
DESCRIPTION SELF-STERILIZING DEVICE USING PLASMA
FIELDS CROSS-REFERENCE TO RELATED APPLICATION The
present application claims the benefit of U.S.
Provisional Application Serial No. 60/989,496, filed
November 21, 2007, which is hereby incorporated by
reference herein in its entirety, including any
figures, tables, or drawings. BACKGROUND OF INVENTION
The generation of plasma due to electrical input has
been studied both experimentally and theoretically in
recent years [see references 1-4]. The basic
mechanisms inherent in nonequilibrium discharges such
as obtained through DC, RF, or microwave excitation
have also been utilized for ionization purposes, so as
to increase the conductivity of air for further
control with ponderomotive forces generated with an
imposed magnetic field. Dielectric barrier discharge
(DBD) involves one dielectric coated electrode that is
typically exposed at the surface to the surrounding
atmosphere, while another electrode is embedded inside
a layer of insulator. The emission of UV light as well
as chemical processes in surface plasmas is suitable
for decontamination in a short timescale and using
very low power and heat [see references 5, 6]. It has
been found [see reference 5] that with special DBD
arrangements, a fast reduction of cells by more than
four orders of magnitude is possible within a few
seconds, even for UV resistant cells. Moisan et al.
[see reference 7] have observed that in contrast to
classical sterilization where the survival curves of
microorganisms under UV irradiation show a unique
linear decay, plasma sterilization yields survival
diagrams that show three basic mechanisms. First, a
rapid direct destruction by plasma related UV
irradiation of the genetic material of microorganisms;
second, a gradual erosion of the microorganisms due to
intrinsic photodesorption to form volatile compounds
intrinsic to the microorganisms; and third, erosion of
the microorganisms due to etching from radicals formed
due to plasma 



ionization. Together, plasma sterilization is much
(order of magnitude) faster than the traditional
sterilization process. Traditionally, in plasma
discharge, a DC voltage potential is placed across two
electrodes. If the voltage potential is gradually
increased, at the breakdown voltage VB, thecurrent and
the amount of excitation of the neutral gas becomes
large enough to produce a visible plasma. According to
Paschen's law, the breakdown voltage for a particular
gas depends on the product (p d) of the gas pressure
and the distance between the electrodes. For any gas
there is unique pcd value referred to as the Stoletow
point where volumetric ionization is the maximum. The
Stoletow point for air requires a minimum VB = 360 V
and p cd = 5.7 Torr-mm. Unfortunately near atmospheric
pressure, the allowable electrode spacing necessary
for maximum volumetric ionization is d = 7.7 mm. In
some applications, for example in high speed air
vehicles, this is an impractical limitation. A
solution to this limitation comes from the recent
development of RF glow discharge using an a.c. voltage
potential across the electrodes. The frequency of the
current must be such that within a period of the a.c.
cycle, electrons must travel to the electrodes and
generate a charge, while the heavier ions cannot.
Based on reported experiments [see reference 2] in air
or other gases at 760 + 25 torr, a homogeneous glow
can be maintained at 3 to 20 kHz RF and rms electrode
voltage between 2 to 15 kV. A critical criterion for
such discharge in air is to meet the electric field
requirement of about 30 kV/cm. While the voltage is
high, only a few milliamps current is required to
sustain a RF driven barrier discharge. BRIEF SUMMARY
Embodiments of the invention relate to a method and
apparatus for self-sterilizing or self-decontaminating
a surface or other portion of the apparatus and/or
sterilizing or decontaminating other objects.
Embodiments can utilize self-generated and/or remotely
controlled plasma fields for the purpose of
self-sterilization and/or sterilization of another
object. Embodiments of the invention can have broad
applications in procedures and 



equipment requiring the sterility of devices used for
decontamination, medical procedures, drug delivery,
sterility of consumer products, and sterility of food
preparation equipment and tools. Various embodiments
of the invention can involve eliminating or greatly
reducing foreign materials on a surface of the device,
or other surface, through the use of a plasma field
generated by the device. In certain embodiments,
matter on or near a surface, such as living organisms,
tissue, germs, bacteria, pathogens, biological agents,
viruses, metabolically inert agents, pyrons, organism
matter, and microorganisms, can be killed and/or
vaporized from the surface, and/or non-living
materials, such as chemical agents or other types of
potentially harmful materials can be vaporized or
otherwise rendered less harmful. Plasmafield
generation may also include the generation of ionized
air, radicals, photons, and/or ultraviolet light.
Specific embodiments are also capable of sensing the
surface or environment to determine if the surface is
potentially contaminated, contaminated, and/or not
sterile. BRIEF DESCRIPTION OF DRAWINGS Figure 1 shows
a flat flexible self-sterilizing laminate surface in
accordance with an embodiment of the invention. Figure
2 shows an embodiment of a self-sterilization device
incorporating a Tollable surface that can be utilized
to sterilize other objects. Figure 3 shows an
embodiment of a self-sterilization container. Figure 4
shows various shapes of self-sterilization surfaces
with various portions of surfaces performing active
sterilization, in accordance with an embodiment of the
invention. Figure 5 shows an embodiment of a
retractable self-sterilization device in accordance
with the invention. Figure 6A shows an embodiment of a
self-sterilizing braided tube. Figure 6B shows an
embodiment of a catheter incorporating the braided
tube of Figure 6A. Figure 7 shows an embodiment of a
self-sterilizing cloth. 



Figure 8 shows an embodiment of a self-sterilizing
structure having a plurality of apertures there
through. Figures 9A-9C show various electrode layouts
that allow self-sterilization of a surface. Figures
lOA-lOG show the results of plasma generation on a
surface with yeast at 1.5kV, 14kHz, at about 2OW,
after 1 minute of excitation. Figure 11 shows the
qualitative nature of the survival curve for yeast on
a substrate having 40ml of yeast solution, the
qualitative nature of the survival curve for yeast on
a surface having 10 ml of yeast solution, and the
qualitative nature of the survival curve for another
experiment with respect to yeast on a surface having
10 ml of yeast solution. DETAILED DISCLOSURE
Embodiments of the invention relate to a method and
apparatus for self-sterilizing a surface or other
portion of the apparatus and/or sterilizing other
objects. Embodiments can utilize self-generated and/or
remotely controlled plasma fields for the purpose of
selfsterilization and/or sterilization of another
object. Embodiments of the invention can have broad
applications in procedures and equipment requiring
devices for decontamination, medical procedures, drug
delivery, sterility of consumer products, and
sterility of food preparation equipment and tools. The
sterilization and/or decontamination can reduce or
eliminate, for example, pathogens, bacteria, chemical
agents, biological agents, or other materials. The
plasma can change the chemical structure and can
gasify materials on the surface. In specific
embodiments of the invention, surfaces can be
sterilized in accordance with appropriate
International Organization for Sterilization (ISO)
standards. Examples of ISO standards that can be met
by embodiments of the subject invention include, but
are not limited to, ISO 17664:2004 - Sterilization of
medical devices ~ Information to be provided by the
manufacturer for the processing of resterilizable
medical devices, ISO 11138-4:2006 - Sterilization of
health care products -Biological indicators, ISO
11737-2:1998 - Sterilization 



