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SYSTEM AND METHOD FOR
CONTROLLING THE SURFACE CHARGE
OF A REGION OF TISSUE

FIELD OF INVENTION

This invention relates to a system and method to control
surface electrostatic charge and more specifically to a sys-
tem and method for perimeter ion control and ion extraction,
in particular, this invention relates to improvements of
processes that require electric field or integrated ion flux
associated with a tissue surface such as electroporation,
electromigration, disinfection and hair removal.

BACKGROUND OF THE INVENTION

Electrostatic discharge (ESD) control in a semiconductor
manufacturing environment commonly utilizes “antistatic”
wrist and/or ankle straps to conduct electrostatic charge off
of the body surface of personnel operating within the
semiconductor manufacturing environment. The antistatic
straps are used to remove charge from the surface of
personnel working on sensitive electronic equipment and to
safely discharge the body surface of the personnel in a
controlled manner such that the personnel do not arc to
sensitive work pieces or to nearby conductors or voltage
sources.

Plasma and charging methods are known in the art for
applying plasma or electrical charges to various tissues of a
subject with an intended chemical or physical outcome.
Once applied to a region of interest on the surface of the
tissue of a subject, the charge, or the products of the
discharge in general, may be quickly distributed over the
entire extent of the tissue surface, such as over the entire
body of the subject. This charge dissipation throughout the
entire tissue surface ‘“‘wastes” source materials, de-localizes
the intended treatment region of the subject, puts nearby
personnel and equipment at risk for electrostatic discharge
(ESD) and limits the ability to modulate or maintain the
charge density, and hence the electric field, within the
intended treatment region of the subject, over time.

While existing technologies are known for applying ions
to the tissue surface of a subject, the existing technologies
make no effort to control the areal charge density or flux
direction of the charge density on the body surface of the
subject or patient. In prior art embodiments, ions that are
applied to a tissue surface are free to disperse over the area
available to them such that, the tissue surface outside the
intended treatment region is affected, due to an increase in
the local electric field outside the intended treatment region.
Also, the magnitude of the electric field outside of the
intended treatment region may be significant and as such,
may constitute a hazard to nearby personnel and electronic
equipment should the critical breakdown field of the air
between the nearby personnel or electronic equipment and
the charged tissue surface of the subject be reached. In
addition, should the charged tissue surface directly contact
personnel or equipment, an undesirable transfer of charge to
the personnel or equipment may occur at even lower charge
densities.

Accordingly, what is needed in the art is an improved
system and method for preventing the undesirable dissipa-
tion of charge throughout a tissue surface while maintaining
a desired charge density within an intended treatment region
of a subject.

SUMMARY OF INVENTION

This invention relates to an improved system and method
for preventing the undesirable dissipation of charge through-
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2

out a tissue surface while maintaining the charge density at
a desired tissue treatment region.

In various embodiment, a system for controlling surface
charge at a region of tissue of a subject may include at least
one perimeter conductor dimensioned to surround a region
of tissue of a subject and a conductance control circuit
coupled to the at least one perimeter conductor, the conduc-
tance control circuit configured to control a conductance of
the at least one perimeter conductor.

In a particular embodiment, the system may further
include at least one dielectric support element configured to
be positioned adjacent to the region of tissue and between
the region of tissue and the at least one perimeter conductor,
the at least one dielectric support element dimensioned to
position the at least one perimeter conductor in close prox-
imity to the region of tissue.

The perimeter conductor may include a plurality of con-
ductive elements, wherein each of the plurality of conduc-
tive elements are electrically isolated from each other and
each of the plurality of conductive elements are coupled to
the conductance control circuit. In an additional embodi-
ment, the invention may include a plurality of nested perim-
eter conductors, wherein each of the plurality of conductors
have graduated dimensions to surround the region of tissue
of the subject and each of the plurality of conductors are
coupled to the conductance control circuit.

A method for controlling surface charge at a region of
tissue of a subject in accordance with the present invention
may include, positioning at least one perimeter conductor in
close proximity to, and to substantially surround, a region of
tissue of a subject, wherein the region of tissue comprises a
surface charge and adjusting, with a conductance control
circuit, a conductance of the at least one perimeter conductor
to control the surface charge at the region of tissue of the
subject.

In various embodiments, the surface charge at the region
of tissue can be controlled using the perimeter conductor
wherein the conductance of the perimeter conductor is
controlled by temporally coupling the perimeter conductor
to a ground potential through a resistive element.

If the perimeter conductor comprises a plurality of con-
ductive elements, the surface charge of the region of tissue
may be controlled by selectively coupling each of the
plurality of conductive elements to a ground potential
through a resistive element.

