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APPARATUS AND METHOD FOR NON-INVASIVE TREATMENT OF SKIN
TISSUE

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority from and the benefit of US Provisional Patent
Application Serial Number 60/833,474 filed on July, 27, 2006 entitled "APPARATUS
AND METHOD FOR NON-INVASIVE TREATMENT OF SKIN TISSUE”

incorporated herein by reference in its entirety.
FIELD OF THE INVENTION

This invention relates in general to the field of non-invasive treatment of skin tissue
by electromagnetic radiation and more particularly to devices for skin treatment by

application of RF energy.
BACKGROUND OF THE INVENTION

The skin is made up of three distinct layers. The top layer is called the epidermis.
The epidermis is translucent. That is, it allows light to pass partially through it, rather as
frosted glass does. The epidermis does not contain any blood vessels but gets its oxygen
and nutrients from the deeper layers of the skin. At the bottom of the epidermis is a very
thin membrane called the basement membrane which attaches the epidermis firmly, but
not rigidly, to the underlying layer. The second layer lies deeper and is called the dermis.
It contains blood vessels, nerves, hair roots and sweat glands. Below the dermis lies a
layer of fat, the subcutaneous fat. The depth of this layer differs from one person to
another. It contains larger blood vessels and nerves, and is made up of clumps of fat-
filled cells called adipose cells.

The subcutaneous fat lies on the muscles and bones, to which the whole skin
structure is attached by connective tissue. The attachment is quite loose, so the skin can
move fairly freely. If the subcutaneous tissues fill up with too much fat, the areas of
attachment become more obvious and the skin cannot move as easily. This is what gives

rise to the notorious cellulite.
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The junction between the epidermis and the dermis is not straight but undulates
like rolling hills, more markedly so in some areas of the body than others. A series of
finger-like structures called rete pegs project up from the dermis, and similar structures
project down from the epidermis. These projections increase the area of contact between
the layers of skin, and help to prevent the epidermis from being sheared off.

Excess adipose tissue is responsible for such medical problems as obesity,
cellulites, loose skin, and wrinkles. By reducing the size of fat cells, the appearance of
the outer layer of the skin can be improved. The reduction of adipose tissue in the sub-
dermal layer often provides the following medical and cosmetic solutions: weight
reduction, cellulite reduction, loose skin reduction, deep wrinkle reduction and body re-
contouring. Reduction of the fat content may also cause skin tightening. Wrinkles are
created in skin due to the breakage of collagen fibers and to the penetration of fat into the
dermal layer of the skin.

Most existing wrinkle treatment methods target the collagen but do not have a
significant effect on deep wrinkles. Radio frequency (RF) energy has been actively used
for the treatment of epidermal and dermal layers of the skin. For example U.S. Patent
No. 6,749,626 describes the use of RF energy for collagen formation in the dermis. U.S.
Patent No. 6,241,753 describes a method for collagen scar formation. U.S. Patents
6,470,216, 6,438,424, 6,430,446 and 6,461,378 disclose methods and devices for
destroying the collagen matrix using RF, cooling and a special electrode structure that
smoothes the skin surface. U.S. Patents 6,453,202, 6,405,090, 6,381,497, 6,31 1,090,
5,871,524 and 6,425,912 describe methods and devices for delivering RF energy to the
skin using membrane structure. U.S. Patents 6,453,202 and 6,425,912 describe a method
and a device for delivering RF energy to the skin using dielectric electrodes. U.S. Patents
6,381,498, 6,377,855, 5,919,219, 5,948,011 and 5,755,753 describe methods of collagen
contraction using RF energy, and a reverse temperature gradient on the skin surface. U.S.
patents 6,378,380, 6,377,854 and 5,660,836 describe methods of lypo-sculpturing using
RF energy and external cooling to affect the collagen inside the adipose tissue.

Another method to reduce and redistribute adipose tissue is skin massaging. This

method is based on improving of blood circulation and increasing fat metabolism. U.S.
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Patent No. 6,662,054 describes a method for skin mas:saging in combination with non-
aggressive RF heating for increasing skin and fat metabolism.

U.S. Patent No. 6,273,884 discloses simultaneous application of optical energy
and negative pressure to the skin in order to treat a skin defect. This method is limited by
the light penetration depth, which does not exceed a 1-2 millimeters.

U.S. Patent No. 5,143,063 describes a method based on thermal destruction of fat
using the focusing of microwave or ultrasound energy in adipose tissue. But both types
of energy are very expensive and its safety limitations are not clear.

The above cited methods and devices attempt to solve the problems created by
excess adipose tissue such as body contouring, loose skin, and deep wrinkles, by
contracting the superficial collagen tissue at a defined depth. These methods are limited
in their penetration depth. A more effective and longer lasting result would be achieved
by simultaneously heating the dermis and adipose tissue of the skin. However, in order to
reach these layers, it is necessary to deliver RF current into the dermis and fat tissue to a
depth of over 2 mm without damaging the skin.

Recently, a new RF system was introduced into the market by ALMA lasers
Florida, USA. The system uses two different RF electrode configurations for RF energy
delivery to the skin: a monopolar electrode configuration and a bipolar electrode
configuration. A monopolar hand-piece is used for deep tissue heating of skin tissues
while a different bipolar hand-piece is used for superficial heating of the skin. The
disadvantages of using this method and system is that the two different hand-pieces
(monopolar and bipolar) have to be separately used, increasing the complexity and cost
of the system and doubling the time required for treatment of the same skin region
resulting in increased cost of treatment. Additionally, a monopolar configuration for
deep tissue heating is less beneficial because the current may typically find a flow path of
low resistance where fat cells would not be directly affected.

An additional problem which is common to most RF treatments of skin fat is the
electrode heating problem. The density of an RF current is always higher around the
surface of the RF electrode applied to the skin surface. In order to avoid overheating the
skin, various different methods for skin cooling may have to be applied. Cooling may be

applied prior the RF energy application or/and simultaneously. However, the use of a
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skin cooling device in combination with RF energy delivery device increases the cost of
the combined system and result in a cumbersome and more expensive unit. Moreover,
cooling of the skin reduces the efficacy of the treatment resulting in more treatment

sessions and longer treatment time.

SUMMARY OF THE INVENTION

There is therefore provided, in accordance with another embodiment of the devices
of the present application, a device for treatment of skin tissue. The device includes at
least one RF electromagnetic energy generating unit, a plurality of electrodes electrically
comnectable to the RF electromagnetic energy generating unit for applying RF
electromagnetic energy to the skin and at least one controller unit operatively connected
to the at least one RF electromagnetic energy generating unit for controlling the
application of electromagnetic energy by the at least one RF electromagnetic energy
generating unit to at least one group of electrodes controllably selected from the plurality
of electrodes and for controllably changing the selected group of electrodes during the
operation of the device.

Furthermore, in accordance with another embodiment of the devices of the
present application, the device may further include a power source for energizing the at
least one RF electromagnetic energy generating unit and the at lease one controller unit.

Furthermore, in accordance with another embodiment of the devices of the
present application, the at least one group of electrodes is selected from, a pair of
electrodes in a bipolar configuration, three electrodes in a tripolar configuration and
more than three electrodes in a multipolar configuration.

Further yet, in accordance with another embodiment of the devices of the present
application, the at least one RF energy generating unit is adapted to operate at any
frequency or frequency band in the range of 0.35MHz — 250MHz.

Furthermore, in accordance with another embodiment of the devices of the
present application, the device may include at least one sensor.

Furthermore, in accordance with another embodiment of the devices of the
present application, the at least one sensor is connected to the at least one controller unit

for providing output signals to the controller unit.
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‘Furthermore, in accordance with another embodiment of the devices of the
present application, the at least one sensor is selected from one or more skin temperature
sensors, one or more electrode temperature sensors, one or more velocity sensors, one or
more electrode contact sensors, and any combinations thereof,

Further yet, in accordance with another embodiment of the devices of the present
application, the at least one sensor may be selected from a sensor for sensing at least one
physical parameter of at least one electrode of the plurality of electrodes, a sensor for
sensing the velocity of the device relative to the skin and a sensor for sensing at least one
physical parameter of the skin.

Furthermore, in accordance with another embodiment of the devices of the
present application the at least one physical parameter of the skin is the temperature of at
least one region of said skin.

Furthermore, in accordance with another embodiment of the devices of the
present application, the at least one physical parameter of the at least one electrode is
selected from the temperature of at least one region of the electrode and the presence or
absence of contact between the electrode and the skin.

Furthermore, in accordance with another embodiment of the devices of the
present application, the at least one controller is configured for processing signals
received by the at least one sensor to obtain processed data and for performing based on
the data one or more actions selected from, terminating the application of RF
electromagnetic energy to the skin through one or more groups of the electrodes,
initiating the application of RF electromagnetic energy to the skin through one or more
groups of the electrodes, terminating the application of RF electromagnetic energy to the
skin through at least a first group of the electrodes and initiating the application of RF
electromagnetic energy to the skin through at least a second group of electrodes different
than the first group of electrodes, and terminating the application of RF electromagnetic
energy to the skin through all currently energized electrodes of the device.

Furthermore, in accordance with another embodiment of the devices of the
present application, the device further includes a housing for housing one or more

components selected from the plurality of electrodes, the at least one controller unit, a
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power source, the at least one RF electromagnetic energy generating unit, one or more
sensor units and any combinations thereof,

Furthermore, in accordance with another embodiment of the devices of the
present application, the device includes an applicator unit configured to be applied to the
skin. The applicator unit includes a housing for housing one or more components
selected from the plurality of electrodes, the at least one controller unit, a power source,
the at least one RF electromagnetic energy generating unit, one or more sensor units and
any combinations thereof.

Furthermore, in accordance with another embodiment of the devices of the
present application, the device includes an RF electrode assembly. The RF electrode
assembly includes a housing and at least the plurality of RF electrodes attached to the
housing,

Furthermore, in accordance with another embodiment of the devices of the
present application, said one or more sensors are attached to said RF electrode assembly.

Furthermore, in accordance with another embodiment of the devices of the
present application, the RF electrode assembly is selected from a fixed RF electrode
assembly and a detachable RF electrode assembly detachably attachable to the device.

Furthermore, in accordance with another embodiment of the devices of the
present application, the RF electrode assembly is a detachable RF electrode assembly
detachably attachable to the device, and the housing of the RF electrode assembly
includes electrical contacts for electrically connecting the RF electrodes to the at least
one RF energy generating unit.

Furthermore, in accordance with another embodiment of the devices of the
present application, the electrical contacts are also shaped to mechanically attach the RF
electrode assembly to the device.

Furthermore, in accordance with another embodiment of the devices of the
present application, the RF electrode assembly is selected from a re-useable RF electrode
assembly and a disposable RF electrode assembly.

Furthermore, in accordance with another embodiment of the devices of the
present application, the at least one controller unit is configured to control the

application of RF electromagnetic energy to the skin through different groups of
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electrodes of the plurality of electrodes at different times during the application of the RF
electromagnetic energy to the skin.

Furthermore, in accordance with another embodiment of the devices of the
present application, at least one electrode of the plurality of electrodes is a movable
electrode.

Furthermore, in accordance with another embodiment of the devices of the
present application, the movable electrode is selected from an electrode movable in a
direction generally perpendicular to the surface of the skin, an electrode laterally
movable along the surface of the skin and an electrode movable in directions generally
perpendicular to as well as generally lateral along the surface of the skin.

Furthermore, in accordance with another embodiment of the devices of the
present application, the device further includes at least one electrode moving unit
coupled to the at least one electrode for moving the at least one electrode relative to at
least one other electrode of the plurality of electrodes.

Furthermore, in accordance with another embodiment of the devices of the
present application, the electrode moving unit includes a an electrode moving
mechanism selected from a motor, a linear motor, a non-linear motor, a gear coupled
motor, an electromechanical moving mechanism, an electromagnetic moving mechanism
and a solenoid actuatgd moving mechanism.

Furthermore, in accordance with another embodiment of the devices of the
present application, the at least one controller unit is configured to controllably activate
the electrode moving unit to change the distance between the at least one electrode
coupled to the electrode moving mechanism and at least one other electrode of the
plurality of electrodes.

Furthermore, in accordance with another embodiment of the devices of the
presént application, one or more electrodes of the plurality of electrodes is a spring
mounted electrode.

Furthermore, in accordance with another embodiment of the devices of the
present application, the at least one RF energy generating unit is a single RF generating

unit operable at or about a single RF frequency or a single RF frequency band.
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Furthermore, in accordance with another embodiment of the devices of the
present application, the device also includes a phase shifting unit connected to at least
one RF electrode and to the RF energy generating unit for shifting the phase of the RF
electromagnetic waves applied to the skin through the at least a first RF electrode
relative to the phase of an RF electromagnetic wave applied to the skin through at least a
second RF electrode different than the first RF electrode.

Furthermore, in accordance with another embodiment of the devices of the
present application, the at least one RF energy generating unit includes a plurality of RF
energy generating units, each RF generating unit is operable at or about a single RF
frequency or a single RF frequency band. The RF frequencies or the RF frequency of at
least some of said plurality of RF energy generating units are different.

Furthermore, in accordance with another embodiment of the devices of the
present application, the device also includes at least one phase shifting unit connected to
at least one RF electrode and to one or more RF energy generating units of the plurality
of RF energy generating units for shifting the phase of the RF electromagnetic waves
applied to the skin through the at least a first RF electrode relative to the phase of an RF
electromagnetic wave applied to the skin through at least a second RF electrode different
than the first RF electrode.

Furthermore, in accordance with another embodiment of the devices of the
present application, the device also includes a multiplexing switching unit connected to
the plurality of RF energy generating units, the plurality of electrodes and the at least one
controller unit for controllably applying RF energy from any combination of RF energy
generating units selected from the plurality of RF energy generating units to any
electrode or electrode combination selected from the plurality of electrodes.

Furthermore, in accordance with another embodiment of the devices of the
present application, the multiplexing switching unit includes one or more phase shifting
units.

Furthermore, in accordance with another embodiment of the devices of the
present application, the device is configured for being controllably operable in a plurality

of different operating modes, wherein, in each different operating mode the RF
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frequency or RF frequencies applied to the skin are different than the RF frequency or
RF frequencies applied to the skin in other operating modes.

Furthermore, in accordance with another embodiment of the devices of the
present application, the RF frequency or frequencies used in at lease some operating
mode of the plurality of operating modes are selected to preferentially heat selected
different types of skin tissues.

Furthermore, in accordance with another embodiment of the devices of the
present application, the different types of skin tissues are selected from, fatty skin tissue,
hypodermal adipose tissue, rete pegs, non-fatty dermal tissue, epidermal tissue and
combinations thereof,

Furthermore, in éccordance with another embodiment of the devices of the
present application, the device is configured for simultaneously applying combinations
of different RF frequencies or different RF frequency bands through any suitable
electrodes for simultaneously heating combinations of different type of skin tissues.

Furthermore, in accordance with another embodiment of the devices of the
present application, the RF frequency or RF frequencies applied to the skin in a first
operating mode are in the range of 0.35-1.5MHz and the RF frequency or RF frequencies
applied to the skin in a second operating mode are in the range of 4-15MHz.

Furthermore, in accordance with another embodiment of the devices of the present
application, the RF frequency or RF frequencies applied to the skin in a first operating
mode are in the range of 0.35-1.5MHz, the RF frequency or RF frequencies applied to
the skin in a second operating mode are in the range of 4-15MHz, and the RF
frequencies applied to the skin in a third operating mode include frequencies in the range
0f 0.35-1.5MHz and in the range of 4-15MHz.

There is also provided a method for treatment of skin tissue. The method includes the
steps of providing a plurality of electrodes for applying RF electromagnetic energy to the
skin, applying RF electromagnetic energy to the skin through at least a first group of
electrodes selected from the plurality of electrodes for a first time period, and applying
RF clectromagnetic energy to the skin through at least a second group of electrodes
different from the at least first group of electrodes selected from the plurality of

electrodes for a second time period different than the first time period.
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Furthermore, in accordance with another embodiment of the methods of the present
application, the application of RF electromagnetic energy to the skin through the at least
first group of electrodes is stopped during the second time period to allow the first group
of electrodes to cool during the second time perjod.

Furthermore, in accordance with another embodiment of the methods of the present
application, the method also includes repeating the first step of applying and the second
step of applying a plurality of times.

Furthermore, in accordance with another embodiment of the methods of the present
application, the RF electromagnetic energy is applied to the skin at any frequency or
frequency band in the range of 0.35MHz — 250MHz.

Furthermore, in accordance with another embodiment of the methods of the present
application, the RF electromagnetic energy is applied to the skin at a frequency or
frequency band selected from a first frequency range and at a second frequency or
frequency band selected from a second frequency range.

Furthermore, in accordance with another embodiment of the methods of the present
application, the first step of applying includes applying RF electromagnetic energy to the
skin through the first group of electrodes at a frequency or frequencies selected from, a
frequency or frequency band included in the first frequency range, a frequency or
frequency band included in the second frequency range, and a combination of at least
one frequency or frequency band included in the first frequency range and at least one
frequency or frequency band included in the first frequency range.

Furthermore, in accordance with another embodiment of the methods of the

.present application, the second step of applying includes applying RF electromagnetic

energy to the skin through the second group of electrodes at a frequency or frequencies
selected from, a frequency or frequency band included in the first frequency range, a
frequency or frequency band included in the second frequency range, and at least one
frequency or frequency band included in the first frequency range and at least one
frequency or frequency band included in the first frequency range.

Furthermore, in accordance with another embodiment of the methods of the
present application, the said first frequency range is 0.35MHz — 1.5MHz, and the second
frequency range is 4MHz — 15MHz.

10
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Furthermore, in accordance with another embodiment of the methods of the
present application, during the first step of applying and the second step of applying, the
first group of electrodes and the second group of electrodes are Operated at a
configuration selected from, a pair of electrodes in a bipolar configuration, three
electrodes in a tripolar configuration and more than three electrodes in a multipolar
configuration.

Furthermore, in accordance with another embodiment of the methods of the
present application, the method also includes the step of terminating the application of
RF energy to the skin through any electrode group selected from the at least first group
of electrodes and the at least second group of electrodes if the temperature of the skin or
of at least one electrode of the electrodes exceeds a threshold value.

Furthermore, in accordance with another embodiment of the methods of the
present application, the method also includes the step of terminating the application of
RF energy to the skin through any electrode group selected from the at least first group
of electrodes and the at least second group of electrodes if the velocity of the electrodes
relative to the skin is lower than a threshold value.

Furthermore, in accordance with another embodiment of the methods of the
present application, the method also includes the step of terminating the application of
RF energy to the skin through any electrode group selected from the at least first group
of electrodes and the at least second group of electrodes if any electrode of the plurality
of electrodes does not contact the skin during the applying of RF energy to the skin.

Furthermore, in accordance with another embodiment of the methods of the
present application, the method also includes the step of moving at least one electrode of
the at least first group of electrodes relative to another electrode of the at least first group
of electrodes before, during or after the first time period.

Furthermore, in accordance with another embodiment of the methods of the
present application, the method also includes the step of moving at least one electrode of
said at least second group of electrodes relative to another electrode of said at least
second group of electrodes before, during or after said second time period.

Furthermore, in accordance with another embodiment of the methods of the

present application, the method further includes the step of changing the distance

11



10

15

20

25

30

WO 2008/012827 PCT/IL2007/000945

between at least one electrode of the at least first group of electrodes relative to another
electrode of the at least first group of electrodes before, during or after the first time
period.

Furthermore, in accordance with another embodiment of the methods of the present
application, the method also includes the step of changing the distance between at least
one electrode of the at least second group of electrodes relative to another electrode of
the at least second group of electrodes before, during or after the second time period.

There is also provided, in accordance with another embodiment of the methods of the
present application, a method for treatment of skin tissue, the method includes the steps
of providing a plurality of electrodes for applying RF electromagnetic energy to the skin,
at least one electrode of the plurality electrodes is movable relative to at least a second
electrode of said plurality of electrodes, applying electromagnetic energy to the skin
through at least a first group of electrodes including the movable electrode, and moving
the at least one movable electrode to change the distance between the at least one
movable electrode and at least another electrode of the plurality of electrodes.