of medical devices -Microbiological methods -Part 2:
Tests of sterility performed in the validation of a
sterilization process, ISO 14161 :2000 - Sterilization
of health care products - Biological indicators
-Guidance for the selection, use and interpretation of
results, ISO 14937:2000 - Sterilization of health care
products - General requirements for characterization
of a sterilizing agent and the development, validation
and routine control of a sterilization process for
medical devices, ISO 11737-1:2006 - Sterilization of
medical devices -Microbiological methods -Part 1:
Determination of a population of microorganisms on
products. In addition, various embodiments can meet
the standard provided in Seymour S Block. 2000
Disinfection, Sterilization, and Preservation 5th ed.
Lippencott, Williams, and Wilkens. Embodiments can
incorporate electrode structures for providing
sterilizing plasmas into a variety of surfaces that
can be self-sterilized. Surfaces having a variety of
shapes can be incorporated with embodiments of the
invention. A flat laminate surface can be used with,
for example, a cutting board, a surgical surface, or a
scalpel and can incorporate an array of embedded
electrodes for producing an appropriate plasma. In a
specific embodiment, a voltage between 2-2OkV can be
applied across electrodes. In another specific
embodiment, a peak-to-peak ac voltage of 2-2OkV can be
applied, and in a more specific embodiment the ac
voltage is 1-5OkHz RF voltage. Figures IA-C show an
embodiment of a flat, flexible, selfsterilizing
laminate surface, with cross-sectional views (Figures
IB and 1C) of the laminate surface. The laminate
surface can have a dielectric layer positioned in
between two electrodelayers. Referring to Figure 1, a
layer of ground electrodes are positioned apart from a
layer of powered electrodes. The powered electrodes
and the ground electrodes form a crossing pattern.
Driving the powered electrodes with a voltage relative
to the grounded electrodes produces a plasma that
sterilizes and/or decontaminates the active surface .
The electrodes can have a variety of shapes and sizes.
Figure 9A shows an electrode pattern that is shifted
when compared to the embodiment shown in Figure 1A-1C;
while Figures 9B and 9C show other electrode
configurations that can be used with the surface of
Figure IA- 1C, where 



Figure 9B shows the use of a ground plate. Other
electrode configurations can also be used. In various
embodiments, the electrodes can be exposed to the
environment in contact with the surface, the
electrodes can be embedded in the surface, the
electrodes can have a layer of material, such as
hydrophobic thin insulating layer, Teflon, or a
dielectric material layer between the electrode and
the environment, or the electrodes can be structured
as a combination of exposed, embedded, and covered.
Figure 9F shows an embodiment with a coating over the
electrodes such that the electrodes are not exposed to
the environment. The outer surface of the coating can
then be sterilized via the plasma generated by the
electrodes via electric fields penetrating the
coating. In a further embodiment, a surface like the
surface shown in Figure 1, can sterilize itself as
well as sterilize specific objects placed on the
surface. In this way, an embodiment of the invention
can include a plate, or other structure having a
self-sterilizing surface, and one or more objects
sized and made of appropriate material to be placed on
the plate such that the objects can also be
sterilized. The plate can have structures, such as
indentations or extended portions, that facilitate
positioning the object and/or enabling the plasma
generated to sterilize the objects placed on the
plate. There can be specific settings to sterilize the
plate, to sterilize a first number and/or type of
object and to sterilize a second number and/or type of
object, where the settings can have, for example,
different powers and/or durations. An example of such
an embodiment is a surgical plate and a variety of
surgical instruments. Such sterilization or
decontamination can occur automatically without user
intervention, or by way of user input. In a further
specific embodiment, referring to Figure 2, sensors
can be incorporated on the retractable portion of the
sterilizer that can detect matter that needs to be
sterilized. The sensors upon detection of such
material, can cause the sterilizer to turn on the
plasma to sterilize the surface the matter is detected
on. In this way, the plasma need not be on all the
time.Figure 2 shows an embodiment of a device that can
sterilize a surface separate from the device by
rolling over the separate surface, so as to provide a
plasma over the device 



surface that can roll over other surfaces. As shown in
Figure 2, electrodes can be incorporated into an outer
cylindrical surface that can roll over other surfaces.
Again, the electrodes can be positioned on the
surface, embedded into the surface, exposed to the
environment, or have a coating between electrode and
the environment. An interlock switch can act to push
the retractable sterilizer out of the device body and
retract the retractable sterilizer back into the
device body. Other applications for the use of
electrodes on outer cylindrical surfaces include, but
are not limited to, scopes or probes, diagnostic
surfaces, and laboratory testing equipment. The
interlock can protect inadvertent exposure from the
plasma field. The insulated spacers shown in Figure 2
can allow the outer surface of the cylindrical
retractable sterilizer to be located proximate a
surface to be sterilized and/or decontaminated with
touching the surface. The use of the spacers can allow
the separation between the surface of the sterilizer
and the surface to be sterilized and/or decontaminated
to be controlled. In the cross-section of the
cylindrical portion of the sterilizer shown in Figure
2, the inner electrode is shown as a continuous hollow
cylindrical and the outer electrodes are shown as
longitudinal strips, separated from the inner
electrode by an insulating material, such as a
dielectric material. Other electrode shapes can be
used with the device of Figure 2, including, but not
limited to, longitudinal strips for the inner
electrode, ring electrodes spaced longitudinally for
the outer and/or inner electrodes, or other
combinations. The interior of the cylindrical portion
of the sterilizer can be hollow or filled with one or
more materials. As shown in Figure 3, electrodes can
be incorporated into an inner cylindrical surface.
Other applications for the use of electrodes on inner
cylindrical surfaces include, but are not limited to,
drug delivery ports, beakers, flasks, and laboratory
pipettes. The switch can be used to turn on and off
the electrodes. In an embodiment, the electrodes can
be embedded in the inner surface of the container. In
a specific embodiment, a fluid can be brought in
through the tubing. The tubing can allow entry of an
electrical connection, blood, IV drugs, or other
materials. The electrodes are shown on the container
inner surface, but could extend 



over the lip and/or the outer surface as well. The
bottom of the container can also incorporate
electrodes. The container can have many
cross-sectional shapes, such as rectangular. In a
specific embodiment, the electrodes incorporated into
the inner cylindrical surface can provide a discharge
that extends sufficiently above a surface, such that
the electrodes create a plasma to, for example,
sterilize a fluid, such as air, flowing through the
cylinder. Asdiscussed with respect to the embodiment
of Figure 2, the electrode can have a variety of
configurations and shapes. As shown in Figure 4,
electrodes can be incorporated into spherical,
doughnut, or other curved shaped surfaces for use in,
for example, implantable diagnostic probes and/or
laboratory probes that need to be sterilized between
tests or samples. In an embodiment, a spherical
surface can roll on another surface to sterilize the
other surface. As shown in Figure 5, electrodes can be
incorporated into a device such that the electrodes
can be positioned to produce a plasma so as to
sterilize a needle shaft and tip or scalpel. In an
embodiment, the electrodes in Figure 5 can reside near
the inner wall of the interior of the device with the
needle or knife retracting into the interior of the
device for sterilization. Alternatively, the
electrodes can be designed to extend out of the
interior of the device to sterilize the needle or
knife and the electrodes can then retract into the
interior of the device after sterilization. In an
alternative embodiment, one or more first electrodes
can be positioned on the needle shaft, or other object
to be sterilized, and one or more second electrodes
can be positioned on the inner wall, or other position
on the body section into which the needle retracts. A
voltage can then be applied between the first and
second electrodes to create a plasma to sterilize the
needle and/or inner wall. The spacing between the
needle and the inner wall can be controlled to control
the plasma appropriately. In a further embodiment,
electrodes can be extended into the needle, or other
object and create plasma via the electrodes inserted
into the needle or by applying a voltage from the
electrodes inserted into the needle to electrodes on
the inside surface of the needle. 