If the perimeter conductor comprises a plurality of nested
perimeter conductors, the surface charge of the region of
tissue may be controlled by selectively coupling each of the
plurality of nested perimeter conductors to a ground poten-
tial through a resistive element.

The method and system described herein is intended to
define the region of treatment exposed to a charge source,
such as from atmospheric plasma or afterglow treatments.
The method and system of the present invention imposes
physical and temporal control over enclosed charge density
in a manner not practiced to date and protects the treatment
subject, nearby personnel and equipment from electrostatic
discharge (ESD).

The invention embodies a physical conducting structure
applied to a tissue surface with the intention of collecting
surface charge applied within the confines of the structure
and maintaining a desired relation between contained sur-
face charge density and time.

BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the invention, reference
should be made to the following detailed description, taken
in connection with the accompanying drawings, in which:
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FIG. 1 illustrates a plan view (top) and cross section
(bottom) views of the system operating on a tissue surface,
in accordance with an embodiment of the present invention.

FIG. 2 depicts an ion flux on tissue controlled by variable
conductance of a segmented perimeter conductor compris-
ing a plurality of isolated conductive elements, in accor-
dance with an embodiment of the present invention.

FIG. 3 depicts a graphical illustration of IE> versus
surface charge density, in accordance with an embodiment
of the present invention.

DETAILED DESCRIPTION INVENTION

Atmospheric plasma and afterglow treatments are increas-
ingly utilized in the treatment of tissue. Examples of such
tissue treatments include: drug and gene delivery, disinfec-
tion, chemical surface treatments and hair removal.

In atmospheric plasma and afterglow treatments, ions or
charged species are applied to the tissue of a subject in the
medical or tonsorial arts to induce a desired chemical or
physical response within the tissue. However, such charged
species, if not confined, may easily distribute themselves
over all connected surfaces, e.g. the entire body surface of
the subject. This distribution of charged species may result
in an undesirable electro-static discharge (ESD) exposure to
personnel or equipment near the charged surface. Effective
containment of the charge and the charge density, in a
temporal or time related manner, establishes an increased
efficiency of involved processes, defines the region of treat-
ment, and provides for temporal modulation of the electric
field in the region of treatment.

The present invention provides an improved system and
method for preventing the undesirable dissipation of charge
throughout a tissue surface while maintaining the charge
density at a desired tissue treatment site. The system and
method provide for the control of ions on the perimeter of a
desired tissue treatment site and the extraction of ions from
the surface of the tissue not being treated. In general, the
present invention relates to harnessing the electronic trans-
port of a tissue surface to modulate or control the areal
density and directional flux of ions applied to the same tissue
surface and thereby control the electric field and local
surface charge flux direction for therapeutic purposes such
as to induce drug or gene delivery in tissue and into the
interior of cells that comprise the tissue or alternatively, to
treat surface infection or other tissue issues.

With reference to FIG. 1, a system for controlling surface
charge at a region of tissue of a subject is provided. The
system includes, at least one perimeter conductor 20 dimen-
sioned to surround a region of tissue 10 of a subject and a
conductance control circuit 25 coupled to the at least one
perimeter conductor 20, the conductance control circuit 25
configured to control a conductance of the at least one
perimeter conductor 20. In the illustrated embodiment, the
perimeter conductor 20 is illustrated as being circular to
substantially form a ring around the region of tissue 10.
However, this is not intended to be limiting and it is within
the scope of the present invention for the perimeter conduc-
tor 20 to have other geometries commonly known in the art.
In the present invention, the conductance of the perimeter
conductor 20 is the degree to which the perimeter conductor
20 conducts electricity and can be determined as the ratio of
the current that flows to the potential difference present.

In one embodiment, the system may further include at
least one dielectric support element 35 configured to be
positioned adjacent to the region of tissue 10 and between
the region of tissue 10 and the at least one perimeter
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conductor 20, the at least one dielectric support element 10
dimensioned to position the at least one perimeter conductor
20 in close proximity to the region of tissue 10. The
dielectric support element 35 element may be a dielectric
tube dimensioned to substantially surround the region of
tissue or alternatively, the dielectric support element 35 may
be a dielectric tape. In a particular embodiment, the dielec-
tric support element 35 may be substantially circular to
surround the region of tissue 10 and to support a substan-
tially circular perimeter conductor 20. In general, the dielec-
tric support element 35 provides support for the perimeter
conductor 20 and establishes physical contact with the tissue
surface 10.

