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ABSTRACT

A method for controlling an electrosurgical generator includes generating at least one
electrosurgical waveform at a selected energy setting through an RF output stage comprising an
RF inverter coupled to a power source. The at least one electrosurgical waveform has a duty
cycle and a crest factor. The method also includes adjusting a repetition rate of the at least one
electrosurgical waveform based on the selected energy setting to regulate the duty cycle of the at
least one electrosurgical waveform. The method also includes applying the at least one
electrosurgical waveform to tissue through at least one electrode and measuring an output voltage
of the at least one electrosurgical waveform. The method also includes supplying a control signal
to the RF inverter based on the repetition rate when the output voltage is increasing to regulate

the crest factor of the at least one electrosurgical waveform.
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CREST-FACTOR CONTROL OF PHASE-SHIFTED INVERTER

BACKGROUND

Technical Field

[0001] The present disclosure relates to an electrosurgical system and method for
operating an electrosurgical generator. More particularly, the present disclosure relates to a
system, method and apparatus for controlling electrosurgical waveforms generated by a
radiofrequency resonant inverter that are suitable for arc cutting and coagulation.

Background of Related Art

[0002] Electrosurgery involves application of high radio frequency electrical current to a
surgical site to cut, ablate, or coagulate tissue. In monopolar electrosurgery, a source or active
electrode delivers radio frequency alternating current from the electrosurgical generator to the
targeted tissue and a return electrode conducts the current back to the generator. A patient return
electrode is placed remotely from the active electrode to conduct the current back to the
generator.

[0003] In bipolar electrosurgery return and active electrodes are placed in close proximity
to each other such that an electrical circuit is formed between the two electrodes (e.g., in the case
of an electrosurgical forceps). In this manner, the applied electrical current is limited to the body
tissue positioned between the electrodes. Accordingly, bipolar electrosurgery generally involves
the use of instruments where it is desired to achieve a focused delivery of electrosurgical energy
between two electrodes positioned on the instrument, e.g. forceps or the like. A forceps is a
pliers-like instrument which relies on mechanical action between its jaws to grasp, clamp and

constrict vessels or tissue. Electrosurgical forceps (open or endoscopic) utilize mechanical
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clamping action and electﬁcal energy to effect hemostasis on the clamped tissue. The forceps
include electrosurgical conductive surfaces which apply the electrosurgical energy to the clamped
tissue. By controlling the intensity, frequency and duration of the electrosurgical energy applied
through the conductive plates to the tissue, the surgeon can coagulate and/or seal tissue.
However, the above example is for illustrative purposes only and there are many other known
bipolar electrosurgical instruments which are within the scope of the present disclosure.

[0004] Electrosurgical procedures outlined above may utilize various tissue and energy
parameters in a feedback-based control system. There is continual need to improve delivery of

energy to the tissue.

SUMMARY

[0005] According to one embodiment, the present disclosure provides for a method for
controlling an electrosurgical generator. The method includes generating at least one
electrosurgical waveform at a selected energy setting through an RF output stage comprising an
RF inverter coupled to a power source. The at least one electrosurgical waveform has a duty
cycle and a crest factor. The method also includes adjusting a repetition rate of the at least one
electrosurgical waveform based on the selected energy setting to regulate the duty cycle of the at
least one electrosurgical waveform; applying the at least one electrosurgical waveform to tissue
through at least one electrode; measuring an output voltage of the at least one electrosurgical
waveform; and supplying a control signal to the RF inverter based on the repetition rate when the
output voltage is increasing to regulate the crest factor of the at least one electrosurgical

waveform.
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[0006] According to one aspect of the above-embodiment, the method further includes
calculating a peak value of the output voltage and supplying the control signal to the RF inverter
prior to the output voltage reaching the peak value.

[0007] According to one aspect of the above-embodiment, the peak value of the output
voltage is changed based on the supplying of the control signal to the RF inverter.

[0008] According to one aspect of the above-embodiment, the energy setting is at least
one of power, current, and voltage.

[0009] According to one aspect of the above-embodiment, the RF inverter comprises at
least one switching element coupled to a controller.

[0010] According to one aspect of the above-embodiment, the control signal is a phase-
shifted drive signal generated by a pulse-width modulated driver for controlling the at least one
switching element.

[0011] According to one aspect of the above-embodiment, the method further includes
increasing the repetition rate of the at least one electrosurgical waveform to decrease the duty
cycle of the at least one electrosurgical waveform.

[0012] According to another embodiment, the present disclosure provides for an
electrosurgical generator. The generator includes an RF output stage comprising an RF inverter
coupled to a power source, the RF output stage configured to generate at least one electrosurgical
waveform at a selected energy setting, the at least one electrosurgical waveform having a duty
cycle and a crest factor; a controller configured to adjust a repetition rate of the at least one
electrosurgical waveform based on the selected energy setting to regulate the duty cycle of the at
least one electrosurgical waveform; and a sensor configured to measure an output voltage of the

at least one electrosurgical waveform, the controller configured to supply a control signal to the
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RF inverter based on the repetition rate when the output voltage is increasing to regulate the crest
factor of the at least one electrosurgical waveform.