The device shown in Figure 5 can be used with, for
example, IV needles, hypodermic needles, other needles
used for medical procedures, diagnostic catheters,
implantable devices, and scalpels. A specific
embodiment is directed to an IV Cannula that
self-sterilizes before insertion into patient and
after it is removed from patient to minimize
contamination or accidental infection to the patient
or caregiver. The embodiment shown in Figure 5 can be
incorporated with medical devices such as a scalpel,
syringe, catheter, electrode or other device that can
self-sterilize during a medical procedure. For
example, the scalpel can selfsterilize during use to
alleviate cross-contamination between the infected and
healthy part of the patients body or between patients.
Typical usage is in triage or emergency situations or
where there is a limited supply of medical devices or
instruments. In specific embodiments, tolerances from
submillimeter up to a millimeter between the needle or
scalpel and the innerwall may be implemented. The
electrode configurations can be similar to those
discussed with respect to the embodiment of Figure 3,
as shown in the cross-section in Figure 5, which also
shows a retractable needle. A variety of electrode
configurations can be used in accordance with the
invention to accomplish the sterilization and/or
decontamination. As an example, a portion of the inner
wall can have electrodes and can be rotated around the
needle, or the needle can be rotated to pass by the
electrodes, to sterilize the entire needle surface.
Likewise, a longitudinal portion of the inner wall can
incorporate electrodes and the needle can be
sterilized as it passes by the electrodes while being
retracted or extended. Figure 6A shows an embodiment
having a braided electrode incorporated into a tube,
where a plasma can sterilize the inside surface of the
tube, the outside surface of the tube, an object
positioned around the tube, and/or an object inserted
into the tube. Additional embodiments can be directed
to a rod, such as a solid rod, that incorporates
braided electrodes on the outer surface of the rod, or
electrodes built into the outer surface of the rod,
where the electrodes can have a variety of
configurations including electrodes extending along
the longitudinal axis of the rod, electrodes forming
rings around the rod and/or other electrode
orientations. Embodiments that can incorporate the
tube of Figure 6A include, but 



are not limited to, balloon catheters, urinary
catheters, guiding catheters, ablation devices, and
implantable/stent devices. Other non-medical
applications can also incorporate the tube of Figure
6A. A specific embodiment of a catheter incorporating
the tube of Figure 6A is shown in Figure 6B. The
braiding is used as a conductive pathway for
generating plasma while also allowing the tube to bend
without kinking. In a specific embodiment, medical
devices are provided that can self-sterilize in a
specific area or zone of the device to allow the
continuous administration of drugs or treatments while
maintaining a sterile barrier to the patient or
care-giver. Other electrode structures can be utilized
as well. The tube can have a plastic layer with wire
electrodes braided around the inside and/or outside of
the tube so as to leave spaces between the wire
electrodes or otherwise prevent contact of adjacent
wire electrodes. With one braid, the cross-hatching
wire electrodes can be opposite electrodes. Some wire
electrodes can be dielectrics to keep metal electrodes
from touching. Again, a variety of electrode
configurations and/or shapes can be used with the
tube. Figure 7 shows a cloth or woven surface
incorporating electrodes to clean or protect a device,
patient, or any surface that needs a sterile barrier.
The cloth or woven surface can be placed adjacent to
surfaces and/or portions of items to be sterilized,
and the plasma generated by the cloth or woven surface
can sterilize such surfaces and/or portions of items.
In suchembodiments, regarding current ranges, it is
desirable to minimize the currents. In an embodiment,
the basic fabric or surface can be an insulating
material such as Teflon. The embodiment shown in
Figure 7, as well as the embodiments shown in Figures
1, 4, and 6 can be incorporated with medical devices
that can self-sterilize in a specific area or zone on
the device to minimize the buildup of surface
contaminants, proteins, collagen, scar tissue or other
materials to extend the operation, safety and efficacy
of the device. Referring to Figure 8, a surface
similar to a LCD television or computer display or a
plasma television display can have an active surface
composed of a matrix of individual pixilated electrode
pairs. A pixel shaped electrode matrix, with
appropriate addressing through a backplane, can be
used. The pixel electrodes can have a variety of
shapes. The 



pixel electrodes can have cross sectional diameters,
or lateral dimensions, in the range of 1 mm to 100 mm
or, even more preferably, in the range of 1 mm to 10
mm, and can be, for example, printed out or
manufactured in manner similar to existing television
and computer displays. In such embodiments regarding
current ranges, it can be desirable to minimize the
currents. Figure 9D shows the top of a surface having
pixilated electrodes. In the embodiment shown in
Figure 9D, each row of electrodes is driven by a
sample input. In other embodiments, each pixel can be
individually addressed, or the pixels can be grouped
to meet the needs of the situation. Although ground
plane is used in the embodiment of Figure 9D, other
electrode structures can be used for the electrode
away from plasma generation as well. Figure 9E shows
an embodiment with strip electrodes and a ground
plane. The cross section shown in Figure 9B can show
the cross section of Figure 9E. Figure 9F shows an
embodiment having coating over the electrodes. The
coating on the bottom of Figure 9F allows plasma to be
created on the bottom. Alternative embodiments can be
used as insulating material for the coating on the
bottom such that plasma would not be created on the
bottom. In a specific embodiment, referring to Figure
8, ablation can be used to form the electrode shapes
and/or patterns. Ablation, or other appropriate
techniques can be used to form bores through the
surface, from one side to another side, such that
plasma can secrete within the bores by, for example,
applying a voltage from the electrode on one side to
the electrode on the other side. The plasma within the
bores can sterilize and/or decontaminate a fluid
flowing through the bores so as to purify the fluid.
In this case, the surface of the bores can also be
sterilized or decontaminated. Such bores can have
cross-sectional dimensions on the order of a micron up
to a mm, so as to allow the plasma to reach the entire
cross-sectionalflow of the fluid through the bores. In
a specific embodiment, the diameter of cylindrical
bores are less than lmm. In further embodiments, the
diameter of the bores is in the range of 1 mm to 100
mm, or 1 mm to 1000 mm, at atmospheric pressure.
Embodiments can be operated at pressures other than
atmospheric. 



Specific embodiments can involve the ability to
control segments, or selected portions, of the surface
that are sterilized or decontaminated by controlling
which electrodes are activated. In a specific
embodiment having a pixilated electrode structure, any
combination of electrodes can be selected so as to
control which areas of the surface are sterilized or
decontaminated. Power can be supplied to the
electrodes in various embodiments of the invention by
a variety of sources, including ac, dc, batteries, and
wireless. Wireless power transfer can allow the device
to have a coating over the entire body that seals the
inside of the device from contamination from the
environment. Embodiments of the subject invention can
incorporate electrodes having a variety of electrode
structures, materials, and components. In specific
embodiments, the electrodes can also be used as
sensors. The active surface could be coated with a
thin layer of polymer, glass or other dielectric
material to provide an inert working surface for the
user. Such coatings can also inhibit the formation of
electrode corrosion and/or oxidation on the active
surface. The coating used to provide an inert working
surface can be coated with a conductive or
semi-conductive material, such as carbon nanotubes,
nanowires, conductive polymers and/or nanorods to
enhance the generating of plasma on the coated
surface. Specific embodiments can incorporate the
electrodes and electro-active components composed of
any or all of the following: (1) electro-conductive
polymers can be used in the construction of the device
to control surface activation, channeling of plasma
energy, perform localized or zone specific
sterilization, and to lower the cost of manufacture;
(2) transparent conducting films, such as, but not
limited to, carbon nanotube films, surfaces coated
with clusters of nanorods or nanowires, or surfaces
coated with electro conductive polymers, can be used
in the construction of the device, such as for
sensors, to control surface activation, channeling of
plasma energy, perform localized or zone specific
sterilization, and to lower the cost of manufacture;
and (3) material, described in (1) or (2), or
polymers, doped with 



