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Design of 4-stage Marx generator using gas discharge tube
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1. INTRODUCTION

High impulse voltage generation has been developed since 19th century. In order to generate high
impulse voltages, voltage multiplier is necessary. Marx generator is a circuit with multi-stage voltage
multiplier [1, 2]. Since the Marx generator has many applications in various fields, it has been attracting
many researcher’s attention, for example development of 6-stage Marx generator with 100 kA output and
12-stage Marx generator with 5 kJ output [3, 4], switch-capacitor cells used for solid-state Marx generator to
produce -4 to 4-kV amplitude is presented in [5], pulse-forming network based Marx generator was reported
in [6], and output voltage characteristics based on spark gap breakdown voltage was evaluated in [7].
On the other hand, the Marx generator is also useful for charging storage capacitor (SC) of voltage-current
impulse generator. Step-up dc-dc converter or transformer is also available to support the SC charging.
Increasing turn ratio of transformer means increasing voltage [8-9]. However, it has disadvantages of
big dimension, heaviness, core losses, high cost, and tend to be non-portable [10-12]. Combinational
(voltage-current) impulse generator is not easy to achieve commercially. However, requirement of the
combinational impulse generator is needed for testing safety equipment against high voltage. The combinational
impulse generator must follow the IEC 61000-4-5 standard [13].

In order to generate impulse voltages up to 2 kV, usually Marx generator uses air as a medium for
isolation of breakdown voltage on the spark gap. Magnitude of breakdown voltage is influenced by
air temperature, air pressure, air humidity, distance between electrodes, and kind of electrodes [14].
Gas discharge tube (GDT) is well known as a protective device [15-19]. In this work, design of a 4-stage,
compact, inexpensive, and portable Marx generator circuit with GDT as an isolation medium is proposed
and evaluated experimentally.
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2. PROPOSED MARX GENERATOR SPECIFICATION

This section describes the details of a 4-stage Marx generator designed for charging SC. The Marx
generator circuit uses GDT as spark unit. The goal is to achieve charging SC up to 4 kV during maximum
10 seconds. The Marx generator circuit, shown in Figure 1 [20], is made of number of resistors and
capacitors arranged in 4 stages to get higher voltages. The arrangement makes the capacitors to be charged in
parallel and then discharge in series. Serial discharge makes the output voltage multiplied due to the number
of stages. In this research, the output voltage is multiplied 4 times. The serial discharge happens after
the GDT breakdown. The output voltage is expressed in (1). When each stage generates a different voltage,
the output voltage of n-stage is expressed by (2).
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Figure 1. Circuit schematic of a 4-stage Marx generator with GDT

The GDT is an electronic component with gas plasma and used to eliminate transient voltage.
As a protective device, the GDT has high insulation resistance, low capacitance and low leakage current to
ensure minimal effects on normal equipment operations [21]. In simple terms, the construction of the GDT
consists of two or more electrodes. Inside the GDT, there is a gas-filled gap as an insulator. When spark over
value of the GDT is reached by voltage disturbance, virtual short will happen. Two-electrodes GDT is
symbolized in Figure 1 with names of G1-4 and physically shown in Figure 2 [22]. When DC voltage source
(Vin) is given to the circuit as shown in Figure 1 capacitors will be filled in parallel. This is called as charge
mode. Then, at a certain voltage level or when the voltage reaches the breakdown voltage value, the spark
gap will work and break through. It causes the first stage capacitor will be connected in series with
the second stage capacitor. It happens similarly for the next stage. In this condition the spark gap has function
as a closed switch. After the spark occurs, the voltage of each stage will be added to the next stage because
of the series. After that, the capacitor works as a voltage source, so that the output voltage (Vout) is equal to
n x Vc. This is called as release mode. Finally, the input voltage is multiplied.

Figure 2. Physical display of GDT

There are two methods for charging a SC, namely charging by rectifying high AC voltage and
charging with another capacitor (flash charging). In order to charge the SC, both methods must have higher
voltages than the SC voltage. It is intended that the current can flow from higher voltage to lower voltage.
The first method rectifies the high AC voltage from a step-up transformer to DC voltage. However, this
method has various disadvantages, especially in the transformer. Step-up transformer is heavy and has
an expensive price, wide dimensions, and various electrical losses. The second method has advantages in
charging time. For the same voltage charging, the capacitor method is faster than the transformer one.
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The output voltage produced by the Marx generator circuit takes the form of a very short impulse.
The output voltage of the Marx generator circuit is expected to produce a voltage of 6 kV. Determination of
the number of stages (n) is based on the source of the Marx generator circuit voltage supply. The voltage
source available in the laboratory has maximum output of 2 kV, in order to reach 6 kV, 4 levels are needed
according to (1).

