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Abstract 

In this report, the electric field generated by a plasma plaster is discussed. A plasma plaster is 
a device developed for medical treatments for the disinfection of skin wounds. The 
measurements have been done since it should be clear what strength of the generated electrical 
field is during a medical treatment. The method for the determination of the electrical field 
was based on electrical field measurements using a grid and a sensor. The plasma plaster 
generates a plasma between the plaster and the grid..  A sensor behind the grid measured a 
fraction 𝛼𝛼 of the field that passed the grid. This fraction is a constant property of the grid and 
has been determined by a calibration measurement. Constant block pulses are using during this 
calibration rather than the pulses in treatments since this resulted in a more accurate 
determination of the constant. The determination has resulted in a fraction of (1.8-2.5 ±0.1)% 
of the field that passes the grid, depending on the distance between the electrode and the grid. 
The generated plasma in medical tests of the plaster is obtained by using dampened high 
voltage AC pulses. For the measurements of the electrical field, pulses have been used with 
comparable characteristics. The resulting strength of the generated electrical field by the 
plasma has been determined and takes a value of (17±1) kV/cm. 
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1 Introduction 
 

 More and more medical conditions can be treated in some way or another.  Plasma 
medicine is an innovative and emerging field used for therapeutic applications. It is a field 
combined by plasma physics, life sciences and clinical medicine and uses physical plasma for 
the treatment of human skin. In these medical treatments, cold atmospheric pressure plasmas 
are being used. The plasmas are characterized by their relative low temperatures. Despite the 
fact that the electron temperatures in the plasma are very high, the background gas temperature 
is close to room temperature. This makes the plasmas suitable for the treatments. However, the 
background ions in the gas are thermally instable. To maintain the low temperatures a 
dielectric barrier can be used. 

Experiments already have confirmed that the plasma stimulates the regeneration of the skin 
and can be used for the disinfection of wounds [1, 2]. The plasma plaster is a device developed 
for this treatment. In this report, the electrical field is being measured which is generated by a 
plasma plaster. These measurements of the electrical field are important because the plaster 
will be used on human skin. The method of usage of the plasma plaster is quite similar to a 
normal plaster since the plasma plaster will be applied to the wound, but only for a short 
period. The plaster will be able to disinfect the wounds in this period.  The generated plasma 
that will kill bacteria in wounds but it will not damage the human skin cells. On the contrary, 
the plasma stimulates the damaged skin to heal even faster.  

Furthermore, the generated electrical field seems to have influence on the stability and 
function of the cell membranes. Since an electrical field is applied on the human skin 
whenever a wound is treated by the plasma plaster, it is important to know what effects the 
field might have on the skin. Studies show that especially cell membranes are sensitive to high 
electrical fields [3 - 5].  Now, a membrane can be seen as a capacitor in some way. A 
remarkable effect on the membrane is observed whenever it is exposed to a rather too strong 
electrical field. The membrane potential increases with increasing electrical field. 
Measurements are done in which a current through the membrane was determined at different 
membrane potentials caused by an external field. Whenever the field is strong enough, 
electrical breakdown can occur. The breakdown causes the membrane to lose their relatively 
high resistance, making them more vulnerable. Now, the dielectric breakdown may be of 
reversible or of destructible nature.  

The mechanism of the breakdown can best be explained by an electrical-mechanical model 
[5]. In this model, there are two important forces working on the cell membrane. At first, there 
is the elastic force which restores the membrane to its equilibrium. Second, there is the electric 
compressive force due to the electrical field. With increasing compression as result of the 
electrical force, the thickness of the cell decreases. Whenever the electrical field is strong 
enough, the electrical force can increase at a faster rate than the elastic force,. This results in 
an instability of the membrane that will cause the membrane to collapse.  This will make the 
membrane, as capacitor, to lose its high resistance as was observed in the experiment [3]. The 
shape of the cell is has influence on the required electrical field for a collapse to occur. Now, 
for more stretched cells like skin cells, a higher potential is needed for a collapse than for more 
some sorts of bacteria, that will have more of a circular shape [3]. This means that an external 
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electrical field can be used advantageously for disinfection of the skin making the bacteria 
more vulnerable. For the plaster examined in this report, the plasma will be able to kill the 
bacteria. However, when the external field becomes too large, it may also affect the skin. This, 
of course, must be avoided. 

The determination of the strength of the electrical field is not only important for the medical 
aspects concerning the plaster. The electrical field governs the properties of free electrons and 
consequently the dynamics and formation process of the discharges in the plasma. This makes 
electrical field is a crucial parameter for the understanding of plasma generated in the plaster. 
Thus, the determination also important for the physical aspects. Clear information about the 
generated plasma makes it able to optimize the design of the plaster even more.   

For the analysis of the plasma field, a grid sensor will be used. The mechanics behind the grid 
sensor will be explained as it can be used to measure electrical fields by passing some of the 
field through the grid. The field that is able to pass through, can be measured by a sensor. 
However, the precise mechanism of the sensor, even as other aspects mentioned in this 
section, will be discussed further in the “Theory” and the “Experiments & Results” section of 
this report. 
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2 Background & Theory 

2.1 Electrical breakdown & DBD’s 
 Discharges of a plasma will become non-uniform and thermally instable at 
atmospheric pressure. This will tend the plasma to increase its temperature. To maintain the 
low temperatures, an insulating layer can be placed in the discharge gap, which results in a  
dielectric barrier discharge. How this happens will be explained in this section, but first the 
mechanics of the atmospheric pressure plasma will be discussed. 

The physical concept of the atmospheric pressure plasma is basically the same as low pressure 
plasmas. An electron is being accelerated by an external electrical field and whenever its 
energy is high enough, it will ionize a background particle. By impact ionization, the electron 
will generate a positive ion and another electron, as is described in Equation ( 2.1 ), 

𝑒𝑒− + 𝑀𝑀 = 2 𝑒𝑒− + 𝑀𝑀+. ( 2.1 ) 

Here 𝑀𝑀 is the background particle. Now, both electrons can repeat the same process. Thus, if 
the applied electrical field is high enough, it will accelerate enough electrons to produce an 
avalanche. An illustration of the electron ‘avalanche’ is given in Fig. 1. 