[0013] According to one aspect of the above-embodiment, the controller is further
configured to calculate a peak value of the output voltage and supply the control signal to the RF
inverter prior to the output voltage reaching the peak value.

[0014] According to one aspect of the above-embodiment, the peak value of the output
voltage is changed based on the supplying of the control signal to the RF inverter.

[0015] According to one aspect of the above-embodiment, the energy setting is at least
one of power, current, and voltage.

10016] According to one aspect of the above-embodiment, the RF inverter comprises at
least one switching element coupled to the controller.

[0017] According to one aspect of the above-embodiment, the control signal is a phase-
shifted drive signal generated by a pulse-width modulated driver for controlling the at least one
switching element.

[0018] According to one aspect of the above-embodiment, the controller is configured to
increase the repetition rate of the at least one electrosurgical waveform to decrease the duty cycle
of the at least one electrosurgical waveform.

[0019] According to another embodiment, the present disclosure provides for an
electrosurgical system. The system includes an electrosurgical generator. The generator includes
an RF output stage comprising an RF inverter coupled to a power source, the RF output stage
configured to generate at least one electrosurgical waveform at a selected energy setting, the at
least one electrosurgical waveform having a duty cycle and a crest factor; a controller configured

to adjust a repetition rate of the at least one electrosurgical waveform based on the selected

4



CA 02845763 2014-03-12

energy setting to regulate the duty cycle of the at least one electrosurgical waveform; and a sensor
configured to measure an output voltage of the at least one electrosurgical waveform, the
controller configured to supply a control signal to the RF inverter based on the repetition rate
when the output voltage is increasing to regulate the crest factor of the at least one electrosurgical
waveform.

[0020] According to one aspect of the above-embodiment, the controller is further
configured to calculate a peak value of the output voltage and supply the control signal to the RF
inverter prior to the output voltage reaching the peak value.

[0021] According to one aspect of the above-embodiment, the peak value of the output
voltage is changed based on the supplying of the control signal to the RF inverter.

[0022] According to one aspect of the above-embodiment, the energy setting is at least
one of power, current, and voltage.

[0023] According to one aspect of the above-embodiment, the RF inverter comprises at
least one switching element coupled to the controller.

[0024] According to one aspect of the above-embodiment, the control signal is a phase-
shifted drive signal generated by a pulse-width modulated driver for controlling the at least one
switching element.

[0025] According to another embodiment, the present disclosure provides for a method
for controlling an electrosurgical generator. The method includes generating at least one
electrosurgical waveform at a selected energy setting through an RF output stage coupled to a
power source, the RF output stage comprising an RF inverter having a resonant network. The at
least one electrosurgical waveform has a duty cycle and a crest factor. The method also includes

adjusting a repetition rate of the at least one electrosurgical waveform based on the selected



CA 02845763 2014-03-12

energy setting to regulate the duty cycle of the at least one electrosurgical waveform; applying the
at least one electrosurgical waveform to tissue through at least one electrode; measuring an
output voltage of the at least one electrosurgical waveform; and supplying a control signal to the
RF inverter based on the repetition rate to match a peak, e.g., a positive peak, of the output

voltage to an inverse peak, e.g., a negative peak, of a tank voltage across the resonant network.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Various embodiments of the present disclosure are described herein with reference
to the drawings wherein:

[0027] Fig. 1 is a perspective view of the components of one illustrative embodiment of
an electrosurgical system according to the present disclosure;

[0028] Fig. 2 is a front view of one embodiment of an electrosurgical generator according
to the present disclosure;

[0029] Fig. 3 is a schematic, block diagram of the embodiment of an electrosurgical
generator of Fig. 2 according to the present disclosure;

[0030] Fig. 4 is a schematic diagram of the circuitry for a modulated RF inverter of the
electrosurgical generator of Fig. 2 according to the present disclosure; and

{0031] Figs. 5A and 5B are overlapping plots of a tank voltage and an output voltage as a

function of time according to an embodiment of a voltage source of the present disclosure.

DETAILED DESCRIPTION

[0032] Particular embodiments of the present disclosure are described hereinbelow with

reference to the accompanying drawings. In the following description, well-known functions or
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constructions are not described in detail to avoid obscuring the present disclosure in unnecessary
detail.

[0033] A generator according to the present disclosure can perform monopolar and/or
bipolar electrosurgical procedures, including, for example, cutting, coagulation, ablation, and
vessel sealing procedures. The generator may include a plurality of outputs for interfacing with
various electrosurgical instruments (e.g., a monopolar instrument, return electrode, bipolar
electrosurgical forceps, footswitch, etc.). Further, the generator includes electronic circuitry
configured to generate radio frequency energy specifically suited for various electrosurgical
modes (e.g., cut, blend, coagulate, division with hemostasis, fulgurate, spray, etc.) and procedures
(e.g., monopolar, bipolar, vessel sealing). In embodiments, the generator may be embedded,
integrated or otherwise coupled to the electrosurgical instruments providing for an all-in-one
electrosurgical apparatus.

