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This paper describes how to light several microdischarges in parallel without having to individually
ballast each one. The V-I curve of a microhollow cathode discharge is characterized by a constant
voltage in the normal glow regime because the plasma is able to spread over the cathode surface
area to provide the additional secondary electrons needed. If one limits the cathode surface area, the
V-I characteristic can be forced into an abnormal glow regime in which the operating voltage must
increase with the current. It is then possible to light several microdischarges mounted in parallel
without ballasting them individually. © 2008 American Institute of Physics.
�DOI: 10.1063/1.2966144�

Microdischarges are nonequilibrium discharges spatially
confined to dimensions smaller than 1 mm. They are a prom-
ising approach to the generation and maintenance of stable
dc glow discharges at atmospheric pressure and they present
interesting challenges for plasma science �impact of quantum
electrodynamics on spontaneous emission rate and quasineu-
trality breaking�.1 Parallel microplasmas can be created using
several kinds of microdevices.2 Some teams use ballasts to
individually initiate the plasma in each microcavity
independently.3,4

The aim of this work is to investigate and optimize the
ignition of parallel microdischarges without individual bal-
lasts to create an array. This area can be extended by the way
of a third plane electrode5,6 or a nozzle electrode.7

The microhollow cathode �MHC� used in this experi-
ment is a Ni:Al2O3:Ni sandwich structure having one or
several holes of 250 �m in diameter. The dielectric layer
�Al2O3� has a thickness as high as 250 �m whereas the
nickel electrode thickness is only 6 �m. Ni is deposited by
electrodeposition process. The holes are made by laser
drilling.

The MHC is installed inside a vacuum chamber linked to
a primary pump. The discharge can operate in a range of
pressures from 100 to 1000 Torr. Experiments were carried
out in He. A 0–2500 V dc �300 W� power supply is used to
operate the microdischarges. Electrical measurements are
performed using a Tektronix oscilloscope and high voltage
probes. The discharge voltage is measured between input and
output resistances �R1=19 k�, 16 W and R2=1 k�� and the
discharge current through R2 is connected to the ground. An
imaging system including an intensified charge coupled de-
vice �ICCD� camera �512�512 Princeton Instruments� and
an optical system for magnification was installed in front of
the microcavity.

V-I curves for a single hole microdevice for four pres-
sures are presented in Fig. 1. These characteristics were ob-
tained by measuring the current during linear increase and
decrease in supply voltage �40 s period�. Up until now, ex-
periments carried out by other teams8–11 with the same MHC

configuration have shown the existence of an abnormal glow
regime for small values of the discharge current.12 The effect
of the cathode thickness has been predicted by a model12

based on solutions of fluid equations in the drift-diffusion
approximation for the electron and ion transport coupled
with Poisson’s equation. If the discharge is sustained by elec-
tron emission from the outer surface of the cathode �case
corresponding to a thin cathode at low current�, the V-I curve
has a negative slope before showing a constant voltage ver-
sus current. If the discharge is sustained by electron emission
from inside the hollow cathode �case corresponding to a
thick cathode at low current�, the V-I curve has a positive
slope, which corresponds to the abnormal glow regime. In
our case, the cathode thickness being very small, we observe
a slight decrease in the voltage at a very low current as
predicted by the model12 �only for decreasing values of sup-
ply voltage� before the normal glow regime �inset of Fig. 1�.
Other teams usually use much thicker cathodes �about
100 �m�.8–11 As a consequence, they have observed a posi-
tive V-I slope at a low current in good agreement with the
same model. The breakdown voltage values have a Paschen
law behavior as also observed by other teams.9

After breakdown, we observed a self-pulsing regime of
the microdischarge, which was studied in detail by Rousseau
and Aubert.10 During increasing current, the discharge is no
longer confined inside the cavity. It extends to the outer cath-
ode surface to cover a large area. Thus, electron and ion
production is increased by sheath expansion. We obtain a
roughly constant discharge voltage resulting from the equi-
librium between the size of the discharge spread and the
value of the discharge current. This is the normal glow re-
gime. As part of decreasing the supply voltage, a hysteresis
is observed in the transition between the breakdown potential
and the normal glow regime as seen in a typical dc discharge
at low pressure.13

The big difference between the breakdown voltage and
the operating voltage can be an issue to operate a multiple
hole device without ballasting each of the microdischarges
individually. Indeed, in this case, once a first hole has ig-
nited, the voltage between the anode and cathode drops to a
lower value well below the breakdown potential, whicha�Electronic mail: thierry.dufour@univ-orleans.fr.
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therefore makes the second cavity hard to breakdown inde-
pendently. However, by increasing the discharge current in
the normal glow regime, the microdischarge spreads out of
its cavity, as shown by the optical emission intensity in Fig.
2, and can potentially initiate microdischarges in the nearest
holes. However, in our experiment, nearest cavities do not
necessarily initiate in priority. Another parameter influences
the ignition of some holes. Due to the laser drilling process,
holes are not exactly all the same at the microscopic scale.
Some of them have a more or less rough edge which can
facilitate their ignition.

