10

15

20

25

30

WO 2019/157076 PCT/US2019/016883

METHODS AND APPARATUS FOR CONTROLLED RE TREATMENTS AND RF
GENERATOR SYSTEM

BACKGROUND

The subject matter disclosed herein (referred to as the “disclosure™) generally pertains to
electrosurgical systems, such as, for example, electrosurgical devices and related electrical
circuitry and methods. More particularly, but not exclusively, this disclosure relates, in part, to
electrosurgical systems and components thereof configured to deliver radio-frequency (RF)
energy to a target site of a human or other animal patient with selectable RF energy delivery
profiles, temperature sensors and controls, and/or electrodes configured to more uniformly or
effectively deliver energy to target tissue. In some respects, this disclosure pertains to
electrosurgical methods and systems for providing electrosurgical treatments.

U.S. Publication No. 2013/0006239, which is hereby incorporated by reference herein in
its entirety, for all purposes, is commonly owned with this application and discloses a
representative, known electrosurgical system, as seen in FIG. 34 of the instant application. The
electrosurgical system includes a control unit 34 and an electrosurgical device 10. In this
embodiment, the electrosurgical device 10 (sometimes referred to as a “handpiece”) includes a
housing 12, e.g., for containing circuitry, and an energizable electrode 18 configured to treat a
target site on or in a patient’s body. The housing 12 can be configured as a graspable component
of the handpiece, as shown for example in FIG. 34. In other instances, the graspable portion of
the handpiece may be spaced from a circuit-containing housing.

The control unit 34 is configured to provide power to the electrosurgical device 10 for
energizing the electrode. The control unit 34 can be configured to provide energy having a
selected combination of waveform and frequency. Some control units 34 are configured to
provide RF energy to the electrosurgical device 10.

As FIG. 34 shows, a cable 32 can extend between an electrical connector 33 on the
control unit 34 and an electrical connector 31 on the electrosurgical device to electrically couple
one or more conductive elements on or within the device 10 to one or more corresponding
conductive elements of the controller 34. Some known control units provide three output
terminals, with one of the terminals being an energizable terminal for conveying therapeutic
energy, e.g., RF energy, to an energizable element of a handpiece. Such a control unit 34 is
usually configured to energize the energizable terminal when a circuit between the two

remaining output terminals is completed, as through the closing of a user actuatable switch 14.
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Some known electrosurgical control units, such as control units are described, for
example, in U.S. Patent No. 6,652,514, which is hereby incorporated by reference herein by
reference in its entirety, provides a three-wire output connector for powering and controlling
electrosurgical handpieces. Conventional control units can generate, for example, one or more
radio-frequency (RF) modulated waveforms, including, for one non-limiting example, at a
frequency of about 4 mega-Hertz (MHz), which can be delivered to a target site by way of an
electrosurgical handpiece having an energizable electrode defining an active surface.

The active surface of an electrosurgical system can be configured for ablative and/or non-
ablative electrosurgery, depending on the physical configuration of the active surface and
applied-power parameters. As used herein, an ablative procedure is one where the electrode and
power settings result in cutting, coagulation, vaporization or other such traumatic disruption to
the integrity of treated tissue, and a non-ablative procedure is one where such cutting,
coagulation, vaporization or other such traumatic disruption to the integrity of treated tissue does
not result.

SUMMARY

Principles disclosed herein overcome many problems in the prior art and address one or
more of the aforementioned as well as other needs. This disclosure generally, but not
exclusively, pertains to certain aspects of electrosurgical systems, devices, and methods. And
they include, without limitation, the following innovative concepts:

Blend Mode- Adjustability of Waveform

Certain embodiments of the inventive subject matter are directed to two or more
adjustable power sources each having independent switches to independently feed into an RF
amplifier. Where solely cut mode is desired, only one of the power sources is employed. Where
solely coagulation mode is desired, only the other of the power sources is employed. Where a
blend of cut and coagulation is desired, both of the two adjustable power sources having
independent switches are employed.

This concept advantageously enables excellent control over the wave form achieved in
each mode, especially where blend is employed. This provides excellent control of the
hemostatic effect on the tissue such that a small amount of coagulative effect might be desired on
a surface and a larger amount of coagulative effect might be desired on internal organs/tissues.
The reduction of coagulative effect is useful on the surface tissue because it provides less
thermal damage adjacent to the cut and in this way, there can be balance between bleeding and

undesirable scarring related to coagulative effects on tissue caused by excessive coagulation.
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This concept advantageously enables the ability to control and to transition from cut to
blend to coagulation and enables, in some embodiments, a single electrosurgical tip to be
employed to make the initial cut through the skin surface in cut mode and to cut internal tissue
layers with some coagulation to prevent unnecessary bleeding (in blend mode) and/or to solely
coagulate tissue in coagulation mode. This can avoid multiple instruments being employed and,
in some embodiments, instead a single electrosurgical tip may be employed during a procedure.

Temperature Sensor Encased in a Conductive Container (e.g., mushroom cap and stem)

Certain embodiments of the inventive subject matter are directed to a temperature sensor
assembly wherein the temperature measurement response time is fast, e.g., less than 1 second 1.
In one possible embodiment, the assembly includes encasement of a temperature sensor in a
highly thermally conductive container that has minimal thermal mass, and where the majority of
the surface area of the temperature sensor that is encased is in good thermal contact with the
conductive material. A tip portion of the container contacts the surface of a patient’s tissue to
enable the temperature sensor to measure the surface temperature of the tissue via its good
thermal contact with the conductive encasement.

This concept advantageously enables the conductive container and temperature sensor
assembly to be thermally isolated from adjacent material having a thermal mass. In this way,
cross talk is avoided, the fidelity of the temperature feedback signal is ensured, and a response
time of the temperature sensor is reduced.

This concept advantageously enables the portion of the conductive container in contact
with the surface of the tissue to be exaggerated such that it has a larger surface area than the
surface area of the tip of the temperature sensor.

This concept advantageously enables the portion of the conductive container in contact
with the surface of the tissue to be tailored (e.g., smoothed such that what contacts the tissue
surface lacks sharp edges) to comfortably contact the patient’s tissue surface when the device is
moved across the subject’s tissue surface (e.g., skin surface).

Capacitive Probe

Certain embodiments of the inventive subject matter are directed to capacitive electrode
configurations, where high frequency RF (e.g., 3-30 MHz, or 4 MHz) is emitted, that reduce
dielectric losses within a capacitive electrode. The reduced dielectric losses accordingly reduce
electrode heating and associated power loss to the electrode, which allows more energy to
penetrate into the patient. In one possible embodiment, a metal or otherwise conductive inner

probe body has an exterior surface covered with a dielectric coating. The dielectric coating is
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employed to enable the treatment current to be delivered homogenously over the entire area of
the electrode, where the dielectric coated surface of the electrode is in contact with the subject’s
skin or other target tissue surface.

This concept advantageously enables a larger volume of tissue to be heated at a depth,
because power is not lost in the electrode. This can be seen in the slower cool down time of the
tissue surface post treatment with the application of high frequency RF (e.g., 3-30 MHz, or 4
MHz) with the capacitive probe.

In some respects, concepts disclosed here generally concern electrosurgical handpieces
having a housing for a temperature sensor. The housing defines a first patient-contact surface, an
inner surface positioned opposite the first patient-contact surface, and an outer wall extending
transversely relative to the first patient-contact surface. A temperature sensor is thermally
coupled with the inner surface of the housing. An energizable electrode defines a second patient-
contact surface extending outward of the outer wall of the housing. An insulator is positioned
between the energizable electrode and the housing for the temperature sensor and inhibits
thermal conduction between the energizable electrode and the housing for the temperature
sensor. In one embodiment, a shaft can extend proximally from the energizable electrode and
define an internal bore extending longitudinally of the shaft. The insulator can extend from a
distal end positioned adjacent the first patient-contact surface and the second patient-contact
surface to a proximal end positioned within the internal bore. The internal bore can define a first
thread and the insulator can define a second thread. The first and second threads can be
complementary and matingly engageable with each other.

The electrosurgical handpiece can further have an electrical conductor extending
proximally within the handpiece from the temperature sensor.

The first patient-contact surface and the second patient-contact surface can be co-
centrically aligned with each other.

The temperature sensor can be one or more of a thermocouple, a resistance-temperature
detector, a thermistor, and a diode.

The housing for the temperature sensor can be a material having a thermal conductivity
equal to or greater than about 200 W/mK.

The electrode can include a dielectric coating defining the second patient contact surface.
The dielectric material can have a dielectric constant of between about 4 to about 12 at an
operating frequency of the energizable electrode. The operating frequency of the energizable

electrode can be between about 3-30 MHz. The dielectric material coating cam have a
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substantially even thickness of about 0.004 to about 0.020 inches.

The electrosurgical handpiece can further include a communication component
configured to receive a temperature measured by the temperature sensor and to communicate the
received temperature to a control system. The electrosurgical handpiece can be coupled to an
electrosurgical generator comprising the control system. The control system can be configured to
receive a temperature measurement from the temperature sensor via the communication
component, compare the received temperature to a threshold temperature, and to modify the
output RF waveform in response to the comparison.

The first patient-contact surface can have a larger surface area than a surface area of the
temperature sensor that is coupled to the housing.

The energizeable electrode can be capacitively coupled.

The electrosurgical handpiece can be configured to output a radio frequency (RF)
waveform received from an electrosurgical generator.

The electrosurgical handpiece can be coupled to an electrosurgical generator that includes
a generator configured to combine a first current waveform having a corresponding first
frequency, a first amplitude, and a first pulse-width with a second current waveform having a
corresponding second frequency, a second amplitude, and a second pulse-width to define a
blended waveform output; and a control system configured to control one or more of the first
frequency, the first amplitude, the first pulse-width, the second frequency, the second amplitude
and the second pulse-width responsive to a temperature received from the temperature sensor;
where the energizable electrode is configured to output the blended waveform output received
from the electrosurgical generator.

The electrosurgical generator can include a first power source configured to generate the
first current waveform; a second power source configured to generate the second current
waveform; and a radio-frequency amplifier configured to blend the first and second current
waveforms to define a blended waveform and to output the blended waveform to the
electrosurgical handpiece.

In other aspects, an electrosurgical handpiece has an energizable electrode comprising a
metal foil enclosing a volume and defining a patient-contact surface and a temperature sensor
disposed in the volume and thermally coupled with the patient contact surface. The volume can
contain a gas or a low thermal mass solid. The low thermal mass solid can including one or
more of a solid plastic, and/or a fiber insulation.

