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ABSTRACT 

New MOS-FET based Marx generator is described. An electric gate power for the 
MOS-FET is provided from the Marx main circuit itself. Four-stage Marx generator 
generates -12kV of the output voltage. The Marx Generator is successfully used to drive 
an Einzel lens chopper to generate a short pulsed ion beam for a KEK digital 
accelerator.  

1. Introduction 
For many years, A Marx circuit was used to 

generate a high voltage pulse. Figure 1 shows a 
conventional Marx circuit. All capacitors ( C1~CN ) 
are charged in parallel through charging resistors up 
to a voltage of Vc. After finishing the charging, all 
spark gap switches are closed the circuit by an 
external trigger pulse, then all capacitors are 
connected in series and a high voltage pulse of N
Vc is generated. Here, N is a number of the 
capacitors. There are some demerits in the 
conventional Marx circuit as follows. 
� Long charging time because the charging 

current flows through the charging resistors. 
� Low efficiency because of the same reason 

mentioned above. 
� Low repetition rate because of the same 

reason.
� Few output voltage appearance in charging 

period because the charging current flows 
through the charging resistors and a load. 

� Turn-off is impossible because of using the 
spark gap switches. 

� Short life time of the spark gap switches. 
In order to solve these problems, some new Marx 

circuits are proposed. These new improved circuits 
use semiconductor switches such as MOS-FETs or 
IGBTs. Two types of the improved circuits are 
introduced here.  
Figure 2 shows an improved Marx circuit that we 

called TYPE-1. In the TYPE-1 circuit, all charging 
resistors are replaced to diodes and all spark gap 
switches are replaced to semiconductor switches. In 
fig. 2, MOS-FETs are used as semiconductor 

Figure 1: Conventional Marx circuit. 

switches. In The TYPE-1 circuit, some demerits of 
conventional Marx circuit are improved as follows.   
� Relatively short charging time because the 

charging current flows  through the diodes 
instead of the charging resistors. 

� Relatively high efficiency because of the 
same reason mentioned above. 

� Reletively high repetition rate because of the 
same reason. 

� Turn-off is possible because of using the 
semiconductor switches instead of the spark 
gap switches. 

� Long life time of the switches. 
But some demerits and new demerit are still 
remained in the TYPE-1 circuit as follows. 
� Few output voltage appearance in charging 

period because the charging current flows  
through a load. 

� About the chrging time, the efficiency and the 
repetition rate, they are not optimal because 
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of above-mentioned reason. 
� One additional gate circuit is required in each 

Marx stage to drive the semiconductor 
switch. 

Figure 2: Improved Marx circuit (TYPE-1). 

To the next, fig. 3 shows an improved Marx circuit 
that we called TYPE-2. In the TYPE-2 circuit, a half 
of the charging diodes are replaced to another 
semiconductor switches. In fig. 3, MOS-FETs are 
also used as the second semiconductor switches. In 
The TYPE-2 circuit, all demerits of conventional 
Marx circuit are further improved as follows. 
� Very short charging time because of no 

charging resistor in charging circuit. 
� Very high efficiency because of the same 

reason mentioned above. 
� Very high repetition rate because of the same 

reason.
� Turn-off is possible because of using the 

semiconductor switches. 
� Long life time of the switches. 
� No output voltage appearance in charging 

period because the charging current dose not 
flow a load. 

But new demerit of the TYPE-2 circuit is described 
as follows. 
� Two additional gate circuits are required in 

each Marx stage to drive the semiconductor 
switch. 

Figure 3: Improved Marx circuit (TYPE-2). 

We developed TYPE-1 Marx circuit in order to 
drive an Einzel lens chopper used for a short pulsed 
ion beam generation to inject into a digital accelerator 

at KEK.  

2. A design of a Marx board 
Table 1 shows target specifications of the 

developed Marx board. Four Marx-boards were used 
to generate an output pulsed voltage of 12kV. 