The Marx generator circuit realization is shown in Figure 3 and charged by input voltage of 1.5 kV.
Resistor value is generally in the range of 10 Q to 100 kQ. Firstly, 10 kQ 5W was chosen since it is easy to
get in the market [23]. In order to avoid voltage stagnation, minimum value of the capacitor in the Marx
generator circuit is 0.1 nF. Since it is easy to get in the market, capacitor with 10 nF 3kV was chosen.
Ten capacitors are parallelized in each stage to get a value of 100nF [24]. Based on (1) and V;,=1.5 kV, each
stage will have 1500 V voltage. Determination of the GDT value is based on the voltage at each level of
the capacitor. Therefore, the suitable GDT is the one with DC spark-over voltage of 1500 V. It is intended
to generate 6 kV output voltage for open circuit and 4kV output voltage for storage capacitor (based on
IEC 61000-4-5).

Figure 3. Realization of a 4-stage Marx generator with GDT

3. RESULTS AND DISCUSSION

The 4-stage Marx generator was realized for voltage multiplier applications. Some experiments
were done to evaluate the performance of the Marx generator. The experimental results are presented based
on open circuit (no load) output voltage and SC loaded output voltage (also confirm charging time).
The performance data are presented using Hantex MSO5074FG oscilloscope and high voltage probes that
have 1000x attenuation with volts/div=2kV/div and time/div of 20pus/div, so that the output waves can be
clearly visible. Experimental setup is presented in Figure 4. The distance of each component, cable and
electric potential is designed far apart to avoid breakdown voltage. Referring [25], in case of potential 6 kV
and 0 volt, it must be separated by minimum distance of 2 cm. Release of capacitor charge can use a circuit
consisting of inductor and resistor connected in series to meet the over damped technique. The release of
the SC charge uses an inductor that has an insulator. The insulator must be capable of holding the maximum
voltage of the SC, which is 4 kV.

I

Figure 4. Experimental setup

3.1. Output voltage with no load

In this sub section, experiment based on output power is discussed in detail. Marx generator circuit
used in this experiment is the same as Figure 1. Each stage of the Marx generator uses 10 kQ 5 watt resistor
as shown in Figure 3. The resistor R; is broken after being charged by input voltage of 1500 V. When G,
is connected as short circuit, condition of stage 1 is illustrated in Figure 5. Then, current flows through R;
(lin) and is calculated as follows.
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In this case, the resistor cannot handle the current of 0.075 A. Then, the power absorbed by the R; is derived
as follows.

P=12xR,
=0.075% x10000 4)
= 56.25W

R3

Figure 5. Illlustration when G1 is short circuit

As mentioned before, the R; breaks, the output voltage of the Marx generator is 2.8 kV, as shown in
Figure 6. Then, the Ry, R,, and R; are changed by resistor of 1 MQ 1 W. By using (3, 4), the current flows
through R; can be limited until 0.75 mA with power loss of 0.5625 W. Finally, with no load condition,
the marx generator can produce impulse output voltage of 6.8 kV as shown in Figure 7.

Hantek ./ [#] i

Figure 6. Output voltage with no load (R=10kQ 5W)
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Figure 7. Output voltage with no load (R=1 MQ 1W)

3.2. Output voltage with SC loaded

Experiment with SC loaded follows the circuit in Figure 1, but the SC of 25 uF 12 kV is connected
to the Vo The purpose of this experiment is to find the maximum voltage when charging the SC and prove
that the impulse voltage can fill the capacitor. Charging is stopped when each GDT is short-circuit which is
indicated by no increase in voltage of the SC and no breakdown of the GDT. For safety, a 20 kV diode is
connected in series between the Marx generator circuit and the SC to prevent inverse voltage. Figure 8 shows
that the SC is charged until the voltage reaches a maximum of 1 kV. After the SC has been charged 1 kV and
there is no additional charge at the SC, input is turned off so that the charge on the SC can be discharged.
Figure 9 shows the voltage drop is very slow when the input is turned off. This is because of the small
intrinsic resistance of the SC. In this case, the Marx generator circuit could not charge the SC according to
target, i.e. IEC standard of 4 kV, because the SC capacitance is larger than the capacitor in the Marx
generator circuit. These experimental results are summarized in Table 1.
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Figure 8. Experimental result of charging SC
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Figure 9. Experimental result of release SC
Table 1. Experimental results compared with target
Target Experiment

Voltage chargedto SC 4 kV 1kV

SC charging time 10s 20s
4. CONCLUSION

In this paper, Marx generator voltage multiplier has been designed and evaluated experimentally.

Based on the open circuit (no load) experimental results, the designed 6 kV Marx generator can multiply
voltage and generate impulse voltage until 6.8 kV (peak). However, it just can charge storage capacitor with
maximum voltage of 1 kV. The designed Marx generator cannot achieve the target when it was loaded with
storage capacitor. In the future, further research on analysis of breakdown voltage of GDT is required.
Furthermore, bigger resistance value is necessary for the resistor connected series with voltage source and
first stage of the Marx generator. It will be current limiter. Development of advanced Marx generator circuit
for wider time period output voltage is needed to charge storage capacitor.
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