There is also provided, in accordance with an embodiment of the devices of the
present application, a device for treatment of skin tissue. The device includes at least
one RF electromagnetic energy generating unit, a plurality of electrodes electrically
connectable to the at least one RF electromagnetic energy generating unit for applying
RF electromagnetic energy to the skin, at least one electrode moving unit for moving at
least one movable electrode of the plurality of electrodes relative to at least a second
electrode of the plurality of electrodes, and at least one controller unit operatively
connected to the at least one RF electromagnetic energy generating unit for controlling
the application of RF electromagnetic energy by the at least one RF electromagnetic
energy generating unit to at least one group of electrodes of the plurality of electrodes
and for controlling the moving of the at least one movable electrode by the at least one
electrode moving unit.

There is further provided, in accordance with an embodiment of the devices of the
present application, a device for treatment of skin tissue. The device includes a plurality
of electrodes for applying RF electromagnetic energy to the skin. At least a first

electrode of the plurality of electrodes is movable relative to at least a second electrode
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of the remaining electrodes of the plurality of electrodes such that the distance between
the at least first electrode and the at least a second electrode may be controllably varied.
The device also includes one or more electromagnetic RF energy generating units and a
controller unit operatively coupled to the plurality of electrodes and to the one or more
RF electromagnetic energy generating units. The controller unit is configured for
controlling the application of RF electromagnetic energy by the one or more RF
electromagnetic energy generating units to at least one pair of electrodes selected from
the plurality of electrodes.

There is also provided an RF electrode assembly for use in a skin treating device.
The RF electrode assembly includes a housing and a plurality of RF electrodes attached
to the housing. The RF electrode assembly is connectable to an RF energy generating
unit of the device.

Finally, there is also provided kit including the skin treatment device and one or
more attachable RF electrode assembly each including a plurality of electrodes. The one

or more RF electrode assemblies are detachably attachable to the device.
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BRIEF DESCRIPTION OF THE DRAWINGS

The devices systems and methods of the present application are described herein, by
way of example only, with reference to the accompanying drawings, in which like
components are designated by like reference numerals, wherein:

Figs. 1 - 2 are schematic block diagrams illustrating the components of two devices
for skin treatment, in accordance with two embodiments of the device;

Fig. 3 is a schematic isometric view illustrating a skin treatment system including a
base station and a hand held part, in accordance with an embodiment of the skin treating
system;

Fig. 4 is a schematic isometric view of a hand held skin treatment device, in
accordance with another embodiment of skin treating device;

Fig. 5 is an isometric view illustrating an RF electrode assembly having five RF
electrodes, in accordance with an embodiment of an RF electrode assembly;

Fig. 6 is an isometric view illustrating an RF electrode assembly having five RF
electrodes and a mechanical velocity sensor, in accordance with another embodiment of
the of the RF electrode assembly;

Figs. 7A and 7B are schematic part cross-sectional diagrams illustrating two different
positions of an RF electrode and an associated switching device, included in an
embodiment of the skin treatment device;

Figs. 8A-8F are top schematic diagrams illustrating different steps of a method of
operation of a skin treatment device using electrode pair and/or electrode group
switching, in accordance with an embodiment of a method of skin treatment;

Figs. 9A-9C are schematic diagrams illustrating top views of three different
possible RF electrode configurations of a device having three controllably movable RF
electrodes, in accordance with an additional embodiment of the skin treating device;

Figs. 10A and 10B are schematic top view diagrams illustrating two electrode
configurations of part of a moving mechanism including a linear motor for moving an

RF electrode, in accordance with an embodiment of the skin treating device;

14
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Figs 11A-11B are schematic diagrams illustrating two different electrode
configurations of part of a moving mechanism including a linear motor for moving a
movable RF electrode relative to another laterally stationary RF electrode, in accordance
with another embodiment of skin treating device;

Figs. 12A-12B are schematic top views illustrating two different electrode
configurations of part of a skin treatment device having one stationary RF electrode and
some RF electrodes that are movable within elliptically shaped openings, in accordance
with still another embodiment of skin treating device;

Fig. 13 is a schematic isometric view illustrating an RF electrode assembly having
eight RF electrodes arranged in two electrode groups in accordance with an embodiment
of the RF electrode assembly;

Fig. 14 is a schematic block diagram illustrating the components of a device for skin
treatment, having two RF energy generating unit in accordance with an embodiment of
the skin treating device;

Fig. 15 is a schematic block diagram illustrating the components of a skin treating
device including a single RF energy generating unit, a- phase shifting unit and two RF
electrode groups; and

Fig. 16 is a schematic block diagram illustrating the components of a skin treatment
device having a plurality of RF energy generating units controllably connectable to a
plurality of RF electrodes.
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DETAILED DESCRIPTION OF THE INVENTION
Notation Used Throughout

The following notation is used throughout this document.

Term Definition

AC Alternating current

DC Direct current

EM Electromagnetic

GHz Gigahertz

LCD Liquid crystal display
LED Light emitting diode
MHz Megahertz

MTBF Mean time before failure
OLED Organic light emitting diode
RF Radio Frequency

The present application provides methods, devices and systems using multiple
RF electrodes, electrode pair switching methods, and electrode group switching methods
for substantially reducing RF electrode heating.

The present application also provides methods, devices and systems using
multiple RF electrodes and/or RF electrode groups including one or more controllably
movable RF electrodes capable of providing variable RF electrode spatial configurations
for obtaining better control of the depth of penetration of the applied RF energy to
achieve better and more uniform distribution of RF energy application to superficial and
deeper skin regions.

The present application also provides methods, devices and systems using
multiple RF electrodes and/or RF electrode groups (either movable electrodes or
stationary electrodes) controllably couplable to one or more RF energy generating units
to enable the controlled application of one or more RF frequencies and/or one or more
RF frequency bands to a any selected combination of RF electrodes for obtaining better
control of RF induced heating of various different skin regions or skin layers based on
the efficacy of RF energy absorption of different RF frequencies by different tissue types.

By controlling the RF frequency and/or RF frequencies applied through all or
some of the RF electrodes and/or RF electrode groups the devices, methods and systems

disclosed herein enable either preferential heating of different skin tissues (such as, but
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not limited to, preferential RF induced heating of fatty or sub-epidermal adipose skin
tissues for cellulite reduction skin treatment, or more uniform heating of all skin layers
for skin tightening application).

In order to prevent overheating of the electrodes and subsequently the undesirable
overheating of the skin, the devices and systems of the present application apply the RF
energy to the skin by using one or more pairs of electrodes for applying RF energy to the
skin. One or more electrode pairs are used for RF energy application for a relatively short
period of time which is insufficient to cause excessive heating of the electrodes of the
pair(s). The device or system then switches the first pair(s) off while switching on for a
similarly short period of time other different pair(s) of cool electrodes for delivery of RF
energy to the skin while the first pair(s) is/are allowed to cool. Switching back and forth
between pairs of electrodes let them cool down sufficiently to avoid undesirable
electrode overheating. This method of switching between electrode pairs may also be
implemented by sensing the temperature of the currently active electrodes or electrode
pairs and when they reach a temperature above a certain threshold switching to the next
and colder pair(s) of electrodes.

The distribution of RF current depends, inter alia, on the geometry of electrodes
and the distance between them. For bipolar electrode configurations, the RF energy
penetration using two long cylindrical shaped electrodes is approximately equal to half
the distance between the electrodes, while for two point source electrodes the penetration
depth is approximately the distance between the two electrodes. For predetermined
electrode geometry the depth of penetration may be controlled by changing the distance
between the electrodes. The changing of the distance between the electrodes of a pair
may be accomplished by either moving one or both of the electrodes of the pair to
change the distance between the electrodes (electrode separation) or by alternatingly
switching between various electrode pairs separated by different distances as is described
in detail hereinafter.

In accordance with yet other embodiments of the devices systems and methods
disclosed in the present application, combinations of electrode pair switching and
movable electrodes (variable pair geometry) methods and devices may be used to

achieve better depth penetration and simultaneous or sequential heating of both
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superficial and deep skin tissues by RF energy and also safer RF energy application to
the skin by avoiding electrode overheating.

Reference is now made to Figs. 1 and 2 which are schematic block diagrams
illustrating the components of two devices for skin treatment in accordance with two
embodiments of the device. The device 10 of Fig.1 includes an RF energy generating
unit 4, constructed and operative as is known in the art. The device 10 also includes an
applicator unit 6 suitably electrically coupled to the RF energy generating unit 4 for
transferring the RF energy to the skin tissue (not shown). The applicator unit 6 may be
any type of applicator including a plurality of electrically conducting RF electrodes (the
electrodes are not shown in detail in Figs 1 and 2, for the sake of clarity of illustration) as
is well known in the art.

The device 10 also includes a controller unit 8 for controlling the RF energy
generating unit 4 and its application to the electrodes included in the applicator unit 6
and (optionally) the arrangement and/orl movement and/or operation of the electrodes
included in the applicator unit 6 for applying RF energy to the skin. The device 10 may
also (optionally, but not obligatorily) include one or more sensor units 2 for sensing the
skin parameters (such as, for example, for sensing the temperature of one or more
regions of the treated skin, as disclosed in detail hereinafter with respect to the skin
treating device 220 of Figs. 12A-12B), and/or the velocity (speed of movement) of the
applicator unit 6 relative to the skin (not shown) and/or the temperature of one or more
of the electrodes included in the applicator unit 6 as disclosed in detail hereinafter.

The device 10 also includes a power source 12 for providing power to the RF
energy generating unit 2 and to the controller unit 8 and/or (optionally to the sensor(s) 2.
The power source 12 is preferably an electrical power source. It is noted that while the
power source 12 is shown as included within the device 10, this is not obligatory and the
power source 12 may be disposed outside the device 10 and may provide power to the
components of the device 10 via a suitable, preferably isolated electrically conducting
wires, power cables, or the like (not shown in Figs 1-2 for the sake of clarity of
illustration, but see Fig. 3 for an example). It is noted that the power source 12 may be
any suitable type of DC or AC power source known in the art, including, but not limited

to, a battery, a primary or a rechargeable electrochemical cell, a fuel cell, a photovoltaic
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cell or solar cell (coupled to a suitable charge storage element), a mains AC outlet, a DC
(direct current) power supply or an AC (alternating current) power supply, or the like.

It is noted that the construction and operation of RF energy generating units is well
known in the art, is not the subject matter of the present invention, and is therefore not
described in detail hereinafter. Generally, any suitable type of RF energy generating unit
known in the art or available commercially may be used in implementing the various
different embodiments disclosed in the present application. For example, a2 model
SURTRON 80 RF generator commercially available from LED Spa, Italy may be used
for implementing the RF generating unit(s) disclosed herein (such as, but not limited to
the RF energy generating unit 4 of Figs. 1-2). In another example, a model BC 50M/M
RF generator commercially available from ELMED Inc, U.S.A. may be used for
implementing the RF generating unit(s) of the present application (such as, but not
limited to the RF energy generating unit 4 of Figs. 1-2). In yet another example, a model
Wet-Field® Diathermy coagulator commercially available from Medtronic Inc, U.S.A.
may be used for implementing the RF generating unit(s) of the present application (such
as, but not limited to the RF energy generating unit 4 of Figs. 1-2).

Similarly, the construction and operation methods of controller units, such as, for
example, the controller unit 8 of Figs. 1-2 are well known in the art, are not the subject
matter of the present application and are therefore not described in detail hereinafter.
Briefly, any type of controller unit and or controller/processor unit known in the art may
be used for implementing the controller units 8§ and 13 of Figs. 1-2 and Figs 14-15,
respectively, including any suitably programmed commercially available controllers,
microcontroller(s), microprocessor(s), data processor(s), digital signal processor(s),
analog signal processor(s), hybrid digital/analog signal processor(s) and the like and any
combinations thereof may be used.

It is noted that the controller units 8 and 13 may be used to control not only the RF
energy generating unit(s) included in the skin treating devices described herein but may
also (optionally be used to receive data from any sensor or sensors included in any of the
devices and to process the data received from the sensors and use such processed data for
controlling the operation of any RF energy generating unit(s) included in the device(s)

and (optionally) for controlling the operation of any electrode moving mechanism or unit
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capable of moving the RF electrodes of the device (if such an electrode moving unit is
included in the device or in the RF electrode assembly. for examples see the electrode
moving units and motors illustrated in Figs. 10A-10B, 100A-11B, 14 and 15). Such
moving mechanisms may include but are not limited to the linear motor 200 of Figs.
10A-10B or any other type of motor(s) or electrode moving mechanisms used to move
the Electrode(s) included in the device.

For example, the controller unit used in the devices may process signals received
from temperature sensors (such as, but not limited to, the temperature sensors 225A,
225B and 225C of Fig. 12A-12B) to determine the temperature of the skin and to stop
the application of RF energy to the skin through one or more electrode pair or electrode
group when the determined skin temperature exceeds a threshold value. The temperature
threshold value may be a fixed (factory set) threshold temperature value or may be a
programmable threshold value which may be programmed or set by the user of the
device through a suitable user interface, such as, but not limited to any suitable dial or
other input device disposed on the applicator unit 36 ( interface is not shown in Fig. 3 for
the sake of clarity of illustration) or on the main unit 32 of the system 30 or by any other
suitable input interface or device suitably included in any of the skin treating devices and
systems described herein.

The applicator unit 6 may be any suitable RF energy transmitting unit for applying
RF energy to the skin, preferably (but not obligatorily) in the frequency range of
0.35MHz to 250MHz. However, it may also be possible to use RF frequencies having a
higher or lower frequency than the above indicated frequency range.

For example, in the RF frequency range of 0.5MHz to 100MHz, the applicator
may include RF electrodes (not shown in Figs 1-2) adapted to applying RF currents
through the skin. The RF electrodes may be implemented as two or more electrically
conducting members adapted for contacting the skin and passing RF currents through the
skin (for non-limiting examples, see the RF electrodes illustrated in Figs. 4, 5, 6 7A-7B,
8A-8F, 9A-9C, 10A- 10B, 11A-11B and 12) Typically, the RF electrodes may be
arranged in pairs of bipolar arrangement (see Fig. 8 below) as is known in the art.

However, the RF electrodes may also be configured in a tripolar arrangement (Fig. 7
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below) where one electrode is put in contact with the skin at the site being treated while
the other two electrodes may be put at a place relatively distant from the treated site.

Additionally, in embodiments having a sufficient number of RF electrodes
;multipolar RF electrode configurations may be used as is known in the art. For
example, if there are eight different RF electrodes in the device (see for example in Fig.
13 hereinbelow), one electrode may be used in a multipolar configuration with three,
four, five, six or seven other electrodes. Alternatively or additionally, if such eight RF
electrodes (such as the electrodes 258A-258D and 260A-260D of Fig. 13) are used in
two groups of four RF electrodes each, then within each group (such as, for example, the
electrode group 258A-258D or the electrode group 260A-260D) one electrode (such as,
for example, the RF electrode 260A) may be operated in a multipolar configuration in
conjunction with the remaining three RF electrode of the same electrode group (i.e. the
RF electrodes 260B-260D).

Alternatively or additionally larger RF electrode numbers in a device may be used
in multiple RF electrode group using any suitable combinations of bipolar and/or tripolar
and/or multipolar electrode configurations within each RF electrode group or between
different RF electrode groups. Thus, any suitable RF electrode configuration may be
used in the devices and systems of the present application, as is known in the art.

The device 20 of Fig. 2 is similar (but not identical) to the device 10 of Fig. 1 and
includes the RF energy generating unit 4, the applicator unit 6, the controller unit 8 for
controlling the RF energy generating unit 4, and (optionally, but not obligatorily) one or
more sensor units 2 for sensing the skin parameters, and/or the velocity (speed of
movement) of the applicator unit 6 relative to the skin (not shown) and/or the
temperature of one or more of the electrodes included in the applicator unit 6. The
construction and operation of these components may be as described for the device 10.
In contrast to the device 10 which includes an internal power source 12 (Fig. 1), the
device 20 is connected to an external power source 22.

The power source 22 is for provides power to the RF energy generating unit 2 and
to the controller unit 8 and/or (optionally to the sensor(s) 2. The power source 22 is
preferably an electrical power source. It is noted that tﬁe power source 22 may be any

suitable type of DC or AC power source known in the art, including, but not limited to, a
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battery, a primary or a rechargeable electrochemical cell, a fuel cell, a photovoltaic cell
or solar cell (coupled to a suitable charge storage element), a mains AC outlet, a DC
(direct current) power supply or an AC (alternating current) power supply, or the like.

The implementation and construction of the skin treatment devices of the present
application may vary depending upon the specific treatment application. For example
(Fig. 3), the device of the present application may be implemented as a tabletop or
bedside system for use by a physician or cosmetician or another user. Such a system may
include a main unit for housing some of the necessary electrical circuitry for providing
power and control functions, safety functions providing components (optional) and/or
other components of the system, and a hand-held part which may be applied to the
treated skin area and which may include the applicator and optionally the sensor units.

Reference is now made to Fig. 3 which is a schematic isometric view illustrating
a skin treatment system including a base station and a hand held part, in accordance with
an embodiment of the systems of the present application. The system 30 includes a main
unit 32 for providing power and/or for controlling various treatment parameters and
safety features and a hand-held unit 36 which may include RF electrodes 38 for applying
RF energy to the skin and one or more sensing units (not shown in detail). The hand-
held unit 36 may include a housing 36A preferably (but not obligatorily) made from
plastic or another suitable polymer based material, such as, for example, polycarbonate,
Delrin®, and the like, or another suitable material, as is known in the art. The hand held
unit 36 also includes a plurality of two or more RF electrodes 38 for delivering RF
currents to the skin. The hand-held unit 36 is shaped and sized so that it may be
conveniently held by the hand of an operator or user and applied to the skin for treating
the skin. The hand-held unit 36 may also (optionally) include the electrical circuitry or
part(s) of the electrical circuitry of the controller unit 8, the RF energy generating unit 4,
and may also include the sensor unit(s) 2 as described hereinabove and hereinafter.

The hand held unit 36 may be connected to the main unit 32 by a suitable cable
21 which may include therein all the electrical wires (not shown) necessary for coupling
the components housed within the main unit 32 to the electrical components included in

the hand held unit 36.
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However, preferably, in accordance with another embodiment of the system the
main unit 32 may include one or more of the controller unit 8, the RF energy generating
unit 4, or part(s) of the electrical circuitry thereof, and may also include electrical circuits
(not shown) for processing signals or data from the sensor unit(s) 2. In the embodiment
illustrated in Fig. 3, the main unit 32 includes a power cable 34, connectable to a mains
AC power outlet for supplying electrical power to the device 30. However, in
accordance with an embodiment of the system, the main unit 32 may include any suitable
internal power source known in the art (such as, but not limited to, the power source 12
of Fig. 1).

The main unit 32 also includes a user interface 7 which may be used for
communicating data and/or signals between the system 30 and the user of the system.
The user interface 7 may include an (optional) display unit 29 for displaying the skin
temperature or the RF electrode(s) temperature to the user of the system 30 as is
disclosed in detail hereinafter. The user interface 7 may also include an (optional)
speaker unit 28 for providing audible signals to the user of the system as disclosed in
detail hereinafter. The user interface 7 may also include control dials 9 for controlling
the operation of the system 30 by the user and for inputting data and/or control signals
into the system 30 as disclosed in detail hereinafier.

The System 30 may also (optionally, but not obligatorily) include a switching unit
23. The switching unit 23 may be a hand held device configured to be comfortably hand
held. The switching unit 23 has a housing 24 preferably made from a plastic material or
the like. The housing 24 includes an electrical switch therein (the switch is not shown in
detail for the sake of clarity of illustration). The switch included in the housing 24 may
be actuated by a switching button 25 coupled to the electrical switch and movably
attached within the housing 24. The switching unit 23 may be electrically coupled to the
main unit 32 by a suitable cable 27 that includes all the necessary electrical wires for
coupling the electrical switch included in the housing 24 to the main unit 32 to enable
the switching on and off of RF power to the RF electrodes 38 of the hand held unit 36.

