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Introduction 

One of the important issues of operating fusion pow-
er plants is to control the composition of the fusion 
plasma [1]. The fusion processes are associated with 
creation of helium nuclei (alpha particles) in nuclear 
reactions of hydrogen isotopes (deuterium-tritium 
as well as deuterium-deuterium). In the reaction 
considered, that is, deuterium-tritium, hot alpha 
particles produced in these reactions dissipate heat 
to the plasma, which is a process needed for plasma 
sustaining, but afterwards they ought to be removed 
to prevent fuel dilution. It could be achieved by ap-
propriate confi guration of the magnetic fi eld pushing 
out the helium atoms associated with the exhaust 
system providing effective removal of the plasma 
fusion ‘ash’, i.e. alpha particles. The concentration 
of the helium in the fusion plasma (plasma core) 
cannot exceed 10% [1].

The amount of the helium inside the plasma 
vessel can be measured, e.g. by emission or charge 
exchange spectroscopy. Simultaneous monitoring 
of the gas composition in exhaust system would 
provide additional information about the effi ciency 
of the ash removing system, including magnetic fi eld 
confi guration, and can be applied in a feedback loop 
preventing critical decrease of the effi ciency of the 
fusion plasma reactor. 
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Abstract. Controlled fusion based on the magnetic confi nement of the plasma is one of the main aims of the Euro-
fusion programme. In the fusion device, the hydrogen isotopes, in nuclear reactions, will produce helium nuclei. 
The products, as the ash, will be removed from the plasma in the region of the so-called divertor. Controlling the 
helium to hydrogen ratio in this ‘exhaust gas’ will provide information about the effi ciency of the fusion process 
as well as of the effi ciency of the helium removal system. One of the methods to perform this task is to study the 
properties of the discharge conducted in such exhaust gas. In this paper, the applicability of the dielectric barrier 
discharge (DBD) is studied. This preliminary experiment shows a great potential in applicability of this kind 
of discharge. The optical as well as pulse-height spectra were studied, both revealing very promising properties. 
In the optical spectrum, one can observe well separated hydrogen and helium spectral lines, with intensities of 
the same order of magnitude. Moreover, in the registered spectral region, the molecular spectra are negligible. 
The pulse-height spectra reveal very distinct shape in helium and hydrogen. Checking of this spectrum could 
provide parallel (redundant) information about the partial pressure of helium in the magnetic confi nement fu-
sion (MCF) device exhaust gas. 
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One of the most precise methods of the gas 
composition analysis is mass spectroscopy. Unfor-
tunately, the ratio of charge to mass in the case of 
helium atoms is very close to the value of this pa-
rameter for the deuterium molecule, so they cannot 
be easily distinguished by this technique. The more 
sophisticated mass spectroscopy methods have very 
low time resolution (order of minutes [1]) and their 
operation could be easily disturbed by magnetic 
fi elds present in the vicinity of the magnetic plasma 
confi nement device. 

An alternative method could be the spectral 
analysis of the radiation emitted by exhaust gas. In 
order to register such radiation, one needs to apply 
a proper excitation source. The study of different 
discharge sources was performed by Finken and 
Denner [1, 2] with the conclusion that the best is 
the Penning discharge associated with the opera-
tion of the Penning-type gauge. Unfortunately, this 
method has some serious disadvantages. It could 
be applied only for very low pressures, due to con-
ditions required by Penning discharge. Another 
diffi culty that is observed in this discharge is the 
overlapping of the helium line and the hydrogen 
molecular spectrum [2]. 

The barrier discharge is commonly used in 
plasma chemistry, both in industry and as labora-
tory chemical reactors. One of its main advantages 
is a simple scalability from small laboratory devices 
into large industrial installation. In most cases, 
the discharge is conducted under the atmospheric 
pressure [3]. Another common application is the 
surface treatment (e.g. [4, 5]) or sterilisation of 
the surfaces in medicine (e.g. [6, 7]). This type 
of discharge was also applied as an excitation source 
in study of the atomic spectra and determination of 
the atomic constants, especially for the rare earth 
elements, e.g. [8, 9].

