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(57) ABSTRACT

As described herein, the combination of one or more can-
nabinoids with non-thermal plasma in therapeutically effec-
tive amounts synergistically improves the effects of both. A
method of treating a condition of a subject using non-
thermal plasma includes applying a cannabinoid vehicle
comprising at least one cannabinoid topically to skin of the
subject, and, using a device that generates the non-thermal
plasma, applying a therapeutically effective amount of the
non-thermal plasma to the subject and the cannabinoid
vehicle applied to the subject. The condition may be insom-
nia or pain in soft tissue of the subject, and the method can
include the cannabinoid vehicle onto an area of the skin near
the soft tissue and operating the device to emit the non-
thermal plasma at a plasma frequency of between 100 Hz
and 10,000 Hz onto the area of the skin for between 20 and
40 minutes.
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DEVICES AND METHODS FOR
APPLICATION OF NON-THERMAL PLASMA

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of priority from
provisional application No. 62/508,024, entitled “DEVICES
FOR APPLICATION OF NON-THERMAL PLASMA” and
filed on Feb. 13, 2019, the entire contents of which are
incorporated herein by reference.

BACKGROUND

[0002] Plasma is an ionized state of matter known for its
cleaning, decontaminating, sterilizing, antimicrobial and
healing properties when applied to an inanimate surface or
to tissue. Plasma can be created when energy is applied to a
substance. As energy input is increased the state of matter
changes from solid, to liquid, to a gaseous state. If additional
energy is fed into the gaseous state, the atoms or molecules
in the gas will ionize and change into the energy-rich plasma
state, or the fourth fundamental state of matter.

[0003] There are two types of plasma, thermal and non-
thermal, which is also known as cold plasma. Thermal
plasmas are in thermal equilibrium, i.e. the electrons and the
heavy particles are at the same temperature. Current tech-
nologies create thermal plasma by heating gas or subjecting
the gas to a strong electromagnetic field applied with a
generator. As energy is applied with heat or electromagnetic
field, the number of electrons can either decrease or
increase, creating positively or negatively charged particles
called ions. Thermal plasma can be produced by plasma
torches or in high-pressure discharges. If thermal plasma is
used in treating a material or surface sensitive to heat, it can
cause significant thermal desiccation, burning, scarring and
other damage.

[0004] In order to mitigate such damage, methods and
devices have been created for applying non-thermal plasma
to heat-sensitive materials and surfaces. Whereas in thermal
plasmas the heavy particles and electrons are in thermal
equilibrium with each other, in non-thermal plasmas the ions
and neutrals are at a much lower temperature (sometimes as
low as room temperature) than the electrons. Non-thermal
plasma usually can operate at less than 104° F. at the point
of contact. Thus non-thermal plasmas are not likely to
damage human tissue.

[0005] To create non-thermal plasma, a potential gradient
is applied between two electrodes. Typically the electrodes
are in an environment of a fluid such as helium, nitrogen,
heliox, argon, or air. When the potential gradient between
the high voltage electrode and grounded electrode is large
enough, the fluid between the electrodes ionizes and
becomes conductive. For example, in the plasma pencil a
dielectric tube contains two disk-shaped electrodes of about
the same diameter as the tube, separated by a small gap. The
disks are perforated. High voltage is applied between the
two electrodes and a gas mixture, such as helium and
oxygen, is flowed through the holes of the electrodes. When
the potential gradient is large enough, a plasma is ignited in
the gap between the electrodes and a plasma plume reaching
lengths up to 12 cm is discharged through the aperture of the
outer electrode and into the surrounding room air. The plume
can be used to treat surfaces by scanning it across the
surface.
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[0006] Plasma systems requiring forced gas can be very
large and cumbersome, requiring the use of gas tanks to
supply the necessary fluid to create the plasma. Another
disadvantage is that there is only a narrow contact point
between the plasma plume and the surface that it comes into
contact with. Typically, plumes are usually on the order of |
cm in diameter. This makes treating larger areas time-
consuming and tedious, since the contact point has to be
moved back and forth across the area to be treated. The
uniformity of treatment across the treatment area may be
difficult to control.

[0007] Another commonly used method for creating non-
thermal plasma is the dielectric barrier discharge (“DBD”),
which is the electrical discharge resulting after high voltage
is applied between two electrodes separated by an insulating
dielectric barrier. DBD is a practical method of generating
non-thermal plasma from air at ambient temperature and
comes in several variants. For example, a volume dielectric
barrier discharge (“VDBD”) occurs between two similar
electrodes with a dielectric barrier on one electrode, and the
electrodes facing each other. AVDBD is limited by the space
between the two electrodes, the size of the electrodes, and
cannot conform to different surface topographies. A surface
dielectric barrier discharge (“SDBD”) can occur between
one electrode and a surface such as skin, metal, or plastic. In
a specific example of SDBD, known as a floating electrode
dielectric barrier discharge (“FE-DBD”) variation, one of
the electrodes is protected by a dielectric such as quartz and
the second electrode is a human or animal skin or organ. In
the FE-DBD setup, the second electrode is not grounded and
remains at a floating potential. A SDBD treatment area is
limited by the electrodes’ size, and like the VDBD, it cannot
conform to the surface the electrode comes into contact with.
In current SDBD technologies there is only a single contact
point between the plasma plume and the surface that it
comes into contact with.

[0008] Another type of non-thermal plasma is known as
corona discharge, which is an electrical discharge brought
on by the ionization of a fluid surrounding a conductor that
is electrically charged. Corona discharges occurs at rela-
tively high-pressures, including atmospheric pressure, in
regions of sharply non-uniform electric fields. The field near
one or both electrodes must be stronger than the rest of the
fluid. This occurs at sharp points, edges or small diameter
wires. The corona occurs when the potential gradient of the
electric field around the conductor is high enough to form a
conductive region in the fluid, but not high enough to cause
electrical breakdown or arcing to nearby objects. The ion-
ized gas of a corona is chemically active. In air, this
generates gases such as ozone (03) and nitric oxide (NO),
and in turn nitric dioxide (NO2). Ozone is intentionally
created this way in an ozone generator, but otherwise these
highly corrosive substances are typically objectionable
because they are highly reactive. It would be desirable to
take advantage of the reactive nature of these gas molecules.

[0009] Beyond generating the non-thermal plasma, it
would be desirable to be able to control the plasma so that
it can be used for beneficial purposes. It would be desirable
to control the length of time the plasma is generated, the
power level of the plasma, and to modulate the frequency
and wave form of the plasma. Specific modulation frequen-
cies are correlated to the killing of specific microorganisms,
including forms of bacteria, virus, fungus, and mold. There-
fore it would be desirable to be able to control such pulse
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frequency of the plasma too. In this way a plasma can be
used to produce biological effects beyond those produced by
the reactive species. To ensure the emitted plasma meets
desired parameters, it would be useful to limit the emissions
to the desired parameters and by authorized persons. It
would also be desirable that such a controller be portable and
battery powered for convenience. It would also be desirable
that the controller be usable for multiple sizes and shapes of
plasma generators.