 

 

 

 

 

 

 

Fig. 1. Illustration of the electron ‘avalanche’ at two different times 𝑡𝑡1 and 𝑡𝑡2. Here 𝐴𝐴 is the 
anode and 𝐶𝐶 is the cathode. 𝐸𝐸0 is direction of the applied electrical field and 𝑣𝑣𝑑𝑑 the direction of 
the electron avalanche [7]. 

Since the amount of electrons increases as the travelled distance of the avalanche increases, 
the amount of electrons 𝑛𝑛𝑒𝑒 in the avalanche can described exponentially by Equation( 2.2 ), 

𝑛𝑛𝑒𝑒(𝑥𝑥) = 𝑛𝑛𝑒𝑒(0)𝑒𝑒𝛼𝛼𝛼𝛼 . ( 2.2 ) 

Here, 𝑛𝑛𝑒𝑒(0) is the initial electron density and 𝛼𝛼 is the ionization coefficient. This coefficient 
stands for the amount of electron impact ionizations per unit length 𝑥𝑥. Now, the left over ions 
remaining in the path, will drift to the cathode and can cause a new emission of electrons. The 
amount of ions in the avalanche is equal to the amount of electrons minus the initial electron 
density. This means that the amount of electrons in the secondary emission can be described 
by Equation ( 2.3 ), 

𝑛𝑛𝑠𝑠𝑒𝑒 = 𝛾𝛾𝑛𝑛𝑖𝑖𝑖𝑖𝑖𝑖 = 𝑛𝑛𝑒𝑒(0)𝛾𝛾(𝑒𝑒𝛼𝛼𝛼𝛼 − 1), ( 2.3 ) 
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where 𝛾𝛾 is the secondary emission coefficient which stands for the amount of electrons 
emitted per incident ion. The secondary electrons will cause another avalanche, repeating the 
process. Whenever at least one secondary electron can be emitted each avalanche, the process 
will be self-sustaining. This will lead to the Townsend breakdown criterion given in Equation 
( 2.4 ),  

𝛾𝛾(𝑒𝑒𝛼𝛼𝛼𝛼 − 1) = 1. ( 2.4 ) 

However, other electron production or loss processes are not taken into account here. In air 
plasmas, a part of the electrons will be lost by electron attachment to 𝑂𝑂2. To take this loss 
process into the equation, an attachment coefficient 𝜂𝜂 will be introduced. This coefficient is 
defined as the amount of electron attachments per unit length. Now the Townsend breakdown 
criterion becomes Equation ( 2.5 ) [6,7], 

𝛾𝛾𝛼𝛼
𝛼𝛼 − 𝜂𝜂 �

𝑒𝑒(𝛼𝛼−𝜂𝜂)𝛼𝛼 − 1� = 1. ( 2.5 ) 

The Townsend breakdown does not include any effects of the electrical field generated by the 
avalanche itself. However, streamer breakdown does take this effect into account. Streamer 
breakdown starts, just as Townsend breakdown, with an electron avalanche. As the avalanche 
grows larger, the separated ions and electrons start to enhance the local electrical field in the 
opposite direction of the external field. The resulted electrical field can be written as a sum of 
the externally applied field and the field generated by the avalanche. Fig. 2 gives a clear 
picture of the generated fields.  

 

Fig. 2: Illustration of the electrical field generated. On the left the applied field 𝐸𝐸0 and the 
avalanche field 𝐸𝐸′ are shown separately. On the right the total field 𝐸𝐸 = 𝐸𝐸0 + 𝐸𝐸′ is shown [7]. 

Whenever the field generated by the separated particles in the avalanche becomes of the same 
order as the applied electrical field, the avalanche will become a streamer. This is only 
possible if there are enough electrons present in the avalanche. The exact requirements to 
obtain a streamer are complex but from equation ( 2.2 ) it can be concluded that it surely 
depends on the ionization coefficient 𝛼𝛼 (and 𝜂𝜂 when including the attachment factor) and thus 
the strength of the electrical field. Thereby, it also depends on the length of the gap.  

Now, there are two types of streamers, namely the positive and the negative streamers. 
‘Positive’ and ‘negative’ here refers to the electrode polarity at which the streamer initiated. 
Obviously, the positive streamer is directed to the cathode and the negative one to the anode. 
Despite being of opposite charge, the streamers are not entirely the same . Both streamers 
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ionize the gas in front of the head of the streamer. However, where the negative streamer can 
supply the head with the ionized electrons, the positive streamer cannot. Still, the positive 
streamer can be created more easily. In a negative streamer, the electrons in the plasma, which 
are the driving force in the streamer development, will rapidly diffuse from the streamer. In a 
positive streamer, the electrons are attracted to the streamer. This will results in lower losses in 
electron density and thus the positive streamer can be created more easily. 

Whenever a plasma occurs between two electrodes, the energy will first be delivered to the 
electrons. Only after that, the energy will be delivered to the ‘heavy’ ions of the plasma. This 
transfer can be achieved by ionization, excitation, dissociation of molecules, elastic collisions 
or , in the case of molecular gases, vibrational excitation. However, the energy transfer 
between heavy particles and electrons is slow since there exists a large difference in their 
masses. This causes the heavy particle temperature to be much lower than the electron 
temperature. In this case, the plasma is non-thermal.  Now the problem arises whenever this 
non-thermal plasma needs to be maintained. The high collision rate of the particles in the 
plasma at atmospheric pressure makes the plasma thermally instable, especially for molecular 
plasmas [8]. This will cause the temperature of the plasma to increase strongly. Luckily this 
can be prevented using a dielectric barrier. This barrier limits the current density and thus 
reduces the collision rate. Whenever a breakdown occurs, a local field opposite to the external 
field will be generated in the barrier, inhibiting the discharge. This will limit the temperature 
of the plasma. The resulted discharge is known as the dielectric barrier discharge (DBD) [6]. 
In this report, this is the type of discharge that occurs during the measurements. 