Table 1  Specifications of the Marx board. 
Switching device  MOS-FET 

IXTF1N400(IXYS) 
Rationg:4kV,1A,3Ap 

Circuit configuration Improved Marx circuit 
(TYPE-1) 
Involving a dummy load

Charging voltage 3kV 
Pulse output current 9Ap 
Gate power supply Self-providing from 

main circuit 
Rise time Less than 30ns 

In case of the Marx circuit using semiconductor 
switch, an important technical problem is how to 
provide a gate power to drive the semiconductor 
switches. Each Marx board is triggered by optical 
fiber signal, because a voltage potential of the each 
Marx board is different each other. An electric power 
supply is required to transmit from optical trigger 
signal to electric gate signal in each Marx board. 
There are following three methods to provide the 
electric gate power to the Marx board.  

(1) Using DC-DC converter 
(2) Using isolation transformer and AC-DC 

converter 
(3) Self-providing from main circuit 

In case of (1), an isolation voltage of the 
commercial DC-DC converter is less than about 6kV. 
Therefore a high voltage pulse generator cannot use 
this method. In case of (2), a stray capacitance of the 
isolation transformer may cause a serious oscillation 
of the output pulsed voltage, and it is usually difficult 
to find out optimal devices in commercial. In case of 
(3), a technical problem is how to reduce a current 
from main circuit to the gate circuit. 
 In this development we chose a method of (3). 
Figure 4 shows a circuit diagram to provide a electric 
gate power from a main circuit of the Marx circuit. A 

Figure 4: Circuit diagram to provide gate power from 
main circuit. 
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maximum charging voltage of the main circuit of the 
Marx board is 3kV. If we can use a DC-DC converter 
from DC3kV as a primary voltage to DC5V as a 
secondary voltage, that is quite ideal. Regrettably 
there is no such a convenient device. The second best 
plan is using a DC-DC converter having highest 
primary voltage. Then we chose DC-DC converter 
YAS505 ( cosel co. ) that had wide range of primary 
voltage from DC110V to DC370V. An efficiency of 
that is 65%. DC350V of a primary voltage was made 
by using a voltage regulation of a bipolar transistor 
circuit, then a DC5V of a secondary voltage was 
obtained by using YAS505. A current from the main 
circuit to gate circuit was less than 6mA. This value  
is relatively low and almost fixed during from 
DC100V to DC3000V of the main charging voltage. 

Figure 5 shows a circuit diagram (upper) and a 
photograph (lower) of a developed Marx board. The 
Marx board consists of a main capacitor, MOS-FETs, 

a gate power circuits, an optical trigger circuit, Marx 
diodes and dummy loads. The main capacitors are 10 
parallels of 3150V, 0.047uF. The MOS-FETs are 3 
parallels of IXTF1N400(4kV,1A). The gate power 
circuit provides a voltage of DC5V for the optical 
trigger circuit. The Marx diodes connect the Marx 
board to next Marx board. The dummy load keeps a 
current of the MOS-FETs constant during the output 
pulse and reduces a fall time of the output pulse. 

3. An experimental results of a Marx board 
Figure 6 shows a waveform of a gate voltage for a 

MOS-FET of the Marx board and an external trigger 
pulse. The external trigger pulse is transmitted to an 
optical trigger signal. The optical trigger signal is 
re-transmitted to electric voltage trigger pulse on the 
Marx board. From Fig. 6, a gate voltage of 16V was 
obtained and a pulse width of it was about 4 us. 

Figure 5: A circuit diagram (upper) and a photograph (lower) of the Marx board. 
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Figure 6: A waveform of a gate voltage for a 
MOS-FET of Marx board (lower 5V/div) and an 
external trigger pulse (upper 10V/div). 1 us/div.  

 Figure 7 shows a waveform of the output voltage of 
the Marx Board. In this test, a pulse width of an 
external trigger was changed to 5 us. When a 
charging voltage was 3kV and a dummy load was 
500 ohm, a peak output voltage of 2.7kV was 
obtained. 

Figure 7: A waveform of an output voltage of Marx 
board (CH2 violet 500V/div) and an external trigger 
pulse (CH1 yellow 5V/div). 1 us/div.  

