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Antoine Silvestre de Ferron, Laurent Pecastaing, Senior Member, IEEE

Abstract—This paper demonstrates the impact-ionization
switching of standard thyristors in a series-parallel configuration.
The series-parallel triggering of thyristors holds a substantial
promise for enhancing both voltage blocking and current capacity
of the switch simultaneously. Nevertheless, the key obstacle in this
context revolves around acquiring a suitable trigger generator,
primarily because this trigger necessitates a combination of high
dV/dt and low post-triggering energy to be applied to the thyristor
assembly. Thus, a novel trigger circuit is developed to test a setup
with two parallel branches, each having two series-connected
thyristors (with a wafer diameter of @24 mm and a rated
blocking voltage of 1.8 kV). These thyristors were tested in the
impact-ionization switching mode using a single Marx generator.
We conducted experiments in a current flow phase, where energy
switching occurred by connecting an RLC discharge circuit.
These experiments revealed that the thyristors transitioned from
a blocking to a conducting state around ~400 ps, enabling the
switching of a current pulse with an amplitude of ~17.5 kA
and a dl/dt of ~8.5 kA/us (limited by the circuit). Notably,
the current imbalance between the thyristor parallel branches
remained under 2%. To the best of our knowledge, this is the
first reported instance of successfully triggering high-voltage
thyristors connected in series-parallel in the impact-ionization
wave mode.

Index Terms—High dI/dt, impact-ionization wave mode, Marx
generator, pulsed power systems, subnanosecond switching time,
thyristors.

I. INTRODUCTION

HE impact-ionization breakdown in silicon pn junction

was discovered in 1979 [1]. The utilization of impact-
ionization switching in high-voltage thyristors, as demon-
strated later in [2], presents a favorable technique for switch-
ing in pulsed power applications. This approach significantly
boosts the current-handling capacity of standard thyristors,
allowing for the switching of a high current pulse with a high
rise rate (i.e., 100s kA and 10s kA/us). The primary distinction
in the control method between impact-ionization switching and
conventional thyristor switching is emphasized as follows. On
the one hand, in a standard switching mechanism, a voltage
pulse is applied to the gate electrode with respect to the
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cathode of the thyristor. This results in a switching time of
a few tens of nanoseconds and a limited dI/dt of ~1 kA/us.
On the other hand, to initiate the impact-ionization switching
mechanism, a steep overvoltage pulse is applied across the
anode and cathode, as the gate electrode remains floating. This
overvoltage pulse has a rise rate greater than ~1 kV/ns and
an amplitude of at least twice of static voltage breakdown
(Vo) [3]. Under these conditions, subnanosecond switching
time and the possibility to switch high currents with high dI/dt
(100s kA, 10s kA/us) are obtainable.

Employing high current/high di/dt switches has possible
applications in various research areas, including inertial fu-
sion [4], X-pinch [5], [6], and high-energy-density physics [7].
Furthermore, numerous industrial uses, such as magnetic pulse
forming, welding, rock fracturing [8], and mining, demand the
generation of high-current pulses in the range of hundreds of
kiloamperes [9].

Extensive research has been carried out on semiconductor
switches to address the need for high currents (100s kA) and
to handle extremely rapid current rise rates (10s kA/us), as
presented in [2], [10]-[18]. These switches primarily rely on
two technologies: reverse switching dynistors (RSDs) [10]-
[16] and high-voltage thyristors operated in impact-ionization
wave mode [2], [17], [18]. The literature suggests that impact-
ionization switches demonstrate dI/dt exceeding 10 kA/us,
while typical RSDs generally exhibit only a few kA/us at
currents surpassing 100 kA.

The impact-ionization switching primarily depends on trig-
ger generators, mainly due to the specific characteristics re-
quired for steep overvoltage triggering pulses. Trigger genera-
tors necessary for conducting such experiments can be catego-
rized into three groups: (i) trigger generators utilizing opening
switches, such as drift step-recovery diodes (DSRDs) [19]
and semiconductor opening switches (SOS) [20]; (ii) spiral
generators [21], [22]; and (iii)) Marx generators [23]. While a
low energy efficiency of around 30% is the main drawback of
spiral generators, Marx generators main constraint is related
to required modifications to reduce post-triggering energy
applied to the switch(es). On the other hand, trigger generators
based on semiconductor opening switches seem more reliable
solution despite the fact that the commercial availability of
DSRDs and SOS is limited. This stimulates research on off-
the-shelf opening switch replacement [24], which has not yet
yielded satisfactory results.

