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Abstract 
 

This paper presents the possibility of utilizing a current 
source topology instead of a voltage source as an 
efficient, flexible and reliable power supply for plasma 
applications. A buck-boost converter with a current 
controller has been used to transfer energy from an 
inductor to a plasma system. A control strategy has also 
been designed to satisfy all the desired purposes. The 
main concept behind this topology is to provide high 
dv/dt regardless of the switching speed of a power switch 
and to control the current level to properly transfer 
adequate energy to various plasma applications.  
 
 

I. INTRODUCTION 
 

Excessive power losses in plasma generators reveal that 
a review on power supply properties is necessary to 
improve the efficiency of plasma systems. A high DC 
voltage level with high dv/dt imposed over electrodes, 
causes plasma reaction resumption and during this period 
of time, an undefined current flow through the plasma 
system may lead to heat generation. Thus, a control on 
current flow seems to be crucial for power consumption 
and improving efficiency. 

Conventionally, magnetic pulse compressors [1] and 
multistage Blumlein lines [2] were utilized to generate 
high voltage for pulsed power applications. Even today, 
there is wide usage of voltage source topologies such as, 
either diode-capacitor multipliers, including Dickson 
charge pump [3] and Cockroft-Walton multiplier [4, 5] or 
Marx generators [6, 7] to feed plasma applications. As 
shown in Fig. 1 (a), these configurations can be modelled 
with a charged capacitor which is connected in parallel to 
the electrodes energizing the material to form plasma. Fig. 
2 (b) shows a Marx generator as the most popular circuit 
which works based on the idea of charging capacitors in 
parallel and getting higher voltage during discharging 
mode while they are connected together in series. In these 
configurations, the capacitor’s high voltage over 
electrodes resumes plasma formation. In the process of 
plasma generation, a kind of low impedance happens 
across the electrodes which may discharge the capacitors 
acting as a voltage source. This high current may cause 
the capacitor to get fully discharged and a considerable 

proportion of the stored energy to get lost. This 
phenomenon naturally consumes extra power while there 
is no control on the circuit to stop current flow through 
the low impedance circuit. In fact, there is no necessity to 
feed the electrodes at the time of this incident. The system 
efficiency will be influenced by an effective and smart 
current source which controls and limits power flow to a 
plasma system. 

On the other hand, a current source has been known as 
the most appropriate power supply for capacitive loads, 
while voltage source is suitable for inductive loads. As 
shown in many previous investigations, plasma acts 
mainly as a variable capacitive load and it supports the 
idea of supplying it via a current source topology. 
 

Figure 1. (a). Block diagram of high voltage source 
topology (b). N-stage Marx generator 
 

A modified positive buck-boost converter operating in a 
discontinuous conduction mode with a current controller 
is a novel suggestion for feeding plasma systems. This 
topology can be an appropriate substitution for a voltage 
source configuration, in which it can be modelled as a 
shunt current source. In fact, the main idea of this circuit 
is to control the current source magnitude to control 
delivered energy to a plasma system. The detailed concept 
of the topology including circuit elements, configuration, 
control blocks and operation modes are explained in the 
following section. 
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Figure 2. (a). A circuit diagram of current source topology (b)&(c). Operation modes of the current source topology 
supplying a plasma load 
 
 

II. CURRENT SOURCE TOPOLOGY 
 

As mentioned, this paper aims to investigate the 
advantages of a current source for different plasma 
applications. Therefore, a non-linear resistive and 
capacitive load is used to model plasma reaction 
behaviour approximately with features close to its real 
characteristics. As shown in Fig 2(a), a small capacitor 
connected in parallel to a big resistor is used to model a 
plasma system, while the resistor will be substituted by a 
small one to simulate the conducting mode. In order to 
simulate reactions taking place in a plasma system, the 
switch 3S  turns on frequently, and connects the small 
resistance to the system.  

As can be seen in Fig 2(a), the first switch, 1S , controls 
the current flow through the inductor based on a 
hysteresis band method. A detailed description of the 
hysteresis current control method is described in Fig.3. 
The stored energy in the inductor can potentially be 
delivered to the plasma system. Hence, charged inductor 
representing the current source for a plasma load. The 
next switch, 2S , controls delivered energy to the plasma 
system and the current level through the inductor. When 

2S  is turned on, the voltage source, inV , charges the 
inductor and when the switch is turned off, the stored 
energy will be transferred in to the load.  