 

2.2 Plasma plaster 
 The plasma plaster is a device  developed for medical treatments to disinfect skin 
wounds. In Fig. 3 an overview is shown of the construction of the plasma plaster used in this 
report. The plaster consist of a high voltage electrode covered by a dielectric layer. Now these 
two parts are embedded in an outer dielectric as a whole. The inner layer will serve as the 
dielectric barrier to limit the temperature of the generated plasma. As the plaster is applied to 
the human skin, the skin will react as a grounded electrode. The electrode will be connected to 
a high voltage pulse source. Now a plasma can be generated between the electrode and the 
‘grounded’ human skin. The outer layer on top of the inner layer serves as a spacer between 
the electrode and the skin. In the layer, gaps are present in which the plasma can develop. The 
outer layer beneath the electrode will serve as protection for the electrode. The plasma plaster 
should be enclosed on the wound whenever it is being treated. In this report, a plasma 
treatment will be discussed that applies pulses of 6.2 kV.  
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Fig. 3: Overview of the plasma plaster. The high voltage pulse source will be connected to the 
electrode. The inner dielectric layer will be on top of the electrode to limit the temperature. An outer 
dielectric layer will be attached to both sides. On the top side this layer contains gaps in which the 
plasma will be generated as it will be applied to the human skin. On the bottom the outer layer will 
serve as protection for the electrode. 

2.3 Grid sensor 
 In this section a grid sensor is described which is able to measure the electrical fields 
caused by a generated plasma. The sensor consists of a grounded grid and a sensor plate 
behind this grid.  An overview of the sensor is given in Fig. 4.  

 

Fig. 4. Construction of the grid sensor. A high voltage current from the right produces an 
electrical field 𝐸𝐸. Only a small part will partially reach the plate sensor due to the grounded grid. 
This small part causes a current 𝐼𝐼𝑠𝑠𝑒𝑒𝑖𝑖𝑠𝑠𝑖𝑖𝑠𝑠 that be measured by the sensor. 

The sensor measures a current 𝑖𝑖𝑠𝑠𝑒𝑒𝑖𝑖𝑠𝑠𝑖𝑖𝑠𝑠. From this current, the electrical field can be derived. To 
see how this current depends on the electrical field, a derivation will be given in this section. 
The derivation will start with the integral form of the generalized Maxwell-Ampère equation, 
including displacement current, given in Equation ( 2.6 ),  
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�𝐻𝐻 ∙ 𝑑𝑑𝑑𝑑
𝑙𝑙

=  �(𝜇𝜇0𝐽𝐽 + 𝜇𝜇0𝜖𝜖0
𝑑𝑑
𝑑𝑑𝑡𝑡
𝐸𝐸) ∙ 𝑑𝑑𝑑𝑑

𝑆𝑆
. ( 2.6 ) 

Here 𝑑𝑑 is the surface and 𝑑𝑑 is the line enclosing the surface. However, when the surface is 
closed, the left part of the equation approaches zero. By dividing the whole thing with 𝜇𝜇0 and 
rewriting 𝐽𝐽, Equation ( 2.7 ) is obtained. Here, 𝑄𝑄 is the transported charge by the plasma. 

0 = �
𝑑𝑑𝑄𝑄
𝑑𝑑𝑡𝑡

− 𝑖𝑖𝑠𝑠𝑒𝑒𝑖𝑖𝑠𝑠𝑖𝑖𝑠𝑠� + 𝜖𝜖
𝑑𝑑(𝐸𝐸 ∙ 𝑑𝑑)
𝑑𝑑𝑡𝑡

 ( 2.7 ) 

Since there are charges transported by the plasma, it means that a material current exists 
through the plasma. This current is given by the time derivative of the total transported charge 
𝑄𝑄. This current will be named 𝑖𝑖𝑚𝑚𝑚𝑚𝑚𝑚𝑒𝑒𝑠𝑠𝑖𝑖𝑚𝑚𝑙𝑙. Thereby, the total electric field will be the sum of the 
field generated by the high voltage (𝐸𝐸0) and the field generated by the plasma (𝐸𝐸𝑝𝑝𝑙𝑙𝑚𝑚𝑠𝑠𝑚𝑚𝑚𝑚). 
However, not all of this current generated by the high voltage current, 𝑖𝑖𝐻𝐻𝐻𝐻, will be measured 
by the sensor. Only a part of the material current and the electrical field lines will end on the 
grounded grid. This means that there are scaling constants 𝛼𝛼 and 𝛾𝛾, for the displacement 
current and material current respectively, which stand for the fraction of the current that will 
be measured by the sensor. Equation ( 2.7 ) can now be rewritten into 

𝑖𝑖𝑠𝑠𝑒𝑒𝑖𝑖𝑠𝑠𝑖𝑖𝑠𝑠 = 𝛾𝛾 𝑖𝑖𝑚𝑚𝑚𝑚𝑚𝑚𝑒𝑒𝑠𝑠𝑖𝑖𝑚𝑚𝑙𝑙 + 𝛼𝛼𝜖𝜖
𝑑𝑑 ��𝐸𝐸0 + 𝐸𝐸𝑝𝑝𝑙𝑙𝑚𝑚𝑠𝑠𝑚𝑚𝑚𝑚� ∙ 𝑑𝑑�

𝑑𝑑𝑡𝑡
.  ( 2.8 ) 

When integrating over time, Equation ( 2.8 ) can be written to 

𝑄𝑄𝑠𝑠𝑒𝑒𝑖𝑖𝑠𝑠𝑖𝑖𝑠𝑠 = 𝛾𝛾 𝑖𝑖𝑚𝑚𝑚𝑚𝑚𝑚𝑒𝑒𝑠𝑠𝑖𝑖𝑚𝑚𝑙𝑙 + 𝛼𝛼𝜖𝜖 �𝐸𝐸0 + 𝐸𝐸𝑝𝑝𝑙𝑙𝑚𝑚𝑠𝑠𝑚𝑚𝑚𝑚� ∙ 𝑑𝑑. ( 2.9 ) 

