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

Abstract—This paper investigates the impact-ionization switch-
ing mechanism in parallel-connected high-voltage thyristors,
aiming to bridge the gap between experimental observations and
numerical simulations. A novel experimental setup is designed
to study four parallel thyristors triggered in impact-ionization
wave mode, marking the first instance of such an arrangement. In
addition to the experiment, a numerical simulation is employed to
assess the impact-ionization switching of high-voltage thyristors
in parallel connection. The numerical simulation adopts a quasi-
3D model of the thyristor structure derived from a 2D model,
considering cylindrical symmetry. Three distinct scenarios are
explored in the simulation: (i) static voltage breakdown, (ii) sup-
pression of unwanted dV/dt triggering, and (iii) delayed impact-
ionization breakdown. The paper presents a detailed comparison
and discussion of the experimental and numerical simulation
results related to impact-ionization switching.

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

I. INTRODUCTION

STEEP overvoltage pulses with voltage rise rates (dV/dt)
of more than 1 kV/ns applied across high-voltage diodes

enable subnanosecond switching, as initially demonstrated at
the Ioffe Institute in 1979 [1]. It thereafter led to the develop-
ment of switches known as Silicon Avalanche Shaper (SAS)
diodes [2], [3]. The effect has been called ”delayed impact-
ionization breakdown of high-voltage p-n junction”. Four-
layer structures called Fast Ionization Dynistor (FID) were
developed later based on this pioneering advancement in semi-
conductor physics. Having subnanosecond switching time,
FIDs are capable of switching kA currents with a current rise
rate (dI/dt) of up to 200 kA/µs [4], [5].

In an effort to extend this breakthrough to commercial
semiconductors, the successful testing of triggering thyristors
in impact-ionization switching mode has been reported in
[6], [7]. When standard high-voltage thyristors are triggered
in impact-ionization wave mode, they exhibit subnanosecond
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switching times and dI/dt capabilities that are hundreds of
times higher than their rated values. In this switching mode, a
rapid overvoltage pulse (with dV/dt ≥ 1 kV/ns) is applied to
the main electrodes of the thyristors in the forward direction,
while the gate terminal remains in an open state. Impact-
ionization switching of high-voltage thyristors is a reliable
method for achieving fast high-current pulses (100s kA,
10s kA/µs) as demonstrated in [8]–[10].

The key distinction between impact-ionization switching
and conventional thyristor switching lies in the following as-
pects. First, in the conventional thyristor switching mechanism,
current carriers are injected through the gate electrode [11].
This leads to an injection of electrons and holes from the n and
p layers located on the opposite side of thyristors into the space
charge region at the p-n junction. Theoretically, nanosecond
switching times can be achieved in standard thyristors with a
conventional switching mechanism [12]. However, the carrier
saturation velocity (107 cm/s for electrons in silicon) acts as
a limiting factor in this process, resulting in switching times
of several nanoseconds for high-voltage thyristors.

On the contrary, in the impact-ionization switching mode,
the gate electrode remains floating, and a steep triggering
pulse is applied either with a positive polarity to the an-
ode or a negative polarity to the cathode electrode of the
thyristor. For impact-ionization triggering, the voltage across
the thyristor must have two characteristics: (i) a dV/dt across
the thyristor exceeding 1 kV/ns and (ii) a maximum voltage
amplitude twice that of the static breakdown voltage. Under
this condition, electron-hole plasma is directly generated in the
depletion region through the impact-ionization of silicon (Si)
atoms under a high electric field (∼ 2 × 105 V/cm), leading
to subnanosecond switching time.

Based on various experimental and theoretical investigations
outlined in [10], [13], the phenomenon of impact-ionization
switching occurs in certain regions on the thyristor cross-
sectional area. Consequently, during the switching process,
the p-n junction area exhibits a dual nature: (i) a conductive,
or ”active” area where impact-ionization breakdown occurs,
and (ii) a non-conductive, or ”passive” area, analogous to a
charged capacitor. As stated in [13], the switching time is
basically defined as the discharge duration of the passive area
through the active region, typically with a characteristic value
of 100 ps.

