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INDUCTIVELY COUPLED PULSED RF VOLTAGE MULTIPLIER

COPRPYRIGHT NOTICE

A portion of the disclosure of this paient document contains
material that is subject to copyright protection. The copyright owner has no
objection to the facsimile reproduction by anyone of the patent document or the
patent disclosure, as it appears in the Patent and Trademark Office patent files

or records, but otherwise reserves all copyright rights whatsoever.

Technical Fisld

The present disclosure relates to systems and methods {o
produce high voltags, high power nanosecond puises, which may, for example,
be advantageously employed in the generation of non-thermal plasmas. More
particularly, the present disclosure relates to inductively coupled pulsed radio
frequency (RF) voltage multiplier circuits, and methods for generating pulsed

RF waveforms.

BACKGROUND

Description of the Related Ant

Pulsed radio frequency (RF) electromagnetic fields are used for
numerous applications, including driving diode opening swiiches for the
purpose of generating fast rising, unipolar pulses. One method for generating a
pulsed RF electromagnetic field is to discharge a capacitor charged to a DC
level into a resonant circuit. The maximum peak power of the electromagnetic
wave that can be achieved is limited by the impedance of the resonant circuit
and by the maximum voliage that can be held-off by the switch used 1o

discharge the capacitor.
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BRIEF SUMMARY

In order to increase the peak power and total energy of the pulsed
RF discharge, a method to achieve voltage multiplication by inductive coupling
has been developed. This disclosure describes elecirical circuitry designed to
achieve multiplication of the DC voltage that is switched into a resonant RF
lcad.

Briefly and in general terms, the present disclosure is directed o a
system for generafing an RF pulse that energizes a high voltage opening switch
for the purpose of producing high voltage puises with high instantaneous
power. in the varicus embodiments provided by the present disclosure, an
inductively coupled pulsed RF voltage mulliplier is used to drive a switch, such
as a diode opening swiich, that generates a nanosecond-scale high voltage
pulse, which may be used, for example, for generating non-equilibrated
plasmas and/or pulsed electric fislds.

In some embodiments, the inductively coupled pulsed RF voliage
multiplier circuitry is directly powered by an available DC power source, and,
depending on the desired aitributes of the pulse, which may vary depending on
application, the DC power source may be adjustable between 0 - 1,200 VDC.
in some embodiments, a large valued, high voitage resistor may be used to
isolate the pulsed RF signal generated by the inductively coupled pulsed RF
voltage multiplier circuitry from the DC source.

In other embodiments, capacitor charging circuitry may be used to
isclate the inductively coupled pulsed RF voltage multiplier circuitry from the DC
source and {0 provide a means to rapidly charge the input capacitance of the
inductively coupled pulsed RF voltage muitiplier circuitry.

As disclosed herein, the inductively coupled pulsed RF voltage
multiplier switches electrical energy into a tuned resonant circuit with known
impedance and natural frequency. To achieve voltage multiplication, the
inductively coupled pulsed voltage mulliplier includes a plurality of ground
referenced swiiching stages, each of which is inductively coupled to the

resonant circuit in a way that combines each swiiching stage in series. More
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particularly, the switching stages are electrically coupled to one another in
parallel, and are inductively coupled o the uned resonant circuit across
respective transformers. The secondary windings of each of the fransformers
are electrically coupled in series to one anocther and to the resonant circuit, so
that a DC charging voltage supplied to each of the swifching stages is multiplied
and supplied to the inductively coupled resonant circuit due to the series
coupling of the secondary windings of the transformers. The input capacitance
of the inductively coupled pulsed RF voltage mulliplier circuitry is tuned together
with the resonant load to achieve the desired impedance, natural frequency,
and wave shape.

The inductively coupled puised RF voltage multiplier circuitry
disclosed herein generally may be used {o generate a high power pulse of RF
energy. Depending on the design of the resonant circuit, this energy may be
dissipated in a resistive load or allowed to oscillate until the energy dissipates
by means of copper loss and/or dielectric loss mechanisms.

In one or more embodiments described hersin, the inductively
coupled pulsed RF voltage multiplier circuitry is used to drive a two-pole
resonant circuit for three-guarters of one cycle of the natural frequency.
Because there is a practical limit to the lowest resonant impedance that can be
achieved, and, because there is a limit to the maximum voltage a given swiich
can hold-off, the inductively coupled pulsed RF voltage multiplier may be used
to increase the amount of electrical energy that is switched into the resonant
circuit. In one or more embodiments, the energy that is switched into the
resonant circuit drives a diode opening switch, which is designed o interrupt
the cuirent flowing through it at a moment when the pulse energy is stored in
the output inductance of the resonant circuil. The rapid interruption of current
creates a high voltage pulse of nanosecond-scale duration.

