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Inertial polarization dynamics predicted by the Landau-Khalatnikov-Tani (LKT) model have lacked direct
experimental confirmation in bulk ferroelectrics. We report electrically induced inertial dynamical
depolarization in pre-polarized BaTiO3 and PZT capacitors at room temperature, producing sub-5-ns high-
voltage pulses and underdamped oscillations in the 90-200 MHz range. Above a critical threshold V¢, the
polarization trajectory crosses the LKT separatrix, driving the system from a high-permittivity overdamped
state into a low-permittivity underdamped regime with rapid release of stored energy. The inertial origin is
established by two independent linear controls: a linear polypropylene-film capacitor of identical
capacitance reproduces neither the voltage threshold nor the elevated post-transition frequency, and a
spark-gap-only transmission-line reference produces no underdamped ringing. The higher post-transition
frequency observed exclusively with the ferroelectric capacitor indicates a dynamic collapse of effective
permittivity upon separatrix crossing, quantified as Ceff = Cnominal X (fiinear/ frerro)?. The measurement chain
was independently calibrated on a Tektronix MSO44B oscilloscope (1.5 GHz, 25 GSa/s; intrinsic rise time
=330 ps after deconvolution). P-E hysteresis loops confirm the initial remanent polarization state (BaTiO3
=0.25 C/m? coercive field =1.5 kV/cm) with no measurable degradation after repetitive operation,
demonstrated up to 50 Hz at full performance and up to 200 Hz with an upgraded charging circuit. The
resulting nanosecond pulses generate reduced electric fields (E/N) exceeding 500 Td, enabling efficient
initiation of non-equilibrium plasma discharges, including fast streamer ignition and nanosecond
repetitively pulsed (NRP) plasmas. Projected applications include HPM source excitation, EMC/EMP testing,
and advanced nsPEF biomedical research. These results provide the first direct experimental evidence of
inertial dynamical depolarization in bulk ferroelectrics and establish a practical platform for ultrafast plasma
generation.
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I. INTRODUCTION electrically induced inertial dynamical
depolarization described by the full Landau-
Pulsed-power technology underpins a broad class Khalatnikov-Tani equation with polarization
of applications-from directed-energy systems and inertia [2-3].
high-power microwave (HPM) sources to non-
equilibrium plasma reactors and biomedical Conventional  architectures  include ~ Marx
devices-all of which demand fast-rising, high- generators, spark-gap switches, and explosive
amplitude voltage transients. ferroelectric generators (FEGs). Marx generators
offer design flexibility but are typically
Building upon our recent demonstration of constrained to rise times on the order of tens of
repetitive high-voltage generation via rapid nanoseconds. Explosive FEGs can deliver
thermal depolarization [1], here we present a extraordinary peak energies yet are inherently
qualitatively ~ different approach based on single-use and introduce = significant  safety
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constraints [6,7]. Non-destructive ferroelectric
generators based on thermal or mechanical
depolarization  overcome  the  single-use
limitation, but their rise times seldom fall below
several tens of nanoseconds and their repetition
rates are restricted by thermal recovery [1,7].

A qualitatively different operating regime
emerges from the LKT framework [2,5]: under
fast high-voltage switching, a bulk ferroelectric
capacitor can undergo a spontaneous inertial
phase-space transition from a high-permittivity,
overdamped state to a low-permittivity, high-Q
underdamped state. Unlike classical ferroelectric
switching, this bifurcation is governed by
polarization inertia [3,4] and occurs on timescales
far shorter than thermal relaxation.

The potential intersection with non-equilibrium
plasma generation is particularly compelling.
Atmospheric-pressure non-equilibrium plasmas-
produced in dielectric barrier discharges (DBDs),
pulsed corona reactors, and nanosecond
repetitively pulsed (NRP) discharges-rely on brief,
high-field excitation to create reactive species
while maintaining a cool gas temperature [10-
12]. The reduced electric field (E/N) achieved
during the pulse rise determines the electron
energy distribution and hence the selectivity of
plasma-chemical reactions. Sub-5-ns rise times
and high peak voltages, as demonstrated here,
satisfy precisely the conditions required for
efficient non-equilibrium ionization with minimal
gas heating (“fast gas heating avoidance”) [14].