In operation, when the skin of a patient (not shown) is being treated by a user or
operator (not shown) of the system, such as for example a cosmetician , a physician or

the like, the switching unit 23 may be held by the hand of the treated patient. If the
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treated patient feels any type of discomfort during treatment (such as, but not limited to
discomfort due to excessive heating of the skin by the RF electrodes or due to any other
reason whatsoever), the patient may press the button 25 to switch off application of RF
energy to the applicator 36. This arrangement is advantageous not only as an additional
patient operated safety device but also due to the fact that psychologically the patient
may feel better and be more relaxed during treatment just because the patient knows that
the application of RF energy to his or her skin may be immediately terminated by him or
her at his/her initiative.

Reference is now made to Fig. 4 which is a schematic isometric view of a hand
held skin treatment device, in accordance with another embodiment of the devices of the
present application. The hand-held device 40 includes a housing 40A. The housing 40A
is preferably (but not obligatorily) made from plastic or another suitable polymer based
material such as, for example, polycarbonate, Delrin®, and the like, or any other suitable
material, as is known in the art. The hand-held device 40 also includes an RF electrode
assembly 46. The RF electrode assembly 46 includes six RF electrodes 48 for delivering
RF currents to the skin. The device 40 includes a battery 42 for providing electrical
power source to the components of the device 40. However, the device 40 may include
any other suitable power source as is known in the art and/or as described with respect to
Figs. 1-2. The device 40 also includes a switch 54 for turning the device 40 on and off
by the user.

The device 40 also includes an RF energy generating unit 4 (not shown in Fig. 4 for
the sake of clarity of illustration) such as, for example the RF energy generating, and the
controller unit 8 (not shown in Fig. 4 for the sake of clarity of illustration) for controlling
the RF energy generating unit 4, and (optionally, but not obligatorily) one or more sensor
units for sensing the skin parameters, and/or the velocity (speed of movement) of the RF
electrode assembly 46 relative to the skin (not shown) and/or the temperature of one or
more of the electrodes 48 included in RF electrode assembly 46. The construction and
operation of these components may be as described for the device 10 hereinabove.

The RF electrode assembly 46 includes a (optional) sensor 52 for determining the
velocity of the RF electrode assembly 46 relative to the skin. The construction and

operation of the sensor 52 is described in detail hereinafter and as illustrated in Figs. 5
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and 6. When the velocity of the RF electrode assembly 46 relative to the treated skin
(not shown) is less than a preset or predetermined (or optionally factory preset) threshold
value, the application of power to the RF electrodes may be stopped. This (optional)
feature of the device 40 is an advantageous safety feature ensuring that if the RF
electrodes 48 are left in contact with the skin while the device is stationary or moves too
slowly with respect to the skin, the application of RF energy to the skin is interrupted to
avoid excessive heating and/or burning of the skin.

Other sensors and safety mechanisms which may be included in the device 40 may
include thermal sensors (not shown in Fig. 4) which may measure the temperature of the
RF electrodes 48. The controller of the device 40 may be configured to interrupt the
application of RF energy to the skin if the temperature of one or more of the electrodes
48 exceeds a preset or predetermined (or factory preset) value to avoid excessive heating
and/or burning of the skin.

Additional safety mechanisms that may be included in the device 40 to prevent RF
electrode sparking are described in detail hereinafter with respect to Figs. 7A-7B.

In accordance with an embodiment of the device 40, the RF electrode assembly may
be formed as a fixed part of the device 40, or may be non-detachably attached to the
housing 40A of the device 40. Such multi-use electrode assemblies may be made from a
suitable plastic such as polycarbonate, Teflon®, Delrin®, or the like, or from any other
suitable electrically isolating material. The RF electrodes of such fixed multi-use
electrode assemblies may be made of or may include any suitable electrically conducting
substance such as, but not limited to, a metal, stainless steel 316, other types of stainless
steel, bronze, Aluminum coated by Nickel, or any other type of electrically conducting
material having suitable conductivity.

In accordance with another embodiment of the device 40, the RF electrode
assembly 46 of the device 40 is configured as a detachable electrode assembly. The RF
electrode assembly 46 may be detached from the housing 40A of the device 40 for
cleaning and/or maintenance and/or replacement, as the need arises. In accordance with
an embodiment of the device, the RF electrode assembly 46 is detachably attached to the
housing 40A and may be detached and replaced with another new RF electrode assembly

identical to the RF electrode assembly 46.
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In accordance with another embodiment of the devices and systems of the present
application, the device 40 may be configured to operate with a variety of different
configurations of attachable/detachable and/or replaceable and/or disposable RF
electrode assemblies.

Two additional exemplary differently configured detachable electrode assemblies
56 and 76 are illustrated in Fig. 4.

The RF electrode assembly 56 is a movable electrode assembly, including movable
RF electrodes. The RF electrode assembly 56 includes an assembly housing 58
preferably (but not obligatorily) made from plastic or another suitable polymer based
material such as, for example, polycarbonate, Delrin®, and the like, or any other suitable
material, as is known in the art. The RF electrode assembly 56 also includes two
movable RF electrodes 68A and 68B which are movably disposed within slot-like
openings 70A and 70B formed within the housing 58. An internal mechanism (not
shown in Fig. 4) allows one or more motors (not shown) included in the housing 58 to
controllable move each of the RF electrodes 68A and 68B within the respective opening
70A and 70B. Thus, the distance D1 between the electrodes 68A and 68B may be varied
by suitably controlling the operating of the motor(s). The motor(s) may be controlled by
the controller unit 8 of the device 40.

The electrode assembly 56 also includes electrical contacts 62 which are used to
electrically couple any electrical components included in the RF electrode assembly to
the electrical components included in the housing 40A of the device 40. The electrical
contacts 62 may provide power and/or control signals to any electrical circuits and or
electromechanical parts and/or sensors included within the RF electrode assembly 58
(such as, but not limited to providing RF currents from the RF energy generator unit 4 to
the RF electrodes 68A and 68B, providing control signals and/or electrical power from
the controller unit 8 and/or the battery 42 to any electrical motor(s) coupled to the RF
electrodes 68A and 68B, and the like).

The electrical contacts 62 may also provide a path for outputting any control
signals and/or sensor generated signals or sensor generated data to any electrical circuits

and or components included within the device 40 (such as, but not limited to providing
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electrical signals output by sensors included in the RF electrode assembly 56 to the
controller circuit 8 of the device 40).

Besides operating as electrical contacts, the electrical contacts 62 may also be
structurally configured to operate as and/or assist the mechanical attachment (and/or
detachment) and/or locking and/or latching of the RF electrode assembly 56 onto the
housing 40A of the device 40. Alternatively, the RF electrode assembly 56 may be
attached to the device 40 through any suitable type of attachment mechanism (not shown
in Fig, 4) as is known in the art.

By suitably changing the distance D1 between the RF electrodes 68A and 68B,
the depth of penetration (and also, inter alia, the RF current and RF energy distribution
pattern within the skin tissues) of the RF energy into the skin tissues may be varied. For
example, increasing the distance D1 may cause the RF currents to penetrate deeper
within the skin tissue and to deposit RF energy at a deeper level within the skin, resulting
in controlled heating of deeper skin layers or tissues. Decreasing the distance D1 may
lead to shallower penetration the RF currents within the skin tissue and to deposit RF
energy at a more superficial layers or skin tissues, resulting in controlled heating of
shallower or more superficial skin layers or tissues.

An advantage of using the device 40 with the RF electrode assembly 56 is that it
may be possible to control and vary the distribution of RF energy into the skin. For
example, it may be possible to apply RF energy to shallow or superficial skin tissue(s) or
layers by keeping the distance Dl short. Similarly, it may be possible to apply RF
energy to deeper skin tissue(s) or layers by keeping the distance D1 long (up to the
maximal distance allowable by the dimensions and configuration of the openings 70A
and 70B).

In accordance with yet another embodiment of the devices and systems of the
present application it may be possible to continuously or discontinuously control the RF
energy distribution and the resulting heat distribution within the skin tissues by
constantly (continuously) or intermittently changing the distance D1 during the
application of the RF electrode assembly 56 to the skin. For example, if one or both of
the electrodes 68A and 68B are continuously or intermittently moved within their

respective openings 70A and 70B, the heating may continuously or intermittently,
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respectively, shift between superficial and deeper skin tissue ensuring simultaneous (or
at least on the average) heating of both shallow and deeper skin tissues.

It is noted that other different types of RF electrode assemblies with movable
electrodes or devices with movable RF electrodes may be constructed and operated, in
accordance with other embodiments of the devices and systems of the present
application. Additional examples of such devices and their construction and operating
methods are described in detail hereinafter (with reference to Figs. 9A-9C, 10A-10B,
11A-11B, and 12A-12B).

Another type of different RF electrode assembly 76 is also illustrated in Fig. 4.
The RF electrode assembly 76 includes electrical contacts 62 which are used to
electrically couple any electrical components included in the RF electrode assembly 76
to the electrical components included in the housing 40A of the device 40 as disclosed in
detail hereinabove with respect to the RF electrode assembly 56. The contacts 62 may or
may not be used also for mechanically attaching the RF electrode assembly 76 to the
device 76 as disclosed in detail hereinabove with respect to the RF electrode assembly
56.

The RF electrode assembly 76 also includes four RF electrodes 78A, 78B, 78C and
78D suitably attached to a housing 78 of the. The RF electrodes 78A, 78B, 78C and 78D
are not movable laterally with respect to the housing 78 but may be disposed within in
suitable openings 80A, 80B, 80C and 80D, formed within the housing 78 such that they
may be moved in and out within the openings 80A, 80B, 80C and 80D respectively.

Thus, for example, the RF electrode 78A may be moved within the opening 80A in
the directions represented by the double headed arrow labeled 90 which lies along the
dashed line 92 representing the longitudinal axis of through the electrode 78A. The
remaining RF electrodes 78B, 78C and 78D may be similarly movably disposed within
their respective openings 80B, 80C and 80D. Preferably (but not obligatorily), the RF
electrodes 78A, 78B, 78C and 78D are spring mounted (the spring is not shown in Fig. 4,
but see Figs. 5 and 6 for a description of such springs) to ensure proper contact with the
skin when the device 40 is pressed onto the skin.

Reference is now made to Figs 5 and 6. Fig. 5 is an isometric view illustrating an

RF electrode assembly having five RF electrodes, in accordance with an embodiment of
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the present invention. Fig. 6 is an isometric view illustrating an RF electrode assembly
having five RF electrodes and a mechanical velocity sensor, in accordance with another
embodiment of the RF electrode assemblies of the present application.

The RF electrode assembly 100 has a housing 100A preferably made of a plastic
material or a suitable polymer, such as but not limited to, polycarbonate, Delrin®, or any
other suitable structural material. The housing 100A is preferably made from an
electrically non-conducting material. The housing 100A has five electrically conducting
RF electrodes 108A, 108B, 108C, 108D and 108E that are movably disposed within five
suitable passages 117) formed in the housing 100A (it is noted that only one of the
passages 117 is labeled in Fig. 6 for the sake of clarity of illustration).

The RF electrodes 108A, 108B, 108C, 108D and 108E may be constructed and
operative as is known in the art. For example, each of the RF electrodes108A, 108B,
108C, 108D and 108E may be made of (or may include) an electrically conducting
material, such as any suitable metal such as, but not limited to Stainless steel 316,
bronze, Aluminum coated by Nickel, and the like. Alternatively, the RF electrodes may
be made from a non-electrically conducting material such as a plastic or other polymer
based material such as, but not limited to polycarbonate, Delrin®, and the like and the RF
electrodes may be made electrically conducting by coating or plating the plastic or other
non-electrically conducting electrode part with an appropriate electrically conducting
material such as a suitable metal or metallic alloy, including but not limited to a Nickel-
Cadmium based alloy, gold, platinum, nickel, or any other suitable electrically
conducting material known in the art.

The RF electrode assembly 100 includes five springs 105. Each spring 105 is
attached to the housing 100A and to one RF electrode of the RF electrodes 108A, 108B,
108C, 108D and 108E. Each RF electrode of the electrodes 1084, 108B, 108C, 108D
and 108E is thus spring-loaded and can move within the passage 117 when the RF
electrode is pressed against the skin 109. The RF electrode assembly 100 has an
additional passage 107 formed therein. The passage 107 may be used for holding a
sensor therein (see Fig. 6). Each of the electrodes 1084, 108B, 108C, 108D and 108E is
suitably attached to a (preferably isolated) electrically conducting wire (the wires are not

shown for the sake of clarity of illustration) for applying RF energy to the RF electrode.
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The electrically conducting wires may be connected to an RF energy generating unit (not
shown in Figs. 5-6) which may be included in the device to which the RF electrode
assembly is attached (the entire device is not shown in Figs. 5-6 for the sake of clarity of
illustration but may be similar to the device 40 of Fig. 4, or to the hand-held unit 36 of
the device 30 of Fig. 3).

When the RF electrode assembly 100 is pressed onto the skin, the RF electrodes
108A, 108B, 108C, 108D and 108E or at least some of them move within the openings
117 and firmly contact the skin 109 due to their being spring-loaded. The arrangement
and spring mounting of the electrodes advantageously contribute to the ability of the
individual electrodes 108A, 108B, 108C, 108D and 108E to follow the contours of the
skin and to firmly make contact with the skin even when applied to substantially non
planar skin regions, such as certain regions of the face, hands, feet or other body parts
and enable the applying of RF currents to the skin 109 through two or more electrodes of
the electrodes 108A, 108B, 108C, 108D and 108E.

Turning to Fig. 6, the RF electrode assembly 120 is similar to the RF electrode
assembly 100, except that the RF electrode assembly 120 also includes a velocity sensor
114. The velocity sensor 114 includes a rotatable member 110 which is rotatably
attached within the passage 107 of the housing 100A. The rotatable member 110 is
rotatably coupled to a transducer 112. The transducer 112 may be any type of rotation
sensing transducer known in the art. For example, the transducer 110 may be
implemented as a small electrical motor capable of functioning as an alternator or
dynamo when its rotor (not shown) is rotated. When the rotatable member 110 is rotated
by being rolled along the skin, the motor will output an electrical signal indicative of the
speed of rotation of the shaft of the electrical motor. This signal may be output by
suitable electrical conductors to any type of electrical circuitry (not shown in Fig. 5-6)
for processing. The processing may provide a signal or data indicative of the velocity of
movement of the RF electrode assembly 120 along the skin.

In operation, when the RF electrode assembly 100 is pressed down on the skin, the
RF electrodes 108A, 108B, 108C, 108D and 108E or at some of the electrode move
inside the openings 117 of the housing 100A and the rotatable member 110 touches the

skin 109. In this position, the operator of the system or device moves the RF electrode
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assembly 100 along the surface of the skin 109 and the rotatable member 110 rotates.
The rotatable member 110 is coupled to the transducer 112 via a transmission
mechanism 115. Thus, when the RF electrode assembly 120 is moved along the skin the
electrical signal produced by the transducer 112 is proportional to the speed of
movement of the rotatable member over the skin.

When the velocity of the RF electrode assembly 120 relative to the treated skin (not
shown) is less than a preset or predetermined (or optionally factory preset) threshold
value, the application of power to the RF electrodes 108A, 108B, 108C, 108D and 108E
may be stopped. This (optional) feature is an advantageous safety feature ensuring that if
some of the RF electrodes 108A, 108B, 108C, 108D and 108E are left in contact with the
skin while the device is stationary or moves too slowly with respect to the skin, the
application of RF energy to the skin is interrupted to avoid excessive heating and/or
burning of the skin.

In accordance with other embodiments of the devices and systems of the present
application, the velocity sensor 114 need not obligatorily be implemented as a
mechanical sensor of the particular exemplary sensor illustrated in Fig. 6. Rather, the
sensor or sensors (if more than one velocity sensor is used) may be any sensor(s) suitable
for detecting the speed of motion (velocity) of the applicator unit (such as the applicator
unit 6 of Figs. 1-2) or of the RF electrode assembly unit (such as, but not limited to the
RF electrode units 46 and 120 of Figs 4 and 6, respectively) along the skin. It is noted
that methods and sensors for determining the velocity or speed of movement of an
applicator or a device or part of a device relative to the skin are well known in the art, are
not the subject matter of the present application and are therefore not disclosed in detail
hereinafter. For example, methods and devices for such velocity determination may be
implemented using a mechanical gyro (see, for example US Patent 5,296,794), an optical
gyro (see, for example US Patent 4,514,088, incorporated herein by reference in its
entirety), an optical mouse (see, for example US Patents 4,631,400 and 4,920,260,
incorporated herein by reference in their entirety), other mechanical systems such as
encoders (see, for example US Patents 5,235,514, and 5,208,521, incorporated herein by

reference in their entirety).
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However, it is noted that other suitable types of sensors and velocity determining
methods known in the art may be used for performing the velocity determination of the
devices of the present application and may be easily adapted for use in the devices and
systems of the present application by those skilled in the art.

Typically, when the sensor(s) 2 of the devices 10 and 20 (Figs. 1-2) include
velocity sensors, the velocity sensors may be suitably coupled to an (optional) speed
determining unit (not shown) included in the main unit (of Fig. 3) or in a hand-held
device (such as, but not limited to, the device 40 of Fig. 4). The speed determining unit
may receive signals from one or more of the sensor(s) 2 or 52 or 114 (of Figs 1-2, 4 and
6, respectively) and may process the signals to determine the speed of movement
(velocity) of the applicator unit 6 or the RF electrode assemblies 46 or 120 relative to the
skin. If the measured speed of movement of the hand-held device 40 relative to the skin
is lower than a preset or predetermined speed threshold value, the supply of current to
the RF electrodes of the applicator unit or the RF electrode assembly unit(s) may be
interrupted to avoid excessive heating of the skin by RF energy in a slow moving or
stationary hand held device, or applicator or electrode assembly unit. The speed
determining unit (not shown) may be implemented as a separate electrical circuit (not
shown) coupled to the controller unit 8 (Figs 1-2) or may also be coupled to the power
source 12 or 22 (of Figs 1 and 2 respectively) or to the battery 42 (of Fig. 4) to control
the application of electrical current from the power source to the RF generating unit 4 or
to the RF electrodes of the device.

In accordance with another embodiment of the devices of the present application,
the signals from the velocity sensor(s) may be processed by the controller unit 8, with or
without being suitably conditioned by suitable electrical circuitry included in the skin
treating device(s). Thus, the velocity determining unit may be implemented entirely or
partially as part of the controller unit 8 and may be implemented within the controller
unit 8 by suitable hardware or software or by a suitable combination of hardware and
software, as is known in the art.

It is noted that in accordance with additional embodiments of the devices of the
present application, other different safety devices and features may be included in the

various devices and systems of the present application.
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A common problem encountered when RF electrodes are used to heat the skin by
delivering RF energy to the skin is that the electrical coupling of the RF electrodes to the
skin may not always be optimal. For example, if some of the RF electrodes are not well
coupled electrically to the underlying skin, sparking may occur between the RF
electrodes and the skin which may be undesirable due to the increased possibility of
burning of the skin. Therefore, in accordance with an embodiment of the devices and
systems of the present application, a safety mechanism may (optionally) be included in
the systems or devices to ensure proper electrical coupling of the RF electrodes to the
skin during the delivery of RF currents to the skin. For example a micro-switch may be
attached to the housing of the applicator or RF electrode assembly below the RF
electrode if the micro-switch is open the controller switches the application of the RF
energy only to those RF electrodes with closed micro switch. The micro switch may be
attached to the device in such a way that when the RF electrode starts to detach from the
skin and is moving outward from the housing, the micro-switch opens before the RF
electrode losses contact with the skin and the controller already switches off the RF
power to this particular electrode before the RF electrode actually detaches from the skin
to prevent sparking.

Reference is now made to Figs. 7A and 7B which are a schematic part cross-
sectional diagrams illustrating two different positions of an RF electrode and an
associated switching device, included in a skin treatment device in accordance with
another embodiment of the devices of ther present application.

Turning to Fig 7A, an RF electrode 128 is shown disposed within an opening 136
formed in the housing 130 of a skin treatment device (the device is not shown in its
entirety) or part thereof (only part of the housing 130 is shown in Figs 7A and 7B for the
sake of clarity of illustration). The RF electrode 128 is mechanically coupled to a
coupling member 137 which is coupled to a switching element 139 of a micro-switch
140. The RF electrode 128 is also attached to a spring 135 which is also attached to
another part of the housing 130.