nanoparticles of silver, gold, copper, aluminum or
other conductive or semi-conductive materials to act
as sensors and/or to control surface activation,
channeling of plasma energy, perform localized or zone
specific sterilization, and to lower the cost of
manufacture. Theelectrodes can be coated with a
conductive or semi-conductive material such as carbon
nanotubes, nanowires, conductive polymers and/or
nanorods to enhance the generation of plasma. The
dielectric barrier material onto, or into which, the
electrodes are positioned that is exposed to the
environment can be coated and/or include a conductive
or semi-conductive material, such as carbon nanotubes,
nanowires, conductive polymers and/or nanorods to
enhance the generation of plasma. Embodiments of the
invention can operate with little, or no, interaction
from a user and can sense contamination of the surface
and/or potential contamination of the surface and
self-sterilize or self-decontaminate the surface.
Sensing potential contamination of the surface can be
accomplished by sensing the physical environment of
the surface, such as when the surface has been
contacted or what materials are proximate the surface.
As an example, the subject device can utilize a sensor
capable of detecting anthrax, and when the sensor
detects anthrax the device can sterilize or
decontaminate all or portion of the surface, such as
the portion of the surface most likely contaminated,
or can sterilize or decontaminate a surface proximate
the device surface, through the production of a
plasma. The device can accomplish such actions
automatically or can provide input to a user to allow
the user to initiate the action. The sensors used with
specific embodiments can also be coated with a
conductive or semi-conductive material, such as carbon
nanotubes, nanowires, conductive polymers and/or
nanorods to enhance sensor sensitivity and/or
specificity. Likewise, any coating used to produce an
inert working surface over the electrodes can be
coated with a conductive or semi-conductive material,
such as carbon nanotubes, nanowires, conductive
polymers and/or nanorods to enhance sensor sensitivity
and/or specificity. The application of sterilization
techniques in accordance with the subject invention is



also suited for air cleaners, self-cleaning oven
embodiments, bathroom door plates, door handles,
cooking utensils, cutting boards, conveyor belts,
storage containers, and handles for shopping carts.
Also a HEPA-like filtration device with low power
consumption can be achieved by incorporating the EHD
micropump taught in international application no.
PCT/US2008/071262, filed 7/25/08, not yet published,
which is hereby incorporated by reference in its
entirety, where the dust mite /microorganisms can be
vaporized during their transit through the plasma
excited active filtration membrane. Each device can
utilize electrodes, insulators, and electro-active
components to create sterilizing plasmas. While the
standard electrodes and insulating materials are
reasonable forall ambient conditions, high temperature
applications may be accommodated by appropriate choice
of the dielectric (for example, glass-mica ceramic)
and electrodes (for example, metallic perovskites).
The plasma fields used to generate the
self-sterilization process can be controlled by some
or all of the variables listed in Table I . Table I
The plasma can be made continuous by using pulsed
excitation of the electrodes in the range of 50 Hz to
10 MHz, and, in a specific embodiment, in the range of
0.IkHz to 10MHz. Direct current (DC) can also be used,
such as pulsed DC. Specific embodiments can use
apotential difference of 10V - 5OkV, and, in a
specific embodiment, 0.1 V-I OkV DC. Plasma can be
generated by exciting the adjacent electrodes in a
phase controlled manner under ambient pressure ranging
0.1 niTorr - 10 bars. Current levels from l mA to IA
can be used in further specific embodiments and 1 mA
to IOOA in further specific embodiments. Various
embodiments of the subject invention can improve the
ability to minimize the transmission of infectious
diseases of the blood, urine, saliva, or the spread of
bacteria, viruses, cancer cells, pathogens or other
forms of contamination. Embodiments can be
incorporated in the food processing equipment and
surfaces to minimize the growth of bacteria or other
contaminants. Further embodiments, such as an
adaptation of the embodiment shown in Figure 7, can be
used in air purification devices that have
selfsterilizing plates or air filters used for
respiratory care including: masks, hospital rooms, 



airplane air filtration, clean rooms, or involve air
passing between, or through perforations in, surfaces
such as shown in Figure 1. A mask can be fitted with
self-sterilizing electrodes such that the mask can be
worn and then self-sterilized when laid down. Devices
that can be applied to contaminated surface to
sterilize them or provide a sterile barrier. A
self-sterilizing electrode cloth, for example, as
shown in Figure 7, that can be wrapped around or cover
laboratory diagnostic equipment in contact with the
patient. After the procedure, the cloth is removed and
then activated to self-sterilize and then reused for
the next patient or procedure. An example of an
application for various embodiments of the invention
includes triage, where caregivers dealing with many
injured people and going from person to person can use
a device that can self-sterilize between patients.
This can allow reuse of items that might otherwise be
discarded or unusable until sterilization by a
separate apparatus. In various embodiments of the
invention, plasmas can be generated for sterilization
and/or decontamination via a variety of techniques.
Such plasmas can be generated at atmospheric pressure,
below atmospheric pressure, or above atmospheric
pressure. Examples of such techniques include, but are
not limited to, the dielectric barrier discharge (DBD)
[See reference 12], the resistive barrier discharge
(RBD) [See reference 13], and the atmospheric pressure
plasma jet (APPJ) [See reference 14], all three
references of which are incorporated herein in their
entirety for the purposes of teaching how to generate
the appropriate plasma. The RBD can be driven by DC or
AC power sources, the DBD can operate at frequencies
in the kHz range, and the APPJ can use a 13.56 MHz RF
power source. These techniques can generate relatively
large volumes of non-equilibrium, low temperature
plasmas at or nearatmospheric pressure. Specific
embodiments produce plasmas having electron density in
the range of 109cm~3 - 101 1Cm 3 and plasma power
densities in the range of 10-300mW/cm3. In another
specific embodiment, the plasma can be produced via
floating electrode dielectric barrier discharge
(FE-DBD). Embodiments of the invention can include
dielectric barrier discharge (DBD), where a 



first dielectric coated electrode, or set of
electrodes, is exposed at the surface to the
surrounding atmosphere (or covered with a coating) and
a second electrode, or set of electrodes, is embedded
inside a layer of insulator. Where a thin surface
coating is in contact with the environment and plasma
is generated by electrodes under the surface coating.
A voltage can be applied between the first electrode,
or set of electrodes, and the second electrode, or set
of electrodes, to create a plasma at the surface. In
order to disperse the plasma in a continuous fashion
over the surface, phase lagged electrode circuitry may
be employed. The phase lagged electrode circuitry
applies voltages across corresponding electrodes from
the first set of electrodes and the second set of
electrodes, which form electrode pairs, such that
different electrode pairs are excited with voltages
having a phase lag compared with the voltage applied
to the adjacent electrode pair. In an embodiment, the
electrode spacing in each direction is such that the
discharge is on both sides of the electrode. One set
of electrodes may be powered with a pulsing a.c. or
d.c. voltage and the other electrode set can be
grounded. For a.c. voltage various waveforms can be
utilized, such as sinusoidal, ramp, and sawtooth
waveforms. The electrodes may also be operated at a
beat frequency. In addition, application of fixed
potential (d.c.) can be implemented. Specific
embodiments of electrode structures are shown in
Figures 9A-9F. The electrode structures shown in
Figures 9A-9F can also be driven with ac currents. The
electrode spacing may vary from a few microns to
several mm. The plasma exposure time required for
self-sterilization may vary between a few microseconds
to several milliseconds. For complete eradication of
some organic substance exposure for several seconds
may be necessary. Referring to Figure 8, an embodiment
of the invention is shown. A laminate material having
layers of electrodes, dielectrics, and sensors can be
used to produce the embodiment shown in Figure 8. A
series of fine laser ablated holes or slots can be
produced to create apertures through the laminate
material. Equipotential surfaces, P and G, can be
maintained 