A central concern for any such claim is whether
the observed fast transient genuinely reflects
ferroelectric polarization dynamics or merely the
passive RLC response of the charged capacitance
discharging through the loop inductance and
spark gap. We address this concern directly by
means of two independent linear controls and a
calibrated transmission-line reference source
(Section 1IV). The measurement chain calibration
and quantitative frequency-shift analysis provide
the metrological foundation for attributing the
dynamics to LKT inertial depolarization rather
than circuit artifacts or other nonlinear dielectric
effects (e.g., field-dependent permittivity or
domain-wall motion alone).

In this revised manuscript we characterize the
LKT dynamics, identify the separatrix as the

governing control parameter, present
experimental waveforms with quantitative
metrics, and demonstrate through control

experiments that the observed bifurcation and
permittivity collapse are unique to the inertial
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ferroelectric response. We further discuss how
these pulse characteristics translate into
advantages for non-equilibrium plasma excitation
[10-15], HPM generation [8,24], EMC/EMP testing
[9], and biomedical nanosecond pulsed electric
field (nsPEF) therapies [16-23].

To the best of our knowledge, this constitutes the
first experimental observation of rapid inertial
dynamical depolarization in bulk ferroelectric
capacitors driven by fast electrical switching of a
pre-charged capacitor, supported by independent
linear controls and calibrated sub-nanosecond
metrology.

Il. PHYSICAL PRINCIPLE AND MODEL

The polarization dynamics of a ferroelectric
element embedded in an RLC circuit are
governed by the inertial Landau-Khalatnikov-
Tani equation [2,5]:

M15+yP+Z—£=E(t), )

where F(P) = aP?/2 + bP*/4 is the Landau free
energy [3] with a<0 below the Curie
temperature T;, M is the inertial coefficient of
polarization [2,5], y is the viscous damping
coefficient, P is the polarization, and E(t) is the
applied field. In the classical (non-inertial) limit
M =0, the dynamics are unconditionally
overdamped [4]. Introducing a finite M opens an
oscillatory degree of freedom characterized by a
natural frequency w, and quality factor

Q =Mwy/y.

At low applied fields the system resides in the
overdamped regime (Q < 1/2): the effective
permittivity is large, dissipation dominates, and
polarization relaxes monotonically. Once the
applied voltage exceeds a critical value V;, the
phase-space trajectory crosses a separatrix in
(P,P) space [1], triggering a spontaneous
bifurcation into the underdamped regime (Q »
1). The effective permittivity drops sharply, the
local oscillation frequency rises dramatically, and
the circuit inductance together with the reduced
residual capacitance form a high-frequency LC
resonance. The abrupt release of stored
polarization energy generates a steep voltage
transient across the load.

The separatrix geometry-and hence V.-depends
on the Landau coefficients a and b, the inertial
coefficient M, and the circuit parameters L and R
[1,5]. This threshold can be empirically calibrated
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and electrically fine-tuned in real time, giving
precise, shot-to-shot control of the bifurcation.

Physically, the double-well Landau potential [Fig.
1(a)] supports two stable polarization minima.
The phase-space portrait [Fig. 1(b)] displays a
separatrix separating overdamped relaxation
from oscillatory dynamics. Crossing this

() Ferroelectric double-well potential

(b) Polarization phase portrait
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boundary enables rapid depolarization and
energy release, producing the nanosecond pulses
illustrated in Fig. 1(c).

(c) Nanosecond depolarization pulse

0.1

0.0

-0.14

Free energy (UP)

] ~0.25-

"\ 1.00 A
0.754
0.501

0.251

Voltage (normalized)

-1 0 1 -1

Polarization P (normalized)

T T T T

1 0 20 40
Time (ns)

Figure 1: (a) Double-well Landau free energy describing ferroelectric polarization. (b) Phase-space trajectories predicted
by the inertial LKT equation, showing the separatrix separating overdamped and oscillatory regimes. (c)
Representative nanosecond voltage pulse produced by rapid depolarization of a ferroelectric capacitor.

