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Self-Triggering High-Frequency
Nanosecond Pulse Generator
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Abstract—With the increasingly extensive and in-depth appli-
cations of all solid-state high-voltage nanosecond pulse generators
in the defense and industrial fields, the development of traditional
pulse generators faces many key issues, such as high-voltage drive
isolation, compact design, and reduced weight. Hence, a novel cir-
cuit topology for a self-triggered high-frequency nanosecond pulse
generator is proposed. Through high potential energy-gaining tech-
nology of the interstage capacitance, this generator does not need
a complicated metal-oxide—semiconductor field-effect transistor
isolation drive circuit, and there are also no switching dynamic
and static voltage equalization problems. This kind of generator is
very suitable for compact assembly with only a single external gate
driver. High voltage output can be realized by quantizing multilevel
module stacking according to actual needs. At the same time, the
generator has a high repetition rate and long life. The characteristic
parameters of the 20-stage superposition experimental prototype
are as follows: an output voltage amplitude of 15.3 kV with a rising
time of approximately 45 ns, a repetition rate of 10 kHz in the pulse
train, and a pulsewidth of 200-1000 ns.

Index Terms—Drive isolation, high frequency, high voltage,
Marx, pulse generator, self-triggering.

I. INTRODUCTION

ITH the development of active flow control technology,
Wnanosecond pulse dielectric barrier discharge plasma
flow control has attracted great attention worldwide. The plasma
is formed by ionizing air, which injects momentum or energy
into the air to achieve the effect of flow control [1]-[3]. This
method has advantages of small size, low weight, quick re-
sponse, wide-band control performance, etc., and has broad
application prospects for improving the aerodynamic charac-
teristics of aircraft/engines [4], [5].
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A nanosecond pulse generator is a common excitation power
supply for plasma flow control [2], [3]. However, nanosecond
pulse generators based on traditional devices, such as spark
gap switching and magnetic switching, can no longer meet the
demand for plasma flow control. Therefore, the development of
a nanosecond pulse generator with a higher voltage amplitude
(~tens of kV or even higher), smaller volume, lower weight, and
more stable square/quasi-square waveform with a full width at
half maximum of tens of nanoseconds to hundreds of nanosec-
onds and high repetition frequency (0-10 kHz or even higher)
is of great significance to improve the flow control effect in
complex environments with high-speed and high-pressure flows
(2], [31, [6], [7].

With the continuous development of power electronics tech-
nology, nanosecond pulse sources based on all solid-state de-
vices are expected to provide pulse generators that meet the
requirements of this application field. At present, the high-
voltage nanosecond pulse circuit topology mainly includes
pulse-forming lines (PFLs) [8]-[10], Marx circuits [11]-[14],
modular multilevel converters [15], [16], linear transformer
drivers (LTDs) [17], [18], etc. The PFL generator can only adjust
the pulsewidth by changing the length of the transmission line
and requires load impedance matching with poor flexibility [9].
Marx circuits can avoid some shortcomings of the PFL, but the
driving circuit of the switches requires high withstand voltage
isolation since the switches operate at different potentials during
the discharge duration. Generally, one of the commonly isolated
methods is to use an isolated dc—dc power supply module to
supply power to the drive circuit [11], [19], [20], and the other
is to use a drive transformer to directly provide gate drive
[21]-[23]. However, the use of isolated power modules has an
adverse effect on the compactness, miniaturization, and cost
control of the device since it is usually very expensive and
these isolated modules commonly available on the market have
a maximum limited isolation voltage. If a higher amplitude
pulse voltage is required, the withstand voltages of isolated
modules are limited, which causes the bottleneck problem to
remain. On the other hand, the use of a driving transformer will
deteriorate the leading edge characteristics of the drive signal,
and the precise synchronization of trigger signals at all levels
cannot be ensured. Moreover, the entire system will become
more cumbersome.

Wang et al. [24] used a high-ratio pulse transformer to boost
the lower voltage of the Marx output to directly obtain a high-
gain voltage pulse. However, it is undeniable that the pulse
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transformer not only has a magnetic flux reset problem [25]
but also the stray capacitance and inductance of the transformer
will lead to a distortion of the pulse waveform. Pang et al. [26]
used a plurality of metal-oxide—semiconductor field-effect tran-
sistors (MOSFETs) to directly form self-triggering high-voltage
switches in series. Additionally, a higher pulse voltage output
was obtained by a three-stage Marx superposition consisting of
this high-voltage switch, which reduces the number of driving
transformers. However, this kind of topology has the problem
of a dynamic unbalanced switching voltage and requires an
expensive high-voltage dc power supply with low voltage gain.