In Fig. 7A, the housing 130 is shown as pressed against the skin 109. The RF
electrode 128 is in good contact with the skin 109 and has moved within the opening

136, pushed against the spring 135 such that the coupling member 137 has pushed the
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switching element 139 of the micro-switch 140 to the closed position allowing the
application of RF energy to the RF electrode 128 and through the RF electrode 128 and
another electrode to the skin 109 (It is noted that the second RF electrode required for
completing the circuit in a bipolar RF electrode configuration is not shown in Fig. 7A
and 7B for the sake of clarity of illustration)

As illustrated in Fig. 7B, when the housing 130 is lifted in a direction off the skin
109, the contracted spring 135 pushes against the RF electrode 128 and expands. The
coupling member 137 is pulled in a direction toward the skin 109 by the spring 135 and
by the RF electrode 128 coupled to the spring 135 and switches the switching element
139 of the micro-switch 140 to the open position turning off the application of RF energy
to the RF electrode 128 even before the electrode 128 detaches from the skin.

It is noted that the micro-switch 140 as operated herein is actually a contact
detecting sensor unit which detects whether the electrode 128 is or is not in contact with
the skin 109.

Preferably, the micro-switch 140 is of the non-latching type that requires constant
pushing of the coupling member 137 in order to remain in the closed position. This
arrangement advantageously ensures that the RF current application to any RF electrode
which is not in good contact with the skin 109 or that has traveled a predetermined or
preset distance outward (in a direction towards the skin 109) is safely interrupted before
any sparking can occur. However, any other different suitable switching arrangements
and switching devices of any type known in the art may be used to implement the anti-
sparking safety feature described herein, as will be easily implemented by those skilled
in the art.

It is noted that the anti-sparking switching device 140 is given by way of example
and that the type, structure and mode of operation of the switching device may be varied
as will be easily apparent to those skilled in the art. For example, the position of the RF
electrode 128 may be monitored by any type of sensor(s), such as but not limited to
optical sensor(s), electro-optical sensor(s), electromagnetic sensor(s), or any other
sensor(s) known in the art, and the output of the sensor(s) may be used for activating the
switch 140 or any other switching device used in the device. Similarly, any type of

suitable switching device known in the art may be used to instead of the micro-switch
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140 for implementing the anti-sparking safety device of the various different
embodiments of the devices and systems of the present application.

Reference is now made to Figs. 8A-8F which are schematic diagrams pictorially
jllustrating different steps of a method of operation of a skin treatment device using
electrode pair and/or electrode group switching, in accordance with an embodiment of
the devices of the present application.

Fig. 8A schematically illustrates the arrangement of six electrodes 152A, 152B,
152C, 152D, 152E and 152F disposed in a housing 130A of a skin treatment device 150.

It is noted that for the sake of clarity, only the part of the housing 130 including
the electrodes is shown. The RF electrodes 152A, 152B, 152C, 152D, 152E and 152F
may be, but are not limited to RF electrodes of any suitable type as disclosed
hereinabove and illustrated in the drawings and known in the art.

In operation of the device 150, a controller of the device 150 (such as, but not
limited to, the controller 8 of Figs. 1-2, or any other suitable type of controller and/or
switching device) controls the application of RF currents to selected pairs of RF
electrodes. For example, in Fig. 8A, RF currents are simultaneously applied to the skin
by the pair of RF electrodes 152B, 152D and by the pair of electrodes 152E, 152F. The
application of RF currents is schematically indicated by a double headed arrow
connecting the RF electrodes of a selected pair of RF electrodes. For example, the
double headed arrow 155 schematically indicates that RF currents are being applied to
the skin through the RF electrodes 152B and 152D and the double headed arrow 156
schematically indicates that RF currents are being applied to the skin through the RF
electrodes 152E and 152F.

It is noted that during RF current application, in each activated pair of electrodes
one RF electrode of the pair operates as an anode and the second RF electrode of the pair
operates as a cathode, depending on the polarity of the electrical potential applied to the
electrodes of the pair. Thus, when the RF electrode pairs 152B, 152D and 152E, 152F
are simultaneously operated to apply RF currents to the skin, an RF current will also
flow between the anode of the pair 152B, 152D and the cathode of the pair 152E, 152F.
Similarly, an RF current will also simultaneously flow between the cathode of the pair
152B, 152D and the anode of the pair 152E, 152F.
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After RF currents have been applied to the skin through the electrode pairs 152B,
152D and 152E, 152F for a first time period, the controller or switching device included
in the device 150 may terminate the application of RF currents through the RF electrode
pairs152B, 152D and 152E, 152F and may begin to apply RF currents to the skin through
the electrode pair 152A, 152C and 152B, 152E, as is schematically indicated in Fig. 8B
by the double headed arrows 157 and 158, respectively for the duration of a second
period of time. It is noted that during the second time period no current is applied to the
skin through the electrodes 152D and 152F (which were heated by the RF currents
during the first time period), allowing these electrodes to cool during the entire duration
of the second time period and avoids or reduces overheating of the electrodes 152D and
152F.

After RF currents have been applied to the skin through the electrode pairs 1524,
152C and 152B, 152E for the second time period, the controller or switching device
included in the device 150 may terminate the application of RF currents through the RF
electrode pairs 152A, 152C and 152B, 152E, and may begin to apply RF currents to the
skin through the electrode pair 152A, 152D and 152C, 152F, as is schematically
indicated in Fig. 8C by the double headed arrows 160 and 162, respectively for the
duration of a third period of time. It is noted that during the third period of time no
current is applied to the skin through the electrodes 152B and 152E (which were heated
by the RF currents during the second time period), allowing these electrodes to cool
during the entire duration of the third time period and avoids or reduces overheating of
the electrodes 152B and 152E.

After RF currents have been applied to the skin through the electrode pairs 1524,
152D and 152C, 152F for the third time period, the controller or switching device
included in the device 150 may terminate the application of RF currents through the RF
electrode pairs 152A, 152D and 152C, 152F, and may begin to apply RF currents to the
skin through the single electrode pair 152B, 152C for the duration of a fourth period of
time as is schematically indicated by the double headed arrow 164 of Fig. 8D. It is
noted that during the fourth period of time no current is applied to the skin through the
electrodes 152A, 152D, 152E and 152F (which were heated by the RF currents during
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some of the previously described time periods), allowing these electrodes to cool during
the entire duration of the fourth time period to avoid or reduce electrode overheating.

After RF currents have been applied to the skin through the single electrode pair
152B, 152C for the fourth time period, the controller or switching device included in the
device 150 may terminate the application of RF currents through the RF single electrode
pair 152B, 152C and may begin to apply RF currents to the skin through the electrode
triplet 152A, 152C and 152E for the duration of a fifth period of time as is schematically
indicated by the double headed arrows 166 and 168 of Fig. 8E. It is noted that when
using the electrode triplet 152A, 152C and 152E to apply RF currents to the skin (such
an electrode configuration is referred to as a tripolar electrode configuration hereinafter)
any single electrode from the triplet 152A, 152C and 152E may be selected as the
cathode while the remaining two electrodes are used as the anodes. Conversely, it may
be possible to use any single electrode selected from the triplet 1524, 152C and 152E as
the anode while the remaining two electrodes are used as the cathodes.

After RF currents have been applied to the skin through the electrode triplet
152A, 152C and 152E for the fifth time period, the controller or switching device
included in the device 150 may terminate the application of RF currents through the
electrode triplet 152A, 152C and 152E and may begin to apply RF currents to the skin
through the electrode triplet 152B, 152D and 152F for the duration of a sixth period of
time as is schematically indicated by the double headed arrows 170 and 172 of Fig. 8F.
It is noted that when using the electrode triplet 152A, 152C and 152E to apply RF
currenté to the skin, any single electrode from the triplet 152B, 152D and 152F may be
selected as the cathode while the remaining two electrodes are used as the anodes.

Conversely, it may be possible to use any single electrode selected from the
triplet 152B, 152D and 152F as the anode while the remaining two electrodes are used as
the cathodes. It is also noted that during the sixth period of time no current is applied to
the skin through the electrode triplet 152A, 152C and 152E (which were heated by the
RF currents during some of the previously described time periods), allowing these
electrodes to cool during the entire duration of the sixth time period to avoid or reduce

electrode overheating.

37

PCT/IL2007/000945



10

15

20

25

30

WO 2008/012827 PCT/IL2007/000945

It will be appreciated by those skilled in the art that the principle demonstrated
hereinabove for electrode pair switching and electrode triplet switching may be extended
to any number and any grouping of electrodes. Thus it may be possible to group
electrodes into groups including any desired number N of electrodes (wherein N is a
positive integer number equal to or grater than 2) and switch between any selected
number of such electrode groups or combinations (provided that there is a sufficient
number of RF electrodes in the device to enable the electrode group switching to achieve
reasonable cooling for non-activated electrodes).

The above disclosed exemplary electrode pair or electrode group switching may
continue as described above as long as the device 150 is active (turned on) and some of
the RF electrodes are in contact with the skin. The switching of electrode pairs may
continue by activating (applying RF currents through) any suitable electrode pair or any
suitable combination of electrode pairs (or electrode groups) within the duration of set
time periods as described above in the non-limiting examples illustrated in Figs 8A-8D.

It is noted that the above described switching between different groups or different
pairs of RF electrodes may be implemented in the devices and electrode assemblies of
the present application using different types of hardware implementations. In accordance
with one possible implementation, the controller used in the device (such as but not
limited to the controller unit 8 of Figs. 1-2) may perform the electrode group switching.
However, since the RF power delivered through the RF electrodes may be considerable,
the devices and/or electrode assemblies may have to include one or more switching units
(not shown) which may be connected between the controller unit 8 (or any other
controller type used in the device) and the RF electrodes.

For example, such controllable switching unit(s) may be implemented as part of the
controller unit 8 in devices having fixed electrode assemblies (such as, but not limited to
the applicator 36 of Fig. 3). Or within the housing 40 of the hand-held device 40 (of Fig.
4) However, such controllable switching unit(s) may be implemented, in accordance with
another different embodiment of the devices of the present application, as separate
independent switching unit(s) which may be included in the detachable electrode
assemblies (such as, but not limited to the detachable and/or disposable electrode

assemblies 46, 56 and 76 (of Fig. 4) or in hand-held applicators (such as but not limited

38



10

15

20

25

30

WO 2008/012827 PCT/IL2007/000945

to the applicator 36 (of Fig. 3). The construction and operation of such switching
devices in the RF range is well known in the art, is not the subject matter of present
application and is therefore not disclosed in detail hereinafter.

In operation, when switching pairs of electrodes or groups of electrodes, the
controller unit 8 (or any other type of controller unit used in implementing the device) of
the device may switch off the RF current for a short period of time (typically, but not
obligatorily, for a fraction of a second) and then the switching unit (not shown) may
switch to the next pair or next group of electrodes in order to prevent sparking in the
switching unit. After switching to the next pair or group of electrodes, the controller 8
(or any other type of controller unit used in implementing the device) may switch on the
RF current to activate the new electrodes pair or new electrode group.

It will be appreciated by those skilled in the art that the RF electrode pair (and/or
RF electrode group) switching method may operate in many modes and variations which
are not limited to the examples disclosed hereinabove and illustrated in Figs 8A-8D.

In accordance with an embodiment of the method of the present application, the
time periods during which different electrode pairs or different electrode pair (or
electrode group) combinations are activated may all have an equal duration.

In accordance with yet another embodiment of the electrode switching method, the
time periods during which different electrode pairs or different electrode pair
combinations are activated may have different non-equal durations.

In accordance with yet another embodiment of the electrode switching method, the
time periods during which different electrode pairs or different electrode pair
combinations are activated may be separated by time periods during which no RF
currents are applied to the skin.

In accordance with still another embodiment of the electrode switching method, the
time periods during which different electrode pairs or different electrode pair
combinations are activated may be contiguous such that a pair of electrodes or a
combination of electrode pairs start delivering RF currents to the skin immediately after
the previously active electrode pair or combination of electrode pairs stopped delivering

RF currents to the skin.
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In accordance with yet another embodiment of the electrode switching method, the
time periods during which different electrode pairs or different electrode pair
combinations are activated may temporally overlap.

It is noted that the electrode switching (and/or electrode pair switching) methods
disclosed hereinabove may be automatically performed by the devices and systems of the
present application. For example, the controller unit 8 of Figs 1-2 may be programmed
to perform any desired electrode pair switching sequence automatically when the device
10 or 20 is activated for delivering RF currents to the skin.

It will be appreciated by those skilled in the art that any type of electrode pair
switching sequence may be programmed into the devices of the present application. For
example, in accordance with one embodiment of the devices and systems of the present
application, the controller unit 8 may be programmed or configured for repeating a
specific pre-set or pre-programmed sequence of electrode pair activations as long as the
device is turned on and the various safety mechanisms included in the device allow the
passing of RF currents to the skin.

In accordance with another embodiment of the skin treating device, the controller
unit 8 may be programmed or configured for using a random or a pseudo-random
sequence of electrode pair activations as long as the device is turned on and the various
safety mechanisms included in the device permit or allow the passing of RF currents to
the skin.

In accordance wit still another embodiment of the skin treating device, the electrode
pair switching and/or the Electrode group switching of the devices and systems may be
automatically controlled by the controller unit of the device (such as, but not limited to
the controller unit(s) 8 and 13 of Figs, 1-2, and 14-16, respectively), based on the results
of sensing the temperature of one or more of the RF electrodes. For example, in
embodiments of the skin treating devices (such as, but not limited to, the devices 10, 20,
280, 300 and 320) which include temperature sensors configured for sensing the
temperature of any of the RF electrodes included in the device (either by being attached
to or embedded within the RF electrode, or by sensing IR radiation emitted by the RF
electrode, or by implementing any other method or sensor type for sensing the

temperature of one or more RF electrodes, as is known in the art), The controller of the
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device may continuously or intermittently determine the temperature of one or more RF
electrodes of the device by suitably processing the signals received from such
temperature sensors. If the temperature of an RF electrode included in an RF electrode
pair or RF electrode group exceeds a threshold value, the controller unit of the device
- may stop the application of RF energy to the Electrode pair or Electrode group which
contains the “hot” RF electrode and may switch on the application of RF energy to
another RF electrode pair or another RT electrode group having a temperature which
does not exceed the temperature threshold. The RF electrode pair or group which is
switched-on may be randomly selected or, alternatively, may be selected according to a
pre-programmed or preset sequence stored in a memory device connected to the
controller (not shown) or in a program operating on the controller. Thus, by
automatically switching off the RF power top electrode pairs or electrode groups
including an RF electrode having a temperature exceeding a safety temperature threshold
value, the device ensures that the skin of the treated patient or subject will not be
damaged by excessive heating of the skin by the RF electrode(s).

Such an safety electrode temperature threshold is preferably preset at the factory, but
may also possibly be set or programmed by the user (for example, by using one of the
dials 9 of the system 30 of Fig. 3 or the user interface 285 of Figs 14-16).

The RF electrode pair or group including the “hot” RF electrode which has been
switched off, is thus allowed to cool down such that its temperature is below the safety
threshold value. In accordance with one possible embodiment of this automatic
switching method, the RF electrode pair or group including such a “hot” RF electrode is
not reintroduced into the group of safely activatable RF electrode pairs or groups until
the temperature of the “hot” RF electrode is below the safety threshold value.

In accordance with another possible embodiment of the automatic switching
method, the RF electrode pair or group including such a “hot” RF electrode is not
reintroduced into the group of safely activatable RF electrode pairs or groups until the
temperature of the “hot” RF electrode is below another preset or user settable second
threshold value which is substantially lower than the safety threshold value. This may
advantageously ensure that RF electrode pairs or RF electrode groups which have not

had sufficient time to cool to a temperature substantially below the safety threshold value
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will not be reactivated ( will not be switched on) before it had enough time to cool to a
temperature ensuring a sufficiently long period of RF energy delivery to the skin before
the pair heats up again to a temperature exceeding the safety threshold value.

In accordance with yet another embodiment of the skin treating device, the
controller unit 8 may be programmed or configured such that it may be switched between
various different predetermined modes of operation. For example, any of the devices
disclosed hereinabove may be configured such that the user of the device may change the
mode of operation by choosing a mode of operation selected from a set of available
operational modes of the device. Such modes of operation may include but are not
limited to, the use of repeated pre-programmed sequences of electrode pair activation,
the use of random or a pseudo-random sequences of electrode pair activations, the use of
electrode activation sequences having varying predetermined electrode activation times
(duty cycles), and the like.

Those skilled in the art will appreciate that many different variations of RF current
application regimes and/or modes and/or sequences may be used in implementing the
devices and systems of the present application by varying or modifying one or more
parameters of the applied RF currents, including but not limited to, RF current intensity,
pulsed RF current duty cycle, RF current frequency, RF current application duration, the
number and configuration of electrodes or electrode pairs or electrode-pair combinations
being used, and any desired or useful combinations of these parameters. All such
different modes and variations are considered to be usable in the devices and systems of
the present application.

It is further noted that, in accordance with other embodiments of the devices and
systems disclosed herein, the shape, size, composition and geometrical arrangement of
the RF electrodes of the skin treating devices disclosed hereinabove may be varied to
adapt the device for a specific application. Thus, while the RF electrodes used in devices
40, 100, 120 are of equal size and shape, it may be possible, in accordance with another
embodiment of the devices and systems disclosed herein to use within the same device or
the same RF electrode assembly, RF electrodes having different size and shape. The
shape and size of different RF electrodes of devices having different RF electrode sizes

may depend, inter alia, on the current intensity needed, the electrode arrangement of the
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device, the particular region of skin to be treated, the available electrode pair
combinations and/or tripolar electrode configurations and other various engineering or

practical considerations.

Similarly, the electrode arrangements disclosed hereinabove and illustrated in the
drawing figures are given by way of example only and any other desired geometrical
arrangement of RF electrodes may be used for implementing the devices, systems and

electrode assemblies of the present invention.

Tt is noted that the exact current paths and current density distribution through the
treated skin region may depend, inter alia, on the number of active electrodes, on the
electrode polarity (the selection of anode and cathode of each activated electrode pair) of
the simultaneously operating electrode pairs, on the skin resistance to the applied current
and the precise geometry of the selected electrode pairs which are being simultaneously
operated.

It will be appreciated, that the type of electrode assembly with movable RF
electrodes disclosed hereinabove is not limited to having two movable electrodes as
illustrated in the exemplary electrode assembly 56 of Fig. 4. Rather, in accordance with
additional embodiments of the invention, a variety of different types and configurations
of devices and/or electrode assemblies having different types, numbers and
configurations of movable electrodes may be implemented and used.

Reference is now made to Figs. 9A-9C which are schematic diagrams illustrating
top views of three different possible RF electrode configurations of a device having three
controllably movable RF electrodes, in accordance with an additional embodiment of
the present application.

In Fig. 9A, the top part of the device 180 is schematically illustrated. The housing
180 has three elongated (slot-like) openings 182A, 182B and 182C formed therein.
Three movable RF electrodes 188A, 188B and 188C are movably disposed in the
openings 182A, 182B and 182C, respectively. Preferably (but not obligatorily), the
electrodes188A, 188B and 188C are spring loaded (not shown in detail in the top view of
Figs. 9A-9C), in a way similar to the electrodes 108A-108E of the electrode assembly
120 (of Fig. 6). Each of the electrodes 188A, 188B and 188C may be and controllably
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moved laterally along the length of the respective opening in which the electrode is
disposed. For Example, the RF electrode 188A may be controllably moved to any
desired position along the opening 182A. The other RF electrodes 188B and 183C may
each be similarly controllably moved within their respective openings 182B and 182C.

Each of Figs. 9A, 9B and 9C represents a different RF electrode configuration
achieved by moving the RF electrodes 188A, 188B and 188C to different positions
within the openings 182A, 182B and 132C.

Tt is noted that in each of the different electrode configurations illustrated in Figs.
9A, 9B and 9C, the distance between each of the electrodes and the other electrodes of
the device 180 are different (as compared to the other remaining electrode configurations
illustrated in the remaining figures. When the RF electrodes 188A, 188B and 188C are
in contact with the skin and RF currents are passed through the electrodes into the skin,
the RF current paths and the pattern of RF current distribution and depth of RF energy
distribution in the skin (not shown) will be different for each configuration illustrated in
Figs. 9A, 9B and 9C.