at a voltage difference. An alternating or direct
voltage may be applied across surfaces P and G. A
plasma discharge can be generated through the holes
and ejected outward in one orboth directions. In this
way, the surface can be self-sterilized on one or both
surfaces. Insulator materials such as Teflon, PCB,
FR4, and ceramics can be used in the laminate material
to provide insulation between surfaces P and G.
Electrode material such as copper, platinum, and
alloys can be used as electrode materials for surfaces
P and G. Selection of materials and the resulting
surface tension can impact the selection of hole size.
Stretchable material can be used in order to control
pore patterns. In an embodiment, the self-sterilizing
laminate material can be incorporated with technology
used in autoclaving equipment, gamma sterilization,
sterile materials, chemicals, and/or processes that
sterilize equipment and devices. In specific a
embodiment, the self-sterilizing lamination material
can be incorporated into, for example fabricated into,
enclosures to be used in applications requiring
autoclaving, gamma sterilization, or storage of
sterile materials. Various embodiments of the
invention can incorporate one or more active surfaces,
where an active surface of a self-sterilizing device
can be in either a sterile state or a contaminated
state, and the active surface can be re-sterilized by
the device through the process of self-sterilization.
The active surface can be used for a particular
purpose, such as keeping a scalpel tip sterile. The
sterile state of the active surface can be
continuously or intermittently maintained by the
device. Active surface self-sterilization can be
initiated with or without the intervention of an
end-user or other person, object, or external device.
In embodiments, the self-sterilizing device is capable
of sensing if the active surface has been contaminated
or potentially contaminated. The self-sterilizing
device can use sensors to determine the level of
contamination and/or the possibility of contamination.
Sensors can provide feedback on the state of the
device before sterilization, during sterilization
and/or after the sterilization cycle has occurred.
Sensors can be used to provide feedback on the level
of active surface contamination before sterilization,
during sterilization, and/or after the sterilization
cycle has occurred. Sterilization of the active
surface can be initiated by the 



device with or without intervention by an end-user,
other person, object, or external device.
Contamination, or potential contamination, of
information collected by the sensors can be one or
more of the following: the location of contamination,
such as a particular zone of the active surface; the
duration of the contact that contaminated the active
surface; other physical parameters associated with the
contact, such as pressure, temperature, or movement on
the active surface or movement of the self-sterilizing
device. A variety of sensor designs and placements can
be used. In an embodiment, a sensor can be the plasma
electrode or part of the plasma electrode operating in
a sensing mode,instead of a sterilizing mode. An
example of such a sensor includes a capacitive or
continuity sensor. A sensor can be integrated with or
located next to a plasma electrode. An example of such
a sensor is a pressure sensor. A sensor can be located
in proximity to the active surface, such as with an
infrared curtain. A sensor can be located in the
self-sterilizing device. An example of such a sensor
is a start/stop switch and timer. Another example of
such a sensor is an accelerometer to detect movement
by the user. A sensor can be located at a remote
location from the device. An example of a remotely
located sensor is a sensor having a wireless link to a
remote control location, such as a camera watching the
device or a robot or device that enters a contaminated
space and then self-sterilizes before or after leaving
the contaminated space. Other sensor designs and
placements can also be implemented in accordance with
embodiments of the invention. A variety of sensor
types can be employed as well. Safety interlocks such
as infrared curtains, capacitive lockout, or other
means of detection during the sterilization cycle can
be used for user/patient safety. The following are
examples of sensors that could be used for sensing,
feedback and control of the active surface or the
device itself: infrared beam to provide a curtain over
the active surface or device; radio frequency field to
provide a curtain over the active surface or device;
motion sensor to detect movement over the active
surface or of the device; acoustic beam to detect
movement over the active surface or of the device;
temperature sensors to determine contact by another
object or change in the device; pressure 



sensors to determine contact by another person or
object or change in the device; capacitive sensors to
determine contact by another person or object or
change in the device; and conductivity sensors to
determine contact by another person or object or
change in the device. As an example, an infrared beam
can be used to provide a curtain over the active
surface to detect when the surface is touched and may,
therefore, need sterilization, or to monitor build up
on the active surface. As another example, an
accelerometer can be used to detect movement of the
device. EXAMPLE - Device State Diagram for Embodiment
of a Self-Sterilizing device The following is a device
state diagram for an embodiment of a self- sterilizing
device in accordance with the subject invention. The
device can indicate its state to a user through the
use of a visual indicator such as red, yellow and/or
green lights, or by a variety of other means such as a
wireless signal to communicate with a Bluetooth
enabled device. STEP DEVICE STATE COMMENTThe following
is an example of how a Self-Sterilizing device could
operate and interact with a user: 1. The device would
indicate its current state through the use of an
indicator light located near the active surface. The
device could provide feedback to the user via other
mechanisms, such as small display or a wireless
connection to a remote computer. 2. In this example, a
colored LED light is used. The light could indicate a
red, yellow or green color or indicate all three
colors at the same time. 3. When the device is powered
on, the device performs a calibration self-test. All
indicator lights (red, green & yellow) would be turned
on. The self-calibration selftest checks to verify the
device power system, sensors, active surface, hardware
and software are operating within specifications.4.
After the self-calibration self-test, the device would
sense if the active surface is currently being touched
by a user or external device. If a user is touching
the device, the indicator light would turn yellow and
a safety interlock would trigger. The device 



would go into standby mode. The device will remain in
standby mode until it is not being touched. 5. Once
the active surface is free, the device will perform
the initial self-sterilization cycle. The indicator
light would turn red during self-sterilization cycle.
6. Once self-sterilization cycle is complete, the
indicator light would turn green. 7. When the user
picks up and uses the device or the device senses that
it may be contaminated, the indicator light will turn
yellow, a safety interlock would trigger and the
device would go into standby mode waiting to
re-sterilize again. 8. The steps above repeat as
needed. Example 1 This example pertains to a device
capable of self-sterilizing a surface of the device.
Figures 1OA-IOG show the results of plasma generation
on a surface with yeast, at 1.5kV, 14kHz, at about
2OW, after various time periods up to 1 minute of
excitation. Figure 1OA shows the surface before
excitation with lOOml of yeast solution, where the
yeast solution contains 10 spores/ml, and the surface
after 1 minute of electrode excitation. Figure 1OB
shows the surface before excitation with l Oml of
yeast solution, where the yeast solution contains 109
spores/ml, and the surface after 1 minute of electrode
excitation. Figures 10C- 1OG show the surface with l
Oml of yeast solution after 0 seconds, 10 seconds, 20
seconds, 40 seconds, and 60 seconds, respectively, of
excitation. Figure 11 shows the qualitative nature of
a survival curve, with time in seconds on the
horizontal axis and exponent of number of spores on
the vertical axis, showing the qualitative nature of
the survival curve (squares) for a surface with 40ml
of yeast solution, the qualitative nature of a
survival curve (triangles) for a surface with l Oml of
yeast solution, and the qualitative nature of the
survival curve (straight) for a surface with l Oml of
yeast solution.All patents, patent applications,
provisional applications, and publications referred to
or cited herein are incorporated by reference in their
entirety, including all figures and tables, to the
extent they are not inconsistent with the explicit
teachings of this specification. 