Compared with the Marx circuits, the LTD is equivalent to a
transformer with a turn ratio of 1:1, and all the switching control
circuits share the same ground potential [27]. Therefore, it is the-
oretically possible to achieve an unrestricted superposition of the
series without the drive isolation withstand voltage limitation.
Similarly, due to the presence of the magnetic core, the size
and weight of the pulse source cannot be further compressed,
limiting its range of applications.

In [28] and [29], avalanche transistors were used to achieve a
subnanosecond pulse output with a high voltage gain through a
Marx circuit. Although there is no driving isolation problem, the
avalanche transistor has low current-passing capacity and poor
circuit stability, so it is less used in high-power applications.

To solve the aforementioned problems, a novel self-triggering
high-voltage nanosecond pulse generator similar to an avalanche
transistor circuit is proposed in this article. The main circuit
still uses the classic Marx circuit topology, but only one gate
drive signal of the lowest stage is required, and this driver
does not require high voltage isolation. For the other levels of
this circuit, high potential-energy-gaining technology based on
the interstage capacitor is applied to trigger the corresponding
MOSFET of the other levels in turn. Therefore, this topology
avoids using complex isolated driving circuits, which greatly
reduces the size and weight of the entire device. Additionally,
all switches in the circuit are subjected to an equal voltage,
and there are no dynamic and static voltage sharing problems
under switching transients, which is of great significance for
ensuring switches’ long-term reliability and stable operation.
Theoretically, this novel Marx topology can be extended to any
level to obtain a high-voltage gain pulse output.

In this article, first, three different energy-gaining methods
based on interstage capacitors are compared. Then, the operating
principle of the novel pulse generator is described, and the
parameter selection criteria of the corresponding passive/active
devices are derived. Finally, a 20-stage experimental prototype is
designed. The maximum output pulse amplitude of the prototype
canreach 15.3 kV with a rising time of approximately 45 ns, the
pulsewidth being 200-1000 ns, and the frequency within the
output pulse train can reach 10 kHz.

II. TOPOLOGY AND OPERATION OF THE PROPOSED
SELF-TRIGGERING MARX GENERATOR

Depending on the different connections among the stages
of the energy-gaining capacitor, three different self-triggering
Marx generator topologies can be derived, as shown in Fig. 1.
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Fig. 1. Self-triggering Marx topology.

All three kinds of topologies have a remarkable advantage, that
is, the multistage Marx requires only one gate driver and this
driver does not require high voltage isolation. It can obtain a
high-voltage pulse output by multistage superposition without
complicated isolation drive circuits.

It is undeniable that there are certain differences among
the three topologies. For topology (b), on the one hand, when the
number of superimposed stages increases, the operating voltage
of the energy-gaining capacitor increases. In addition, the value
of the energy-gaining capacitor is approximately several picofer-
ads, which gradually decreases with increasing stages. It can be
predicted that the selected parameters will be more sensitive to
the stray parameters of the circuit. Although topology (c) can
overcome the limitation of the capacitance withstanding voltage,
the sequential series connection of the energy-gaining capacitor
can not only cause mutual coupling among the triggering circuit,
affecting the pulse front time, but also increase the stray induc-
tance of the triggering circuit. This increase will lead to a large
oscillation of the gate voltage and the drain—source voltage if the
circuit layout is not compact enough, which makes the switch
susceptible to damage.

Clearly, topology (a) does not have the drawbacks of the above
two topologies. Therefore, a detailed analysis of the working
principle of topology (a) with four stages will be conducted.
There are three different operating modes by controlling the
switching stage of the first stage as follows.
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Fig. 3. (a) Turn-ON transient state under a resistive load. (b) Discharge mode
under a resistive load.

A. Mode I

The generator operates in the charging mode, as shown in
Fig. 2. Switch My is open, and then the remaining MOSFETSs of
every stage will transit into the OFF state. When reaching steady
state, the energy storage capacitor’s voltage is the same as the
charge voltage V.; hence, the output voltage is zero.