[0010] Therefore, it is an object of this invention to
provide a device that drives non-thermal plasma emitters
and controls the emitted plasma for use in plasma medicine.

SUMMARY

[0011] This device is a power supply that drives and
controls an array of non-thermal plasma emitters at desired
frequencies and at a controlled power level. It creates a high
voltage at a high frequency. The power supply is connected
to the array with a micro-coaxial cable. The power supply
comprises a step-up transformer, a balanced driver, and a
controller. The power supply is designed such that the
transformer operates at the resonant frequency of the com-
bined capacitance of the array and connecting cable. The
power source is preferably a battery and the power into the
array is monitored by the controller and can be adjusted by
the user.

[0012] In one embodiment the balanced driver is driven
directly by the controller. The controller monitors the phase
relationship between the transformer primary winding volt-
age and the gate drive voltage, and adjusts the drive fre-
quency to resonance. In another embodiment the balanced
driver is configured as an oscillator, which drives the trans-
former at resonance by default. A signal from the trans-
former driver generates an interrupt to the controller for
synchronizing current and voltage measurements for power
control.

BRIEF DESCRIPTION OF DRAWINGS

[0013] FIG. 1 is a top view of a first embodiment of an
array of non-thermal plasma emitters.

[0014] FIG. 2 is a cross-sectional view of a plasma emitter
along line A-A of FIG. 1.

[0015] FIG. 3 is a partial top view of a second embodiment
of a non-thermal plasma emitters.

[0016] FIG. 4 is a partial top view of a third embodiment
of a non-thermal plasma emitters without through-holes in
the substrate.

[0017] FIG. 5 is a top view of a fourth embodiment of an
array with a woven array of plasma emitters.

[0018] FIG. 6 is a schematic illustrating in perspective a
portion of the woven array of FIG. 5.

[0019] FIG. 7 is a photograph of the first embodiment of
an array with a flexible substrate and its terminal connection
points.

[0020] FIG. 8 illustrates a general overview of a non-
thermal plasma device with a controller and an external
power source.

[0021] FIG. 9 is a top view of a non-thermal plasma array
that is partially covered with a flexible sheath.

[0022] FIG. 10 is a top perspective view of rigid sheath
partially covering a non-thermal plasma array.
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[0023] FIG. 11 is a top view of a fifth embodiment of a
non-thermal plasma array of the present invention in which
the plasma emitters are in a rectangular arrangement.
[0024] FIG. 12 is a top view of a sixth embodiment of a
non-thermal plasma array of the present invention in which
the plasma emitters are in a hexagonal arrangement.
[0025] FIG. 13 is a perspective view of a seventh embodi-
ment illustrating a non-thermal plasma array as a tube.
[0026] FIG. 14 illustrates plasma arrays used to treat a
patient’s face in which several smaller arrays are connected
to each other to effectively create a larger area of plasma
discharge.

[0027] FIGS. 15A-D illustrate ground electrodes having
points of various shapes.

[0028] FIG. 16 is a front perspective view of the power
supply of the present invention connected to an array of
plasma emitters, shown in a partial cut-away view.

[0029] FIG. 17 is a schematic diagram of one embodiment
of the proposed power supply.

[0030] FIG. 18 is a schematic diagram of a second
embodiment of the proposed power supply.

[0031] FIG. 19 is a cross-sectional view of a preferred
embodiment of a planar transformer.

[0032] FIG. 20 is a front perspective view of an alternate
power supply of the present invention connected to an array
of plasma emitters, shown in a partial cut-away view.
[0033] FIG. 21 is a schematic diagram of a circuit for
reverse power detection.

[0034] FIG. 22 is a schematic diagram of a circuit for a
frequency scan function in the plasma driver.

[0035] FIGS. 23A-D illustrate alternate arrangements of
the driver and the array.

DETAILED DESCRIPTION

[0036] An array 100 comprises a plurality of non-thermal
plasma emitters 107, disposed on a rigid or flexible sub-
strate. The emitters 107 are arranged such that when the
array 100 is connected to a voltage source the emitters
generate a plurality of corona discharges. The discharges
generate ionized gas, which in turn creates reactive species
including ozone and nitric oxide.

[0037] Referring initially to FIG. 1, a non-thermal plasma
array is shown generally at 100. The array comprises a
substrate 102 having at least two opposing surfaces, referred
to herein sometimes as a top and bottom for convenience. A
plurality of through-holes 118 is made in the substrate 102.
A plurality of drive electrodes 110 is placed on the top of the
substrate 102, with each drive electrode 110 centered over
one through-hole 118 in the substrate 102. A plurality of
ground electrodes 108 is placed on the bottom of the
substrate 102, with each ground electrode 108 centered over
one through-hole 118 in the substrate 102. The resulting
structure of a through-hole, a ground electrode, and a drive
electrode comprises a plasma emitter 107. FIG. 2 shows a
cross-sectional view of a plasma emitter with through-holes.
Each drive electrode 110 and ground electrode 108 is
generally centered on a through-hole 118, but in certain
embodiments it may be off-center. Each electrode’s 110
shape is preferably symmetric around the through-hole 118,
such as a hexagon, circle, triangle, rectangle, square, or other
shape, but in certain embodiments can be asymmetric. FIGS.
1 and 3 illustrate an embodiment in which the drive elec-
trode 110 is hexagonal.
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[0038] FIG. 4 shows another embodiment of a non-ther-
mal and ozone plasma array 200 wherein a substrate does
not have through-holes. Here a plurality of drive electrodes
110 is placed on the top of the substrate 102, with each drive
electrode 110 centered over a ground electrode 108 on the
bottom of the substrate 102. The resulting structure of a
drive electrode on a dielectric substrate over a ground
electrode is also referred to herein as a plasma emitter 107.
[0039] A conductive drive track 112 on the top of the
substrate 102 is connected to at least one drive electrode 110.
A conductive ground track 104 on the bottom of the sub-
strate 102 is connected to at least one ground electrode 108.
One or more drive tracks 112 may be used to interconnect as
many drive electrodes 110 together as desired. Similarly, one
or more ground tracks 104 may be used to interconnect as
many ground electrodes 108 together as desired. Emitters
may be connected in series or in parallel, and preferably in
parallel for a lower driving voltage.

[0040] A drive terminal 111 is connected to the drive track
112 and a ground terminal 106 is connected to the ground
track 104. The drive electrodes 110 are interconnected and
connected to a drive terminal 111. Similarly, the ground
electrodes are interconnected and connected to a ground
terminal 106. The resultant structure is much like a printed
circuit board.

[0041] The substrate 102 is made of a dielectric material
such as alumina, polycarbonate, polyimide, polyester, poly-
tetrafluoroethylene-infused woven glass cloth, polypropyl-
ene, glass-reinforced epoxy laminate sheets, or the like. In
certain embodiments a substrate has more than one layer,
and the layers may be made of different materials. The
substrate 102 is made of a rigid or a flexible material that can
be made to conform to varying surface topography and
shapes such as a rough surface, a textured surface, a smooth
surface. The substrate can be two-dimensional, such as a
square, curved, rectangular, round, or hexagonal. It can also
be three-dimensional such as curved, cubic, tubular, or
spherical.