This ability to change the RF electrode configuration of the device (such as for
example the device 180 of Figs. 9A-9C and the device 40 in its configuration including
the attachable/ detachable electrode assembly 56 of Fig. 4) and inter-electrode distance(s)
by moving the electrodes may therefore be advantageously used to vary and to control
the distribution of RF energy within the skin.

The RF electrodes 188A, 188B and 188C of the device 180 may be moved using
any type of moving mechanism known in the art. For example, in accordance with one
embodiment of the devices and systems of the present application, the RF electrodes
188A, 188B and 188C may be suitable movably coupled to suitable linear motors
disposed within the device 180.

Reference is now made to Figs. 10A and 10B which are schematic top view
diagrams illustrating two electrode configurations of part of a moving mechanism
including a linear motor for moving an RF electrode, in accordance with an embodiment
of the devices and systems of the present application.

Turning to Fig. 10A, a linear motor 200 is suitably movably attached to an elongated
guide member 202A which forms part of a framework 202. By suitably operating the
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linear motor 200, the linear motor 200 may be moved along the guide member 202A in
the directions schematically represented by the double headed arrow 208 (the electrical
connections of the motor 200 are not shown in detail for the sake of clarity of
illustration). Turning to Fig. 10B, the motor 200 has moved along the guide member
202A to move the RF electrode 206 to a position that is different than the position of the
same electrode 206 illustrated in Fig. 10A.

An RF electrode 206 is attached to the linear motor 200 such that it moves along
with the motor 200. The RF electrode 206 may be any suitable type of RF electrode as
disclosed hereinabove and/or as is known in the art. It is noted that the electrical
conductors connected to the RF electrode 206 are not shown in Figs 10A-10B for the
sake of clarity of illustration. However, such conductors may be implemented as any
known type of electrical conductor known in the art, including but not limited to
electrically conducting wires or ribbons or the like (insulated and/or non-insulated).
Additionally, the guide member 202A and /or the framework 202 or parts thereof, and/or
parts of the motor 200 or the housing thereof may be made of electrically conducting
materials and may be used to form part of the electrical circuit supplying currents or
voltages to the RF electrode. The details of constructing such implementations of
electrical connections and circuits are well known in the art and are therefore not
discussed in detail hereinafter.

The framework 202 may be suitably attached to a housing (not shown) of a device
or an electrode assembly disclosed herein. For example, the framework 202 may be
suitably attached to the housing 180A of the device 180 of Fig. 9A or may be suitably
attached to the housing 58 of the RF electrode assembly 56 of Fig. 4.

Thus, for example, if the framework 202 is suitably rigidly attached to the housing
180A of the device 180 and the motor 200 is attached to the RF electrode 188A (instead
of to the electrode 206 of Fig. 10A), the RF electrode 188A may be controllably moved
to any selected position within (or along) the opening 182A (such as, but not limited to
the positions of the RF electrode 188A illustrated in Figs. 9A-9C) by suitably operating
the motor 200.

In accordance with an embodiment of the devices of the present application, each of

the electrodes 188A, 188B and 188C of the device 180 may be attached to a separate
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linear motor movably attached to a suitable framework (It is noted that the details of
connecting such motors and frameworks to the RF electrodes and to the housing of the
device 180 are not shown in Figs. 9A-9C, but may be easily understood by those skilled
in the art with reference to Figs. 10A and 10B). In this embodiment each of the RF
electrodes 188A, 188B and 188C may be independently and controllably moved within
its respective opening by controllably operating the motor associated therewith. The
three motors (not shown) may be controlled and operated by a suitable controller (not
shown in Figs 9A-9C), such as, but not limited to, the controller unit 8 (of Figs 1-2) or
by any other suitable controller or controllers as is known in the art. If the device 180
includes three different independent motor controllers for moving the different RF
electrodes 188A, 188B and 188C, the controller unit 8 may be configured for suitably
controlling and operating the three motor controllers (not shown) and for coordinating
the operation of the three motors being used.

It is noted that while the electrode 206 of Figs. 10A-10B is illustrated as being
fixedly attached to the motor 200, it is possible, in accordance with an additional
embodiment of the devices of the present application to implement the electrode 206 as a
spring mounted or spring loaded type of RF electrode (the spring is not shown) similar to
the spring loaded RF electrodes 108A-108E of Fig. 6. Such a spring loaded arrangement
may advantageously allow the movement of the electrode 206 in the directions
schematically represented by the double headed arrow 210 (of Figs 10A and 10B) to
improve the contact of the RF electrode 206 with the skin (not shown in Figs 10A and
10B), when the device 180 is pressed against the skin.

In accordance with yet another embodiment of the devices and systems of the
present application, it may be possible to change the distance between two different RF
electrodes by implementing at least some of the electrodes as fixed RF electrodes (with
respect to lateral movements represented by the double headed arrow 208 of Figs. 10A-
10B) that are stationary in the lateral direction, while being preferably (but not
obligatorily being) movable in the directions schematically represented by the double
headed arrow 210 of Figs 10A and 10B.

Reference is now made to Figs 11A-11B which are schematic diagrams illustrating

two different electrode configurations of part of a moving mechanism including a linear
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motor for moving a movable RF electrode relative to another laterally stationary RF
electrode, in accordance with another embodiment of the devices of the present
application.

Turning to Fig. 11A, a linear motor 200 is suitably movably attached to an
elongated guide member 202A which forms part of a framework 203. A movable RF
electrode 206 is suitably attached to the motor 200 as disclosed in detail hereinabove for
Figs 10A and 10B. A stationary (in the lateral direction) RF electrode 209 is attached to
the part 204 of the framework 203. By suitably operating the linear motor 200, the motor
200 may be moved together with the movable RF electrode 206 attached thereto along
the guide member 202A in the directions schematically represented by the double headed
arrow 208 (the electrical connections of the motor 200 are not shown in detail for the
sake of clarity of illustration).

Turning to Fig. 11B, the motor 200 has moved along the guide member 202A to
move the RF electrode 206 to a position that is different than the position of the same
electrode 206 illustrated in Fig. 11A. Due to the change in the position of the motor 200
in Fig. 11A and 11B, the distance D3 (Fig. 11A) between the electrodes 206 and 209 is
different (smaller) than the distance D4 between the electrodes 206 and 209 of Fig. 11B.

The RF electrodes 206 and 209 may be any suitable type of RF electrode as
disclosed hereinabove and/or as is known in the art. It is noted that the electrical
conductors connected to the RF electrodes 206 and 209 are not shown in Figs 11A-11B
for the sake of clarity of illustration. However, such conductors may be implemented as
any known type of electrical conductor known in the art, including but not limited to
electrically conducting wires or ribbons or the like (insulated and/or non-insulated).
Additionally, the guide member 202A and /or the framework 203 or parts thereof, and/or
parts of the motor 200 or the housing thereof may be made of electrically conducting
materials and may be used to form part of the electrical circuit supplying currents or
voltages to the RF electrodes. The details of constructing such implementations of
electrical connections and circuits are well known in the art and are therefore not

discussed in detail hereinafter.
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The framework 203 may be suitably attached to a housing (not shown) of a device
or an electrode assembly of the present application as disclosed in detail for the
framework 202 hereinabove.

It is noted that while the electrodes 206 and 209 of Figs. 11A-11B is illustrated as
being fixedly. attached to the motor 200 and to the framework 203, respectively, it is
possible, in accordance with an additional embodiment of the devices and systems of the
present application to implement the electrode 206 or the electrode 209 (or both of the
electrodes 206 and 209) as a spring mounted or spring loaded type of RF electrodes
(spring not shown) similar to the spring loaded RF electrodes 108A-108E of Fig. 6.
Such a spring loaded arrangement may advantageously allow the movement of the
electrode 206 (and/or the electrode 209) in the directions schematically represented by
the double headed arrows 210 and/or 212, respectively, (of Figs 11A and 11B) to
improve the contact of the RF electrode 206 and/or of the electrode 209 with the skin
(not shown in Figs 11A and 11B), when the device including the electrodes 206 and 209
is pressed against the skin.

It will be appreciated by those skilled in the art that the implementation of movable
electrodes of the devices and electrode assemblies disclosed herein is not limited to the
use of linear motors and of movable RF electrodes disposed within linear slots or
openings as disclosed hereinabove. Rather, the scope of the present application includes
any combination of movable RF electrodes and/or and of movable and stationary (or
fixed) RF electrodes which are disposed within and/or moved along any types of
openings and/ or slots, including linear openings, curved openings and any suitable
combinations and configurations of linear and curved openings. Such curved openings
may include but are not limited to circular openings, elliptical openings, openings that
are shaped as (non-closed) sections or parts of circles or ellipses, or any other irregularly
or regularly shaped openings known in the art.

Reference is now made to Figs. 12A-12B which are schematic top view diagrams, -
illustrating two different electrode configurations of part of a skin treatment device
having one stationary RF electrode and some RF electrodes that are movable within
elliptically shaped openings, in accordance with still another embodiment of the devices

and systems of the present application.
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Turning to Fig. 12A, a top view of the skin treatment device 220 is illustrated with
the side of the device 220 which includes the RF electrodes facing the viewer. The
housing 220A of the device 220 has two generally elliptical openings 222 and 224
formed therein with the outer elliptical opening 222 surrounding the inner elliptical
opening 224. Two RF electrodes 226 and 227 are movably disposed within the inner
opening 224 and may be controllably moved along the inner opening 224.  An
additional RF electrode 228 is movably disposed within the outer opening 222 and may
be controllably moved along the outer opening 222.

An additional RF electrode 230 is attached to the housing 220A of the device 220.
The RF electrode 230 may be fixed or may be spring mounted (as disclosed for the
electrodes 108A-108E of Fig. 6, for example). However, in contrast to the movable
electrodes 226-227 and 228 which may be moves within the openings 224 and 222
respectively, the RF electrode 230 may only be moved in a direction normal (generally
perpendicular) to the surface of the housing 220A in the case that a spring mounted
electrodes is used or may be immovably fixed to the housing 220A if a fully stationary or
fixed RF electrode is used. Thus, the movable RF electrodes 226- 227 and 228 may be
controllably moved (within the openings 222 and 224, respectively, on the surface of the
housing 220A) while the stationary RF electrode cannot be moved sideways (laterally)
on the surface of the housing 220A.

The device 220 includes suitable moving mechanism(s) (not shown in Figs 12A-
12B) which are coupled to the movable electrodes 226-227 and 228 and are arranged to
controllably move the RF electrodes 226-227 and 228 within the openings 224 and 222,
respectively. Such moving mechanisms are well known in the art, and may be easily
constructed by those skilled in the art. For Examples many different types of motors,
cogwheels, cams, pulleys or the like may be used to construct such electrode moving
mechanisms. Such moving mechanisms may be controlled by separate multiple control
mechanisms or control circuits or may also be controlled by a central controller or by any
suitable combination of a central controller and additional motor controllers. Any
motors used in such moving mechanisms may be a linear electrical motor(s), rotating

shaft motor(s), or any other suitable type of motor(s) which may also be coupled to any
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other movement mechanism known in the art and capable of moving the RF electrodes
226-227 and 228 within their respective openings 224 and 222, respectively.

The device 220 also includes three temperature sensors 225A, 225B and 225C for
sensing the skin temperature of the skin (not shown). The temperature sensors may be
any suitable type of temperature sensors, such as but not limited to, thermistors,
bollometers, IR sensors in the appropriate IR frequency range, or any other type of
suitable temperature sensors known in the art.

The sensors 2254, 225B and 225C may be used for closed loop control of electrode
group switching by sensing the skin temperature near the RF electrodes or by sensing the
temperature of the RF electrodes 226-228 and 230 and switching to another group or
another pair of electrodes if the skin temperature near an electrode or if the temperature
of an electrode exceeds a certain threshold value. The threshold value (or values, if more
than one threshold is used for different electrodes or for different skin regions, in
accordance with another embodiment of the methods of the present application) may be
factory preset or may be set by the user or operator of the device 220. Optionally,
different electrode temperature thresholds may be used for different electrodes
depending, inter alia, on the electrode shape, mass and thermal inertia. The controller of
the device 220 (such as, but not limited to, the controller unit 8 of Figs 1-2) may receive
the sensed signals from the temperature sensors 225A-225C and may use the signals to
compute the skin temperatures near or at the RF electrodes to control the RF current
application to the RF electrodes by group switching or pair switching as described in
detail hereinabove.

It is noted that typically for sensing the temperature of one or more electrodes of the
device 220 (or of any of the devices disclosed herein), the sensor(s) are preferably
implemented as small solid state type temperature sensors attached to or embedded
within the RF electrode(s). For example, small thermistor based temperature sensors
may be used by attaching the thermistor(s) or any other suitable temperature sensors to
the RF electrode or by embedding the sensors within the RF electrode, such that there is
a good thermal contact between the temperature sensor and the RF electrode. Such
temperature measurement methods and sensors are well known in the art and may be

casily implemented by those skilled in the art, and are therefore not described in detail
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hereinafter. However, it may also be possible to use any other suitable type of
temperature sensors (using contact or non-contact temperature measuring method) to
determine the temperature of the RF electrode(s), as is known in the art.

In operation of the device 220, RF currents may be applied to the skin through any
suitable pair of RF electrodes or group of RF electrodes selected from the RF electrodes
226-228 and 230. Any of the RF electrode pair switching or RF electrode group
switching methods disclosed hereinabove may be used in operation of the device 220.
Additionally or alternatively, one or more of the movable RF electrodes 226-228 may be
controllably moved to change the distance(s) between the RF electrodes 226-228 and
230 or between some of the RF electrodes 226-228 and 230.

Turning to Fig. 12B, a new electrode configuration is illustrated resulting from
moving each of the RF electrodes 226-228 to a new position which is different then their
former position illustrated in Fig. 12A. Note that the stationary RF electrode 230 has not
moved while the movable RF electrodes 226-228 have all moved to new positions.

It will be appreciated by the person skilled in the art that the changing of the
positions of the electrodes 226-228 may change the pattern of distribution of RF currents
and the distribution of RF energy deposition within the skin due to the resulting
difference in the current paths and depth and three dimensional current density pattern of
within the skin.

Thus, it is noted that the moving of any of the movable RF electrodes 226-228 to
new positions may advantageously contribute to changing the RF energy heating of both
superficial and deeper skin regions in such a way as to improve the more uniform heating
of both superficial and deeper skin tissue regions.

Tt is further noted that, in accordance with one possible embodiment of the methods
of the present application, the device 220 may be operated by using the electrode pair
switching methods and/or electrode group switching methods as disclosed hereinabove,
with or without moving any of the movable RF electrodes 226-228.

Similarly, in accordance with another possible embodiment of the methods of the
present application, the device 220 may be operated by moving any of the movable RF
electrodes 226-228 with or without using the electrode pair switching methods and/or

electrode group switching methods as disclosed hereinabove.
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Additionally, it may be possible to move any selected electrode or electrode
combination of the movable electrodes 226-228 of the device 220 with or without
moving the remaining movable electrodes.

It is also noted that many different modes of operation may be used in moving the
movable electrodes of the present application. For example, in accordance with one
possible mode of operation, one or more electrodes may be continuously moved during
the operation of the device 220.

In another exemplary mode of operation in accordance with an embodiment of the
methods of the present application, one or more of the movable RF electrodes 226-228
may be intermittently moved during the operation of the device 220 such that one or
more of the RF electrodes 226-228 is moved for a certain period of time and remains
stationary for another period of time (this sequence may be optionally repeated, with or
without using electrode pair switching or electrode group switching as disclosed in detail
hereinabove).

Similarly, various different RF electrode moving regimes and or sequences may be
used for each different movable electrode and such movement sequences may be
alternated between different movable RF electrodes.

Tt will be appreciated by those skilled in the art that many other combinations and
permutations of electrode movements and/or movement temporal patterns and sequences
and of electrode group switching and sequencing methods and/or temporal sequences
may be used in various additional different embodiments of the invention. All such
permutations and variations are contemplated to be included in the methods of the
present application.

It is noted that the movable RF electrodes of the present application may be
implemented in hand held applicators with fixed electrode assemblies and in any of the
attachable/detachable RF electrode assemblies of the present application.

It is also noted that the anti-sparking methods and switches disclosed hereinabove
and illustrated in Fig. 7A-7B may also be implemented in the construction and operation
of any of the skin treatment devices and/or RF electrode assemblies (fixed and/or

detachable) including movable RF electrodes.
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Furthermore, the devices and systems described herein may be configured to have
multiple (two or more) RF electrode groups.

Reference is now made to Fig. 13 is a schematic isometric view illustrating an RF
electrode assembly having eight RF electrodes arranged in two RF electrode groups in
accordance with an embodiment of RF electrode assemblies of the present application.

The RF electrode assembly 256 includes an assembly housing 250 (which may be
similar in construction to the assembly housing 58 and/or 78 of Fig. 4). The front surface
256A of the RF electrode assembly 256 includes two groups of RF electrodes disposed
therein. Each electrode group includes four RF electrodes. The first RF electrode group
includes RF electrodes 258A, 258B, 258C and 258D and the second RF electrode group
includes RF electrodes 260A, 260B, 260C and 260D. The RF electrode assembly 256
also includes electrical contacts 62 as disclosed in detail hereinabove (See Fig. 4). The
RF electrode assembly 256 may also (optionally) include a sensor 52 for determining the
velocity of the RF electrode assembly 256 relative to the skin, as disclosed in 'detail
hereinabove, and an (optional) temperature sensor units 225A, 225B and 225C
(constructed and operating as disclosed in detail hereinabove with respect to Figs. 12A
and 12B).

The RF electrode assembly 256 may be a detachable electrode assembly similar in
construction to the electrode assembly 76 (of Fig. 4), or a permanent (fixed) electrode
assembly, as described in detail hereinabove.

In accordance with one possible embodiment, the two electrode groups 258A-258D
and 260A-260D may all be energized by a single RF energy generating unit (such as, but
not limited to, the RF energy generating unit 4 of Figs 1-2). The application of RF
currents to the skin through different pairs of RF electrode within each RF electrode
group may be performed by any of the electrode pair switching methods as described in
detail hereinabove (including, but not limited to bipolar and tripolar RF electrode
configurations as described in detail hereinabove).

It is noted that while in the exemplary embodiment illustrated in Fig. 13, the number
of electrodes, the geometrical arrangement and the size and type of RF electrodes within
the electrode group including RF electrodes 258A-258D are identical to the number of

electrodes, the geometrical arrangement and the size and type of the RF electrodes within
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the electrode group including RF electrodes 260A-260D, this is by no way obligatory.
Thus, the number of electrodes, the geometrical arrangement of the electrodes and the
size and type of electrodes included in each RF electrode group may vary according to
need and purpose of different embodiments of the device and may differ in different RF
electrode groups of the same device.

In accordance with another possible embodiment, each of the two electrode groups
258A-258D and 260A-260D may be energized by a different RF energy generating unit.

Reference is now made to Fig. 14 which is a schematic block diagram illustrating the
components of a device for skin treatment, having two ‘RF energy generating units in
accordance with an embodiment of the devices and systems of the present application.

The device 280 includes a power source 12 for providing power to the various
components of the device 280. The power source 12 is preferably an electrical power
source as described in detail hereinabove (with respect to Figs 1-2). The power source
12 may be internal to the device 280 (as illustrated in Fig. 14) but may also be disposed
external to the device 280 (similar to the configuration illustrated in Fig. 2). It is noted
that the connections of the power source 12 with the power consuming components of
the device 280 (of Fig. 14) are not shown for the sake of clarity of illustration.

The device 280 also includes one or more controller unit(s) 13, suitably connected to
two RF energy generating units 270 and 272. The RF energy generating unit 270 is
suitably connected to RF electrodes 258A-258D to provide RF energy to the electrodes
258A-258D and the RF energy generating unit 272 is suitably connected to RF
electrodes 260A-260D to provide RF energy to the electrodes 260A-260D.

The device 280 also includes a user interface 285 suitably connected to the controller
unit(s) 13 for receiving output signals and data from the controller unit(s) 13 and for
inputting user commands or control signals to the controller unit(s) 13. The user
interface 285 may be any type of user interface known in the art and may include any
components usable for communicating user commands or control input to the device
280 and from outputting data signals and/or and status signals and/or alarm signals to the
user.

