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device. The energy storage device may be in electrical communication with a
surgical generator connection to provide energy from a surgical generator to
charge the energy storage device and in electrical communication with at
l least one load component to be powered by the energy storage device. The

T surgical device may also comprise an end effector at least one energy ele-
ment for treating tissue. The at least one energy element may be in electrical
communication with the surgical generator connection to provide a thera-
peutic drive signal to the energy element.
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HARVESTING ENERGY FROM A SURGICAL GENERATOR

BACKGROUND

[8081] Various embodiments are directed to surgical devices and/or associated surgical
generators for harvesting encrgy provided by the gencrator and storing the harvested energy at
the surgical device for use in powering functionality of the surgical device.

[B802] Electrosurgical devices for applying electrical energy to tissue in order to treat
and/or destroy the tissue are commonly used in surgical procedures. An electrosurgical device
may comprise a hand picce and an instrument having a distally-mounted end cffector {¢.g., one
or more clectrodes). The end effector can be positioned against the tissuc such that electrical
current is introduced into the tissue. Electrosurgical devices can be configured for bipolar or
monopolar operation. During bipolar operation, current 18 introduced into and returned from the
tissue by active and return electrodes, respectively, of the end effector. During monopolar
operation, current is introduced into the tissue by an active electrode of the end effector and
returned through a return electrode {e.g., a grounding pad) separately located on a patient’s body.
Heat generated by the current flow through the tissuc may form hemostatic scals within the
tissuc and/or between tissues and thus may be particularly useful for scaling blood vessels, for
example. The end cffector of an clectrosurgical device may also comprise a cutting member that
is movable relative to the tissuc and the electrodes to transect the tissue.

[8083] Electrical cnergy applied by an clectrosurgical device can be transmitted to the
nstrument by a generator in communication with the hand piece. The electrical evergy may be
in the form of radio frequency ("RF"™) encrgy. RF energy is a form of clectrical energy that may
be in the frequency range of 300 kHz to 1 MHz. During is operation, an clectrosurgical device
can transmit low frequency RF encrgy through tissue, which causes ionic agitation, or friction, n
cffect resistive heating, thereby increasing the temperature of the tissue. Because a sharp
boundary may be created hetween the affected tissue and the surrounding tissue, surgeons can
operate with a high level of precision and control, without sacrificing un-targeted adjacent tissue,
The low operating temperatures of RF energy may be useful for removing, shrinking, or
sculpting soft tissue while simultancously sealing blood vessels. RF energy may work
particularly well on connective tissue, which is primarily comprised of collagen and shrinks

when contacted by heat,
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[3004]  Ultrasone surgical devices, such as ultrasonic scalpels, are another type of
powered surgical devices used in surgical procedures. Depending upon specific device
configurations and operational parameters, ultrasonic surgical devices can provide substantially
simutltancous transection of tissue and homeostasis by coagulation, desirably minimizing patient
travima. An ultrasonic surgical deviee may comprise a hand piece containing an ultrasonic
transdiicer, and an instrument coupled to the pltrasonic transducer having a distally-mounted end
effector {e.g., a blade tip) to cut and seal tissue. In some cases, the instrument may be
permanently affixed to the hand picce. In other cases, the instrument may be detachable from the
hand picce, as in the case of a disposable instrument or an instrument that is interchangeable
between different hand pieces. The end effector transmits ultrasonic energy to tissue brought
into contact with the end effector to realize cutting and scaling action. Ultrasonic surgical
devices of this nature can be configured for open surgical use, laparoscopic, or endoscopic
surgical procedures including robotic-assisted procedures.

[8065] Ultrasonic energy cuts and coagulates tissue using temperatures lower than
those used in electrosurgical procedures and can be {ransmitted to the end effector by an
ultrasonic generator in communication with the hand piece. Vibrating at high frequencics {o.2.,
55,500 times per second), the ultrasonic blade denatures protein in the tissuc to form a sticky
coagulum. Pressurc excried on tissue by the blade surface collapses blood vessels and allows the
coagulum to form a hemostatic scal. A clinician can control the cutting speed and coagulation
by the force applied to the tissue by the end cffector, the time over which the force is applied and
the selected excursion level of the end effector.

[3006] Tlectrosurgical and ultrasonic devices that operate in conjunction with an
external generator typically do not carry an on-board power supply. This limits the functionality
that can be provided by the devices theroselves, For example, in generator-conuected surgical
devices it is not currently feasible to inclade components that consume high levels of power such

as, for example, motors, powered sensors, MICTOPTOCessors, efe.

SUMMARY
[B887]  Various embodiments are directed surgical devices and systems and methods for

use with a surgical device to harvest energy from a surgical generator. The surgical device may



WO 2015/105602 PCT/US2014/068555

comprise an energy storage device. The energy storage device may be in electrical
communication with a surgical generator connection to provide encrgy from a surgical generator
to charge the energy storage device and in electrical communication with at east one load
component to be powered by the energy storage device. The surgical device may also comprise
an end ¢ffector and at least one encrgy clement for treating fissue. The at least one energy
clement may be in electrical communication with the surgical generator connection to provide a

therapeutic drive signal to the energy clement.

FIGURES

[B088] The novel features of the various embodiments are set forth with particularity in
the appended claims. The described embodiments, however, both as to organization and methods
of operation, may be best understood by reference to the following description, taken in
conjunction with the accompanying drawings in which:

[8069] Figure | illustrates one embodiment of a surgical system comprising a generator
and various surgical devices usable therewith.

{60101 Figure 2 llustrates one cmbodiment of an example ultrasonic device that may be
used for transcction and/or scaling.

{6011} Figure 3 illustrates one embodiment of the end cffoctor of the cxample
ultrasonic device of Figure 2.

{6012} Figure 4 illustrates one erbodiment of an example clectrosurgical device that
may also be used for transection and sealing.

{30131 Tigures 5, 6 and 7 illustrate one embodiment of the end cffector shown in Figure

[3014] TFigure 8 illustrates one erobodiment of the surgical system of Figure 1.

[80158] Figures 9 and 10 illustrate embodiments of memory circuits for surgical devices
configured to encode device properties on an interrogation signal,

[6616] Figure 11 illustrates one embodituent of a memory circuit coraprising a digital
data storage element.

[8617] Figure 12 illustrates one embodiment of the ultrasonic instrument of Figure |

with the hand piece comprising a motor.
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[B018] TFigure 13 is a block diagram illustrating one erobodiment of a surgical system
configured for harvesting energy provided by the generator,

[B819] Figure 13A is a block diagram of another embodiment of a surgical system
Hhastrating additional methods of communication between the device and the generator.

[B026] Figure 14 1s a block diagram illustrating one embodiment of a surgical system
configured for harvesting energy provided by the generator and utilizing the encrgy in an
ultrasonic surgical device.

[8621] Figure 15 is a flow chart illustrating one embodiment of a process flow that may
be exccuted by the generator to provide a charge signal to a surgical deviee,

(8622} Figure 16 is a flow chart illustrating onc embodiment of a process flow that may
be implemented by a surgical device, such as one of the devices, to charge an energy storage
device.

[6623] Figure 17 is a timing diagram illustrating onc embodiment of a charging and
firing cyele of the clectrosurgical device.

[6624] Figure 18 is a graph illustrating a charging cycle of one embodiment of an
energy storage device comprising a bank of super capacitors exhibiting a collective capacitance
of 5 farads (F).

[B025] Figurc 19 is a graph illustrating an example Li-ion batiery energy storage device
placed through four consecutive charge and discharge cycles.

{30261 Figure 20 is a block diagram illustrating onc cmbodiment of a surgical system
configured for harvesting energy provided by a gencrator as a combined drive signal.

{30271 Tigure 21 is a flow chart illustrating one embodiment of a process flow that may
be exceuted by the generator in the surgical system of Figure 20,

[B028] Tigure 22 is a flow chart illustrating one embodiment of a process flow that may
be executed by a surgical device to harvest energy from the generator in the surgical system of
Figure 20.

(66281 Figure 23 is a diagram of one embodiment of a surgical systern utilizing super
capacitors as energy storage devices.

[8630] Figure 24 is a diagram of ancther embodiment of a surgical system utilizing

capacitors in an energy storage device.
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[B031]  Tigure 25 is a diagram of one embodiment of a surgical system utilizing series
capacttors in an energy storage device.

[B832] Figure 26 1s a diagram of one embodiment of a surgical system utilizing an
alternative capacitor bank as an energy storage device.

[B033]  Figure 27 1s diagram of one embodiment of a surgical system utilizing multiple
regulators in conjunction with a capacitor bank.

[B834] Figure 28 is a diagram of one embodiment of a surgical system utilizing a
Lithium ion battery in an energy storage device.

[B635]  Figure 29 is a diagram of one cmbodiment of a surgical system utilizing an
isolated cnergy storage device.

[60636] Figure 30 is a diagram showing onc ecmbodiment of a surgical system utilizing a
center-tapped isolation transformer.

{66371 Figure 31 is a diagram of one embodiment of a surgical system wtilizing a

center-tapped isolation transformer with a series-connected capacitor bank.

DESCRIPTION

[6038] Before explaining various cmbodiments of surgical devices and generators in
detail, it should be noted that the illustrative cmbodiments are not limited in application or usc to
the details of construction and arrangement of parts illustrated in the accompanying drawings
and description. The illustrative embodiments may be implemented or incorporated in other
embodiments, variations and modifications, and may be practiced or carried out in various ways,
Further, unless otherwise indicated, the terms and expressions employed herein have been
chosen for the purpose of describing the illustrative embodiments for the convenience of the
reader and are not for the purpose of limitation thercof. Also, 1t will be appreciated that one or
more of the following-described embodirnents, expressions of embodiments and/or examples,
can be combined with any one or more of the other following-described embodiments,
expressions of erobodiments and/or exaroples.

[B839]  Various embodiments are directed to surgical devices and/or associated surgical
generators for harvesting energy provided by the generator and storing the harvested energy at
the surgical device for use in powering functionality of the surgical device. In various

embodiments, a surgical device may comprise an energy storage deviee, an end effector and at
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lcast one energy element for treating tissue. For example, when the surgical device s an
electrosurgical device, the at least one energy clement may comprise one or more electrodes
positioned in the end effector. Also, for example, when the surgical device is an ultrasonic
device, the at lcast one energy element may comprise a transducer mechanically coupled to an
ultrasonic blade {e.g., via an intermediate wave guide).

[8640] The energy storage device may be in electrical communication with a surgical
generator connection. The surgical generator connection may, in turn, be in communication with
a surgical generator. In some ewbodiments, the surgical device also comprises a switch
positioned to alternately to connect the surgical generator connection to the energy storage
device or to the at least one energy clement. For example, the surgical generator may alternately
provide a charge signal or a therapeutic drive signal. When the surgical generator provides the
charge signal, the surgical device may configure the switch so that the charge signal is provided
to the encrgy storage device, thus charging the energy storage device. When the gencrator
provides the therapeutic drive signal, the surgical device may configure the switch so that the
therapeutic drive signal is provided to the at least one encrgy element. In some embodiments,
the generator may provide a combined signal comprising a charge signal component and 3
therapeutic drive signal component. The surgical device may comprise a signal separator circuit
positioned to receive the combined signal and divide it into a charge signal portion, provided to
the energy storage device, and a therapeutic drive signal portion , provided to the at least one
energy element. The encrgy storage device and associated circuitry may physically positioned at
any suitable location. For example, the encrgy storage device may be positioned in an enclosure
sgparate from the generator and the surgical device {e.g. a break-out box). Also, in somge
embodiments, the energy storage device and associated circuitry may be integral to the generator
itselt and/or integral to the surgical device.