In one or more embodimeants, the present disclosure provides a
method for generating a pulsed radio frequency (RF) waveform that includes
voltage mulliplying a DC charging voltage by: supplying the DC charging

voltage to respeciive capacitors of a plurality of switching stages that are
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electrically coupled o one ancther in parallel, each of the switching stages
including a switching stage capacitor, a switching stage inductor, and a swilch;
discharging the capacitors by concurrently swiiching the switches of each of the
plurality of switching stages from an elecirically non-conducting state {o an
elecirically conducting state; and inductively coupling each of the plurality of
switching stages to a resonant circuit through a plurality of transformers, each
of the transformers having a primary winding electrically coupled to a respective
switching stage and a secondary winding elecirically coupled in series to one
another and to the resonant circuit.

in another embodiment, the present disclosure provides a pulsed
radio frequency (RF) voltage multiphier circuit that includes a plurality of
switching circuits coupled to one another in paraliel. Lach of the switching
circuits includes a swilching circuit capacitor, a switching circuit inductor, and a
switch. The pulsed RF voltage multiplier circuit further includes a plurality of
transformers, with sach of the transformers having a respective primary winding
electrically coupled o a respective one of the switching circuits. A resonant
circuit is inductively coupled {o the plurality of switching circuits through
secondary windings of each of the plurality of transformers, and the secondary
windings of the plurality of transformers are electrically coupled 1o one another
in series.

The structures, articles and methods described herein can be
advantageously employed in a variety of different applications. For example,
the structures, articles and methods described herein can be employed to
generate pulsed power to produce a plasma, for instance a non-thermal
plasma. Such can, for example, be advantageously used in applications
invoiving pulsed power to improve efficiency of performance of combustion
engines. For example, structures, articles and methods described hersin may
be implemented as part of, or in connection with a signal generating source that
supplies pulsed power {0 a tfransient plasma circuit (e.g., via a standard ignition
coil) that outputs at least one signal {(2.g., an electrical puise having a voltage

and a current) that is destined o breakdown over a spark gap {e.q., the spark
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gap of a spark plug, a static spark gap, a rotary spark gap, and the like) at a
first voltage. For example, the transient plasma circuit may be integrated into a
spark plug or at any location befween the signal generating source and the
spark gap. The signal generating source may be integrated into the transient
plasma circuit. Such can, for example, be advaniageously used in applications
involving pulsed power {0 treat textiles.

The foregoing summary does not encompass the claimed subject
matter in its entirety, nor are the embodiments intended to be limiting. Rather,
the embodiments are provided as mere examples.

The present disclosure addresses these and other needs.

Other features of the disclosed embodiments will become
apparent from the following detailed description, taken in conjunction with the
accompanying drawings, which ilustrate, by way of example, the principles of

the disclosed embodiments.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
Figure 1 is a high level schematic diagram illustrating an
inductively coupled pulsed RF voitage muitiplier, in accordance with one or
more embodiments.
Figure 2 is a schematic diagram illustrating an inductively coupled
pulsed RF voltage multiplier that drives a diode opening switch that converts
the RF electrical energy into a unipolar puise generated across a load

impedance, in accordance with one or more embodiments.

DETAILED DESCRIPTION

The present disclosure is generally directed (o inductively coupled
pulsed RF voltage multiplier circuits and methods of generating a high power
RF pulse, including but not limited o the use of such circuits and methods for
the purpose of generating a waveform that is suitable for driving a dicde
opening switch. Diode opening switches are typically designed to rapidly

transition into a non-conducting reversed bias state at a time when electrical

o
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current is flowing from cathode to anode through the device. This rapid
transition from a conducting o non-conducting state interrupts the current
flowing from cathode {0 anode, and this current is diveried {0 a load, where it
creates a fast rising electrical pulse. The voltage amplitude of the puise is
proportional io i x Z,, where | is the elecirical current and Z, is the load
impedance. For a given load impedance, the amplitude of the voltage puise is
directly proportional to the value of the current, i, which in turn is proportional {o
the square root of the energy switched into the resonating circuit that drives the
diode opening switch. Because there is a practical limit o the lowest resonant
impedance that can be achieved, and, because there is a limit to the maximum
voltage a given switch can hold-off, the inductively coupled pulsed RF voltage
multiplier is used to increase the amount of electrical energy that is switched
into the resonant circuit to achieve a higher voltage amplitude that is swilched
across the lpad impedance.