[0034] Fig. 1 is an illustration of a bipolar and monopolar electrosurgical system 10
according to the present disclosure. The system 10 may include one or more monopolar
electrosurgical instruments 12 having one or more active electrodes 13 (e.g., electrosurgical
cutting probe, ablation electrode(s), etc.) for treating tissue of a patient. Electrosurgical
alternating current is supplied to the instrument 12 by a generator 200 via a supply line 14 that is
connected to an active terminal 230 (Fig. 3) of the generator 200, allowing the instrument 12 to
cut, coagulate, ablate and/or otherwise treat tissue. The alternating current is returned to the
generator 200 through a return electrode pad 16 via a return line 18 at a return terminal 232 (Fig.
3) of the generator 200. For monopolar operation, the system 10 may include a plurality of return
electrode pads 16 that, in use, are disposed on a patient to minimize the chances of tissue damage

by maximizing the overall contact area with the patient. In addition, the generator 200 and the
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return electrode pads 16 may be configured for monitoring so-called “tissue-to-patient” contact to
insure that sufficient contact exists therebetween to further minimize chances of tissue damage.
[0035] The system 10 may also include one or more bipolar electrosurgical instruments,
for example, a bipolar electrosurgical forceps 110 having one or more electrodes for treating
tissue of a patient. The electrosurgical forceps 110 includes a housing 111 and opposing jaw
members 113 and 115 disposed at a distal end of a shaft 112. The jaw members 113 and 115
have one or more active electrodes 114 and a return electrode 116 disposed therein, respectively.
The active electrode 114 and the return electrode 116 are connected to the generator 200 through
cable 118 that includes the supply and return lines 14, 18 coupled to the active and return
terminals 230, 232, respectively (Fig. 3). The electrosurgical forceps 110 is coupled to the
generator 200 at a connector having connections to the active and return terminals 230 and 232
(e.g., pins) via a plug disposed at the end of the cable 118, wherein the plug includes contacts
from the supply and return lines 14, 18 as described in more detail below.

[0036] With reference to Fig. 2, a front face 240 of the generator 200 is shown. The
generator 200 may be any suitable type (e.g., electrosurgical, microwave, etc.) and may include a
plurality of connectors 250-262 to accommodate various types of electrosurgical instruments
(e.g., electrosurgical forceps 110, etc.).

[0037] The generator 200 includes a user interface 241 having one or more display
screens or information panels 242, 244, 246 for providing the user with variety of output
information (e.g., intensity settings, treatment complete indicators, etc.). Each of the screens 242,
244, 246 is associated with corresponding connector 250-262. The generator 200 includes
suitable input controls (e.g., buttons, activators, switches, touch screen, etc.) for controlling the

generator 200. The display screens 242, 244, 246 are also configured as touch screens that
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display a corresponding menu for the electrosurgical instruments (e.g., electrosurgical forceps
110, etc.). The user then adjusts inputs by simply touching corresponding menu options.

[0038] Screen 242 controls monopolar output and the devices connected to the connectors
250 and 252. Connector 250 is configured to couple to a monopolar electrosurgical instrument
(e.g., electrosurgical instrument 12) and connector 252 is configured to couple to a foot switch
(not shown). The foot switch provides for additional inputs (e.g., replicating inputs of the
generator 200). Screen 244 controls monopolar and bipolar output and the devices connected to
the connectors 256 and 258. Connector 256 is configured to couple to other monopolar
instruments. Connector 258 is configured to couple to a bipolar instrument (not shown).

[0039] Screen 246 controls bipolar sealing procedures performed by the forceps 110 that
may be plugged into the connectors 260 and 262. The generator 200 outputs energy through the
connectors 260 and 262 suitable for sealing tissue grasped by the forceps 110. In particular,
screen 246 outputs a user interface that allows the user to input a user-defined intensity setting.
The user-defined setting may be any setting that allows the user to adjust one or more energy
delivery parameters, such as power, current, voltage, energy, etc. or sealing parameters, such as
energy rate limiters, sealing duration, etc. The user-defined setting is transmitted to the controller
224 where the setting may be saved in memory 226. In embodiments, the intensity setting may
be a number scale, such as for example, from one to ten or one to five. In embodiments, the
intensity setting may be associated with an output curve of the generator 200. The intensity
settings may be specific for each forceps 110 being utilized, such that various instruments
provide the user with a specific intensity scale corresponding to the forceps 110.