One of the most significant advantages of this 
configuration is having control over the load current and 
voltage so that it is possible to stop power supply at 
unnecessary times and prevent power loss by a feedback 
from the load. The other benefit of this topology is the 
simplicity of the circuit, which consists of a DC voltage 
source, two switches, an inductor and a diode. In this 
topology, there is no extra capacitor in parallel with the 
plasma system as the current source can generate 
significant dv/dt and delivers energy to the load. It is also 
possible to add a small capacitor in parallel with the 
plasma system and the capacitance value can be selected 
based on a pulsed power level. 
 
A. Hysteresis Current Controller  

To control the inductor’s current level and determine 
the switching signal, a hysteresis current control is used. 
Supposing that the second switch is turned on, the first 
switch can control the current through the inductor. When 
the first switch, 1S  is turned on, the voltage source is 
connected to the inductor and it raises the inductor 
current. When the inductor current exceeds the upper 
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( IIref
Δ+  a comparator detects the current level 

and turns off the switch, 1S , in order to keep the current 
between the bands. In this case, the inductor current 
circulates through the diode, 1D , while the voltages of 
diode, 1D , and switch, 1S , appear negatively across the 



inductor and slightly discharges the inductor as shown in 
Fig.3. When the load current crosses the lower band, 

)
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procedure continues frequently. 
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Figure 3. Hysteresis band current control 
 

This control method provides an adjustable and 
controllable current source to supply a plasma system. 
The switching frequency of the current source converter 
should be as low as possible to minimise switching power 
losses. As it is obvious in Eq. 1, switching frequency is 
defined as a function of the inductance value, L, the 
voltage over the inductor, LV , and the hysteresis band 
height, IΔ . 
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To reduce switching losses, the discharging time should 
be increased and this means that the negative voltage drop 
across the inductor should be reduced. It is also possible 
to increase the switching time by increasing the hysteresis 
band height, but the current ripple should be taken into 
account. The inductance value and the input voltage can 

also determine the switching frequency. However, for a 
plasma system, maximum pulse per second which is 
supported by the current source is an important factor. 
This means that if the inductor is discharged, a minimum 
time to charge the inductor from zero current to maximum 
current determines the charging current. The other factors 
relate to cost and size issues to select an inductor. This 
means that a small inductor is preferred.  
 
B. Voltage Level and Switching Stress 

The most important parameter in a plasma generation is 
dv/dt and high voltage level. The high voltage will be 
generated when the buck-boost converter works in a 
discontinuous conduction mode. The voltage over the 
electrodes will be dramatically increased since the 
electrodes have a capacitive characteristic and can be 
modelled as a small capacitor. In this mode, a 
considerable amount of current would be pumped into the 
capacitor from the inductor in a short period. Thus, if the 
inductor gets fully discharged through the capacitor, the 
voltage across the plasma system can be found to be as 
follows: 

22

2
1

2
1 CVLI =  & 

C
LIV .max =   (5) 

The dv/dt across the capacitor depends on the current 
through the capacitor. In fact, a power switch, 2S , has a 
minimum switching time, but dv/dt across the capacitor 
can be expressed as follows:  

dt
dvCtiC =)(  & 

C
ti

dt
dv C )(=   (6) 

To model a plasma load, a small capacitor is connected 
in parallel to a big resistor while both are connected to a 
small resistance through a switch. Hereby the resistivity 
and conductivity of the load during plasma reaction will 
be simulated for the power supply. 

Fig. 4 shows the capacitor voltage and current 
waveforms. It can be noted that based on Eq. 6, at 
different current levels, different (dv/dt) s will be 
obtained. This shows that in this method, the voltage 
stress over electrodes may change while the flowing 
current sharply rises due to the switching transients. This 
is accurately illustrated in Fig. 5 which shows how 
different voltage stresses can be achieved while the 
current is increasing. 

As demonstrated in Fig. 5, different current levels 
which flow through the load, generate different (dv/dt) s 
over the electrodes. Therefore, the system makes a wide 
range of variable voltage stresses available during the 
current’s rise in switching transient modes. This can be 
counted as one of the most remarkable benefits of the 
current source topology in plasma systems. 

In Fig.5, we have simulated the converter at different 
inductor current magnitudes in order to explain the effect 
of capacitor current on (dv/dt). 