In other aspects, an electrosurgical system has a generator configured to combine a first
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current waveform having a corresponding first frequency, a first amplitude, and a first pulse-
width with a second current waveform having a corresponding second frequency, a second
amplitude, and a second pulse-width to define a blended waveform output. The electrosurgical
system has a control system configured to control one or more of the first frequency, the first
amplitude, the first pulse-width, the second frequency, the second amplitude and the second
pulse-width responsive to a received temperature.

One or more of the first frequency, the first amplitude, the first pulse-width, the second
frequency, the second amplitude and the second pulse-width can be user selectable.

The electrosurgical system can have a handpiece having an energizable electrode to
deliver energy corresponding to the blended waveform output to a patient-treatment site. The
handpiece can have a temperature sensor configured to output a temperature of the patient-
treatment site. The received temperature can correspond to an output from the temperature
Sensor.

The handpiece can include a temperature sensor and an associated first patient-contact
surface. The energizable electrode can define a second patient-contact surface positioned
outward of the first patient-contact surface, wherein the second patient-contact surface can be
configured to deliver the blended waveform output to a treatment site.

The handpiece can include a housing for the temperature sensor. The housing can define
the first patient contact surface positioned relative to the second patient contact surface to
observe a temperature of the treatment site. An insulator can be positioned between the
energizable electrode and the housing for the temperature sensor to inhibit thermal conduction
between the energizable electrode and the housing for the temperature sensor. The first patient
contact surface can be positioned relative to the second patient contact surface to observe a
temperature of the treatment site.

The electrosurgical system can further have a first adjustable power source configured to
generate the first current waveform, a second adjustable power source configured to generate the
second current waveform, and a radio-frequency amplifier configured to blend the first and
second current waveforms.

The first adjustable power source can be a first adjustable buck and a first power switch.
The second adjustable power source can be a second adjustable buck and a second power switch.
Each adjustable buck can set an output voltage level for its respective adjustable power source.

The first current waveform can cause the energizeable electrode to deliver energy to cut

tissue at a treatment site and the second current waveform can cause the energizeable electrode
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to deliver energy to coagulate tissue at a treatment site. The blended waveform can cause the
energizeable electrode to deliver energy to combine cutting and coagulation at the treatment site.

In still other aspects, an electrosurgical system includes an electrosurgical generator
configured to output a radio-frequency (RF) waveform and an electrosurgical handpiece. The
electrosurgical handpiece can include a temperature sensor and an associated a first patient-
contact surface. The electrosurgical handpiece can also include an energizable electrode
defining a second patient-contact surface positioned outward of the first patient-contact surface
and configured to output the RF waveform received from the electrosurgical generator.

The electrosurgical generator can further include a control system configured to receive a
temperature measurement from the temperature sensor, compare the received temperature to a
threshold temperature, and to modify the output waveform in response to the comparison.

The electrosurgical generator can further include a generator configured to combine a
first current waveform having a corresponding first frequency, a first amplitude, and a first
pulse-width with a second current waveform having a corresponding second frequency, a second
amplitude, and a second pulse-width to define a blended waveform output. The electrosurgical
generator can also include a control system configured to control one or more of the first
frequency, the first amplitude, the first pulse-width, the second frequency, the second amplitude
and the second pulse-width responsive to a temperature received from the temperature sensor.
The electrosurgical generator can include a first power source configured to generate the first
current waveform, a second power source configured to generate the second current waveform,
and a radio-frequency amplifier configured to blend the first and second current waveforms to
define a blended waveform and to output the blended waveform to the electrosurgical handpiece.

The electrosurgical handpiece can include an insulator positioned between the
energizable electrode and the temperature sensor to inhibit thermal conduction between the
energizable electrode and the temperature sensor.

In other aspects, a method of treatment includes placing an electrosurgical handpiece in
contact with a treatment surface, causing the electrosurgical handpiece to emit a radio-frequency
(RF) signal for a selected duration, and wherein the treatment surface is heated in
correspondence with the RF signal and the selected duration. The method can include
measuring, with the electrosurgical handpiece, a temperature of the treatment surface,
communicating the measured temperature to a control system, and receiving, from the control
system, a control signal responsive to the measured temperature.

The method can further include moving the electrosurgical handpiece over the treatment
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surface to contact different regions of the treatment surface, and in some cases, moving the
electrosurgical handpiece over the treatment surface continuously for the selected duration.

In some embodiments, the method includes applying a topical solution (e.g., ultrasound
gel) to the treatment surface before placing the electrosurgical handpiece in contact with the
treatment surface.

The surface treated by the method can, for example, be human skin. One or more of a
dermal layer, an epidermal layer, or a deep tissue layer or human skin is heated in accordance
with the method.

The treatment surface can be heated to a range of about 39C-46C. The treatment time
period can be between about 5 minutes to about 50 minutes.

In some cases, the control signal received from the control system can cause a
termination of the RF signal.

In other cases, the control signal received from the control system can cause a re-
engagement of the RF signal.

The method can further include causing the electrosurgical handpiece to emit a sinusoidal
RF energy.

In still other aspects, a method includes causing an electrosurgical handpiece to emit a
radio-frequency (RF) signal for a selected duration, receiving from the electrosurgical handpiece
a temperature of a treatment surface in contact with the electrosurgical handpiece, comparing the
received temperature to a threshold temperature, terminating the RF signal when the received
temperature is equal to or higher than the threshold temperature, and re-engaging or continuing
the RF signal emission when the received temperature is lower than the threshold temperature.

The method can further include receiving a user selection of a value for one or more of a
first frequency, a first amplitude, a first pulse-width, a second frequency, a second amplitude,
and a second pulse-width and causing the electrosurgical handpiece to emit a RF signal
comprising a waveform blended from a first current waveform having the first frequency, the
first amplitude, and the first pulse-width and a second current waveform having the second
frequency, the second amplitude, and the second pulse-width.

In still other aspects, a method includes placing an electrosurgical handpiece in contact
with a treatment surface, receiving a user selection of a value for one or more of a first
frequency, a first amplitude, a first pulse-width, a second frequency, a second amplitude, and a
second pulse-width, and causing the electrosurgical handpiece to emit a radio-frequency (RF)

signal including a waveform blended from a first current waveform having the first frequency,
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the first amplitude, and the first pulse-width and a second current waveform having the second
frequency, the second amplitude, and the second pulse-width.

In the method, the first current waveform can be configured to cause the electrosurgical
handpiece to cut the treatment surface and the second current waveform can be configured to
cause the electrosurgical handpiece to coagulate the treatment surface.

In the method, the blended waveform can be configured to cause the electrosurgical
handpiece to combine cutting and coagulation on the treatment surface.

The method can further include receiving, at the electrosurgical handpiece, the blended
waveform from an electrosurgical generator.

The method can further include measuring a temperature of the treatment surface with the
electrosurgical handpiece and controlling one or more of the first frequency, the first amplitude,
the first pulse-width, the second frequency, the second amplitude, and the second pulse-width
responsive to the measured temperature.

The foregoing and other features and advantages will become more apparent from the
following detailed description of disclosed embodiments, which proceeds with reference to the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Unless specified otherwise, the accompanying drawings illustrate aspects of the
innovations described herein. Referring to the drawings, wherein like numerals refer to like parts
throughout the several views and this specification, several embodiments of presently disclosed
principles are illustrated by way of example, and not by way of limitation. The drawings are not
intended to be to scale.

FIGS. 1 through 5 show examples of waveforms corresponding to different treatment
modes available from an exemplary RF generator system.

FIG. 6 schematically illustrates several RF-treatment implements and corresponding
examples of therapeutic effects of each on a treatment site.

FIG. 7 shows working embodiments of two handpieces having RF-treatment electrodes.

FIGS. 8-12 show surface and cross-section views of pork cutlet tissue treated with
different waveforms to demonstrate corresponding therapeutic effects of the different
waveforms.

FIG. 13 schematically illustrates a circuit topology for a power switch that can produce a

variety of blend output waveforms.
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FIGS. 14 schematically illustrates a “two-tiered,” blended waveform output.

FIG. 15 schematically illustrates another “two-tiered,” blended waveform output.

FIGS. 16 and 17 show additional examples of output blended waveforms according to
embodiments.

FIGS. 18A and 18B illustrate transient temperature responses of a thermistor assembly to
a step-increase in power and a step decrease in power, respectively.

FIG. 19 schematically illustrates a block diagram of a temperature-controllable circuit
topology for an electrosurgical system.

FIG. 20 shows a temperature sensor assembly incorporated in an electrosurgical
handpiece of the type shown in FIG. 23.

FIG. 21 shows another temperature sensor assembly incorporated in an electrosurgical
handpiece of the type shown in FIG. 23.

FIG. 22 shows an exploded view of a temperature sensor assembly incorporating a
thermistor.

FIG. 23 shows a cross-sectional view of a portion of an electrosurgical handpiece that
includes a temperature sensing assembly.

FIG. 24 shows a working example of an energizable electrode having a dielectric
coating.

FIG. 25 shows a working example of an electrosurgical handpiece having an energizable
electrode as in FIG. 24.

FIG. 26 shows surface temperatures of a treatment site based on an infrared (IR) scan of
the treatment site.

FIG. 27 schematically illustrates differences in tissue heating among different
combinations of fundamental frequency and electrode configurations.

FIG. 28A schematically illustrates representative dimensions of a portion of an
energizable electrode having a temperature-sensor assembly incorporating a thermistor.

FIG. 28B schematically illustrates representative dimensions of a portion of an
energizable electrode having a temperature-sensor assembly incorporating a thermocouple.

FIG. 29 schematically illustrates representative dimensions of an energizable electrode
incorporating a temperature-sensor assembly.

FIG. 30 schematically illustrates possible variations in relative dimensions of an insulator
relative to an energizable electrode.

FIG. 31 schematically illustrates transient temperature response of a treatment site
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exposed to different electrosurgical waveforms.

FIG. 32A schematically illustrates a typical, annular heated region of a treatment site
arising from a direct-coupled electrode in contact with a patient’s skin surface.

FIG. 32B schematically illustrates a typical, circular heated region of a treatment site
arising from a capacitively coupled, dielectrically coated electrode in contact with a patient’s
skin surface.

FIG. 33 schematically illustrates an example of a computing environment suitable for
implementing one or more disclosed technologies.

FIG. 34 schematically illustrates an electrosurgical handpiece.