[0040] Fig. 3 shows a schematic block diagram of the generator 200 having a controller

224, a high voltage DC power supply 227 (“HVPS”) and an RF output stage 228. The HVPS 227
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is connected to an AC source (e.g., electrical wall outlet) and provides high voltage DC power to
an RF output stage 228, which then converts high voltage DC power into RF energy and delivers
the RF energy to the active terminal 230. The energy is returned thereto via the return terminal
232. In particular, the RF output stage 228 generates sinusoidal or rectangular waveforms of RF
energy. The RF output stage 228 is configured to generate a plurality of waveforms having
various duty cycles, peak voltages, waveform crest factors, and other suitable parameters.

Certain types of waveforms are suitable for specific electrosurgical modes. For instance, the RF
output stage 228 typically generates a 100% duty cycle sinusoidal waveform in cut mode, which
is well-suited for ablating, fusing, and dissecting tissue and a 1-25% duty cycle waveform in
coagulation mode, which is suitable for cauterizing tissue to stop bleeding.

[0041] The controller 224 includes a processor 225 operably connected to a memory 226,
which may include transitory type memory (e.g., RAM) and/or non-transitory type memory (e.g.,
flash media, disk media, etc.). The processor 225 includes an output port that is operably
connected to the power supply 227 and/or RF output stage 228 allowing the processor 225 to
control the output of the generator 200 according to either open and/or closed control loop
schemes. A closed loop control scheme is a feedback control loop, in which a plurality of
sensors measure a variety of tissue and energy properties (e.g., tissue impedance, tissue
temperature, output power, current and/or voltage, etc.), and provide feedback to the controller
224. The controller 224 then signals the power supply 227 and/or RF output stage 228, which
adjusts the DC and/or power supply, respectively. Those skilled in the art will appreciate that the
processor 225 may be substituted by using any logic processor (e.g., control circuit) adapted to
perform the calculations and/or set of instructions described herein including, but not limited to,

field programmable gate array, digital signal processor, and combinations thereof.
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[0042] As used herein, the term “electrosurgical waveform” refers to a waveform output
by the generator 200. The electrosurgical waveform may include a plurality of cycles outputted
at the operating frequency of the generator 200, each of which includes a positive and a negative
half cycle. The operating frequency of the generator 200 is the frequency at which the switching
components of the inverter are toggled. The cycles may be grouped into “on” and “off” periods
defined by a duty cycle of the electrosurgical waveform (e.g., 20% duty cycle denotes that cycles
are output 20% of the time). The “on” periods may be output at a predetermined repetition rate,
which is lower than the cycle rate (e.g., operating frequency) since the “on” periods include a
plurality of cycles. As used herein, the term “crest factor” refers to a peak-to-average ratio of the
waveform describing the shape of the waveform (e.g., a square waveform having positive and
negative half cycles has a crest factor of 1 and a sinusoidal waveform having positive and
negative half cycles has a crest factor of 1.414).

[0043] In embodiments, the RF output stage 228 may be configured as a phase-shifted,
pulse-width and/or frequency modulated RF inverter as shown in more detail in Fig. 4. In
particular, the RF output stage 228 is shown as an H-bridge inverter including a bridge circuit 40.
The bridge circuit 40 is coupled to the HVPS 227 and receives DC voltage therefrom. More
specifically, the bridge circuit 40 includes an isolation transformer 41 having a primary winding
43 and a secondary winding 45. The primary winding 43 includes first and second connections
47 and 49. The first connection 47 includes a drain supply 42 and a source supply 46. The
second connection 49 also includes a drain supply 44 and a source supply 48. The source
supplies 46, 48 and drain supplies 42, 44 are coupled to the HVPS 227.

[0044] First connection 47 includes a first pair of switching components 56 and 58 and

second connection 49 includes a second pair of switching components 60 and 62. The switching
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components 56, 58, 60, and 62 can be, for example, transistors, such as metal-oxide
semiconductor field-effect transistors (MOSFET), insulated gate bipolar transistors (IGBT),
relays, and the like.

[0045] The secondary winding 45 includes two output terminals 80 and 82. Output
terminals 80, 82 may include a band pass filter 83 coupled therebetween. The first and second
connections 47 and 49 are connected in series by a resonant network, e.g., a tank circuit 50. The
tank circuit 50 may be a series resonant network that is arranged in an LCC configuration having
an inductor 53 and capacitors 52 and 54 with the primary winding 43 being coupled between
capacitors 52 and 54. In embodiments, the tank circuit 50 may be any other suitable resonant
network, such as a parallel resonant network and may include a plurality of reactive and passive
components.

[0046] Output terminals 80, 82 may be separately connected to active and return poles of
monopolar, bipolar electrosurgical or ablation instruments (e.g., instrument 12, forceps 110).
Additionally or alternatively, output terminals 80, 82 may share connections to a single active or
return lead. In one embodiment, output terminal 82 is coupled to the return electrode 6, while
output terminal 80 is coupled to active leads on either a single instrument or multiple
instruments.