[1l. SYSTEM ARCHITECTURE

The pulse generation system comprises five
functional blocks: (1) a high-voltage charging
circuit; (2) a protection diode and current-limiting
resistor; (3) a bulk ferroelectric capacitor; (4) a
low-parasitic RLC loop (L = 30-50 nH, R = 0.3-0.5
Q); and (5) an ultra-fast spark gap coupling the
circuit to the load. Polarization of the ferroelectric
element is established by application of a DC field
of 10 kV/cm. The stored voltage is then switched
by opening the fast spark gap; the resulting
spontaneous inertial transition is captured and
routed to the load via a closed spark gap
(triggered electrically or optically with a UVC-LED;
switching time < 2 ns) [1]. Two load
configurations were characterized. In
Configuration A, the load is a non-inductive 50 Q
resistor inserted directly into the RLC loop,
enabling clean waveform characterization of the
overdamped-to-underdamped transition.
Configuration B employs a 1:5 transmission-line
pulse transformer (low primary inductance,
secondary terminated into 50 Q), yielding
amplified output with high-frequency
underdamped oscillations on the secondary-
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suitable for directly driving HPM sources such as

vircators [8] or atmospheric plasma reactors [10].
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N @ -/_ﬁ/

Figure 2: Schematic of the pulse generation system: (1)
high-voltage charging circuit, (2) charging
resistor, (3) protection diode, (4) ferroelectric
capacitor, (5) ultra-fast spark gap, (6)
equivalent inductance, and (7) load (resistive
or 1:5 pulse transformer terminated into 50
Q).
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IV. CALIBRATED REFERENCE SOURCE
AND INDEPENDENT CONTROLS

To establish metrological confidence in the fast-
transient measurements and to discriminate true
inertial ferroelectric dynamics from passive circuit
ringing, we developed a transmission-line pulse
generator that serves as an independent linear
reference containing no ferroelectric element.
The reference generator consists of a 50 Q
transmission line discharged through an ultrafast
spark gap into a matched 50 Q load, producing a
clean monotonic pulse whose duration is set
geometrically by the line length (¢t = 2L/v) and is
therefore traceable to a length measurement.

The rise time of the reference pulse was
measured on a Tektronix MSO44B oscilloscope
(1.5 GHz bandwidth, 25 GSa/s) as 400-500 ps.
After deconvolution of the instrument rise time
(=233 ps, USING theas = tignal + tope)s the intrinsic
signal rise time is approximately 330 ps. This
independently confirms that the measurement
chain faithfully resolves sub-nanosecond fronts
well above the 90-200 MHz range of the
ferroelectric transients.

Two independent linear controls support the
inertial interpretation:

IV.a) Linear-dielectric control. The ferroelectric
capacitor was replaced by a linear polypropylene-
film capacitor of identical nominal capacitance
(10 nF) in a physically identical circuit - same loop
geometry, lead lengths, spark gap, and charging
conditions. The polypropylene capacitor

produced a single damped oscillation at the fixed
linear RLC frequency f=1/(2rVLC), with
amplitude scaling proportionally to charging
voltage and no threshold. The ferroelectric
capacitor, under identical conditions, oscillated at
a markedly higher frequency - explainable only by
a dynamic collapse of effective permittivity upon
crossing the LKT separatrix, a behavior
impossible for any linear dielectric.

IV.b) Spark-gap control. The transmission-line
reference source employs an identical spark gap
discharging into 50 Q but contains no
ferroelectric element. It produces a clean
monotonic pulse with no underdamped high-
frequency ringing, demonstrating that the spark-
gap discharge alone does not generate the
oscillatory dynamics observed with the
ferroelectric capacitors.
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Taken together, the simultaneous presence of (i)
a reproducible voltage threshold Vg, (ii) a post-
transition oscillation frequency higher than the
linear RLC value - indicating dynamic permittivity
collapse - and (iii) the absence of both features in
two independent linear controls under otherwise
identical conditions, constitutes experimental
evidence that the observed dynamics are
governed by inertial dynamical depolarization in
the ferroelectric material and not by passive RLC
resonance or other circuit nonlinearities.

V. EXPERIMENTAL RESULTS

Measurements were acquired with a Rohde &
Schwarz RTE 1054 oscilloscope (500 MHz, 5
GSa/s) and, for the reference-source rise-time
verification, with a Tektronix MS044B
oscilloscope (1.5 GHz bandwidth, 25 GSa/s).
Ferroelectric materials studied include bulk
BaTiO3 and PZT (cylindrical, @50 x 20 mm). Initial
polarization state and material integrity were
verified by P-E hysteresis loop measurements
before and after pulsed operation (remanent
polarization consistent with literature values for
BaTiOs = 0.2-0.3 C/m% no measurable
degradation in coercive field or remanence after
>103 cycles at 50 Hz).