DETAILED DESCRIPTION

The following describes various principles related to innovative electrosurgical systems,
and components thereof, by way of reference to specific examples of electrosurgical systems,
components and methods, including configurations for energizable electrodes, temperature
sensors, electrosurgical generators, and associated controllers, as well as power and temperature
control components and related methods. In some innovative embodiments, a handpiece can
constitute an electrosurgical instrument or device having an energizable electrode configured to
treat or otherwise manipulate a target site on or in a patient’s body, as well as associated power
and temperature components. Accordingly, the inventive subject matter may be directed to
overall systems, isolated components, alone or in various combinations.

OVERVIEW

U.S. Patent No. 9,345,531 and U.S. Publication No. 2013/0006239, the disclosures of
which are hereby incorporated herein, for all purposes, disclose electrosurgical handpieces
similar to that shown in FIG. 34. During use of such an electrosurgical handpiece, a medical
practitioner or other operator can apply an electrosurgical therapy to a treatment site by sweeping
an energizable electrode across a region of a patient’s skin along a generally circular, trochoidal,
or other selected path.

Some electrosurgical devices and systems disclosed herein are configured for, and some
disclosed methods provide, non-ablative electrosurgery therapies. Some disclosed electrosurgical
devices and systems are configured to, and some disclosed methods can, prevent traumatic
disruption to a tissue, as well as to keep any tissue disruption below a patient’s pain threshold.
Some disclosed electrosurgical systems, devices, and related techniques can provide ablative

and/or non-ablative therapies to human tissue.
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For example, some disclosed electrosurgical devices are configured to deliver energy to a
patient’s skin without the need for anesthetizing the patient. Although difficult to quantify the
precise limits of such power thresholds, applying an energy flux of 4,000 Watts per square
centimeter (W/cm?) for about one second (1 s) probably would not ablate skin tissue, but might
cause necrosis of some tissue. On the other hand, it is presently believed that an energy flux of
about 2,000 W/cm? applied for between about 2 seconds (s) and about 3 s (e.g., between about
1.9 s and about 3.1 s, such as, for example, between about 2.1 s and about 2.9 s) can be applied
to skin tissue to obtain desirable clinical outcomes. Lower flux levels can be applied for longer

times, and higher flux levels might be applied for shorter times, without damaging tissues.

RF Generator System-Surgical Applications

A radio frequency (RF) generator system can include a circuit topology to provide a
variety of output waveforms suitable for use in electro-surgical therapies. The output waveforms
can arise from a combination of a plurality, e.g., two, constituent waveforms. In turn, one or
more parameters of each constituent waveform can be user selectable or controllable. For
example, an RF generator can operate on a fundamental frequency of about 4 MHz, or from
about 400 kHz to about 13.56 MHz, or from about 500 kHz to about 8 MHz, or from about 3
MHz to about 5 MHz. An RF generator system disclosed herein typically can operate on a
fundamental frequency of about 4 MHz.

Output waveforms produced by a monopolar output can include, for example, a
continuous output and a variety of pulsed waveforms with, for example, the fundamental
frequency of about 4 MHz. One or more of an amplitude, frequency, duty-cycle and pulse width
of the output waveform can be user controllable or selectable, and can arise from a combination
of constituent waveforms.

A continuous sine wave output produces a cutting tissue effect with little or minimized
heating coagulation effect to the tissue adjacent the cut. A pulsed waveform with, for example,
the fundamental frequency of about 4 MHz output produces a coagulation effect.

Although a measure of average power applied to a treatment site, for example, may be
approximately the same for different waveforms, the therapeutic effect corresponding to one
waveform may substantially differ from the therapeutic effect corresponding to another

waveform. FIGS. 1 through5 show different waveforms that may correspond to different
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treatment modes available from an exemplary RF generator system. These different treatment
modes may result in various tissue treatment effects and may be categorized, for example, as:
Cut only (CONTINUOUS WAVEFORM) shown in FIG. 1.
Lots of cut with little coagulation (CONTINUOUS WAVEFORM)
shown in FIG. 2.
Moderate cut with moderate coagulation (DISCONTINOUS
WAVEFORM) shown in FIG. 3.
Lots of coagulation with little cut (DISCONTINOUS WAVEFORM)
shown in FIG. 4.
Coagulation only (DISCONTINOUS WAVEFORM) shown in FIG. 5.

FIG. 6 shows examples of various RF treatment implements including an RF powered
scalpel (110A-110D) and an RF powered ball (110E). FIG. 6 shows the surface of skin tissue
200 that was treated with RF powered treatment implements 110A-110E and also shows a cross
section of tissue 200A after treatment with the RF powered treatment implements 110A-110E.

More specifically, referring still to FIG. 6, the continuous sine wave output as is shown in
FIG. 1 cuts tissue 200 with little coagulation effect to tissue adjacent to the cut. The tissue effect
of the continuous sine wave output shown in FIG. 1 with scalpel 110A is shown in the treatment
region labeled 210A. The cross section of the tissue 200A about the tissue 210A that was cut by
scalpel 110A shows that the cut is clean with a small amount of coagulation that results from RF
energy applied to cut the tissue.

More specifically, referring still to FIG. 6, and in contrast, the solely pulsed output shown
in FIG. 5 is designed to give a coagulation tissue effect and to not produce continuous plasma for
cutting. The RF powered ball 110E is repeatedly pressed on the surface of the tissue 200 and
coagulates the tissue in contact with the RF powered ball 110E with each press of the RF
powered ball 110E on the tissue surface. The tissue effect of the pulsed output shown in FIG. 5
with ball 110E is shown in the treatment region labeled 210E. The cross section of the tissue
200A about the tissue 210E that was treated by ball 110E shows that the ball made an impression
of coagulation in the tissue 200 surface and as seen in the cross section 200A.

According to certain embodiments, by combining the continuous sine waveform of
cutting with the pulsed waveform of coagulation, the combination of the two waveforms enable a
combined cut and coagulation tissue effect to be produced. Such a combination of continuous
sine waveform and the pulsed waveform is referred to as the blend mode, because the cut and

coagulation tissue effects are “blended.” FIGS. 2 to 4 show three such blend mode waveforms.

13



10

15

20

25

30

WO 2019/157076 PCT/US2019/016883

FIG. 2 depicts a continuous waveform with lots of cut and little coagulation. FIG. 3 depicts a
discontinuous waveform with a middle amount of cut and a middle amount of coagulation. FIG.
4 depicts a discontinuous waveform with a lot of coagulation and small amount of cut. The
unique circuit design of the disclosed RF generator system allows for a variety of output
waveforms to be produced.

Exemplary blend waveforms are shown in association with FIGS. 2-4. For example, FIG.
2 provides a waveform that produces a continuous cutting effect with increased side heating,
which generates a hemostasis effect on the sides of the incision. Other waveforms can be
produced giving more or less hemostasis and more or less of an aggressive cutting effect, as
shown in FIGS. 2-4.

Referring again to FIG. 6 a blended effect is achieved with the continuous waveform
shown in FIG. 2, which has lots of cut and little coagulation, and which cuts tissue 200 with a
small amount of coagulation effect to the tissue adjacent the cut. The tissue effect of the
continuous waveform shown in FIG. 2 with scalpel 110B is shown in the treatment region
labeled 210B. The cross section of the tissue 200A about the tissue region 210B that was cut by
scalpel 110B shows that the cut has a small amount of coagulation.

Referring still to FIG. 6, a blended effect is also achieved with the discontinuous
waveform shown in FIG. 3, which has a middle amount of cut and a middle amount of
coagulation, and which cuts tissue 200 with a middle amount of coagulation effect to the tissue
adjacent the cut. The tissue effect of the discontinuous waveform shown in FIG. 3 with scalpel
110C is shown in the treatment region labeled 210C. The cross section of the tissue 200A about
the tissue region 210C that was cut by scalpel 110C shows that the cut has a middle amount of
coagulation.

FIG. 6 shows another blended effect that is achieved with the discontinuous waveform
shown in FIG. 4, which has a lot of coagulation and small amount of cut, and which cuts tissue
200 with a small amount of cut and a lot of coagulation effect on the tissue adjacent to the cut.
The tissue effect of the discontinuous waveform shown in FIG. 4 with scalpel 110D is shown in
the treatment region labeled 210D. The cross section of the tissue 200A about the tissue region
210D that was cut by scalpel 110D shows that the cut has a large amount of coagulation. In some
embodiments, the amount of coagulation in region 210D is comparable to the coagulation effect
in the tissue region 210E that was treated by a pulsed output shown in FIG. 5.

FIG. 7 shows an image of a scalpel electrode on the left (e.g., a scalpel electrode having

a shaft diameter of 1/16™) and a ball electrode on the right (e.g., a Smm ball with a 1/16” shaft

14



10

15

20

25

30

WO 2019/157076 PCT/US2019/016883

diameter) that were each used to cut a pork cutlet measuring 7/16 inches thick (e.g., 11 mm
thick) and discussed in association with FIGS. 8-12.

FIG. 8 shows a surface view pork cutlet tissue that was treated on the left in cut mode
with a scalpel electrode using a waveform similar to that shown in association with FIG. 1 at a
device output of 20 (on a scale from 0-100), in the center in cut mode with a scalpel electrode
using a waveform similar to that shown in association with FIG. 1 at a device output of 60 (on a
scale from 0-100), and on the right in coagulation mode with a ball electrode using a waveform
similar to that shown in association with FIG. 5 at a device coagulation output of 100 (on a scale
from 0-100). FIG. 9 shows another view of the pork cutlet tissue described in association with
FIG. 8. This top view shows the three areas where the tissue was treated in cut mode on the left
side, in cut mode in the middle, and in coagulation mode on the right side and enables a different
view of the cuts. FIG. 10 shows a view of the cross section of the pork cutlet tissue described in
association with FIG. 8, this cross-sectional view shows the depth of the tissue treated in cut
mode on the left side, in cut mode in the middle, and in coagulation mode on the right-hand side.

FIG. 11 shows a surface view (above) and a top view (below) of pork cutlet tissue that
was treated: on the left in cut mode with a scalpel electrode using a waveform similar to that
shown in association with FIG. 1 at a device output of 20 (on a scale from 0-100), in the center
in blend mode with a scalpel electrode using a waveform similar to that shown in association
with FIG. 3 at a device output of 60 (on a scale from 0-100), and on the right in coagulation
mode with a ball electrode using a waveform similar to that shown in association with FIG. 5 ata
device coagulation output of 100 (on a scale from 0-100).