Generating a fast switching transient at high voltage is 
very challenging, but according to Eq. 6, (dv/dt) depends 



on )(tiC  and capacitance value, LoadC . During a 
switching transient, the current through the switch 2S  
decreases while through the capacitor it is increased. For 
example, if LoadC  is 50pF and the capacitor current is 1A, 
according to Eq. 6, (dv/dt) is 20 V/ns. When the capacitor 
current is increased, (dv/dt) is increased. In fact, with a 
normal switch (not very fast) we can create a significant 
(dv/dt) across the load when a total capacitance connected 
to the current source (in this case, the load capacitance) is 
not very high. The variation of (dv/dt)s in the transient of 
switching can be seen in Table.1. 
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Figure 4. Voltage and current of modelled capacitor with 
100A inductor current 
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Figure 5. Voltage and current of modelled capacitor with 
20, 40, 60, 80 and 100A inductor current 

Table 1. Variation of (dv/dt)s in the transient of switching 
Capacitor current (A) dv/dt (V/ns) 

20 0.17 
40 0.28 
60 0.45 
80 0.6 
100 0.8 

 
 
C. Power Losses Issue: 

As already discussed, after plasma forming, the material 
resistance between the reactor electrodes markedly falls to 
an insignificant value which causes impractical power 
consumption inside the plasma system. To stop this, a 
voltage feedback from the electrodes is very likely to 
work. With regard to this idea, a control block monitoring 
the voltage over electrodes closes 2S  as soon as it 
becomes less than a defined amount. This means that the 
system intelligently identifies that the plasma is formed 
and it’s going to be a short circuit in the system so that it 
can distinguish plasma reaction from its consequent 
incident and manages to stop plasma energizing in order 
to prevent excessive heat generation and power losses in 
plasma systems.In the load supplying mode in Fig. 2(c), 
the current source consists of the inductor which delivers 
the stored energy to the load. The energies in the current 
source inductor and in the load capacitor are calculated as 
follows: 
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      (9) 
The load capacitance is considerably low, therefore, the 

stored energy inside it is negligible. In regard to this fact, 
the stored energy in the inductor comprises most of the 
energy delivered to the load. Even when the capacitor is 
getting charged, since the current is not sufficient for 
plasma forming, there may actually be some 
microplasmas energized by the energy stored in the 
capacitor. The small capacitance cannot store high 
amounts of energy, so the power loss is not significant. 

The above equations indicate that the output voltage 
over the electrodes is variable, based on the circuit 
inductance and the current flow through it. It is not 
possible to elevate inductor current since the inductor may 
become saturated. 
 
 

III. EXTRA CAPACITOR 
 

In some applications, it may be useful to put a small 
capacitor in parallel with a load storing energy in 



charging mode and delivering it to the load. Connecting a 
capacitor in parallel with the load can improve the 
performance of the system for the expressed situation. It 
acts as extra energy storage and positively interferes in 
energy supply, so the inductor current will be kept far 
from massive tolerances. In the process of energy 
delivery, the stored current in the inductor will be pumped 
into the capacitor and will create voltage stress. Because 
the equivalent capacitance of the circuit has been 
increased, the voltage stress will be decreased according 
to Eq. 1.  

The total delivered energy to the load, consisting of 
stored energy in the inductor and capacitor, can be 
defined as: 

extraCLLoad EEE +=
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Inductor, extra capacitor and load energies shown in 
Fig. 6 can confirm above statement. In the first mode 
which starts from 4.9993 ms and continues to 4.9998 ms, 
25mj of inductor energy is delivered to the capacitor, 
while in the load supply mode in the period of 4.9998 to 5 
ms this stored energy in the capacitor accompanied by the 
6.5mj energy delivered directly from the inductor are 
transferred to the load. As shown in Fig. 6(c) the 
summation of these energies which is 31.5mj is received 
by the load 
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Figure 6. (a). Inductor energy (b). Capacitor energy (c). 
Load energy 
 
 

III. SUMMARY 
 

This paper presents the possibility of utilizing a current 
source topology instead of a voltage source as an 
efficient, flexible and reliable power supply for plasma 
applications. The benefits of employing this topology 
instead of a voltage source are: to decrease power losses 
with controlling current flow through the load and the 
flexibility of generating different voltage levels and 
(dv/dt) s while having control on the duty cycle of the 
switches. Additionally, the topology has the capability of 
being set for a range of various applications. Moreover, 
the simplicity of the topology and its control strategy is 
another significant advantage of this concept.  
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