For example, the user interface 285 may include but is not limited to any

combination of display units (such as, for example the display unit 29 of Fig. 3) for
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presenting visual output to the user, audible signal units (such as, for example. the
speaker unit 28 of Fig. 3) for producing indicating audible signals and/or alarm signals to
the user, keyboards, keypads, light-pens, touch-screens, a mouse, one or more pointing
devices useable for receiving input from the user, and any other input or output devices
for allowing communication between the user and the device as is known in the art.

While, preferably, the controller unit(s) 13 is implemented as a single controller unit,
it may be possible to implement the controller unit(s) 13 as two or more different
controller units, if desired. If more than one controller unit 13 is used, the different
controller units 13 may be in communication by being suitably connected (not shown in
Fig. 14) in order to synchronize their operation. Alternatively, each of the different
controller units in a multi-controller implementation of the device 280 may be operated
independent of any other controller unit. For example, if two controller units are used,
the first controller unit may be used for independently controlling the application of RF
energy to the skin through the electrode group including the RF electrodes 258A-258D
and the second controller unit may be used for independently controlling the application
of RF energy to the skin through the electrode group including the RF electrodes 260A-
260D.

It is noted that if any of the RF electrodes 258A-258-D and 260A-160D of the device
280 are implemented as laterally movable electrodes, as disclosed in detail hereinabove,
the device 280 may also include an electrode moving unit 290, suitably connected to the
controller unit(s) 13. The electrode moving unit 290 may be implemented as any type of
suitable moving mechanism known in the art, including but not limited to the linear
motors disclosed in detail herein (with respect to Figs. 9A-9B, 10A-10B and 11A-11B)
or as any other suitable type of motor or moving mechanism disclosed herein or known
in the art. Such moving mechanisms may include but are not limited to, linear motors,
non-linear motor(s), gear coupled motors, electromechanical moving mechanisms and
devices, electromagnetic moving mechanisms, solenoid actuated moving mechanisms,
stepper motors, or any other moving mechanism capable of moving an RF electrode in
any suitable direction, as is known in the art. The controller unit(s) 13 may in such a

case control the operation of such an electrode moving unit 290, by suitably controlling
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the operations of any motors and/or moving mechanisms used for changing the positions
of the RF electrode(s) relative to each other.

The application of RF energy to the skin through each of the electrode groups 258A-
258D and 260A-260D may be implemented using any method of RF electrode switching
described hereinabove, including but not limited to electrode pair switching, bipolar
and/or tripolar electrode configurations, as disclosed hereinabove.

The electrode pair switching methods and/or electrode group switching methods used
within each RF electrode group may be identical or may be different within each RF
electrode group of the device 280. For example, the application of RF energy to the skin
by the RF electrode group including RF electrodes 258A-258D may be operated
separately and/or independently and/or non-synchronously from the application of RF
energy to the skin by the RF electrode group including the RF electrodes 260A-260D.

However, it is also contemplated in accordance with another embodiment of the
device 280 to synchronize or at least partially coordinate the operation of RF energy to
the skin through the two (or more than two) RF electrode groups.

It is noted that while the RF electrode assembly 256 of Fig. 13 is illustrated as an
embodiment having stationary RF electrodes, in accordance with an additional
embodiment, all or some of the electrodes 258A-258D and 260A-260D may be movable
and/or spring mounted to enable movement in a direction generally perpendicular to the
surface 256A of the RF electrode assembly 256 as disclosed in detail hereinabove and
illustrated in Figs. 5-6 and 7A-7B and may also have micro-switch (or other sensor type)
implemented spark prevention mechanisms.

Furthermore, while the RF electrode assembly 256 of Fig. 13 is illustrated as an
embodiment having laterally stationary electrodes, other embodiments may be
implemented using laterally movable electrodes that may disposed 'in suitable slot-like
openings (not shown in Fig. 13) formed in the housing 250 of the RF electrode assembly
256. Such movable electrode arrangement may be implemented using any of the
methods and moving mechanisms disclosed in detail hereinabove with respect to Figs. 4,
9A-9C, 10A-10B, 11A-11B and 12A-12B and may be controllably moved laterally
within such slots as described hereinabove to change the distance between some or all of
the RF electrodes 258A-258D and/or 260A-276D, as described in detail hereinabove. It
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is noted that any other suitable methods and mechanisms known in the art for moving the
RF electrodes 258A-258D and/or 260A-276D may be implemented.

In 2 non-limiting example, if an electrode pair switching method is used, the order of
operation and or selection of the electrode pair(s) in the two (or more than two) different
RF electrode groups may be identical within each of the RF electrode groups (provided
that the number and type of RF electrodes within each RF electrode group is identical).

Tn another non-limiting example, if an electrode pair switching method is used, the
order of operation and or selection of the electrode pair(s) in the two (or more than two)
different RF electrode groups may be different within each of the RF electrode groups.

It is noted that using a plurality of RF energy generating units in the device 280 may
be used to enable the implementation of devices for treatment of large skin regions,
without having to resort to the use of a single, large high power (and therefore
expensive) power RF energy generating unit. The advantages of the use of such multiple
RF energy generating units may include, inter alia, reduction of component cost, and
more efficient and economical heat dissipation in the device.

Furthermore, in accordance with an embodiment of the device 280, the RF energy
generating unit 270 is similar to the RF energy generating unit 272. In operation, the RF
energy generating units 270 and 272 are operated at similar (but not necessarily identical)
RF frequencies. For éiample, in accordance with one embodiment of the device 280,
both RF energy generating units 270 and 272 are operated at the nominal RF frequency
of IMHz. However, since the RF energy generating units 270 and 272 are typically not
operating in phase (as the RF frequency oscillators of the two units may be out of phase
with each other), this may result in location dependent interference of the RF waves
along and within the treated skin region. Thus in skin regions in which there is a
superposition of peaks of RF waves, the RF wave amplitude may be up to twice the
amplitude of the wave peak of a single wave from a single RF energy generating unit)
and the instantaneous RF power dissipation may be up to four times that of the single
wave from a single RF energy generating unit operated alone), as the power dissipation
within the skin is proportional to the squared wave amplitude.

Thus, by operating two (or more than two) non-phase synchronized RF energy

generating units to treat a skin region it is possible to advantageously reach higher levels
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RF power delivery in at least some skin regions (where there is constructive wave
interference) with concomitant increase in local skin temperatures in such skin regions.
When movable and/or switchable electrode pairs and/or electrode group
configurations are being used as described in detail hereinabove, the regions of
constructive interference will vary and shift within the skin in accordance with electrode
pair activation and/or electrode movements (lateral movements and/or movements
generally perpendicular to the electrode assembly surface), to average the power
dissipation over time (thus, effectively avoiding permanent “hot spot” formation).

It is noted though that in accordance with another embodiment of the device the same
RF wave superposition may be achieved by using a single RF energy generating unit in
combination with a phase shifting device.

Reference is now made to Fig. 15 which is a schematic block diagram illustrating the
components of a skin treating device including a single RF energy generating unit, a
phase shifting unit and two RF electrode groups.

The skin treating device 300 includes the controller unit(s) 13 and a user interface
285 suitably connected to the controller unit(s) 13 as described in detail hereinabove
with respect to Fig. 14. The device 300 also includes an RF energy generating unit 302
suitably connected to the controller unit 13 and one or more (optional) sensor units 282
suitably coupled to the controller unit(s) 13. The sensor units(s) 282 may include any
type of desired sensor or sensors combination, including but not limited to the various
temperature sensor types described herein (such as but not limited to the temperature
sensors 225A-225C of Figs. 12A-12B and Fig. 13), velocity sensor units (such as, but
not limited to the velocity sensors units 52 and 114 of Figs. 4 and 6 , respectively),
micro-switch type sensors (such as but not limited to the micro-switch 140 of Figs. 7A-
7B), or any other type of sensor known in the art.

The device 300 further includes a power source 12 as disclosed hereinabove. In the
embodiment illustrated in Fig. 15, the power source 12 is an internal power source
included within the device 300. However, in accordance with an additional embodiment,
the poWer source 12 may be an external power source disposed outside the device 300

(not shown in Fig. 15). It is noted that the electrical connections of the power source 12

58



10

15

20

25

30

WO 2008/012827 PCT/IL2007/000945

with the various electrical power requiring components of the device 300 are not shown
in Fig. 15 for the sake of clarity of illustration.

The device 300 further includes RF electrodes 310, 312, 314 and 316 arranged in two
electrode groups. A first group of electrodes labeled Group-A, includes RF electrodes
310 and 312. A second group of electrodes labeled Group-B includes RF electrodes 314
and 316. Electrodes 310 and 314 are electrically connected to the first end of the output
(secondary) transformer coil 303 of the RF energy generating unit 302 and RF electrodes
312 and 316 are electrically connected to the other end of the output transformer coil
303. A phase shifting unit 306 is electrically connected between the RF electrode 310
and the first end of the output transformer coil 303 (as illustrated in Fig. 15). This type
of arrangement introduces a phase shift in the waveform of the RF wave applied to the
skin (not shown in Fig. 15) by electrodes 310 and 312 relative to the RF wave applied to
the skin by RF electrodes 314 and 316.

The phase shifting unit 306 may be any suitable phase shifting unit or circuit
operable in the RF frequency range. For example, the phase shifting unit 306 may be an
RC circuit (including a combination of resistive and capacitive electrical elements) or an
RLC (including resistive, capacitive and inductive electrical elements), as is well known
in the art. However, any suitable type of device or electrical circuit capable of
introducing a phase shift into an electromagnetic waveform may be used to implement
the phase shifting unit 306.

It is noted that while the RF energy generating unit 302 of Fig. 15 includes a single
secondary output coil 303 which provides RF energy to all the RF electrodes 310, 312,
314 and 316 of groups A and B of RF electrodes, it may be possible in accordance with
another embodiment of the device 300 to use an RF energy generating unit having
multiple secondary output coils (not shown in Fig. 15) as is known in the art. In such a
case, each electrode pair (such as, for example, the electrode pair including RF
electrodes 310 and 312 and the electrode pair including the RF electrodes 314 and 316)
may be electrically connected to the output terminals of a different output (secondary)
coil of the plurality of multiple output coils of the RF energy generating unit. In such a

case multiple phase shifting units may be used and each different phase shifting unit may
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be connected between one terminal of each output (secondary) coil and one of the RF
electrodes of an RF electrode pair.

It is noted that while the embodiment of the device 300 illustrated in Fig. 135
discloses an implementation including only two electrode pair groups (group-A and
Group-B) it is possible to implement other embodiments of the device having more than
two electrode pairs by suitably increasing the number of electrode pairs to include any
desired number of electrode pairs (with additional phase shifting units, where necessary).

Similarly, while the device 300 of Fig. 15 includes RF electrode pairs, it may be
possible to use different embodiments of the device using electrode groups that may
include more than two RF electrodes per group. For example, in accordance with
another embodiment of the skin treating device, one or more of the RF electrode groups
may include three RF electrodes arranged and operated in a tripolar configuration. In
such RF electrode triplets, the phase shifting unit of the tripolar electrode group may be
connected to only one of the three RF electrodes of each RF electrode triplets.

Thus, in accordance with other different embodiments of the skin treating device
300, any suitable combination of RF electrode groups and configurations may be used
with or without phase shifting, such as but not limited to, multiple RF electrode groups,
any selected number of RF electrodes within any of the electrode groups. And any
suitable number and type of phase shifting units implemented to introduce a phase shift
of the RF waveform(s) of at least one RF electrode group relative to the phase of at least
one other RF electrode group of the device.

Furthermore, some or all of the RF electrodes used in the multiple RF electrode
groups of skin treatment devices using phase shifting methods may be stationary (fixed)
electrodes or movable electrodes as disclosed in detail hereinabove. Such movable
electrodes may be movable in a direction generally perpendicular to the surface of the RF
applicator (such as, for example, the RF electrode 128 of Figs. 7A-7B and the RF
electrodes 10A-108E of Figs. 5 and 6), or may be laterally movable as disclosed in detail
hereinabove (such as, but not limited to the laterally movable RF electrodes 68A-68B of
the electrode assembly 56 of Fig. 4, the laterally movable RF electrodes188A-188C of
Figs. 9A-9C, the laterally movable RF electrode 206 of Figs 10A-10B and the laterally
movable RF electrodes 226 227 and 228 of Figs. 12A-12B). If any of the RF electrodes
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310, 312, 314, and 316 are implemented as movable electrodes, the device 300 may
include the electrode moving unit 290 which may be connected to the controller unit(s)
13, as disclosed in detail hereinabove with respect to the electrode moving unit 290 of
the device 280 (of Fig. 14).

Alternatively or additionally, some or all of the RF electrodes of the skin treating
devices described herein may be movable electrodes which may be moved in a direction
generally perpendicular to the front surface of the RF applicator as well as in lateral
direction (generally parallel to the surface of the RF applicator in which the RF
electrodes are disposed).

It is noted that in accordance with another embodiment of the skin treatment device,
more than two RF energy generating units may (optionally) be used in the devices to
pfovide RF energy to more than two groups of RF electrodes. Thus the devices may
include any desired practical number N of RF energy generating units for operating M
groups of RF electrodes (where N and M are integer numbers, and wherein M may be
equal to or different than N). The construction and operation of such device
embodiments with multiple RF electrode groups and multiple RF energy sources may be
easily achieved by those skilled in the art based on the Examples and principles
described herein.

The use of multiple RF energy generating units operating at different RF
frequencies may be implemented in different types of RF energy application methods
and device configurations. The first type of device is a device including several (two or
more than two) different RF energy generating units in the same device with each RF
energy generating unit operating in a different RF frequency or in a different RF
frequency band while each group or pair of RF electrodes is electrically coupled to a
single RF energy generating unit operating in a single RF frequency or in a single RF
frequency band.

Turning back to Fig. 14, in accordance with another embodiment of the device 280,
the RF energy generating unit 270 may be different than the RF energy generating unit
272. The differences between the RF energy generating units 270 and 272 may include
but are not limited to differences in the RF frequency used, the RF frequency band used
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the total power delivery capacity, the duty cycle (if pulsed RF is being used), or any other
characteristic of the RF application to the skin.

For example, in accordance with one exemplary embodiment of the device 280, the
RF energy generating unit 270 may operate using RF frequencies at or about 1.0 MHz,
and the RF energy generating unit 272 may operate using RF frequencies at or about 10.0
MHz.

It is known that different frequencies of RF may be differentially absorbed by
different types of tissues. For example, RF frequencies in the range of 0.35-1.5MHz are
preferentially more efficiently absorbed by fatty tissues such as, for example sub-dermal
or hypodermal adipose tissues, while RF frequencies in the range of 4.0-15.0MHz are
preferentially more efficiently absorbed by non-fatty epidermal and/or dermal tissues.

Thus, in applications in which it is desired to preferentially heat deeper fatty tissues
such as hypodermal adipose tissues or rete pegs (such as, for example, in cellulite
reduction applications), it is possible to operate the device 280 in a first mode by
switching on only the RF energy generating unit 270 and applying RF frequencies at or
about 1.0MHz to the skin through the electrode group including the RF electrodes 258A-
258D for preferentially heating fatty skin tissues. In such a mode of operation, the RF
energy generating unit 272 is switched off so that no RF energy is applied to the skin
through the remaining electrode group including RF electrodes 260A-260D.

Thus, the RF frequency or frequencies applied in different operating modes of the
devices and systems disclosed in the present application may be selected for
preferentially heating different types of skin tissues selected from fatty skin tissue,
hypodermal adipose tissue, tete pegs, non-fatty dermal tissue, epidermal tissue and
various combinations thereof.

Alternatively, in applications in which it is desired to heat the skin layer substantially
uniformly (such as, for example, in skin-tightening applications in which it is desired to
heat both superficial and deeper skin layers to effect contraction of collagen as uniformly
as possible throughout all skin layers), it is possible to operate the device 280 in a second
mode by switching on both of the RF energy generating units 270 and 272 to apply RF
frequencies having frequencies at or about 1MHz to the skin through the electrode group
including the RF electrodes 258A-258D RF while simultaneously applying RF
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frequencies at or about 10.0MHz to the skin through the remaining electrode group
including RF electrodes 260A-260D.

In a third operation mode of the device 280, it is possible to switch on only the RF
energy generating unit 272 (while the RF energy generating unit 270 is switched off) and
to apply RF energy to the skin using RF frequencies at or about 10.0MHzthrough the RF
electrodes 260A-260D. Such a mode of operation may be used if it is desired to
preferentially heat non-fatty skin tissues.

It is noted that while the device 280 is configured for using two different RF
frequencies or two different RF frequency bands), it may also be possible to use more
than two RF frequencies or two RF frequency bands by including additional RF
generating units (not shown in Fig. 14) capable of delivering additional appropriate RF
frequencies or RF frequency bands. Such additional RF energy generating units may be
suitably connected to suitable additional RF electrodes (not shown in Fig. 14) for
applying the Additional RF frequencies to the skin.

It is noted that while the device 280 is configured such that the RF electrodes 258A-
258D are hard-wired to the RF energy generating unit 270 and the RF electrodes 260A-
260D are hard-wired to the RF energy generating unit 272, this is not obligatory and
devices may be configured such that different various combinations of RF frequencies or
RF frequency bands may be flexibly and controllably applied to the skin through any
selected RF electrodes and/or RF electrode groups.

Reference is now made to Fig. 16 which is a schematic block diagram illustrating
the components of a skin treatment device having a plurality of RF energy generating
units controllably connectable to a plurality of RF electrodes.

The skin treating device 320 of Fig. 16 includes the one or more controller units 13,
the user interface 285, the power source 12 and the sensor unit(s) 282 interconnected as
disclosed in detail for Fig. 15 hereinabove.

The device 320 also includes a plurality M of RF generating units 315A,
315B....315M. Each of the RF generating units 315A-315M is constructed to operate at
a specific RF frequency or a specific RF frequency band. The RF frequencies and/or RF
frequency bands of the different RF generating unit may be different for each RF energy
generating unit or at least for some of the RF energy generating units 315A-315M. If

63



10

15

20

25

30

WO 2008/012827 PCT/IL2007/000945

RF frequency bands are used The RF frequency bands of at least some of the RF energy
generating units 315A-315M may be different (i.e. completely non-overlapping
frequency bands). Alternatively or additionally, for at least some (or for all) of the
different RF energy generating units 315A-315M, the RF frequency bands may
completely or partially overlap.

The device 320 further includes a multiplexing/switching unit 330 suitably connected
to each of the RF energy generating units 315A-315M. The multiplexing/switching unit
330 is suitable electrically connected to a plurality N of RF electrodes 312A, 312B,
312C... 312N.

The multiplexing/switching unit 330 includes a plurality of controllable switches (not
shown in Fig. 16 for the sake of clarity of illustration) such that the controller unit(s) 13
may individually control each and every of the switches included in the
multiplexing/switching unit 330. The multiplexing/switching unit 330 is configured
such that any combination of RF energy generating units selected from the RF generating
units 315A-315M may be electrically connected or coupled to any combination of RF
electrodes selected from the plurality of RF electrodes 312A-312N. The construction
details of such multiplexing/switching units (including electromechanical multiplexers
and solid state multiplexers) is well known in the art, is not the subject matter of the
present application and is therefore not described in detail hereinafter.

By using the multiplexing/switching unit 330 under the control of the controller
unit(s) 13, it is possible to apply to any selected pair or pairs of RF electrodes or to each
selected group of RF electrodes any combination of RF frequencies or any combination
of RF frequency bands by controllably changing (by connecting or disconnecting) the
connectivity of the RF energy generating units 315A-315M to any of the RF electrodes
312A-312N. )

It is noted that in accordance with another embodiment of the multi-frequency skin
treating device disclosed herein, the multiplexing/switching unit 330 may include any
suitable number of phase shifting devices (not shown in detail in Fig. 16 for the sake of
clarity of illustration) which may be controllably electrically connectable between one or
more of the M RF energy generating units 315A-315M and one or more RF electrodes
selected from the plurality of N RF electrodes 312A-312N. Such phase shifting units
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may be used to shift the phase of the RF electromagnetic wave of some RF electrodes
relative to the phase of other RF electromagnetic waves applied through other RF
electrodes. This may be useful for creating interference of RF waveforms in the skin with
the same localized or region specific increase of RF power dissipation as disclosed
hereinabove with respect to the device 300 of Fig. 15.