Figure 1 is a high level schematic diagram illustrating an
inductively coupled pulsed RF voltage multiplier 10, in accordance with one or
more embodiments. As shown in Figure 1, the inductively coupled pulsed RF
voltage multiplier 10 includes a plurality of switching stages 12. Each of the
switching stages 12 includes a respective switching stage capaciior Cq — Cy,
and a respective switch 81~ S4. The swilching stages 12 are electrically
coupled to one another in paraliel. The switching stages 12 are further
electrically coupled to primary windings 15 of respective transformers Ty — T4,
as shown in Figure 1.

The capacitors Oy — C4 are charged to a DC voltage by a power
supply 14, which in various implementations may be a capacitor charger or a
DC voltage supply. In operation, the switches S, — 54 are simultaneously or
concurrently triggered to transition from a non-conducting state to a conducting
state at some time after the capacitors Cy — Cy4 are suitably charged. At this
time, i.e., with the swilches S1 — 34 in the conducting state, the capacitors Cq —
Ca begin to discharge through the primary windings 15 of the inductively

coupled transformers T4 — T4, in the particular implementation shown in Figure
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1, the charging voltage is multiplied by a factor of four across the resonant load
16 by virtue of the series connection between the secondary windings 17 of the
inductively coupling transformers T4 — T4. The switched energy resonates in
the tuned RF load 16, creating a high voltage RF pulse.

Figure 2 is a schematic diagram illustrating an inductively coupled
pulsed RF voltage multiplier 110 that drives a diode opening switch D8 that
converis the RF electrical energy into a unipolar pulse generated across a load
impedance 118, in accordance with ong or more embodiments. As shown in
Figure 2, the inductively coupled puised RF voltage mulliplier 110 may be
coupled to a power supply 114, such as a capacitor charger, and diodes Dy —
D4 that isclate the power supply 114 from the inductively coupled puised RF
voltage muliplier 110 circuitry. The inductively coupled pulsed RF voliage
multiplier 110 may include a plurality of capacitors Cy — C, that are charged by
the capacitor charger, a plurality of switches, such as MOSFETs My — M with
anti-parallel diodes Ds — Ds to switch the capacitors C1 — C4 into the resonating
RF circuit, transformers Ty — T4 {0 provide the inductive coupling and voltage
multiplication, inductors L1 — Ls and an additional capacitor Cs to form the
resonant circuit, and a diode opening switch Dy to form a high voitage
nanosecond-scale pulse that may be applied to 5 ivad Z, that absorbs the
nanosacond-scale pulse. The nanosecond-scale pulse may be a pulse having
a length of egual to orless than 100 nanoseconds at the full-width-at-half-
maximum (FHWM) and an amplitude of atleast 1 kV. In one or more
embodiments, the nanosecond-scale puise may have a length within a range of
10 nanoseconds, inclusive, to 10 nanoseconds, inclusive, at the FHWM. Inone
or more embodiments, the pulse may have an amplitude within a range of
10KV, inclusive, 10 40KV, inclusive. In some embodiments, the pulse has an
amplitude that is greater than 40kV.

Figure 2 depicts a configuration in which four switching stages
112 are inductively coupled by fransformers 71 — T4 {0 provide a vollage
multiplication factor of 4, meaning that the voltage that is switched across the

series combination of the inductor Ls and the diode opening swiich Ds is four
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times higher than the charge voltage provided by the power supply 114, which
may be a capacitor charger. In general, the number of switching stages 112
may be as many as desired depending on application, from 1 up to N stages,
where N is the number of switching stages 112 required to achieve the desired
outpui voltage. Each of the swifching stages 112 includes a respective
switching stage capacitor Cy — Cg4, a respective switching stage inductor Ly — La,
and a respective switch, such as MOSFETs My — My, Each of the switching
stages 112 thus includes respective LC or resonant switching stage circuits that
include the respective switching stage capacitors and the switching stage
inductors. The switching stages 112 are electrically coupled to one ancther in
parallel. The switching stages 112 are further elecirically coupled to primary
windings 115 of respective transformers T4 — T4, as shown in Figure 2. The
secondary windings 117 of the transformers T+ — T4 are coupled in series to one
another and to a resonant circuit 120 that includes the inductor Ls and the
capacitor Cs. The secondary windings 117 of the transformers T4 — T4 may be
included as part of the resonant circuit 120