B. Mode Il

The generator works in the discharge mode. First, taking
the resistive load as an example, as shown in Fig. 3(a), the
energy storage capacitor C4 of the first stage discharges to Ry,0ad
when switch My is closed. Consequently, the equivalent input
capacitor C;ss3 of M3 and the energy-gaining capacitor Cl,3
will be charged by capacitor C4. When My is in the ON state, the
junction capacitance of Dg, C},3—C;ss3, and Cy are connected
in parallel. Moreover, the junction capacitance of Dg is at a
picoferad level, which is much smaller than Cg4, so the charge
draining by the junction capacitance is negligible. As shown in
Fig. 4, Viss3 Will reach the threshold voltage after a delay time
of t,. Therefore, M3 will turn ON immediately. Similarly, My
and M; will transit into the ON state in sequence, as shown in
Fig. 3(b). R, is the discharge protection resistor, which can also
be replaced by an inductor to protect the high-voltage dc power

supply.
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Fig. 5. Discharge mode under a capacitive load.

The type of load of the dielectric barrier discharge plasma
flow control application is capacitive, which can be equivalent
to the series connection of capacitors C'y and Ry, as shown in
Fig. 5. It can be seen from the figure that the self-triggering
process is not affected by the capacitive load since there is no
direct electrical coupling between the triggering circuit of each
stage and the load, which is consistent with the resistive load.

If the capacitor C;—C, voltage drop is within the controllable
range during the discharge process, then all switches are guar-
anteed to be turned ON steadily, and the voltage on the load is

VLoad = 4Vdc-

C. Mode III

This mode describes the turn-OFF process of the pulse
generator. Unlike the discharge mode, there are some differ-
ences in this process under different types of loads. First, tak-
ing the resistive load as an example, as shown in Fig. 6(a),
the discharge mode can be terminated when the switch
My turns OFF and Dg will conduct forward at once. At
the same time, the equivalent input capacitor C;ss3 of Mg
and the energy-gaining capacitor CY,-3 discharge through the
loop of C1—-M1—Co-Ms—C3-M3-C;553—Cr3—Rr0aq- Because
Viisss + Vours = Vidiodes, M3 will turn OFF when the voltage of
the gate—source capacitor C'y,3 of M3 is lower than the threshold
voltage, as shown in Fig. 7(a). The turn-OFF time of M3 will be
slightly longer than the turn-ON time since the threshold voltage
of the switch is relatively low and the discharge time constant of
C;ss3 1s greater than the charge time constant (Cy—C'y3—Cliss3)-
Similarly, M2 and M; will transit into the OFF state in sequence,
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Fig. 6. (a) Turn-OFF transient state under a resistive load. (b) Turn-OFF mode
under a resistive load.
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Fig. 7. Voltage diagrams of Vciss and Vgiode (@) under a resistive load and
(b) under a capacitive load.

Fig. 8.

Turn-OFF transient state under a capacitive load.

as shown in Fig. 6(b). Obviously, there is little difference in the
turn-OFF delay of each switch under the resistive load.

If the type of load is capacitive, there will be residual voltage
on the load capacitor after the end of Mode II. Taking the
turn-OFF process of M as an example, as shown in Fig. §,
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Fig. 9.  Self-triggering Marx topology with stray parameters.
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the residual charge of C; will discharge through the loop V4.—
R.-D;-C;-R;—C4, and the discharge time constant is relatively
large, usually in the range of a few pus. D4 cannot be conducted
forward immediately if Vc; < Vg, which causes the turn-OFF
time of M; to be prolonged. Similarly, the residual charge of Cy4
will lead the turn-OFF delay t;, of M,,, M,,_1, M, o, ..., and to a
gradual increase, as shown in Fig. 7(b).

III. STUDY ON THE INFLUENCE OF STRAY PARAMETERS
ON THE SWITCHING ACTION BEHAVIOR

According to the previous analysis, the selection of the
energy-gaining capacitor is crucial for the reliable turn-ON and
turn-OFF of the switch. Moreover, the stray parameters of the
trigger circuit branch have a great influence on the operating
characteristics of the switch. Thus, this section will discuss these
issues.

Fig. 9 illustrates the self-triggering Marx topology with stray
inductance L, in the trigger loop, where Ly is the sum of the stray
inductances, including switches, capacitors, and line traces. It
is worth noting that, in this study, the stray capacitance is not
considered because the compact layout of the trigger loop makes
the value of stray capacitance small enough to be negligible. To
avoid large oscillations in the trigger loop, which may damage
the switch, a drive resistor R, is introduced here. After My
transitions into the ON state, the equivalent gate triggering circuit
of M3 is shown in Fig. 10(a). To simplify the analysis, assuming
that during the discharge process, the voltage drop of the storage
capacitor C4 is small enough to be regarded as a dc power
supply V.. Hence, Fig. 10(a) can be equivalent to Fig. 10(b).