Now, whenever a bias voltage 𝑣𝑣𝑏𝑏𝑖𝑖𝑚𝑚𝑠𝑠 is applied on the sensor plate, it can repel or attract ions. 
When the voltage applied is positive, it will repel positive ions, generated by the plasma. This 
will lead the 𝑖𝑖𝑚𝑚𝑚𝑚𝑚𝑚𝑒𝑒𝑠𝑠𝑖𝑖𝑚𝑚𝑙𝑙  to become zero , thus leaving the sensor to measure the displacement 
current only. Out of this current, the electrical field can be derived. This is the right term of the 
right side of Equation 2.5. Since the positive ions in the plasma are relatively heavy compared 
to electrons, a relatively high negative 𝑣𝑣𝑏𝑏𝑖𝑖𝑚𝑚𝑠𝑠 must be applied so the ions will pass the grid.  
This makes it possible to measure the material current generated by the plasma. This is, 
obviously, the left term of the right side of Equation ( 2.9 ) [9 - 11]. The effect of the bias 
voltage on the field line, can be observed in Appendix [A]. However, in this report only the 
electrical field generated will be evaluated. 
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3 Experiments & Results 

3.1 Experimental set-up 
 The experimental set-up used to measure the electrical field generated by the plasma 
plaster is described in this section. Whenever the plaster is used on patients, the following 
settings are acquired for the pulse source connected to the plaster. The source generates 
positive pulses from  5.5 − 7.0 𝑘𝑘𝑘𝑘 output voltage, the pulse repetition frequency used is 
1 𝑘𝑘𝐻𝐻𝑘𝑘 and the width of the pulses used is 5 𝜇𝜇𝜇𝜇. These settings are reproduced by the 
experimental set-up used in the experiments.  

However, for the calibration of the grid sensor, a different pulse source is being used. This 
pulse source generates constant block pulses. These pulses are better suited for determining 𝛼𝛼. 
The usage of a different pulse source does not affect the experiments since the constant 𝛼𝛼 is 
linked to the sensor, which is used in all the measurements. An overview of the set-up used 
during the calibration is given in Fig. 5. 

  

Fig. 5: Overview of the experimental set-up during calibration containing: an AC high voltage 
source (1), a resistance (2) to prevent short-circuit, a diode (3) and capacitor (4) to obtain DC HV 
out of the AC input, another resistance (5) to limit the current through the safety component (6) 
which disables the AC HV input whenever a short-circuit occurs, a DEI PVX-4110 pulser (7), 
which generates DC pulses from the DC HV, a pulse generator (8) to set the pulse frequency and 
the grid sensor (9) with a grounded grid and a sensor plate, connected to the oscilloscope (10) to 
observe the signal from the sensor (yellow), the input pulses generated by the DEI (green) and the 
input DC voltage into the DEI (blue). 

The set-up used for the electrical field measurements generates pulses that look similar to the 
pulses used on patients. An overview for this set-up is given in Fig. 6. In this set-up, an bias 
voltage can be applied to the sensor to repel ions. This will eliminate the material current 
leaving the sensor only to measure the displacement current. From the signal received by the 
sensor and the determination of the 𝛼𝛼, the electrical field generated can be derived.  

In Fig. 7 the generated pulse during the calibration is given. The pulsed time is not entirely 
shown in the figure but for the processing of the signal, only the slope of the signal is relevant. 
During the calibration, both the upslope and the downslope have been examined. In Fig. 8 the 
generated pulse during the electrical field measurements is given. Here, the first positive peak 
has a width of 5 𝜇𝜇𝜇𝜇.  However, the pulses used on patients reduce faster in strength than this 
generated pulse. How this influences the results will be discussed in the results. What it comes 
down to is that the first peak is most relevant for this report. 
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Fig. 6: Overview of the experimental set-up used during the electrical field measurements containing: an AC voltage source 
(1), a pulse generator (2) and a component that processes the voltage and pulses to generated the right high voltage pulses (3), 

a resistance (4) to limit the current through the safety component (5) which disables the input voltage whenever a short-
circuit occurs, the grid sensor (6), a DC voltage source (6) to apply a bias voltage to the sensor and an oscilloscope (8) to 

observe the high voltage pulses (green) and the signal received from the sensor (yellow). 

The grid used in the experiments is shown in Fig. 9. The high voltage electrode looks more 
like a rod rather than a plate. In this case, the fringing of the electrical field lines cannot be 
neglected. Thereby, an arnite layer is attached to the electrode. The relative permittivity of 
arnite takes a value of 3.2. The layer has a thickness of 2 mm. The capacitance of the system 
now is not easily derived. However, a FEM simulation already has been made from which the 
vacuum capacitance is determined for different distances between the grid and the arnite layer 
[9].  

 
Fig. 7: Received signal from the input voltage of the pulse during 
calibration. 

 
Fig. 8: Received signal from the input voltage of the pulse during field 
measurements. 
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Fig. 9: Overview of the grid sensor used in the experiments. 

 
Fig. 10: Overview of the grid sensor with a plasma plaster. 

For the measurements with the plasma plaster, the electrode with the arnite layer will be 
replaced by a plasma plaster as can be seen in Fig. 10. Now, in reality the mesh size and 
especially the radius of the grid wires of the grid are smaller than the distance between the 
gaps in the plaster. Thus the position of the gaps relative to the mesh does not influence the 
results. During measurements, the plaster is enclosed on the grid as it is enclosed on the skin 
of patients treated by the plaster. 

3.2 Calibration 
 For the calibration of the grid sensor, a lower voltage than the breakdown voltage is 
being used. Since the breakdown voltage  is not reached, there will be no plasma and therefore 
no material current. Now Equation ( 2.7 ) can be rewritten as 

𝑖𝑖𝑠𝑠𝑒𝑒𝑖𝑖𝑠𝑠𝑖𝑖𝑠𝑠 = 𝛼𝛼𝜖𝜖
𝑑𝑑(𝐸𝐸0 ∙ 𝑑𝑑)

𝑑𝑑𝑡𝑡
. ( 3.1 ) 

Since there is no plasma generated, the generated field is only caused by the charges on the 
electrodes of the sensor. This electrical field, 𝐸𝐸0, can also be described from Gauss’s law in 
combination with the definition of a capacitor, and gives Equation ( 3.2 ), 

𝐸𝐸0 ∙ 𝑑𝑑 =
𝐶𝐶0𝑘𝑘
𝜖𝜖

. ( 3.2 ) 

Combining Equation ( 3.1 ) and ( 3.2 ) gives 

𝛼𝛼
𝑑𝑑(𝐶𝐶0𝑘𝑘)
𝑑𝑑𝑡𝑡

= 𝑖𝑖𝑠𝑠𝑒𝑒𝑖𝑖𝑠𝑠𝑖𝑖𝑠𝑠, ( 3.3 ) 

where 𝐶𝐶0 is the capacitance in vacuum. The sensor plate is connected to the oscilloscope by a 
50Ω coaxial cable, thus the current can easily be determined out of the measured voltage. 
Finally, by integrating over time and isolating 𝛼𝛼, Equation ( 3.3 ) becomes, 