As shown in Figure 2, the capaciiors Cq — C4 may be switched into
the resonant circuit 120by the MOSFETs My — My, The MOSFETs My — My may
preferably be used as a switching element in one or more embodiments due {0
their fast turmn-on time; however, other swiiches may be used, including, buf not
limited to, insulated gate bipolar transistors (IGBTs), thyristors, silicon controlled
thyristors, bipolar junction transistors, other field effect transisiors, thyratrons,
spark gap switches, photoconductive solid state switches, or any solid state,
avalanche, optically triggered or gas discharge swilches. Depending on the
switching technoiogy used, anti-paraliel diodes Ds — Ds may be employed in the
switching stages 112 to provide a reverse conduction path across the swiich,
though they may not be included, for example, if the switching technology
emploved is capable of conducting in the reverse direction. In practice, the
chosen switching technology should feature a tumn-on time that is a fraction of
one-quarter of the resonant period of the rescnant circuit 120 {0 avoid

excessive swilching loss.
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Each of the switches {(e.g., MOSFETs My — M) of the switching
stages 112 may include a plurality of switching slements that are electrically
coupled to one another in paraliel, series, or series-parallel in order to increase
an effective voltage and a current rating of each of the switches.

in operation, MOSFETs My — Mg are simultaneously or
concurrently triggered to conduct electrical current at some time after capacitors
C1 — Cq are fully or otherwise suitably charged by the power supply 114, €.9.,
the capacitor charger. The MOSFETs My — M4 may be controlled by any
control circuit, such as by one or more gate driver circuits 118 that selectively
control the MOSFETs My — Ma to operate in conductive and non-conductive
states. When the MOSFETs My — My are trigged o operate in their conductive
states, the swilching stage inductors Ly — Ls are connecied in paraliel across
the switching stage capacitors Cq — C4 respectively, forming a plurality of
switching stage resonant circuits, sach including a respeclive switching stage
inductor L — Lg and a respective switching stage capacitor C1—~ C4. The
impedance of these parallel resonant switching stage circuits appears on the
secondary side of transformers T4 — T4 across the series combination of the
inductor Ls and the dicde opening switch Ds as an equivalent parallel tank
circuit with an equivalent capacitance of 1/Ceq = 1/C1 + 1/Co+ 1/C3+ 1/Csand
an equivalent inductance of Leg = Le + Lo+ Lz + L4, In general, when N
switching stages are used, the equivalent capacitance and inductance is given
by 1/Ceq = 1C1+ HCo+ .. + 1/Cna+ 1/Cnand Leg = Ly + Lo+ .+ Ly + L
This equivalent parallel tank circuit resonates in conjunction with the resonant
circuit 120 including the capacitor Cs and the inductor Ls to pump the diode
opening switch Do,

When the MOSFETs My — My are concurrently switched from
electrically non-conductive state into electrically conductive stales, the electrical
energy that is initially stored in the switching stage capacitors Ci ~Cs a8 a
uniform DC voltage is converted to a radio frequency (RF) voltage. The
switching stage capacitors Cy — C4 discharge the stored electrical energy inio

the inductively coupled resonant circuit 120 to achieve an effective swiiching
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voltage that is higher than the DC charging voltage by a muitiplying factor. The
multiplying facter is dependent on the number of switching stages 112, and in
the example shown in Figure 2, the multiplying factor is four.

in the preferred implementation, inductive coupling belween the
switching stages 112 and the resonant circuit 120 is achieved by the
transformers Ty — Ty, where N is the number of switching stages 112. As
shown in Figure 2, the inductively coupled pulsed RF voliage multiplier 110 may
include four transformers; however, fewer or more transformers may be
included. To achieve a high degree of inductive coupling, tfransformers having
toroidal magnetic cores with high magnetic permeability may be used in ong or
more embodiments, though in other embodiments the inductive coupling may
be achieved generally by any structure with a mutual inductance between two
conductors. Such structures may or may not use magnetic materials o
increase the magnetic susceptibility of the medium that couples the magnetic
fields to create a mutual inductance. In general, the primary and secondary
conductors that form the transformer may be wound in an aircore configuration,
or wound on or around a magnetic material, such as nanocrystalling ribbon,
ferrite, iron powder, and other crystalling or amorphous magnetic materials. in
implementations in which the transformers are aircore transformers, the
magnetizing inductance of the aircore transformers may be sufficiently small to
resonate as part of the overall pulsed RF circuitry, creating a resonanily tuned,
inductively coupled pulsed RF voltage multiplier.