[0042] The substrate may also have a non-uniform shape
or a non-symmetric shape. Substrates of rigid materials may
be shaped to the desired conformation before or after the
plasma emitters are made therein. Substrates of flexible
materials are typically conformed to the desired shape after
the array is manufactured.

[0043] In a preferred embodiment, the substrate is made of
thin FR-4. At a thickness of about 0.2 mm, the substrate
made of FR-4 is somewhat flexible. As an alternative, the
array can be fabricated from more flexible material such as
polyimide film or PTFE infused fiberglass.

[0044] Using mass manufacturing techniques, the cost of
making the arrays is small enough that the arrays can be
considered consumable or disposable, simply thrown away
or recycled after one or a few uses. Any polymer in the array
is consumed by the oxygen plasma, in a process commonly
known as ashing. This erosion process can be slowed by
adding a thin layer of glass on top of the entire array. A
sol-gel process can be used to deposit thick layer, on the
order of about a 100 nm. A thinner crystalline layer of Si02,
AI203 or Y203 works too, and may be deposited by atomic
layer deposition or plasma assisted atomic layer deposition,
optionally after array burn-in for uniform plasma.

[0045] A through-hole 118 helps reduce the array capaci-
tance and is a ventilation hole for a fluid to flow from a drive
electrode 110 to a ground electrode 108. Such fluids include
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oxygen, helium, nitrogen, sulfur hexafluoride, carbon diox-
ide, air, and other gases. In the preferred embodiment, the
fluid is air at ambient pressure, about 1 atmosphere. The
oxygen in the air is ionized by the plasma generated by the
emitters 107, creating ozone. The through-holes 118 are
made by drilling, etching, cutting, laser cutting, punching, or
other method. In certain embodiments a through-hole is
lined with a structure that directs the fluid to each electrode
such as a pipe, tube, channel, or the like. A through-hole 118
can be circular, rectangular, triangular, trapezoidal, hexago-
nal, or other shape.

[0046] A drive electrode 110 is capacitively coupled to
ground electrode 108 at a point or points where the ground
electrode touches the drive electrode such that when a
high-enough voltage is applied to a drive electrode 110, the
surrounding fluid is ionized and a plasma is created, causing
electrons to flow between the drive and ground electrode.
[0047] It is desirable to have a sharp point where the
plasma is generated, since this is used to help initiate the
plasma. The sharp points may take any form, such as a sharp
point, a blunt point, a spear point a radius, or the like. FIG.
3 illustrates an embodiment in which the ground electrode
108 is a star with six sharp points 120. FIG. 4 illustrates an
embodiment in which the ground electrode 108 is a triangle
with three sharp points 120. FIG. 15A illustrates an electrode
with six sharp points; FIG. 15B shows blunt points; FIG.
15C shows spear points; and FIG. 15D shows radius points.
[0048] A drive electrode 110, drive track 112, ground
electrode 108 and a ground track 104 can be printed, etched,
laminated, or otherwise disposed onto the substrate 102.
They can be made of copper, silver, nickel, or any other
conductive material. The can be insulated, such as by a
solder mask, polyester film such as Mylar®, mica, polypro-
pylene, polytetrafiuoroethylene such as Teflon®, or the like,
and in other embodiments are not insulated. For manufac-
turing convenience, preferably the drive electrode 110 and
ground drive 112 are made of the same material and dis-
posed onto the substrate 102 at the same time. Similarly,
preferably the ground electrode 108 and ground track 104
are made of the same material and disposed onto the
substrate 102 at the same time. Alternatively the drive
electrode 110, drive track 112, ground electrode 108 and a
ground track 104 are made of different materials and may be
disposed on the substrate in processes occurring at the same
or different times.

[0049] FIGS. 5 and 6 show another embodiment of a
non-thermal array 100 wherein a plurality of plasma emitters
107 is created at the intersections of wires that are woven
together. The wires 410 of drive electrode 408 are woven
with the wires 406 of ground electrode 404 to form a woven
array. One electrode is connected to a plurality of insulated
wires and the other connected to a plurality of uninsulated
wires. If the wire insulation is a polymer, a coating, such as
Si02, is preferred to prevent ashing. The air in the interstitial
space between the wires is ignited to form a plasma. Wires
can be copper, silver, nickel, or any other conductive mate-
rial. The wires are insulated with non-conductive or dielec-
tric materials such as plastic, rubber-like polymers, or var-
nish. In FIG. 5 the emitters 107 are covered by a rigid sheath
520 having hexagonal apertures 521.

[0050] The drive terminal 111 and ground terminal 106 are
printed, cut, punched, laminated, etched, connected, or oth-
erwise attached to the drive track 112 and ground track 104,
respectively. There are at least those two terminals for each
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array of emitters, but there may be as many terminals as
desired. For example, there may be two terminals for each
emitter 107, or there may be more than two terminals for
each emitter 107, for example if extra terminals are desired
for redundancy in case of failure, or to have better placement
for connection to the voltage source. Preferably the termi-
nals 111 and 106 are attached to or integral with the
substrate, such as with solder pads, banana plugs, ring
terminals, spade terminals, pin terminals, or the like.
[0051] The emitters 107 can be arranged in a variety of
relative positions, such as lines, concentric circles, random
placement, etc. The arrangement of emitters is sometimes
referred to herein as an array. An array can take on any shape
to fit the user’s needs. Typically the arrangement of the
emitters 107 is generally symmetrical, such as a rectangle or
hexagon, but the arrangement can be non-symmetrical too,
which can be useful for using a single substrate target
separate areas with different concentrations of plasma. FIG.
1 illustrates the emitters 107 arranged in rows, and each row
is offset from the previous row. This same pattern is repeated
with as many rows as the user needs to form the desired size
of the array. The rows illustrated in FIG. 1 have 8 emitters
each, but any number of emitters can be used in each row.
The rows illustrated in FIG. 7 have 8 emitters each, but any
number of emitters can be used in each row.

[0052] The size of the array ranges from microscopic to
macroscopic and, while theoretically unlimited, in practice
is limited by manufacturing techniques. In practice, the
arrays are typically less than 5 inches in any dimension. If
a larger area of plasma discharge is desired, smaller arrays
can be placed side-by-side and connected to each other to
effectively create a larger array controlled as a single array.
FIG. 14 illustrates plasma arrays 100 used to treat a patient’s
face in which several smaller arrays are connected to each
other to effectively create a larger area of plasma discharge.
In other cases, the smaller arrays are placed sized-by-side to
create a larger array, but are not connected to each other so
that they can be controlled independently.

[0053] Plasmas can be defined in a number of character-
istics including size (typically in meters), lifetime (seconds),
density (particles per cubic meter) and temperature. In
certain embodiments a first emitter 107 has a different
plasma strength than a second emitter 107. The plasma
strength is determined by a number of factors including
dielectric thickness, drive voltage (which determines the
duty cycle in which the plasma is ignited and retained), and
atmospheric pressure. Typically the resultant plasma is fan
shaped, extending about 0.8 mm from the point and about
120 degrees of fan.