It should be understood that the examples and
embodiments described herein are for illustrative
purposes only and that various modifications or
changes in light thereof will be suggested to persons
skilled in the art and are to be included within the
spirit and purview of this application.References [1]
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(1998) 1685.Claims 1. A device capable of sterilizing
or decontaminating at least a portion of a surface of
the device, comprising: a surface; a means for
generating a plasma that sterilizes or decontaminates
at least a portion of the surface. 2. The device
according to claim 1, wherein the means for generating
the plasma comprises: one or more first electrodes
located proximate the surface; one or more second
electrodes located proximate the one or more first
electrodes; a power source for applying a voltage
across at least one of the one or more first
electrodes and at least one of the one or more second
electrodes so as to generate the plasma that
sterilizes or decontaminates at least a portion of the
surface. 3. The device according to claim 1, wherein
the means for generating the plasma 



comprises a means for resistive barrier discharge. 4.
The device according to claim 1, wherein the means for
generating the plasma comprises a means for dielectric
barrier discharge. 5. The device according to claim 1,
wherein the means for generating the plasma comprises
a means for producing an atmospheric pressure plasma
jet. 6. The device according to claim 1, wherein the
means for generating the plasma comprises a means for
floating electrode dielectric barrier discharge. 7.
The device according to claim 2, wherein the device is
a surgical surface. 8. The device according to claim
2, further comprising one or more sensors for
detecting potential contamination of the surface or
contamination of the surface.9. The device according
to claim 8, wherein the at least one of the one or
more first electrodes are utilized as at least one of
the one or more sensors. 10. The device according to
claim 9, wherein the at least one first electrode
utilized as at least one sensor is at least one
capacitive or continuity sensor. 11. The device
according to claim 8, wherein the one or more sensors
are integrated with or located proximate to the one or
more first electrodes and/or one or more second
electrodes. 12. The device according to claim 8,
wherein the one or more sensors are positioned at a
remote location from the surface. 13. The device
according to claim 2, wherein the surface is on a
laminate material comprising: a first electrode layer,
wherein the first electrode layer incorporates the one
or more first electrodes; a second electrode layer,
wherein the second electrode layer incorporates the
one or more second electrodes; and a dielectric layer,
wherein the dielectric material of the dielectric
layer is located between the at least one of the one
or more first electrodes and the at least one of the
one or more second electrodes that the voltage is
supplied across to produce plasma. 



14. The device according to claim 2, wherein the at
least one first electrode and the at least one second
electrode are configured such that the voltage applied
across the at least one first electrode and the at
least one second electrode results in a dielectric
barrier discharge. 15. The device according to claim
14, wherein the at least one first electrode and the
at least one second electrode are driven as a phase
lagged configuration by the power source. 16. The
device according to claim 2, wherein the surface is
curved, wherein the surface is capable of capturing
and releasing a sample material, wherein the device
allows sterilization of the surface between releasing
a first sample material and capturing a second sample
material.17. The device according to claim 16, wherein
at least a portion of the surface is spherical. 18.
The device according to claim 2, wherein the device is
capable of holding a fluid in a container portion of
the device, wherein the surface is a surface of the
container portion of the device. 19. The device
according to claim 13, further comprising: a plurality
of apertures extending through the laminate material
from a first side to a second side of the laminate
material located opposite of the laminate material
from the first side, wherein the voltage applied
generates a plasma discharge through the plurality of
apertures, wherein the surface is a surface of at
least one of the plurality of apertures. 20. The
device according to claim 19, wherein the plasma is
ejected outward toward the first side, wherein the
plasma ejected toward the first side sterilizes a
first outer surface of the first side. 21. The device
according to claim 19, wherein the plasma discharge is
also ejected toward the second side, wherein the
plasma ejected toward the second side sterilizes a
second outer surface of the second side. 22. The
device according to claim 2, wherein the surface is
located on a first section of the device and the one
or more first electrodes and the one or more second
electrodes are 



located on a second section of the device, such that
the first section and the second section are moveably
connected to each other such that the first section
and the second section can transition between a first
position and a second position, wherein when the first
section and second section are in the first position
the one or more first electrodes are located proximate
the surface such that applying the voltage across the
at least one of the one or more first electrodes and
the at least one of the one or more second electrodes
generates the plasma that sterilizes and/or
decontaminates the surface.23. The device according to
claim 2, wherein the surface and the one or more first
electrodes are located on a first section of the
device and the one or more second electrodes are
located on a second section of the device, such that
the first section and the second section are moveably
connected to each other such that the first section
and the second section can transition between a first
position and a second position, wherein when the first
section and second section are in the first position
the one or more first electrodes are located proximate
the surface such that applying the voltage across the
at least one of the one or more first electrodes and
the at least one of the one or more second electrodes
generates the plasma that sterilizes and/or
decontaminates the surface. 24. The device according
to claim 22, wherein in the first position the first
section is retracted into the second section. 25. The
device according to claim 24, wherein in the first
position the second section is extended out to
surround the first section. 26. The device according
to claim 24, wherein in the first position the second
section is extended out into the first section. 27.
The device according to claim 22, wherein the first
section is selected from the group consisting of:
needle shafts, hypodermic needles, catheters, tubes,
scalpels, knives, implantable devices, syringes,
electrodes, surgical instruments, food preparation
equipment, drug delivery, and cannulas. 28. The device
according to claim 2, wherein the device is selected
from the group 



consisting of: needle shafts, hypodermic needles,
catheters, tubes, scalpels, knives, implantable
devices, syringes, electrodes, surgical instruments,
food preparation equipment, drug delivery, and
cannulas, balloon catheter, urinary catheter, guiding
catheter, ablation device, stent, and implantable
device. 29. The device according to claim 22, further
comprising an interlock switch, wherein the interlock
switch controls the transition of the first section
and the second section between the first position and
the second position.30. The device according to claim
2, wherein the surface and the one or more first
electrodes and the one or more second electrodes are
located on a first section, wherein the first section
can be extended out of a second section of the device
such that during generation of the plasma the surface
can be moved over at least a portion of an object for
sterilization by the plasma, wherein the first section
can be retracted back into the second section after
sterilization of the object. 31. The device according
to claim 30, wherein the surface has a cylindrical
shape. 32. The device according to claim 30, further
comprising an interlock switch, wherein the interlock
switch controls the extension and retraction of the
first section with respect to the second section. 33.
The device according to claim 2, wherein the surface
is an inner surface of the device. 34. The device
according to claim 33, wherein the surface is
cylindrically shaped. 35. The device according to
claim 33, wherein at least a portion of the surface is
concave. 36. The device according to claim 33, wherein
the device is a beaker or flask. 37. The device
according to claim 33, wherein the device is a drug
delivery port or a pipette. 38. The device according
to claim 2, wherein the surface is a flexible surface.
39. The device according to claim 2, wherein the
surface is a woven surface. 40. The device according
to claim 2, wherein the surface comprises Teflon(tm).
4 1. The device according to claim 2, wherein the one
or more first electrodes and the one 