𝛼𝛼 =
1

𝐶𝐶0 𝑅𝑅𝑐𝑐𝑖𝑖𝑚𝑚𝛼𝛼

∫ 𝑘𝑘𝑚𝑚𝑒𝑒𝑚𝑚𝑠𝑠 𝑑𝑑𝑡𝑡 
𝑚𝑚
𝑘𝑘𝑚𝑚𝑝𝑝𝑝𝑝

. ( 3.4 ) 

In this equation  𝑘𝑘𝑚𝑚𝑒𝑒𝑚𝑚𝑠𝑠 is the voltage measured by the sensor and 𝑘𝑘𝑚𝑚𝑝𝑝𝑝𝑝 is the applied voltage 
over the sensor. This equation is used for the determination the value of 𝛼𝛼 [9].  
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In other literature, the value for the constant 𝛼𝛼 is estimated by a mathematical approach. The 
derivation of the approach will not be done in this report since it is just an approximation for 
comparison with the measured value. The final expression for the constant is given in 
Equation ( 3.5 )[12], 

𝛼𝛼 = 𝐸𝐸1
𝐸𝐸2
≈

�𝜋𝜋 𝑟𝑟𝑖𝑖
𝑎𝑎 �

2
−ln2 sinh𝜋𝜋 𝑟𝑟𝑖𝑖

𝑎𝑎

2𝜋𝜋𝑥𝑥0𝑎𝑎 −ln2 sinh
𝜋𝜋 𝑟𝑟𝑖𝑖
𝑎𝑎 −�𝜋𝜋 𝑟𝑟𝑖𝑖

𝑎𝑎 �
2, ( 3.5 ) 

where 𝑟𝑟𝑖𝑖 is radius of the grid wires. Now 𝑎𝑎 is the mesh size or the distance between the centers 
of two grid wires and 𝑥𝑥0 is the distance from the grid to the sensor plate. For the grid used in 
this report the values for 𝑟𝑟𝑖𝑖, 𝑎𝑎 and 𝑥𝑥0 are 0.25mm, 1.4mm and 2mm respectively. The 
approximation results in an 𝛼𝛼 with the value of 1.52%.   

For the calibration, the constant 𝛼𝛼 is derived under several different circumstances. The grid 
sensor only receives a signal whenever the applied voltage changes. For the upslope of a 
positive pulse, a different signal was obtained than at the downslope of the same pulse. This is 
why the constant is determined for different signals.  

Now, the voltage over the sensor has been varied and the constant is determined. The distance 
of the arnite layer and the grid during this calibration was set on 5.0 mm. This makes it 
possible to use higher applied voltages without the occurrence of a plasma streamer. The 
results of this calibration are given in Fig. 12.  

As can be observed from the figure, 𝛼𝛼 remains the same at the higher applied voltages and 
takes a value of (1.8 ± 0.1)%., which means that this percentage of the electrical field  passes 
the grid and thus will be measured by the sensor. This is close to the approximated value for 𝛼𝛼. 
Only for relatively low voltages, the negative pulse obtains a slightly higher value for the 
constant than the positive pulses. However, this is not the case for measurements in which a 
plasma streamer occurs since the applied voltage will be sufficiently high enough. 

 
 

Fig. 11: Determined value of 𝛼𝛼 at different applied voltages. The 
constant was determined from different signals: The upslope (us) 
of a positive pulse (black), the downslope (ds) of a positive pulse 
(red) and the downslope of a negative pulse. 

Fig. 12: Determined value of 𝛼𝛼 at different distances between the 
electrode and the grid. The constant was determined from 
different signals: The upslope (us) of a positive pulse (black), the 
upslope of a negative pulse, the downslope (ds) of a positive 
pulse (red) and the downslope of a negative pulse. 
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Secondly, 𝛼𝛼 is also determined at different distances between the arnite layer at the electrode 
side and the grid. The applied voltage of the pulses here is being held at 5 kV. The results of 
this calibration are shown in Fig. 13. With the experimental set-up used for the calibration, no 
plasma was observed while using this applied voltage at 5 kV, not even when the distance had 
been reduced to zero. When measuring with the second set-up, there will be plasma at this 
voltage. This dissimilarity is caused by surface charges. Since the set-up for the calibration 
uses DC pulses, the arnite layer may become polarized. This will reduce the electrical field in 
the gap between the layer and the grid. With the set-up used for the determination of the 
electrical field, this is not the case since it uses different pulses. 

However, as can be observed from Fig. 13, the value for 𝛼𝛼 becomes larger as the distance 
becomes smaller. The constant takes a value between (1.8 ± 0.1)% and (2.5 ± 0.1)%. The 
cause of the different values might be explained by the geometry of the grid. The mesh size of 
the grid is 1.4 mm which is of the same order as the distances used. This makes it plausible for 
the constant to differ at different distances. Whenever the layer, and thus the electrode, is 
closer to the grid, the electric field may pass the grid more easily. Nevertheless, these values 
will be used for the determination of the electrical field. The uncertainty in this constant will 
result in an additional uncertainty in the determination of the electrical field. 

3.3 Electrical field of the plasma 
 For the determination of the generated electrical field the second experimental set-up 
is used. The main difference with the other set-up is the pulse source and  the generated pulses. 
First, the electric field will be derived, generated by the electrode of the grid sensor. Later on, 
the electrode will be replaced with a real plasma plaster. This is the same model that will be 
used on patients. 