[0054] FIG. 7 shows a non-thermal plasma array 100 in
which an insulative layer 304 is attached to the substrate
102, under the ground terminal 106 and driver terminal 111.
The insulative layer 304 can be neoprene, polymer coating,
Mylar®, Teflon®, or the like.

[0055] FIG. 9 shows a non-thermal plasma array 100 with
a sheath 520 covering at the plasma emitters. In some
embodiments only some of the emitters are covered. In a
preferred embodiment the sheath 520 is an electrical insu-
lator that acts as a barrier between the array and a surface of
interest. The electrical insulator 520 allows plasma gener-
ated from the array to effect and react with a surface of
interest, but does not allow fluids to permeate thru the cover
to the created plasma, and surface of a substrate. Thus it is
breathable to gaseous molecules, protects a user or surface
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from possible electrical shocks, and prevents liquids from
getting to the electrodes that might cause electrical shorts.
Preferably the sheath 520 is flexible and made of polytet-
rafluoroethylene (“PTFE”), which provides a water-resistant
yet breathable covering. Flexible sheaths can also be made
of expanded polytetrafluoroethylene, neoprene, hydropho-
bic polyester, hydrophilic polyester, or the like. FIG. 10
shows one embodiment of a rigid sheath 520 with apertures
521 centered on the through-holes 118 that are on the
non-thermal plasma array 100. The sheath 520 can vary in
length, width, and height to fit a non-thermal plasma array’s
size and shape. Typically the sheath is also removable.
[0056] A non-thermal plasma array 100 can conform to
any shape or size, size for treating human diseases in various
anatomical locations such as a toe, ear, finger, face, etc.
FIGS. 11, 12 and 13 show examples of additional embodi-
ments of the array 100. FIG. 11 shows a rectangular array
100 of plasma emitters 107 in which one side of the array is
substantially longer than the other side. This arrangement
may be particularly useful for the treatment of large narrow
surface areas. FIG. 12 shows a hexagonal array 100 of
plasma emitters 107. FIG. 13 shows an array 100 formed
into a tube, with plasma emitters arranged along the surface
of the tube. This arrangement may be particularly useful for
the treatment of tubular-shaped areas such as fingers so that
the inside of the tube stays in contact with the outside of the
finger. This arrangement may also be particularly useful for
threating the inside surface of a tubular human body part
such as an ear canal in which the outside of the tube stays
in contact with the inner surface of the ear canal. The tubular
array 100 can be pre-formed on a rigid or flexible substrate.
Alternatively, a rectangular array 100 on a flexible substrate
can be bent into a tube at the time of treatment.

[0057] To create the plasma, a voltage is applied to one or
more drive electrodes 110 with a power supply 500, some-
times also referred to herein as a driver. It creates a high
voltage at a high frequency. With the drive electrodes 110 at
a high potential relative to the ground electrode 108, current
flows through the drive electrodes 110 and through a fiuid in
the through-hole 118 and around the array. The fluid is
ionized to create a plasma region around each drive elec-
trode 110, ground electrode 108 or both. The ions from the
ionized fluid pass a charge to a plurality of ground electrodes
108 or to an area of lower potential. In a preferred embodi-
ment the power supply 500 drives and controls an array 100
of non-thermal plasma emitters at desired frequencies at a
controlled power level. The power supply 500 is connected
by wire or wirelessly to a controller 204. The controller 204
controls the functionality of the array 100 such as time
on/off, strength of plasma, strength of a plasma field from
electrode to electrode, frequency, power, and the like. The
characteristics of the power supply will depend largely on
the size of the array.

[0058] The power supply 500 is connected to the array 100
with a micro-coaxial cable, leads 502, or other connector,
referred to herein generally as a cable 202. See FIG. 16. The
power supply 500 comprises a step-up transformer 201, a
balanced driver, and a controller 204. See FIG. 17. The
power supply 500 further comprises a power source 506,
which is preferably a battery. The power into the array is
monitored by the controller 204 and can be adjusted by the
user.

[0059] The inductance of the transformer’s secondary
winding and the combined capacitance of the array and
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cable form a parallel LC circuit with a particular resonant
frequency. This arrangement takes advantage of the reso-
nance phenomenon that occurs when a vibrating system or
external force, such as the power supply 500, drives another
system, such as the array 100, to oscillate with greater
amplitude at a specific preferential frequency. The modula-
tion frequency could be set manually. However, since the
resonant circuit Q factor is relatively high (above 300), so
that the range of frequencies the device resonates at is
relatively small, an automatic tuning mechanism is preferred
for reliable operation. This is done by monitoring the phase
relationship between voltage and current on the primary
winding to determine when the transformer is operating at
resonance. In a preferred embodiment, the drive frequency
is in the 100 kHz range to allow a relatively wide range of
modulation frequencies. However, the described invention
could operate over a very wide range, 10 kHz to over 10
MHz, depending on the driving electronics.

[0060] The preferred embodiment will resonate at the
combined capacitance of the array 100 and the cable 202
with a tuned step-up transformer to generate high voltage
AC at the array 100. The high Q of the tuned circuit
produces a clean sinusoidal drive waveform to minimize
harmonic radiation and provides a voltage boost. The con-
troller 204 adjusts the transformer drive frequency to the
resonant frequency of the tuned circuit. The resultant plasma
frequency typically remains steady and is pulsed to create a
modulated therapeutic frequency. However, the transformer
secondary or primary voltage can also be monitored as the
modulation frequency is adjusted, to detect a change in
breakdown voltage versus modulation frequency. This may
be used to adjust the modulation frequency for maximum
therapeutic effect.

[0061] The input power used for the array driver is typi-
cally DC although the array itself intrinsically requires AC.
The power supply 500 converts DC to AC. Typically the
plasma frequency will operate at given frequency between
about 50-100 kHz. In a preferred embodiment, the AC
voltage applied to the drive electrodes is modulated in
pulses, typically at a frequency between above 0 Hz to about
10 kHz. Modulation is done by turning this frequency on and
off, i.e. generating the modulation digitally by pulse-width
modulation of the transformer primary drive waveforms.
This could be square wave modulation, or other waveform
type such as sine wave. For example, for a plasma frequency
of 50 Hz, the array emits periodic bursts of 50 Hz energy.
Alternatively a continuous wave voltage is applied to the
drive electrodes.

[0062] Correlation has been observed between modulation
frequency and biological effects. A modulation frequency
scan function in the plasma driver can use the relative
plasma power measurement to determine the optimal modu-
lation frequency for treating a particular condition, or for
measuring the progress of a treatment. To obtain more
detailed information between the biological interaction with
the plasma array, a search is conducted for radio signals in
the range of the oxygen maser mechanism. See FIG. 22.
[0063] If a therapeutic plasma frequency is found, the
plasma frequency can be adjusted by adding parallel capaci-
tance of an appropriate value. Since the voltage is about 1
kV RMS, this is typically done by switching high voltage
capacitors with a relay. A practical solution would typically
use a set of seven binary related values. The AC drive
voltage can also be modulated if a therapeutic modulation
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frequency is found. This would typically be done be adjust-
ing timer values in the digital controller in the driver.