Series connection of thyristors serves as a technique for
enhancing the blocking voltage of the switch. In accordance
with findings presented in [2], a stack comprised of nine stan-
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dard high-voltage thyristors, triggered in the impact-ionization
wave mode, featuring a blocking voltage of 20 kV and a wafer
diameter of 40 mm, is capable of switching current pulses
with an amplitude of 45 kA and a dl/dt of 134 kA/us. In
another study [18], encouraging outcomes were documented
for a stack of two thyristors with a diameter of 56 mm. These
thyristors exhibited a blocking voltage of 5 kV, and the current
achieved an amplitude exceeding 200 kA, accompanied by a
dl/dt exceeding 50 kA/us and a full width at half maximum
(FWHM) of 25 us. These outcomes underscore the potential
of impact-ionization switching in commercial thyristors as a
viable approach for constructing high-voltage and high-current
semiconductor switches suited for pulsed power systems. De-
spite the literature covering high-voltage switches employing
series-connected thyristors, research into high-current switches
using parallel connection remains relatively limited.

In [25], the parallel switching of high-voltage thyristors
(@32 mm, 2.2 kV) has been demonstrated as a favorable
process for achieving high-current switches. Parallel switching
serves as a viable alternative to the triggering of a large-area
thyristor (@100 mm, 5.2 kV) [26]. This stems primarily from
two reasons: (i) parallel switching is a more cost-effective
solution, and (ii) it increases the current handling capability
of the switch by eliminating limitations related to the wafer
cross-sectional area.

This paper presents the impact-ionization switching of
thyristors in series-parallel connection for the first time ac-
cording to the open literature. The series-parallel triggering of
thyristors is a promising method to increase voltage blocking
and current capability of the switch simultaneously. This
triggering method facilitates the research towards high-voltage
and high-current switches in the pulsed power domain. In this
study, we developed a novel trigger circuit to examine the
performance of a setup consisting of two parallel branches.
Each branch included two thyristors (with specifications of
@24 mm/1.8 kV, T123-320-18), connected in series. These
thyristors were tested in the impact-ionization switching mode
using a single Marx generator. In the upcoming section,
we highlight the essential criteria for the trigger mechanism
and discuss the enhancements that have been implemented.
Afterward, the switching results of thyristors adopting this
trigger are presented. Finally, we discuss the limitations of the
Marx trigger generator using the trigger current measurement,
which was performed for the first time.

II. EXPERIMENTAL SETUP ARRANGEMENT

The electrical diagram of the entire experimental setup,
with trigger circuit, thyristor assembly, discharge circuit, and
diagnostic components, is depicted in Fig. 1.

A. Trigger Generator Improvements

The trigger circuit design is enforced by the essential condi-
tion of impact-ionization switching of high-voltage thyristors,
i.e., double static breakdown voltage with dV/dt of more than
1 kV/ns per thyristor. For two 1.8 kV thyristors connected
in series, the trigger circuit must provide a pulse with an
amplitude of more than 7.2 kV in less than 3.6 ns. Considering

thyristor before switching as an equivalent capacitance (C;p,),
to reach a higher value of dV/dt one needs a higher current
of the trigger circuit. This can be derived from the definition
of capacitance and charge as shown in (1).

@ _ I
dt_Cth

The thyristor and the inductance L caused by the connection
represent an LC-load for the trigger generator. In this case, the
peak current I,.,; of the trigger circuit can be expressed in
(2) through the peaking module voltage V,, as described in
[27].

(D

Vo

L
Cin

Analyzing (2), one may conclude that a high peak current
can be achieved through either reduction of the inductance
of the trigger circuit loop or increasing applied voltage from
the peaking module. The trigger loop inductance has been
minimized by reducing the length of the connection and using
a low-inductive capacitor in the peaking module. Thus, the
Marx generator and peaking module were designed to reach
Vp,maz 0f 70 kV ensuring a rise rate of more than 1 kV/ns
across each thyristor. In this work, although the voltage across
the peaking module reaches 70 kV, the voltage over the
thyristor stack is limited to about twice the static breakdown
voltage due to the impact-ionization switching mechanism, i.e.,
(2x1.8 kV)x2 = 7.2 kV.