To obtain the generated electric field, the now determined constant 𝛼𝛼 is used. Now, rewriting 
Equation ( 2.9 ) gives Equation ( 3.6 ), 

𝑄𝑄𝑠𝑠𝑒𝑒𝑖𝑖𝑠𝑠𝑖𝑖𝑠𝑠 − 𝛾𝛾 𝑖𝑖𝑚𝑚𝑚𝑚𝑚𝑚𝑒𝑒𝑠𝑠𝑖𝑖𝑚𝑚𝑙𝑙

𝛼𝛼𝜖𝜖𝑑𝑑
= �𝐸𝐸0 + 𝐸𝐸𝑝𝑝𝑙𝑙𝑚𝑚𝑠𝑠𝑚𝑚𝑚𝑚� = 𝐸𝐸𝑚𝑚𝑖𝑖𝑚𝑚 . ( 3.6 ) 

Here 𝑑𝑑 is the surface of the sensor with the value of 7.069 ∙ 10−4 𝑚𝑚2 and 𝜖𝜖 is the permittivity 
of the medium. When  measuring with the electrode, this is the air in the gap between the 
arnite layer and the grid. At the measurements with the plasma plaster, this is the air in the 
gaps of the plaster. In both cases the permittivity is thus approximately the vacuum 
permittivity, which is 8.854 ∙ 10−12 𝐹𝐹/𝑚𝑚.  

Now, to eliminate the material current 𝑖𝑖𝑚𝑚𝑚𝑚𝑚𝑚𝑒𝑒𝑠𝑠𝑖𝑖𝑚𝑚𝑙𝑙, a bias voltage is applied to the sensor to repel 
ions from the sensor. The voltage used in the first field measurements  is 30V. Later on, 
measurements are executed where the bias voltage is varied. However, after eliminating the 
material current and rewriting 𝑄𝑄𝑠𝑠𝑒𝑒𝑖𝑖𝑠𝑠𝑖𝑖𝑠𝑠 as an integral over time, Equation ( 3.6 ) will now 
become, 

𝐸𝐸𝑚𝑚𝑖𝑖𝑚𝑚 = 𝐸𝐸0 + 𝐸𝐸𝑝𝑝𝑙𝑙𝑚𝑚𝑠𝑠𝑚𝑚𝑚𝑚 =
∫ 𝑘𝑘𝑚𝑚𝑒𝑒𝑚𝑚𝑠𝑠

 
𝑚𝑚 𝑑𝑑𝑡𝑡
𝛼𝛼𝜖𝜖𝑑𝑑𝑅𝑅𝑐𝑐𝑖𝑖𝑚𝑚𝛼𝛼

. ( 3.7 ) 

Furthermore, 𝐸𝐸0 can be determined with the capacitance and the applied voltage via  Equation 
( 3.8 ). 
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𝐸𝐸0 =
𝐶𝐶0
𝜖𝜖𝑑𝑑
𝑘𝑘𝑚𝑚𝑝𝑝𝑝𝑝 ( 3.8 ) 

Using these equations, the total generated electrical field 𝐸𝐸0 can now be divided in the 
components of the generated plasma field 𝐸𝐸𝑝𝑝𝑙𝑙𝑚𝑚𝑠𝑠𝑚𝑚𝑚𝑚 and the field due to the charges on the 
electrodes 𝐸𝐸0. 

Out of the measured signal of the sensor, the electrical field has been determined. The results 
of the generated fields are given in Fig. 13 - Fig. 16. This is the field generated between the 
electrode with the arnite layer and the grid. In this measurement, the distance between the 
layer and the grid was set on 1.0 mm. 

 
Fig. 13: The total electrical field determined out of the 
measured signal. 

 
Fig. 14:  Part of the measured field generated by the plasma. 

 
Fig. 15 Part of the measured field generated due to charges 
on the electrodes. 

 
Fig. 16 Overview of the generated electrical fields. 
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As can be seen in the results, the oscillation of the field is caused by the oscillation of 𝐸𝐸0 and 
thus the input voltage. The overall downslope is caused by the plasma, which means that the 
plasma generates a negative electrical field. This is still plausible since the positive peak that 
causes the plasma separates the ions from the electrons. The field caused by this separation is 
pointed in the opposite direction. Since 𝐸𝐸0 oscillates around zero it is less significant than the 
plasma field. In further measurements, especially the generated plasma field will be discussed. 

3.4 Electric field generated by the plasma plaster 
 During the measurements with the plasma plaster, the electrode with the arnite layer is 
replaced by the plaster as is given in Fig. 10. Therefore, the capacitance of the system has 
changed. Before the field of the plaster can be derived, the capacitance must be determined. 
Since 𝛼𝛼 is related to the grid, that is still present in this system, it can be used for the 
determination of the capacitance 𝐶𝐶0. To determine the capacitance, basically the same method 
is used as the method to determine the constant 𝛼𝛼. Isolation of 𝐶𝐶0 in Equation ( 3.4 ) gives 

𝐶𝐶0 =
1

𝛼𝛼 𝑅𝑅𝑐𝑐𝑖𝑖𝑚𝑚𝛼𝛼

∫ 𝑘𝑘𝑚𝑚𝑒𝑒𝑚𝑚𝑠𝑠 𝑑𝑑𝑡𝑡 
𝑚𝑚
𝑘𝑘𝑚𝑚𝑝𝑝𝑝𝑝

. ( 3.9 ) 

In the measurement of this determination, no plasma is generated, just as there was no plasma 
generated at the determination of 𝛼𝛼. However, this measurement obtains a less clear value of 
the constant. Some singularities will appear due to the shape of the applied voltage signal 
since it oscillates around zero. The obtained result is given in Fig. 17. Even though it seems 
that the constant is zero here, it still fluctuates around a positive value. In Fig. 18, the same 
result is given but on an enlarged scale. 

Several of these measurements have been performed and out of the results the capacitance is 
concluded. The obtained value of the capacitance of the plaster is (5.1±0.1) pF. This value will 
be used in further measurements for the determination of the generated electrical field by the 
plasma plaster. 

 

 
Fig. 17: Obtained result for the determination of the 
capacitance 𝐶𝐶0 of the plasma plaster. 

 
Fig. 18. Enlarged version of the obtained result. 
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First, the influence of the bias voltage will be discussed. The electrical field generated by the 
plasma has been measured for several bias voltages applied on the sensor. The pulse height 
input is maintained at 6.2 kV for the measurements. This is the same voltage as is used on 
patients treated by the plaster. Furthermore, all the signals have been measured after the pulse 
source has been turned on for 10 seconds. This was done since the influence of time has not 
yet been discussed. The results of this measurement are given in Fig. 19. 