[0064] A preferred embodiment monitors transformer pri-
mary voltage and current, using this data for power control
and for hardware interlock to mitigate against catastrophic
failure of the electronics. Excessive power will shorten the
life of the array. Since the array will eventually fail from
erosion of the dielectric, fast current limiting will allow a
graceful and safe end of operation.

[0065] FIG. 18 shows a typical system level block dia-
gram. Array 100 is connected to the power supply 500 with
cable 202, preferably using a connector (as opposed to
hard-wired) so that the cable can be easily removed and
reused in the case of eventual array failure. Cable 202
preferably has connectors on both ends. Transformer 703
provides the high voltage for the plasma array 100. Resistor
705 provides a high voltage monitor point for secondary
voltage monitor 706. Secondary current monitor 704 con-
nects to the cold side of the transformer secondary.

[0066] In a preferred embodiment, a variable voltage
power source 506 is connected to the transformer primary
center tap, and a pair of MOSFETs 708 provide balanced
drive to the primary winding of transformer 703. Primary
voltage and current amplitude and phase monitors 709 are
used by controller 204 to provide the appropriate duty cycle
and frequency for the transformer.

[0067] In an alternative embodiment, the transformer
driver can be configured as an oscillator, so the transformer
operates at the resonant frequency by default. In this case, a
signal from the transformer driver is sent to the controller to
synchronize the measurement of voltages and currents. This
is can be used for accurate power measurement, for instance.

[0068] In another embodiment, the power supply 500
comprises a resonant transformer 201, with a half bridge
driver on the transformer primary. See FIG. 17. The trans-
former primary bias is derived from a boost converter 212,
which is connected to a power source. The power source can
be internal to the power supply, such as a battery 208, or
external to it such as a cell phone charger connected to mains
power, or a vehicle power outlet. For precise power moni-
toring, the transformer secondary voltage is monitored
through capacitors 205 and 206. The secondary current is
monitored through sense resistor 207.

[0069] In one example, a typical large array (for example
an array with closely spaced emitters in an area of about 2.5
inches by 6 inches) combined with a 4 foot length of RG-178
coaxial cable will have a typical capacitance of 720 pF. The
step-up transformer 201 resonates with a capacitive load
consisting of the coaxial cable 202 and the planar micro-
plasma array 100. The main power source is a rechargeable
lithium battery 208. This is charged through USB connector
223, which also is an external data interface to controller
204.

[0070] To allow the array power to be rapidly shut off in
the case of over-current caused by array failure, the boost
converter 212 switching element is driven by the controller
204. Capacitor 211 provides charge storage for high current
pulses through the boost inductor 212. Switching element
213 may be driven through an amplifier to obtain additional
drive current and/or voltage. The boosted flyback voltage is
rectified by diode 214 and filtered by capacitor 215. Resistor
216 drops the voltage to a suitable range for the controller
204.
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[0071] Inductor 217 is optional, but allows a higher duty
cycle on the drive switching elements 218, reducing switch-
ing element loss while improving the spectral purity of the
transformer output for EMC compatibility. The transformer
primary voltage is sampled through resistor 219 to deter-
mine the transformer resonant frequency in auto-tuning
mode.

[0072] The preferred embodiment uses a planar trans-
former with “EI” type core. See FIG. 19. The “T” side 601
is placed at the top, away from the winding PCB 603. The
“E” side 602 is placed at the bottom. This places the air gap
604, used to set the transformer inductance, to the top rather
than the middle of the core. The magnetic flux concentrated
around the air gap will increase AC loss, so the transformer
windings, particularly the primary winding, are placed as far
as possible from the air gap. A typical transformer design
uses a planar ferrite core with a 12 layer FR-4 PCB. With a
135:1:1 turns ratio, a typical large array will operate at 50
kHz with an air gap AL value of 700 nH/N2

[0073] The preferred embodiment uses a controller, such
as a microcontroller, FPGA or CPLD, to directly control the
current switching on the transformer primary winding. This
is typically between 50 kHz and 500 kHz, using a pair of
N-channel MOSFETs. A buffer amplifier may be used to
increase the gate drive voltage and/or current. The advantage
of'this arrangement is the ability of the controller to instantly
stop switching in the event of an over-current condition
caused by array failure.

[0074] The preferred embodiment is powered from
lithium cells, with a supply voltage between 2.8 and 4.2V.
See FIG. 17. The transformer primary center tap voltage is
derived from a boost converter 212, with current being
switched using a N-channel MOSFET. A buffer amplifier
may be used to increase the gate drive voltage and/or
current. In the preferred embodiment, the duty cycle of each
transformer FET is 50%, operating in a balanced configu-
ration. The boost converter 212 is operated at twice the
frequency of the transformer drive, and is driven by the
controller 204. Any ripple on the transformer center tap will
be the same instantaneous value for either side being
switched.

[0075] An alternate embodiment connects the transformer
primary balanced driver in a cross connected feedback such
that the driver automatically operates at the transformer
resonant frequency. However, this requires additional elec-
tronic components to allow rapid shutdown, synchronization
with the boost converter, and synchronization with the
controller. In a typical embodiment, interrupt signals to the
controller would be generated by both legs of the trans-
former primary.

[0076] In the preferred embodiment, the controller deter-
mines the transformer resonant frequency as follows. In this
auto-tuning mode, the controller reduces the transformer
drive duty cycle to a small value to protect the electronics.
With a step-up transformer having a secondary winding with
more turns than its primary winding, the output voltage is
increased. For a given drive frequency, the controller mea-
sures the plasma drive voltage on the transformer secondary.
If the voltage phase on the transformer primary leads the
drive signal, the frequency is too high. The controller
performs a frequency sweep to find the highest resonant
peak. An alternate method is to compare the waveform on
one leg of the transformer primary with the corresponding
gate drive waveform, and adjust the drive frequency in a
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binary search to determine the frequency for switching at
zero crossing. This will occur at the transformer resonant
frequency.

[0077] Drive power into the array 100 is determined by
measurements of voltage and current on the transformer
secondary. The plasma initiation voltage is influenced by
humidity and air pressure, so an accurate voltage measure-
ment is desirable. In the preferred embodiment, transformer
secondary current is sensed across a low value resistor.