[6641] Once charged, the energy storage device may be utilized to power various load
components present at the surgical device. Load components may comprise any component of
the surgical device for which electrical power is required and/or desirable. Examples of load
devices include, for example, sensors for sensing a property of the surgical device and/or tissue
being acted upon by the surgical device. Load components may also inchude a display or
displays for providing a clinician with various information regarding the surgical device, the

patient, conditions or propertics of the tissue, the generator, efe. In some embodiments, the joad
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components may comprise a transmission circuit for communicating to other devices the
information abowut the surgical device, the patient, conditions or propertics of the tissue, the
generator, efe. Also, in some embodiments, the load components may comprise a motor or drive
train. The motor and/or drive train may be mechanically conpled to, for example, cause or assist
firing of the surgical device, articulate the surgical device, efe. These and other benefits of
embodiments of the present invention will be apparent from the description to follow.

[B8842] It will be appreciated that the terms “proximal” and “distal” are used herein with
reference 1o a clinician gripping a hand picce. Thus, an end effector is distal with respect to the
more proximal hand picce. it will be further appreciated that, for convenience and clarity, spatial
terms such as “top” and “bottom” may also be used herein with respect to the clinician gripping
the hand picce. However, surgical devices are used in many orientations and positions, and these
terms arc not intended to be limiting and absolute.

[6343] Figure 1 illustrates one embodiment of a surgical system 100 comprising a
generator 102 configurable for use with surgical devices. According to various embodiments,
the generator 102 may be configurable for use with surgical devices of different types, including,
for example, the ultrasonic surgical device 104 and clectrosurgical or RF surgical device 106.
Although in the embodiment of Figure 1 the generator 102 is shown separate from the surgical
devices 104, 106, in certain embodimaents the gencrator 102 may be formed integrally with either
of the surgical devices 104, 106 to form s unitary surgical systerm. A break-out box 149 is shown
placed on top of the generator 102, The break-out box may house circuitry or other hardware
that 15 not included in the generator 102 or the devices 104, 106 themselves, For examople, the
break-out box 149 may house the energy harvesting circuit 1302 (e.g., Figure 13) in
embodiments where that circnit is vot integral to either the generator 102 or the device 104, 106.
For example, the break-out box 149 may be clectrically coupled to the generator {e.g., surgical
generator connection 1350 of Figure 13) and to the device {e.g., connections 1352 and 1352 of
Figure 13).

[6044] Figure 2 illustrates one embodiment of an exarple ulirasonic device 104 that
may be used for transection and/or sealing. The device 104 may comprise 8 hand pigee 116
which may, in turn, comprise an ultrasonic transdocer 114, The transducer 114 may be in
clectrical communication with the generator 102, for example, via a cable 112 (e.g., a multi-

conductor cable). The transducer 114 may comprise piczoceramic clements, or other elements or
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components suitable for converting the electrical encrgy of a drive signal into mechanical
vibrations. When activated by the generator 102, the ultrasonic transducer 114 may cause
fongitudinal vibration. The vibration may be transmutted through an instrument portion 124 of
the device 104 (c.g., via a waveguide embedded in an outer sheath} to an end effector 126 of the
instroment portion 124,

[8045] Figure 3 illustrates one embodiment of the end effector 126 of the example
ultrasonic device 104, The end effector 126 may comprise a blade 151 that may be coupled to
the ultrasonic transducer 114 via the wave guide (not shown}, When driven by the transducer
114, the blade 151 may vibrate and, when brought into contact with tissue, may cut and/or
coagulate the tissug, as described herein. According to various embodiments, and as illustrated
in Figure 3, the end cffector 126 may also comprise a clamp arm 155 that may be configured for
cooperative action with the blade 151 of the ond effector 126, With the blade 151, the clamp arm
155 may comprise a sct of jaws 140, The clamp arm 155 may be pivotally conncected at a distal
end of a shaft 153 of the instrument portion 124, The clamp arm 155 may include a clamp arm
tissuc pad 163, which may be formed from TEFLON® or other suitable low-friction material.
The pad 163 may be mounted for cooperation with the blade 151, with pivotal movement of the
clamp arm 155 positioning the clamp pad 163 in substantially parallel relationship to, and in
contact with, the blade 151, By this construction, a tissuc bite to be clamped may be grasped
between the tissuc pad 163 and the blade 151, The tissuc pad 163 may be provided with a
sawtooth-like configuration including a plurality of axially spaced, proximally extending
gripping teeth 161 to enhance the gripping of tissue in cooperation with the blade 151, The
clamp arm 155 may transition from the open position shown in Figure 3 1o a closed position
{with the clamp arm 155 in contact with or proximity to the blade 151) in any suitable manner.
For example, the hand picce 116 may comprise a jaw closure trigger 138, When actuated by a
clinician, the jaw closure trigger 138 may pivot the clamp arm 135 in any suitable maonner. For
example, the jaw closure trigger 138 may be coupled to a jaw closure member 141 extending
through the shaft 124 to the clamp arm 155, Proximal motion of the jaw closure trigger 138 may
cause corresponding proximal motion of the jaw closure member 141, which may pull the clamp
arm 155 towards the blade.

[B8846] The generator 102 may be activated to provide the drive signal to the transducer

114 in any suitable manner. For example, the generator 102 may comprise a foot switch 120

-8 -
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coupled to the generator 102 via a footswitch cable 122 (Figures 1, 8). A clinician may activate
the transducer 114, and thereby the blade 151, by depressing the foot switch 128, In addition, or
instead of the foot switch 120 some embodiments of the deviee 104 may utilize one or more
switches or buttons positioned on the hand piece 116 that, when activated, may cause the
generator 102 to activate the transducer 114, In some embodiments, the hand piece 116 may
comprise a pair of buttons 136a, 136b positioned relative to the closure trigger 138 to allow the
clinician to operate the buttons 136a, 136b with an index finger, for example, while gripping the
closure trigger 138, In other embodiments, the buttons 136a, 136b may be replaced with a single
similarly located button. Also, for example, one or more additional buttons, such as 136¢, may
be positioned on an upper portion of the hand picee 116, For example, the button 136¢ may be
configured to, when depressech cause the gencrator 102 to provide a pulsed output. The pulses
may be provided at any suitable frequency and grouping, for example. In certain embodiments,
the power level of the pulses may be the power levels set utilizing buttons 136a, 136h, as
described above. Also, in some embodiments, the generator 102 may be activated based on the
posttion of the jaw closure trigger 138, {c.g., as the clinician depresses the jaw closure trigger
138 to close the jaws 140, ultrasonic energy may be applicd).

[6047] The various buttons 136a, 136b, 136¢ may be hardwired and/or programmable
to, when depressed, bring about various effects on the drive signal provided to the transducer
{14, For example, in some embaodiments, the state of the buttons 136a, 136b be communicated
to the generator 102, In responsce to the state of the buttons, the generator 102 may determine an
operating mode of the device 104, expressed as the form of the drive signal provided by the
generator 102, When the button 136a is depressed, for example, the ulirasonic generator 102
may provide a maximurn drive signal to the transdocer 114, causing i to produce maximum
pltrasonic energy output. Depressing button 136b may cause the generator 102 to provide a user-
selectable drive signal to the transducer 114, causing it to produce less than the maximum
pltrasonic energy output.

[6048] It will be appreciated that the ultrasonic device 104 may comprise any
combination of the butions 136a, 136b, 136¢. For example, the device 104 could be configured
to have only two battons: a button 136a for producing maximum ultrasonic energy output and a
button 136¢ for producing a pulsed output at either the maximum or less than maximum power

level per. In this way, the drive signal output configuration of the generator 102 could be 5

.
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continuous sigonals and 5 or 4 or 3 or 2 or | pulsed signals. In certain embodimuents, the specific
drive signal configuration may be controlled based upon, for example, EEPROM settings in the
generator 102 and/or user power level selection(s).

[8049] In certain embodiments, a two-position switch may be provided as an alternative
to a button 136¢. For example, a deviee 104 may include a button 136a for producing a
continuons output at a maximum power level and a two-position button 136b. In a first detented
position, button 136b may produce a continuous output at a less than maxinmim power fevel, and
in a second detented position the button 136b may produce a pulsed ocutput {e.g., at cither a
maximum or less than maximum power level, depending upon the EEPROM scttings).

[8050] In some embodiments, the ond cffector 126 may also comprisce a pair of
clectrodes 159, 157, The clectrodes 159, 157 may be in communication with the generator 102,
for example, via the cable 128, The clectrodes 159, 157 may be used, for example, to measure
an impedance of a tissuc bite prosent between the clamp arm 155 and the blade 151, The
generator 102 may provide a signal {c.g., a non-therapeutic signal) to the clectrodes 159, 157,
The impedance of the tissue bite may be found, for example, by monitoring the current, voltage,
cte. of the signal. In somce embodiments, the non-therapeutic signal provided to the clectrodes
159, 157 may be provided by the surgical device 106 itself. For example, the clectrodes 159,
157 may be load componenis powered by the energy storage device described herein,

[6051] Figure 4 illustrates one embodiment of an example electrosurgical device 106
that may also be used for transection and sealing. According to various cmbodiments, the
transection and sealing device 106 may comprise a hand piece assembly 130, a shaft 165 and an
end effector 132, The shaft 165 may be rigid, as shown, {e.g., for laparoscopic and/or open
surgical application) or flexible, {e.g., for endoscopic application). In various ernbodiments, the
shaft 165 may comprise one or more articulation points. The end effector 132 may comprise
jaws 144 having a first jaw merober 167 and a second jaw member 169, A translating member
173 may extend within the shaft 165 from the end effector 132 o the hand piece 130, Atthe
hand picce 130, the shaft 165 may be dircetly or indirectly coupled to a jaw closure trigger 142
{Figure 4).

[8652] The jaw members 167, 169 of the end effector 132 may comprise respective
electrodes 177, 179, The clectrodes 177, 179 may be connected to the generator 102 via

clectrical feads 187a, 1870 (Figure 5) extending from the ¢nd effector 132 through the shaft 165

-10-
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and hand piece 130 and sltimately to the generator 102 {(e.g., by a multi-conductor cable 128).
The generator 102 may provide a drive signal to the electrodes 177, 179 to bring about a
therapeutic effect to tissue present within the jaw members 167, 169, The clectrodes 177, 179
may comprise an active electrode and a return electrode, wherein the active electrode and the
return electrode can be posttioned against, or adjacent to, the tissue to be treated such that corrent
can flow from the active electrode to the return electrode through the tissue. As illustrated in
Figure 4, the end effector 132 is shown with the jaw members 167, 169 in an open position.