[0047] The switching components 56, 58, 60, 62 are coupled to the controller 224 (Fig.
3). The controller 224 drives the switching components 56, 58, 60, 62 at a predetermined
frequency or frequencies to turn “on” and “off” at a range of predetermined frequencies which is
also the operating frequency range of the generator 200, thereby closing and opening the first and
second connections 47 and 49, respectively. The frequency at which the switching components

56, 58, 60, 62 are turned on and off is controlled by the controller 224. The controller 224 may

12
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include a pulse-width modulated driver for supplying a driver signal to each of the switching
components 56, 58, 60, 62. The driver emits a phase-shifted drive signal having first and second
components that are out of phase (e.g., 180° out-of-phase). Thus, each pair of the switching
components (e.g., 56, 58 and 60, 62) has a phase relationship that is 180° out-of-phase with its
opposing pair. In other words, the driver signal cycles each of the pairs of the switching
components 56, 58 and 60, 62 between “on” and “off” positions at the same frequency but out of
sync, to create two waveforms that are 180° out-of-phase at the first and second connections 47
and 49. In addition, the drive signals supplied to each pair of the switching components 56, 58
and 60, 62 are also phase-shifted with respect to each other to generate a plurality of waveforms
of varying duty cycle. Therefore, adjusting the phase-shifted dual drive signals provides varying
operating RF duty cycles or pulse-widths. Varying the duty cycle of the phase-shifted dual drive
signals allows for better control of the RF amplitude and the average power delivered. Phase-
shifting also allows for interleaving of power delivered to the output terminal pair 80 and 82.
Further, when combined with the tank circuit 50, the pulse-width or frequency modulation may
be used to vary the output voltage amplitude at the load.

[0048] The tank circuit 50 in combination with the primary winding 43 converts
rectangular pulse-width modulated (e.g., AC energy having multiple high frequency components)
energy into RF energy (e.g., AC energy having a single high frequency component from about
100 kHz to about 100,000 kHz). When the switching components 56, 58 and 60, 62 are closed, a
high frequency pulse is supplied to the capacitors 52, 54 of the tank circuit 50. The tank circuit
50 converts the pulses into biphasic sinusoidal waveforms by the alternation of first and second

connections 47 and 49. The tank circuit 50 can include a plurality of active components (e.g.,
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inductors and capacitors) arranged in either parallel, series or combination thereof as described
above.

[0049] During operation, primary winding 43 creates two half-sinusoidal waveforms of
the same frequency, but with a variable phase with respect to each other, which then combine at a
secondary winding 45 to form a full waveform. More specifically, each pair of the switching
components 56, 58 and 60, 62 is driven by a drive signal supplied at a predetermined phase with
respect to each other. Each pair of the switching components 56, 58 and 60, 62 is alternately
switched “on” and “off” at the same frequency by the phase-shifted drive signals.

[0050] The processor 225 is coupled to the user interface 241 and is configured to modify
modes, energy settings, and other parameters of the generator 200 in response to user input. The
generator 200 is configured to operate in a variety of modes. In one embodiment, the generator
200 may output the following modes: cut, blend, coagulate, division with hemostasis, fulgurate,
spray, combinations thereof, and the like. Each mode operates based on a pre-programmed
power curve that controls the amount of power that is output by the generator 200 at varying
impedances of the load (e.g., tissue). Each power curve includes power, voltage and current
control ranges that are defined by the user-selected power setting and the measured impedance of
the load.

[0051] In the cut mode, the generator 200 may supply a continuous sine wave output
having a plurality of RF cycles at a predetermined frequency (e.g., 472 kHz) with a crest factor of
about 1.414 over an impedance range of from about 1002 to about 2,000Q2. The cut mode power
curve may include three regions: constant current into low impedance, constant power into
medium impedance and constant voltage into high impedance. In the blend mode, the generator

may supply alternating bursts of a sine wave output at a predetermined periodic rate, with the

14



CA 02845763 2014-03-12

burst cycles reoccurring at a first predetermined repetition rate (e.g., about 26.21 kHz), each burst
cycle includes a plurality of sine wave RF cycles at the predetermined frequency (e.g., 472 kHz).
In one embodiment, the duty cycle of the bursts may be about 50%. In other words, for each
burst cycle the power is on for 50% of the time and it is off for 50% of the time. The crest factor
of one period of the sine wave output may be about 1.414. The crest factor of one burst cycle
may be about 2.7.

[0052] The division with hemostasis mode may include bursts of sine wave outputs at a
predetermined frequency (e.g., 472 kHz) reoccurring at a second predetermined repetition rate
(e.g., about 28.3 kHz). The duty cycle of the bursts may be about 25%, i.e. the power is on for
25% of each cycle and off for the remaining 75% of the cycle. The crest factor of one burst cycle
may be about 4.3 across an impedance of from about 1002 to about 2,000Q2. The fulgurate mode
may include bursts of sine wave outputs at a predetermined frequency (e.g., 472 kHz) reoccurring
at a third predetermined repetition rate (e.g., about 30.66 kHz). The duty cycle of the bursts may
be about 6.5% and the crest factor of one burst cycle may be about 5.55 across an impedance
range of from about 100Q to about 2,000€). The spray mode may include bursts of a sine wave
output at a predetermined frequency (e.g., 472 kHz) reoccurring at a fourth predetermined
repetition rate (e.g., about 21.7 kHz). The duty cycle of the bursts may be about 4.6% and the
crest factor of one burst cycle may be about 6.6 across the impedance range of from about 100€2
to about 2,000Q2.

