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Cost effective and a very simple dielectric barrier discharge plasma processing apparatus for thin
film deposition and mass spectroscopic analysis of organic gas mixture has been described. The
interesting features of the apparatus are the construction of the dielectric electrodes made of
aluminum oxide or alumina �Al2O3� and glass and the generation of high ignition voltage from the
spark plug transformer taken from car. Metal capacitor is introduced in between ground and
oscilloscope to measure the executing power during the discharge and the average electron density
in the plasma region. The organic polymer films have been deposited on Si �100� substrate using
several organic gas compositions. The experimental setup provides a unique drainage system from
the reaction chamber controlled by a membrane pump to suck out and remove the poisonous gases
or residuals �cyanogens, H–CN, CHxNH2, etc.� which have been produced during the discharge of
CH4/N2 mixture. © 2007 American Institute of Physics. �DOI: 10.1063/1.2751408�

I. INTRODUCTION

If an ac voltage is applied to one of the electrode with
both covered by a dielectric layer, a discharge will appear in
the gas gap which is the so-called dielectric barrier discharge
�DBD� or barrier discharge.1–4 Near atmospheric pressure
DBDs are of great interest for application in, e.g., fundamen-
tal gas chemistry, sterilization, surface activation, and modi-
fication or thin film deposition.3–7 The numbers of industrial
plasma technological and chemical applications of DBD dis-
charge are widely taken into part in the utilization of green-
house gases �CO2 and CH4�.4 It would be the easiest way to
affect the chemical kinetics by varying the chemical compo-
sition of the feeding gas mixture during the barrier discharge
plasma process. The development of a new process based on
this discharge needs a clear understanding of plasma and
discharge physics and chemistry. At present time much atten-
tion is paid to the development and the modification of bar-
rier discharge processes, since the understanding is necessary
for the development of industrial reactors.8 The measurement
of electrical power of barrier discharge plasma has been de-
scribed by Wagner et al.9

In this article we describe a simple, less time consuming
to operate, and inexpensive DBD plasma processing and thin
film deposition apparatus. The major contribution to this
work is the probe measurement technique which helps us to
estimate �or model� the average electron density and effec-
tive electrical power in the plasma region during discharge.
The air gap between two electrodes is modified by introduc-
ing variable Teflon �polytetrafluoreoethylene �PTFE�� insu-
lating plates depending on the experimental requirement. The

chances of short circuiting �during high voltage discharge
experiment� is removed with the improvement of proper
grounding and earthing system.

II. APPARATUS

The schematic diagram of DBD apparatus is shown in
Fig. 1. The DBD setup is the assembly of several compo-
nents which are the following: �A� reaction chamber and
electrodes configuration, �B� electrical inputs, �C� gas flow
system, �D� pumping system, �E� probe measurement, and
�F� spectrograph.

A. Reaction chamber and electrode configuration

The reaction chamber is made of stainless steel. The in-
ner dimensions of the chamber are height of 12.3 cm, length
of 18.0 cm, and width of 15.0 cm, yielding a chamber vol-
ume of 3.32 dm3. The two electrodes are made from Ag
plates with a length of 8.3 cm, width of 3.3 cm, and thick-
ness of 0.15 cm. The Ag plate is placed in a rectangular
shape Plesiglass holder or container and both the Ag elec-
trodes are covered by dielectrics: the upper �powered� elec-
trode is covered with aluminum oxide ���10� and the lower
�grounded� electrode with a glass plate ���3.8� �shown in
Fig. 2�. The air gap between two electrodes is variable, de-
pending on the experimental condition and it is insulated by
Teflon �PTFE� insulation. The dimensions of the Teflon in-
sulator are width of 4 cm, length of 1.9 cm, and thickness is
variable from 0.5 to 5 mm. The position of the substrate is
on glass. The upper electrode is connected to a homebuilt
high voltage power supply, while the lower electrode is
grounded.

From Fig. 3, we can see the three-dimensional configu-
ration and position of the DBD electrodes as placed in reac-
tor chamber. To deposit film on glass, we have used the glass
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as dummy substrate and put it on the glass substrate. In an-
other case to deposit on Si �100�, we put a small piece of Si
�100� wafer on the glass substrate. Whenever dummy sub-
strate is placed on the ground electrode for deposition, the
distance between two electrodes is maintained by changing
the thickness of the Teflon insulation. In both the cases, we
found the homogeneous plasma with our eyes open outside
of the chamber.

B. Pumping system

The chamber is pumped by a membrane pump down to a
base pressure of about 10 mbars. The experiments were per-
formed at a pressure of 250–400 mbars and with varying
different gas ratios. Membrane vacuum pump �Pfeiffer,
GmbH, Germany� is used to evacuate the reaction chamber
up to 1 mbar. Turbomolecular pump �Pfeiffer, TCP 121� is
introduced at the end of the capillary tube to create the pres-
sure gradient in between the chamber and mass spectrometer
end. Gas composition of stable reaction products was only
detected by a mass spectrometer �Balzers QMS 200� pumped
by a turbomolecular pump �Pfeiffer TSU 062H� to a base
pressure of about 1�10−8 mbar.