FIG. 12 shows a surface view (above) and a cross sectional view (below) of pork cutlet
tissue that was treated: on the left in cut mode with a scalpel electrode using a waveform similar
to that shown in association with FIG. 1 at a device output of 20 (on a scale from 0-100), in the
center in blend mode with a scalpel electrode using a waveform similar to that shown in
association with FIG. 3 at a device output of 60 (on a scale from 0-100), and on the right in
coagulation mode with a ball electrode using a waveform similar to that shown in association
with FIG. 5 at a device coagulation output of 100 (on a scale from 0-100). Referring still to FIG.
12, the cross-sectional view shows the depth of the tissue treated in cut mode on the left side, in
blend mode in the middle, and in coagulation mode on the right-hand side.

Implementation of the above-disclosed blended output waveform can be accomplished
via a circuit design as follows. FIG. 13 shows one embodiment of power switch circuit topology

that allows the above described variety of blend output waveforms to be produced. According to
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certain embodiments, the circuit may have two independently controllable DC circuits along
with one monopolar RF circuit running at the fundamental frequency of about 4 MHz. The
monopolar RF circuit continues to run at 4 MHz and two independent DC bucks are provided
that controllably lessen the DC voltage that is supplied to two independent Power Switches
(PSW). The two Power Switches are switched/connected to the output independently at a rate of
approximately 30 kHz. This creates the “two-tiered” output waveform as shown in FIG. 14. The
output voltages of the cut portion of the blend waveform and the coagulation portion of the blend
waveform can be independently adjusted, with the choice and/or pattern of adjustment giving
different tissue effects.

In addition, referring now to FIG. 15, the power switch circuit can be operated such that
a dead time (e.g., off interval) between 30 kHz cycles may be selected. The dead time is present
after the cut and prior to the next cycle coagulation. This dead time or off period duration can be
adjusted to ensure the plasma from the previous “cut” period has time to fully extinguish before
initiating the next cycle. This way, no undesired cutting between cycles occurs, and tissue only
coagulates during the coagulation portion of the cycle.

Referring now to an example shown in FIGS. 16 and 17, according to certain
embodiments, the blend waveform is pulsed at 30 kHz (33 pus). Buck 1 sets the voltage level of a
first function, e.g., a coagulation portion, of the output, and Buck 2 sets the voltage level of a
second function, e.g., a cut portion, of the output. Here, as seen in a user interface element 202
that allows a user to adjust various aspects of the blend waveform, Buck 1 may be set at a higher
voltage than Buck 2. Specifically, in FIG. 16, Buck 1 is set at 70 percent of its maximum voltage
and Buck 2 is set at 35 percent of its maximum voltage, which is 50% of the voltage of Buck 1.
The Pulse sets the duration of the coagulation portion for the output for one 30 kHz pulse, here
the pulse is set at 100 percent. The Gate sets the overall duration of the output waveform for each
30 kHz pulse. For example, if the Gate is set to 100 then the composite pulse is on for the entire
30 kHz period (33us). If, as is shown in FIGS. 16 and 17, the Gate is set at 50 percent, then the
composite pulse of the RF emission will have a duration of 50 percent of the period (16.5 ps).
And here, because the Pulse is set at 100, the output pulse will be on for the entire 16.5 ps that
the RF emission is on. Accordingly, by adjustably controlling the foregoing parameters, desired
blended waveform profiles may be achieved.

In various embodiments, one or more of a waveform’s frequency, amplitude, and pulse-
width may be user-selectable, for example, via a user interface element 202 displayed by a

software control application, or by physical switches or controls on an electrosurgical generator.
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To illustrate, referring again to the pork cutlet tissue treated and disclosed in association
with FIGS. 8-10, and the setting options disclosed in FIG. 16, the cut on the left side is
accomplished by setting Buck 1 at 20 and there is no setting of Buck 2, Pulse, or Gate, because
these are not applicable in Cut mode. The cut in the middle is accomplished by setting Buck 1 at
60 and there is no setting for Buck 2, Pulse, or Gate, because these are not applicable in Cut
mode. The coagulation on the right-hand side is accomplished by setting Buck 1 at 100 and the
Pulse at 100, there is no setting for Buck 2 or Gate, because these are not applicable in
coagulation mode.

Referring again to the pork cutlet tissue treated and disclosed in association with FIGS.
11-12 and the setting options disclosed in FIG. 16, the cut on the left side is accomplished by
setting Buck 1 at 20 and there is no setting of Buck 2, Pulse, or Gate, because these are not
applicable in Cut mode. The blend of cut and coagulation in the middle is accomplished by
setting Buck 1 at 60, Buck 2 at 54, Pulse at 100, or Gate at 100. The coagulation on the right-
hand side is accomplished by setting Buck 1 at 100 and the Pulse at 100, there is no setting for
Buck 2 or Gate, because these are not applicable in coagulation mode.

RF Generator System-Non-Invasive Aesthetic Treatments

According to certain embodiments, the RF generator system may include an improved
response time temperature sensor that is well-suited for use in non-invasive aesthetic treatments
employing an RF generator system. The improved response time temperature sensor responds
more quickly than other temperature sensors and includes a temperature sensor/electrode
assembly.

In an exemplary embodiment, the RF generator system provides RF energy (e.g., 4 MHz
sinusoidal RF energy) that is applied to the tissue surface of a treatment subject (e.g., a patient)
to cause heating of the subject’s dermal, epidermal and/or deeper tissue layers. In one possible
embodiment, a topical solution, such as gel (e.g., ultrasound gel), lotion, or another substance
may be applied to the surface of the subject’s tissue (e.g., skin) prior to non-invasive RF energy
treatment in order to reduce friction between the electrode and the surface, and/or to improve
thermal or electrical conductivity from the patient-contact surface to the tissue surface of the
treatment site. The RF electrode is placed on a tissue surface (e.g., skin surface) of the treatment
subject to which the topical solution has already been applied. The RF generator initiates an RF
emission from an electrosurgical handpiece, and more particularly from the energizable electrode
contacting the treatment site. The clinician moves the electrode tip of the electrosurgical

handpiece in contact with the subject’s tissue surface over a treatment area of the subject’s tissue
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surface (e.g., skin surface). In some embodiments, the clinician moves the electrode tip over the
subject’s tissue surface continuously and without pausing or stopping. This treatment results in
an area of elevated temperature, preferably a substantially uniform area of elevated temperature,
with an elevated temperature that preferably measures around 42C +/-1C which is maintained for
a given treatment time of from about 5 minutes to about 25 minutes, such as, for example, from
about 7 minutes to about 10 minutes. The RF generator can achieve an elevated temperature
range of from about 39C to about 46C, as from about 41C to about 44C. The temperature
elevation that is targeted may vary from patient to patient depending on the size of the treatment
area, the sensitivity of the treatment area, and the tolerance of the patient amongst other factors.
Likewise, the selected duration of the treatment time may vary depending on the size of the
treatment area, the targeted depth of the treatment area, etc. Depending on such factors, suitable
treatment times may range from about 5 minutes to about 50 minutes, or about 30 minutes.

To achieve a substantially uniform temperature rise and/or a substantially homogeneous
temperature rise throughout the treatment area with a continuously moving electrode, an
improved response time temperature feedback sensor is required. The disclosed embodiments
advantageously provide such an improved sensor. Preferably, the improved response time
temperature feedback sensor has a response time constant of about 1 second or less.

FIGS. 18A and 18B depict transient temperature responses to step changes in power for a
working embodiment of a thermal sensor (e.g., a thermistor) in a 25mm Tempsure™ electrode
assembly, available from Cynosure, Inc, Westford, MA. Specifically, FIG. 18A shows the
transient response to an increase in temperature. FIG. 18B shows the thermistor assembly
response time to a decrease in temperature.

Response Time

Looking at FIG. 18A, the temperature sensor as assembled in the Tempsure electrodes
shows a measurement response time of 2 to 3 seconds when warming from skin temperature (35
©C) to a target treatment temperature 42 ° C, to within 1° C.

Looking at FIG. 18B, a similar response time occurs when cooling; from target treatment
area at 42° C down to typical skin temperature of 35° C.

Added note: Temperature reference cold and warm plates may be held constant with a
heat exchanger to less than 0.5 ° C of target temperatures

Thermal Time Constant t:

Thermal time constant t of this 25mm temperature sensing electrode is defined

mathematically as the time it takes the temperature sensing electrode to reach 63.2% of the target
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temperature from its initial temperature, a difference of 7° C. 63.2 % of 7° Cis 4.42° C. The
thermal time constant of the assembled temperature sensor is therefore approximately 1 second
for both graphs (add or subtract 4.42 ° C from start of measurement on the curve and find elapsed
time).

As generally understood and used herein, the “Thermal Time Constant”, under zero
conditions, is the time it takes a temperature sensor, e.g. a thermistor, to change 63.2% of the
total difference between the initial and the final body temperature, when subjected to a step
function change in temperature. In simple terms, it represents in time, how long it takes a
temperature sensor to recover up to 50% of its initial resistance. When measuring for the thermal
time constant, a temperature change needs to be applied. However, if that change is too slow, the
measuring would be of the ambient rate of change; not the temperature sensor’s response to the
change. Therefore, it is preferable to use a temperature change as close to instantaneous as
possible.

According to certain embodiments, the temperature sensor assembly’s temperature sensor
feedback is measured by a control system communicatively coupled to the RF amplifier. The
control system compares the measured temperature of the temperature sensor to a user selected
temperature. When the measured temperature feedback from the temperature sensor equals or
exceeds the user selected temperature, the control system interrupts (e.g., diminishes or
altogether stops) the RF emission. In some embodiments, a duty cycle of the RF emission can be
adjusted (e.g., decreased) to maintain a temperature of a patient treatment site at or below an
upper threshold temperature. When the electrode assembly moves to a cooler zone in the
treatment area, the temperature sensor in the electrode assembly can detect a temperature below
a user-selected temperature. As a result, the control system can re-engage or increase the RF
emission from the electrode assembly. This process continues throughout a treatment session to
maintain the desired temperature e.g., the user selected temperature, throughout the treatment
area.

FIG. 19 is a block diagram that shows the control system interacting with the
temperature sensor feedback around the treatment of a subject. Here, AC power is converted to
DC voltage in the AC to DC converter. The DC voltage travels through the DC Buck Converter,
which controllably lessens the supplied DC voltage. The supplied DC voltage is delivered to the
RF Power Amplifier and then travels to patient isolation (e.g., a transformer). From patient
isolation, the RF power is then delivered to the Patient. The Patient’s skin surface is measured by

the Temperature Measurement step, which utilizes a temperature sensor in the handpiece. The
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handpiece communication communicates the patient skin surface temperature measurement to
the control system. In some embodiments, the handpiece communication optically communicates
the temperature measurement to the control system. The control system compares the patient
skin surface temperature to the desired patient skin surface temperature. The desired patient skin
surface temperature may be defined as a threshold temperature and/or a threshold temperature
within a range of temperatures, e.g. +/- 2C from the threshold. The control system enables and
controls the DC Buck Converter and the RF Power Amplifier based on the how the patient skin
surface measurement compares to the temperature threshold.