It is noted that in accordance with another embodiment of the multi-frequency skin
treating device disclosed herein, any RF electrodes selected from the plurality of RF
electrodes 312A-312N may be movable RF electrodes (such as, but not limited to the
movable electrodes 68A and 68B of Fig. 4 or any of the movable electrodes illustrated in
Figs. 9A-9C, 10A-10B, 11A-11B, 12A-12B) and the device 320 may also include the
electrode moving unit 290 (of Fig. 15) connected to the controller unit(s) 13 for
controlling the moving of such movable electrodes as disclosed in detail hereinabove.

In accordance with one possible non-limiting example of the device 320, if M=2 (
i.e. there are two RF energy generating units in the device 320) and N= 4 (i.e. there are
four RF electrode 312A, 312B, 312C and 312D in the device 320), and if the RF energy
generating unit 315A is constructed to operate at the RF frequency of 0.5 MHz and the
RF energy generating unit 315B is constructed to operate at the RF frequency of
10.0MHz, and if there are two bipolar electrode pairs, an electrode pair A including RF
electrodes 312A-312B and an electrode pair B including RF electrodes 312C-312D, it

may be possible to deliver to the skin the following RF frequency combinations:

1) Each of the electrode pairs A and B applies a combination of both RF frequencies
(0.5MHz + 10.0MHz) to the skin.

2) The RF frequency 0.5MHz is applied to the skin through electrode pair A and the
RF frequency 10.0MHz is applied to the skin through electrode pair B.

3) The RF frequency 0.5SMHz is applied to the skin through electrode pair B and the
RF frequency 10.0MHz is applied to the skin through electrode pair A.

4) The RF frequency 0.5MHz is applied to the skin through electrode pair A and the
RF frequency combination of 0.5MHz+10.0MHz is applied to the skin through electrode
pair B.

5) The RF frequency 0.5MHz is applied to the skin through electrode pair B and the
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RF frequency combination of 0.5MHz+10.0MHz is applied to the skin through electrode
pair A.

6) The RF frequency 10.0MHz is applied to the skin through electrode pair B and
the RF frequency combination of 0.5MHz+10.0MHz is applied to the skin through
electrode pair A.

7) The RF frequency 10.0MHz is applied to the skin through electrode pair A and
the RF frequency combination of 0.5MHz+10.0MHz is applied to the skin through
electrode pair B.

8) The RF frequency 10.0MHz is applied to the skin through electrode pair A (no RF
energy is applied through the RF electrode pair B).

9) The RF frequency 10.0MHz is applied to the skin through electrode pair B (no RF
energy is applied through the RF electrode pair A).

10) The RF frequency 0.5MHz is applied to the skin through electrode pair A (no RF
energy is applied through the RF electrode pair B).

11) The RF frequency 0.5MHz is applied to the skin through electrode pair B (no RF
energy is applied through the RF electrode pair A).

12) The RF frequency combination of 0.5SMHz+10.0MHz is applied to the skin
through electrode pair A and no RF frequency is applied to the skin through the electrode
pair B.

13) The RF frequency combination of 0.5SMHz+10.0MHz is applied to the skin
through electrode pair B and no RF frequency is applied to the skin through the electrode
pair A.

14) No RF Frequency is applied to the skin through the electrode pairs A and B.

It is noted that since the RF electrode pairs A and B have different spatial locations
on the skin, each of the above fourteen possible electrode and frequency combinations
represents a different and unique RF energy application pattern to the skin (including the
fourteenth combination which represents zero RF energy application to the skin).

When we add to this the fact that M an N may be varied at will, and that any of the
electrodes 312A-312N may be implemented as a stationary or as a laterally movable

electrode, and that any of the phase shifting methods described hereinabove may also be
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applied to the device 320 by proper inclusion of suitable phase shifting units in the
device 320, it is apparent that the device 320 may enable a very large number of RF
electrode and RF frequency combinations which may be used to achieve a very fine
degree of control over the distribution pattern of RF energy and the resulting heating of
various regions of the skin.

Furthermore, any of the above indicated combinations and any other possible higher
numbers of combinations with higher numbers of RF electrodes and of application of
different multiple RF frequencies and/or multiple frequency bands to the skin (including
all possible combinations with or without phase shifting, different RF electrode distances
using different movable electrode configuration and distances, and multiple different
electrode group switching methods as disclosed hereinabove) may be activated and/or
inactivated at different time periods during the skin treatment to enable fine control of
treatment parameters, including but not limited to, differential heating of different skin
layers or skin regions, prevention of sparking and of exceeding safe skin temperature
and/or RF electrode temperatures, and the degree of uniformity of heat distribution
within selected skin layers or regions.

All such RF energy application regimes and modes may be effected by automatic
control of the timing of activation of various electrode groups, the applied RF
frequencies, active electrode group selection, active control of inter-electrode distance
modifications and active control of RF phase shifting, by the processing of different
signals received from any of the above disclosed sensor(s) or sensor combinations
controlling changes in any of the above described RF energy application modes and
configurations based on data obtained by the controller unit through processing of the
signal received from the sensor(s).

Alternatively or additionally, control of RF 'energy application to the skin may be
achieved by selecting (by the user, through the appropriate user interface) of selected
preset or user programmable sequences of RF energy application available for the device
or system by using any of the control methods and combinations disclosed hereinabove
to determine the treatment mode (such as, but not limited to, cellulite reduction mode or
skin tightening mode or face sculpturing mode or any other suitable mode of operation of

the device or system).
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In accordance with an embodiment of the devices and systems of the present
application, the selection of any such modes by the user does not interfere with any of
the safety features included in the device (such as, but not limited to the sparking
prevention or reduction methods, the skin and/or electrode temperature threshold based
safety methods, or any other safety method or mechanism being used by the device or
system) which may continue to operate independently and which may have a
programmed priority or overriding control over RF energy application (by possible
termination thereof) in cases where any of the safety thfeshold(s) have been exceeded or
the indication of possible sparking has been detected, as described in detail hereinabove.

It is noted that all possible different combinations, permutations and sub-
combinations of the RF application methods described herein may be used in
implementing and operating the devices and systems disclosed in the present application,
including but not limited to, any possible combinations, sub-combinations and
permutations of the methods of RF electrode pair switching, RF electrode group
switching, application of Multiple different RF frequencies and/or RF frequency bands
though multiple different RF electrode combinations, RF electrode moving methods, and
phase shifting methods, as described herein.

Similarly, all possible different combinations, permutations and sub-combinations of
the device and/or system configurations described in the present application may be used
in implementations, embodiménts and operation of the devices and systems of the
present application, including but not limited to, any possible combinations, sub-
combinations and permutations of RF electrode structure, RF electrode geometrical
arrangement, RF electrode group configuration, RF energy generating unit(s) structure,
the number of RF energy generating units per device, RF energy generating unit(s)
operating frequency and/or operating frequency band characteristics, frequencies, the
inclusion of Multiplexing/switching unit(s), the use of stationary and/or perpendicularly
movable RF electrodes and/or laterally movable RF electrodes as well as any
combinations thereof, the structure, number and configuration of phase shifting unit(s),
the type, number and configuration of the various sensor units for sensing the
temperature of the skin and/or the temperature of one or more RF electrodes as described

herein, the type, structure, number and configuration of (optional) velocity determining
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sensor units for controlling the application of RF energy depending on the velocity of
device movement relative to the skin, the type, structure, number and configuration of
sensing units for sensing the presence or absence of contact of RF electrode with the
skin, and type, number, structure and configuration of the user interface(s) included in
the device and/or system.

Thus, any of the embodiments of the devices and/or systems disclosed herein may
include but are not limited to, devices having multiple fixed (stationary) RF electrodes
configured for using electrode pair switching methods and/or electrode group switching
methods, as disclosed in detail hereinabove, devices having perpendicularly movable RF
electrodes configured for using electrode pair switching methods and/or electrode group
switching methods, as disclosed in detail hereinabove, devices having one or more
laterally movable RF electrodes configured for using electrode pair switching methods
and/or electrode group switching methods, as disclosed in detail hereinabove, devices
having one or more perpendicularly and laterally movable and RF electrodes configured
for using electrode pair switching methods and/or electrode group switching methods, as
disclosed in detail hereinabove, devices having one or more laterally movable RF
electrodes that are not configured for performing electrode pair switching and/or
electrode group switching, as disclosed in detail hereinabove.

Furthermore, any of the embodiments of the devices and/or systems disclosed herein
may be configured as a system having a main unit attached to applicator unit (as
disclosed hereinabove and illustrated in Fig. 3), or as an independent hand held
embodiment with an internal power source, as disclosed hereinabove and illustrated in
Fig. 4.

Further yet, any of the embodiments of the devices and/or systems disclosed herein
may have integrated, non-removable RF electrodes, or may include an
attacheable/detacheable and/or removable and/or replaceable and/or disposable RF
electrode assembly and/or RF electrode assemblies (such as, but not limited to, any of
the different RF electrode assemblies 46, 56 and 76 disclosed hereinabove and illustrated
in Fig. 4).

Furthermore, any of the devices and/or systems disclosed herein may (optionally)

include any combination and type of sensor(s) for sensing skin temperature and/or the
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temperature of one or more RF electrodes, and/or velocity sensor(s) for determining the
rate of movement of the RF applicator relative to the skin, and/or for sensing contact of
one or more of the RF electrodes with the skin. Such sensor(s) may be configured for
implementing any of the safety measures operable to control and/or terminate the
application of RF energy to the skin and/or to decrease and/or prevent sparking as
disclosed in detail hereinabove.

Furthermore, any of the devices and/or systems disclosed herein may (optionally)
include any combination and type of indicator devices (including, but not limited to,
analog and/or digital temperature displays, LED based or other visible light source based
indicator devices known in the art, and or speakers or other audible signal emitting
devices as disclosed hereinabove and as known in the art) for providing visible and/or
audible and/or other indications of the operational status of the device and/or of electrode
or skin temperatures to the user or operator of the device and/or system.

Finally, any of the devices and/or systems disclosed herein may (optionally) include
any combination and type and number of user interface devices (such as, but not limited
to control buttons, dials, sliders, switches, keyboards, pointing devices and the like) for
controlling the operation of the system and/or device and for providing input and/or
receiving output from the device or system. Such input and/or output may include but
are not limited to, user commands, and/or programming signals, and/or data and/or
system status and operating parameters, and the like.

It will be appreciated by those skilled in the art that many types of safety features and
output devices may be implemented in the skin treating systems and devices of the
present application.

For example, in accordance with one embodiment of the devices and systems
disclosed herein the system or device may include a temperature indicator. Such
temperature indicator may be implemented as a suitable display unit for displaying the
temperature of the skin or the temperature of one or more of the RF electrodes (as
determined by measurement of any of the temperature sensors disclosed hereinabove).

For example, the display unit 29 of the main unit 32 of the system 30 (of Fig. 3) is
an analog display which may provide an indication of the temperature of the skin and/or

of one or more of the RF electrodes 38 by using suitable temperature sensors (such as but
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not limited to, any temperature sensors included in the sensor unit(s) 2 of Figs. 1-2, the
temperature sensors 225A-225C of Figs. 12A-12B and Fig.13 and any temperature
sensor included in the Sensor unit(s) 282 of Figs. 14-16).

Furthermore, any type of display unit or indicator may be used instead of the analog
display unit 29 of Fig. 3. Such display units may include but are not limited to, digital
display units, LCD display units, LED based unit, OLED based display units,
alphanumeric display unit, a graphic symbol display unit, or any other type of display
unit or visual indicator device known in the art. Such display units may also be included
in any of the hand held units or applicators and/or RF electrode assemblies disclosed in
the present application, instead of, or in addition to the display unit 29 of the main unit
32 of the system 30.

The inclusion of such display unit in the devices and systems disclosed herein is
useful for providing a temperature indication to the user (such as, for example, a
cosmetician or physician treating the patient) by constantly providing the user a visible
indication that the temperature range which is both safe and efficient for the desired
treatment is indeed being maintained.

Any desired combinations of visual display units may be used in the devices and
systems disclosed in the present application. For example any of the hand held units or
applicators disclosed hereinabove may include a combination of an alphanumeric display
unit (not shown) for indicating the actual temperature of one or more of the RF
electrodes and/or the temperature of one or more skin region, and a warning indicator
unit (such as but not limited to a LED based warning indicator light). In such an
exemplary non-limiting example, during skin treatment the user may monitor the actual
skin temperature and/or RF electrode(s) temperature on the alphanumeric display
(preferably but not obligatorily disposed on the hand held applicator or RF electrode
assembly).

If the measured temperature is within the safe range (which may be factory pre-
programmed or set by the user), a green LED in the warning indicator unit is activated
enabling the user to quickly ensure proper and safe operation of the device without
having to actually read the temperature value in the alphanumeric display unit. If the

temperature of the skin and/or of an RF electrode exceeds the safe temperature, the green
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LED is switched off and a red LED in the warning indicator unit is activated, indicating
to the user that the safe temperature value has been exceeded so that the user may
terminate treatment and allow the skin and/or RF electrode(s) to cool down to a safe
temperature.

It is noted that in addition to or instead off such visual display units and warning
indicator lights, the devices and systems of the present application may be configured
such that the controller unit included in the device or system (such as, but not limited to
the controller units 8, 13 disclosed hereinabove) may process the signals received from
the temperature .sensor(s) included in the device and automatically terminate the
application of RF energy to the skin through any or all of the RF electrodes when the
skin temperature and/or RF electrode temperature exceed a threshold value. The
threshold value may be fixed, or factory preset or pre-programmed or may be user
programmable as is known in the art.

Additionally or alternatively, if the device or system is configured to operate in
multiple modes (such as but not limited to the cellulite reduction mode and the skin
tightening mode as described in detail hereinabove with respect to the devices 280 and
320 of Figs. 14 and 16, respectively), it may be possible that different modes of
operation will have efficient skin temperature ranges. Thus, it may be possible to add an
additional LED to the warning indicator unit which will indicate that the skin
temperature is not below the efficient temperature required for the current operating
mode of the device.

For example, the controller of the device may use two or more pre-programmed (or
user programmable) lowest efficient temperature threshold values, each lower value
being used in conjunction with a specific mode of operating the device. For example, if
the third LED is an orange LED, the controller unit of the device will switch on the green
LED and the orange LED if the temperature is below the skin temperature safety
threshold and above the lowest efficient temperature threshold for any operational mode
of the device.

It is noted that indicating means different than visual means may be used instead of
or in addition to the visual indicators such as the temperature display unit and the

warning light indicators described hereinabove, for example a sound signal such as, but
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not limited to a beep or ring-tone or any other type of audible alarm signal as is known in
the art may be used to indicate to the user that the temperature safety threshold has been
exceeded. Thus, additional embodiments of the devices and systems of the present
application may include a proper audible alarm unit (such as but not limited to the
speaker unit 28 of Fig. 3), in addition to or instead of any visual display units as
described herein.

The present application also provides an electrode assembly for an RF applicator unit
of the systems and devices disclosed herein. The RF electrode assembly may be any of
the electrode assemblies 46, 56 and 76 (of Fig. 4) or the electrode assemblies 100 and
120 (of Figs. 5 and 6, respectively) or the electrode assembly 256 (of Fig. 13) as
described in detail hereinabove. In an exemplary embodiment of the RF electrode
assembly, the RF electrode assembly includes a housing (such as, for example, the
housing 58 of electrode assembly 56 or any other Electrode assembly housing disclosed
hereinabove and illustrated in the drawings), two or more RF electrodes (such as, but not
limited to the RF electrodes 48 of Electrode assembly 46, and/or the movable RF
electrodes 68A-68B of RF electrode assembly 56 and/or the perpendicularly movable
RF electrodes of RF electrodes 108A-108E of RF electrode assemblies 100 and 120, or
any other electrode types and combinations of the various electrode types of any of the
RF electrode assemblies disclosed herein and illustrated in the drawings) and at lease
two electrical connecting members, electrically connected to the RF electrodes. The RF
electrodes may be disposed in or mounted in or attached to the housing of the RF
electrode assembly in any of the different ways disclosed hereinabove and illustrated in
the drawings, depending, inter alia, on the number, type and (optional) electrode moving
mechanism(s) implemented.

The RF electrode assembly may (optionally) include any number and type of sensors
and/or switching mechanisms disclosed herein such as, but not limited to, temperature
sensor(s) for sensing the temperature of the skin or of an electrode, electrode contact
sensors for detecting electrode contact with the skin (such as, but not limited to, micro-
switch based sensors as described herein or any other type of sensor capable of detecting
contact of the RF electrodes with the skin, including impedance sensing based electrical

sensors and the like, as is known in the art), velocity sensors for sensing and/or
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determining the velocity of the RF electrode assembly relative to the skin or any other
type of usable sensor disclosed herein.

It is noted that while typically (but not obligatorily) most or all of the electrical
and/or electronic components of the devices and/or systems described herein such as, for
example, the power source, the RF energy generating unit(s), the controller unit(s), the
multiplexing/switching unit(s), the user interface, and other components are included in
the main unit of the system (such as, for example, the main unit 32 of Fig. 3) or in the
applicator unit or hand held unit or hand held device (such as, but not limited to, the
applicator unit 8 of Fig. 2, and the hand held unit 36 of Fig. 3 and the device 40 of
Fig.4), this is by no means obligatory.

Thus, the housing of the RF electrode assembly may also include any combination
of components selected from, the power source(s), the RF energy generating unit(s), the
controller unit(s), the multiplexing/switching unit(s), and the user interface(s) of the skin
treatment device and/or system. This may typically (but not obligatorily) apply to
devices in which the RF electrode assembly is non-detachably attached to the device or
applicator or hand-held unit. However, any of the above additional components and/or
any combinations thereof may also be included in detachable embodiments and/or
disposable embodiments of the RF electrode assembly. The decision whether to include
any of the above additional components in the RF electrode assembly or in other parts of
the system and/or device may depend, inter alia, on engineering considerations,
component size and cost, component MTBF, the expected useable life of the RF
electrode assembly, the size and shape of the RF electrode assembly, and other design,
manufacturing and economical considerations.

The RF electrode assemblies of the devices and systems may include fixed (non-
detachable) electrode assemblies, detachable (and attachable) electrode assemblies,
multiple use electrode assemblies, single-use electrode assemblies and disposable
electrode assemblies (for multiple uses or for single use). Such assemblies may be sold
and/or distributed separately from the entire device or system or in addition thereto.

It is further noted that a single type of device or hand-held unit or applicator may be
designed to accept and be operable with any number of different types of RF electrode
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assemblies. Thus, for example, any of the RF electrode assemblies 46, 56, 76 and 256
may be interchangeably attached to and operated by the device 40 of Fig. 4.

The present application also provides a kit including a device or systems selected
from the devices and systems disclosed herein and one or more RF electrode assembly
selected from any of the different types of RF electrode assemblies disclosed
hereinabove. This type of kit may allow a user to use different types of RF electrode
assemblies for skin treatment, improving the flexibility of the system and the available
treatment modes and treatment types.

It is noted that when movable RF electrodes are used in an embodiment of the
devices and systems disclosed herein, the moving of any of the movable RF electrodes
may be performed at any desired time during the operation of the device, including but
not limited to moving any of the movable electrode(s), before, during or after any time
period of applying RF energy to the skin through any electrode group containing such
movable RF electrode(s).

Thus, in accordance with an embodiment of the device or system each and any of the
movable electrodes may be moved continuously and/or intermittently during any time of
operation of the device, and/or any time period of application of RF energy to the skin
through any of the RF electrodes or electrodes groups as disclosed in detail hereinabove.

Furthermore, any suitable sequence of moving of any of the movable electrodes may
be implemented and used in operating the devices of the present application. And any
combination of different velocity of electrode movement(s) and of sequence of electrode
movements (during intermittent movements of electrode(s) may be implemented ‘by
suitable control of movement parameters of any of the electrode moving units disclosed
herein bu the controller unit(s) included in the device or system (such as, but not limited
to the Controller unit(s) 13 of Fig.14).