V.a) Ferroelectric transient (Configuration A)

At a charging voltage above V, (typically 5 kV for
the tested elements), the waveform across the 50
Q series resistor shows a slow initial rise
(overdamped phase) followed by an abrupt
transition to high-frequency underdamped
oscillations, in agreement with LKT predictions
[1,5]. The 10-90% rise time of the leading edge is
below 5 ns, and pulse amplitudes of 10-20 kV are
routinely measured. At these parameters the
peak reduced electric field delivered into a
prospective plasma gap exceeds 500 Td, above
the ionization threshold for atmospheric nitrogen
[13].

V.b) Amplified transient (Configuration B)

With the 1:5 transmission-line transformer, the
secondary displays underdamped oscillations
with a sub-5-ns initial rise and amplitudes up to
the 100-200 kV range. The oscillation frequency is
consistent with the post-transition LC resonance
predicted by the LKT model [1] for the measured
effective capacitance and circuit inductance (=30
nH). Operation is at room temperature, and no
mechanical degradation of the ferroelectric
element is observed after repeated cycles,
confirming non-destructive behavior [3].
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Figure 3: Reference pulse from the transmission-line generator, measured on a Tektronix MSO44B oscilloscope (1.5 GHz
bandwidth, 25 GSa/s; date: 20 May 2026). Upper panel: rise-time histogram over 891 acquisitions, showing a
distribution with minimum 472 ps, mean 1.022 ns, and standard deviation 379 ps. Lower panel: representative
voltage waveform showing the fast leading edge (measured rise time 400-500 ps; =330 ps intrinsic after
deconvolution). The low-amplitude oscillations visible after the leading edge reflect connection parasitics and
are not characteristic of the generator output itself - they are of fixed frequency, threshold-free, and
amplitude-proportional to the charging voltage, in sharp contrast to the high-frequency underdamped
oscillations observed exclusively above V, with the ferroelectric capacitors.

Figure 4: Experimental voltage waveform across the 50
Q series resistor (Configuration A). The
spontaneous overdamped-to-underdamped
transition is visible; rise time < 5 ns. (Rohde
& Schwarz RTE 1054, 500 MHz

We note that the two characteristic frequencies
observed across configurations and materials
(near 90 MHz and near 200 MHz) are consistent
with different post-transition effective
capacitances. Because BaTiO3; and PZT differ in
static permittivity and Landau coefficients, they

Vol. 7, Issue 1

are expected to settle to different low-permittivity
states upon crossing the separatrix, and hence to
different LC resonance frequencies for the same
loop inductance. The frequency difference is
therefore interpreted as a consequence of
material-dependent permittivity collapse rather
than as an inconsistency.
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Figure 5: Voltage waveform on the 50 Q secondary of
the 1:5 pulse transformer (Configuration B),
showing underdamped oscillations. (Rohde
& Schwarz RTE 1054, 500 MHz.)
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V.c) Threshold behavior

The critical threshold V. manifests as a sharp,
reproducible bifurcation: below V, no fast
transition occurs, while above V. the transition is
spontaneous and consistent across consecutive

J. Technol. Space Plasmas, Vol. 7, Issue 1 (2026)

shots, validating the separatrix interpretation of
the LKT model [1,5]. The existence of a voltage
threshold is itself a nonlinear signature absent
from any linear RLC circuit, in which amplitude
scales proportionally with charging voltage and
no qualitative transition occurs.

Material Config. Veharge Vpulse fosc Lrise Notes
(kV) (kV) (MHz) | (10-90%)
BaTiO5/PZT A((B0Q 5 (above V) 10-20 =90 <5ns Threshold bifurcation; no
resistor) transition in linear control
BaTiOs/PZT B(1:5 20 100-200 =200 <5ns High-Q underdamped;
transformer) material-dependent post-
transition Cefr
Linear PP Identical any proportional| fixed - No threshold, no
control circuit RLC frequency elevation
(lower)
Transmission- - - monotonic | none =330 ps No ringing; metrology
line ref intrinsic calibration standard

Table 1: Summary of key experimental parameters and controls. All ferroelectric data obtained at room temperature with
repetitive operation up to 50 Hz (up to 200 Hz demonstrated with upgraded charging circuit); no degradation

observed.

VI. DISCRIMINATING INERTIAL
DEPOLARIZATION FROM LINEAR RLC
RINGING

A natural objection is that the fast-rising transient
followed by damped oscillations could arise from
ordinary RLC ringing of the charged capacitance
through the parasitic loop inductance and the
spark gap, without invoking any polarization
inertia. The two independent controls of Section
IV directly refute this objection and also address
potential contributions from field-dependent
permittivity or domain-related nonlinearities in
the ferroelectric.