The main aim of this paper is to study the pos-
sibility of applying the barrier discharge, with the 
barrier containing the ferroelectric insulator, as 
the excitation source of helium and hydrogen 
atoms. The advantage of this source is the discharge 
chamber can be constructed with almost unlimited 
variety of shape as well as geometry of electrodes 
(cylindrical, fl at-fl at, fl at-spike, etc.). Moreover the 
costs of the device are relatively low. 

The experiment was performed applying a range 
of gas pressures as well as the helium to hydrogen 
ratio in the gas mixture. For the preliminary ex-
periment, we decided to use the hydrogen instead 
of deuterium. The deuterium, as a hydrogen isotope, 
has the same chemical properties (and very similar 
spectral properties) as deuterium and hydrogen is 
much more abundant and available. Simultaneous 
to the spectroscopic measurements, the pulse height 
spectra of the discharge pulses were studied. 

Experimental set-up

The general scheme of the experimental set-up is 
presented in Fig. 1. The discharge was conducted 
between two fl at electrodes made of the BaTiO3 ce-

ramics (thickness 1 mm, dielectric constant 1300). 
The distance between the electrodes was 0.5 mm. 
The photo of the chamber is presented in Fig. 2.

The input signal was sinusoidal with the fre-
quency of 500 Hz. The input voltage was adjusted 
manually by setting the lowest voltage to conduct the 
stable discharge. One of the technical diffi culties was 
the appearance of parasitic discharges between the 
electrodes and the chamber construction elements. 
This phenomenon restricted the lowest pressure for 
which the stable operation of the device was pos-
sible. This drawback may be overcome by modifying 
the mechanical construction of the chamber. 

The initial gas inlet system allows fi lling up the 
chamber with pure helium, pure hydrogen or initially 
prepared mixture of helium and hydrogen (1:1 by 
volume). After modifi cation of the system, it was 
possible also to change the gas mixture composi-
tion by admixing to the He+H2 mixture either pure 
helium or pure hydrogen. By damping the output by 
a fl ow resistor (needle valve), one could adjust the 
pressure inside the chamber. Similar system, allow-
ing slight increase of the pressure in the discharge 
chamber, could be also applied for analysing of the 
exhaust provided by the divertor or limiter pumps. 

The optical spectra were recorded using a grat-
ing spectrometer (PGS-2) equipped with a CCD 
detector. The time of the registration was 30 s. The 
dispersion of the system allows to register simultane-
ously a spectral range of approximately 35 nm. In the 
preliminary experiment, several ranges of the spectra 

Fig. 1. Diagram of the experimental set-up.

Fig. 2. External view of the discharge chamber.
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were registered. Based on these preliminary results, 
it was decided to concentrate on a spectral region 
with the H 656.3 nm and HeI 667.8 nm. 

The input voltage signal was registered by the 
fi rst channel of the digital oscilloscope. The second 
channel was used for the measurements of the 
voltage drop on the 100  output resistor (which is 
proportional to the discharge current). This signal 
was simultaneously fed to the pulse-height analyser 
(AMPTEC DP5), which allows record and study the 
pulse-height spectra of the discharge. The sample 
oscillogram in Fig. 3 presents the sinusoidal input 
and the current pulses associated with the micro-
discharges between the electrodes. 

Results

The sample spectrum is presented in the Fig. 4. One 
needs point out that in a very wide range of the pres-
sures as well as the gas compositions (i.e. an amount 
of helium in the mixture), the intensities of both 
selected lines are of the same order of magnitude. 
One of the problems described in the Denner paper 
[2] was a very large difference between intensities 
of hydrogen and helium line (more than one order 
of magnitude) registered in the Penning discharge. 
The registered spectra show also that the hydrogen 
molecular spectra are negligibly small (again unlike 
in the case of Penning source). The lines are very 
well separated, which allows to application of a 
simple system (with low spectral resolution) in order 
to measure the ratio of the line intensities. Before 
one puts such a system into operation, one needs to 
check carefully the spectrum for presence of spectral 
lines of fusion plasma impurities. 