C. Gas flow system

Gas flow system consists of �i� baratron �MKS Instru-
ments, USA� �ii� multiple mass flow controller �MKS Instru-
ments, USA�, and �iii� gas cylinder �CH4, Ar, N2, H2, He,
etc.�. Out of the four channels of mass flow controller, only
two channels are used in the prospective experiments. Chan-

nel 1 is fixed with methane gas flow, and channel 2 is vari-
able with different gas flow arrangements as shown in Fig. 1.
The pressure inside the plasma chamber was controlled by
two gas flow controllers for methane and nitrogen or other
gases and by an adjustable needle valve between the cham-
ber and the membrane pump. Once the chamber is filled up
with the reactive gas mixtures up to the desired pressure,
then it has been isolated from the surrounding during the
experiment.

D. Electrical inputs

The electrical system is accompanied by �i� power sup-
ply, �ii� function generator, �iii� amplifier �HURRICANE,
GmbH, Germany�, and �iv� spark plug transformer. The
power supply of 12 V dc is used to bias the audio amplifier
for the threshold potential. The function generator or fre-
quency generator delivers a sinusoidal output that is fed into
an audio amplifier. The amplifier can be operated at up to
500 W. The output from the amplifier is fed into a spark plug
transformer. This spark plug transformer is taken from a car
which helps to ignite the high threshold voltage for the dis-
charge. The phase part of the transformer connected to the
positive electrode �upper electrode, Al2O3� and other part is
connected to earth to the 220 main line. The lower electrode
is connected to the ground through the metal capacitor. The
whole experimental setup is ultimately connected with
proper earthing. To get the barrier discharge, it needs a
threshold potential of �4 kV, depending on the properties of
the organic gas mixture. The electrical system offered the
range form 4 kV �peak to peak� to 15 kV with the frequency
range from 2 to 7.5 kHz for the stable dielectric barrier dis-
charge.

E. Probe measurement

The probe measurement is one of the most interesting
parts of the DBD apparatus. The probe system is an assem-
bly of �i� high voltage �Tektronix P16015 A, 1000�, 3.0 pF,
100 M�� and current probe �Tektronix P6103, 50 MHz,

FIG. 2. Three-dimensional view of single electrode used in barrier dis-
charge.

FIG. 3. Three-dimensional view and position of the two barrier electrodes.
FIG. 1. Schematic diagram of dielectric barrier discharge apparatus.
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10 M�, 13.2 pF�, �ii� metal capacitor �10 nF�, and �iii� os-
cilloscope �Tektronix TDS 220, 100 MHz, 1 Gsample/s,
USA�. Usually microdischarges are of nanosecond duration,
uniformly distributed over the dielectric surface. The dielec-
tric electrode can be considered as capacitor plate. To char-
acterize the overall discharge behavior, an equivalent circuit
can be used. The equivalent circuit configuration and electri-
cal power calculation �by Lissajous figure� have been de-
scribed by Wagner et al.9 In order to calculate the mean
electron density, we consider the charge accumulated at the
capacitor plates: total charge accumulated=capacitance
�maximum voltage or

Q = CUmax = ��A

d
�V ,

where � is the permittivity of the medium �8.85
�10−12 F/m� and A and d area and distance between DBD
plates, respectively. Umax is the peak to peak maximum ap-
plied voltage.

For the dimension and better understanding, we put �
=F /m �only unit�, applied voltage=V, distance between two
plates=d �m�, area of the DBD plates=A �m2�,

Q = ��A

d
�V �F� �m−1� �m2� �m−1� �V� .

We know that farad=coulomb/voltage=C /V and coulomb
�C�=ampere�second= IS,

1 electron charge = − 1.6 � 10−19 C

and

1 C =
1

1.6 � 10−19e− = 0.625 � 1019e−.

Putting the value of 1 C=6.25�1018e− and �=8.85
�10−12 F/m, we get that the total charge accumulated on the
capacitor plate is

Q = �6.25 � 1018��8.85 � 10−12�

��A

d
�V �V−1� �m−1� �m2� �m−1� �V� �e−�

or

Q = �5.531 � 107�

��A

d
�V �V−1� �m−1� �m2� �m−1� �V� �e−�

or

Q = �5.531 � 107��A

d
�V e−.

A typical discharge takes about ��10 ns �transit time� and is
repeated at a frequency f . Calculating the reaction volume V
from the volume between the DBD plates, we can estimate
the average electron density ne �or which is also referred as
volume charge density� as

ne �
Q

V
� f � 	�5.531 � 107���A/d�V�

V

 � 10−9 � f

e−

cm3

or

ne � �5.531 � 10−2��AV

dV
� f

e−

cm3 .