In fact, the triggering process of each MOSFET is a charge re-
distribution dynamic from the gate capacitors to the gate—source
capacitor of each MOSFET. According to the principle of charge
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conservation, the energy-gaining capacitor can be calculated by
the following expression [30]:

i . Ugs(th)cgs + (Ugs(th) + Uds(OFF)) ng
AU

Cr min) —
tr3(min) e — Uypson
_ Ugs(tn)Cgs + Uas(orr) Cyd
Ucy

where Ugstn) and Ugs(orr) are the threshold voltage and
drain—source voltage in the OFF state of M3, respectively. Si-
multaneously, define a threshold voltage margin factor «v, which
satisfies

ey

aUgs(th)Cgs + Uds(OFF)ng
Uca
where Ugs(set) = aUgs(th) < Ugs(max)‘
As long as Ci.3is within the range specified in (3), the
generator can be triggered

~

Ctr3(max) ~

©))

Ctr3(min) < Ctr3 < Ctr3(max)' (3)
The corresponding minimum output pulse voltage is
CtrS(max) + Cgs
Up(min) = NUgs(th)m~ 4
According to Fig. 10(b), it can be derived that
d2uiss‘.3 duissB Ciss3
Ls Ciss 70 R Ciss — iss — Uiss3 = Ve.
3 3 a2 + Iy 3 a + Uissz + Ctr3u 3 C
(%)
The characteristic root of (5) is
R R 2 1 C’iss
$1=—7—+ g — 1+ &
2L83 4L s3 LSSCiSSS Ctr3
2 .
51:—Rg B R, B 1 1+C'1553 C©
2L53 4L253 LS3CiSS3 Ctr3

To ensure that the switch can speed up the turn-ON and turn-
OFF transition processes and avoid the emerging large voltage
overshoot of the switch at the same time, which may damage the
switch device, it is a good compromise to make the gate drive
circuit work in the critical damping state, i.e.

R 2 1 Ciss
I = (1 + 3) 7
4L s3 Ls3Ciss3 OtrS
where
L3 Ciss3 )
R, =2 1+ . (8)
g CissS < Ctr3

IV. SIMULATION RESULTS

To verify the theoretical feasibility of the self-triggering
nanosecond pulse generator proposed in this article, PSpice
software is used for simulation verification, and the simulation
parameters are shown in Table I.

The output pulse waveform of each stage under a resistive load
is shown in Fig. 11. Figs. 12 and 13 show the pulse rising edge
time and falling edge time of each stage, respectively. Clearly,
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TABLE I
SIMULATION PARAMETERS

Parameter Value
Input DC voltage V4=800V
Number of modules n=20
Voltage drop coefficient a=10%
Pulse width 1 ps
Storage capacitor C=0.8F
Energy-gaining capacitor Cy=15 pF
Drive resistance R=220Q
Resistive load Ri6.c=800 Q
Capacitive Load Cg&=3 nF
Capacitive Load R=800 Q
P
0 —1
2+ 7;
—4
4+ ::
. =
T s E?‘f
Eﬂ =12
=
——
—17
14 18
:/’_’—/1 .
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-18
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Fig. 11.  Simulation superimposed output voltage waveform.
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Fig. 12.  Simulation rising edge voltage waveform.
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Fig. 13.  Simulation falling edge voltage waveform.
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Fig. 14.  Simulated waveforms under different loads. (a) Voltage waveforms.
(b) Current waveforms.

the falling edge of the output pulse is much slower than the rising
edge. This phenomenon is not difficult to explain. First, since
the switch has an output capacitor and a certain line inductance
contained in the main discharge loop, the output capacitor needs
to be charged after the discharge process finishes, and this
process takes a certain time. Second, theoretically, there are only
small driving resistors in the charging loop of the energy-gaining
capacitor at all levels. However, a large load resistance was
included in the discharge circuit, as shown in Figs. 3 and 6.
As a result, the discharging time constant of the energy-gaining
capacitor is larger than the charging time constant, and the
turn-OFF delay between the stages is lengthened.