[8053] Figures 5, 6 and 7 iliustrate one embodiment of the end effector 132 shown in
Figurc 4. To closc the jaws 144 of the end effector 132, a clinician may cause the jaw closure
trigger 142 to pivot along arrow 183 from a first position to a second position. This may cause
the jaws 144 to open and close according to any suitable method. For example, motion of the
iaw closure trigger 142 may, in turn, cause the translating member 173 to translate within a bore
185 of the shaft 165. A distal portion of the translating member 173 may be coupledto a
reciprocating member 197 such that distal and proximal motion of the translating member 173
causes corresponding distal and proximal motion of the reciprocating member, The
reciprocating member 197 may have shoulder portions 191a, 191b, while the jaw members 167,
169 may have corresponding cam surfaces 18%a, 189b. As the reciprocating member 197 is
translated distally from the position shown in Figure 6 to the position shown in Figure 7, the
shoulder portions 191a, 191b may contact the cam surfaces 189a, 189b, causing the jaw
members 167, 169 to transition to the closed position. Also, in various embodiments, the blade
175 may be positioned at a distal end of the reciprocating member 197, As the reciprocating
member extends to the fully distal position shown in Figure 7, the blade 175 may be pushed
through any tissuc present between the jaw members 167, 169, in the process, severing it

[B054]  Tn use, a clinician may place the end effector 132 and close the jaws 144 around
a tissue bite to be acted upon, for example, by pivoting the jaw closure frigger 142 along arrow
183 as described. Once the tissue bite 1s secure between the jaws 144, the clinician may initiate
the provision of RF or other electro-surgical encrgy by the generator 102 and through the

lyled
i
I

electrodes 177, 179, The provision of RF energy may be accomplished in any suitable way. For
example, the clinician may activate the foot switch 120 (Figure 8) of the generator 102 to initiate
the provision of RF energy. Also, for example, the hand picce 130 may comprise one or more

switches 181 that may be actuated by the clinician to cause the generator 102 to begin providing

-11 -
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RF energy. Additionally, in some embodiroents, RF energy may be provided based on the
position of the jaw closure trigger 142, For example, when the trigger 142 is fully depressed
{indicating that the jaws 144 are closed), RF encrgy may be provided. Also, according to various
embodiments, the blade 175 may be advanced during closure of the jaws 144 or may be
separately advanced by the clinician after closure of the jaws 144 {e.g., after a RF energy has
been applied to the tissue).

[B855] Figure K is a diagram of the surgical system 100 of Figure 1. In various
embodiments, the generator 102 may comprise several separate functional elements, such as
modules and/or blocks. Different functional elements or modules may be configured for driving
the different kinds of surgical devices 104, 106. For example an ulirasonic gencrator module
108 may drive an ultrasonic device, such as the ulirasonic device 104, An clectrosurgery/RE
generator module 110 may drive the electrosurgical device 106. For example, the respective
modules 108, 110 may generate respective drive signals for driving the surgical devices 104,
106. In various embodiments, the ultrasonic generator module 108 and/or the clectrosurgery/RF
generator module 110 cach may be formed integrally with the generator 102, Alternatively, one
or more of the modules 108, 110 may be provided as a separate circuit module clectrically
coupled to the gencrator 102, (The modules 108 and 110 are shown in phantom to illustrate this
option.} Also, in some embodiments, the electrosurgery/RF generator module 110 may be
formed integrally with the ultrasonic generator module 108, or vice versa.

[8056] In accordance with the described embodiments, the ultrasonic generator module
108 may produce a drive signal or signals of particular voltages, currents, and frequencies, ¢.g.
55,500 cyveles per second {(Hz). The drive signal or signals may be provided to the ultrasonic
device 104, and specifically to the transducer 114, which may operate, for example, as described
above. In one crobodiment, the generator 102 may be configured to produce a drive signal of a
particular voltage, current, and/or frequency output signal that can be stepped with high
resolution, accuracy, and repeatability.

(86571  In accordance with the described embodirents, the clectrosurgery/RF generator
module 110 may generate a drive signal or signals with output power sufficient to perform
bipolar electrosurgery using radio frequency {R¥}) energy. In bipolar electrosurgery applications,
the drive signal may be provided, for example, to the electrodes 177, 179 of the clectrosurgical

device 106, for example, as described above. Accordingly, the generator 102 may be configured
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for therapeutic purposes by applving clectrical energy to the tissue sufficient for treating the
tissue {€.g., coagulation, cauterization, tissue welding, eic.).

[B058]  In various embodiments, the generator 102 may be configured to provide a
charge signal to allow the respective surgical devices to harvest energy for on-board use. The
charge signal may be provided by any suitable bardware of the generator 102, For example, in
some embodiments, the ultrasonic generator module 108 may provide the charge signal to
ultrasonic devices, such as 104 while the electrosurgery/RF module 110 may provide the charge
signal to clectrosurgical devices, such as 136, The generator 102 may be programmed to
configure the signals gencrated by the respective modules 108, 110 to alternately provide
therapeutic drive signals and charge signals, for cxample, as described herein below. For
example, a processor or processors of the generator 102 may receive from a connected surgical
device an indication of whether the device is enabled to harvest encrgy from the generator 102 as
well as parameters of the charge signal that the device cxpects to receive.

[8059] The charge signal may have a waveform or frequency that is conducive to
cfficient charging of the encrgy harvesting circuit. For cxample, the energy harvesting circuit
may comprise frequency-dependent circuitry such as a filter {e.g., separator circuit 2002 of
Figure 20 below). The charge signal may have a frequency and/or waveform that is synchronous
with this frequency-dependent circuitry. Other considerations may include using a high enough
frequency to optimize the cnergy density of the charging waveform while keeping the frequency
iow cnough to provide cfficient energy transfer. Also, in some embodiments, the charge signal is
bandwidth limuted to better operate with rectifiers, such as the rectifiers 1312, 2308, 2402, etc.
For example, some rectifier diodes that may be used 1n the rectifiers described herein have a
fimited bandwidth due to their junction capacitance. When diodes of this nature are used, the
bandwidth of the charge signal may be limuted to accommodate them. In some embodiments, the
a charge signal may be a divect current (DC) signal and may provide a higher voltage and/or
current 50 as to deliver more power more quickly to charge energy storage associated with the
surgical device, as described herein. To some embodiments, the generator 102 may be
configured to provide a combined signal that may be divided by the surgical device, for example,
as described herein, to vield a charge signal portion for charging the energy storage device and a
therapeutic signal portion for deriving the energy element of the device (e.g., electrosurgical

glectrodes, ultrasonic transducer, efc. ).
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[3066] The generator 102 roay comprise an jnput device 145 located, for example, on a
front panel of the generator 102 console. The input device 145 may comprise any suitable
device that generates signals suitable for programming the operation of the generator 102, In
operation, the user can program or otherwise control operation of the generator 102 using the
input device 145, The input device 145 may comprise any suitable device that generates signals
that can be used by the generator {¢.g., by one or more processors contained in the generator) to
control the operation of the generator 102 (c.g., operation of the ultrasonic generator module 108
and/or electrosurgery/RF generator module 113}, In various embodiments, the input device 145
includes one or more of buttons, switches, thumbwheels, kevboard, keypad, touch screen
monitor, pointing device, remote connection to a general purpose or dedicated computer. In
other embodiments, the input deviee 145 may comprise a suitable user interface, such as one or
more user interface screens displayed on a touch screen monitor, for cxample. Accordingly, by
way of the input device 145, the user can set or program various operating parameters of the
generator, such as, for cxample, current (1), voltage (V), frequency {1}, and/or period {(T) ot a
drive signal or signals generated by the ultrasonic gencrator module 108 and/or
electrosurgery/RFE gencerator module 110,

[6061] The generator 102 may also comprise an output device 147 (Figure 1) located,
for example, on a front pancl of the generator 102 console. The output device 147 includes one
or more devices for providing a sensory feedback to a user. Such devices may comprise, for
example, visual feedback devices (e.g., an LCD display screen, LED indicators), audio feedback
devices {c.g., a speaker, a buzzer) or tactile feedback devices (e.g., haptic actuators). Although
certain modules and/or blocks of the generator 102 may be described by way of example, it can
be appreciated that a greater or lesser mumber of modales and/or blocks may be ased and still fall
within the scope of the embodiments. Further, although various embodiments may be described
in terms of modules and/or blocks to facilitate description, such modules and/or blocks may be
imaplemented by one or more hardware components, ¢.g., processors, Digital Signal Processo
{DSPs), Programmable Logic Devices (PLDs), Application Specific Integrated Circutts (ASICs),
circuits, registers and/or software components, e.g., programs, subroutines, logic and/or
combinations of hardware and software components.

[#362] In one embodiment, the ultrasonic generator drive module 108 and

clectrosurgery/RF drive modale 110 may comprise one or more embedded applications
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ioplemented as firmware, software, hardware, or any combination thereof. The modules 108,
110 may comprise various executable modules such as software, programs, data, drivers,
application program interfaces (APIs}, and so forth. The firmware may be stored in nonvolatile
memory {NVM}, such as in bit-masked read-only memory {ROM} or flash memory. In various
implementations, storing the firmware in ROM may preserve flash memory. The NVM may
comprise other types of memory including, for example, programmable ROM (PROM}, crasable
programmable ROM (EPROM), electrically crasable programmable ROM (EEPROM), or
battery backed random-~access memory (RAM) such as dynamic RAM (DRAM), Double-Data-~
Rate DRAM (DDRAM), and/or synchronous DRAM (SDRAM}.

[8063] In onc cmbodiment, the modules 108, 110 comprise a hardware component
implemented as a processor for executing program instructions for monitoring various
measurable characteristics of the devices 104, 106 and generating a corresponding output drive
signal or signals for operating the devices 104, 136, In embodiments in which the gencrator 102
is used in conjunction with the ultrasonic device 104, the drive signal may drive the ultrasonic
transducer 114 in cutting and/or coagulation operating modes. Electrical characteristics of the
device 104 and/or tissue may be measured and used to control operational aspects of the
generator 102 and/or provided as feedback to the user. In embodiments in which the generator
102 is used in conjunction with the device 106, the drive signal may supply electrical cnergy
{c.g.. RF cnergy) to the end effector 132 in cutting, coagulation and/or desiccation modces.
Electrical characteristics of the device 106 and/or tissue may be measured and used to control
operational aspects of the generator 102 and/or provided as feedback to the user. In various
erobodiments, as previously discussed, the hardware coraponents may be ioplemented as DSP,
PLD, ASIC, circuits, and/or registers. In one embodiment, the processor may be configured to
store and execute computer software program fnstructions to generate the step function output
signals for driving various components of the devices 104, 106, such as the ultrasonic transdocer
114 and the end effectors 126, 132,

[6664] In various crobodiments, the generator 102 may be capable of communication
with a memory circuit of an attached surgical device (e.g., 104, 106) in communication with the
generator 102 to determine properties of the surgical device and/or write information to the
memory circuit. Device properties stored on the memory circuit may include, for example, a

model number, a serial number, 2 mumber of operations in which the surgical device has been
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used, whether and how the device is enabled for energy harvesting, and/or any other type of
information. In some embodiments, the generator 102 may also write to the memory circuit, for
example, to update a number of times that the surgical device has been used, record other
information about the use of the deviee, efc. The memory circuit itself may comprise a digital
memory deviee or other data circuit and/or a serigs of switches, diodes, resistors, eic. assuming a
state that may be sensed by the generator 102 to infer a property of the surgical device. The
memory circait may be associated with the surgical deviee. For example, the memory circut
may be physically positioned within the surgical device, within a cable connecting the surgical
device to the generator 102, within an adapter for connecting the cable to the generator 102 or
surgical device, within a companion piece of hardware positioned between the generator 102 and
the surgical device, efc.