 

Fig. 19: Results of the generated electrical field generated by the plasma at different bias voltages 
applied on the sensor. The applied peak voltage of the high voltage pulses in these measurements 
was 6.2 kV. 

As can be observed, at the start of the pulse (𝑡𝑡 = 0 𝜇𝜇𝜇𝜇) the generated plasma field is negative. 
This field is generated by the first peak of the pulse. Especially for this measurement this peak 
is most relevant.  A comparison between the applied high voltage and the obtained signal is 
given in Appendix [B]. The first peak of the pulse is positive thus ions will be repelled from 
the plaster towards the grid. A part of the ions will pass the grid and move towards the sensor. 
This ion current must be repelled by the bias voltage. Whenever ions might be measured on 
the sensor, the sensor will measure a more positive signal. The results show that the field 
measured at bias voltages lower than 10-15V is slightly more positive than whenever higher 
bias voltages are applied. This difference can be caused by the presence of material current at 
the lower bias voltages. An applied bias voltage of 10-15V thus should be sufficient to prevent 
the presence of a material current to the sensor . However, it only holds for a pulse used with 
this strength. A stronger pulse will result in a higher required bias voltage to prevent an ion 
current since the energy of the ions will be higher. The field generated by the relatively higher 
bias voltages are still slightly different. However, this difference can be caused by the 
inconstancy of the generated plasma.  

At a later point in the obtained results (𝑡𝑡 = 7 𝜇𝜇𝜇𝜇), the plasma generates a positive field. This is 
caused by a plasma generated at a negative peak of the pulse. This peak will not be present on 
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pulses used on patients since another pulse source is used. However, in this result it does 
generate a second field. The signal after this upslope is different for the applied bias voltages. 
Since the pulsed voltage at this point is negative, the polarity of the bias voltage is opposite to 
the applied high voltage. Now the material current will not be eliminated. The material current 
that might be observed by the sensor will in this case consist of electrons or negative ions that 
passed the grid. The bias voltage will rather attract the particles instead of repelling them. This 
means that material current here can surely be present. This part of the signal is thus less 
relevant for this report. 

Beside the bias voltage, the influence of the time that the pulse source is activated will be 
discussed. The electrical field has been obtained at different points in time since the source is 
turned on. The height of the pulse is maintained at 6.2 kV and a bias voltage of 30 V is applied 
to the sensor to repel ions. Again, only the first part of the generated field will be most 
relevant for this report. The results are given in Fig. 20.  

 

Fig. 20: Results of the generated electrical field generated by the plasma at different points in time 
since the pulse source is activated. The applied peak voltage of the pulses in these measurements 
was 6.2 kV and the applied bias voltage used was 30V. 

In the obtained results, the generated field generally increases in strength as the pulse source 
continues to generate pulses. The actual cause of this increase has not been examined in this 
report. A possible aspect that may  have impact on this increase is temperature. As the pulse 
source stays activated, the temperature at the plaster increases. However, this is just one 
explanation which is not even certain. What is certain is that an influence of time is present. 
Further measurements should take this influence into account. This can be achieved by 
processing signals obtained at a certain point after the source is activated. In this report the 
signal processed is taken 10 seconds after the activation of the pulse source. 



 

17 | P a g e  
 

Furthermore, the generated plasma field with different applied input pulses will be discussed. 
Again, a bias voltage of 30V will be applied to the sensor to repel the ion current. The results 
of the obtained field are given in Fig. 21. Whenever the pulse strength is high enough to 
generate a plasma, a signal can be observed. Increasing this strength will generate a stronger 
electric field in the opposite direction. This is displayed clearly in the figure. However, the 
increasing obtained field after the first peak might be caused by using a wrong bias voltage in 
the measurements. Using an optimal bias voltage may lower this effect. 

 

Fig. 21: Results of the generated electrical field generated by the plasma with different strengths 
of input pulses. In this set of measurements the bias voltage used was 30V. The results are 
obtained from a signal received 10 seconds after the activation of the pulse source. 

 

At last the generated plasma field will be discussed with the parameters closest to the plasma 
generated on patients. The strength of the pulses here is 6.2 kV and a bias voltage of 30V is 
applied to the sensor to prevent the material current. The results can be observed in Fig. 22. As 
before, only the first downslope of the result is relevant to determine the strength of the 
generated plasma field of the plasma plaster. The slight difference between the results is 
caused by the inconstancy of the generated plasma.  

Finally, out of the results the electrical plasma field is determined. The obtained strength of the 
field, using the settings relevant for the medical treatment, is (17±1) kV/cm. This includes the 
uncertainty in the calibration constants. This is the field generated by the first peak of the high 
voltage pulse and will be comparable with the plasma field generated by the plaster during a 
treatment.  
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Fig. 22: Several results of the generated electrical field due to the plasma. The applied high 
voltage here is 6.2 kV. In these measurements a bias voltage of 30V has been used. The results 
are obtained from a signal received 10 seconds after the activation of the pulse source. 
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4 Conclusion 
 In this report, the electric field generated by a plasma plaster has been discussed. The 
plasma plaster will disinfect wounds by generating a plasma. The plaster will be held against 
the skin and will kill bacteria but leave the skin intact. The results are obtained using a grid 
sensor. A plasma is generated between an electrode and the grid. A fraction 𝛼𝛼 of the electrical 
field lines will pass the grid and can be observed by a sensor. This fraction is determined in a 
calibration and is a constant property of the grid. In this calibration a set-up was used that 
generated DC pulses. In further measurements, this constant is used to determine the strength 
of generated fields. The calibration obtained a value of the constant of (1.8-2.5 ±0.1)% 
depending on the distance between the electrode and the grid. 

Later on, the electrode was replaced by a plasma plaster that will be used in treatments on 
patients. During measurements, the influence of several aspects has been discussed. First, the 
influence of the bias voltage was observed. At an input pulse with the strength of 6.2kV a bias 
voltage of 10-15V was sufficient to repel the  ions. After that, the influence of the time that the 
pulse source was activated has been examined. The generated field became stronger as the 
source was activated for a longer time. The cause of this increase has not been examined but 
the observation was still important for this report. Now, in the other measurements, the 
generated field was analyzed after a certain time of the activation of the pulse source. The 
signal was used that was generated 10 seconds after the activation of the source. Furthermore, 
measurements with different pulse strengths generate different plasma strengths. A stronger 
applied voltage field will increase the field generated by the plasma. This result is rather 
obvious. Finally, the electrical field generated by the plasma similar to the plasma generated in 
treatments had been discussed. A bias voltage of 30V was used to prevent an ion current to the 
sensor to occur. The results of this measurement obtained an electrical field strength of (17±1) 
kV/cm. This strength will be comparable with the strength of the electrical field generated by 
the plasma in treatments on patients.  