The voltage and current waveforms under a resistive load and
a capacitive load are shown in Fig. 14. The tailing time of the
falling edge of the pulse against the capacitive load is longer than
that when against the resistive load. This behavior is because
there is a certain residual charge on the load capacitor during
the pulse, which causes D5, of the corresponding stage to not
immediately conduct forward. Therefore, the turn-OFF time of
each switch is gradually prolonged. Fig. 15 illustrates the voltage
waveforms of the turn-OFF transient across Ds,, under the two
types of load, which verify the above analysis.

In summary, the feasibility of the pulse generator topology
proposed in this article is verified by simulation for different
types of loads.

V. EXPERIMENT RESULTS

It is necessary to optimize the printed circuit board (PCB)
layout to minimize the size and weight of the pulse generator and
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Fig. 15. Simulated voltage waveforms of Vgiode under different loads.
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Fig. 16. (a) Discharge main circuit PCB of the top layer. (b) Discharge main
circuit PCB of the bottom layer.

achieve a more compact design with a higher voltage amplitude
output. In this article, the PCB layout of the 20-stage superim-
posed self-triggered Marx pulse generator is provided, as shown
in Fig. 16. The stray capacitance can be reduced by ensuring that
the top and bottom discharge circuits do not overlap, and the stray
inductance can be reduced by compact traces as far as possible.
Then, a hardware prototype with the parameters in Table II is
developed, as shown in Fig. 17. The size of the prototype is
5cm x 1.2 cm x 40 cm, which meets the demands for the size
and weight of the generator in some special application fields.

The drive waveform of the self-triggering switch with damp-
ing resistor R, is shown in Fig. 18(a). R, can significantly
eliminate the shock of the drive loop. In addition, several stages
of the self-trigger drive waveform are shown in Fig. 18(b). When
the input voltage is equal to 800 V, the maximum setting value
of the switching drive voltage in the steady state is Vg(set) =
10 V, which satisfies the design requirements.
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TABLE II
PROTOTYPE PARAMETERS

Parameter Value
Input DC voltage V4=800 V
Number of modules n=20
Voltage drop coefficient a=10%
Storage capacitor C=0.8 uF
Energy-gaining capacitor Cy=15pF
Drive resistance R=~220Q
MOSFETs C3M0065090J
Diode HS5M
Resistive load Ri02¢=800 Q
Capacitive load C&=3 nF
Capacitive load R=800 Q

Oscilloscope

~\ DC high voltage

Self-triggeri
Marx

Fig. 17.  Experimental prototype.

2 g
Eﬁ 10 5‘] 10

5 5

0 0

s 3 05 1 15 s 0 05 P 5

time (ps) time (ps)
(@) (b)

Fig. 18. (a) Undamped/damped drive waveform. (b) Drive waveform.

The typical output voltage waveform of the 20-stage self-
triggering Marx generator is shown in Fig. 19. The maximum
output voltage reaches 15.3 kV, with a 95.6% voltage conversion
efficiency, and the pulse current amplitude is approximately
20 A. As shown in Fig. 19, there is no obvious oscillation
emerging in the voltage and current waveforms, which fully
verifies the stability of this generator.

Fig. 20 shows the voltage waveform of the pulse generator
at a 10 kHz operating frequency in the form of a pulse train,
confirming its reliability at a high operating frequency. Due to
the output power limitation of a high-voltage dc source and a
large charging protection resistor involved in the charge loop,
there is a certain voltage difference between the output pulses.
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Additionally, Fig. 21 illustrates the waveforms with widths
ranging from 200 to 1000 ns. The pulse rising edge and the
falling edge time with different pulsewidths are almost the same,
which proves that the pulsewidth can be flexibly adjusted.

To investigate the dynamic superimposed output waveform
characteristics of the 20-stage self-triggering Marx pulse gen-
erator, a pictorial diagram showing the voltages across each
stage is shown in Fig. 22(a). It is worth noting that only voltage
waveforms of the previous five stages are measured here, limited
by the common voltage withstand capability of a high-voltage
differential probe. Additionally, the output voltage of 20 stages
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Fig. 22.  (a) Voltage waveforms across the previous five stages. (b) Superim-
posed output voltage waveform of the 20 stages.

is tested gradually, as shown in Fig. 22(b). The high power output
is achieved through the cascade mode of the Marx structure.