[8065] Insome embodiments, the generator 102 creates an interrogation signal and
provides the interrogation signal to the surgical device. For example, the interrogation signal
may be provided via a conductive pair in a cable that connects the gencrator 102 to the surgical
device. The memory circuit at the device may act on the intcrrogation signal to encode device
propertics on the interrogation signal. The gencrator 102 may monitor the interrogation signal to
discern the encoded propertics. Figures 9 and 10 illustrate embodiments of memory circuits 282,
280 for surgical devices configured to encode device properties on an interrogation signal. The
memory circuits 282, 280 of Figures 9 and 10 may modify characteristics of an interrogation
signal transmitted by the generator 102. The characteristics of the interrogation signal, which
may uniquely indicate the state or configuration of the control circuit, can be discerned by the
generator 102 and used, for exarople, to control aspects of its operation. The memory circuits
282, 280 of Figures 9 and 10 may be utilized in any kind of surgical device including, for
example, an ultrasounic surgical device such as 104 and/or an clectrosurgical device, such as 106,

[6666] Referring to Figure 9, memory circuit 282 may be connected to the generator
102 to receive an interrogation signal {¢.g., a bipolar interrogation signal at 2kHz). The memory
cireuit 282 may comprise series-connected resistors R2, R3 and R4, with switches SW1 and
SW2 couneeted across R2 and R4, respectively. The generator 102 may apply the interrogation
signal across at least onc of the series-connected resistors to generate a voltage drop across the
memory circuit 282, The state of the switches SW1 and SW2 may determine the characteristics

of the interrogation signal and, therefore, also indicate properties of the surgical device. For
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example, when both SW1 and SW2 are open, the voltage drop may be determined by R2, R3 and
R4. When SW1 is closed and SW2 is open, the voltage drop may be determined by R3 and R4,
When SW1 is open and SW2 is closed, the voltage drop may be determined by R2 and R3.
When both SW1 and SW2 are closed, the voltage drop may be determined by R3. Accordingly,
based on the voltage drop across the memory circuit 282 the state or configuration of the
memory circuit 282 may be discerned by the generator 102,

[B867] Referring to Figure 10, the memory circuit 280 may be coupled to the generator
102 to receive an interrogation signal (€.g., a bipolar interrogation signal at ZkHz). The memory
circuit 280 may comprise a first switch SW1 in serics with a first diode D1 to define a first
branch, and a second switch SW2 in series with a second diode D2 to define a second branch.
The first and sccond branches may be connected in parallel such that the forward conduction
direction of D2 is opposite that of D1. The interrogation signal may be applied across both
branches. Again, the state of the switches SW1, SW2 may determine characteristics of the
interrogation signal. When both SW1 and SW2 are open, the memory circuit 280 may define an
open circuit. When SW1H is closed and SW2 is open, the interrogation signal may undergo half-
wave rectification in a first divection {¢.g., positive half of interrogation signal blocked). When
SW1 15 open and SW2 is closed, the interrogation signal may underge half-wave rectification in
a second direction {¢.g., ncgative half of interrogation signal blocked). When both SWH and
SW2 are closed, no rectification may occur. Accordingly, based on the different characteristics
of the interrogation signal corresponding to the different states of SW1 and SW2, the state or
configuration of the mermory civcuit 280 may be discerned by the generator 102 based on a
voltage signal appearing across the inputs of the memory circuit 280, as measured by the
generator 102,

[B068] In addition to or instead of the switches SWI, SW2, various surgical device
memory circuils roay also include digital data storage elements. For exanople, referring to Figore
14, the cable 112 is shown to comprise a digital data storage element 206, The digital data
storage clement 206 may comprise, for example, a non-volatile storage device, such as an
EEPROM device. The generator 102 may exchange information with the digital data storage
element 206. Such information may be specific to a surgical device integral with, or configured
for use with, the cable 112 and may comprise, for example, a model nomber, a serial number, a

number of operations in which the surgical device has been used, whether and how the device is
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configured for information harvesting, and/or any other type of information. Information may
also be communicated from the generator 102 to the digital data storage clement 206 for storage
therein, as discussed above in connection with Figure 10,

[8069] In certain embodiments, the digital data civeuits, such as 206, may be positioned
in the surgical device itself and/or in an adaptor for interfacing a specific surgical device type or
model with the generator 102, For example, Figure 11 illustrates one embodiment of 8 memory
circuit 280~ comprising a digital data storage circuit 284 comprising a digital data storage
clement 286, In certain embodiments, the digital data storage element 286, and possibly other
components of the memory circuit 284, may be contained in the dovice and/or cable 112, with
other components of the memory circuit 280-1 (e.g., SWI, SW2, D1, D2, D3, D4, Cl1} being
contained in the hand picce {c.g., hand picce 116}. In certain embodiments, the data storage
clement 286 may be a single-wire bus device (¢.g., a single-wire protocol EEPROM]}, or other
single-wire protocol or local interconnect network {LIN} protocol device. In one embodiment,
for example, the data storage clement 286 may comprise a Maxim DS28ECZ8 1-Wire ®
EEPROM, available from Maxim Integrated Products, Inc., Sunnyvale, CA.

{80701  In cortain embodiments, the gencrator 102 may be configured to communicate
with the digital data circuit 284, and, in particular, with the digital data storage cloment 286, via
the conductive patr of the cable 112, In particular, the frequency band of the communication
protocol used to communicate with the memory circuit 284 may be higher than the frequeney
band of the interrogation signal. In certain embodiments, for example, the frequency of the
communication protocol for the data storage element 286 may be, for example, 200 kHz or a
significantly higher {frequency, whereas the frequency of the interrogation signal used to
deterroine the different states of SW1 and SW2 may be, for example, 2 kHz, Accordingly, the
value of capacitor Cl of the digital data circoit 284 may be selected such that the digital data
storage clement 286 is “hidden” from the relatively low frequency of the interrogation signal
while allowing the generator 102 to comumunicate with the data storage element 286 at the higher
frequency of the communication protocol. A series diode D33 may protect the data storage
clement 286 from negative cycles of the interrogation signal, and a paraliel Zener diode D4 may
limit the voltage supplied to the data storage element 286 {o a suitable operating range {(¢.g., 3.3~
3V). When in the forward conduction mode, D4 may also clamp negative cycles of the

interrogation signal to ground. In some embodiments, the generator 102 may be configured to
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write to the digital data storage element 286, For example, the generator 102 may write an
updated number of operations in which the device has been used and/or dates and/or times of i3
usage. Additional examples of suitable memory circuits that may be used with surgical devices
are disclosed in United States Patent Application Publication No. 2012-026519¢6, filed on April
16, 2012, and in United States Patent Application Publication No. 2011-0087212, filed on
October 1, 2010, both incorporated herein by reference in their entiretics.

[B8071]  In some example embodiments, either of the surgical devices 104, 106 may have
respective end effectors that are operated by a motor or according to a motor assist system. For
example, Figure 12 illustrates one embodiment of the instrument 104 with the hand picce 116
comprising a motor 1204, The jaw closure member 141 is shown with a rack gear 1203 attached
thereto. A gear 1202 1s positioned to contact the rack gear 1203 such that rotation of the gear
1202 causcs lincar translation of the rack gear 1203 and jaw closure member 141, The motor
1204 may be coupled to the gear 1202 such that rotation of the motor 1204 causes rotation of the
gear 1202 and, conscquently, lincar translation of the jaw closure member 141 along alternately
distal and proximal directions depending on the direction of rotation of the motor 1204, The
motor 1204 may be configured to be actuated when the clinician actuates the jaw closure trigger
13&. The jaw closure trigger 138 may be mechanically coupled to the jaw closure member 141
such that the motor 1204 provides an “assist” to the closing of the clamp arm 155 Insome
embodiments, the jaw closure trigger 138 is not mechanically coupled to the jaw closure member
141 such that most or all of the power provided to close the clamp arm 155 is provided by the
motor 1204, Although the motor 1204 is illustrated in the context of the ultrasonic surgical
device 104, it will be appreciated that a simular arrangeroent may be created with respect to
devices, such as the electrosurgical device 106, For example, the rack gear 1203 may be coupled
to the translating member 173 to close the jaw members 167, 169 and/or drive the blade 175,

(66721 Figure 13 is a block diagram illustrating one embodiment of a surgical system
1300 contfigured for harvesting energy provided by the generator. The system 1300 comprises a
generator 102, an energy barvesting circuit, and an clectrosurgical device 1306, The generator
102 may be configured to alternately provide a therapeutic drive signal and a charge signal. The
therapeutic drive signal may be provided to a pair of electrodes 1322, similar to the electrodes
179, 177 described herein, 1o treat tissue. The charge signal may be utilized to charge an energy
storage device 1314 that may be, for example, a capacitor {e.g., a super capacitor, or high-

&9
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voltage electrolytic capacitor) or any suitable type of battery {(e.g., a Lithivm Ion or Li-ion
batterv). As used herein, the term battery shall refer to one or more encrgy storage cells utilized
to store electrical energy. The energy storage device 1314 may be subsequently used to power
various components of the surgical device 1306 including, for example, one or more displays
1328, one or more mechanical drive trains 1326, one or more sensors 1332, ede. In some
embodiments utilizing a generator 102 configured for both nltrasonic and electrosurgical devices,
the charge signal may simply be the standard electrosurgical therapeutic drive signal. For
example, an electrosurgical drive signal may be suited to energy harvesting because it may have
a higher frequency and a higher output current capability relative to an ultrasonic drive signal.
Accordingly, in some embodiments of the surgical system 1300 with the electrosurgical device
{1306) there may be no difference or minimal differences between the therapeutic drive signal
and the charge signal. Similarly, in some embodiments of the surgical system 1300 with an
ultrasonic device 1304 (Figure 14), the therapeutic drive signal may be a form of the generator’s
ultrasonic drive signal while the charge signal may be a form of the gencrator’s electrosurgical
therapeutic drive signal.

{80731 The cnergy harvesting circuit 1302 may include the cnergy storage device 1314
as well as various components for charging, discharging and conditioning the energy storage
device 1314, The energy harvesting circunit 1302 is shown in Figure 13 as a distinct component
of the surgical system. It may, however, be physically embodied in any suitable manner. For
example, the cnergy harvesting circuit 1302 may be incorporated into the surgical device 1306
itsclf, for cxample, within the hand picee assembly such as 130 described above. Also, in some
erobodiments, the encrgy harvesting circuit 1302 may be inchuded as self-contained box that
may, for example, be placed on a table or other location in the surgical cuvironment, such as the
break-out box 149 of Figure 1. For example, the self~contained box may receive the therapeutic
drive signal and charge signal from the gencrator 102 and provide s outputs to the surgical
device 1306 via additional connections. In some embodiments, some or all of the components
and functionality of the encrgy harvesting circnit 1302 may be incorporated into the generator
102 itself.

[8074] The encrgy harvesting circuit 1302 may receive a drive signal from the
generator 102, for example, via a surgical generator connection 1358, The connection 1350 may

be a multi-conductor cable, such as 112 and 128 described above. The drive signal, in various
s
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erobodiments, 1s provided to a switch 1310, The switch 1310 may alternately direct the drive
signal to the electrodes of the surgical device 1306 and/or to the energy storage device 1314, For
example, when the generator 102 provides a therapeuntic drive signal, the switch 1310 may be
configured to direct the therapeutic drive signal to the surgical device via a connection 1354,

The connection 1354 may also be a multi-conductor cable, for example, similar to the cables 112
and 128 above. When the generator 102 provides a charge signal, the switch 1310 may be
configured to direct the charge signal to the energy storage device 1314,

[8675] The charge signal, as directed by the switch 1310, may be provided to the
energy storage device 1314 via one or more additional components of the energy harvesting
circuit 1302, For example, although the charge signal may be a direct current signal suitable for
charging the energy storage deviee 1314, in some embodiments, the charge signal will be an
alternating current signal. For example, the generator 102 may be configured to provide
alternating current therapeutic drive signals. Accordingly, utilizing an alternating current charge
signal may, in some embodiments, avoid the necessity of hardware changes to the gencrator 102,
Also, in some embodiments, an alternating current charge signal may be desirable for other
reasons, In various embodiments, the switch 1310 may comprise a relay or other mechanical
switch inn addition to or instead of a transistor or other soft switch. This may minimize the risk
that the charge signal will be provided to the electrodes 1322 and, therefore, to the patient. The
state of the charge switch 1310 may be controlled in any suitable manner. For example, in some
erabodiments, the charge switch 1310 may comprise a control circuit. The conirol circuit may be
configured to switch the charge switch 1310 based on characteristics of the received drive signal.
For example, when the drive signal is a therapentic drive signal, the switch 1310 may be setto
the energy storage device 1314 and when the drive signal is a charge signal, the switch 1310 may
be set to the device 1306, Also, n some erobodiments, the state of the charge switch 1310 may
be controlled by a microprocessor or other suitable component or functionality of the charge
management circuit 1316, described 1o more detail herein below.

