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Abstract— This paper discusses and simulates the Compact High Impulse Marx DC Generator (CHIVMG). The 
high impulse voltage (more than 30kV/cm) is generated by this compact Marx generator. The deep analysis and 
design of this generator is discussed. After derivation of the transfer function of the Marx generator, stability 
and its ability to generate high impulse voltage is thoroughly discussed. A 15 stages prototype is built to verify 
the design, and the high impulse voltage is generated. With a peak of 1 kV and rise and fall times of 10 ns and 1 
ns, respectively, the input voltage is configured as a pulse voltage. The Marx generator's final spark gap has a 
peak voltage of 50 kV. Additionally, the capacitances' charging time constant is roughly 700 ms. The capacitance 
discharges with a time constant of roughly 320 ms. Together with the chosen parameters and the discussed 
mathematical model, these temporal constant values accord quite well. Finally, the Marx generator's 
instantaneous power consumption ranges from -4.4 Watt to 2.8 Watt because it is a high impulse voltage, low 
current generator. 

 
Keywords— Compact high voltage generator; Plasma-Facing; HVDC; High Discharge Capacity; Open Circuit 
Voltage; Marx Generator.   
     

1. INTRODUCTION  

Transmission substations contain most of the high-voltage equipments, including power 

transformers, surge arresters, circuit breakers, isolators, and high-voltage transmission line 

towers. Due to the high cost of these equipments and their importance for ensuring a 

continuous power supply, an electrical engineer's top priority should be their safety. These 

equipments must withstand not only the rated voltage, which is the maximum voltage of a 

specific system, but also overvoltages. As a result, it is required to test high voltage (HV) 

equipment during its development phase. Protecting the power system is crucial for the 

ongoing operation of the electrical power system [1-3].  

The Marx generator, named after its inventor Erwin Otto Marx, is a high-voltage pulse 

generator [1]. The high voltage can be generated using another two types named as: Van de 

Graff [2] and Tesla coil [3]. Marx's generator can be defined more precisely as an electrical 

circuit consists of resistors, spark gaps, and capacitors arranged in a way that can produce high-

voltage pulses during the charging and discharging of the capacitors by charging the capacitors 

connected in parallel using a DC current and then connecting them very quickly in succession 

to complete the discharge process. The generator uses capacitors to generate a high 

instantaneous voltage by utilizing a DC current to charge the capacitors connected in parallel, 
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and then rapidly connecting them one after the other to finish the discharge process, therefore, 

a High Voltage DC (HVDC) is generated [4], where this HVDC can be used in many 

applications such that: DC power transmission [5], Medical applications with high frequency 

applications [6, 7], etc. 

In accordance with IEEE standards, the rectification process is the most effective way to 

generate high voltage DC. The rectification process involves producing a higher DC voltage by 

cascading multiple voltage circuits from half wave rectification circuits known as Greinachers 

voltage doubler, see Fig. 1 [8]. 

The modern Marx generators that employ a semiconductor switch suffers from the 

isolation problem between output high voltage and switches’ control PCB which increases the 

complexity and size of the designed Marx generator [9]. 

 
Fig. 1. Greinacher voltage doubler rectifier. 

The literature proposes different types of typical high voltage Marx generators e.g., the 

coaxial Marx generator [10], this configuration increases the inductance in which the returning 

current flows to the ground via an external return conductor that maintains the coaxial 

structure. However, it is important to avoid any system inductance to prevent any unnecessary 

resonance. The stray capacitance formed between the electrodes and the ground is utilized to 

achieve overvoltage before each spark gap switch closes. This utilization results in a good 

discharge process. This signifies a high-voltage output pulse. To attain a proper wave raising 

process, suitable stray capacitances are essential [11]. 

Figure 2 illustrated the typical Nth stage Marx generator. As seen in Fig. 2, each stage 

consists of two resistances, one capacitor and one spark gap (SG). The gaps between sparks are 

arranged sequentially from the first to the last spark. This is because all spark gap switches 

could fire one after another. Typically, the self-breakdown sequence activates the initial stages 

of a Marx generator. It is crucial for the non-triggered Marx generator operation [12-16]. 

 
Fig. 2. Conventional Nth stage Marx Generator. 
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Since all of the literature focuses on huge scale design, the goal of this paper is to develop 

a very Compact High Impulse Marx DC Generator (CHIVMG). This design could save money 

and space, and it could be used to a variety of specialized uses, such testing some electrical 

equipment such as low and medium voltage cables. The input voltage is set up as a pulse 

voltage with a peak of 1 kV and rise and fall times of 10 ns and 1 ns, respectively. The final 

spark gap of the Marx generator has a 50 kV peak voltage. Furthermore, the charging time 

constant of the capacitances is approximately 700 ms. The time constant for the capacitance's 

discharge is around 320 ms. These temporal constant values agree fairly well with the selected 

parameters and the mathematical model that was explained. Finally, because the Marx 

generator is a high impulse voltage, low current generator, its instantaneous power 

consumption falls between -4.4 and 2.8 watts. 