In one or more implementations, the transformers T — Ty have a
same number of tumns on the primary winding 115 and the secondary winding
117 to achieve a 1.1 transformation ratio. In such implementations, electrical
energy is switched into the primary winding 115 of each transformer, which is
referenced o a common equipotential, and the secondary winding 117 of each
transformer is connected in series to the secondary winding 117 of the
neighboring transformers. Accordingly, the overall voltage multiplication

provided is given by N, where N is the number of transformers and the number

10
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of switching stages 112 included in the inductively coupled pulsed RF voltags
multiplier 110,

In one or more implementations, the transformers T4 — Ty have an
unequal number of tums on the primary winding 115 and the secondary winding
117 to achieva g 1:.n transformation ratic. In such embodimeants, electrical
energy is switched into the primary winding 115 of each transformer, which is
referenced 10 a common equipotential, and the secondary winding 117 of each
transformer is connected in series to the secondary winding of the neighboring
transformers. Accordingly, the overall voltage multiplication provided is given
by n % N, where n is the turns ratio of the transformers and N is the number of
transformers.

The transformers Ty — Ty may by designed such that the non-
coupled magnetic field on the secondary side of the transformers may form an
effective leakage induciance that is equal to or less than the desired value of
the inductor Ls. In the case that the effeclive leakage inductance is egual to the
desired value of the inductor Ls, the inductor Ls may be eliminated from the
circuit, as the inductance is part of the transformers themselves.

The dynamic behavior of the pulsed RF energy and the peak
value of the oscillating current is determined based on the arrangement and
values of the inductance and capacitance in the inductively coupled puised RF
voltage muktiplier 110 circuitry. in various embodiments, the pulsed RF circuitry
is used to drive a diode opening switch. In various embodimenis, a practical
range for the natural frequency of resonating inductance and capacitance is
between 100 kHz and 10 MHz. The impedance of the resonant circuit can be
chosen by a user or circuit designer as desired, depending on application. In
one or more embodiments, the overall equivalent impedance of the resonant
circuit may be between 1 {0 and 1,000 Q.

The resonant circuit, e.g., the resonant circuit 120 on the
secondary winding side of the transformers, may include various discrete

passive components, including inductors, capacitors, and resistors, all of which

11
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may be selected and arranged in the circuit as desired to obtain the desired
dynamics and instantanecus power of the pulsed RF energy.

In one or more embodiments, the diode opening switch Dy
includes an array of diode opening switches.

The various embodiments and examples described above are
provided by way of illustration only and should not be construed to limit the
claimed invention, nor the scope of the various embodiments and exampiles.
Those skilled in the art will readily recognize various modifications and changes
that may be made {0 the claimed invention without following the example
embodiments and applications illustrated and described herein, and without
departing from the true spirit and scope of the claimed invention, which is set
forth in the following claims.

Various structures, articles, and methods described hersin may
be advaniageocusly employed in specific applications or with other structures,
articles, and methods, such as those described in U.S. Provisional Patent
Application No. 81/717,044, filed October 22, 2012; .5, Non-Provisional
Patent Application No. 14/052,437, filed October 11, 2013 {published as US
2014/01098886); U.S. Provisional Patent Application No. 61/916,693 filed
December 16, 2013; U.S. Non-Provisional Patent Application No. 14/571,128
filed December 15, 2014 (granted as U.8. 8,617 ,965), U.S. Non-Provisional
Patent Application No. 15/444 112, filed February 27, 2017 (published as US
2017/0167464); and U.S. Provisional Patent Application No. 82/620278, filed
January 22, 2018, each of which is incorporated herein by reference in their
entireties.

The various embodiments described above can be combined o
provide further embodiments. These and other changes can be made to the
embodiments in light of the above-detailed description. In general, in the
following claims, the terms used should not be consirued to limit the claims o
the specific embodiments disclosed in the specification and the claims, but

should be construed to include all possible embodiments along with the full

12
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CLAIMS

1. A method for generating a pulsed radio freguency (RF) waveform,
comprising:
voltage multiplying a DC charging voitage by:
supplying the DC charging voltage to respective capacitors of a
plurality of switching stages that are electrically coupled to one another in parallel, each
of the swilching stages including a switching stage capacitor, a switching stage inductor,
and a switch; and
discharging the capacitors by concurrently switching the switches of
each of the plurality of swilching stages from an electrically non-conducting state to an
electrically conducting state; and
inductively coupling each of the plurality of switching stages to a
resonant circuit through a plurality of transformers, each of the transformers having a
primary winding elecirically coupled {¢ a respeciive switching stage and a secondary

winding electrically coupled in series to one ancther and to the resonant circuit.