[6676] When the charge signal is an alicrnating current signal, the energy harvesting
cireuit 1302 may comprise a rectifier 1312 to convert the charge signal from alternating current
to direct current. The resulting direct current charge signal may be provided to the energy
storage device 1314 for charging. The charge management cireuit 1316 may provide various

functionalities for managing the charging (and discharging) of the energy storage device 1314,
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For example, the charge management circuit 1316 may comprise a charge monitoring module
1360, The charge monitoring module 1360 may monitor the level of charge on the energy
storage device 1314, In some embodiments, the charge monttoring module 1360 may also
generate a signal indicating a level of charge for the energy storage device 1314, For example,
the charge monitoring module may provide a binary signal indicating whether the energy storage
device 1314 has reached a threshold level of charge. For example, the signal may be asserted
when the energy storage deviee 1314 comprises enongh charge to complete a predetermined
mumber of firings of the device 1306 {e.g., one firing}. In some embodiments, the charge
monitoring module 1360 may comprise a comparator tied to a reference voltage. When the
voltage level of the energy storage device 1314 exceeds the reference voltage, the output of the
comparator may be pulled high, generating the signal. The signal may be provided to a light
emitting diode (LED) or other display device. Also, in some embodiments, the charge
monitoring module may gencrate a signal indicating a level of charge on the device 1314, The
level may be expressed in any suitable manner including, for example, a voltage drop across the
device, a percentage of total charge, a number of device firings available, efc. In ombodiments
where the cnergy storage device comprises one or more batterics, such as Li-ion batteries, the
charge monitoring module 1360 may include additional functionality for quantifying the charge
provided to the battery. For example, sorne embodiments may utilize an available battery fuel
gauge integrated circuit {(IC) such as the BQ2754DRZT-G1 available fro TEXAS
INSTRUMENTS.

(66771  In cmbodiments where the energy storage device 1314 comprises a bank of
super capacitors or high-voliage clectrolviic capacitors, the charge management circuit 1316 may
comprise a balancing roodule 1360 for balancing the charge across each of the capacitors during
charging so as to avoid overvoliage damage to the individual capacitors. It will be appreciated
that the charge managerent circuit 1316 may be configured to perform various other
functionalities in the systern 1300, For example, in some embodiments, the charge management
circuit 1316 is configured to provide other functionality related to the charging or discharging of
the energy storage 1314, For example, the charge management circuit may condition the charge
signal. In some embodiments, some functions of the charge management circuit 1316 and the
rectifier 1312 may be combined into a single circuit, for example, utilizing a charge management

1C, such as the BQZ4600R VAT management chip avatlable from TEXAS INSTRUMENTS.
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[B078] The cnergy storage device 1314 may provide power to various components of
the surgical device 1306, For example, the energy storage device 1314 may be coupled to
components of the surgical device 1306 via a regulator 1318, The regulator 1318 may be
configured according to any known lincar and/or switching regulator design to condition energy
discharged by the energy storage device 1314 to provide power to the surgical device 1306, The
regulator 1318 may provide a single output voltage. In some embodiments, the output voltage
provided by the regulator 1318 is configurable between two alternate values (e.g., 12 volts or 15
volts) for example by a switch and/or jumper. Also, in some embodiments, the regulator 131& 1
configured to simultancously provide two output voltages. For example, the regulator 1318 may
provide a power signal for driving the mechanic drive train 1326 and other powered components
of the surgical device 1306 as well as a lower logic signal for powering displays, such as 1328,
sensors, such as 1332 and 133X or other similar components. The regulator may provide the one
or more output voltages to the surgical device 1306 {e.g., the load components thercof) via a
supply line and/or bus 1352, When the energy harvesting circuit 1302 is integral to the surgical
device 1306, the supply line 1352 may also be integral. Alternatively, when the encrgy
harvesting circuit 1302 is extcrnal to the surgical device 1306, the supply line 1352 may
comprise onc of more conductor pairs positioned between the components 1302, 1306, For
example, the additional conductor lines may be included in a single cable that also housces
conductors for the connection 1350 described herein above.

{80791 Referring now to the device 1306, when the drive signal is a therapeutic drive
signal and the switch 1310 is configured to provide the therapeutic drive signal via the
connection 1320, the therapeutic drive signal may be, in furn, provided to the electrodes 1322,
The clinician may initiate actuation of the therapeutic drive signal to the electrodes 1322, for
example, utilizing one or more actuation switches 1324, which may be manifested on the device
1306, for example, as switch 181, Actuation switches 1324 may comprise any switch on the
device 1306 by which the clinician indicates an operation to be performed by the device
including, for example, jaw closer triggers 138§, 142, buttons 136a, 136h, 136¢, switch 181, efe.
For example, actuation of the switch 181 by the clinician may cause an actuation signal that may
be communicated to the generator 102 and/or a component of the device 1306 itself. The
actuation signal may be provided to the generator 102 in any suitable manner including, for

example, via the connections 1350 and 1352 and/or as described herein with respect to Figure
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13A. For example, the generator 102 may be configured to not provide any drive signal and/or
to provide a charging drive signal until the actuation signal is received. When the actuation
signal is received, the generator 102 may provide the therapeutic drive signal. Also, in some
embodiments, the actuation switches 1324 may comprise more than one switch and/or a switch
with more than one position. In this case, the resulting actuation signal may have multiple states.
The generator 102 may modify a mode of the drive signal, for example, depending on the state of
the actuation signal. In some embodiments, the actuation signal may be received by a
component of the device 1306 itself such as, for example, the charge management circuit 1316,
The charge management circuit 1316 may separately communicate with the generator 102 to
configure the received drive signal and/or may manipulate the switch 1318 to ensure that the
drive signal is provided to the clectrodes 1322 only when called for by the clinician.

[B080] The device 1306 may also comprise a memory circuit 1320, The memory
circuit 1320 may be configured in a manner similar to that described herein above with respect to
Figures 9-11. For cxample, the memory circuit 1306 may store information describing the
surgical deviee 1306 and/or a state of the surgical device 1306. In some embodiments, the
memory circuit 1320 may indicate to the gencrator 102 that the surgical device 1306 1s
configured for encrgy harvesting, which may signal to the generator 102 to provide a charge
signal. The memory circuit 1320 may also comprise data indicating the form of the charging and
various control information such as, for exaraple, when the device 1306 cxpects to receive the
charge signal, efc. As described herein above, information may be encoded in the memory
circuit 1320 in any suitable manner including, for example, by the position of switches and/or
piilizing a digital mewmory device such as electrically erasable read only memory (ROM) or
random access memory (RAM), In some embodiments, the generator 102 yay comprise a
capacity 1o write to the memory circuit. For example, the geverator 102 {and/or other control
component at the device 106) may indicate various data about how the device has been used (a
number of firings, a number of charge cycles on the energy harvesting cirowt 1302, efe.).
Additional erobodiments showing configurations for communication between the device 1306
and the generator 102 are described herein with respect to Figure 13A.

[B081] As illustrated, the electrosurgical device 1306 may comprise various powered
components that may draw power from the energy harvesting civcuit 1302, For example, the

electrosurgical deviee 1306 may comprise one or more displays 132&. The display 1328 may be
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any suitable type of display such as, for example, in indicator light or set of indicator lights, a
liquid crystal or other suitable display, efe. In some embodiments, the display 1328 is in
communication with the memory circuit 1320 or other suitable data storage to receive and
display data about how the device has been used. In some embodiments, the display 1328 s in
communication with the charge management circuit 1316 or other suitable component to receive
an indication of the charge state of the encrgy storage device 1314, The display 1328 may
indicate the charge state in any suitable manner including, for example, as a bar or in numerical
form. Either representation may express the charge state in terms of output voltage, portion or
percentage of charge available, ef¢. In some embodiments, the device 1304, 1306 may comprise
a haptic feedback device 1329, For example, the haptic feedback device 1329 may be
configured to provide haptic feedback to the clinician using the device. For example, the haptic
Feedback device may comprise a motor configured to create a vibration in the device, a motor
configured to provide force-feedback on one or more of the actuation switches 1324, efc. In
some embodiments, haptic feedback device 1329 may be utilized to indicate that the energy
storage device 1314 is cither charged and/or charged sufficiently to perform a firing of the
instrument. The clectrosurgical device 1306 may also comprise one or more sensors 1332
powered by the energy storage device 1314, The sensors may be configured to sense various
propertics of the device 1306 and/or the paticnt or tissue being treated. For cxample, in some
embodiments the sensor 1332 may comprise electrodes, such as electrodes 157, 159, for
measuring the electrical impedance of a tissuc bite. Power to the clectrodes 157, 159 may be
provided by the energy harvesting civcuit 1302,

[B082]  Tn various embodiments, the powered components may also comprise a
mechanical drive train 1326, The mechanical drive train 1326 may comprise one or more motors
1334 and may be configured to perform one or more mechanical tasks in the device 1306, For
example, the mechanical drive train 1326 may be configured to actuate the jaw/blade mechanism
of the device 1306, for example, in a manner similar to that described above with respect to
Figure 12. In some embodiments, a motor 1334 for this purpose may be configured to output
150 joules (J) per cycle. Also, in some embodiments, the drive train 1326 may be configured to
articulate a jointed shaft 124, 165,

[BO83] The drive train 1326 may comprise various components suitable for performing

the described tasks. For example, the drive train 1326 may comprise a motor controller 1330 and
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motor 1334, The motor controlier 1330 may receive a signal from one of the actuation switches
1324 when the clinician desires to execute a power or power-assisted function of the device. For
example, when the power or power-assisted function is a closing of the jaws and advancement of
the blade mechanism, the signal may be received from the jaw closure trigger 142, In response,
the motor controller 1330 may instruct the motor 1334 to make appropriate motions to execute
the function. The motor 1334 may be any suitable type of motor. For example, in some
embodiments, the motor 1334 is a stepper motor configured to rum on 12 and/or 15 volts DC. In
some embodiments, the drive train 1326 comprises a tachometer 1336 for measuring a rate of
rotation of the motor 1334, The tachometer 1336 may be impiemented, for example, utilizing a
rotary or other suitable type of encoder. The tachometer 1336, for example, may provide a
signal to the display 1328 for display to the clinictan and/or to the memory circuit 1320 for
storage and later retrieval. The motor 1334 may be in mechanical communication with the
jaw/blade mechanism 1342 via a gearbox 1340, OUne example configuration of the gearbox 1340
is described above with respect to Figure 12, For example, the gearbox 1340 may comprise
gcars similar to the gears 1202, 1203 described therein, The drive train 1326 may comprise one
or more sensors 1338 to indicate a position of the jaw/blade mechanism 1342, For example, the
sensor 1338 may comprise a proximity sensor positioned on the translating member 173 to
measure a position of the translating member 173 relative to the shaft. Also, in some
embaodiments, the scnsor 1338 coraprises a proximity and/or contact sensor to sensc a position of
the jaw members 167, 169 relative to one another. Also, in some erabodiments, the sensor 1338
comprises an end-of-stroke scnsor positioned to sense the jaw merabers 167, 169 and/or the
iranslating meronber at the end of their respective strokes. Qutputs from the sensor or sensors
1338 may be provided, for example, to the motor controller 1330 which 1oay, in accordance,
drive the motor 1334,

[6084] Figure 13A 1s a block diagram of another erobodiment of a surgical system
{3007 iHlustrating additional methods of communication between the device 1306 and the
generator 102, In the surgical system 13007, the device 1306, optionally, comprises additional
communication tines to the generator inchuding, for example, a communication line 1376, a
presence line 1378, a signal return Hine 1386, and a T-wire ling 1382, The additional
communication tines, for example, may be physically consolidated with the line 1356, for

example, in a common cable such as 112, 128 described herein above. Some or all of the signal
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communication between the device 1306 and the generator 102 may be managed through an
application specific integrated circumt (ASIC) 1370, The ASIC 1370 may be configured to store
and transmit to the generator 102 a number of inputs from the device 1306, Communications
between the ASIC 1370 and the generator 102 may be conducted over the communication line
1376 and signal ground 1380, The inputs may be received from various components of the
device 1306, For example, the ASIC 1370 may be in communication with one or more
FEEPROMS or other digital memory devices 1384, The digital memory devices 1384 may store
various information about the device 1306 such as, for example, a model number, a serial
nuimber, a number of operations in which the surgical device has been used, whether and how the
device is configured for information harvesting, and/or any other type of information. The ASIC
1370 may also receive inputs from the various activation switches 1324, For example, as
described herein, the activation switches 1324 may include a switch for initiating the delivery of
clectrosurgical encrgy, a switch for initiating the clamping and/or cutting of tissue, efc.