or more second electrodes form a pixilated electrode
matrix.42. The device according to claim 41, wherein
the pixilated electrodes have a crosssectional
diameter in the range of 1 mm to 100 mm. 43. The
device according to claim 41, wherein the pixilated
electrodes have a crosssectional diameter in the range
of 1 mm to 10 mm. 44. The device according to claim 2,
wherein the one or more first electrodes comprise a
first wire electrode, wherein the one or more second
electrodes comprise a second wire electrode, wherein
the first wire electrode and the second wire electrode
are braided. 45. The device according to claim 44,
wherein the surface is an outer surface of a tube,
wherein the braided first wire electrode and second
wire electrode are positioned within a body of the
tube. 46. The device, according to claim 44, wherein
the surface is an inner surface of a tube, wherein the
braided first wire electrode and second wire electrode
are positioned within a body of the tube. 47. The
device according to claim 46, wherein the tube is at
least part of a medical device selected from the group
consisting of: a balloon catheter, urinary catheter,
guiding catheter, ablation device, an implantable
device, and a stent. 48. The device according to claim
2, wherein the device is a cutting board. 49. The
device according to claim 2, wherein the plasma
substantially eliminates one or more of the following
from the at least a portion of the surface: living
organisms, tissue, germs, bacteria, pathogens,
biological agents, viruses, metabolically inert
agents, pyrons, organic matter, and microorganisms.
50. The device according to claim 2, wherein the
plasma sterilizes or decontaminates the entire
surface.51. The device according to claim 8, wherein
the device automatically sterilizes or decontaminates
the surface upon the one or more sensors detecting
potential contamination of the surface or
contamination of the surface. 52. The device according
to claim 2, further comprising a coating over the one
or more 



first electrodes proximate the surface such that the
one or more electrodes are not exposed to the
environment. 53. The device according to claim 13,
further comprising a coating over the one or more
first electrodes proximate the surface such that the
one or more electrodes are not exposed to the
environment. 54. The device according to claim 13,
wherein the surface of the dielectric coating that
would be exposed to the environment is coated with a
conductive or semi-conductive material that enhances
the generation of the plasma. 55. The device according
to claim 54, wherein the conductive or semi-conductive
material comprises on or more of the following: carbon
nanotubes, nanowires, conductive polymers, and
nanorods. 56. The device according to claim 2, wherein
the one or more first electrodes is coated with a
conductive or semi-conductive material that enhances
the generation of the plasma. 57. The device according
to claim 56, wherein the conductive or semi-conductive
material comprises on or more of the following: carbon
nanotubes, nanowires, conductive polymers, and
nanorods. 58. The device according to claim 13,
wherein the one or more first electrodes is coated
with a conductive or semi-conductive material that
enhances the generation of the plasma. 59. The device
according to claim 58, wherein the conductive or
semi-conductive material comprises on or more of the
following: carbon nanotubes, nanowires, conductive
polymers, and nanorods.60. The device according to
claim 8, wherein the one or more sensors are coated
with a conductive or semi-conductive material that
enhances the sensitivity and/or specificity of the one
or more sensors. 61. The device according to claim 60,
wherein the conductive or semi-conductive material
comprises one or more of the following: carbon
nanotubes, nanowires, conductive polymers, and
nanorods. 



62. The device according to claim 52, wherein the
coating is coated with a second coating of a
conductive or semi-conductive material that enhances
the generation of the plasma. 63. The device according
to claim 62, wherein the conductive or semi-conductive
material comprises on or more of the following: carbon
nanotubes, nanowires, conductive polymers, and
nanorods. 64. The device according to claim 8, further
comprising a coating over the one or more sensors such
that the one or more sensors are not exposed to the
environment. 65. The device according to claim 64,
wherein the coating is coated with a second coating of
a conductive or semi-conductive material that enhances
the sensitivity and/or specificity of the one or more
sensors. 66. The device according to claim 65, wherein
the conductive or semi-conductive material comprises
one or more of the following: carbon nanotubes,
nanowires, conductive polymers, and nanorods. 67. The
device according to claim 41, further comprising one
or more sensors for detecting potential contamination
of the surface or contamination of the surface. 68.
The device according to claim 67, wherein the device
automatically sterilizes or decontaminates the surface
upon the one or more sensors detecting potential
contamination of the surface or contamination of the
surface.69. The device according to claim 68, wherein
the device is capable of sterilizing or
decontaminating only portions of the surface that the
one or more sensors detect potential contamination of
the surface or contamination of the surface by
exciting pixilated electrodes in the portions of the
surface that the potential contamination of the
surface or contamination of the surface occurs. 70.
The device according to claim 2, wherein the device is
capable of sterilizing or decontaminating one or more
objects positioned on the surface. 71. The device
according to claim 70, wherein the device
automatically sterilizes the object when the objects
are positioned on the surface. 



72. A method of sterilizing at least a portion of a
surface of a device, comprising: providing a means to
produce a plasma proximate a surface of a device;
causing the means to produce the plasma to produce the
plasma for a duration sufficient to sterilize or
decontaminate at least a portion of the surface. 73.
The method according to claim 72, wherein the means to
produce plasma proximate the surface of the device
comprises: providing one or more first electrodes
located proximate a surface of a device; providing one
or more second electrodes located proximate the one or
more first electrodes; wherein causing the means to
produce the plasma to produce the plasma for a
duration sufficient to sterilize or decontaminate the
at least a portion of the surface comprises: supplying
a voltage across at least one of the one or more first
electrodes and at least one of the one or more second
electrodes so as to create a plasma that sterilizes or
decontaminates the surface. 74. The method according
to claim 73, further comprising providing one or more
sensors for detecting potential contamination of the
surface or contamination of the surface.75. The method
according to claim 73, further comprising: exposing
the surface to an environment having nonsterile matter
contaminants; and after such exposure, supplying a
voltage across at least one of the one or more first
electrodes and at least one of the one or more second
electrodes so as to create a plasma that sterilizes or
decontaminates the surface. 76. The method according
to claim 72, wherein the means for generating the
plasma comprises a means for dielectric barrier
discharge. 77. The method according to claim 73,
wherein the device is a surgical surface. 78. The
method according to claim 73, further comprising
providing one or more sensors for detecting potential
contamination of the surface or contamination of the
surface. 79. The method according to claim 73, wherein
the surface is on a laminate material 



comprising: a first electrode layer, wherein the first
electrode layer incorporates the one or more first
electrodes; a second electrode layer, wherein the
second electrode layer incorporates the one or more
second electrodes; and a dielectric layer, wherein the
dielectric material of the dielectric layer is located
between the at least one of the one or more first
electrodes and the at least one of the one or more
second electrodes that the voltage is supplied across
to produce plasma. 80. The method according to claim
73, wherein the at least one first electrode and the
at least one second electrode are configured such that
the voltage applied across the at least one first
electrode and the at least one second electrode
results in a dielectric barrier discharge. 81. The
method according to claim 73, wherein the device is
capable of holding a fluid in a container portion of
the device, wherein the surface is a surface of the
container portion of the device.82. The method
according to claim 79, wherein the surface further
comprises: a plurality of apertures extending through
the laminate material from a first side to a second
side of the laminate material located opposite of the
laminate material from the first side, wherein the
voltage applied generates a plasma discharge through
the plurality of apertures, wherein the surface is a
surface of at least one of the plurality of apertures.
83. The method according to claim 82, wherein the
plasma is ejected outward toward the first side,
wherein the plasma ejected toward the first side
sterilizes a first outer surface of the first side.
84. The method according to claim 82, wherein the
plasma discharge is also ejected toward the second
side, wherein the plasma ejected toward the second
side sterilizes a second outer surface of the second
side. 85. The method according to claim 73, wherein
the surface is located on a first section of the
device and the one or more first electrodes and the
one or more second electrodes are 