2. The method of claim 1 wherein the resonant circuit includes an
inductor and a capacitor electrically coupled in series to the secondary windings of the

fransformers.

3. The method of claim 1 wherein each of the transformers have a
same number of turns on the primary winding and the secondary winding to achieve a

1:1 transformation ratio.
4. The method of claim 1 wherein each of the transformers have an

unegual number of turns on the primary winding and the secondary winding to achieve

a 1:n transformation ratio.

14
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5. The method of claim 1 wherein each of the transformers includes

two or more windings on a magnetic material.

6. The method of claim 5 wherein the magnetic material includes at
least one of. nanocrystalline ribbon, ferrite, iron powder, crystalline magnetic material,

and amorphous magnetic material.

7. The method of claim 1wherein the transformers are air core
transformers and each transformer includes two or more windings on a non-magnetic

structure.

8. The method of claim 1 wherein the resonant circuit includes a
leakage inductance due to uncoupled magnetic fields of the secondary windings of the

transformers, and a value of the leakage inductance is tuned with the resonant circuit.

9. The method of claim 1, further comprising: converting the DC
charging voltage from a uniform DC voltage stored in the switching stage capacitors to a
radio frequency (RF) voltage by the concurrently swiiching the switches of each of the
plurality of switching stages from the electrically non-conducting state to the electrically

conducting state.

10, The method of claim 1 wherein each of the switches of the
switching stages includes a plurality of switching elements electrically coupled to one
another in parallel, series, or series-parallel {0 increase an effective voltage and a

current rating of each of the switches.

11. The method of claim 1 wherein the switches include at least one of

field effect transistors, insulated gate bipolar transistors, thyristors, silicon controlled
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thyristors, bipolar junction transistors, photo conductive solid state switches, thyratrons,

spark gaps, or any solid state, avalanche, optically triggered or gas discharge switches.

12. The method of claim 1, further comprising:

generating a pulsed RF waveform by the inductively coupling each of the
plurality of switching stages to the resonant circuit through the plurality of transformers;
and

driving an opening switch with the pulsed RF waveform to convert RF

energy of the pulsed RF waveform into a unipolar pulse.

13. The method of claim 12 wherein the opening switch includes at

ieast one of a diode or an array of diocdes.

14, The method of claim 12 wherein a natural frequency of the puised
RF waveform that drives the diode opening switch is between 100 kHz, inclusive, and
10 MHz, inclusive, and an equivalent resonant impedance of the resonant circuit is

between 0.1 , inclusive, and 1,000 (, inclusive.

15, Aninductively coupled pulsed radio frequency {(RF) voltage
multiplier circuit, comprising:
a plurality of switching circuits coupled to one another in parallel, each of
the switching circuits including:
a switching circuit capacitor,
a switching circuit inductor, and
a switch;
a plurality of transformers, each of the transformers having a respective
primary winding electrically coupled {0 a respective one of the switching circuits; and
a resonant circuit inductively coupled to the plurality of switching circuits

through secondary windings of each of the plurality of transformers, the secondary

16
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windings of the plurality of transformers being electrically coupled to one another in

series.

16.  The pulsed RF voltage multiplier circuit of claim 1 wherein the
resonant circuit includes an inductor and a capacitor electrically coupled in series to the

secondary windings of the plurality of transformers.

17.  The pulsed RF voitage muitiplier circuit of claim 16 wherein the
resonant circuit includeas an inductance and a capacitor elecirically coupled in series o
the secondary windings of the plurality of transformers, the inductance including a
leakage inductance due to uncoupled magnetic fields of the secondary windings of the

transformers.

18.  The pulsed RF voitage muitiplier circuit of claim 15, further
comprising a control circuit that selectively controls the switches of each of the plurality
of switching circuits to concurrently switch from an electrically non-conducting staie to

an electrically conducting state.

19. The pulsed RF voltage muitiplier circuit of claim 15, further

comprising a diode opening switch electrically coupled to the resonant circuit.
20, The pulsed RF voltage multiplier circuit of claim 17, further

comprising a load, wherein the diode opening swiich is configured to deliver a RF

voltage pulse o the load.
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