[B085] In some embodiments, the ASIC 1370 may also receive input signals from the
harvested energy storage 1374 and drive train 1390, The harvested energy storage 1374 may
comprise some or all of the componenis described herein above with respect to the energy
harvesting circuit 1302, For example, the harvested energy storage 1374 may comprise an
energy storage device, similar to 1314 and a charge managerment circutt, similar to 1316, The
energy harvesting circuit 1302 may provide one or more inputs to the ASIC 1370 (and ultimately
to the generator 102) that indicate a status of the encrgy storage device including, for example, a
icvel of charge, a voltage level, a number of charge cycles performed, or any other suitable
information about the energy storage device. The drive train 1390 may also provide an input to
the ASIC 1370 indicating s status. For example, an encoder 1392 may provide an input to the
ASIC 1370 that indicates the position of the motor 1334 {and thereby, a position of the jaw/blade
wechanism 1342}, In some embodiments, the encoder 1392 1s replaced and/or supplemented by
the tachometer 1336 shown in Figure 13,

[8086] In some crobodiments, the motor controller 1330 may have a separate control
fine 1382 to the generator 102 via a bidirectional buffer. The control line 1382 may be utilized
to control the pulse width modalation of the control signal to the motor. For example, in some
embodiments, control of the motor or other device component may be implemented at the

generator rather than local to the device. This may provide advantages, for example, when the
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motor or other device component is controlled based on a parameter measured at the generator
For example, when the motor 1334 is advancing the jaw/blade mechanism 1342, the advance of
the blade may be timed based on a tissue property, such as impedance. In some embodiments, a
presence resistor or network of resistors 1386 may also be in communication with the generator
102 via a separate conductor 1378, The value of the resistor or resistor network 1386 may
indicate the device 1306 and/or other information about the device, for example, similar to the
resistor networks described heretn with respect to Figures 9-11. As illustrated in Figure 134,
some components of the device 1306 may be electrically isolated from the generator 102 within
an isolation boundary 1372, Signal lines crossing the isolation boundary may utilize a
transformer or other suitable isolation component to maintain isolation. Additionally, in some
embodiments, it will be appreciated that the communication fines 1376, 1378 and/or 1382 may
be replaced by a wircless communication systom for communicating between the generator 102
and the device 1306.

[B087] Figure 14 is a block diagram illustrating onc embodiment of a surgical system
1300 configured for harvesting cnergy provided by the generator 102 and utilizing the onergy in
an ulirasonic surgical device 1304, The gencrator 102 and encrgy harvesting circuit 1302 may
operate in a manner similar to that described herein with respect to Figure 13, In place of the
electrodes 1322 of the clectrosurgical device 1306, the ultrasonic device 1304 may comprise a
transducer 1364, waveguide 1366 and blade 1368, The transducer 1364 may receive a
therapeutic drive signal in a manner simtlar to that described above with respect to the electrodes
1322, Additionally, some ultrasonic devices may omait a blade 151 and may, instead, comprisc a
jaw mechanism 1370 for closing the clamp arm, such as clamp arm 155,

[6088] Although the energy harvesting embodiments shown above are described with
reference o a bi-polar electrosurgical device and an ultrasonic electrosurgical device, 1t will be
appreciated that the energy harvesting arrangements described herein may be utilized with any
surgical device that is used in conjunction with a surgical generator 102, including surgical
devices with different energy elements. For exarople, a surgical device for use with the energy
harvesting circnit 1302 may be a monopolar surgical device comprising a single electrode. The
single electrode may be positioned on a member of the jaws 140, or any other featare of the end
effector 126, Also, for example, the energy harvesting circnit 1302 described herein may be

used in conjunction with a cautery end effector comprising a heating clement, a laser end
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effector, ete. Tn devices that do not typically utilize a bi-polar connection to the generator 102
{e.g., monopolar electrosurgical devices), the charge signal may be generated in any suitable
manner. For example, the devices may utilize a bi-polar connection to the generator with the
monopolar drive signal derived at the energy harvesting cirenit 1302, Also, in some
embodiments, a monopolar drive signal may be utilized by the energy harvesting circut 1302,
For example, the energy harvesting circuit may comprise a transformer to generate a bi-polar
charge signal from a monopolar signal received from the generator 102,

[B088] Figure 15 is a flow chart illustrating one embodiment of a process flow 1500
that may be executed by the generator 102 to provide a charge signal to a surgical device, such as
one of the surgical devices 1304, 1306 described herein. At 1502, the generator may interrogate
the surgical device, for example, by providing an interrogation signal. For example, the
interrogation signal may be provided when the device is first coupled to the generator 102 and/or
when the clinician first activates an actuation switch 1324 or other input of the device. In
response o the interrogation signal, the surgical device {e.g., via the memory circuit 1320} may
provide a status of the surgical device. The status of the surgical device may indicate any
suitable information about the device, for example, as described herein, The status of the
surgical device may inchude an indication of whether the device is configured for energy
harvesting, The gencrator 102 may receive the status of the surgical device at 1504, For
example, the status may be received as a modification to the characteristics of the interrogation
signal and/or by communications with a digital memory device, for example, as desceribed herein
with reference to Figures 9-11.

(30901 Tn instances where the surgical device is not configured for energy harvesting,
the generator 102 may provide a therapeutic drive signal, for example, in response to actuation of
an actuation switch, When the device is configured for encrgy harvesting, the generator may
provide a charge signal at 1506. The surgical device may utilize the charge signal, as described
herein, to charge the energy storage device 1314, At 1508, the generator 102 may determine
whether the charge is complete. The generator 102 may determine whether the charge s
complete in any suitable manner. For example, in some embodiments, the device may provide a
signal indicating that the charge is complete. Also, in some embodiments, when the charge is
complete, the device may be configured to modify the state of the switch 1318, For example, the

switch 1310 may have a third state where the generator 102 is not in electrical communication
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with either the energy storage device 1314 or the electrodes 1322 (in an electrosurgical device
1306} or the transducer 1364 (in an ultrasonic device 1304}, Instead, the generator 102 may be
electrically coupled to a load having predetermined characteristics {e.g., a predetermined
impedance, predetermined reactive properties, efc.) The gencrator 132 may sense the change in
the load to determine that the charge is complete.

[8091] Ifthe charge is not complete, the generator 102 may continue to provide the
charge signal at 1506, 1f the charge is complete, the generator 102 may provide the therapeutic
drive signal at 1510, In some embodiments, instead of providing the therapeutic drive signal at
1514, the generator 102 may enter a state where it is configured to provide the therapeutic drive
signal in response to actuation of the actuation switch 1324, The generator 102 may determine
whether the charge is complete in any suitable manner. For cxample, in some embodiments, the
status of the device may indicate a length in time that the charge signal is to be provided. For
example, the status of the device may indicate that a charge signal is to be provided for a defined
amount of time {e.g., onc minute) when the device is initially connected to the generator 102 and
then for a second defined amount of time {e.2., 20 seconds) after cach firing of the device. Also,
in some embodiments, the generator 102 may be directly or indirectly in communication with the
charge management circuit 1316 to monitor a charge status of the energy storage device 1314,
In some embodiments, the gencrator 102 is configured to determine the charge status of the
energy storage device 1314 based on characteristics of the charge signal. For example, a current
and voltage level of the charge signal may provide the generator 102 with an indication of the
voltage drop and, therefore, the charge status of the encrgy storage device 1314,

[8092] Figure 16 is a flow chart illustrating one embodiment of a process flow 1600
that may be implemented by a surgical device, such as one of the devices 1304, 1306, to charge
an energy storage device 1314, At 1602, the device may receive a charge signal. At 1604, the
device may configure the switch 1310 to direct the charge signal to the energy storage device
1314 {e.g., via the rectifier 1312 and, in some embaodiments, the charge management circuit
1316, In some embodiments, the device may configure the switch 1310 before the charge signal
begins. For example, before the charge signal is received, the device may configure the switch
1310 to electrically connect the generator 102 to the energy storage device 1314 and/or place the

switch 1 a third state where the generator 102 is not in electrical communication with either the
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electrodes 1322 (in an clectrosurgical device 1306) or the transducer 1364 (in an ulirasonic
device 1304), for example as described above with respect to action 1508,

[B0O93] At 1606, the device may monitor the charge status of the energy storage device
1314, For example, the charge management circuit 1316 may monttor the charge on the energy
storage device 1314, This may be accomplished in any suitable manner. For example, when the
energy storage device 1314 comprises one or more capacitors and/or batteries of certain
chemistries, the charge management circuit 1316 may monitor the voltage drop across the
capacitors. When the energy storage device 1314 comprises Li-ton batieries or batteries of
similar chemistrics, the charge management circuit {e.g., the charge monitoring circuit 1360)
may monitor charge provided to and expended from the battery, sometimes referred to as
coulomb counting.

[8094] At 1608, the device {e.g., the charge management circuit 1316) may determine
whether the encrgy storage device 1314 is completely charged. For example, this may be
determined when the energy storage device 1314 exhibits a voltage drop above a given
threshold, has received a net increase of a threshold amount of charge, efe. If the charge is
complete, the device may indicate completion of the charge to the generator 102 at 1614, For
example, the charge managerment circuit 1316 may be configured to generate an indication signal
as indicated above. Also, in some embodiments, to the charge management circuit 1316 may
indicate completion of the charge to the gencrator 102 by modifying a state of the switch 1310,

for example, to a third state where the gencrator 102 is not clectrically coupled to either the

energy storage 1314 or the electrodes 1322 (in an electrosurgical device 1306) or the transducer
1364 (1n an ultrasonic device 1304). In some embodiments, the device also indicates completion

of the charge to the clinician using the device at 1616, For example, the charge management
circut 1316 may provide a charge completion signal to the display 1328, haptic feedback device
1329, etc. The display 1328, haptic feedback device 1329, etc., 1n turn, may indicate charge
completion to the clinician in any suitable manner.