The rest of the paper is organized as follows: Section 2 provides the design of Compact 

High Impulse Voltage Marx Generator. In Section 3 illustrates the simulation results and 

practical results. Finally, Section 4 concludes the work.  

2. DESIGN OF COMPACT HIGH IMPULSE VOLTAGE MARX GENERATOR  

In this paper a 15 stages compact of Marx generator is analyzed, designed and simulated. 

The circuit is illustrated in Fig. 2. The AC voltage is rectified using a Diode Bridge Rectifier 

(DBR) to achieve voltage pumps or DC voltage. This voltage is used to supply the compact 

Marx generator. Taking advantage of using normal grid voltage. Moreover, the stages of the 

Marx generator are symmetrical, so each stage consists of two resistance, capacitance, and 

spark gap. 

2.1. Operating Stages of Marx Generator:  

To generate the desired high voltage using Marx generator, the circuit has three stages 

discussed as follows: 

• Charging the Marx generator’s Capacitances: As seen in Fig. 2, the capacitance of each 

stage is charged from the rectified voltage (Vrect) through the stage resistances (top and 

bottom). This charging process has an overall time constant (at the last stage) which can 

be determined by [4]: 

𝜏𝒄𝒉𝒂𝒓𝒈 = 𝑁2𝑅𝑡𝑜𝑡𝐶𝑡𝑜𝑡                                                                                                                        (1) 

Where Rtot, and Ctot are the equivalent resistances and capacitances in the Nth stage Marx 

generator. From (1) it should be noticed that the increasing number of stages increases 

the time constant of the charging stage.  A suitable enough time constant should be 

selected to ensure fully charged the last stage capacitance. But more electrical stress on 

the selected components occurs for longer time constant which may cause failure in the 

selected devices [17, 18]. 

• Erection of Marx generator: During this stage, the erection of the Marx generator 

consists of successively closing the spark gaps to convert the capacitors from a parallel 

(charging stage) to a series configuration (preparing to discharging stage). This stage is 

initiated when the event of a spark gap switch firing occurs due to an increasing voltage 

across the residual stages [17, 18]. The voltage across the spark gap must exceed the DC 

self-breakdown voltage which is important for reliable operation of Marx generator 

(self-breakdown) [17, 19]. 
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• Discharging the Marx Generator’s Capacitors: during this stage, the Marx generator 

has two sub-periods can be described as follows: the first one when the final stage (final 

output spark gap) does not have a spark. The second one when the last spark gap 

discharges into the load [17]. It is supposed that (to simplifying the analysis) the 

discharging time is equal for the two sub-periods, and it is half of total discharging time. 

This discharging time of each stage is given by: 

𝜏𝑑𝑖𝑠𝑐ℎ =
𝑅𝐶

2
                                                                                                                    (2) 

The load impedance must have a constant time is lower than the discharging time stated 

in Eq. (2). 

2.2. Analysis of Equivalent Circuit of Marx Generator 

Figure 3 shows the equivalent circuit of the Nth stage Marx generator. The simple 

equivalent circuit has a DC input voltage equals to N*Vrect in parallel with the first stage 

equivalent capacitance C1 which has the half capacitance of C (two capacitance in series per 

stage). Then spark gap is also shown in the equivalent circuit, this spark gap depurates the 

input side from the output side. The total resistance of Nth stage Marx generator is equals to 

(Rt=0.5*N*R) [17-19]. The load is selected as pure capacitance (CL).  

 
Fig. 3. Equivalent Circuit of Nth Marx generator. 

To estimate the load voltage of the Marx generator (The system will be described in 

Laplace from), the following procedure is followed:  

The equivalent impedance of Fig. 3 (in Laplace domain) is given by: 

𝑍𝑡𝑜𝑡(𝑠) =
1

𝑆𝐶1
+

𝑅𝑡𝑜𝑡
1

𝑆𝐶𝐿
⁄

𝑅𝑡𝑜𝑡+1
𝑆𝐶𝐿

⁄
                (3) 

Simplifying Eq. (3) yields: 

𝑍𝒕𝒐𝒕(𝑠) =
(𝑅𝑡𝑜𝑡(𝐶𝐿+𝐶1))𝑆+1

𝐶𝐿𝐶1𝑅𝑡𝑜𝑡𝑆2+𝐶1𝑆
                            (4) 

The load voltage is given by: 

𝑉𝐿(𝑠) =
𝑉𝑖𝑛

𝑆

1

𝑍𝑡𝑜𝑡(𝑠)

𝑅𝑡𝑜𝑡

𝐶𝐿𝑅𝑡𝑜𝑡𝑆+1
                           (5) 

Simplifying Eq. (5) gives: 

𝑉𝐿(𝑠) =
𝑉𝑖𝑛

𝑆

𝐶𝐿𝐶1𝑅𝑡𝑜𝑡𝑆2+𝐶1𝑆

(𝑅𝑡𝑜𝑡(𝐶𝐿+𝐶1))𝑆+1

𝑅𝑡𝑜𝑡

𝐶𝐿𝑅𝑡𝑜𝑡𝑆+1
                          (6) 

This gives: 