[0053] The generator 200 provides closed-loop control of various electrosurgical modes,
e.g., arc cutting and coagulation, based on current, power and voltage bounds inherent to voltage-
current characteristics of a resonant inverter of the RF output stage 228. The voltage-current

characteristic of any resonant inverter, when plotted, forms an ellipse bounded by voltage and
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current limited regions due to the output impedance of the resonant network. This output
impedance of the inverter may be designed to be centered upon the geometric mean of the
expected minimum to maximum terminating resistances observed during operation in the
electrosurgical mode (e.g., the resistance of the tissue). The operating characteristics of the RF
output stage 228 may then be aligned to coincide with the maximum voltage and current of the
particular power setting requested by the user.

[0054] Conventional generators supply electrosurgical energy to tissue by pulsing the
output voltage waveform at a fixed repetition rate to produce a desired crest factor for a given
mode (e.g., coagulation mode) output by the generator. In this scenario, the repetition rate is
fixed across all power, voltage, and current settings for the given output mode of the generator.
[0055] Pulsing the output voltage waveform at a fixed repetition rate presents a unique
problem for closed-loop control of the output voltage waveform using a phase-shifted inverter.
Specifically, above a certain duty cycle (e.g., 50% duty cycle), the output voltage waveform will
reach a peak voltage and, once that peak voltage is reached, additional increases in phase-shift do
not affect the peak voltage. Thus, for a given power setting, when the impedance of a load (e.g.,
tissue) decreases, the peak voltage remains constant while the crest factor of the output voltage
waveform increases. This increase in crest factor may lead to stray arcing. During operation,
arcing is generated to achieve desired surgical effects. High arc currents are well-suited for their
hemostasis effects, however, to limit thermal transfer, it is also desirable to limit stray arcing to
the target tissue by controlling the crest factor of the voltage output waveform. The present
disclosure provides for phase-shifted inverters that are configured to control crest factor to

achieve these goals. More specifically, the present disclosure provides for setting the repetition
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rate and phase-shift of a phase-shifted inverter to produce an output voltage waveform that
reduces changes in the crest factor in response to changes in load impedance.

[0056] Referring now to Fig. 5A, a plot 300 is shown illustrating a voltage of the tank
circuit 50 (Fig. 4) or a so-called “tank voltage” (“Vtank™) and a voltage output plot 310 showing
a voltage output waveform (“Vout”) from a voltage source, e.g., RF output stage 228, as a
function time (t). At a time t1, one or both pairs of switching components 56, 58 and 60, 62 is
turned “on” such that the tank voltage Vtank increases from zero volts to a positive peak voltage
+Vtanky. At time t1, the voltage output Vout is at zero volts and increases until reaching a
positive peak voltage +Vout,, depicted by a point 325 on plot 310. At a time t2, the output
voltage Vout is decreasing while one or both pairs of switching components 56, 58 and 60, 62 is
turned “off’ such that the tank voltage Vtank decreases from +Vtanky to zero volts. That is,
while Vtank is at peak voltage Vtank, the output voltage Vout increases to its peak voltage
Vouty and starts to decrease prior to Vtank decreasing to zero volts at time 2. Ata time t3, one
or both pairs of switching components 56, 58 and 60, 62 is turned “on” such that the tank voltage
Vtank increases from zero volts to a negative peak voltage -Vtanky. At time t3, the voltage
output Vout is at zero volts and decreasing toward achieving a negative peak voltage -Voutp
The response of the negative Vout is substantially similar to the above-described response of the
positive half cycle of Vout.

[0057] The magnitude of the peak output voltage Vouty is determined at least in part by
the frequency response of the tank circuit 50 (Fig. 4) in the bridge circuit 40 and the l‘oad (e.g.,
tissue). Thus, the output voltage Vout will follow the step response of the tank circuit 50 due to
the pulse of the tank voltage Vtank. The duration of the tank voltage Vtank pulse determines

how long the output voltage Vout rises during each half cycle as shown by a portion 340 of the
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Vout plot 310 and, thus, to what extent the peak output voltage Vouty increases. For relatively
long duty cycles (e.g., 50% or greater duty cycle), the output voltage Vout rings up to a
maximum-achievable peak 325 and starts to ring back down before the end of the Vtank pulse. If
the duty-cycle is relatively short (e.g., less than 50% duty cycle), then the pulse does not last long
enough for the output voltage Vout to reach its maximum-achievable peak. This allows the peak
output voltage Vouty to be controlled over a given range of duty cycles by controlling the duty
cycle of the output voltage waveform Vout.

