
values (——).

Table 3. Line broadening and line shift coefficients for Ar lines from [27]. The gas temperature of the plasma source is indicated in brackets.

Transition 2γ /N β/N

(nm) (10−20 cm−1 cm3) (10−20 cm−1 cm3) Authors

801.699 2.8 ± 0.3 (3900 K) 8.5 ± 0.5 (3900 K) Vallee et al
2.9 ± 0.3 (1130 K) 15.1 (1130 K) Copley and Camm

7.95 ± 0.39 (300 K) Aeschliman et al

800.838 3.54 ± 0.39 (300 K) 3.7 ± 0.19 (300 K) Aeschliman et al
4.05 ± 0.2 (1130 K) Copley and Camm

in the discharge area, i.e. inside the MSE hole. Taking into
account the density of neutral atoms and the electron density
it can be concluded that the degree of ionization in the MSE-
sustained discharge is about 10−3.

6. Conclusions

In this work, the absolute population density of the excited
1s5, 1s4, 1s3, and 1s2 levels of Ar was measured and the gas
temperature and the electron number density were calculated
from the absorption line profiles taking into account significant
broadening mechanisms.

To our knowledge, absorption spectroscopy of the excited
atoms in high-pressure dc glow discharges was reported up
to now only in [30]. The authors measured the population
density of the 6s[3/2]2 level of Xe for pressures lower than
100 mbar in a hollow cathode discharge with 2 mm electrode
gap. The results concerning the number density of excited
atoms presented in this work are comparable with the absolute
metastable Xe 6s[3/2]2 density reported in [30].

The gas temperature in a high-pressure small-size
discharge operated in nitrogen [29] may reach values of about
1000 K at 200 mbar. Taking into account that the input power
for a discharge operating in nitrogen is significantly higher
than in Ar, the gas temperature obtained in our measurements
is realistic. Although the plasma confined inside the hole
may reach gas temperatures up to 1000 K, the ambient gas
temperature immediately above the microstructure exceeds
only slightly the room temperature.

The electron number density measured in the present
work is comparable with data reported in [29], where the
Stark broadening of the Balmer Hβ line was measured by
emission spectroscopy in a mixture of Ar + 20% H2 on a similar
discharge geometry.

Since the experimental diagnostics of high-pressure
plasmas is not always easy to perform, results concerning
the plasma parameters are often extracted from modelling.
For comparison, in the case of plasma display panels [31]
the electron number density and the density of excited atoms
were found to be at least one order of magnitude lower than
in the case of the studied MSE discharge, while the gas
temperature is close to room temperature. Regarding other
high-pressure discharges, like glow discharges or classical
dielectric barrier discharges at atmospheric pressure only few
results are available [4, 10].

It can be concluded that the study of the MSE-sustained
high-pressure discharge by DL absorption spectroscopy
revealed valuable information about the excited species and
about plasma parameters. Due to the high number density
of excited atoms in metastable and resonance states produced
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Table 4. Stark broadening parameters [25] for the Ar transitions
801.699 and 800.838 nm for an electron temperature of about 1 eV.

Transition Stark
(nm) parameters 5000 K 10 000 K 20 000 K

801.699 w 0.037 0.049 0.065
d/w 1.630 1.340 0.990
α 0.038 0.031 0.025

800.838 w 0.036 0.047 0.062
d/w 1.650 1.380 1.030
α 0.040 0.032 0.026
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Figure 8. Electron number density in the MSE-sustained discharge
as a function of pressure at constant current.

in the microdischarge, the DLAAS technique has been
successfully applied in spite of the very short absorption length
(hundreds of µm) provided by the MSE plasma. It should be
mentioned that this technique is an innovative approach for
investigating sub-millimetric discharges.
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