Now, putting the value of volume �V�, area �A�, distance
between two electrodes �d�, applied voltage �V�, and the fre-
quency �f� in the above equation, we can estimate the aver-
age electron density of the DBD plasma.

F. Spectrograph

The mass spectrometer �Balzers QMS 200� is connected
to the reaction �plasma� chamber through a capillary tube of
length of 103 cm and inner diameter of 0.01 cm. A pressure
of 10−2 mbar at the entrance to the mass spectrometer is
maintained during the experiments with the help of a second
turbomolecular pump �Balzers 071P�. The gas composition
of stable reaction products was only detected by a mass spec-
trometer �Balzers QMS 200� pumped by a turbomolecular
pump �Pfeiffer TSU 062H� to a base pressure of about 1
�10−8 mbar.

FIG. 4. The displayed mass number m /z vs the correct mass number m0 /z.
The solid line is a least-squares fit yielding m /z=0.2711+0.9853m0 /z.

FIG. 5. Difference mass spectrum with and without plasma in the mass
range m /z=20–140 for a CH4/Ar �1:2� gas mixture.
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III. OPERATION CONDITIONS AND CALIBRATION

The reaction chamber has to be evacuated by a mem-
brane pump up to 1 mbar before any experiment. After fill-
ing up the chamber with the gas mixture up to
300–500 mbars as per requirement, it is isolated from the
surroundings by using needle valve arrangement. A capillary
tube with diameter of 0.1 mm is connected with the mass
spectrometer to the reaction chamber. A second turbomolecu-
lar pump �Balzers 071P� is used to create the pressure gra-
dient in between chamber and the mass spectrometer. The
water flow should be on during the discharge to cool down
the mass spectrometer filament and the high voltage trans-
former coil and amplifier system. The grounding and earth-
ing should be checked properly before discharge. Once the
discharge is on the voltage can be varied from 4 to 15 kV
�peak to peak� and the frequency can be varied from
2 to 7.5 kHz.

To accurately determine the mass number of the detected
species, we have carried out a mass calibration employing
H2, CH4, N2, Ar, Xe, and SF6 gases. The results are shown in
Fig. 4, where the displayed mass number m /z is plotted ver-
sus the correct mass number m0 /z. The solid line is a least-
squares fit yielding m /z=0.2711+0.9853m0 /z. Small devia-
tions amounting to up to about one mass number around
100 amu are noted and have been taken into account in the
assignment of the observed species. To compare the hydro-
gen �H2� and methane �CH4� signals, relative sensitivity cali-
bration was performed with 300 mbars of either CH4/Ar or
CH4/N2 gas mixture �mixing ratio of 1:2� and with
20–100 mbars of H2.

IV. RESULTS

The experimental results have been shown here which
were performed at 10.5 kV �peak to peak� voltage and at a
frequency of 5.5 kHz. The electrical power under these con-
ditions was 5 W. The mass spectrum results of DBD plasma
are shown here in Figs. 5 and 6. From Fig. 5, we can see the
difference mass spectrum of CH4/Ar gas mixture, for mass
number from m /z=20–140 ranges, on a logarithmic scale. It

has been obtained by subtracting the data without plasma
from those obtained with plasma. The main reaction scheme
is the production of H2 by fragmentation of CH4, but also
production of higher order hydrocarbon molecules including
the formation of different functional groups. The broad
prominent peaks are composed of several individual peaks
attributed to CnHm molecules with n up to 9 and m=2n+2.
The most prominent peaks hence approximately differ by
m /z=14 from each other. Evidently, one CH2 radical is add-
ing up in consecutive reactions, and in consequence the spec-
trum becomes periodic. Figure 6 shows the difference spec-
trum in the mass range m /z=20–140 on a logarithmic scale.
Again, the broad prominent peaks, each composed of several
individual peaks, are attributed to CnHm molecules with n up
to 8. In addition, consumption of N2 is noted which may give
rise to the formation of HCN �m /z=27� and its CN �m /z
=26� fragment. As the m /z=26 and 27 peaks overlap with
C2H2 and C2H3, respectively, no unambiguous identification
is possible. However, the detailed results and the analytical
reaction schemes are not discussed here.

The deposited films were investigated by several analyti-
cal techniques but presently only a scanning electron micros-
copy �SEM� result has been shown here. Figure 7 displays
the SEM picture of the diffused amorphous carbon cluster on
Si �100� wafer deposited by CH4:Ar �1:2� gas mixture DBD
plasma.
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FIG. 6. Difference mass spectrum with and without plasma in the mass
range m /z=20–140 for a CH4/N2 �1:2� gas mixture.

FIG. 7. SEM image of deposited SiC film by CH4/Ar �1:2� DBD plasma.
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