[0058] In some embodiments, the crest factor of the voltage output waveform Vout may
be controlled by setting the repetition rate for a given power, voltage, and/or current setting of a
generator and/or a given phase-shift setting of the bridge circuit 40. By setting the repetition rate,
the duty cycle of the bridge circuit 40 may be controlled such that the output voltage Vout is
increasing when the tank voltage Vtank is equal to zero volts upon turning “off” one or both pairs
of switching components 56, 58 and 60, 62 of the bridge circuit 40. For example, the repetition
rate may be increased or decreased for a particular output setting (e.g., power, voltage, current,
etc.) of a generator 200 to decrease or increase, respectively, the duty cycle of the electrosurgical
waveform.

[0059] Fig. 5B shows a plot 400 of the tank voltage Vtank of the tank circuit 50 and a
plot 410 of a voltage output waveform Vout from a voltage source, e.g., RF output stage 228, as a
function time (t). At a time t1A, one or both pairs of switching components 56, 58 and 60, 62 is
turned “on” such that the tank voltage Vtank increases from zero volts to a positive peak voltage
+Vtank,. At time t1A, the voltage output Vout is at zero volts and increases until a positive
peak voltage +Vout,, depicted by a point 425 on plot 410. At a time t2A, the voltage output

Vout is increasing while one or both pairs of switching components 56, 58 and 60, 62 is turned
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“off’ such that the tank voltage Vtank decreases from +Vtanky to zero volts. At time t2A, the
output voltage Vout reaches its positive peak +Vouty, depicted by a point 425 on plot 410. At
time t3A, one or both pairs of switching components 56, 58 and 60, 62 is turned “on” such that
the tank voltage Vtank decreases from zero volts to reach its negative peak -Vtankk. In contrast
to plot 410 depicted in Fig. 5B, the duty cycle of the voltage output waveform Vout depicted by
plot 310 of Fig. 5A is set such that output voltage waveform Vout is decreasing when Vtank
decreases from Vtanky to zero volts at time t2. Fig. 5B illustrates the effect of decreasing the
duty cycle, relative to the duty cycle of Fig. 5A. In particular, increasing the repetition rate
decreases the duty cycle of the voltage output waveform Vout to maintain the same RMS voltage.
By decreasing the duration of the tank voltage Vtank pulse, the output voltage Vout is effectively
prevented from reaching its maximum-achievable peak. Therefore, in this scenario, the peak
output voltage Vpeak is controlled by the duty cycle. The response of the negative Vout is
substantially similar to the above-described response of the positive half cycle of Vout.

[0060] While several embodiments of the disclosure have been shown in the drawings
and/or described herein, it is not intended that the disclosure be limited thereto, as it is intended
that the disclosure be as broad in scope as the art will allow and that the specification be read
likewise. Therefore, the above description should not be construed as limiting, but merely as
exemplifications of particular embodiments. Those skilled in the art will envision other

modifications within the scope and spirit of the claims appended hereto.
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WHATIS CLAIMED 1S:

1. A method for controlling an electrosurgical generator, the method comprising;:

generating at least one electrosurgical waveform at a selected energy setting through an
RF output stage comprising an RF inverter coupled to a power source, the at least one
electrosurgical waveform having a duty cycle and a crest factor;

adjusting a repetition rate of the at least one electrosurgical waveform based on the
selected energy setting to regulate the duty cycle of the at least one electrosurgical waveform;

applying the at least one electrosurgical waveform to tissue through at least one electrode;

measuring an output voltage of the at least one electrosurgical waveform; and

supplying a control signal to the RF inverter based on the repetition rate when the output

voltage is increasing to regulate the crest factor of the at least one electrosurgical waveform.

2. The method according to claim 1, further comprising:
calculating a peak value of the output voltage; and
supplying the control signal to the RF inverter prior to the output voltage reaching the

peak value.

3. The method according to claim 2, wherein the peak value of the output voltage is

changed based on the supplying of the control signal to the RF inverter.

4 The method according to claim 1, wherein the energy setting is at least one of

power, current, and voltage.
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5. The method according to claim 1, wherein the RF inverter comprises at least one

switching element coupled to a controller.

6. The method according to claim 5, wherein the control signal is a phase-shifted
drive signal generated by a pulse-width modulated driver for controlling the at least one

switching element.

7. The method according to claim 1, further comprising increasing the repetition rate
of the at least one electrosurgical waveform to decrease the duty cycle of the at least one

electrosurgical waveform.