[B09S] 1 the charge is not complete at 1608, the device may continue to monitor the
charge status of the energy storage device 1314 at 1606, Optionally, when the charge is not
complete at 1608, the device (e.g., the charge management circuit 1316} may determine whether
the charge level of the energy storage deviee 1314 is sufficient for one firing of the device. For

example, the charge may be considered sufficient for one firing of the device when a voltage, net
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charge provided to the device 1314, or other suitable mcasure has reached a second threshold.
The sccond threshold may correspond to a level of charge that is less than a complete charge. If
the level of charge is sufficient for a single firing, the device (e.g., the charge management circuit
1316} may indicate this status to the clinician at 1612, For example, the indication may be
displayed to the clinician via the display 1328,

[8096] It will be appreciated that Figures 15 and 16 illustrate just one example manner
in which the generator 102 may operate to charge the energy storage device 1314, In some
embodiments, the generator 102 may not be configured o discriminate between devices that are
and arc not cnabled to harvest signal encrgy. For example, the generator 102 may simply be
configurcd to provide a therapeutic drive signal when requested by the device. In these
embodiments, the device may utilize the therapeutic drive signal both for driving the clectrodes
1322 {in an clectrosurgical device 1306} or the transducer 1364 {in an ultrasonic device 1304}
and for charging the energy storage device 1314, For example, the charge management circuit
1316 or other suitable component of the device may be configured to request the therapeutic
drive signal when it is desirable to charge the charge monitoring device. For example, the device
may provide the generator 102 with a signal similar or identical to the signal generated by the
actuation switch. At these times, the switch 1310 may be configured to direct the therapeutic
drive signal to the cnergy storage device 1314, where 1t may be used for charging. As described
above, in somc embodiments, an clectrosurgical drive signal may be more desirable for charging
the energy storage device 1314, even in an ulirasonic instrument such as 104, 1304,
Accordingly, the surgical device may be configured to request an electrosurgical drive signal for
charging the cnergy storage device 1314,

(66971 Figure 17 is a timing diagram illustrating one embodiment of a charging and
firing cycle of the electrosurgical device 1306, Tt will be appreciated that a similar cycle may be
utihized with an ultrasonic instrument 1304, Also, it will be appreciated that the timing diagram
of Figure 17 may apply to embodiments utilizing an energy storage device 1314 comprising a
battery, such as a Li-ion batiery, as well as to embodiments utilizing an energy storage device
comprising one or more capacitors. Row 1702 indicates the output of the motor 1334 in watts.
Row 1704 indicates the charge level of the energy storage device 1314, Row 1706 indicates the
status of the clectrodes 1322 (e.g., whether they are providing a therapeutic signal to the tissue).

Row 1708 indicates the position of the switch 1310, Row 1718 indicates the direction of the
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motor 1334, Row 1712 mndicates the state of the rootor {e.g., on or offy. Row 1714 indicates the
position of the translating member (such as the translating member 1733, Row 1716 shows the
state of the surgical system 1300,

[8098] At 1720, the mstrument 1300 may be connected to or plugged-in to the
generator 102, At this point, the generator 102 may identify the instrument, for example, as
described herein at 1502 and 1504, The instrument may be wdentified at 1722, Afiter the
instroment is identified, the energy storage 1314 may begin to charge. For example, the switch
1310 may be set to a charge setting where the generator 102 is coupled to the energy storage, as
described herein. The charge status of the encrgy storage 1314 may risc after 1722, as indicated
inrow 1704, At 1724, the encrgy storage 1314 may be fully charged {(and/or sufficiently charged
for a single firing of the device 1306). As iilustrated, the time between the beginning of the
charge signal and the full charging of the cnergy storage 1314 may be about twenty (20) seconds,
though; different implementations may have different values.

[8099] At 1726, the clinician may trigger an actuation switch 1324 indicating that a
cutting and scaling operation is to begin. This may transition the device 1306 to a clamp mode.
The motor controller 1330 may cause the motor 1334 to engage the jaw/blade mechanisin 1342
{e.g., by advancing the translating member 173 distally). Referring to row 1702, the motor may
initially draw peak power, cnter a period of constant power while the mechanism 1342 18
engaged and then again draw peak power as the jaw members 167, 169 clamp tissuc there
between, When the clamping is complete, at 1728, the switch 1310 may be transitioned to
connect the generator 102 1o the electrodes 1322 and the generator may begin to provide a
therapeuntic drive signal, indicated in colurons 1708 and 1706, respectively. It will be appreciated
that the switch 1310 may be transitioned at any time after the completion of the charging at 1724,
At 1730, the clinician may actuate an actuation switch 1324 indicating that cutting is to be
completed. (In some embodiments, the device 1306 will automatically determine when cutting
is to be completed, for example, based on the amount of time that the therapeutic drive signal has
been applied to the electrodes 1322, the state of the tissue as weasured by a sensor 1332, efe. ).
At 1730, the motor 1334 is again engaged in a forward direction to further actuate the jaw/blade
mechanism 1342, Columns 1702 and 1704 illustrate the resulting effects on the charge state of
the energy storage device 1314 and the power drawn by the motor 1334, When the jaw/blade

mechanism is fully extended at 1732 {shown in column 1714), the motor 1334 may again draw
¥ ) yag
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peak current (column 1702}, Full extension of the jaw/blade mechanism may be indicated, for
example, by an end of stroke sensor 1338, As the cutting and sealing operation is then complete,
the motor controller 1330 may reverse the direction of the motor 1334 (indicated at 1710 and
1702} to return the jaw/blade mechanism 1342 to its nn-actuated state. At this point, the switch
1310 may be again configured for charging. The generator 102 may provide a charge signal and
the energy storage device 1314 may begin to re-charge, as shown in cohumn 1704,

[B186]  The energy harvesting circuit 1302 may be configured to meet different power
parameters for different implementations. For example, in some embodiments of an
clectrosurgical device 1306 where the energy harvesting circuit 1302 is to power a drivetrain for
actuating the jaw/blade mechanism 1342, the energy harvesting circuit may be configured to
provide 3.5 watts (W) at 15 volts (V) continuously and 10.5 W peak power during start-up and
stall conditions of the motor 1334 {e.g., (1.7 amperes (A} at 15 V}. In other cmbodiments for
powering a drivetrain for a jaw/blade mechanism 1342, the energy harvesting circuit may be
configured to provide 50 W over the course of a firing cycle which may take, for example six
seconds. Charging specifications may be determined based on specific use requirements. In
some embodiments, for cxample, it may be desirable for the energy storage device 1314 to take

an initial charge in about one minute or less and to “re-charge” after discharge in about twenty
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nds or less. Of course, different embodiments and different surgical situations may utilize
devices with different paramecters.

{8181} The cnergy storage device 1314 may comprisc any suitable device or
component capable of storing electrical energy. As indicated above, in some embodiments, the
energy storage device 1314 comprises one or more super capacitors or other suitable capacitors
sach as high voltage electrolytic capacitors. Equation (1) below indicates the energy that roay be
stored in a capacitor:

EAC V)= 172 CV? (1)
A capacitor or bank of capacitors may be selected fo provide the desired amount of energy (in
some example crobodiments, 150 J or more). In some embodiments, it is difficult to completely
discharge a capacitor. Accordingly, the capacitor or bank of capacitors may be selected with an
energy storage potential that is higher than what is actually desired. For example, when a
capacitor is discharged to 50% of its initial voltage, it expends 75% of its initial stored energy.

Accordingly, it may be desirable to select a capacitor or capacitors with an energy capacity at
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icast 133% of the total energy to be delivered and discharge the capacitors to 50% of their initial
voliage.

[#182]  Also, as indicated above, the energy storage device 1314 may comprise ong or
more batteries, such as Li-ion batteries. In some embodiments, it may be desirable to select fast-
charging Li-ion batteries such as, for example, the MOLICEL IBR18650BC available from E-
ONE MOLI ENERGY. Also, various embodiments may utilize lithium ion capacitors, such as
those available from TAIYO YUDEN.

[6103] Dnfferent types of suitable encrgy storage devices 1314 may exhibit different
charge and discharge characteristics. For example, in some embodiments, the energy storage
device 1314 may comprisc one or a bank of super capacitors. For example, Figurce 18 is a graph
illustrating a charging cycle of onc embodiment of an cnergy storage device 1314 comprising a
bank of supcr capacitors exhubiting a coliective capacitance of 5 farads (F). In Figure 1§, plot
1802 corresponds to the current provided to the energy storage device 1314, plot 1804
corresponds to the power provided to the energy storage device 1314 and plot 1806 corresponds
to the voltage drop across the cnergy storage device 1314, As illustrated, the energy storage
device 1314 was charged from a completely discharged state to a full charge of about 13V in
about 17 scconds (s}, It was found that, when starting from an initial cnergy storage device 1314
voltage of about 4 V, rather than a completely discharged state, the energy storage device 1314
reached its full charge in about 12.5 5. On discharge, with the output configured to 15 V and an
example 20 ohm ({2) resistive load (750 mA, 11.25 W), the encrgy storage device 1314 delivered
between about 180 and about 195 ], with an average of 188 ],

[8184] As indicated above, some embodiments of the energy storage device 1314 may
also comprise baticries, such as a Li-ion battery. In one example utilizing a Li-ion battery model
number UR 18650RX available from PANASONIC, the battery was discharged to a voltage level
of 2.9V, which 1s below the rated Li-ion lockout voltage (3.22 V) and helow the fast charge
threshold (3.1 V). This was to approximate a charge from a fully discharged state, For some
embodiments, the generator 102 may be configured to provide a charge signal of 5 A to the
energy storage device 1314 to charge the Li-ion battery. From this state, the energy storage
device 1314 required approximately one minute to reach full charge. After charging, the energy

storage device 1314 was able to deliver about 350 J to a load from a 12 V supply output. After
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dehivering the load current, the voltage of the energy storage device 1314 dropped below ifs
lockout voltage (e.g., 3.22 V).

[#185]  Inimplementations where less than a threshold amount of energy {e.g., 150 J} is
delivered from the battery, re-charge times may be less. For example, the Li-ion battery energy
storage device 1314 described was placed through four consecutive charge eyeles. Figure 1915 a
graph iltustrating an example Li-ion battery energy storage device (e.g., as described above)
placed through four consecutive charge and discharge cyeles. In Figure 19, the current provided
to the battery is indicated by 1902; the voltage drop across the battery s indicated by 1904, the
state of charge of the battery (by percentage or %} is indicated by 1906 and the passed charge,
measured in miliampere-hours (mAh) is indicated by 1908, As shown, the energy storage device
1314 was at about a 16% state of charge when the cycie began. The illustrated four cycle charge
raised the state of charge from 16% to 21% and the passed charge from 45 mAh to 141 mAh,
respectively. It was found that each of the four charge cycles provided approximately 300 J of
energy to the energy storage device 1314,

[6186] In various embodiments, the generator 102 may provide a combined drive signal
that simultancously comprisces a charge signal portion and a therapeutic drive signal portion. For
example, the energy harvesting circuit may be configured to separate the charge signal portion
and therapeutic signal portions, directing the charge signal portion to the encrgy storage device
1314 the therapeutic drive signal portion to the electrodes 1322 {(or transducer 1364 in the case of
an ultrasonic device 1304). The combined drive signal may be provided in any suitable manner.
For example, in some embodiments, the charge signal portion and the therapeutic signal portion
may be present in the combined drive signal at different frequencies. For example, the
therapeutic drive signal portion may be present at relatively high frequencies while the charge
signal portion may be present at relatively low frequencies including, for example, at direct
current or PC. Also, in some erobodiments, the charge signal portion and therapeutic drive
signal portion may be present in the combined drive signal in different phases. For example, the
therapeutic drive signal portion may be present on the positive phase of the combined signal
while the charge signal portion may be present on the negative phase of the combined signal.