The different components of the trigger circuit and their
applications can be highlighted as follows. A Marx generator
is used to produce the high-voltage pulse, with a rise time of
approximately 100 ns. Then, a peaking module sharpens the
pulse to achieve rise times of more than 2 kV/ns. In order to
decouple the trigger from the dc bias voltage V and to allow
a boost effect on the pulse an energy regulating unit is added
to the trigger circuit. The energy regulating unit comprises
of series capacitors (Cs) and grounding resistor (R,). Cy is
installed in the experimental setup to regulate the energy
delivered to load from the trigger circuit. In addition, R is
employed to charge C, up to the charging voltage across C.
This allows us to obtain a higher voltage with a higher dV/dt
across the thyristors.

Based on the experimental results highlighted in [25],
the post-trigger excessive energy in the Marx generator can
damage thyristors after triggering. Thus, the first modification
is to reduce the energy of the Marx generator. Compared to
the MM4 Marx generator used in [25], [26], an equivalent
capacitance has been reduced four times (up to 125 pF) in
the new 8-stage Marx generator (TM8) which has a charging
voltage of 20 kV and the energy of 1.6 J delivered to a
load. In addition, the equivalent capacitance within the peaking
module was reduced from 190 pF to 100 pF. Both measures -
Marx generator energy reduction and peaking module capac-
itor changing - aimed at reducing energy delivered into the
thyristors after switching.

Reducing the equivalent capacitance of the Marx generator
affects the maximum voltage amplitude of the peaking module.

2

Ipeak =
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Fig. 1. Equivalent electrical circuit of the experimental arrangement.

To increase the maximum voltage amplitude of the internal
capacitor of the peaking module C,, an inductor L,. was
added for resonance charging.

Fig. 2 shows the voltage pulse waveform over the peaking
module capacitor (C,). Fig. 3 indicates that the useful zone of
the pulse, with the highest amplitude, occurs during the first
100 nanoseconds. As it can be seen in Fig. 2, a part of the
pulse with an amplitude about 30 kV is remained undamped.
This can result in delivering excessive energy to the switch
after triggering, potentially causing damage.
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Fig. 2. Voltage pulse waveform across C, without magnetic crowbar.

To reduce excessive post-triggering energy over thyristor
assembly, a magnetic crowbar switch (L,,s and R,,,s in Fig. 1)
was designed as follows. Ferrite magnetic material was chosen
due to its stability, cost-effectiveness, and low losses caused
by eddy currents. The magnetic switch should close when
the voltage across the peaking module capacitor reaches a
maximum, thereby preventing the long part of the Marx
generator output pulse from being applied to the thyristors. To
achieve this goal, in the magnetic switch design, the number

Thyristor assembly

R, = 116 mQ

1
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e
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Fig. 3. Voltage pulse waveform across Cp, with and without magnetic
crowbar.

of turns (N) and the total ferrite cross-sectional areca (Ap.)
should be determined. Given the geometry of the ferrite rings
(TX36/23/10, 3C90 by FERROXCUBE), and considering in-
sulation limitations, the number of turns (N = 12) is chosen.
Thus, to obtain Ap., a volt-second integral of the magnetic
switch—described in [27]—derived from Faraday’s Law is
calculated as in (3).

Vomaz X tp
2

Given the maximum voltage of the peaking module
(Vp,maz = 70 kV), its charging time (t, = 100 ns), and
the magnetic induction swing (AB = 0.4 T), the Ap. is
calculated as 730 mm?. Since the effective cross-sectional area
of one ferrite ring is 63 mm?2, the total number of ferrite
rings employed in the magnetic switch is rounded to 12.
For insulation purposes, the switch was divided into 6 parts
connected in series, each consisting of 2 ferrite rings. Fig. 3

N x Ap. X AB = 3)
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illustrates the effective application of the designed magnetic
switch which significantly reduces the pulse duration without
affecting the useful amplitude part.

B. Main Circuit

In this study, four standard thyristors of 24 mm, 1.8 kV
(T123-320-18), were mounted in two parallel branches in
which each branch includes two series thyristors. These thyris-
tors have a rated blocking voltage of 1.8 kV and a wafer
diameter of 24 mm. They are connected as shown in Fig. 1,
labeled as Ti, Te, T3 and T4. When the voltage probe is
connected to the thyristor in the original package, a large
connection loop causes high parasitic inductance and reduces
measurement accuracy. By placing the thyristor wafer inside
a new customized package, which is smaller than the standard
one, the connection loop of the voltage probe is minimized.
Thus, we reduce the parasitic inductance and enhance the mea-
surement accuracy. Additionally, the new packaging makes it
easier to perform experiments by reducing the clamping force
required. To prevent optical triggering of the thyristors, the
new packages were 3D-printed using opaque plastic material,
as illustrated in Fig. 4.

