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Abstract— This paper describes a 10kV cascade pulsed power 

supply for discharge applications with pulse width from 5μs to 

30μs. Each cascade unit contains a main switch for generating a 

voltage switch and a chopping switch to reduce the fall time. A 

number of IGBTs are used for switching, and the driver devices 

adopt the design of pulse transformer. The trigger signal is 

generated by the H-bridge inverter circuit. The forward signal is 

used to drive the main switch, and the reverse signal is used to 

drive the chopping switch. Each unit contains a free-wheeling 

diode, which can bypass the pulsde current when the main switch 

is not turn-on; therefore, the trigger signal does not need to be 

consistent of the rise time. When the chopping switch is working, 

the trigger signal must be the same because the switches are in 

series. The reverse diode paralleled in the main switch and the 

pulse capacitor formed an active voltage balancing circuit. Since 

the capacitance is usually very large, the rise time of the 

chopping switch trigger signal does not need to be more 

synchronized. Simulation analysis proved above analysis by using 

the software of Saber 

Keywords— pulse modulator, Marx bank, cascade circuit, 

IGBTs  

I. INTRODUCTION  

The cascade high voltage modulator is a kind of MARX 

circuit, and is usually used for radio transmitters and 

accelerator power supplies. The semiconductor solid-state 

switch cascade high voltage modulator has a unique advantage. 

The DC output voltage, the square output voltage waveform, 

triangle output voltage waveform, sine output voltage 

waveform generated by controlling the switches turn-on and 

turn-off of each unit. Thus, the cascade type high voltage 

modulator can applied for generating dielectric barrier 

discharges (DBDs). 

The cascade power modulator mentioned in this paper 

has following characteristics. Each cascade unit contains a 

main switch, a chopping switch and a wheeling diode. The 

main switch adopts the kind of IGBT with anti-parallel diode. 

The wheeling diodes can make each unit work independently 

in the forward output voltage, so the main switch trigger 

signal need not be consistently applied. Because the chopping 

switch is connected in series, the trigger signals need to 

synchronize. The main IGBT with the anti-parallel diode and 

the filter capacitor of the cascade unit form a dynamic voltage 

balancing circuit. The large capacitance reduces the the 

synchronization of the trigger for the chopping IGBT.  In this 

paper, the triggers adopt the design of a pulse transformer in 

series. The trigger has good synchronization, good isolation 

characteristics. The trig signal is generated by the circuit of H 

bridge inverter.        

At the same time, we simulate the work of chopping 

switch by the Saber○R software. The chopping IGBTs in series 

can work well even if the trigger signals differ by several 

microseconds.  
This template, modified in MS Word 2007 and saved as a 

“Word 97-2003 Document” for the PC, provides authors with 
most of the formatting specifications needed for preparing 
electronic versions of their papers. All standard paper 
components have been specified for three reasons: (1) ease of 
use when formatting individual papers, (2) automatic 
compliance to electronic requirements that facilitate the 
concurrent or later production of electronic products, and (3) 
conformity of style throughout a conference proceedings. 
Margins, column widths, line spacing, and type styles are built-
in; examples of the type styles are provided throughout this 
document and are identified in italic type, within parentheses, 
following the example. Some components, such as multi-
leveled equations, graphics, and tables are not prescribed, 
although the various table text styles are provided. The 
formatter will need to create these components, incorporating 
the applicable criteria that follow. 

II. TOPOLOGY OF THE CASCADE PULSE MODULATOR 

The specifications of the 10 kV cascade high voltage 

modulator are presented as shown in Table 1. 

 
TABLE 1 SPECIFICATIONS OF THE CASCADE HIGH VOLTAGE MODULATOR 

Pulse Voltage 10 kV 

Pulse Current 20 A 

Rise Time 1 μs 

Fall Time 2 μs 

Pulse Width 5μs-50μs 

Repetition frequency 1-10 kHz 

 

Fig. 1 shows a schematic of the 10kV cascade high 

voltage modulator.  The AC output voltage is adjusted by the 



autotransformer, and it is the input of the primary winding of 

the step-up transformer. The step-up transformer has ten 

secondary windings. The output voltage of each secondary 

winding will be inductively coupled above 800V when the 

input voltage of the primary winding is 220V   

Each AC output voltage of the secondary winding can be 

converted into a DC voltage though the respective rectifier 

circuit. The capacitor C2 is charged above 1000 V by the DC 

voltage. The main switches, such as IGBT2, start to work after 

the ten units have charged.  The gate signal of the main switch 

is inductively coupled by mean of an amorphous core.    

Each cascade unit will become a pulsed power supply 

after the main switch is turned on. Ten pulsed power supplies 

stack up to form a 10 kV high voltage pulse modulator. We 

can change the sequence of the cascade pulse voltage unit by 

controlling the gate signal of the main switches. We will then 

obtain the rectangular pulse voltage or triangle pulse voltage. 