Vl.a) Linear-dielectric control

With the polypropylene capacitor the circuit
exhibited the expected linear behavior: a single
damped oscillation at a fixed frequency
consistent with f =1/(2rVLC), with amplitude
scaling proportionally to the charging voltage and
no threshold. With the pre-polarized ferroelectric
capacitor of the same nominal capacitance, in the
identical circuit, the post-transition oscillation
occurred at a markedly higher frequency. Since L
and the nominal capacitance are unchanged, the
higher frequency can only be accounted for by a
reduction of the effective capacitance during the
underdamped regime - i.e,, a collapse of the
effective permittivity - precisely the behavior
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predicted by the inertial LKT model upon crossing
the separatrix. A linear dielectric possesses no
field-dependent permittivity that could collapse in
this manner, nor does it exhibit a voltage
threshold for bifurcation.

Quantitatively, the effective capacitance follows
from the measured frequencies as

) 2
Ceff = Cnominal X (m) . (2)

fterro

VI.b) Spark-gap control

The transmission-line reference source of Section
IV provides the second control. It employs an
identical spark gap discharging into 50 Q but
contains no ferroelectric element, and produces a
clean monotonic pulse with no underdamped
high-frequency ringing. The oscillatory dynamics
observed with the ferroelectric capacitors
therefore cannot be attributed to spark-gap
switching alone.

Taken together, the simultaneous presence of (i)
a reproducible voltage threshold Vg, (ii) a higher
post-transition oscillation frequency indicating

dynamic permittivity collapse, and (iii) the
absence of both features in two independent
linear controls wunder otherwise identical

conditions, constitutes experimental evidence
that the observed dynamics are governed by
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inertial dynamical depolarization in the
ferroelectric and not by passive RLC resonance of
the external circuit or by generic nonlinear
dielectric responses.

VII. DISCUSSION

The sub-5-ns rise times achieved here
considerably exceed the performance of existing
non-destructive ferroelectric generators (typically
> 10-50 ns [7]) and are comparable to those of
Marx generators of substantially greater
complexity and footprint. The critical enabling
ingredient is the inertial coefficient M in the LKT
equation [2,5]: without polarization inertia, no
bifurcation from overdamped to underdamped
behavior can  occur. This  qualitatively
distinguishes the present approach from prior
ferroelectric generators based on thermal,
mechanical, or classical-switching mechanisms
[3,4,6,7].

VIL.a) Non-Equilibrium Plasma Generation
(Demonstrated Electrical Performance Enabling
Projected Plasma Applications)

The demonstrated pulse characteristics - sub-5-ns
rise time, peak voltages of tens to hundreds of
kilovolts, and controllable oscillation frequency -
are precisely the parameters that drive efficient
non-equilibrium plasma formation. In
nanosecond repetitively pulsed (NRP) discharges
and dielectric barrier discharges (DBDs), the
instantaneous reduced electric field E/N during
the rise phase determines the mean electron
energy and the branching ratio between
ionization, dissociation, and vibrational excitation
[10,11]. For atmospheric-pressure
nitrogen/oxygen mixtures, peak E/N values above
~200 Td strongly favor ionization and the
production of reactive oxygen and nitrogen
species (RONS) [12,13].

The present system, with its rise time below 5 ns
and tunable amplitude, can sustain peak E/N well
above this threshold while keeping gas heating
negligible - a regime sometimes described as
“fast gas heating avoidance” in the NRP discharge
literature [14]. Moreover, the underdamped
oscillatory character of the post-transition
waveform may be exploited to drive multi-pulse
excitation within a single discharge event,
potentially increasing plasma density without
additional switching hardware. This is particularly
attractive for surface dielectric barrier discharge
(SDBD) actuators used in aerodynamic flow
control [15], where compact, repetitive high-
voltage sources are at a premium.
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The repetition rate of up to 50 Hz has been
demonstrated at full voltage and sub-5 ns rise
time without degradation of the ferroelectric
element. Using an upgraded charging circuit,
repetitive operation up to 200 Hz has also been
achieved. This confirms that the repetition rate is
limited by the external charging electronics rather
than by the ferroelectric material itself. Rates in
the kilohertz range are projected with further
optimization of the charging circuit. The
demonstrated 50-200 Hz range is already
sufficient for many plasma-chemical applications,
including ozone synthesis, NOx reduction in flue
gas, and plasma-assisted combustion [12]. We
emphasize that plasma generation itself is a
projected application based on the measured
electrical parameters (E/N > 500 Td, sub-5 ns
rise); direct plasma measurements (optical
emission, discharge imaging, species densities)
are the subject of ongoing work and are not
claimed in this manuscript.