In Figs. 5 and 6, one can observe that the de-
pendence of the intensities of the registered lines 
on helium’s partial pressure is different for different 
total pressures in the discharge chamber. It can be 
associated with two modes (or types) of barrier dis-

charge called ‘glow discharge DBDs’ and ‘Townsend-
-like DBDs’ [10]. Unfortunately, both cases seem to 
reveal non-linear dependence, so determination of 
the helium amount based on spectroscopic measure-
ment will require careful calibration. For pressures 
above 20 torr, the line intensities are fairly constant, 
as presented in Fig. 7. 

The radius of the single micro-discharge is pro-
portional to product of the reciprocal value of the 
product of the gas density and the derivative of the 
effective ionisation coeffi cient [3]. The parameters 
of the micro-discharge depend on properties of the 
dielectric as well as on the pressure and composition 
of the gas mixture in the chamber. This dependency 
refl ects in the pulse-height spectrum of the micro-
-discharges. There are signifi cant differences between 
physical properties of helium (as monoatomic gas 
with very high fi rst ionisation potential) and hydro-
gen (diatomic molecules with much lower fi rst ioni-
sation potential). It can explain why the pulse-height 
spectra registered in a pure helium and hydrogen 
are signifi cantly different (see Fig. 8). 

In a case of a small admixture of helium to hy-
drogen, one can observe a shift of the maximum of 
the pulse-height depending on the amount of helium 
(see Fig. 9). 

The presented pulse-height spectra were obtained 
by integration (counting) data over the period of 

Fig. 3. Sample of the oscillogram. The sinusoidal (upper, 
yellow) waveform represents the input voltage; the line 
with spikes (lower, blue) represents voltage changes on 
the output resistor associated with the discharge current. 

Fig. 5. Dependence of the registered lines intensities on 
the amount of He in the gas mixture at pressure in the 
discharge chamber of 10 torr. 

Fig. 4. Sample of the registered spectrum.

Fig. 6. Dependence of the registered lines intensities on 
the amount of He in the gas mixture at pressure in the 
discharge chamber of 50 torr. 

Fig. 7. Dependence of the lines intensities registered for 
mixture He+H2 (1:1 by volume) on the pressure in the 
discharge chamber. 
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120 s. The analysis of time dependences of the pulse-
-height data may also be considered. 

Conclusions

These preliminary studies show a potential appli-
cability of the barrier discharge for determining the 
composition of the hydrogen-helium mixture, as e.g. 
in exhaust line of the plasma fusion machine. The 
results obtained by optical spectroscopy reveal a 
non-linear dependency of the measured lines intensi-
ties as function of the pressure as well as the helium 
amount in the gas mixture. This inconvenience 
can be easily overcome by calibration of the future 
measurement device.

The results of the pulse-height spectra measure-
ments are very promising. The spectra registered in 
the pure hydrogen differ signifi cantly from those ob-
tained in pure helium. Small admixture of helium in 
hydrogen results in a distinct shift of the maximum 
of the pulse-height spectrum. 

The detailed theoretical description of the spec-
tral as well as electrical properties of such discharge 
is very complicated. The plasma is very far from 
thermal equilibrium and moreover the low pressure 
of the discharge and complex interactions between 
plasma constituents (molecular gas – hydrogen and 
atomic helium) results in a very complex model. 
Moreover, the quantitative as well as qualitative 
description of the discharge strongly depends on the 
pressure. This very interesting task is beyond the 
scope of this work and, if this research is decided 

to be continued, the theoretical description of the 
processes will also be developed. 
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Fig. 9. Pulse-height spectra registered in different mixtures 
of helium and hydrogen at the pressure in the discharge 
chamber of 10 torr.

Fig. 8. Comparison of the pulse-height spectra registered 
in pure helium (dashed line) and pure hydrogen (solid 
line) at the pressure in the discharge chamber of 10 torr. 


