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Abstract—In the Traditional series-connected MOSFETs 
circuit, each of MOSFET requires a separate external drive 
circuit, and every drive circuit must be isolated from each other 
magnetically or optically. This results in increased circuit 
complexity. Furthermore, the differences of drivers in 
transmission delay will cause overvoltage and overheating on 
semiconductor devices, which will threaten the safety of the 
devices and the entire circuit. In order to decrease the circuit 
complexity of the series-connected MOSFETs module, and 
improve the working stability, turn-on speed and portability of it, 
this paper has designed a new series-connected MOSFETs 
structure which only requires one single external gate driver to 
control it. The module consists of ten 1200V SiC MOSFETs. The 
function of the driver is to trigger and turn off the first MOSFET, 
and the rest of the MOSFETs are turned on and off by the 
trigger capacitors. The capacitances of trigger capacitors have 
significant influence on synchronization of the module, which 
have been researched through experiments and simulations. 
After the synchronization was improved, performance 
parameters of the module can reach to the following points: 
repetitive frequency over 10kHz, blocking voltage over 8kV, on-
state current 20A, and rise time 15ns. The module is lightweight, 
reliable and easy to use, and has good application in the 
repetitive frequency pulse power system. 
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I. INTRODUCTION 
Repetitive frequency nanosecond pulse technology has extensive application prospects in many fields such as material processing, chemical synthesis, biomedicine, disinfection and sterilization, and environmental protection [1-3]. Nowadays, higher requirements have been put forward for nanosecond pulse sources in miniaturization, stability, and waveform controllability. 
   The traditional nanosecond pulse generation technology uses gas switches to generate a pulse voltage. But gas switches are cumbersome and can’t be used in high repetitive frequency  and high reliability applications [4-6]. The semiconductor switches can be controlled flexibly through external driving. It is favored in the development of miniaturized high-voltage pulse power supply. The semiconductor devices used in the current research mainly include IGBTs, MOSFETs, and avalanche transistors. Among them, MOSFETs have faster turn 

on speed than IGBTs and higher blocking voltage than avalanche transistors. However, due to the limitation of the blocking voltage of a single device, MOSFETs must be stacked to meet the requirements of high voltage applications.  
This paper has designed a new series-connected MOSFETs structure which only requires one single external gate driver to control it. The pulse generator using only one MOSFETs module can generate a square pulse that has 10kHz repetitive frequency, 8kV voltage magnitude, 15ns rise time. 

II. EXPERIMENTAL CIRCUIT AND PRINCIPLE 
A. Experimental Circuit 

The experimental circuit is shown in Fig. 1, and it can be simply described as four parts: the DC source, the charging capacitor, the switch and the load. When the switch is off, the DC source charges the capacitor. When the switch turns on, it connects the capacitor with the load to generator the pulse.  

 
Fig. 1. The circuit structure of the pulse generator. 



B. Operating Principle of the MOSFETs Module 
 Off state: The driver output maintains a negative level and all MOSFETs are in the off state. The off-state resistance of the MOSFET M1 to M10 is much larger than the 1MΩ voltage-balancing resistor R1~R10 connected in parallel with it. The voltage is basically evenly distributed. And the gate trigger capacitors C2 to C10 are charged to source potentials (drain potentials of M1 to M9) of M2 to M10 through Corresponding bleeder resistors R12 to R20. During the trigger capacitor charging process, the voltage drop of the bleeder resistor will clamp the gate of M2 to M10 to a negative voltage. After the charging process is completed, the bleeder resistor can discharge the induced charge generated from the gate in time, making the M2 to M10 will not false triggering. In fact, the trigger capacitors start to charge during the turn off process of last cycle of the series module, but the trigger capacitors accomplish charging process in the off state. 
 Turn on process: The drive output rises from negative level to positive level, M1 is first turned on, its drain-source voltage drops rapidly. That is, the source potential of M2 drops rapidly. The bleeder resistance can be approximated as an open circuit in the transient change of nanoseconds. So the opening process of M1 will cause the trigger capacitor C2 to perform a quick charge on the gate capacitance CGS2 of M2. When the voltage of CGS2 reaches the opening threshold of M2, M2 will also turn on, and its drain-source voltage will fall rapidly. Similarly, the turn-on of M1 and M2 will cause the trigger capacitor C3 to charge the gate capacitor CGS3 of M3, and so on. Finally, all the MOSFETs will enter the open process. 
 On-state: The driver output maintains a positive level and all MOSFETs are on. The continuity of the series module quickly connects the main capacitor and the load in parallel. This results in a pulsed voltage waveform on the load. The time is determined by the turn on time of the series module. 
 Turn off process: The drive output goes from a positive level to a negative level, M1 starts to turn off, and its drain-source voltage starts to rise, causing the source potential of M2 to rise. The gate capacitance CGS2 of M2 starts to charge the trigger capacitor C2. The voltage on CGS2 continues to decrease, and after its voltage is less than the threshold voltage of M2, M2 begins to enter the turn off process. Similarly, M3 to M10 will also enter the turn off process, the voltage transferred from the load to the series-connected MOSFETs, and a work cycle is completed. 