VIl.b) HPM Generation (Projected)

The high-Q underdamped regime and sub-5-ns
rise times are particularly advantageous for
driving virtual-cathode oscillators (vircators) and
other high-power microwave (HPM) sources. A
rise time below 5 ns is critical for increasing
vircator efficiency because it enables the rapid
injection of beam current, allowing the virtual
cathode to form almost instantaneously once the
space-charge-limiting current is exceeded. This
fast voltage ramp minimizes parasitic pre-
breakdown processes and energy losses before
virtual-cathode formation, and produces a more
stable and coherent virtual cathode with higher
beam modulation depth. Consequently, both the
microwave conversion efficiency (beam-to-
microwave) and the spectral purity of the
radiated power are significantly improved, while
shot-to-shot jitter is reduced [24].

Compared with conventional Marx-generator
drivers (typical rise times 30-100 ns), the present
generator offers a significantly faster leading
edge while maintaining a compact footprint and
repetitive operation up to 50 Hz. When coupled
to a vircator designed for X-band (8-12 GHz)
operation, the combination of sub-5-ns rise time,
100-200 kV  amplitude, and controllable
underdamped oscillations up to 200 MHz is
projected to support peak radiated powers in the
gigawatt range with improved shot-to-shot
stability. The technology is equally relevant for
other HPM configurations (MILOs, relativistic
magnetrons) and for high-fidelity EMC/EMP
testing compliant with MIL-STD-464 and MIL-STD-
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188-125-1 standards. No microwave radiation is
measured in the present work; the HPM
relevance is stated as a projected application.

Vll.c) Biomedical nsPEF Research (Projected)

Sub-5-ns pulses penetrate cell membranes with
minimal Joule heating, enabling selective
intracellular effects such as endoplasmic
reticulum stress, organelle permeabilization, and
immunogenic cell death [16,17]. Clinical and
preclinical studies confirm nsPEF efficacy in
irreversible electroporation of hepatocellular
carcinoma [19], reduction of multi-drug
resistance in pancreatic cancer [20], and
treatment of lymphoma and colorectal cancer
[21]. Sub-nanosecond regimes-now accessible
with this source-are expected to further enhance
intracellular targeting [17]. Additional
demonstrated applications in related fields
include stimulation of microalgae proliferation
[23]. Direct biomedical nsPEF experiments are

projected; the present work provides the
enabling pulsed-power source.

VIil. CONCLUSION

We have demonstrated electrically induced

inertial dynamical depolarization in ferroelectric
capacitors as a practical mechanism for
generating nanosecond, and potentially sub-
nanosecond, high-voltage pulses at room
temperature. The governing physics,
encapsulated by the LKT equation with inertial
coefficient M [2,5], account quantitatively for the
observed  spontaneous  bifurcation  from
overdamped to high-Q underdamped behavior
upon crossing the critical phase-space separatrix.
Rise times below 5 ns, pulse amplitudes reaching
tens to hundreds of kilovolts, and stable
repetitive operation demonstrated up to 50 Hz at
full performance, with capability extended to 200
Hz using an upgraded charging circuit, are
achieved with BaTiO3 and PZT capacitors without
any destructive mechanism.

Independent linear controls (polypropylene
capacitor and transmission-line reference)
together  with  calibrated sub-nanosecond

metrology establish that the dynamics originate
from inertial polarization depolarization rather
than passive circuit effects or generic nonlinear
dielectric responses. The combination of sub-5-ns
rise time, high peak voltage, and tunable
oscillation frequency makes this source especially
well-matched to  non-equilibrium  plasma
excitation in NRP and DBD configurations, where
high instantaneous E/N is required to maximize
RONS production and minimize gas heating [10-
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15]. More broadly, these results establish a new,
scalable paradigm for pulsed-power technology
with applications spanning HPM generation
[8,24], non-equilibrium plasma reactors [10-15],
EMC/EMP testing [9], directed energy, and
biomedical nsPEF therapies [16-23].
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