𝑉𝐿(𝑠) =
𝑉𝑖𝑛 (𝑅2

𝑡𝑜𝑡𝐶1𝐶𝐿𝑆+𝐶1𝑅𝑡𝑜𝑡)

𝑅𝑡𝑜𝑡
2(𝐶1+𝐶𝐿)𝐶1𝑆2+(𝑅𝑡𝑜𝑡𝐶1+(𝐶𝐿+𝐶1))𝑆+1

                       (7) 

As seen from Eq. (7) has one zero and two poles. Solving Eq. (7) to find the poles given 

that [20-22]: 

𝐴 + 𝐵 =
2𝐶1+𝐶𝐿

𝑅𝑡𝑜𝑡𝐶1
2+𝑅𝑡𝑜𝑡𝐶1𝐶𝐿

                                             (8) 
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where AB is given by: 

𝐴𝐵 =
1

𝑅𝑡𝑜𝑡
2𝐶1(𝐶1+𝐶𝐿)

                                                  (9) 

Moreover, the zero of Eq. (7) is given by: 

𝐷 =
1

𝑅𝑡𝑜𝑡𝐶𝐿
                                                             (10) 

Finally, the load voltage is given by (Laplace inverse of Eq. (7)) [23]: 

𝑉𝐿(𝑡) =
𝑉𝑖𝑛

(𝐴−𝐵)𝐶𝐿
𝑒−𝐷𝑡(𝑒−|𝐴|𝑡 − 𝑒−|𝐵|𝑡)                                                                                  (11) 

3. SIMULATION AND PRACTICAL RESULTS 

LTSPICE is a multipurpose circuit simulator that can carry out three primary forms of 

analysis: nonlinear DC, nonlinear transient, and linear small-signal AC circuit analysis. DC 

analysis, or nonlinear DC analysis, determines how the circuit behaves when a DC voltage or 

current is applied. This analysis is usually conducted first. The result of this analysis is typically 

called the DC bias or operating-point characteristics [27]. 

The 15 stages of Marx generator are simulated using LTSPICE. The overall circuit is 

shown in Fig. 2, and the value of the selected parameters is summarized in Table 1. The input 

voltage is set to be a pulse voltage with 1 kV peak and has risen and fall time of 10 ns and 1 ns 

respectively. The other parameters of the DC power supply are illustrated in Fig. 4. The 

simulation results are shown in Figs. 5 and 6 respectively. 
Table 1. The Marx generator components used for simulation and practical design. 

Variable Value/Unit Number of components 

Resistance 1 M-Ohm 28 

Capacitance 2nF 15 

Microwave Transformer 1:10 ratio 1 

DBR 4kV 1 

 
Fig. 4. The DC power supply parameters by LTSPICE. 

The peak voltage of the last spark gap of the Marx generator reaches 50 kV (Fig. 5). 

Moreover, the time constant during the charging of the capacitances is about 700 ms. The time 

constant during the discharging of the capacitance is about 320 ms. These time constants values 

agree very well with Eqs. (1) and (2). 

 As expected from Marx generator, the low current passes through each stage of the 

generator due to the large resistance involved in each stage. See Fig. 6. Finally, the Marx 
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generator is a high impulse voltage, low current generator, therefore, its power consumption is 

too low as illustrated in Fig. 7. The instantaneous power in Fig. 7 shows that the power 

consumption varies from -4.4 Watt up to 2.8 Watt. 

 

 
Fig. 5. The voltage across the last spark gap of Marx generator. 

 
Fig. 6. The current in the last stage resistance of Marx generator. 

 
Fig. 7. The instantaneous power of Marx generator. 

 

In the practical design of Marx generator, 15 stages are soldered as seen in Fig. 2. The 

main target of this design is to trigger a spark between a spark gap of each stage. As illustrated 

in Fig. 8, the spark is clearly seen across the second stage gap (labeled in red circle).  



Jordan Journal of Electrical Engineering. Volume 11 | Number 3 | September 2025  497 
 

 

 
Fig. 8. The compact Marx generator (only seen the first three stages with spark). 

4. CONCLUSIONS 

The Compact High Impulse Marx DC Generator (CHIVMG) is designed, simulated and 

tested in this paper. This Compact Marx generator produces a high impulse voltage (over 30 

kV/cm). This generator's design and in-depth study are covered. The Marx generator's 

transfer function is derived, and then its stability and capacity to produce high impulse voltage 

are thoroughly discussed. To validate the design, a prototype is constructed, and a high 

impulse voltage is generated.  With a peak of 1 kV and rise and fall times of 10 ns and 1 ns, 

respectively, the input voltage is configured as a pulse voltage. The Marx generator's final 

spark gap has a peak voltage of 50 kV. Additionally, the capacitances' charging time constant 

is roughly 700 ms. The capacitance discharges with a time constant of roughly 320 ms. 

Together with the chosen parameters and the mathematical model discussed, these temporal 

constant values accord quite well. Finally, the Marx generator's instantaneous power 

consumption ranges from -4.4 Watt to 2.8 Watt because it is a high impulse voltage, low 

current generator.  
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