In one possible embodiment, the measured skin surface temperature measures at or
higher than the temperature threshold or the top of the threshold range. When the message that
the temperature exceeds the threshold is conveyed to the control system, the control system’s
enable and control shuts off the DC Buck Converter supply of DC voltage to the Amplifier,
thereby disabling the RF power previously being delivered to the Patient. The temperature
measurement feedback loop may optionally continue measuring the patient skin surface
temperature in the Temperature Measurement step. When the measured patient skin surface
temperature measures too low (e.g., lower than the temperature threshold, or below the bottom of
the threshold range), the control system’s enable and control will enable the DC Buck converter
and the RF Amplifier to resume the supply of DC voltage, thereby enabling delivery of the RF
power again. In this way, the temperature of the patient’s skin surface temperature is closely
monitored and controlled.

In one possible embodiment, the measured skin surface temperature measures at or
higher than the temperature threshold or the top of the threshold range. When the message that
the temperature exceeds the threshold is conveyed to the control system, the control system’s
enable and control inhibits or lessens the DC Buck Converter supply of DC voltage to the
Amplifier, thereby lessening the RF power previously being delivered to the Patient. In some
embodiments, the temperature measurement feedback loop will continue measuring the patient
skin surface temperature in the Temperature Measurement step. When the measured patient skin
surface temperature measures too low (e.g., lower than the threshold or the bottom of the
threshold range), the control system’s enable and control will enable the DC Buck converter
supply of DC voltage to the Amplifier to increase the supply of DC voltage thereby enabling
delivery of more RF power. In this way, the temperature of the patient’s skin surface is closely

monitored and controlled.
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The improved response time temperature feedback sensor assembly has several notable
requirements. The thermal conduction between the subject’s tissue surface (e.g., skin surface)
and the temperature sensor should be maximized. Or, stated differently, the thermal resistance
between the patient and the temperature sensor should be minimized. Additionally, the
temperature sensor thermal mass should be minimized to allow for detection of fast changes in
temperature of the subject’s tissue surface. Conversely, thermal conduction between the thermal
mass of the electrode emitting the RF signal and the temperature sensor should be minimized.
Or, stated differently, the thermal resistance should be maximized. In one possible embodiment,
the thermal conduction between the electrode thermal mass and the temperature sensor is
minimized by using a thermally insulated material that thermally insulates the temperature
sensor assembly from the electrode assembly. Suitable thermally insulated materials include
machinable plastic such as ULTEM™ available from SABIC (Riyadh, Saudi Arabia). Any of a
number of thermally insulative materials are known and may be employed.

A goal of some electrosurgical treatment is to drive electricity into the tissue and
uniformly heat the tissue under the electrode surface. With high frequency (e.g., 4 MHz) and an
appropriate dielectric, the desired tissue depth may be achieved with surface uniformity. Lower
frequency transmissions may dissipate too much energy in the dielectric material and can
provide poor energy coupling between the energizable electrode and a treatment site. According
to certain embodiments, capacitive coupling of electrodes helps achieve uniform distribution of
electricity. With the disclosed, capacitively coupled approach, there is less thermal loss into the
dielectric and relatively less power is lost. Therefore, more power is delivered into the tissue,
compared with other devices that use a direct coupled approach and concomitantly cause
electrode heating (akin to a hot rock). Such heating is undesirable and negatively impacts patient
tolerance. The goal is to drive as much current into the body as is tolerable and to deliver more
power to the deep tissue with minimal dielectric losses. A capacitive probe according to the
embodiments can help fulfill these goals. If a selected electrode is purely resistive (as opposed to
capacitive) then this limits the ability to achieve uniformity and opposes the goal of a higher
amount of power delivered to tissue depth as uniformly as practicable.

In one embodiment, the electrode is made from an electrically conductive material (e.g.,
gold plated brass). Generally, materials employed to make electrodes may also be very thermally
conductive (e.g., aluminum, gold, brass, etc.). In addition, most electrode constructions have a
relatively large thermal mass. In an embodiment, the electrode has much more thermal mass than

the temperature sensor (e.g., >100:1). One goal is to measure the subject’s tissue surface
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temperature, rather than the temperature of the electrode itself, because a primary objective is to
reach and maintain a target temperature of the subject’s tissue surface (e.g., skin surface)
throughout the treatment area. The electrode may have a large thermal mass, and may be ata
different temperature than the subject’s tissue surface (e.g., skin surface), therefore thermal
conduction from the electrode to the temperature sensor risks causing a skew in the resulting
temperature feedback. For example, when beginning the treatment with a room temperature
electrode/temperature sensor assembly, the large thermal mass of the room temperature electrode
may saturate the temperature sensor with about 25°C thermal conduction thus obscuring the
subject’s higher tissue surface temperature. In the case where the thermal mass of the room
temperature electrode interferes with the temperature sensor, the temperature sensor would
indicate a subject’s tissue surface temperature lower than it is, which is a potential safety
problem.

Thus, according to various embodiments, the temperature sensor thermal mass may be
minimized to enable an improved speed of detection of changes in tissue surface temperature.
Minimization may be achieved by controlling the amount of material (thermal mass) in contact
with the temperature sensor (e.g., a thermistor). For example, the amount of material in contact
with the temperature sensor may be minimized. Additionally, thermal conduction between the
subject’s tissue surface and the temperature sensor should be maximized (e.g., the thermal
resistance between the tissue surface and the temperature sensor, Rg, should be minimized).

FIGS. 4-7 illustrate aspects of an electrosurgical handpiece including a temperature
sensor assembly. The temperature sensor assembly includes a temperature sensor and housing to
protect the temperature sensor. The housing can define a patient contact surface.

For example, a patient contact surface of a temperature sensor assembly may be defined
by a cylinder that surrounds all or a portion of the temperature sensor. The patient contact
surface may extend longitudinally past (e.g., may be slightly “proud” relative to) a patient
contact surface defined by the energizable electrode to ensure thermal contact between the
housing and a treatment site.

In this way, the temperature sensor may be surrounded by a thermally conductive
housing. A thermally conductive epoxy, paste, or other material suitable for reducing thermal
contact resistance between the temperature sensor and the housing can enhance thermal contact
between the temperature sensor and the housing. Such thermal contact can ensure that a
temperature of the temperature sensor and a temperature of the housing remain approximately

the same. Moreover, combining a low-mass housing and a low-mass temperature sensor can
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provide a rapid thermal response (e.g., a low thermal time constant) for the temperature sensor
assembly.

FIGS. 20-21 show cross-sections of a temperature sensor assembly 402 that may be used
in an electrosurgical handpiece. In the illustrated example, a temperature sensor 410 may be
disposed inside a thermally conductive housing 420 (e.g., a thermally conductive cylinder, a
thermally conductive sheath, a thermally conductive envelope). The temperature sensor 410 may
be thermally coupled to the housing 420 such that the entire surface area of the temperature
sensor 410 is in direct contact with the thermally conductive housing 420 and/or with a thermal
epoxy or other coupling that is also in contact with the housing 420. By using the entire surface
area of the temperature sensor 410, the thermal flux can be maximized, which can be conducted
into the temperature sensor 410.

The thermally conductive housing 420 may include a first patient contact surface 422, an
inner surface 424 that is positioned opposite the first patient contact surface 422, and an outer
wall 426 that extends transversely relative to the first patient contact surface 422.

The thermally conductive housing 420 may be made from a relatively small amount of
material (e.g., as small an amount of material as is possible) to limit the thermal mass and
thereby improve the response time (e.g., quicken the response time). Generally, the housing 420
may be made from a thermally conductive material, e.g., having a thermal conductivity of about
200 Watts/meter-Kelvin (W/m-k), or about 400 W/m-K. In some instances, however, a thermally
conductive and electrically non-conductive material, such as, for example, AIN (aluminum
nitride) or other ceramic material, may be desirable.

Additionally, the portion of the temperature sensor assembly in contact with the patient
or subject, e.g. a first patient contact surface 422, may be exaggerated to increase surface area in
contact with the patient (or subject) and to increase thermal conduction to the temperature sensor
410 therethrough. The portion of the temperature sensor assembly 402 in contact with the patient
has a larger surface area than the portion of the temperature sensor 410 that it contacts. The
exaggerated surface area of the point of contact of the temperature sensor assembly with the
tissue surface is desirable because the tissue is a relatively poor thermal conductor and
exaggerating the area in contact with the tissue, compensates for the relatively poor conductivity
of the tissue relative material in contact therewith (e.g., metal point of contact of the temperature
sensor assembly).

Any number of shapes of the portion of the temperature sensor assembly in contact with

the tissue, e.g., the first patient contact surface 422, may be selected, for example, a disk (e.g.,
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like a hockey puck), a rectangle, a sphere, or a mushroom cap shape. The first patient contact
surface 422 may flare out radially from a shaft or body of the sensor. The flared portion may
have a radial extension that is a multiple of the general diameter of the shaft or body of a
temperature sensor. For example, the diameter of a mushroom or disk tissue contacting portion,
e.g., the first patient contact surface 422, may be at least 2, 3,4 5, 6, 7, 8, 9, 10, 15, 25, 30, or
more times the diameter of the temperature sensor body, as the mushroom contact portion and
associated temperature sensor are oriented in FIG. 20, for example. The first patient contact
surface 422 may be tailored (e.g., smoothed such that what contacts the tissue surface lacks sharp
or pronounced edges) to comfortably contact the patient’s tissue surface when the device is
moved across the subject’s tissue surface (e.g., skin surface).

The temperature sensor assembly 402 may also include an insulator 430. The insulator
430 may be outside of the housing 420 and between the housing 420 and an energizable
electrode 450 (of which only a portion is depicted), and may span a gap between the outer wall
of the housing 420 and the electrode 450. The insulator 430 may completely fill the gap in an
embodiment. Alternatively, the insulator 430 may only partly fill the gap while the remaining
volume in the gap is filled with a gas and/or another dielectric material.

In one possible embodiment, the insulator 430 may minimize the thermal conduction
between the thermal mass of the electrode 450 and housing 420 (and the temperature sensor
410). The insulator 430 may be or use a material that thermally insulates the temperature sensor
assembly 402 from the electrode assembly. Suitable thermally insulated materials include
machinable plastic such as ULTEM™ available from SABIC (Riyadh, Saudi Arabia). Any of a
number of thermally insulative materials are known and may be employed.