(@) (b) (c) (d)

Fig. 4. Appearance of the T123-320-18 thyristor (1.8 kV / 24 mm): (a) orig-
inal package, (b) thyristor wafer, (c) 3-D printed package, and (d) different
employed connectors in thyristor assembly.

In order to ensure the dc voltage balance among four
series-parallel thyristors, parallel resistors (R) of 7.5 M(} are
connected across each thyristor. This value of resistance is
chosen to have a higher current flowing through the resistor
compared to the leakage current of the thyristor consequently
ensuring voltage balance among thyristors. Moreover, the
current balance between two branches of parallel thyristors is
obtained by applying a symmetrical geometry for the thyristor
assembly and implementing identical parallel current paths in
the discharging circuit.

The discharge circuit is constructed using a 20 uF capacitor
bank (labeled as C), a load resistor (R;, stainless-steel ribbon),
and two parallel ferrite rings (labeled as FR), as shown in
Fig. 1. The capacitor bank consists of two film capacitors
(10 pF, 10 kV) connected in parallel. The grounded copper
foil shield is applied to the film capacitors to minimize the
discharge loop area, reducing its inductance and increasing
the peak discharge current of the circuit. The discharge circuit

was designed based on a short circuit experiment (not shown),
where the capacitor bank has been discharged using a switch-
ing spark gap. A discharge loop inductance of 123 nH was
found from the short circuit test. To prevent the reverse current
over the thyristors, a damping resistor is required. A resistance
of 130 mf2 was found in the PSpice circuit simulation. We
finally reduced this value to 116 m{2 to reach a higher forward
thyristor current and dI/dt; the small reverse current had no
effect on the thyristors. Additionally, two parallel ferrite rings
were included to isolate the triggering pulse from the discharge
circuit.

The measurement system incorporates two parallel Pearson
current monitors model 101 (PCM; and PCMs in Fig. 1) to
measure current distribution among the two parallel branches
of thyristors. Measuring the triggering voltage pulse is accom-
plished with two home-made wideband voltage probes (labeled
as VP; and VPsy), each having a rise time of less than 350 ps.
These voltage probes are based on a resistive divider, with
a 1 kQ ceramic resistor (Ry; and Rgo) as the high voltage
arm and a 50 () coaxial cable as the low voltage arm [28].
The cable braiding extends up to half of the 1 k{2 resistor to
compensate for its parasitic inductance. To isolate the voltage
probe from the bias voltage, 100 pF capacitors (C4; and Cy2)
are attached to the high voltage arms of the two probes. The
voltage probe calibration process is detailed in [25].

The overall experimental setup in Fig. 1 operates as follows:
The capacitor bank (C) is initially charged up to the bias
voltage level of each parallel branch of the switch. Then, a
triggering voltage pulse generated by the TMS8 and enhanced
by the peaking module is applied to the thyristor assembly. In
this mode of triggering, the overvoltage pulse is applied to the
main electrodes of thyristors when the gate terminal remains
in the open state and connected to the cathode through internal
resistance of about 8 2. The energy delivered from the trigger
generator is adjusted by the energy regulating unit and the
magnetic crowbar system to safely operate the series-parallel
connection of thyristors. Under this safe trigger condition,
successful subnanosecond switching in impact-ionization wave
mode is achieved. Finally, simultaneous closure of the two
branches of thyristors generates a high-current pulse with
a corresponding high dI/dt in the discharge circuit. In the
following sections, the series-parallel switching results of
thyristors in the impact-ionization wave mode are described
in detail.