Fig. 23(a) illustrates the rising edge waveform of the 20-stage
output pulse with an 800-(2 resistive load, and the rising time
(109%-90%) is approximately 45 ns. It is remarkable that the
typical rising time of C3M0065090J is approximately 15 ns.
Although the rising edge of the output pulse is slower than
the switch itself, it is not serious. Fig. 23(b) shows the rising
edge waveform of the output pulse with a 10-k{2 resistance load.
Comparing Fig. 23(a) and (b), it can be found that the rising edge
oscillation of the output pulse is increased under the 800-€2 load.
This increase is mainly because there are some unavoidable stray
inductances in the discharge loop, and the reduction of Ry,oaq
will increase the influence of the stray inductance, leading to
the aggravation of the oscillation. In addition, the pulse rising
edge waveforms of the prototype under the resistive load (Ry,0a4
= 800 (2) and the capacitive load (Cy = 3nF, R; = 800%2)
are shown in Fig. 23(c). When the relaxation time of the load
changes, the rising time of the pulse is basically the same,
which indicates that the pulse generator has a good leading edge
characteristic.

Fig. 24 shows the falling edge waveform of the 20-stage
output pulse with different loads. The falling time (10%-90%) is
approximately 280 ns when the load is equal to 800 €2, whereas
the fall time is approximately 1.6 us under a 10-k2 load. The
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Fig.23.  Output pulse rising edge waveform with different loads. (a) Rr,oad =
800 €. (b) Rr.oaa = 10 k€. (c) Resistive and capacitive loads.

increase in Ry.q Will significantly delay the falling edge of
the output pulse. When the pulse generator operates under a
capacitive load, the pulse waveform is shown in Fig. 24(c). It
is obvious that the falling edge of the pulse under a capacitive
load is much slower than that under a resistive load. Detailed
reasons have been described previously. This result indicates
that the type of load has a greater influence on the falling edge
compared to the rising edge. Fortunately, in the dielectric barrier
plasma discharge, the particle activity and generation efficiency
are mainly determined by the pulse rising edge time and the
pulse voltage amplitude.

Fig. 25. Pulse current waveform of the pulse generator under
a resistive load (Rpo.q = 800 €2) and a capacitive load (Cy =
3nF, R; = 80012), and the current amplitude is up to 20 A.



8010

Voltage (kV)

-100 0 100 200 300 400 500 600
time (ns)

(€Y

Voltage (kV)

1500 2000 2500 3000 3500
time (ns)

-500 0 500 1000

(®)
8
4
0 bhinkimly
S
< 4
9
o
S
Ol
>
-12
-16
-20 ‘ : :
0 10 20 30 40 50
time (ps)
(©

Fig.24.  Output pulse falling edge waveform with different loads. (a) R1,0ad =
800 2. (b) RLoaa = 10 k€. (c) Capacitive load.

As mentioned above, the self-triggering Marx pulse generator
proposed in this article does not have the problem of switching
voltage equalization. Fig. 26 visually shows the drain—source
voltage waveform of several MOSFETs among them. Clearly, the
drain—source voltages of different MOSFETs are basically equal
on the switching transients. Therefore, the same type of switch
can be employed at all stages, which can be used close to the
fully rated value. This conclusion is consistent with the previous
analysis.

Generally, the experimental results prove the feasibility and
practicability of the topology of Fig. 1(a).
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VI. CONCLUSION

In this article, a novel all solid-state high-voltage repetition
nanosecond self-triggering Marx pulse generator is developed,
and the following conclusions are drawn.

1) Based on the high potential-energy-gaining technology of
the interstage capacitors, a compact self-triggering Marx
pulse generator is studied. This generator possesses the
following advantages. The complex isolated driving prob-
lem of the switches during discharge of the classical Marx
topology has been solved. Theoretically, the number of
stages can be expanded arbitrarily to obtain a high-voltage
gain pulse output. Moreover, there is no isolation with-
stand voltage limitation, which greatly reduces the size
and weight of the device.

2) Based on the classical Marx topology, switches at all
stages bear the same voltage either in the ON-state or
OFF-state transient, and there is no longer dynamic and
static voltage sharing problems, which ensures long-term
reliable operation of the switch with safe voltages.

3) At present, the output parameters obtained are as follows.
The frequency in the pulse train is 10 kHz, the pulsewidth
is 200-1000 ns, and the pulse voltage amplitude reaches
15.3 kV with a rising time of approximately 45 ns.

In summary, this novel generator has a compact structure, a
rapid rising time, flexible output waveform parameters, and an
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adjustable pulsewidth in the range of hundreds of nanoseconds,
which can easily increase the voltage level. There are good
application prospects in plasma flow control and plasma-assisted
combustion.
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