In one possible embodiment, the edges of the temperature sensor assembly portion in
contact with the patient, e.g. the first patient contact surface 440, are rounded off such that it is
mushroom shaped, which provides patient comfort as the sensor assembly is swept along the
patient’s skin surface. This mushroom tip surface and the adjacent cylinder, e.g. housing 420, act
as a housing around the temperature sensor 410, making the assembly well suited for fast
response temperature feedback. The mushroom shape may protrude in part past a surface of the
electrode, and may provide a larger surface area compared to a flat tip for greater contact with
the treatment surface.

Also, as stated above, thermal conduction between the electrode thermal mass and the
temperature sensor should be diminished or minimized (max Rg) to prevent errors or a skew in

the temperature sensor feedback accuracy. Thermal conduction between the electrode thermal
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mass and the temperature sensor assembly can be minimized by means of a thermal insulating
barrier (e.g., a thermal insulator sleeve) inserted between the large thermal mass of the electrode
and the temperature sensor assembly.

In one embodiment, as shown in the exploded view in FIG. 22, the temperature sensor
assembly may be a thermistor assembly 502, which includes a thermistor 510, a thermally
conductive container 520 (e.g., a mushroom shaped tip with an adjacent cylinder) and thermal
epoxy to couple the thermistor 510 to the container 520. Additionally, a thermal insulator 530,
thermal resistance, or Ry, is selected to be as high as possible while still meeting practical
requirements such as strength, rigidity or machinability. Electrical conductor 528 may conduct
temperature sensing information to a control system directly or indirectly via a transmitter (not
shown).

A temperature sensor assembly that uses a thermocouple instead of a thermistor may be
similar to the assembly shown in FIG. 22, albeit with a thermocouple instead of a thermistor. The
housing used for a thermocouple may have a shorter outer wall compared to the outer wall of the
housing 520, as described, for example, with respect to FIGS. 28A-B. That reduction in material
used for the housing can reduce the mass of the housing, and thus a thermal time constant for the
temperature sensor assembly. Further, a thermocouple may have less mass than a thermistor,
which can further enhance transient response times. However, these advantages may not
outweigh disadvantages of many thermocouples, including inaccuracy arising from, for example,
calibration drift, signal cross-talk with other electrical circuits, etc.

FIG. 23 depicts an example of a portion of an electrosurgical handpiece 604 in cross-
section that includes a temperature sensing assembly. The temperature sensing assembly may be
the same or similar to the temperature sensing assembly 402 or 502. For example, the housing
620 and the insulator 630 may be analogous to housing 420, 520 and to insulator 430, 530,
respectively. The portion of the figure within the dotted line box may represent the view as
shown in FIG. 21.

In addition to the temperature sensing assembly, the handpiece 604 may include an
energizable electrode 640 defining a second patient-contact surface 642 extending outward of the
outer wall of the housing 620. In various embodiments, a low thermal mass material, e.g., a
material having a lower thermal mass that the tissue being contacted, may be used for the
electrode 640 to offer further improvement in temperature measurement accuracy of the
temperature sensor, because it avoids cross talk between a thermal mass of the electrode 640 and

the temperature sensor in the temperature sensing assembly. Stated differently, an electrode that
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has a low thermal time constant can readily change temperature with its environment, improving
a temporal response of the temperature sensing assembly relative to an electrode / temperature
sensing assembly in which the electrode as a relatively higher thermal time constant.
Accordingly, the temperature of the subject’s skin surface is measured rather than the
temperature of the electrode 640 itself. In an ideal case, the thermal mass of the electrode 640
surrounding the temperature sensor is as close to zero as is possible. In this way, interference of
any thermal mass of the electrode might be avoided.

For example, in one embodiment the electrode 640 may be a metal foil that surrounds a
void and has a temperature sensor disposed inside the void and in contact with the subject’s
tissue surface. Here, any gas such as air in the void acts as the insulator and has minimized mass
to cross talk with the temperature sensor. In another embodiment, the electrode 640 may be a
metal foil that surrounds a low thermal mass solid such as fiber insulation (e.g., plastic, pulp,
paper, glass, etc.) or solid plastic and has a temperature sensor disposed inside the metal foil and
in contact with the subject’s tissue surface and likewise this low thermal mass material
minimizes cross talk with the temperature sensor thereby improving accuracy of the temperature
sensing of the subject’s skin surface. In still another alternative embodiment, the electrode 640
may be made of solid plastic (having a high thermal resistance) and coated with a thin layer of
conductive material such as a gold foil. The thin foil layer ensures RF energy conducts via the
thin foil layer. An electrode made from a thin foil layer around a void filled with gas, an
electrode made from a thin foil layer around a low thermal mass solid such as plastic, and the
electrode made from metal surrounding an insulative cylinder that separates the thermal mass of
the electrode from the temperature sensor all provide RF energy to the subject in a similar way,
by means of a skin effect about the outside surface of the electrode.

The electrosurgical handpiece 604 may be used as a capacitive heating probe to provide a
tuned uniform deep tissue heating system. A metal inner probe body, e.g., the energizable
electrode 640, has an exterior surface, e.g., second patient contact surface 642, that may be
covered with a dielectric coating 644. Absent the dielectric coating 644, the second patient
contact surface 642 may be the surface of the electrode itself. When present, the dielectric
coating 644 becomes the second patient contact surface 642, as it, and not the electrode, will
come in contact with the treatment surface. The dielectric coating 644 may be employed to
enable the treatment current to be delivered homogenously over the entire area where the

dielectric coated surface of the electrode is in contact with the subject’s skin surface. The
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constraints on the dielectric may include: the material property, thickness of coating, and applied
voltage.

Embodiments of the handpiece 604 as a capacitive heating probe provide several
benefits: uniform tissue heating over the probe area in contact with the skin surface, a relatively
large active tissue heating treatment area on the skin (e.g., greater than 30 mm in diameter, from
about 40 mm to about 100 mm, or from about 40 mm to about 60 mm), and relatively deep tissue
heating caused by Joule (or resistance) heating.

Additional aspects of this system include a high frequency energy source (“HF”, defined
by the International Telecommunications Union (ITU) as greater than 3-30 MHz) combined with
a capacitive tissue heating probe with a specially-formulated dielectric coating 644. The coating
644 may have a high dielectric constant, e.g., between about 4 to about 8, e.g., between about 5
and about 7, at the operating frequency, e.g., at 4 MHz. Dielectric constants of about 2, e.g.,
between about 1.9 and about 2.1 may be considered low in this context. In addition, dielectric
coatings that may be employed desirably have properties that include the ability to be applied
with a controllably even thickness, e.g., at a uniform thickness over the second patient contact
surface. Additionally, the dielectric coating may desirably be rugged enough for multiple uses
and may be resistant to chipping and cracking. The dielectric coating may be biocompatible with
human tissue; impervious to fluids; and non-absorptive to moisture. The dielectric coating may
also have a low coefficient of friction against human tissue. The dielectric coating may have a
relatively high loss tangent for a polymer at 4 MHz, e.g. a loss tangent of at or above 0.5. Low
loss tangents, e.g., for other materials, may be in the range of 0.0004 to 0.001. The high
dielectric constant, relatively low thickness (e.g. about 0.01 inches) of the dielectric applied to
the surface, and the frequency range of the RF disclosed herein can work in combination to
inhibit or prevent arcing to the tissue.

The tissue may be protected from arcing damage due to the system design that controls
voltage, dielectric material thickness, frequency, and material dielectric constant. Previous
capacitive tissue heating systems have used medium frequency energy sources (“MF”’ defined by
the ITU as 300 kHz-3 MHz), which are not as effective at driving deep Joule tissue heating with
capacitive probes due to dielectric losses and corresponding reduction of current to deep tissue.
In one embodiment, the RF energy source operates at 4 MHz and conveys a waveform to the
electrode having a frequency of 4 MHz, i.e. the operating frequency. The capacitive energy
probe may have a diameter that is greater than 40 mm. The dielectric coating has less impedance

to high frequencies and the 4 MHz system is a relatively high frequency system and therefore
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presents lower dielectric loss. As a result, less RF energy is lost to heating the electrode and
instead is available to penetrate as a homogenous current into the depths of the tissue of the
subject. Accordingly, the subject, treated at 4 MHz with the provided dielectric coated electrode
capacitively coupled current, may experience a larger bulk of tissue being treated than would the
same tissue would experience with the same dielectrically coated electrode capacitively coupled
current at 400 kHz. With 4 MHz a 5% dielectric loss would approach 50% dielectric loss at 400
kHz. Thus, a 400 kHz system is capable of delivering substantially less current to deep tissue
than the 4 MHz system when using a capacitive heating probe as described.

Additionally, the capacitive probe design features a direct, fast measurement of tissue
surface temperature and also provides electrical isolation of the temperature measurement
interface from the metal probe body as discussed herein. Thus, the undesirable skew in
temperature feedback caused by thermal conduction to the temperature sensor is avoided due to
the electrical and thermal isolation of the temperature measurement interface form the metal
probe body.

The handpiece 604 may further include a shaft 650 extending proximally from the
energizable electrode 640 and defining a first internal bore 652 extending longitudinally of the
shaft 650. In an embodiment, the insulator 630 may extend through an opening (see opening 744
in FIG. 24) in the energizeable electrode 640 and into the first internal bore 652 of the shaft 650.
The shaft 650 may be in contact with the energizeable electrode 640 at a shoulder 646 of the
electrode. The energizeable electrode 640 is energized by an RF generator (not shown). The
insulator 630 may extend from a distal end positioned adjacent the first patient-contact surface of
the housing 620, and the second patient-contact surface 642 to a proximal end positioned within
the first internal bore 652. The insulator 630 may have a second internal bore 656. In an
embodiment, the internal bore 652 may have one or more first threads 654a, and the insulator
630 may have one or more second threads 654b. The first and second threads 654 may be
complementary and matingly engageable with each other. When mated together, via the threads
654 or by other coupling means, the shaft 650 and the insulator 630 may capture the energizeable
electrode 640 between them. When captured, the energizeable electrode 640 may be generally
fixed such that it cannot move longitudinally with respect to the shaft 650 or the insulator 630. In
some embodiments, the energizeable electrode 640 may be free to rotate about the longitudinal
axis 660, and in other embodiments, the energizeable electrode 640 may be rotationally fixed.
The energizeable electrode 640 may, in some embodiments, be able to pivot with respect to the

shaft such that the axis of the shaft is at an angle to the longitudinal axis 660 to allow the
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energizeable electrode 640 to follow contours on the treatment surface and provide greater
comfort for the human operator.