According to previous works,4,14,15 microdischarge ar-
rays only operate in the abnormal glow regime. In the
present simply fabricated MHC devices, we do not obtain
this regime even at quite high currents �20 mA�. We propose
to spatially limit the area of the cathode by a dielectric layer
while keeping the same MHC configuration. For this pur-
pose, we covered the cathode surface with a 50 �m thick
layer of Kapton. We made a controlled circular opening
through this layer in order to expose a small part of the
cathode surface to ion bombardment. The circular opening
around the 250 �m diameter cavity was approximately
600 �m in diameter. The resulting V-I curves for 250 and
750 Torr are shown in Fig. 3. We obtained about the same
breakdown voltages as in the case without limiting the cath-
ode surface. However, the discharge voltage Vd now in-
creases with the current showing a positive differential resis-
tance similar to the abnormal glow of low pressure
plasmas.13 Moreover, an anticlockwise hysteresis is super-
posed to this abnormal glow regime.

We expect that energetic ion bombardment occurs only
on the exposed cathode surface. Consequently, the amount of
discharge spread can be limited by adjusting the dimension

of the dielectric opening. Tests were carried out on the same
single hole microdevice at atmospheric pressure for cathode
opening diameters between 500 and 2500 �m. V-I curves
corresponding to this study are presented in Fig. 4. The V-I
curve for the smallest opening has the most pronounced
slope. The reason is attributed to the limited plasma expan-
sion. Since the emission of secondary electrons cannot be
increased by plasma expansion, Id can only be increased by
an increase in the cathode fall. In contrast, for the largest
opening, the microdischarge can expand. Since the cathode
expansion is not limited the cathode fall voltage does not
need to increase and the discharge voltage remains approxi-
mately constant, as observed in Fig. 4 for a 2500 �m open-
ing. To summarize, the smaller the exposed cathode surface,
the more pronounced the abnormal glow regime.

Let us now consider the case of a microdevice with
seven holes in a line, separated center to center by a distance
of 260 �m. If one does not limit the cathode, the ignition of
this microdevice always begins by the ignition of a first and
single microcavity for small values of the discharge current
��1 mA�. When increasing Id, the first microdischarge
spreads on the cathode surface.16 The spread can overlap to

FIG. 1. �Color online� �Color online� V-I curves of a 250 �m single hole
MHC device in helium. �Inset� Zoom of the curves at low current.

FIG. 2. �Color online� Microdischarge spread on the cathode surface for
discharge currents of 5.5, 10.3, and 19.3 mA �750 Torr, He�.

FIG. 3. �Color online� V-I curves for a single hole MHC with the cathode
area limited �600�600 �m2� at 250 and 750 Torr.

FIG. 4. �Color online� V-I curves for a single hole MHC at 750 Torr for
several cathode areas.
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other holes but does not always induce their ignition. In our
case, only the first hole ever ignited, as illustrated in the left
inset of Fig. 5, even for large discharge currents �25 mA�.

By covering the cathode surface with a dielectric layer,
we limited the cathode area to 600�2700 �m2. Note that
no dielectric separates the seven holes. While the corre-
sponding V-I characteristic had a larger breakdown potential
�245 V� than before �185 V�, it still corresponded to the
ignition of the first hole. Then, for increasing discharge cur-
rents, the V-I curve shown in Fig. 5 has a positive differential
resistance, corresponding to an abnormal glow regime. By
limiting the cathode surface, we were able to ignite the other
cavities at 27 mA without having to ballast them individu-
ally.

This curve is also characterized by small jumps in Vd,
with amplitudes around 5 V at 9, 13, and 19 mA. According
to the ICCD pictures, each jump corresponds to the ignition
of an additional cavity. As the three jumps mentioned above
appear below 245 V, these cavities were ignited at voltages
lower than the initial breakdown potential �above 185 V�. In
the inset of Fig. 5 �cathode limited�, we can observe that the
emission of each hole is not the same, indicating that the
current is not equally shared between the cavities. Once mul-
tiple holes are ignited, the system is then at a point of having
less current in each cavity but more overall. As a conse-
quence, Vd is reduced.

It would be natural to assume that once a first discharge
is initiated, the breakdown potential for adjacent holes is
lowered due to the seed electrons provided by the first
plasma. However, there is a problem with this assumption.
While these electrons could assist the ignition of an addi-

tional microdischarge, it should favor adjacent holes over
further removed holes. One can clearly see in the inset pic-
ture that this is not the case. The four brightest holes are not
adjacent and the ICCD pictures clearly show that it is not just
the adjacent holes that ignite. Again, this effect is probably
due to the fact that ignition is also influenced by the micro-
metric geometry of the electrodes, which are not exactly the
same from a hole to another.

The hysteresis we observed in the cathode limited case
seems to be due to the heating of the microdevice. Indeed, in
our experiments, the period of the power supply voltage lasts
by 40 s. By significantly reducing this period to less than 1 s,
the hysteresis became much weaker. Long life helium meta-
stables might also play a role in the hysteresis phenomenon;
this hypothesis would need a dedicated study.

As a conclusion, we obtain an abnormal glow regime for
high values of discharge current by limiting the outer cath-
ode surface with a dielectric layer. The smallest cathode sur-
face exposed to ion bombardment is required to get the most
significant abnormal glow regime. This property is very
helpful to initiate microdischarge arrays without individual
ballasts.
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FIG. 5. �Color online� V-I curve at 750 Torr for seven holes in line microde-
vice with/without cathode surface limited.
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