III. EXPERIMENTAL RESULT 
When the gate driver of M1 generates a 10kHz driver signal and the DC source keeps charging the capacitor C1, there is a repetitive frequency 10kHz output voltage in the load RL. The output voltage of the pulse generator is shown in Fig. 2.  

 
Fig. 2. The output voltage of the pulse generator. 

When the output voltage is 7kV, the leading edge time of the output is about 25ns, and the output leading edge is not oscillating. When the output voltage is 8kV and 9kV, the leading edge time of the output is about 35ns. The output front edge oscillates and the waveform is not smooth. To explain this phenomenon, the UDS of the first four MOSFETs was measured by using a differential probe. The UDS of the first four MOSFETs is shown in Fig. 3. 

 
(a) Output voltage 7kV 

 
(b) Output voltage 9kV 

Fig. 3. The UDS of the first four MOSFETs. 



When the charging voltage is 7kV, the MOSFETs are turned on in strict order, the output voltage front is short and the waveform quality is high. When the charging voltage is 9kV, the MOSFETs only enter turn-on transient according to the order of the series. In the turn-on transient, the waveforms of the various stages cross each other, and the leading edge of the output waveform is long and accompanied by oscillation. The reason for this phenomenon is that: when the charging voltage is higher, the voltage on the trigger capacitor is higher, and the energy gained by the gates of M2~M9 is greater, which results in M2~M9 turn on with faster speed, and some even complete turn on process faster than M1. As determined by the structure of the series circuit, if the voltage drop on M2~M9 is too fast, it will cause the voltage on M1 drop slowly and even rise like Fig. 3(b). This voltage rise will lead to the gate capacitances of M2~M9 reversely charge the trigger capacitor, which in turn affects the turn-on of M2 to M9, resulting in the inability of the entire series module to rapidly turn on. That is, the 9kV output voltage of Fig. 2 becomes longer and the voltage platform is shown. 
Therefore, the main approach to optimize the series module is to increase the turn-on speed of the first-stage MOSFET M1. The traditional driver produced by the manufacturer cannot meet the requirement of increasing the turn-on speed as much as possible. And the overvoltage-driven technology can to be used to trigger the first-stage MOSFET, and make it pass the Miller platform faster. This will not only increase the turn-on speed of the entire series module, reduce losses and heat, but also broaden its operating range. 

IV. SIMULATION RESULT 
The pulse generator circuit was simulated by using simulation software LTspice. The simulation circuit of the series module is shown in Fig. 4. 

 
Fig. 4. The simulation circuit of the pulse generator. 

The simulation result is shown in Fig. 5. In the Fig. 5(b), it can be seen that from M1 to M10, the sequence is in turn in order of progression. The higher the number of stages is, the higher the overvoltage is. This is consistent with the previous theoretical analysis, but the order of completion of the opening is exactly the opposite. That is, the higher the number of series, the faster the opening. 

 
(a) UDS 

 
(b) UGS  

 
(c) Leading edge of UDS 



 
(d) Leading edge of UGS 

Fig. 5. The simulation result. 
It can be seen from Fig. 5(d) that the gates of M2~M10 undergo the overvoltage triggered waveforms. The M10 gate voltage peaking at about 55V. It is this overvoltage trigger waveform that results in faster gate charging speeds for higher stage MOSFETs, resulting in turn-on synchronization issues in previous experiments. 

V. CONCLUSION 
A new Series-Connected MOSFETs structure was proposed which requires only one single gate driver. The work reliability of the series module was verified through experiments. The reason of the waveform oscillation was explained through simulation. The next research will focus in using an overvoltage driver to trigger the first MOSFET to improve the synchronization of the series module. 
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