III. THYRISTOR SWITCHING RESULTS

The thyristor energy switching experiment is conducted for
the configuration of two parallel branches, with each branch
comprising two thyristors connected in series. The overall
experimental setup is shown in Fig. 5. In this experiment, the
capacitor bank (referred to as ”C” in Fig. 1) is charged by an
external dc voltage source up to 3.6 kV (the bias voltage over
series-parallel connection of thyristors). Afterward, a steep
overvoltage pulse generated by the trigger circuit is applied to
the thyristor assembly. The triggering pulse for each branch of
thyristors is measured independently using the high-frequency
voltage probes described in Section II. The waveforms of these
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48 cm

(@)

(b)

Fig. 5. Experimental setup for triggering series-parallel assembly of thyristors in impact-ionization mode with energy switching shown in (a) front view and
(b) top view. Different component of the experimental setup are as follows: (a) TM8 Marx generator, (b) resonant inductor, (c) magnetic crowbar, (d) peaking
module, (e) series capacitor of energy regulating unit, (f) resistor of energy regulating unit, (g) thyristor assembly, (h) Pearson current monitor (PCM),
(i) resistive load, (j) wideband voltage probe, (k) capacitor bank, and (1) grounded copper foil shield.

triggering pulses are depicted in Fig. 6. These waveforms start
with a dc bias voltage of 3.6 kV and are followed by pulses
with rise rates (dV/dt) of ~2.5 kV/ns for the branch 1 (T,
and T3) and ~2.3 kV/ns for the branch 2 (T3 and T4), within
the 10% to 90% transition range. The peak voltages reach
~7.6 kV and ~6.8 kV for the branch 1 and 2, respectively.
Moreover, the switching times (10% to 90%) are measured as
~380 ps for the branch 1 and ~440 ps for the branch 2.

9 T , .
—— (1) Voltage branch 1
81 —(2) Voltage branch 2| |
7 L
6 E
S
=,
o
en
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=
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Fig. 6. Measured over voltage pulses across each thyristor branch (branch 1:
T and T2, and branch 2: Ts and T4.

Fig. 7 displays the waveforms of the current flowing through
the series-parallel assembly of thyristors. The current measure-
ment system includes two parallel Pearson current monitors
to measure the current distribution between the two parallel-
mounted thyristors branches. The total current flowing through

20

(1) Current branch 1
(2) Current branch 2
——— (3) Total currnet

o p—
= 9]
T T

Current (kA)
wn

Time (ps)

Fig. 7. Total current and current distribution over two thyristor branches (4-
pulse overlap).

both thyristor branches has a rise rate (dl/dt) of ~8.5 kA/us,
reaches a peak amplitude of ~17.5 kA, and has a pulse
duration of ~4.5 us as determined at FWHM.

The successful switching of series-parallel configuration
of thyristors is accomplished through the following condi-
tions: (i) compliance with the basic conditions of the impact-
ionization switching (i.e., dV/dt more than 1 kV/ns and
maximum voltage of triggering pulse twice that of static
breakdown voltage) and (ii) low post-trigger energy delivered
to the thyristor assembly, which can be seen as low residual
voltage after switching (from ~8 ns to ~18 ns) in Fig. 6.
In addition, equal current distribution between two parallel
branches is obtained by implementing identical parallel current
paths from the discharge circuit to the thyristor assembly.
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By meeting the trigger pulse requirements and the geometry
of the main circuit (including the discharge circuit and the
thyristor assembly), a uniform distribution of current between
two parallel branches is achieved, with a current variation of
less than 2%, as demonstrated in Fig. 7.

Finally, we demonstrate the reproducibility of the experi-
mental results, as it is illustrated in Fig. 7. After conducting
these tests, the thyristor assembly exhibited a leakage current
of ~10 pA at the nominal voltage of 3.6 kV. This value
remains consistent with the initial level (before the experi-
ments), indicating that there is no observed degradation in the
performance of the thyristors.

IV. STUDY OF THE THYRISTOR TRIGGERING CURRENT

In order to investigate the feasibility of the Marx generator
to trigger thyristors in the impact-ionization wave mode, we
arranged an experimental setup to measure fast triggering cur-
rent. This experiment aims to find the reason for the residual
voltage across the thyristor after the switching phase. We
assume that a long pulse from the Marx trigger generator can
lead to this residual voltage, which may eventually damage the
thyristors. This experimental arrangement includes the trigger
circuit, 1.8 kV Thyristor T; (T123-320-18), and diagnostics
to measure overvoltage pulse and fast triggering current pulse
as seen in Fig. 8. The triggering current through the thyristor
is measured by a homemade resistive shunt (0.5 2) with a
usable rise time of about 0.5 ns [29]. Fig. 9 shows the stack
assembly composed of the thyristor T; and the current shunt
in series.