The numerical modeling of avalanche breakdown is required
for a better understanding of the underlying physics. While
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Fig. 1. Equivalent electrical circuit of the experimental arrangement.

numerical simulations of impact-ionization switching of high-
voltage devices have been reported in several studies [13]–
[16], the physical understanding of this phenomenon lags
behind compared to experimental applications. In addition, nu-
merical study on impact-ionization switching of high-voltage
thyristors has not been extensively explored and is currently
limited to 1D numerical simulations [8], [10].

In terms of experimental work, the demonstration of parallel
switching in high-voltage thyristors (Ø32 mm, 2.2 kV) stands
out as an advantageous approach for high-current switch
design [17]. This method serves as a practical alternative to
triggering a larger-area thyristor (Ø100 mm, 5.2 kV) [18]. The
preference for parallel switching primarily results from two
key factors: (i) its cost-effectiveness and (ii) increasing the
current capability of the switch by eliminating the thyristor
wafer area limitations.

This study pursues a better understanding of the funda-
mental physics behind impact-ionization switching in parallel-
connected high-voltage thyristors. In this framework, a novel
experimental setup is arranged to trigger four thyristors in
parallel in impact-ionization wave mode. In addition to the
experiment, a numerical simulation is employed to test impact-
ionization switching of high-voltage thyristors in parallel con-
nection employing standard models. A quasi-3D model of
the thyristor structure is built from a 2D model considering
a cylindrical symmetry in this numerical simulation. Then,
three different scenarios are tested: (i) static voltage break-
down, (ii) unwanted dV/dt triggering, and (iii) delayed impact-
ionization breakdown. Finally, experimental and numerical
simulation results of impact-ionization switching are compared
and discussed in detail.

II. EXPERIMENTAL SETUP

The overall experimental arrangement, including the trigger
circuit, thyristor assembly, and diagnostics is presented in
Fig. 1. In this study, 2.2 kV thyristors of the type T333-
250 [19] are tested. These thyristors have a wafer diameter
of 32 mm and are manufactured by Proton-Electrotex.

Fig. 2. Measured voltage pulses across four thyristors.

A. Circuit Arrangement

The trigger circuit consists of three main parts as depicted in
Fig. 1. A four-stage methodical Marx generator (MM4) is used
to produce the high-voltage pulse, more detailed description
of this generator can be found in [18]. As this pulse does not
reach the required rise rate (i.e. more than 1 kV/ns) for impact-
ionization switching, a peaking module is employed to sharpen
the pulse to achieve the necessary rise rate of overvoltage
pulse. Finally, an energy regulating unit allows for a boost
effect on the pulse.

To control the energy supplied to the thyristor assembly
from MM4, series capacitors (Cs) are incorporated into the
experimental setup, as illustrated in Fig. 1. Additionally, a
grounding resistor (Rg) is employed to ensure that the left side
of Cs is close to ground potential. This arrangement facilitates
achieving a higher voltage across the thyristors.

The four-thyristor assembly is configured in such a manner
that each voltage probe measures the voltage pulse across
the connected thyristor, avoiding interference from the voltage
wave propagation from neighboring thyristors. This key objec-
tive is achieved by arranging the thyristors in the setup with
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Fig. 3. The thyristor structure and doping profile in (a) 1D, (b) 2D, and (c) quasi 3D.

a distance between neighboring thyristors of approximately
17 cm, as shown in Fig. 1. We assume that electromag-
netic waves propagate through the air at the speed of light.
Thus, considering the 17 cm distance between two adjacent
thyristors, it takes 567 ps for an electromagnetic wave to
reach neighboring thyristors, which is more than a thyristor
switching time of ∼300 ps. We believe this demonstrates
that each voltage probe measures the voltage across each
thyristor without distortion from neighboring thyristors, i.e.,
all measurements are independent. It is also confirmed by the
fact that all four signals (Fig. 2) have unique characteristics of
dV/dt, maximum voltage amplitude, switching time and delay.