[0078] An alternate method of measuring the plasma
power in the array is to measure the reflected (“reverse”

power at a high harmonic frequency. Since the plasma array
has a high AC voltage across a relatively large capacitance,
the amount of reactive power in the dielectric is very large
compared to the amount of real power in the plasma.
Therefore, measuring real power dissipation in the plasma is
very difficult if measured at the fundamental drive fre-
quency. Because the 1/V curve of the plasma is nonlinear,
while the capacitance of the array is relatively flat versus
voltage, the measurement is much easier at a high harmonic
of the drive frequency. A practical measurement frequency
is 10.7 MHz because of the availability of inexpensive
ceramic filters. This also reduces the size of components in
the resonant circuits. Precise tuning is required, so the
inductors preferably have non-magnetic cores for tighter
tolerance. This simplifies the problem of isolating the large
reactive component of the array load, and any power loss
from dielectric heating in the array, from the effect of the
plasma. A typical embodiment will use parallel resonant
element tuned L.C circuit 701 to block energy from the driver
at 10.7 MHz. See FIG. 21. Series resonant element tuned LC
circuit 702 provides a low impedance current return at 10.7
MHz. Transformer 703 provides high voltage isolation and
performs current to voltage conversion at 10.7 MHz. Filter
714 blocks harmonics from the driver that are not blocked by
the resonant circuits. Detector 715 is preferably a logarith-
mic detector to allow measurement over a large power
range. Because of the interwinding capacitance of the high
voltage transformer which can pass harmonic energy at 10.7
MHz, a parallel tuned L.C circuit 701 is used to block this.
Series tuned LC circuit 702 provides a low impedance at
10.7 MHz, which allows current measurement through
transformer 703. The capacitor in the series tuned LC circuit
702 will typically be rated at 1.5 kV. In a typical embodi-
ment, transformer 703 is bifilar wound PTFE insulated wire
around a ferrite bar. Since isolation of 1 kV AC is required,
the windings are typically covered by insulating varnish to
prevent air discharge between windings. Filter 714 is needed
to remove harmonic energy that is not blocked by the tuned
circuits. Detector 715 is typically a log detector. When a
means of measuring the relative level of high harmonic
reverse power at a high resolution is provided in the plasma
driver, it can be used to set a constant plasma power level
regardless of humidity or air pressure.

[0079] In a stand-alone driver, a housing 501 contains the
power supply 500, a user interface 222, one or more inputs
to the power supply, and one or more outputs to the array.
See FIG. 16. Inputs include a USE port 223, an HMDI port,
a headphone jack 224, a micro-USE jack, a lightening jack,
and touch buttons or a touchscreen. Outputs to the array
include a headphone jack 224, a micro-USE jack, a light-
ening jack, and multi-pin jacks. An audio transducer may be
used to aid the visually impaired. In a wearable application,
a vibrator may be added for discrete user feedback. In a
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battery-powered device, the housing also contains the bat-
tery, which may be either a primary or rechargeable battery.
An embodiment connecting through USE may not need a
battery, because the USE port may be used for input and
battery charging.

[0080] The user interface will typically be a small LCD
display 222. Bluetooth hardware can also be added for
convenient connection to a smartphone. The controller 204
is connected to the user interface 222. In a preferred embodi-
ment, a multicolor LED will indicate operating modes,
including battery charging. While some embodiments of the
driver use pre-programmed memory so that operating
parameters that cannot be changed, other embodiments are
programmable. The inputs can be used to program plasma
operating parameters such as operating time and power
level. The USE connection can also be used to set up
additional features such as WiFi connection to a defined
SSID and network password. However, a user’s complete
freedom to control the array 100 may not be the best solution
for all embodiments.

[0081] In a preferred embodiment, the device is config-
ured to emit plasma in a prescribed a treatment protocol
provided by a physician, pharmacist, or clinician, much like
a conventional prescription for medicines used with other
drug delivery devices. The device may also retrieve patient
information. The driver and array can be configured in a
number of ways to do so. See FIG. 23A-D. In general, the
prescriber connects a low-cost adapter board or dongle to a
computing device. A software application running on the
computing device performs authentication, loads recorded
data, and programs the prescription. Data from treatments is
recorded on the adapter board or dongle for upload to a
computing device after the treatment. This data can be used
post-treatment to determine efficacy and verify that the
prescription was applied. For better control, and to promote
a controlled business model, prescribers can be limited to
downloading prescriptions from a central database rather
than entering them directly.

[0082] Inoneembodiment a mobile computing device 610
is connected to an adapter board 225, which in turn is
connected to a dongle 220 that is connected by cable 202 to
the array. See FIG. 23A. Adapter board 225 functions as a
physician’s prescription book which contains authentication
code registered per physician, clinician, pharmacist or phar-
macy. Adapter board 225 is also a gatekeeper between
encrypted protocols and user’s privacy data being uploaded
and downloaded from dongle 220. The adapter board 225
has an MCU onboard to interface between the dongle 220
and proprietary software applications installed on a mobile
computing device or a desktop computer.

[0083] The dongle 220 includes settings for power, modu-
lation details and time of a desired treatment. Thus the
dongle 220 can be programmed with a treatment prescrip-
tion for use with a driver. The dongle 220 may include an
identification feature that is ensures that the driver is being
used with the array of the appropriate size or shape for the
desired treatment or patient. In a preferred embodiment the
identification feature is a chip encoded with an embedded
code that acts as an authentication handshake between the
array 100 and the dongle 220 to make sure that only
authorized arrays are used with a given power supply. In
another embodiment the connector on the array has a
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physical shape mated to the connector on the power supply
such that only devices with matching connectors operate to
generate a plasma.

[0084] To ensure the array emits energy at the desired
parameters, in a preferred embodiment the array will work
only if its embedded identification code matches the dongle.
For example, a programmed dongle 220 and its mated array
may be given to a patient with the patient’s prescription. The
patient then attaches the dongle 220 to a power supply,
whether it is a specialized device or a mobile computing
device, and powers the plasma array to treat with plasma
energy. Without the required code, the array will not be
operational. Thus, the drivers can be sold with no prescrip-
tion over the counter, much like fabric bandages such as
BandAids®, and mated with a prescription dongle 220 and
array when needed. Physicians and pharmacists may pro-
gram the dongle 220 directly with customized protocols or
they may program them with common protocols stored in a
centralized prescription database. The dongle 220 can be
programmed to record parameters of the treatment which
may be evaluated post-treatment to verify that the prescrip-
tion was applied and to judge its efficacy. See examples
below.

[0085] In another embodiment, the mobile computing
device 610 is connected to the adapter board 225, which in
turn is connected to a cable 202 that is connected to the
array. The function of the dongle, namely the prescription, is
embedded on the array or in the cable. The integration of the
dongle function onto the array 100 is referred to herein as a
smart array 203. See FIG. 23B. Flash memory can be used
to store the desired data on the array or in the cable. This
may require a custom cable, but would allow a temperature
sensor on the array as well. This may be important for some
diabetic patients or others who have lost sensation and are
insensitive to heat. Another alternate embodiment uses the
memory of the mobile or desktop computing device.
[0086] Inanother embodiment, the driver 500 is connected
to the dongle 220, which is connected by cable 202 to an
array. See FIG. 23C. If using a smart array, the driver can be
connected directly to it with a cable. See FIG. 23 D.
[0087] Typically the mobile computing device is con-
nected to the array 100 using its headphone jack 224 or USB
port, but may be connected with a custom interface. Mobile
computing devices include a smartphone 606, laptop com-
puter 607, or tablet. On FIG. 20 the dashed line indicates that
either the phone or laptop may be connected to the adapter
board and the array. A desktop computer may also be used
to powering and controlling the array. Mobile and desktop
computing devices are programmable using onboard
memory with a downloaded mobile application or installed
program.