In operation of the present invention, when an ion source
15 provides ions to the surface of the tissue within a desired
region of tissue 10, the conductance of the perimeter con-
ductor 20 can be controlled by the conductance control
circuit 25 to control the magnitude of the ion density within
the region of tissue 10. By placing the perimeter conductor
20 in close proximity to the tissue surface that has been
exposed to ions 30, a perimeter for charge extraction can be
defined via the conductance control circuitry 25. As such,
the system may control the magnitude of ion density on the
surface defined by the perimeter of the perimeter conductor
20. In this manner the tissue surface within the defined
perimeter becomes a “node” of an electronic circuit com-
posed of the non-tissue ion source 15, the area of tissue
within the conductive perimeter 10, and the conductance
control circuit 25 to a reference potential. The balance of
incoming ions to extracted, or outgoing ions, results in a
charge within the perimeter structure which establishes a net
charge density, due to the uniform spreading of ions, which
yields an electric field normal to the tissue surface that is
proportional to the charge density.

In an exemplary embodiment, for the purposes of per-
forming a delivery process such as gene delivery existing in
the art, plasmid in solution may be injected proximal to the
tissue surface and the surface, within the region of tissue 10,
may be subsequently exposed to a stream of ions in inert gas
from an ion source 15 having a typical ion current value of
10’s of micro-amperes, for a prescribed period of time.

With reference to FIG. 2, in an additional embodiment,
the perimeter conductor 20 may include a plurality of
conductive elements 50, 51, 52, 53, wherein each of the
plurality of conductive elements 50, 51, 52, 53 are clectri-
cally isolated from each other and each of the plurality of
conductive elements are coupled to the conductance control
circuit 25. In this embodiment, each of the isolated conduc-
tive elements 50, 51, 52, 53 may be individual controlled by
the conductance control circuit 25.

In an additional embodiment, the perimeter conductor 20
may include a plurality of nested perimeter conductors
having graduated dimensions to surround the region of
tissue 10. In an exemplary embodiment, the perimeter
conductor 20 may include a plurality of concentric conduc-
tive rings to surround the region of tissue 10. In this
embodiment, each of the conductive rings may be isolated
from each other and independently coupled to the conduc-
tance control circuit 25. The varying radii of the nested
perimeter conductors may be operated such that the charge
that is not collected by the inner, smaller radius conductor
may be subsequently collected by the outer, larger radius
conductor.

In various means known in the art, the conductance of the
perimeter conductor 20 may be controlled by the conduc-
tance control circuit 25 to control the surface charge at the
region of tissue 10 being treated. In a particular embodi-
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ment, the conductance control circuit 25 may include at least
one switch coupled to the at least one perimeter conductor
and at least one resistive coupling between the at least one
electronic switch, or relay, and a ground potential. The
resistive element may be a resistor or a variable resistor,
such as solid state electronic device that varies its resistance
with a control signal. The conductance control circuit 25
may further include a timing circuit configured to generate
a desired voltage-time pattern to provide temporal control of
the perimeter conductor 20.

In general, the conductance control circuit 25 may control
the conductance of charge extracted from the perimeter of
the treatment area defined by the region of tissue 10 and
hence, the magnitude of uniform electric field within the
defined treatment region. In addition, by varying the con-
ductance electronically, utilizing fast, high voltage capable
electronics circuitry, the magnitude of the electric field at the
treatment site, within the perimeter of the perimeter con-
ductor 20, may be modulated in a prescribed fashion accord-
ing to a pre-defined temporal profile. In addition, segmen-
tation of the perimeter conductor 20 into isolated segments
50, 51, 52, 53 which are insulated from one another,
provides for varying the extraction of ions around the
perimeter conductor 20, hence leading to a controlled flux
direction at a given time. Alternatively, the isolated conduc-
tive elements 50, 51, 52, 53 could also be biased in such a
way to repel the ion flux to further shape the surface ion flux
pattern.

The conductance control circuit 25 is capable of varying
the charge collected vs. time, of the perimeter conductor 20
to create a rising and falling potential having a desired
voltage-time pattern. In various embodiments, the conduc-
tance control circuit 25 controls micro-amperes of charge
and modulates and directs the flow of charge on the tissue
surface being treated in a temporal manner. In the present
invention, the surface charge itself is generated indepen-
dently of the ion extraction provided by the perimeter
conductor 20. The perimeter conductor 20 in combination
with the conductance control circuit 25 directs the flow of
charge on the surface, e.g. left, right, up, down. The system
is also capable of rotating the surface plume resulting from
a central surface charge generation point provided by an ion
source 15 using variable potentials in the rings of the
perimeter conductor 20. The unique control of the charge
density on the tissue surface provided by the present inven-
tion serves to localize the treatment area and/or prevent
surface charge from spreading over the subject surface, and
possibly leading to undesirable electrostatic discharge to
nearby instrumentation or personnel.