The handpiece 604 may further include an electrical conductor 628 extending proximally
within the handpiece 604 from the temperature sensor in the housing 620 and through the second
internal bore 656. The electrical conductor 628 may conduct a signal from the temperature
sensor to a control system, or to a communication component (not shown) in the handpiece that
can transmit the temperature sensor signal to a control system wirelessly or via a wire.

In an embodiment, the first patient-contact surface and the second patient-contact surface
642 may be co-centrically aligned with each other. As used herein, the phrase “co-centrically
aligned” means each respective centroid in a plurality of centroids overlaps with or is
coextensive with one of the other centroids, or a line joining two of the centroids is substantially
parallel with a longitudinal axis of related structure. For example, the centroids of the first and
the second patient-contact surfaces may be spaced apart from each other, but they are aligned
substantially axially relative to a longitudinal axis 660 of the housing and/or the electrode.

FIGS. 24 and 25 show examples of electrodes and capacitive probes according to various
embodiments. FIG. 24 shows a proximal view (right) and a distal view (left) of an embodiment
of an energizable electrode 740. The second patient contact surface 742 is visible on the
electrode on the left. The electrode 740 may be coated with a dielectric material. The
energizeable electrode 740 defines an opening 744 in which a temperature sensing assembly may
be positioned. A shoulder 746 may surround the opening 744 and extend distally.

FIG. 25 shows an embodiment of an electrosurgical handpiece 704, that may be used, for
example, as a capacitive probe. The electrosurgical handpiece 704 may be an embodiment of the
handpiece 604, and may use the energizeable electrode 740, or an energizeable electrode 740’
that may be similar to the energizeable electrode 740.

The electrosurgical handpiece 704, as shown, has a temperature sensing assembly
positioned at its center such that the first patient contact surface 722 is visible on the distal side.
Also visible is a shaft 750 which may be graspable by a human or robotic operator of the
handpiece 704.

FIG. 26 shows treatment results using probes such as those shown in FIGS. 24 and 25.
The treatment results demonstrate uniform tissue heating or substantially uniform tissue heating
on the body of a subject as measured by skin surface temperature using an IR camera. Here,
referring to FIG. 26, the probes shown in FIGS. 24 and 25 were attached to an RF generator

providing continuous sinusoidal RF energy at a fundamental frequency of about 4 MHz. In an
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exemplary treatment the probe was applied to the surface of a subject’s skin and was moved by
the clinician over the subject’s skin surface to provide an increase in temperature with a
treatment temperature measured at the skin surface of 34.7C. The surface of the treatment area
shown in FIG. 26 has uniform/homogenized heating such that once the temperature threshold for
34.7C is reached, the whole homogenized area is at the 34.7C temperature threshold. The
temperature sensor was set to a temperature of 34.7C and the sensed temperature sensor
feedback is measured by the control system for the RF amplifier (discussed above). The control
system for the RF amplifier compares the temperature measured by the temperature sensor to the
user selected temperature and when the measured temperature feedback from the temperature
sensor equals or exceeds the user selected temperature, the control system interrupts the RF
emission. When the temperature sensor on the electrode assembly senses a temperature that is
less than the user selected temperature, for example, when the probe has moved to a cooler area,
the control system re-enables the RF amplifier and the RF emission resumes. As a result, the
probe must be moved over the surface of the skin substantially continuously so that the
temperature sensor functions without interruption. This avoids over- and under- treatment. Thus,
the described probe should not be used in stamping mode, because there would be interruption in
RF energy due to exceeding the user selected temperature.

FIG. 27 is a depiction of the differences in surface heating of the skin that occur with
three different embodiments of probes. The left side in FIG. 27 shows a direct coupled probe
having dimensions similar to the probe shown in FIGS. 24 and 25. The middle of FIG. 27 shows
a capacitively coupled probe having dimensions similar to the probe shown in FIGS. 24 and 25,
but operating at an RF frequency of 500 kHz and with a dielectric. The right side in FIG. 27
shows a capacitively coupled probe operating at an RF frequency of 4 MHz and with a dielectric
similar to the probe shown and described in association with FIGS. 24 and 25. As shown, the
directly coupled probe and the probe operating at an RF frequency of 4 MHz provide relatively
deep heating of tissue. The probe operating at an RF frequency of 500 kHz provides relatively
shallow heating of tissue due to power losses in the electrode dielectric coating and subsequent
electrode heating.

FIGS. 28A-B, 29 and 30 illustrate various possible dimensions that be used in
embodiments of the temperature sensing assembly and the electrosurgical handpiece. For
example, as seen in FIGS. 28A-B, 29, the housing may have a width w at the first patient contact
surface that may be less than or equal to about 5 mm. The insulator 2830 may have a diameter d

(or width, if not circular) that may be between about 10 mm and about 90 mm.
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As shown in FIG. 28A, in an embodiment that uses a thermistor as a temperature sensor,
the height of the outer wall of the housing may extend upward to a height H in order to maintain
a thermally isolated and insulated space around the entire temperature-sensitive body of the
thermistor. As shown in FIG. 28B, in an embodiment that uses a thermocouple, the outer wall
may only extend to a shorter height H’, because only the tip end of the thermocouple is
temperature-sensitive.

As shown in FIG. 29, the conductive annulus of the electrode 2950 may have a width
greater than or equal to about 5 mm, as defined between an outer diameter of the electrode that is
proximal to the perimeter of the handpiece and an inner diameter of the electrode that is
proximal to an outer diameter of the insulator 2930. The handpiece may have an overall diameter
(or width) phi, for example, of about 100 mm. The insulator may have a diameter d that is large,
relative to the width of the electrode annulus, e.g., d between about 34 and 90 mm. The insulator
may have a diameter d that is smaller than the width of the electrode annulus, e.g., d between
about 10 and about 33 mm. In a purely resistive electrode, a larger and/or more thermally
resistant insulator may be desirable to minimize or reduce effects of a heated electrode on the
thermal sensor. Thermal resistance of an insulator can be based on a combination of material and
thickness along heat-transfer direction. For example, an insulator with a high thermal resistance
placed between the electrode and the housing can inhibit heat-transfer between the two and
improve measurement accuracy relative to skin temperature. In a capacitive or dielectric-coated
electrode, a larger electrode relative to the insulator may be desirable to provide a larger
treatment surface.

The first patient contact surface of the housing may generally be in the same plane as the
surface of the electrode, or may protrude past the surface of the electrode, for example, in a
rounded manner as shown in FIGS. 28A, B. The protruding embodiment may increase the
surface area and therefore the thermal contact area of the first patient contact surface relative to a
non-protruding embodiment, and may therefore provide a more accurate or stable temperature
measurement.

FIG. 30 shows two possible embodiments having different diameters d of the insulator.
In the embodiment on the left, the insulator 3030a has a large diameter relative to the width of
the electrode 3050a, and reduces the overall surface area of the electrode. In contrast, in the
embodiment on the right, the insulator 3030b has a small diameter relative to the width of the

electrode 3050b, such that the electrode has a relatively larger surface area. Other possible
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embodiments with different relative widths of the insulator may be used without departing from
the disclosed concepts.

FIG. 31 is a graph of skin surface temperature vs. time for a probe, as described in
association with FIG. 27 and FIGS. 24 and 25, operating at 500 kHz, and a probe operating at 4
MHez. In this graph, two capacitive treatments are given to the same subject and the same
anatomical area for the same amount of time using two different energy sources with different
frequencies. Surface temperature is measured using an infrared (IR) camera. The MF 500 kHz
energy source heats the surface of the tissue for about 8 minutes (here heating is judged to begin
when the surface temperature reaches 39°C) at the desired temperature, but when the energy is
removed, at about the time of 10.5 minutes on the X-axis, the surface of the skin quickly cools
down, which is indicative of skin and shallow tissue heating only (the deeper tissues have not
been heated). Conversely, when the same test is run with the HF 4 MHz energy source that heats
the surface and the depths of the tissue for about 8 minutes (heating is judged to being when the
surface temperature reaches 39°C), and the energy is removed at about the time of 10.5 minutes
on the X-axis, the skin temperature remains significantly higher for a longer period, which is
indicative of deeper tissue heating with the 4 MHz device than with the 500 kHz device.

FIG. 32A shows a direct-coupled electrode 3202 having a relatively small surface area in
contact with a patient’s skin surface. Exemplary direct coupled electrodes include the Glidesafe
15 mm electrode sold with the Pellevé® Wrinkle Reduction System, which is available from
Cynosure, Inc. The active area of the directly coupled electrode and the skin effect limits the
depth of the electrical current that travels from the direct coupled electrode to the patient’s tissue.
The current path 3206 travels only on the surface of the electrode 3202 until it encounters
resistance, e.g. the skin surface 3204. The path of the electrical discharge results in a ring of
current 3208 being delivered to the subject’s surface tissue.

FIG. 32B shows a capacitively coupled electrode 3212 according to various
embodiments having a relatively large surface area (e.g., at 60 mm) having a dielectric coating
3220 in contact with the patient’s skin surface. The electrode 3212 may be similar to the
electrode described in association with FIGS. 24 and 25. The electrode 3212 is in contact with
the patient’s skin surface 3214 via the dielectric coating 3220. The current path 3216 provides a
uniform and homogenous discharge of electrical current over the entire surface of the coated
electrode. The path of the capacitively coupled electrical current discharge results in a
uniform/homogeneous region of treatment 3218. In one embodiment, this homogenous region of

treated tissue is like a cylinder of tissue in which the interior of the sphere of tissue was
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uniformly or homogenously treated with electrical current. More specifically, the surface of the
treated tissue is like a circle 3218 having uniform treatment at and inside the circumference of
the circle. The tissue beneath uniformly treated circle is treated to a depth, but, due to anatomical
variation in the tissue, the shape of the treated area at depth may vary. However, in an ideal case
of uniform tissue from surface to depth, the treated area at the depth is in the shape of a
uniformly treated cylinder. The capacitively coupled probe discussed here is circular, but such a
probe may have any number of shapes suited to use on tissue, such as square, rectangular,
rhombus, or another ellipse, etc.