For voltage measurement across the thyristors, we man-
ufactured four wideband voltage probes with a usable rise
time of approximately 200 ps. This voltage probe comprises a
resistive divider consisting of a ceramic resistor (Rd = 1 kΩ)
as the high-voltage arm resistance and a 50 Ω coaxial cable
as the low-voltage arm [20]. All 4 signals were measured
simultaneously by a 4-channel real-time digital oscilloscope
(DPO70604 TEKTRONIX, 6 GHz, 25 GS/s).

B. Experimental Results

To investigate the impact-ionization switching in parallel
connection of four thyristors, an experimental setup is arranged
for a non-energy switching mode, i.e., switching without
load. The primary aim of this experiment is to illustrate the
triggering of all four thyristors in impact-ionization mode
through the demonstration of subnanosecond switching times.
In this experimental configuration, the triggering pulse is
directly applied across the thyristor assembly with zero bias
voltage, as depicted in Fig. 1.

To trigger the thyristor in impact-ionization mode without
energy switching, the following procedure is adopted. A
triggering pulse generated by the Marx generator and enhanced
by the peaking module, with respect to the rise rate, is applied
across the main electrodes of thyristors in parallel connection
as the gate electrode remains open.

In the Fig. 2, the voltage pulses across four thyristors (T1,
T2, T3 and T4) measured by high-frequency voltage probes are
demonstrated. The trigger pulses measured across 4 parallel

thyristors, as shown in Fig. 2, demonstrate a rise rate from
1.05 to 1.65 kV/ns, a maximum voltage from 4.1 to 4.3 kV,
and a switching time from 200 to 320 ps. Notably, in Fig. 2,
the time delay between the switching times of 4 thyristors
is less than the time of wave propagation from neighboring
thyristors.

One may notice that T1 and T4 have similar switching con-
ditions regarding delay time, voltage amplitude, and switching
time. The same can be observed for the T2 and T3. From the
setup, we can explain this by the symmetry of T1 and T4 to
T2 and T3 with respect to the trigger generator connection.

In order to examine the reproducibility of experimental
results, this test was repeated over 10 shots. The average value
of the rise rate of overvoltage pulses varies from 1.29 kV/ns
to 1.48 kV/ns. In addition, a fast switching time from 193 ps
to 293 ps on average is measured across four thyristors in 10
experiments. Subnanosecond switching time proves the pos-
sibility of further scaling of parallel connection for switching
of high-voltage thyristors in impact-ionization wave mode.

III. NUMERICAL SIMULATION

To gain a more comprehensive insight into the physics
of impact-ionization switching, a numerical study of this
phenomenon is conducted using Synopsys TCAD [21], [22].
A mix-mode device with circuit simulator is employed to
simulate impact-ionization switching of parallel thyristors.
In this numerical simulation, the drift-diffusion model was
selected as the carrier transport model. Then, the transport
equations are solved alongside the Poisson equations to con-
sider the mutual influence of charge carriers and the electric
potential. The coupling of these two sets of equations is
necessary because the distribution of charge carriers affects the
electric field, and the electric field influences the movement
of charge carriers. Moreover, the activation of the generation-
recombination process involves employing impact-ionization
generation models, as well as Shockley-Read-Hall and Auger
recombination mechanisms. More theoretical details can be
found in [23]. The specifics of the simulated structure and the
series of simulation tests are presented as follows.
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A. Thyristor Structure and Doping Profile