In this experiment, the thyristor T; is triggered in the
impact-ionization wave mode with zero voltage bias. Fig. 10
shows the measured triggering current pulse and Fig. 11
illustrates the first few nanoseconds of the current and voltage
waveforms on the thyristor. Based on these curves, we can
draw two conclusions: (i) an alternating current is applied to
the thyristor from the trigger generator, and (ii) there is a high
current with high dI/dt flowing through the thyristor at the
moment when the residual voltage is observed. This current
is expected to have a high dl/dt due to a low-inductance path
in the trigger circuit.

Marx Energy Regulating
Peaking module unit

generator Magnetic crowbar

Y : Diagnostics

Trigger circuit

Fig. 8. Equivalent electrical circuit for the experiment of the thyristor
triggering current measurement.

First, the fact that the current alternates between positive and
negative values does not seem optimal for the thyristor closure

Fig. 9. The assembly of the thyristor T1 and current shunt in series to measure
the current during triggering phase. Different components are as follows:
(a) shunt, (b) the Thyristor (T123-320-18), and (c) wideband voltage probe.

process. This is basically due to the capacitive elements of the
trigger circuit (the Marx generator and the peaking module).
On the one hand, high triggering current is required to initiate
the impact-ionization switching mode. On the other hand, the
capacitive nature of the trigger circuit results in oscillations
(undamped response). Hence, it becomes highly challenging
to remove the negative part without reducing the amplitude
and rise time of the current.

Second, analyzing the initial nanoseconds and overlay-
ing the current and voltage waveforms across the thyristor
(Fig. 11), it is observable that once the thyristor switches, the
current passing through it has a high amplitude (~1 kA) with
a steep rise rate of more than 120 kA/us. We assume such
a high current with high dl/dt after switching leads to the
residual voltage (in Fig. 11, from ~3 ns to ~10 ns) which
may cause damage on the thyristor.

1.2

0.8

»Hi
0:2— | | |
0 WJ \\ ( / A\\ N AN
NERIRTAVAVA GG
:0.4: \ J ]
T e

Current (kA)

L

0 50 150 200

Fig. 10. Triggering current waveform delivered from the trigger to the
thyristor Ty.

Although experiments have demonstrated the successful
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Fig. 11. A zoomed-in version of triggering current delivered from the trigger
to the thyristor T1 and voltage across the thyristor.

triggering of thyristors in the impact-ionization wave mode,
the application of such triggering pulses utilizing the Marx
generator system does not appear optimal. This is primarily
attributed to the Marx generator triggering current pulse, which
exhibits (i) damped sinusoidal characteristics and (ii) high
current (1 kA) with a rise rate exceeding 120 kA/us after
the switching phase. The magnetic crowbar introduced in this
paper is not capable to solve this issue. Therefore, a triggering
system based on inductive storage and semiconductor opening
switch appears to be a more appealing alternative for the
design of a trigger circuit. This trigger has several advantages
over Marx generators, with notable benefits including the
potential to achieve higher peak power and shorter pulse
duration.

V. CONCLUSION

This paper has successfully demonstrated the impact-
ionization switching of thyristors in the series-parallel config-
uration. This is accomplished through the design of a highly
cost-effective trigger generator. This trigger generator consists
of an improved Marx generator, magnetic crowbar, resonant
inductance, peaking module and energy regulating unit. The
peaking module and resonant inductance play a critical role
in achieving a high dV/dt and high maximum voltage respec-
tively. Meanwhile, the energy regulating unit and the magnetic
crowbar system are the essential components as they guarantee
the safe operation of the thyristors by restricting the excessive
energy delivered after triggering. These significant modifica-
tions of conventional Marx generator enable the application of
a trigger pulse with a substantial dV/dt level (2.5 kV/ns).

The work proves the possibility of impact-ionization trig-
gering of the thyristor assembly (2 parallel branches of 2 series
thyristors each) with current variations between the branches
less than 2%. This important objective is accomplished using
a single cost-effective trigger generator.

In terms of the constraints associated with the Marx gener-
ator, the high dl/dt immediately following the closure of the

thyristor, exceeding 120 kA/us, coupled with a significant trig-
gering current amplitude of 1 kA, underlines the nonoptimal
nature of the trigger generator in use. Furthermore, the damped
sinusoidal nature of the triggering current, resulting from the
discharge triggered by capacitive elements within the peaking
module, points to another less-than-ideal characteristic of such
a trigger generator. Thus, a further research task involves the
development of a trigger generator that employs inductive stor-
age and an opening switch. This triggering mechanism offers
several advantages compared to Marx generators, particularly
in terms of the ability to attain greater peak power and shorter
pulse duration.
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