Computing Environments

FIG. 33 illustrates a generalized example of a suitable computing environment 1400 in
which described methods, embodiments, techniques, and technologies relating, for example, to
the control systems of electrosurgical generators discussed herein may be implemented. A
control system of an electrosurgical generator may be implemented by a computing system. The
computing environment 1400 is not intended to suggest any limitation as to scope of use or
functionality of the technologies disclosed herein, as each technology may be implemented in
diverse general-purpose or special-purpose computing environments. For example, each
disclosed technology may be implemented with other computer system configurations, including
wearable and handheld devices, multiprocessor systems, microprocessor-based or programmable
consumer electronics, embedded platforms, network computers, minicomputers, mainframe
computers, smartphones, tablet computers, data centers, audio devices, and the like. Each
disclosed technology may also be practiced in distributed computing environments where tasks
are performed by remote processing devices that are linked through a communications
connection or network. In a distributed computing environment, program modules may be
located in both local and remote memory storage devices.

The computing environment 1400 includes at least one central processing unit 1401 and
memory 1402. In FIG. 33, this most basic configuration 1403 is included within a dashed line.
The central processing unit 1401 executes computer-executable instructions and may be a real or
a virtual processor. In a multi-processing system, multiple processing units execute computer-
executable instructions to increase processing power and as such, multiple processors can run
simultaneously. The memory 1402 may be volatile memory (e.g., registers, cache, RAM), non-
volatile memory (e.g., ROM, EEPROM, flash memory, etc.), or some combination of the two.
The memory 1402 stores software 1408a that can, for example, implement one or more of the

technologies described herein, when executed by a processor. For example, a control system may
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use software that causes the control system to control the output of the RF waveform according
to user-selectable parameters, sensed temperatures, or both.

A computing environment may have additional features. For example, the computing
environment 1400 includes storage 1404, one or more input devices 1405, one or more output
devices 1406, and one or more communication connections 1407. An interconnection
mechanism (not shown) such as a bus, a controller, or a network, interconnects the components
of the computing environment 1400. Typically, operating system software (not shown) provides
an operating environment for other software executing in the computing environment 1400, and
coordinates activities of the components of the computing environment 1400.

The store 1404 may be removable or non-removable, and can include selected forms of
machine-readable media. In general, machine-readable media includes magnetic disks, magnetic
tapes or cassettes, non-volatile solid-state memory, CD-ROMs, CD-RWs, DVDs, magnetic tape,
optical data storage devices, and carrier waves, or any other machine-readable medium which
can be used to store information, and which can be accessed within the computing environment
1400. The storage 1404 stores instructions for the software 1408, which can implement
technologies described herein.

The store 1404 can also be distributed over a network so that software instructions are
stored and executed in a distributed fashion. In other embodiments, some of these operations
might be performed by specific hardware components that contain hardwired logic. Those
operations might alternatively be performed by any combination of programmed data processing
components and fixed hardwired circuit components.

The input device(s) 1405 may be a touch input device, such as a keyboard, keypad,
mouse, pen, touchscreen, touch pad, or trackball, a voice input device, a scanning device, or
another device, that provides input to the computing environment 1400. For audio, the input
device(s) 1405 may include a microphone or other transducer (e.g., a sound card or similar
device that accepts audio input in analog or digital form), or a computer-readable media reader
that provides audio samples to the computing environment 1400.

The output device(s) 1406 may be a display, printer, speaker transducer, DVD-writer, or
another device that provides output from the computing environment 1400.

The communication connection(s) 1407 enable communication over a communication
medium (e.g., a connecting network) to another computing entity. The communication medium

conveys information such as computer-executable instructions, compressed graphics
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information, processed signal information (including processed audio signals), or other data in a
modulated data signal.

Thus, disclosed computing environments are suitable for performing disclosed
orientation estimation and audio rendering processes as disclosed herein.

Machine-readable media are any available media that can be accessed within a
computing environment 1400. By way of example, and not limitation, with the computing
environment 1400, machine-readable media include memory 1402, storage 1404,
communication media (not shown), and combinations of any of the above. Tangible machine-
readable (or computer-readable) media exclude transitory signals.

As explained above, some disclosed principles can be embodied in a tangible, non-
transitory machine-readable medium (such as microelectronic memory) having stored thereon
instructions, which program one or more data processing components (generically referred to
here as a “processor’) to perform the digital signal processing operations described above
including estimating, computing, calculating, measuring, adjusting, sensing, measuring, filtering,
addition, subtraction, inversion, comparisons, and decision making. In other embodiments, some
of these operations (of a machine process) might be performed by specific electronic hardware
components that contain hardwired logic. Those operations might alternatively be performed by
any combination of programmed data processing components and fixed hardwired circuit
components.

One or more of the principles of the disclosed embodiments can be incorporated in
various system configurations to achieve any of a variety of system characteristics. Systems
described in relation to particular applications, or uses, are merely examples of systems
incorporating the principles disclosed herein and are used to illustrate one or more aspects of the
disclosed principles. Accordingly, electrosurgical systems having attributes that are different
from those specific examples discussed herein can embody one or more of the principles, and/or
can be used in applications not described herein in detail, for example in ablative surgical
applications. Accordingly, such alternative embodiments also fall within the scope of this
disclosure.

Directions and references (e. g., up, down, top, bottom, left, right, rearward, forward, etc.)
may be used to facilitate discussion of the drawings but are not intended to be limiting. For

"o

example, certain terms may be used such as "up,” "down,", "upper," "lower," "horizontal,"

"o

"vertical," "left," "right," and the like. Such terms are used, where applicable, to provide some

clarity of description when dealing with relative relationships, particularly with respect to the
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illustrated embodiments. Such terms are not, however, intended to imply absolute relationships,
positions, and/or orientations. For example, with respect to an object, an "upper" surface can
become a "lower" surface simply by turning the object over. Nevertheless, it is still the same
surface and the object remains the same. As used herein, “and/or” means “and” or "or", as well
as “and” and “or.”

Moreover, nothing disclosed herein is intended to be dedicated to the public regardless of
whether such disclosure is explicitly recited in the claims. To aid the Patent Office and any
readers of any patent issued on this application in interpreting the claims appended hereto or
otherwise presented throughout prosecution of this or any continuing patent application,
applicants wish to note that they do not intend any claimed feature to be construed under or
otherwise to invoke the provisions of 35 USC 112(f), unless the phrase "means for" or "step for"
is explicitly used in the particular claim.

The technologies from any example can be combined with the technologies described in
any one or more of the other examples. Accordingly, this detailed description shall not be
construed in a limiting sense, and following a review of this disclosure, those of ordinary skill in
the art will appreciate the wide variety of electrosurgical systems that can be devised using the
various concepts described herein. Moreover, those of ordinary skill in the art will appreciate
that the exemplary embodiments disclosed herein can be adapted to various configurations
without departing from the disclosed principles. Thus, in view of the many possible
embodiments to which the disclosed principles can be applied, it should be recognized that the
above-described embodiments are only examples and should not be taken as limiting in scope.
We therefore reserve all rights to claim the subject matter disclosed herein, as well as all

combinations of each aspect of all embodiments shown or described herein.
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CLAIMS

1. An electrosurgical handpiece, comprising:

a housing for a temperature sensor, wherein the housing defines a first patient-contact
surface, an inner surface positioned opposite the first patient-contact surface, and an outer wall
extending transversely relative to the first patient-contact surface;

a temperature sensor thermally coupled with the inner surface of the housing;

an energizable electrode defining a second patient-contact surface extending outward of
the outer wall of the housing; and

an insulator positioned between the energizable electrode and the housing for the
temperature sensor to inhibit thermal conduction between the energizable electrode and the

housing for the temperature sensor.

2. The electrosurgical handpiece according to claim 1, further comprising a shaft extending
proximally from the energizable electrode and defining an internal bore extending longitudinally
of the shaft, wherein the insulator extends from a distal end positioned adjacent the first patient-
contact surface and the second patient-contact surface to a proximal end positioned within the

internal bore.
3. The electrosurgical handpiece according to claim 2, wherein the internal bore defines a first
thread and the insulator defines a second thread, wherein the first and second threads are

complementary and matingly engageable with each other.

4. The electrosurgical handpiece according to claim 1, further comprising an electrical conductor

extending proximally within the handpiece from the temperature sensor.

5. The electrosurgical handpiece according to claim 1, wherein the first patient-contact surface

and the second patient-contact surface are co-centrically aligned with each other.

6. The electrosurgical handpiece according to claim 1, wherein the temperature sensor comprises

one or more of a thermocouple, a resistance-temperature detector, a thermistor, and a diode.
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7. The electrosurgical handpiece according to claim 1, wherein the housing for the temperature
sensor comprises a material having a thermal conductivity equal to or greater than about

200 W/mK.

8. The electrosurgical handpiece according to claim 1, wherein the electrode comprises a

dielectric coating defining the second patient contact surface.

9. The electrosurgical handpiece according to claim 8, the dielectric material having a dielectric

constant of between about 4 to about 12 at an operating frequency of the energizable electrode.

10. The electrosurgical handpiece according to claim 9, wherein the operating frequency of the

energizable electrode is between about 3-30 MHz.

11. The electrosurgical handpiece according to claim 8, the dielectric material coating having a

substantially even thickness of about 0.004 to about 0.020 inches.

12. The electrosurgical handpiece according to claim 1, further comprising:
a communication component configured to receive a temperature measured by the

temperature sensor and to communicate the received temperature to a control system.

13. The electrosurgical handpiece according to claim 1, wherein the first patient-contact surface
has a larger surface area than a surface area of the temperature sensor that is coupled to the

housing.

14. The electrosurgical handpiece according to claim 1, wherein the energizeable electrode is

capacitively coupled.

15. An electrosurgical system, comprising:
an electrosurgical generator configured to output a radio-frequency (RF) waveform; and
the electrosurgical handpiece of claim 1, wherein the energizable electrode of the
electrosurgical handpiece is configured to output the RF waveform received from the

electrosurgical generator.
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16. The electrosurgical system according to claim 15, wherein the electrosurgical generator
further comprises:

a control system configured to receive a temperature measurement from the temperature
sensor, compare the received temperature to a threshold temperature, and to modify the output

waveform in response to the comparison.

17. The electrosurgical system according to claim 15, wherein the electrosurgical generator
further comprises:

a generator configured to combine a first current waveform having a corresponding first
frequency, a first amplitude, and a first pulse-width with a second current waveform having a
corresponding second frequency, a second amplitude, and a second pulse-width to define a
blended waveform output; and

a control system configured to control one or more of the first frequency, the first
amplitude, the first pulse-width, the second frequency, the second amplitude and the second

pulse-width responsive to a temperature received from the temperature sensor.

18. The electrosurgical system according to claim 17, wherein the electrosurgical generator
further comprises:

a first power source configured to generate the first current waveform;

a second power source configured to generate the second current waveform; and

a radio-frequency amplifier configured to blend the first and second current waveforms to

define a blended waveform and to output the blended waveform to the electrosurgical handpiece.
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