To improve the results of this report, pulses should be used that are more comparable with the 
pulses used on patient. The pulses in this report dampened too slow which made it possible to 
generate a plasma on other peaks rather than only the first. This has affected the obtained 
results of the electrical field of the plasma. A more suitable pulse might give more information 
about the generated electrical field. Furthermore, the obtained results for the generated field 
are only the average field over the surface. More research on the plasma generated here might 
tell more about the difference between a local field and the average among the surface. 
However, this result obtained in this report provides a good approximation of the generated 
field. 

  



 

20 | P a g e  
 

 

5 References  
 

[1] Fridman, Gregory, et al. "Applied plasma medicine." Plasma Processes and 
Polymers 5.6 (2008): 503-533. 

[2] Fridman, Gregory, et al. "Bio-medical applications of non-thermal atmospheric 
pressure plasma." 37th AIAA Plasmadynamics and Lasers Conference. 2006. 

[3] Zimmermann, U., et al. "Effects of external electrical fields on cell 
membranes." Bioelectrochemistry and bioenergetics 3.1 (1976): 58-83. 

[4] Hülsheger, H., J. Potel, and E-G. Niemann. "Killing of bacteria with electric pulses of 
high field strength." Radiation and Environmental Biophysics 20.1 (1981): 53-65. 

[5] Weaver, James C., and Yu A. Chizmadzhev. "Theory of electroporation: a 
review." Bioelectrochemistry and bioenergetics 41.2 (1996): 135-160.  

[6] Becker K H, Kogelschatz U, Schoenbach K H and Barker R J (eds)., “Nonequilibrium 
Air Plasmas at Atmospheric Pressure Series in Plasma Physics (CRC)”, (2004)* 

[7] Raizer Y.P., “Gas Discharge Physics (Springer)”, (1991) 

[8] Parvulescu, Vasile I., Monica Magureanu, and Petr Lukes. Plasma chemistry and 
catalysis in gases and liquids. John Wiley & Sons, 2012. 

[9] Sengers, W. “Cell susceptibility to and measurement of electric fields produced by 
streamers” 

[10] Blom, P.P.M. “High-power pulsed corona.” Diss. Technische Universiteit Eindhoven, 
1997. ‘ 

[11] M. van Helvoort, “Gepulse corona,” 1991. 

 [12] Kaden, H. "Wirbelstroeme und Schirmung in der Nachrichtentechnik. Technische 
Physik in Einzeldarstellungen Herausgegeben, von W. Meissner (ed.), 272–282." (1959). 

 
 

 

  



 

21 | P a g e  
 

6 Appendices 

6.1 Appendix A -- Influence of the bias voltage 
 In Fig. 23 an overview is given of the ion trajectories at the grid for different bias 
voltages used. The solid lines represent the ion trajectories and that start at equidistant  points 
away from the grid and the dashed lines represent the ion trajectories that end at equidistant 
points on the sensor. In the top figure, a sufficiently high enough bias has been used with an 
opposite polarity of the applied high voltage that generates the electrical field. This will cause 
all the solid lines to reach the sensor as it can be used as an ion sensor. The measured signal of 
the sensor now exists of all the ions present in the plasma and a part of the electrical field 
lines. In the middle figure no bias voltage is present and only a part of the ion trajectories will 
end on the sensor. A generated signal on the sensor will consist of a part of the electrical field 
lines and a part of the ions that reached the sensor. In the bottom figure, a bias voltage is used 
with the same polarity as the applied  high voltage in the system. Now only a negligible part of 
the solid lines will end on the sensor. The received signal from the sensor will thus only 
consist out of the  part of electrical field lines that passes the grid. The sensor can now be used 
as an E-field sensor which has been done in this report [10]. 

 

Fig. 23: Overview of the electric field lines at the grid for different bias voltages used. Solid lines represent the ion 
trajectories and that start at equidistant  points away from the grid. Dashed lines represent the ion trajectories that end at 
equidistant points. In the top figure, a bias has been used with opposite polarity of the applied high voltage. In the middle 
figure no bias voltage is present. In the bottom figure a bias voltage is used with the same polarity as the applied high voltage 
[10]. 
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6.2  Appendix B -- Comparison between obtained signals 
 An overview  of the obtained signals of the sensor are given in Fig. 24. These are the 
signals of a measurement with the plasma plaster using an input voltage pulse of 6.5kV and a 
bias voltage of 30V with the same polarity as the input voltage. The signals have been 
normalized to compare them with each other. The black signal is the signal received from the 
sensor. The red signal is the applied voltage over the plasma plaster and the orange signals is 
the derived electrical field generated by the plasma. Now the regions with  ‘noise’ that can be 
observed at the black signal is not noise. This is the signal received whenever a plasma occurs. 
The regions of the plasma are received at the same time a peak is generated by the input pulse. 
Now the first peak (1) is most relevant for this report. The second peak (2) and mostly the 
third (3) and the fourth (4) peak of the pulse will be smaller at the pulse used on patients. The 
plasma generated at these peaks will also be smaller in that case. The plasma at the first peak 
generated a negative electrical plasma field as can be observed in the orange signal. A small 
negative peak (2) will results in a small upslope in the plasma field but whenever the peak is 
most negative (3) it will generate the strongest positive field. This results in the steepest 
upslope in the orange signal. The small positive peak (4) only has little influence on the 
generated field. Now as has been mentioned before, the pulse used on patients will damp out 
more quickly so that only the first peak and maybe the second peak will be relevant for the 
field generated on patients. In the orange signal this concerns  the negative generated field.  

 

Fig. 24: Overview of the normalized obtained signals to use for comparison. The black line is the signal generated by the 
sensor. The red line is the signal of the input voltage over the plasma plaster and the orange line is the derived electrical field 
generated by the plasma. 
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