located on a second section of the device, such that
the first section and the second section are moveably
connected to each other such that the first section
and the second section can transition between a first
position and a second position, wherein when the first
section and second section are in the first position
the one or more first electrodes are located proximate
the surface such that applying the voltage across the
at least one of the one or more first electrodes and
the at least one of the one or more second electrodes
generates the plasma that sterilizes and/or
decontaminates the surface. 86. The method according
to claim 73, wherein the surface and the one or more
first electrodes are located on a first section of the
device and the one or more second electrodes are
located on a second section of the device, such that
the first section and the second section are moveably
connected to each other such that the first section
and the second section can transition between a first
position and a second position, wherein when the first
section and second section are in the first position
the one or more first electrodes are located proximate
the surface such that applying the voltage across the
at least one of the one or more first electrodes and
the at least one of the one or more second electrodes
generates the plasma that sterilizes and/or
decontaminates the surface.87. The method according to
claim 85, wherein in the first position the first
section is retracted into the second section. 88. The
method according to claim 87, wherein in the first
position the second section is extended out to
surround the first section. 89. The method according
to claim 87, wherein in the first position the second
section is extended out into the first section. 90.
The method according to claim 85, wherein the first
section is selected from the group consisting of:
needle shafts, hypodermic needles, catheters, tubes,
scalpels, knives, implantable devices, syringes,
electrodes, surgical instruments, food preparation
equipment, drug delivery, and cannulas. 91. The method
according to claim 73, wherein the device is selected
from the group 



consisting of: needle shafts, hypodermic needles,
catheters, tubes, scalpels, knives, implantable
devices, syringes, electrodes, surgical instruments,
food preparation equipment, drug delivery, and
cannulas, balloon catheter, urinary catheter, guiding
catheter, ablation device, stent, and implantable
device. 92. The method according to claim 73, wherein
the surface and the one or more first electrodes and
the one or more second electrodes are located on a
first section, wherein the first section can be
extended out of a second section of the device such
that during generation of the plasma the surface can
be moved over at least a portion of an object for
sterilization by the plasma, wherein the first section
can be retracted back into the second section after
sterilization of the object. 93. The method according
to claim 92, wherein the surface has a cylindrical
shape. 94. The method according to claim 73, wherein
the surface is an inner surface of the device.95. The
method according to claim 94, wherein the surface is
cylindrically shaped. 96. The method according to
claim 94, wherein at least a portion of the surface is
concave. 97. The method according to claim 94, wherein
the device is a beaker or flask. 98. The method
according to claim 94, wherein the device is a drug
delivery port or a pipette. 99. The method according
to claim 73, wherein the surface is a flexible
surface. 100. The method according to claim 73,
wherein the surface is a woven surface. 101 . The
method according to claim 73, wherein the surface
comprises Teflon(tm). 102. The method according to
claim 73, wherein the one or more first electrodes and
the one or more second electrodes form a pixilated
electrode matrix. 103. The method according to claim
102, wherein the pixilated electrodes have a
crosssectional diameter in the range of 1 mm to 100
mm. 104. The method according to claim 102, wherein
the pixilated electrodes have a crosssectional
diameter in the range of 1 mm to 10 mm. 



105. The method according to claim 73, wherein the one
or more first electrodes comprise a first wire
electrode, wherein the one or more second electrodes
comprise a second wire electrode, wherein the first
wire electrode and the second wire electrode are
braided. 106. The device according to claim 105,
wherein the surface is an outer surface of a tube,
wherein the braided first wire electrode and second
wire electrode are positioned within a body of the
tube.107. The method according to claim 105, wherein
the surface is an inner surface of a tube, wherein the
braided first wire electrode and second wire electrode
are positioned within a body of the tube. 108. The
method according to claim 107, wherein the tube is at
least part of a medical device selected from the group
consisting of: a balloon catheter, urinary catheter,
guiding catheter, ablation device, an implantable
device, and a stent. 109. The method according to
claim 73, wherein the device is a cutting board. 110.
The method according to claim 73, wherein the plasma
substantially eliminates one or more of the following
from the at least a portion of the surface: living
organisms, tissue, germs, bacteria, pathogens,
biological agents, viruses, metabolically inert
agents, pyrons, organic matter, and microorganisms. 1
1 1. The method according to claim 73, wherein the
plasma sterilizes or decontaminates the entire
surface. 112. The method according to claim 78,
further comprising automatically causing the means to
produce the plasma upon the one or more sensors
detecting potential contamination of the surface or
contamination of the surface. 113. The method
according to claim 73, wherein the one or more first
electrodes proximate the surface have a coating such
that the one or more electrodes are not exposed to the
environment. 114. The method according to claim 79,
wherein the one or more first electrodes proximate the
surface have a coating such that the one or more
electrodes are not exposed to the 



environment. 115. The method according to claim 79,
wherein the surface of the dielectric coating that
would be exposed to the environment is coated with a
conductive or semi-conductive material that enhances
the generation of the plasma.116. The method according
to claim 115, wherein the conductive or
semi-conductive material comprises on or more of the
following: carbon nanotubes, nanowires, conductive
polymers, and nanorods. 117. The method according to
claim 73, wherein the one or more first electrodes is
coated with a conductive or semi-conductive material
that enhances the generation of the plasma. 118. The
method according to claim 117, wherein the conductive
or semi-conductive material comprises on or more of
the following: carbon nanotubes, nanowires, conductive
polymers, and nanorods. 119. The method according to
claim 79, wherein the one or more first electrodes is
coated with a conductive or semi-conductive material
that enhances the generation of the plasma. 120. The
method according to claim 119, wherein the conductive
or semi-conductive material comprises on or more of
the following: carbon nanotubes, nanowires, conductive
polymers, and nanorods. 121 . The method according to
claim 78, wherein the one or more sensors are coated
with a conductive or semi-conductive material that
enhances the sensitivity and/or specificity of the one
or more sensors. 122. The method according to claim
121, wherein the conductive or semi-conductive
material comprises one or more of the following:
carbon nanotubes, nanowires, conductive polymers, and
nanorods. 123. The method according to claim 113,
wherein the coating is coated with a second coating of
a conductive or semi-conductive material that enhances
the generation of the plasma.124. The method according
to claim 123, wherein the conductive or
semi-conductive material comprises on or more of the
following: carbon nanotubes, nanowires, conductive 



polymers, and nanorods. 125. The method according to
claim 78, further comprising a coating over the one or
more sensors such that the one or more sensors are not
exposed to the environment. 216. The method according
to claim 125, wherein the coating is coated with a
second coating of a conductive or semi-conductive
material that enhances the sensitivity and/or
specificity of the one or more sensors. 127. The
method according to claim 126, wherein the conductive
or semi-conductive material comprises one or more of
the following: carbon nanotubes, nanowires, conductive
polymers, and nanorods. 128. The method according to
claim 102, further comprising one or more sensors for
detecting potential contamination of the surface or
contamination of the surface. 129. The method
according to claim 128, further comprising
automatically sterilizing or decontaminating the
surface upon the one or more sensors detecting
potential contamination of the surface or
contamination of the surface. 130. The method
according to claim 129, further comprising sterilizing
or decontaminating only portions of the surface that
the one or more sensors detect potential contamination
of the surface or contamination of the surface by
exciting pixilated electrodes in the portions of the
surface that the potential contamination of the
surface or contamination of the surface occurs. 131.
The method according to claim 73, further comprising
sterilizing or decontaminating one or more objects
positioned on the surface. 132. The method according
to claim 131, wherein the device automatically
sterilizes the object when the objects are positioned
on the surface. 