When the all main switches are turned off, the charges of 

the DBD load still exist because that the DBD load is 

equivalent to a capacitor. Because these charges are difficult 

to drain, the output pulse voltage will form a long tail. Adding 

a resistor in parallel with the DBD load dramatically reduces 

the fall-time of the voltage pulse; however, the resistor will 

consume a large amount of power during the output pulse 

voltage, which reduces the efficiency. 

The cascade unit contains the chopping switch, such as 

IGBT12, which is used to cut off the tail of the output pulse 

voltage. The chopping switch will start to work after the main 

switch stops. The stored charges of the DBD load will quickly 

discharge through the chopping switch, dramatically reducing 

the fall time of the output voltage.  

III. MAIN CIRCUIT WORKING STATUS 

Figs. 2 and 3 show the working state of the main circuit 

of the cascade high voltage pulsed power supply. If the switch 

IGBT2 turns off, as shown in Fig. 2, the current will flow 

through the bypass diode D2. If the diode D2 turns on, the 

output voltage of the cascade unit will be below 1V. If the 

IGBT2 turns on, as shown in Fig. 3, the diode will be reverse 

biased. The output voltage equals the voltage of capacitor C2.  

 

 

IV. CHOPPING CIRCUIT WORKING ANALYSIS 

The work state of the chopping circuit of the cascade unit 

is shown in Fig. 4. When the switch IGBT2 turns off, the 

switch IGBT12 turns on. When the ten chopping switches of 

the modulator turn on, the chopping switches are connected in 

series. And the storage charges of the DBD road discharge 

through these switches. Because the chopping switches are 

connected in series, the high voltage will be absorbed after the 

IGBT switch turns on. However, if the main IGBT switch, 

such as IGBT2, has an anti-parallel diode, the voltage of the 

chopping switch that turned on later would not rise much 

higher than the voltage of capacitor C2. Thus, the high voltage 

will rapidly rise over the rating voltage of this IGBT. Usually, 

the capacitance of the filter capacitor, such as C2, is large, so 

the voltage of the capacitor grows up slowly. Then the voltage 
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Fig.1 Schematic of the cascade pulse high-voltage power supply. 
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Fig.2 The work state when the IGBTs turn off 
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Fig. 3 The work state when the IGBTs turn on 
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Fig. 4 Schematic of the cascade pulse high-voltage unit 



of the switch will not rise rapidly over the rating value after it 

turns on. 

Figs. 5 and 6 show the simulation results for the 

operating process of the chopping switch. The simulator 

circuit of the cascade pulse modulator only adopts two units. 

And the delay time of the two switches is set to 2 s. We 

consider the cases where the main switch does not have an 

anti-parallel diode and one where it does.  The anti-parallel 

diode of the main switch and the capacitor of the cascade unit 

form an active voltage balancing circuit, so the voltage of the 

cutting tail IGBT can be in a safe working area. Actually, the 

delay time of the trigger is within 0.5 s.  

 

V. TRIGGER DESIGN 

We adopted a trigger unit that was inductively coupled 

by means of an amorphous core in the cascade high voltage 

power modulator. Figs. 7 and 8 present a schematic of the 

trigger and the photo of the core.  

The H-bridge converter is composed of S1 to S4 while 

the output line of the converter passes through the ten 

amorphous cores. The secondary side winding of each 

transformer core is four turns, and primary side winding is  

two turns. The secondary voltage of each transformer is ±15 V 

clamped by the Zener diode model 1N5352. When S1 and S4 

are switched on, the secondary side of transformer is 

inductively coupled 15 V trig signal to drive the main IGBT. 

When S2 and S3 are switched on, the 15V trig signal of the 

secondary winding drives the chopping IGBT. 

 

VI. CONCLUSION 

We add chopping switches in the cascade pulse 

modulator to obtain a rectangular high voltage output 

waveform.  These chopping switches are connected in series 

when they are driven simultaneously. A diode placed anti-

parallel with the main IGBT and the filter capacitor of the 

cascade unit form an active voltage balancing circuit, so the 

chopping IGBT can work safely. 

To create the gate signal for the switch IGBT of this 

cascade high voltage pulse modulator, we adopt a trigger unit 

that is inductively coupled by an amorphous core system. The 

trigger is synchronous, simple and reliable. Meanwhile, this 

trigger design can throw away the power supply, which is 

complex and needs to be isolated, greatly reducing the volume 

of the cascade unit module.  

 

 

 
Fig.5 Simulation of the voltage of the chopping IGBT where the main 

switch does not have an anti-parallel diode 

 
Fig. 6 Simulation of the voltage of the chopping IGBT where the main 
switch has an anti-parallel diode. 
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Fig. 7 Schematic of the inductively coupled trigger. 

 
Fig. 8 Photograph of the inductively coupled amorphous core. 
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