The initial step involves defining the thyristor structure
using Synopsys TCAD. In this numerical simulation, we
construct a quasi-3D model of the thyristor by rotating a
2D model 360◦ that results in a cylindrical structure similar
to the thyristor wafer assuming the cylindrical symmetry
for the thyristor structure. This model of the thyristor is
developed, taking into account cathode shorts existed in a
real thyristor [12], [24]. The cathode shorts are the parts
near the cathode surface in which the p layer reaches the
cathode. The cathode shorts provide substantial improvement
in the forward blocking capability for thyristors, leading to
a higher electric field level over the reverse bias p-n junction
compared with thyristors without cathode shorts. As illustrated
in Fig. 3, a cross-sectional cutline through the 2D structure
provides insight into the doping profile, extracted from the
literature [12], [24] and adapted for a 2.2 kV thyristor. The
structure of a four-layered thyristor (n+-p-n-p+) is formed by
diffusion of phosphorous (n+), aluminum (p), phosphorous
(n), and boron (p+). In order to match the characteristics of the
2.2 kV thyristor, the width of the n-drift layer and its doping
concentration are adjusted to 300 µm and 6.34×1013 cm−3,
respectively. These values are specifically chosen to reach
the static voltage breakdown of ∼2.2 kV, as investigated in
Section III (B).
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Fig. 4. The simulation circuit to test the thyristor static voltage breakdown.

B. Static Breakdown Voltage

In the second step, to confirm the accuracy of the thyristor
model, a simple simulation test is conducted to investigate
the static breakdown of a 32 mm, 2.2 kV thyristor, as il-
lustrated in Fig. 4. When the anode voltage is adjusted to
be positive in relation to the cathode, junctions J1 and J3
are forward-biased, while junction J2 is under reverse bias.
Consequently, only a minimal leakage current traverses from
the anode to the cathode, indicating that the thyristor is in a
blocking mode. Upon increasing the anode-to-cathode voltage
to a sufficiently high level, the reversely biased junction J2
undergoes avalanche breakdown, leading to the establishment

Fig. 5. The simulation result of the thyristor static voltage breakdown.

of the static breakdown voltage (V0). Given that junctions J1
and J3 are already in a forward-biased state, there is free
movement of carriers across all three junctions, resulting in
a substantial forward anode current. At this point, the device
transitions into a conducting state. In the conducting state, the
anode current is limited by an external resistance (R = 1 MΩ).

In Fig. 5, the simulation results of the thyristor static
breakdown voltage test are illustrated. Notably, the break-
down voltage is observed at 2.25 kV, exhibiting a favorable
correlation with experimental data. This promising agreement
motivates the exploration of additional tests employing the
developed thyristor model.

C. Suppression of Unwanted dV/dt Triggering

During transient conditions, a forward-blocking thyristor
may transition to its conducting state at voltages below
the static breakdown voltage. This undesirable phenomenon,
known as dV/dt triggering (where V is the voltage across
anode with respect to cathode), can unintentionally switch on
a thyristor under transients. The dV/dt effect is a consequence
of the rapidly changing anode-cathode voltage, resulting in
a displacement current across junction J2, given by C×dV

dt ,
where C is the depletion capacitance of J2. The origin of
dV/dt triggering can be explained as follows. In the forward-
blocking state, most of the applied voltage will be across
junction J2. Any change in voltage alters the depletion width
of J2, causing majority carriers on both sides of J2 to flow,
generating the displacement current. This displacement current
functions similarly to the gate current [24].

In power thyristors, dV/dt ratings must be high to prevent
false triggering. An effective method to improve the dV/dt
rating involves the use of cathode shorts, as illustrated in
Fig. 3. The displacement current (holes) into the J1 junction is
redirected through the shorts. Cathode shorts significantly en-
hance the dV/dt capability of high-voltage thyristors. Whereas
typical ratings of 20 V/µs achievable in thyristors without
cathode shorts, the dV/dt rating can be increased by a factor
of 10 to more than 100 in shorted devices [24].



IEEE TRANSACTIONS ON PLASMA SCIENCE 2024 5

Fig. 6. Simulation results illustrating the resilience of the modeled thyristor
toward unwanted dV/dt triggering, particularly at low voltages.