[0088] Plasma devices of the present invention can be
used for treating many types of surfaces for purposes
including cleaning, decontaminating, sterilization, and heal-
ing. For example:

Example 1: Decontamination of a Cell Phone

[0089] Individuals take cell phones where everywhere
they go and are constantly using it after using the restroom,
touching dirty door knobs, shaking others’ hands, sharing
the phone with others, and touching money. All these items
are full of bacteria, which can spread to the individual’s cell
phone. Consequently, cell phones have up to 18 times more
bacteria than a public restroom. In certain embodiments a
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non-thermal array 100 or smart array 203 can be placed
around or incorporated into a cell phone. Once the non-
thermal array 100 or smart array 203 is turned on the
microorganisms on the phone will be inactivated, in effect
sanitizing the cell phone from any infectious agents.

Example 2: Biological Warfare Decontamination
Suit

[0090] In war biological weapons may be used against
soldiers. In certain embodiments a biological warfare suit
can be lined with non-thermal plasma arrays 100 or smart
arrays 203. When a soldier has been contaminated with a
biological weapon, the soldier can put on the non-thermal-
plasma lined suit. Once the suit is on, the arrays 100 are
turned on and the soldier can be decontaminated. The suit is
reusable.

Example 3: Killing Fungus or Bacteria with a
Non-Thermal Plasma Device

[0091] A voltage supplied to a plasma array can be modu-
lated (pulsed or keyed on and off) at a rate of about 1 Hz to
about 10 kHz. Specific modulation frequencies (the so-
called Rife frequencies) have therapeutic effects in which a
specific frequency is correlated to kill a specific microor-
ganisms, including forms of bacteria, virus, fungus, mold,
etc. The controller can use these frequencies to produce
biological effects beyond those produced by reactive oxygen
species and reactive nitrogen species. The resulting biologi-
cal effects created by a non-thermal plasma array over a
large surface area can eliminate microorganisms on any
surface type.

Example 4: Method for Creating Ozone

[0092] Ozone is an unstable, but highly beneficial mol-
ecule, and is created by plasma. Plasma is a mixture of
neutral and charged particles. When a voltage is applied to
an array 100 of plasma emitters 107 that are in a gas
containing oxygen, the plasma emitters generate a transfer of
electrons that generates ozone. Ozone can be applied to a
human body for therapeutic effects, to water for oxidizing
pathogens and synthetics residues in the body, and to olive
oil for ingesting which gives an individual a steady internal
application of ozone. In addition, ozone can be used as an air
disinfectant killing germs, infectious microorganisms, and
neutralizing many biological problems like bacteria, viruses,
mold and chemical outgassing.

Example 5: Cosmetic Treatments

[0093] Nitric oxide is a free-radical that has been shown to
be beneficial in treating photodamaged facial skin by burn-
ing the old damaged skin cells so they can be sloughed off
and replaced with new, healthy skin cells. An array of
plasma emitters that are in a gas containing nitrogen are
placed on the desired treatment area of the skin and the
plasma emitters generate nitric oxide across the entire treat-
ment area. In this was treatment using the present device is
much faster than the conventional method of treating the
area with plasma plume that is repeatedly passed, or
scanned, across the treatment area.

Aug. 13,2020

Example 6—Treating Pseudomonas aeruginosa

[0094] In one example a power supply is used in conjunc-
tion with an array to treat a patient who has Pseudomonas
aeruginosa, a multidrug-resistant pathogen, on her foot. A
physician prescribes plasma treatment of 241 Hz for 10
minutes, twice a day for seven days. The pharmacist receives
the prescription per treatment from physician, connects an
adapter board 225 to a desktop computer, and programs the
dongle 220 directly with an authentication code and instruc-
tions to operate the plasma-emitter array at 241 Hz for 10
minutes. The patient obtains the programmed dongle and
mated array, or smart array 203, from the pharmacist,
attaches it to a power supply such as a cell phone charger.
The patient places the array on her foot where the infection
is. The power supply confirms that it has been attached to an
authorized array and initiates treatment. The patient leaves
the array in place for the 10 minute treatment duration per
the programmed protocol. When the 10 minutes has elapsed
the patient removes the array from her foot. The patient
repeats the treatment twice a day for six more days. The
dongle and array, or smart array, can be returned to the
pharmacist for uploading usage data of past treatments and
reprogramed with new protocols for re-use.

Example 7—Treating Candida albicans

[0095] In another example a power supply is used in
conjunction with an array to treat a patient who has Candida
albicans, a fungal infection typically of the mouth or geni-
tals. A physician prescribes plasma treatment of 482 Hz for
10 minutes, applied twice a day for seven days. The phar-
macist receives the prescription, connects an adapter board
225 to a desktop computer, and programs the dongle 220
directly with an authentication code, and instructions to
operate the plasma-emitter array at 482 Hz for 10 minutes.
The patient obtains the programmed dongle, cable and
attached plasma array from the pharmacist, and attaches it to
a driver. The driver is portable and chargeable using an USB
wall charger. The driver confirms that it has been attached to
an authorized array and initiates treatment. The patient
leaves the array in place for the 10 minute treatment dura-
tion. When the 10 minutes has elapsed the patient removes
the array from her mouth. The patient repeats the treatment
once a day for six more days. The dongle and array, or smart
array, can be returned to the pharmacist for uploading usage
data of past treatments and reprogramed with new protocols
for re-use.

Example 8—Treating Trichophyton rubrum

[0096] In another example a power supply is used in
conjunction with an array to treat a patient who has
Trichophyton rubrum, a fungus that is the most common
cause of athlete’s foot, fungal infection of toenails, jock itch,
and ringworm. The treatment is 775 Hz for 10 minutes, for
three treatments per day, until the symptoms go away. The
patient purchases over-the-counter a power supply, dongle
and arrays that are customized to provide a limited number
of treatments. For example, for toenail fungus, the patient
purchases a device that can provide up to twenty 10 minute
treatments of plasma at 775 Hz. The patient applies the
plasma array to his infected toenail for 10 minutes each day
until the symptoms go away.
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Example 9—Treating Trichophyton metagrophyte

[0097] In another example a plugged cable is used in
conjunction with an array to treat Trichophyton metagro-
phyte, another cause of various human skin infections and
also of a skin infection in mice. A dongle is programmed
using a desktop computer connected to an adapter board that
has access to the internet. An authorized user downloads a
protocol from a treatment database to the dongle then causes
the power supply to provide plasma treatments at a given
time, frequency, and duration such as 775 Hz for up to 10
minutes per treatment, three times per day for 4 weeks. The
dongle and array, or smart array, can be returned to the
pharmacist for uploading usage data of past treatments and
reprogramed with new protocols for re-use.

Example 10—Pain Management

[0098] In another example a plasma device including an
array of plasma emitters electrically connected to an array
driver/controller and a power supply, as described above,
can further be used in conjunction with a topically applied
cannabinoid or cannabinoid compound to treat a person
suffering from pain. Topically applied cannabinoids treat
pain by passing transdermally into tissue and binding to
endogenous receptors; other pain-relieving modalities of
cannabinoids exist, and are utilized in the present example
treatments. Multiple synergies exist between the non-ther-
mal plasma treatment and the topical cannabinoid treatment.
One synergy is that the plasma increases the rate and
efficiency of transdermal passage of the cannabinoids.
Another synergy is that the cannabinoids augment the char-
acteristic healing modalities of the plasma.