 In the next, we examined four-stage Marx generator 
by using four Marx boards. Figure 8 shows an 
experimental setup. Four Marx boards are stacked 
vertically and each Marx board is triggered by using 
an optical fiber signal.  

Figure 8: An experimental setup of the four-stage 
Marx generator. 

 Figure 9(a) shows a waveform of an output voltage 
of four-stage Marx generator. When a charging 
voltage was 2.5kV and a dummy load was 2 kohm, a 
peak output voltage was 10kV and a pulse width was 
about 5 us. It was examined that a voltage was 
amplified four times by Marx circuit. Figure 9(b) and 
9(c) show the rise time and fall time of the output 
pulse each. A rise time was 30ns and fall time was 
120ns. The fall time is determined by stray 
capacitance of the output and the resistance of the 
dummy load. These values were suitable for an 
Einzel lens chopper of the digital accelerator. 

(a)  

(b)  

(c)  
Figure 9: (a) shows a waveform of an output voltage 
of four-stage Marx genarator (CH2 violet 2kV/div) 
and an external trigger pulse (CH1 yellow 5V/div). 
(b) and (c) show the output voltage at rise-up and at 
fall-down each.  

4. An Einzel lens chopper experiment 
We examined that the developed four-stage Marx 

generator drive an Einzel lens chopper of digital 
accelerator at KEK.  The Einzel lens chopper is used 
to chop a long (5ms) ion beam that extracted from an 
electron cyclotron resonance ion source (ECRIS) to 
short pulse (5microsec). Figure 10 shows a schematic 
of the Einzel lens chopper. The middle electrode 
voltage of the Einzel lens is sustained at V0. Ions stop 
at the position of the middle electrode and are unable 
to propagate downstream. When a rectangular-shape 
negative voltage pulse �V (V0+�V < V0) is provided 
on the middle electrode in a short time duration,����
As a kind of barrier voltage stopping ions in the 
longitudinal direction is reduced, ions can propagate 
beyond the Einzel lens region for��. This is an 
essential mechanism of the Einzel lens chopper. 
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Figure 10: ECRIS with the extraction system and 
Einzel lens in the high voltage terminal. 

Figure 11 show an experimental result of Einzel lens 
chopper. In the preliminary experiment, a pulse 
voltage of -8 kV and 5 �sec, which was generated by 
the Marx generator, was superimposed on the DC 
bias voltage of 14 kV at the middle electrode of the 
Einzel lens. The ion current of He2+ was monitored 
by a Faraday cap. The ion current pulse profile and 
the electrode voltage profile are shown in Fig. 7. In 
the time duration of the negative voltage pulse, the 
ion flow arrived at the Faraday cap. A reason of a 
delay time between the pulse voltage and the ion 
current pulse is a response of the Faraday cap. It was 
proved that the Einzel lens chopper driven by the 
MOS-FET based Marx generator successfully made 
the short ion beam from an ion beam extracted from 
slow ion source. 

Figure 11: Experimental result of the Einzel lens 
chopper driven by the Marx generator. Negative 
voltage pulse (blue) and ion beam profile monitored 
by the Faraday cup (red). 

5. summary 
A MOS-FET based Marx generator (TYPE-1) was 

developed. A gate power was directly provided from 
the main circuit of Marx generator. A current flown 
from the main circuit to the gate circuit was about 
6mA that was practically low. When the charging 
voltage was 3kV, an peak output voltage of 12kV was 
obtained by using Four-stage Marx generator. A rise 
time of the output voltage was 30ns. The MOS-FET 
based Marx generator was used to drive an Einzel 
lens chopper of a digital accelerator and successfully  
chopped to the short ion beam. 

In near future, we will develop the next generation 
Marx generator (TYPE-2) and new gate power circuit 
using a combination of a high frequency inverter, a 
high voltage isolation transformer and a AC/DC 
converter. 

A Marx generator using semiconductor switches 
has great advantages such as high repetition rate, high 
efficiency, small size, high reliability, easy control of 
an output voltage waveform and low cost. It is 
expected that the semiconductor Marx generator will 
be utilized for many new industrial applications.  
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