Thus, an unwanted dV/dt triggering is simulated by applying
an input voltage with a typical rise rate of 0.8 kV/µs. In the
context of this simulation, we conduct a test on the high-
voltage thyristor with modeled cathode shorts, particularly to
observe the occurrence of dV/dt triggering. As illustrated in
Fig. 6, the model demonstrates robustness against undesired
dV/dt triggering at low voltages. Specifically, the thyristor
triggering occurs only after exceeding the static voltage break-
down value, i.e., 2.2 kV.

It is noteworthy that the dV/dt of the input voltage is far
below the threshold value for the impact-ionization switching
(1 kV/ns). Additionally, the result indicates a switching time
of 100 ns, underscoring the comparatively slow nature of this
phenomenon when compared with impact ionization switch-
ing, where the switching time is typically less than 1 ns.

D. Delayed Impact-Ionization Breakdown

To initiate the impact-ionization switching mechanism, a
steep overvoltage pulse is applied across the anode and
cathode, with the gate electrode remaining unconnected. This
overvoltage pulse has a rise rate exceeding 1 kV/ns and an
amplitude of more than twice the static voltage breakdown
(V0).

For the numerical simulation of impact-ionization switching
of high-voltage thyristor, various standard models such as
van Overstraeten-de Man [25], Okuto-Crowell [26], Lackner
[27] and the new University of Bologna [28]–[30] are tested.
The aim is to reach a better agreement with the characteristics
of the overvoltage pulse derived from experiments. These
characteristics include over-voltage pulse rise rate, maximum
voltage, and switching time.

During the transient analysis phase, the thyristor undergoes
impact-ionization switching in wave mode, and we compare
different impact-ionization models to identify the most accu-
rate one. All models exhibit a rise rate exceeding 1 kV/ns,
reaching a maximum of around twice the static breakdown. Af-
ter simulation result evaluation, the van Overstraeten-de Man

model is selected due to its similarity to experimental results,
particularly its accurate representation of maximum overvolt-
age when compared with the experimental result, as illustrated
in Fig. 7.

Fig. 7. The numerical simulation result of the voltage across thyristor for
four different impact-ionization models in comparison with the experimental
result. The red square marks indicate the time points at which the simulation
results are captured for analysis (shown in Fig. 8, Fig. 9, and Fig. 10).

The numerical simulation results enable us to observe
the electric field development inside the thyristor structure,
providing insights into the inner dynamics of the impact-
ionization mechanism. To examine electric field development,
square marks on the voltage pulse highlight the simulation
time, as shown in Fig. 7 (curve number 1). The simulation
time is from 4.45 ns to 6.65 ns, with a time interval of
800 ps for the first two intervals and 200 ps for the rest
of the intervals. The simulation starts at a bias voltage of
2.2 kV, allowing an increase in the electric field near the
reversed bias p-n junction (J2). Meanwhile, the n-drift layer
has a comparatively lower electric field. Subsequently, an
overvoltage pulse characterized by a steep voltage rise rate
(1 kV/ns) is applied. The first point captured at bias voltage,
and t = 4.45 ns shows an electric field of 1.91×105 V/cm right
below the electric field threshold for delayed impact-ionization
breakdown, as shown in Fig. 8 (a). In this condition, the space
charge region predominantly occupies the n-drift layer (Fig. 9,
curve number 1).

Further increase in the overvoltage pulse results in a higher
electric field, surpassing the electric field threshold for delayed
impact-ionization breakdown. Within a short time frame of
800 ps from the applied trigger pulse, the electric field at the
p-n junction surpasses the threshold required for avalanche
breakdown (2.14×105 V/cm), as depicted in Fig. 8(b). From
this point, a further increase in the electric field initiates
an intense impact ionization process that generates the elec-
tron–hole plasma. Fig. 8(c) illustrates a high electric field of
2.5×105 V/cm right before the thyristor switching time.