[0099] An example treatment protocol begins with the
person applying a topical cannabinoid vehicle (e.g. oint-
ment, cream, oil, wax, salve, balm, tincture) onto the skin
near the affected painful tissue. The vehicle contains one or
more active cannabinoids (e.g. 9-Tetrahydrocannabinol
(delta-9-THC), 9-THC Propyl Analogue (THC-V), Canna-
bidiol (CBD), Cannabidiol Propyl Analogue (CBD-V), Can-
nabinol (CBN), Cannabichromene (CBC), Cannabi-
chromene Propyl Analogue (CBC-V), Cannabigerol (CBG),
terpenoids, and flavonoids). The active cannabinoids can be
natural or synthetic; natural cannabinoids can be obtained
from any plant in the genus Carnabis or any other naturally-
occurring or genetically modified plant that produces them.
In some embodiments, the vehicle can include broad-spec-
trum cannabinoids, terpenes, etc., obtained by reducing the
entire source plant into the vehicle. The person applies an
amount of the vehicle containing a desired dose of the
topical cannabinoid, according to standard usage of the
particular vehicle and according to the tolerance of the
person. An example dose is about equal to a typical oral dose
of the active cannabinoids (e.g., 10-30 mg of CBD).
[0100] The application of the topical cannabinoid vehicle
is followed by application of non-thermal plasma from the
plasma device to the treated skin. The array may be covered
by an insulating sheath as described above, and placed
directly onto or directly above the affected skin. The power
supply is then activated in order to cause the array to
produce plasma. The controller can include an interface for
selecting a desired plasma frequency and/or duration, or
these protocols can be preprogrammed into the controller.
Plasma is generated and applied for a suitable duration for
driving the cannabinoids transdermally to the pain receptors;
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an example treatment applies plasma for 20 to 40 minutes,
at a plasma frequency of 2720 Hz, though other plasma
frequencies in a range of about 100 Hz to about 10,000 Hz
are shown to be effective. Treatments may be applied with
least one day between successive treatments to avoid skin
irritation. The person continues therapy as needed for man-
agement of acute or chronic pain symptoms. The combined
treatment of pain by non-thermal plasma and topical can-
nabinoids provides a synergistic pain relief therapy greater
than either modality alone.

Example 11—Reducing Insomnia

[0101] In another example a plasma device including an
array of plasma emitters electrically connected to an array
driver/controller and a power supply, as described above,
can be used to relieve or eliminate a person’s insomnia. The
treatment is applied at or approximate the person’s bedtime.
The array may be covered by an insulating sheath as
described above, and placed directly onto or directly above
the person’s forehead. The power supply is then activated in
order to cause the array to produce plasma. The controller
can include an interface for selecting a desired plasma
frequency and/or duration, or these protocols can be pre-
programmed into the controller. Suitable plasma frequencies
include 880 Hz, 1550 Hz, 2720 Hz, and 2728 Hz, and
harmonics and sub-harmonics thereof, though other plasma
frequencies in a range of about 100 Hz to about 10,000 Hz
are shown to be effective. Plasma is generated and applied
for 20 to 40 minutes, and can be divided into shorter
treatments (e.g., in 10-minute increments) that are either
continuously applied or separated by pauses of sufficient
duration to restore the person’s comfort level.

[0102] A topically applied transdermal cannabinoid or
cannabinoid compound can be used to improve the effec-
tiveness of the insomnia treatment. Research of certain
psychoactive and non-psychoactive cannabinoids has indi-
cated favorable effects of the cannabinoids on sleep and
sleepiness, including sedative effects and reduction of pain
(see above), inflammation, and anxiety. Multiple synergies
exist between the non-thermal plasma treatment and the
topical cannabinoid treatment. One synergy is that the
plasma increases the rate and efficiency of transdermal
passage of the cannabinoids. Another synergy is that the
cannabinoids augment the characteristic healing modalities
of the plasma.

[0103] The person applies a topical cannabinoid vehicle
(e.g. ointment, cream, oil, wax, salve, balm, tincture) onto
the skin of the forehead before applying the plasma treat-
ment described above. The vehicle contains one or more
active cannabinoids (e.g. delta-9-THC, THC-V, CBD, CBD-
V, CBN, CBC, CBC-V, CBG, terpenoids, and flavonoids).
The active cannabinoids can be natural or synthetic; natural
cannabinoids can be obtained from any plant in the genus
Cannabis or any other naturally-occurring or genetically
modified plant that produces them. In some embodiments,
the vehicle can include broad-spectrum cannabinoids, ter-
penes, etc., obtained by reducing the entire source plant into
the vehicle. The person applies an amount of the vehicle
containing a desired dose of the topical cannabinoid(s),
according to standard usage of the particular vehicle and
according to the tolerance of the person. An example dose is
about equal to a typical oral dose of the active cannabinoids
(e.g., 10-30 mg of CBD).
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[0104] While there has been illustrated and described what
is at present considered to be the preferred embodiments of
the present invention, it will be understood by those skilled
in the art that various changes and modifications may be
made and equivalents may be substituted for elements
thereof without departing from the true scope of the inven-
tion. The embodiments of the invention described herein are
not intended to be exhaustive or to limit the invention to
precise forms disclosed. Rather, the embodiments selected
for description have been chosen to enable one skilled in the
art to practice the invention. Therefore, it is intended that
this invention not be limited to the particular embodiments
disclosed, but that the invention includes all embodiments
falling within the scope of the appended claims.
We claim:
1. A method of treating a condition of a subject using
non-thermal plasma, the method comprising:
applying a cannabinoid vehicle comprising at least one
cannabinoid topically to skin of the subject; and

using a device that generates the non-thermal plasma,
applying a therapeutically effective amount of the non-
thermal plasma to the subject and the cannabinoid
vehicle applied to the subject.

2. The method of claim 1, wherein the condition is pain
in soft tissue of the subject, the method further comprising
applying the cannabinoid vehicle onto an area of the skin
near the soft tissue and operating the device to emit the
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non-thermal plasma at a plasma frequency of between 100
Hz and 10,000 Hz onto the area of the skin for between 20
and 40 minutes.
3. A method of using a cannabinoid and non-thermal
plasma, the method comprising:
applying a cannabinoid vehicle comprising the cannabi-
noid topically onto an area of skin of a subject; and

using a non-thermal plasma device, applying a predeter-
mined amount of the non-thermal plasma to the area of
skin, the non-thermal plasma device comprising:

an array comprising a plurality of plasma emitters each,

responsively to an application of electrical energy to
the plasma emitter, ionizing air to produce the non-
thermal plasma;

a power supply electrically connectable to the array; and

a controller that controls the power supply to apply an

alternating current having a plasma frequency to at
least a first plasma emitter of the plurality of plasma
emitters to cause the first plasma emitter to produce a
first non-thermal plasma at a first rate and for a first
duration.

4. The method of claim 3, wherein the area of skin is on
the subject’s forehead, and wherein applying the predeter-
mined amount of non-thermal plasma comprises applying a
therapeutically effective amount of non-thermal plasma for
treating insomnia of the subject.
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