8. An electrosurgical generator, comprising:

an RF output stage comprising an RF inverter coupled to a power source, the RF output
stage configured to generate at least one electrosurgical waveform at a selected energy setting,
the at least one electrosurgical waveform having a duty cycle and a crest factor;

a controller configured to adjust a repetition rate of the at least one electrosurgical
waveform based on the selected energy setting to regulate the duty cycle of the at least one
electrosurgical waveform; and

a sensor configured to measure an output voltage of the at least one electrosurgical
waveform, the controller configured to supply a control signal to the RF inverter based on the
repetition rate when the output voltage is increasing to regulate the crest factor of the at least one

electrosurgical waveform.
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9. The electrosurgical generator according to claim 8, wherein the controller is
further configured to calculate a peak value of the output voltage and supply the control signal to

the RF inverter prior to the output voltage reaching the peak value.

10.  The electrosurgical generator according to claim 9, wherein the peak value of the

output voltage is changed based on the supplying of the control signal to the RF inverter.

11.  The electrosurgical generator according to claim 8, wherein the energy setting is at

least one of power, current, and voltage.

12.  The electrosurgical generator according to claim 8, wherein the RF inverter

comprises at least one switching element coupled to the controller.

13. The electrosurgical generator according to claim 12, wherein the control signal is
a phase-shifted drive signal generated by a pulse-width modulated driver for controlling the at

least one switching element.

14. The electrosurgical generator according to claim 8, wherein the controller is
configured to increase the repetition rate of the at least one electrosurgical waveform to decrease

the duty cycle of the at least one electrosurgical waveform.

15.  An electrosurgical system, comprising:

an electrosurgical generator comprising:
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an RF output stage comprising an RF inverter coupled to a power source, the RF output
stage configured to generate at least one electrosurgical waveform at a selected energy setting,
the at least one electrosurgical waveform having a duty cycle and a crest factor;

a controller configured to adjust a repetition rate of the at least one electrosurgical
waveform based on the selected energy setting to regulate the duty cycle of the at least one
electrosurgical waveform; and

a sensor configured to measure an output voltage of the at least one electrosurgical
waveform, the controller configured to supply a control signal to the RF inverter based on the
repetition rate when the output voltage is increasing to regulate the crest factor of the at least one

electrosurgical waveform.

16.  The electrosurgical system according to claim 15, wherein the controller is further
configured to calculate a peak value of the output voltage and supply the control signal to the RF

inverter prior to the output voltage reaching the peak value.

17.  The electrosurgical generator according to claim 16, wherein the peak value of the

output voltage is changed based on the supplying of the control signal to the RF inverter.

18. The electrosurgical generator according to claim 15, wherein the energy setting 1s

at least one of power, current, and voltage.

19.  The electrosurgical system according to claim 15, wherein the RF inverter

comprises at least one switching element coupled to the controller.
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20.  The electrosurgical system according to claim 19, wherein the control signal is a
phase-shifted drive signal generated by a pulse-width modulated driver for controlling the at least

one switching element.

24



CA 02845763 2014-03-12

L "Bi4

S/t




CA 02845763 2014-03-12

Z ‘b4

{ I19[ess [8SSaA _m_oa_m m
S e PO [ o) ©
B v
o8
| Jo[E8s eSS Vo yepdouoyy | Jejodouoyy
e I b ﬁﬁ 152 S
_ 5 e & = =2
LI I O] &)
O 7 19E93 s bt C ) VANERAN
_ ] s C = VRV E
[ o3 - o] \/ (79
@_ | 1ojeas [ossap podany | |_ouon ]| Lwoday | ] ooy
e |\ A 74 i
%

002

g/t




CA 02845763 2014-03-12

3/5
200
o 27 28
\ { \
\ \ Active W
Controller <> HYPS o RFoup Regum
3 N Stage I L
Microprocessor L —225
Memory L— 226
Fig. 3
—o m o4
80 B3 B2
s a3
52 R 4/ 4154
47“ﬂ~@|—-t—1ﬁ — 4
5 \ 43
s 6z\j|—
4f—0 O~—18

Fig. 4



CA 02845763 2014-03-12

4/5

300
/__/

A

Viank pk

Viank
Viank pk
+out pk

Vout
Vout pg

Fig. 5A



CA 02845763 2014-03-12

5/5

40
o

-—
A
1 | I
1 t |
| 1 i
| I !
o — o — e -
( =
\ =
|
|
|
I
1
1 <L
1 <2
L p— oo
I - I
| I 1
||||||||| Femm - — = mm—————— —
1
I
|
I
!
1
1
1
_ ——
T FTTTT TS T T T
I = 1
I 1
I 1
I 1
§ |
1 I
| I
| 1
<l 1 R »
e e gl e .vh\
= e =2 == -— =%
= 5 = = 3 =
s = 53 = = =2
N = pret i

Fig. 5B






	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - CLAIMS
	Page 23 - CLAIMS
	Page 24 - CLAIMS
	Page 25 - CLAIMS
	Page 26 - CLAIMS
	Page 27 - DRAWINGS
	Page 28 - DRAWINGS
	Page 29 - DRAWINGS
	Page 30 - DRAWINGS
	Page 31 - DRAWINGS
	Page 32 - REPRESENTATIVE_DRAWING