Following the thyristor dynamics in impact-ionization wave
mode, the electric field near the p-n junction J2 decreases,
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Fig. 8. The 2D simulation result of eclectic field development inside the thyristor. The simulation time is considered from 4.45 ns to 6.65 ns with a time
interval of 800 ps for the first two intervals and 200 ps for the rest of the intervals (shown as square marks in Fig. 7).

Fig. 9. The 1D simulation result of eclectic field development inside the
thyristor. The simulation time is considered from 4.45 ns to 6.65 ns with a
time interval of 800 ps for the first two intervals and 200 ps for the rest of
the intervals (shown as square marks in Fig. 7).

being pushed out by the electron-hole plasma, while at the
same time intensifying in the adjacent part of the space charge
region (Fig. 8(d) and curve number 4 in Fig. 9). This process
facilitates the direct injection of electron-hole plasma within
the vicinity of the breakdown p-n junction, as depicted in
Fig. 10 (a) and Fig. 10 (b), curve number 4. Consequently, as
illustrated in Fig. 8 (e) and Fig. 8 (f), the ionization zone shifts,
indicating the propagation of the impact-ionization front. This
superfast ionization front moves within the depletion region
at an average velocity of Vf = 210µm

600ps = 3.5×107 cm/s, as
shown in Fig. 9 from curve number 3 to 6. The velocity
of the ionization front is 3.5 times faster than the saturation
velocity of electrons in silicon. This eventually results in a
subnanosecond switching time in impact-ionization switching
mode.

Fig. 10 (a) and Fig. 10 (b) (curve number 1 to 6) depict
electron and hole densities during the aforementioned simu-
lation time, illustrating the gradual increase in electron and
hole densities within the thyristor structure. As indicated in

Fig. 10. The simulation result of the thyristor inner dynamics in impact-
ionization switching mode (a) hole density, and (b) electron density. The
simulation time is considered from 4.45 ns to 6.65 ns with a time interval
of 800 ps for the first two intervals and 200 ps for the rest of the intervals
(shown as square marks in Fig. 7).

Fig. 9 (curve number 3), the initiation of a superfast ionization
front right before switching time leads to an increase in
electron-hole plasma near the p-n junction (J2), as shown in
Fig. 10 (a) and (b) (curve number 3). Then, as the impact-
ionization front moves forward within the n-drift layer of the
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thyristor, the further injection of electrons and holes from
the heavily doped n+ and p+ layers allows further increase
in electron-hole plasma, as illustrated in Fig. 10 (a) and (b)
(curve number 4, 5, and 6). These processes collectively
result in the rapid filling of the n-drift layer of the thyristor
structure with electron–hole plasma within mere hundreds of
picoseconds. Consequently, the thyristor undergoes a transition
to the conducting state.

The simulation results presented in Fig. 9 and Fig. 10 can
be validated through either theoretical analysis of impact-
ionization phenomena as discussed in prior works [13]–[16],
[31] or experimental verification. Firstly, the simulation re-
sults in this article comply with the developed theory of
the phenomenon including (i) the formation of a superfast
impact-ionization wave at peak overvoltage pulse amplitude
and its movement inside the structure during switching time,
and (ii) the increase in electron-hole densities near the p-n
junction at the initial phase of the breakdown, which pushes
away superfast ionization front inside n-drift layer. Secondly,
in terms of the experiment, we analyze the accuracy of elec-
tric field development and the electron-hole densities inside
the structure by comparing the measured voltage pulse with
numerical simulation results in Section IV. This can indirectly
confirm the numerical simulation accuracy of the electric field
and electron-hole densities inside the thyristor.

IV. EXPERIMENTAL VERSUS NUMERICAL SIMULATION
RESULTS

In this section, experimental results of parallel switching of
two thyristors (T∗

1 and T∗
2) in impact-ionization wave mode are

compared with the numerical simulation. In the experimental
work described in detail in [17], a bias voltage of 2.2 kV is
applied across two parallel thyristors. The overvoltage pulse
across each parallel thyristor is measured employing the high-
frequency voltage probe described in Section II. The voltage
waveforms are shown and compared with the numerical sim-
ulation in Fig. 11 (a) and (b).