It is further noted that while all the embodiments and examples disclosed
hereinabove are adapted for use with electromagnetic radiation energy in the RF range,
the methods, devices and systems of the present application is not limited to the use of
RF electromagnetic energy, and the RF electrodes may be substituted with electrodes
suitable for use in delivering energy to the skin in other frequency ranges different than

the RF frequency range. Thus, the devices systems, methods and electrodes disclosed in
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the present application may be adapted to use with other electromagnetic radiation in
other frequency ranges such as but not limited to electromagnetic energy in the
microwave frequency range, and the like. For example, in such cases, the RF energy
generating unit 4 of the device 10 of Fig. 1 and the device 20 of Fig. 2 may be replaced
with another suitable type of electromagnetic energy generating unit in the microwave
frequency range. Thus, while RF electromagnetic radiation is a practical frequency range
for use in the devices and systems disclosed hereinabove, this frequency range is not
obligatory and other electromagnetic radiation frequencies ranges may be used in other
embodiments of the devices systems and methods of the present application depending,
inter alia, on the particular application being implemented and on cost, device size,

engineering considerations and safety considerations.
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CLAIMS
1. A device for treatment of skin tissue, the device comprising:

at least one RF electromagnetic energy generating unit;

a plurality of electrodes electrically connectable to said at least one RF
electromagnetic energy generating unit for applying RF electromagnetic energy to the
skin; and

at least one controller unit operatively connected to said at least one RF
electromagnetic energy generating unit for controlling the application of electromagnetic
energy by said at least one RF electromagnetic energy generating unit to at least one
group of electrodes controllably selected from said plurality of electrodes and for
controllably changing the selected group of electrodes during the operation of said
device.

2. The device according to claim 1 further comprising a power source for energizing
said at least one RF electromagnetic energy generating unit and said at lease one
controller unit.

3. The device according to claim 1 wherein said at least one group of electrodes is
selected from, a pair of electrodes in a bipolar configuration, three electrodes in a tripolar
configuration and more than three electrodes in a multipolar configuration.

4. The device according to claim 1 wherein said at least one RF energy generating unit
is adapted to operate at any frequency or frequency band in the range of 0.35MHz —
250MHz.

5.  The device according to claim 1 further comprising at least one sensor.

6. The device according to claim 5 wherein said at least one sensor is connected to said
at least one controller unit for providing output signals to said controller unit.

7.  The device according to claim 5 wherein said at least one sensor is selected from
one or more skin temperature sensors, one or more electrode temperature sensors, one or
more velocity sensors, one or more electrode contact sensors, and any combinations
thereof.

8. The device according to claim 5 wherein said at least one sensor is selected from

a sensor for sensing at least one physical parameter of at least one electrode of said
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plurality of electrodes, a sensor for sensing the velocity of said device relative to said
skin and a sensor for sensing at least one physical parameter of the skin.
9. The device according to claim 8 wherein said at least one physical parameter of the
skin is the temperature of at least one region of said skin.
10. The device according to claim 8 wherein said at least one physical parameter of
said at least one electrode is selected from the temperature of at least one region of said
electrode and the presence or absence of contact between said electrode and said skin.
11. The device according to claim 8 wherein said at least one controller is configured
for processing signals received by said at least one sensor to obtain processed data and
for performing based on said data one or more actions selected from,

terminating the application of RF electromagnetic energy to the skin through one
or more groups of said electrodes,

initiating the application of RF electromagnetic energy to the skin through one or
more groups of said electrodes,

terminating the application of RF electromagnetic energy to the skin through at
least a first group of said electrodes and initiating the application of RF electromagnetic
energy to the skin through at least a second group of electrodes different than said first
group of electrodes, and

terminating the application of RF electromagnetic energy to the skin through all
currently energized electrodes of said device.
12. The device according to claim 1 further comprising a housing for housing one or
more components selected from said plurality of electrodes, said at least one controller
unit, a power source, said at least one RF electromagnetic energy generating unit, one or
more sensor units and any combinations thereof.
13. The device according to claim 1 wherein said device comprises an applicator unit
configured to be applied to the skin, said applicator unit comprises a housing for housing
one or more components selected from said plurality of electrodes, said at least one
controller unit, a power source, said at least one RF electromagnetic energy generating

unit, one or more sensor units and any combinations thereof.
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14. The device according to claim 13 wherein said device includes an RF electrode
assembly comprising a housing and at least said plurality of RF electrodes attached to
said housing.

15. The device according to claim 13 wherein said one or more sensors are attached to
said RF electrode assembly.

16.  The device according to claim 15 wherein said RF electrode assembly is selected
from a fixed RF electrode assembly and a detachable RF electrode assembly detachably
attachable to said device.

17. The device according to claim 15 wherein said RF electrode assembly is a
detachable RF electrode assembly detachably attachable to said device, and wherein said
housing of said RF electrode assembly also includes electrical contacts for electrically
connecting said RF electrodes to said at least one RF energy generating unit.

18.  The device according to claim 17 wherein said electrical contacts are also shaped
to mechanically attach said RF electrode assembly to said device.

19. The device according to claim 15 wherein said RF electrode assembly is selected
from a re-useable RF electrode assembly and a disposable RF electrode assembly.

20. The device according to claim 1 wherein said at least one controller unit is
configured to control the application of said RF electromagnetic energy to the skin
through different groups of electrodes of said plurality of electrodes at different times
during the application of said RF electromagnetic energy to said skin.

21. The device according to claim 1 wherein at least one electrode of said plurality of
electrodes is a movable electrode.

22. The device according to claim 21 wherein said movable electrode is selected from
an electrode movable in a direction generally perpenciicular to the surface of the skin, an
electrode laterally movable along the surface of the skin and an electrode movable in
directions generally perpendicular to and generally lateral along the surface of the skin.
23. The device according to claim 21 wherein said device further includes at least one
electrode moving unit coupled to said at least one electrode for moving said at least one
electrode relative to at least one other electrode of said plurality of electrodes.

24. The device according to claim 23 wherein said electrode moving unit comprises a

an electrode moving mechanism selected from a motor, a linear motor, a non-linear
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motor, a gear coupled motor, an electromechanical moving mechanism, an
electromagnetic moving mechanism and a solenoid actuated moving mechanism.

25. The device according to claim 23 wherein said at least one controller unit is
configured to controllably activate said electrode moving unit to change the distance
between said at least one electrode coupled to said electrode moving mechanism and at
least one other electrode of said plurality of electrodes.

26.  The device according to claim 21 wherein one or more electrodes of said plurality
of electrodes is a spring mounted electrode.

27.  The device according to claim 1 wherein said at least one RF energy generating
unit comprises a single RF generating unit operable at or about a single RF frequency or
a single RF frequency band.

28. The device according to claim 27 wherein said device also includes a phase
shifting unit connected to at least one RF electrode and to said RF energy generating unit
for shifting the phase of the RF electromagnetic waves applied to the skin through said at
least a first RF electrode relative to the phase of an RF electromagnetic wave applied to
the skin through at least a second RF electrode different than said first RF electrode.

29.  The device according to claim 1 wherein said at least one RF energy generating
unit comprises a plurality of RF energy generating units, each RF generating unit is
operable at or about a single RF frequency or a single RF frequency band, wherein the
RF frequencies or the RF frequency of at least some of said plurality of RF energy
generating units are different.

30. The device according to claim 29 wherein said device also includes at least one
phase shifting unit connected to at least one RF electrode and to one or more RF energy
generating units of said plurality of RF energy generating units for shifting the phase of
the RF electromagnetic waves applied to the skin through said at least a first RF
electrode relative to the phase of an RF electromagnetic wave applied to the skin through
at least a second RF electrode different than said first RF electrode.

31.  The device according to claim 29 also including a multiplexing switching unit
connected to said plurality of RF energy generating units, said plurality of electrodes and
said at least one controller unit for controllably applying RF energy from any

combination of RF energy generating units selected from said plurality of RF energy
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generating units to any electrode or electrode combination selected from said plurality of

electrodes.

32. The device according to claim 31 wherein said multiplexing switching unit

comprises one or more phase shifting units.

33.  The device according to claim 29 wherein said device is configured for being

controllably operable in a plurality of different operating modes and wherein in each

different operating mode the RF frequency or RF frequencies applied to the skin are

different than the RF frequency or RF frequencies applied to the skin in other operating

modes.

34. The device according to claim 29 wherein the RF frequency or frequencies used in

at lease some operating mode of said plurality of operating modes are selected to

preferentially heat selected different types of skin tissues.

35. The device according to claim 34 wherein said different types of skin tissues are

selected from, fatty skin tissue, hypodermal adipose tissue, rete pegs, non-fatty dermal

tissue, epidermal tissue and combinations thereof.

36. The device according to claim 29 wherein the device is configured for

simultaneously applying combinations of different RF frequencies or different RF

frequency bands through any suitable electrodes for simultaneously heating combinations

of different type of skin tissues.

37. The device according to claim 29 wherein the RF frequency or RF frequencies

applied to the skin in a first operating mode are in the range of 0.35-1.5MHz and the RF

frequency or RF frequencies applied to the skin in a second operating mode are in the

range of 4-15MHz.

38.  The device according to claim 29 wherein the RF frequency or RF frequencies

applied to the skin in a first operating mode are in the range of 0.35-1.5MHz, the RF

frequency or RF frequencies applied to the skin in a second operating mode are in the

range of 4-15MHz, and the RF frequencies applied to the skin in a third operating mode

include frequencies in the range of 0.35-1.5MHz and in the range of 4-15MHz.

39. A method for treatment of skin tissue, the method comprising the steps of:
providing a plurality of electrodes for applying RF electromagnetic energy to the

skin;
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applying RF electromagnetic energy to the skin through at least a first group of
electrodes selected from said plurality of electrodes for a first time period; and
applying RF electromagnetic energy to the skin through at least a second group of

electrodes different from said at least first group of electrodes selected from said
plurality of electrodes for a second time period different than said first time period.
40. The method according to claim 39 wherein the application of RF electromagnetic
energy to the skin through said at least first group of electrodes is stopped during said
second time period to allow said first group of electrodes to cool during said second time
period.
41. The method according to claim 39 further including repeating said first step of
applying and said second step of applying a plurality of times.
42.  The method according to claim 39 wherein said RF electromagnetic energy is
applied to the skin at any frequency or frequency band in the range of 0.35MHz —
250MHz.
43, The method according to claim 39 wherein said RF electromagnetic energy is
applied to the skin at a frequency or frequency band selected from a first frequency range
and at a second frequency or frequency band selected from a second frequency range.
44,  The method according to claim 43 wherein said first step of applying comprises
applying RF electromagnetic energy to the skin through said first group of electrodes at a
frequency or frequencies selected from,

a frequency or frequency band included in said first frequency range,

a frequency or frequency band included in said second frequency range, and

at least one frequency or frequency band included in said first frequency range
and at least one frequency or frequency band included in said first frequency range.
45. The method according to claim 43 wherein said second step of applying comprises
applying RF electromagnetic energy to the skin through said second group of electrodes
at a frequency or frequencies selected from,

a frequency or frequency band included in said first frequency range,

a frequency or frequency band included in said second frequency range, and

at least one frequency or frequency band included in said first frequency range

and at least one frequency or frequency band included in said first frequency range.
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46. The method according to claim 43 wherein said first frequency range is 0.35MHz
— 1.5MHz, and said second frequency range is 4MHz — 15MHz.

47.  The method according to claim 39 wherein during said first step of applying and
said second step of applying said first group of electrodes and said second group of
electrodes are operated at a configuration selected from, a pair of electrodes in a bipolar
configuration, three electrodes in a tripolar configuration and more than three elecirodes
in a multipolar configuration.

48.  The method according to claim 39 further including the step of terminating the
application of RF energy to the skin through any electrode group selected from said at
least first group of electrodes and said at least second group of electrodes if the
temperature of said skin or of at least one electrode of said electrodes exceeds a
threshold value.

49.  The method according to claim 39 further including the step of terminating the
application of RF energy to the skin through any electrode group selected from said at
least first group of electrodes and said at least second group of electrodes if the velocity
of said electrodes relative to the skin is lower than a threshold value.

50. The method according to claim 39 further including the step of terminating the
application of RF energy to the skin through any electrode group selected from said at
Jeast first group of electrodes and said at least second group of electrodes if any electrode
of said plurality of electrodes does not contact the skin during the applying of RF energy
to the skin.

51. The method according to claim 39 further including the step of moving at least one
electrode of said at least first group of electrodes relative to another electrode of said at
least first group of electrodes before, during or after said first time period.

52. The method according to claim 39 further including the step of moving at least one
electrode of said at least second group of electrodes relative to another electrode of said
at least second group of electrodes before, during or after said second time period.

53. The method according to claim 39 further including the step of changing the
distance between at least one electrode of said at least first group of electrodes relative to
another electrode of said at least first group of electrodes before, during or after said first

time period.
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54.  The method according to claim 39A further including the step of changing the
distance between at least one electrode of said at least second group of electrodes relative
to another electrode of said at least second group of electrodes before, during or after
said second time period.
55. A method for treatment of skin tissue, the method comprising the steps of:
providing a plurality of electrodes for applying RF electromagnetic energy to the
skin, at least one electrode of said plurality of electrodes is movable relative to at least a
second electrode of said plurality of electrodes;

applying electromagnetic energy to the skin through at least a first group of
electrodes including said movable electrode; and

moving said at least one movable electrode to change the distance between said at
least one movable electrode and at least another electrode of said plurality of electrodes.
56. A device for treatment of skin tissue, the device comprising:

at least one RF electromagnetic energy generating unit;

a plurality of electrodes electrically connectable to said at least one RF
electromagnetic energy generating unit for applying RF electromagnetic energy to the
skin;

at least one electrode moving unit for moving at least one movable electrode of said
plurality electrodes relative to at least a second electrode of said plurality of electrodes;
and

at least one controller unit operatively connected to said at least one RF
electromagnetic energy generating unit for controlling the application of RF
electromagnetic energy by said at least one RF electromagnetic energy generating unit to
at least one group of electrodes of said plurality of electrodes and for controlling the
moving of said at least one movable electrode by said at least one electrode moving unit.
57. A device for treatment of skin tissue, the device comprising:

a plurality of electrodes for applying RF electromagnetic energy to the skin, at least a
first electrode of said plurality of electrodes is movable relative to at least a second
electrode of the remaining electrodes of said plurality of electrodes such that the distance
between said at least first electrode and said at least a second electrode may be

controllably varied;

84



10

15

20

25

30

WO 2008/012827

PCT/IL2007/000945

one or more electromagnetic RF energy generating units; and
a controller unit operatively coupled to said plurality of electrodes and to said one or
more RF electromagnetic energy generating unit, said controller unit is configured for
controlling the application of RF electromagnetic energy by said one or more RF
electromagnetic energy generating units to at least one pair of electrodes selected from
said plurality of electrodes.
58. An RF electrode assembly for use in a skin treating device, said RF electrode
assembly comprises:
a housing; and
a plurality of RF electrodes attached to said housing and connectable to an RF
energy generating unit of said device.
59. A kit including the device according to claim 1 and one or more attachable RF
electrode assemblies each including a plurality of electrodes, said one or more RF

electrode assemblies are detachably attachable to said device.

85



WO 2008/012827

1/16

PCT/IL2007/000945

10
/‘12
POWER
SOURCE
- 8
RF ENERGY
GENERATING |e——»| CONTROLLER
UNIT UNIT
l /-6 T /2
APPLICATOR SENSOR
UNIT UNIT(S)
FIG. 1
22
POWER
SOURCE
/20
4 8
RF ENERGY
GENERATING || CONTROLLER
UNIT UNIT
l /6 T /2
APPLICATOR SENSOR
UNIT UNIT(S)

FIG.2



WO 2008/012827 PCT/IL2007/000945

2/16

21 000D -0
36A = & [/
36 258 29
y / N
- 27 7
23

AN 24

38

FIG.3



WO 2008/012827 PCT/IL2007/000945

3/16

FIG. 4



PCT/IL2007/000945

WO 2008/012827

100A

117

108A

N

100A

108E

109

108D

108C

0
O

108B

FIG.6



WO 2008/012827 PCT/IL2007/000945

5/16
140
13i9 /
N\
137 O=

136 N
% I\
130 \130 109

FIG. 74

139 140

.
X O=

137

109




WO 2008/012827 PCT/IL2007/000945

6/16 %0

152D

152A

N 152k
150A '

152F

1528 Q
152C

FIG.84

/1 50

152D

152A OJ

150A

FIG.8B



WO 2008/012827 PCT/IL2007/000945

7/16 a0

152D

152A
152E

160
150A

162
/ 9 152F
152B
152C
FIG.8C
L0
152D

152A OJ

150A

164

152B
152C

FIG.8D



WO 2008/012827 PCT/IL2007/000945

8/16 L1

152D

152A O/

150A

FIG.8EF

/1 50

152D

150A

1528 Q
152C

FIG.8F




WO 2008/012827 PCT/IL2007/000945

SL/763
)///,450
180A—
| 1888
, 1828
182A~\\ HO) —
| /9) |
188A E®) —~1-182¢C
188C
FIG9A

—
1838

~

\ 1828
182A\\\ | OF
| /9) |

188A I Q —~-182¢

188C

~
- 1888~
\ 1828
;?A\\ | | OF
- 188A B ()—~-182C
188C—"




WO 2008/012827 PCT/IL2007/000945

10/16

V\i 206
g /200

210

202

(

202A
FIG.10A
21o\f¢
206
%:% 200
202~\\\ -

( |

202A
= 08

FIG.10B



WO 2008/012827 PCT/IL2007/000945

11/16

212\/$ 210\/¢
209 206
D3
204 200
\_ LI 203 -

~

(
202A

-

i}
- 208

FIG.11A

212\,¢ 210\/$
209 206
D4 ﬁ::P
204 3::F 200
\\\ 203 -

(
202A

~— — -

=208

FIG.11B



WO 2008/012827 PCT/IL2007/000945

12/16

2258 | 224 229

FIG.124
220
\\\\ 228

224 222

225C

FiG.1285



WO 2008/012827 PCT/IL2007/000945

13/16

256




WO 2008/012827

14/16

PCT/IL2007/000945

280
12 285
USER
SR INTERFACE
270 i A3 272
RF ENERGY CONTROLLER RF ENERGY
GENERATING {=—= ~ UNIT(S) = GENERATING
UNIT — UNIT
i 282
SENSOR
UNIT(S)
290
ELECTRODE
L L e
UNIT
2088 [ 258C plgp 2608 [ 260C 5kop

FIG.14




WO 2008/012827

PCT/IL2007/000945

15/16

~300
13 12
CONTROLLER POWER
UNIT SOURCE
285
USER
INTERFACE
+ 282 302
RF ENERGY
Eﬁﬁ%@? GENERATING UNIT
303 l
290
ELECTRODE
MOVING UNIT
306
PHASE A
SHIFTING &
UNIT
310 312 314 316
- . "
GROUP-A GROUP-B

FIG.15



WO 2008/012827

16/16

PCT/IL2007/000945

320
13 12
CONTROLLER POWER
UNIT(S) SOURCE
A
282 285
SENSOR USER
UNIT(S) INTERFACE
/-315A J315B /—315M
RF ENERGY RF ENERGY | ® ° ° | RF ENERGY
GENERATING GENERATING GENERATING
UNIT UNIT UNIT
MULTIFLEXING /SWITCHING
UNIT
312A 312B 312C 312N

FIG. 16




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - description
	Page 74 - description
	Page 75 - description
	Page 76 - description
	Page 77 - description
	Page 78 - description
	Page 79 - claims
	Page 80 - claims
	Page 81 - claims
	Page 82 - claims
	Page 83 - claims
	Page 84 - claims
	Page 85 - claims
	Page 86 - claims
	Page 87 - claims
	Page 88 - drawings
	Page 89 - drawings
	Page 90 - drawings
	Page 91 - drawings
	Page 92 - drawings
	Page 93 - drawings
	Page 94 - drawings
	Page 95 - drawings
	Page 96 - drawings
	Page 97 - drawings
	Page 98 - drawings
	Page 99 - drawings
	Page 100 - drawings
	Page 101 - drawings
	Page 102 - drawings
	Page 103 - drawings