In operation of the invention, a method for controlling
surface charge at a region of tissue of a subject includes,
positioning a dielectric support element adjacent to, and to
substantially surround, a region of tissue of a subject,
positioning at least one perimeter conductor to contact the
dielectric support element to position the at least one perim-
eter conductor in close proximity to, and to substantially
surround, the region of tissue, applying a surface charge to
a region of tissue of a subject and adjusting, with a conduc-
tance control circuit, a conductance of the at least one
perimeter conductor to control the surface charge at the
region of tissue of the subject.

With reference to FIG. 3, a model of surface field vs
charge flux to the tissue in accordance with an exemplary
embodiment of the present invention is illustrated, wherein
Gaussian pillbox, |E>~=(Cem™%/g &), with C a micro-cou-
lomb of charge applied to a cm? area and extracted in steady
state, assuming &,~80. FI1G. 2 suggests that the system of the
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6

present invention may utilize significantly less charge than
is used in the art to date in plasma pen application wherein
micro-ampere, coulombs over time, are applied to a cm? area
and extracted in steady state, assuming &,~80.

The present invention provides an improved system and
method for preventing the undesirable dissipation of charge
throughout a tissue surface while maintaining the charge
density at a desired tissue treatment site. The invention
embodies a physical perimeter conductor positioned in prox-
imity to a tissue surface and a conductance control circuit
working in combination to collect surface charge applied
within the confines of the perimeter conductor and to
maintain a desired relationship between the contained sur-
face charge density and time.

It will be seen that the advantages set forth above, and
those made apparent from the foregoing description, are
efficiently attained and since certain changes may be made
in the above construction without departing from the scope
of the invention, it is intended that all matters contained in
the foregoing description or shown in the accompanying
drawings shall be interpreted as illustrative and not in a
limiting sense.

It is also to be understood that the following claims are
intended to cover all of the generic and specific features of
the invention herein described, and all statements of the
scope of the invention which, as a matter of language, might
be said to fall therebetween.

What is claimed is:

1. A system for controlling surface charge at a region of
tissue of a subject, the system comprising:

at least one perimeter conductor dimensioned to surround

a region of tissue of a subject, wherein the region of
tissue includes a plurality of ions establishing a surface
charge density; and

a conductance control circuit coupled to the at least one

perimeter conductor, the conductance control circuit
configured to adjust a conductance of the at least one
perimeter conductor to vary the surface charge density
within the region of interest by temporally collecting
one or more of the plurality of ions at the at least one
perimeter conductor.

2. The system of claim 1, further comprising at least one
dielectric support element configured to be positioned adja-
cent to the region of tissue and between the region of tissue
and the at least one perimeter conductor, the at least one
dielectric support element dimensioned to position the at
least one perimeter conductor in close proximity to the
region of tissue.

3. The system of claim 1, wherein the at least one
perimeter conductor comprises a plurality of conductive
elements, each of the plurality of conductive elements
electrically isolated from each other and each of the plurality
of conductive elements coupled to the conductance control
circuit.

4. The system of claim 1, wherein the at least one
perimeter conductor comprises a plurality of nested perim-
eter conductors, each of the plurality of conductors having
graduated dimensions to surround the region of tissue of the
subject and each of the plurality of conductors coupled to the
conductance control circuit.

5. The system of claim 1, wherein the at least one
perimeter conductor is substantially circular.

6. The system of claim 2, wherein the dielectric support
element is dielectric tape dimensioned to substantially sur-
round the region of tissue.
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7. The system of claim 2, wherein the dielectric support
element is a dielectric tube dimensioned to substantially
surround the region of tissue.

8. The system of claim 2, wherein the dielectric support
element is substantially circular. 5
9. The system of claim 1, further comprising an ion source
configured to provide a source of the plurality of ions to the

region of tissue of the subject.

10. The system of claim 9, wherein the ion source is an
electroporation device. 10
11. The system of claim 1, wherein the conductance

control circuit further comprises:

at least one switch coupled to the at least one perimeter

conductor; and

at least one resistive element coupled between the at least 15

one switch and a ground potential.

12. The system of claim 11, wherein the conductance
control circuit further comprises a timing circuit coupled to
the at least one switch, the timing circuit configured to
generate a desired voltage-time pattern for the conductance 20
control circuit.

13. The system of claim 11, wherein the at least one
resistive element is a variable resistor.

#* #* #* #* #*
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