During parallel triggering, a voltage rise rate of 1.6 kV/ns
and 1.3 kV/ns for the thyristors T∗

1 and T∗
2, respectively, results

in maximum voltages of 4.6 kV and 3.8 kV. We believe
that these different values of voltage rise rate are due to
different inductive path connections from the trigger circuit
to the thyristors T∗

1 and T∗
2. Subnanosecond switching times

are measured for T∗
1 and T∗

2 as 230 ps and 400 ps, respectively.
A faster switching time of T∗

1 compared to T∗
2 resulted from

a better-triggering condition namely higher dV/dt and higher
maximum voltage amplitude.

Three notable findings can be stated from the experimental
and simulation results comparison. (i) An accurate agreement
between experimental results and numerical simulation is ob-
served in terms of voltage rise time and maximum overvoltage
pulse. (ii) Both the experimental and simulation results affirm
that an improved triggering condition, characterized by higher
dV/dt and a greater maximum voltage amplitude, leads to a
faster switching time. (iii) Although the numerical simulation
indicates subnanosecond switching times for parallel thyris-
tors, a longer switching time of 600 ps and 820 ps is reached

Fig. 11. The experimental and simulation result comparison of the overvoltage
pulse in parallel connection (a) T∗

1 , and (b) T∗
2 .

(for T∗
1 and T∗

2, respectively) when compared to experimental
results. This mismatch may be attributed to standard impact-
ionization models, wherein the entire area of the thyristor
structure is involved in the formation of the impact-ionization
front. Recent theory in impact-ionization switching suggests
that only a fraction of the thyristor cross-section is active
during avalanche breakdown. Further research is necessary to
achieve a better theoretical understanding of impact-ionization
switching phenomena in high-voltage thyristors.

V. CONCLUSION

This study proves the impact-ionization switching mecha-
nism in parallel-connected high-voltage thyristors. Experimen-
tal and numerical approaches are employed to understand and
validate the impact-ionization switching process.

The experimental setup involves triggering four thyristors
in parallel with a novel configuration. The trigger circuit,
thyristor assembly, and diagnostics are carefully arranged to
ensure accurate measurements. Parallel switching is empha-
sized for its cost-effectiveness and enhanced current-handling
capability, overcoming limitations related to the wafer’s cross-
sectional area.
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Numerical simulations using Synopsys TCAD complement
the experimental work, providing insights into the physics
of impact-ionization switching. The simulations include tests
for static breakdown voltage, unwanted dV/dt triggering, and
delayed impact-ionization breakdown. The impact-ionization
models are compared to find a better alignment with exper-
imental characteristics, such as rise rate, maximum voltage,
and switching time. Whereas numerical simulation suggests
a subnanosecond switching time for parallel thyristors, the
actual switching time achieved is longer when compared to
the experimental results. Additional investigation is required
to enhance the theoretical comprehension of impact-ionization
switching phenomena in high-voltage thyristors.
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Université de Pau et des Pays de l’Adour (UPPA),
Pau, France, in 2001 and 2010, respectively. He
is currently a Full Professor in pulsed power with
University of Pau. He is the director of the SIAME
laboratory and he is also the Director of a Common
Laboratory between UPPA and CEA, France.

His current research interests include high-power
microwave sources, compact pulsed power systems,

and ultrafast transient probes. Dr. Pecastaing was the chairperson of the Euro-
Asian Pulsed Power Conference/High-Power Particle Beams/Megagauss Mag-
netic Field Generation and Related Topics (EAPPC/BEAMS/MEGAGAUSS)
Conference, France, in 2021. He is also a member of the International Steering
Committees for both the BEAMS Conferences and the Euro-Asian Pulsed
Power Conferences.