[8187] Figure 20 is a block diagram illustrating one embodiment of a surgical system
2000 configured for harvesting energy provided by a gencrator as a combined drive signal. The

system 2000 comprises a modified energy harvesting circuit 1302, In licu of the switch 1318,
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the energy harvesting civcnit 1302 comprises a signal separator circnit 2002 that may include a
rectifier and/or a filter. The signal separator circuit 2002 may be configured to separate the
combined drive signal into the therapeutic drive signal portion, which may be directed to the
electrodes 1322 and the charge signal portion, which may be directed to the energy storage
device 1314 for charging. The signal scparator circut 2002 may utilize any suitable hardware
and/or software. For example, in embodiments where the combined signal s split by frequency,
the signal separator cirenit 2002 may comprise one or more filters. For example, a low pass
filter may be applied, with the output (constituting the charge signal portion} provided to the
energy storage 1314, A high-pass filter may also be applied, with the output (constituting the
therapeutic signal portion) being applied to the clectrodes 1322, Various other filtering and/or
rectification may also be applied as the implementation warrants. Also, for example, in
embodiments where the combined signal is split by polarity, the signal separator circnit 2002
may comprise one or more rectifiers contfigured to provide the positive polarity portion of the
combined signal {e.g., the therapeutic drive signal portion) to the electrodes 1322 and the
negative polarity portion of the combined signal {(e.g., the charge signal portion} to the energy
storage 1314, |t will be appreciated that the polarities of the respective signal portions may also
be reversed.

[B108] Figure 21 is a flow chart illustrating onc embodiment of a process tlow 2100
that may be executed by the generator 102 in the surgical system 2000 of Figure 20. At 2102,
the generator may interrogate the surgical device (which may be an ultrasonic surgical device
fike 1304, an clectrosurgical device like 1306, or other suitable device). The generator 102 may
receive the status of the surgical device at 2104, Actions 2102 and 2104 may be similar to
actions 1502 and 1504 described herein above. At 2106, the generator 102 may provide the
combined signal to the device.

[6108] Figure 22 is a flow chart illustrating one embodiment of a process flow 2200
that roay be executed by a surgical device to harvest energy from the generator 102 in the
surgical system 2000 of Figure 20. The process flow 2200 may be executed by any suitable
surgical deviee capable of energy harvesting including, for example, the ultrasonic surgical
device 1304, the electrosurgical device like 1306, efe. At 2202, the device may receive the
combined drive signal. As shown, because the combined drive signal comprises both the

therapeutic drive signal portion and the charge signal portion, it may not be necessary for the
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device to aliernately divect the combined drive signal to the encrgy storage device 1314 and the
electrodes 1322, The device may monttor the charge status of the energy storage device 1314 at
2204, If the charge is sufficient at 2206, the device may indicate completion of the charge to the
clinician at 2208, For example, 2204, 2206 and 2208 may be simifar to actions 1606, 160K, and
1614 described herein above. o some embodiments, the device may also indicate when the
charge level of the energy storage device 1314 18 sufficient for a single firing of the device, as
described above with respect to 1610 and 1612, In some example embodiments, the device may
additional indicate to the generator 102 that the charge is complete. In response, the generator
102 may modify the combined drive signal so as to omit the drive signal portion. Similarly, in
some embodiments, the generator 102 may be in communication with the device and may
modity the combined drive signal to include the therapeutic drive signal portion only when
requested by the device or clinician, for exampie, as illustrated in Figure 17.

[6118] Various embodiments of the surgical systems described herein utilize an energy
storage circuit comprising one or more capacitors. Figure 23 is a diagram of one embodiment of
a surgical system 2300 utilizing capacitors in an energy storage device. In Figure 23, the
generator 102 utilizes a transformer or other suitable component to isolate itself from the device
2302 (and, thercfore, the patient). The system 2300 comprisces a bank 2304 of five (5) 3 Farad
(F) capacitors in paralicl with onc another and with the load 2306 to be powered. Examples of
such capacitors are the model number PAST016LS2R5205 capacitors available from TATY!
YUDEN. The load, for example, may comprise the display 1328, the drive train 1326, the scosor
1332, the haptic feedback device 1329, or any other suttable component of the device 2302, A
half-wave rectifier 2308 may rectily the charge signal so as to charge the capacitors 2304,
Figure 24 1s a diagram of another embodiment of a surgical systern 2400 utilizing capacitors in
an energy storage device., The system 2400 may be similar to the system 2300, but the half-wave
rectifier 2308 may be replaced with a full wave rectifier 2402,

[3111]  Tigure 25 is a diagram of one embodiment of a surgical system 2500 utilizing
series capacitors in an ¢nergy storage device. In Figure 25, the parallel capacitor configuration
of the systerns 2300 and 2400 is replaced with a bank of series connected capacitors 2502, The
bank 2502 may comprise six capacitors rated at 3F and 5V, Additionally, the device 2302 may
comprise one or more balancing circuits 2304 shunting the capacitors of the bank 2502 so as to

prevent overvoltage conditions in individual capacitors on charging and discharge. The output of
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the capacitor bank 2502 may be provided to a regulator 2586, The regulator 2506 is tllustrated
as a buck regulator, though any sort of hincar and/or switched regulator may be used. Figure 26
is a diagram of one embodiment of a surgical system 2600 utilizing an alternative capacitor bank
as an energy storage device. For example, the system 2600 may utilize a capacitor bank
comprising four examples of the capacitor bank 2502 connected in parallel.

[6112] Figure 27 is diagram of one embodiment of a surgical system 2700 utilizing
multiple regulators in conjunction with a capacitor bank 2704, A buck regulator 2506 is
connected between the rectifier 2402 and the capacitor bank 2704, The capacitor bank 2704 may
comprise three capacitors rated at S0 F and 3V. A boost regulator 2702 is positioned between
the capacitor bank 2704 and the load (not shown in Figure 27},

[6113] Figure 28 is a diagram of one embodiment of a surgical system 2800 utilizing a
Lithium ion battery 28036 in an energy storage device. The system 2800 comprises a signal
smoothing capacitor 2802 in paraliel with a battery charger circuit 2804 and the battery 2806.
The battery charger circuit 2804 may operate in a manner similar to that deseribed herein above
with respect to the charge management circuit 1316 to manage the charging and discharging of
the battery 2806. In some embodiments, a boost regulator (similar to 2702) may be positioned
between the battery and the load (not shown in Figure 28},

{6114} Figure 29 is a diagram of onc cmbodiment of a surgical system 2900 utilizing an
isolated energy storage device. The system 2900 comprises a transformer 2902 positioned
between the generator 102 and the additional components of the deviee 2302, The transformer
2902 may be a step-up transformer (10:1 shown 1o Figore 29). This may increase the current
ievel of the charge signal as provided to the capacitor bank 2904, allowing a larger capacitance
to be charged in a given tine. For example, the capacitor bank 2904 may comprise four
capacitors rated at 50 F and 3V, A boost regulator 2702 may be utilized to increase the output
voltage, for example, to 12 or 15 V. The transformer 2902 may also create 1solation between the
generator 102 and the device 2302, which may obviate the need for separate logic isolation,
which may be desirable for the non-isolated embodiments desceribed in Figares 23-28. Figure 30
is a diagram showing one embodiment of a surgical system 3000 utilizing a center-tapped
isolation transformer 3002, Use of the center-tapped isolation transformer 3002 may allow full-
wave rectification to be performed with two diodes 3004, 3006 as opposed to the four diodes

often required for a full-wave rectifier 2402, Figure 31 15 a diagram of one embodiment of a
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surgical system 3100 utilizing a center-tapped isolation transformer 3102 with a series-connected
capacitor bank 3104. The capacitor bank 3104 may comprise four capacitors connected in series
and rated at 50 Fand 3 V.

[8115] Although Figures 23-31 show various different values and configurations for
capacitors and batteries, it will be appreciated that any suitable capacitor or capacitor bank may
be utilized in any of the disclosed architectures. Also, the various systems described with respect
to Figures 23-31 may be managed by a charge management circuit, such as the circuit 1316
described herein above, that is present on device side and/or by similar functionality executed by
the generator 102,

[8116] Although the various embodiments of the devices have been described herein in
connection with certain disclosed embodiments, many modifications and variations to those
embodiments may be implemented. For example, different types of end effectors may be
cmployed. Also, where materials arc disclosed for certain components, other materials may be
uscd. The foregoing description and following claims are intended to cover all such
modification and variations,

(61177 Any patent, publication, or other disclosure material, in whole or in part, that is
said to be incorporated by reference herein is incorporated hercin only to the extent that the
incorporated materials does not conflict with cxisting definitions, statements, or other disclosure
material sct forth in this disclosure. As such, and io the extent necessary, the disclosure as
explicitly set forth herein supersedes any conflicting material incorporated herein by reference.
Any material, or portion thereof, that is said fo be incorporated by refercnce herein, but which
conflicts with existing definitions, statements, or other disclosure material set forth herein will
only be incorporated to the extent that no conflict arises between that incorporated material and
the existing disclosure material.

[B118] Various aspects of the subject matter deseribed herein are set out in the
following numbered clauses:

I. A surgical device for use with a surgical generator, the surgical device
comprising: an energy storage device, the energy storage device in electrical commmication
with a surgical generator connection to provide energy from a surgical gencrator to charge the
energy storage device and in electrical communication with at least one load component to be

powered by the energy storage device; and an end effector; and at least one energy clement for
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ireating tissue, wherein the at least one encrgy clement is in ¢lectrical conmmunication with the
surgical generator connection to provide a therapeutic drive signal to the encrgy element.

2. The surgical device of clause 1, wherein the encrgy storage device comprises at
least one capacitor.

3. The surgical device of clause 1, wherein the encrgy storage device comprises at
least one battery.

4, The surgical device of clause 1, further comprising a switch device positioned
between the surgical generator connection and the energy storage device and between the
surgical generator connection and the at icast one encrgy element, wherein the switch is
configurcd to alternately electrically connect the surgical generator connection to the energ
storage device or to the at lcast one cnergy clement.

5. The surgical device of clause 1, further comprising a signal separator circuit
positioned between the surgical gencrator connection and the encrgy storage device and between
the surgical gencrator connection at the at least one energy element, wherein the signal separator
circuit is configured to receive a combined signal and divide the drive signal into a charge signal
portion that is directed to the energy storage device and a therapeutic drive signal portion that is
dirccted towards the at least one cnergy clement,

6. The surgical device of clause 5, wherein the signal scparator circuit comprises at
icast one of a rectifier and a froquency-dependent filter

7. The surgical device of clause 1, further comprising a memory circuit storing
information describing the surgical device, wherein the information comprises an indication that
the surgical device 18 configured to harvest energy from a surgical generator.

8. The surgical device of claim 1, wherein the at least one energy element comprises
at least one of the group consisting of! at least one clectrodes positioned at the end effector; and
an ultrasonic transducer, and wherein the surgical device further comprises an ultrasonic
waveguide and an ultrasonic blade o mechanical communication with the transducer.

g The surgical device of claim 1, wherein the energy storage device is positioned at
at least one location selected from the group consisting oft integral to the surgical device; and
external to the surgical device.

10.  The surgical device of clause 9, wherein the surgical device is programmed to

request from the surgical generator an ultrasonic drive signal to drive the transdocer and
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alternately requesting from the surgical generator an charge signal to charge the energy storage
device.

. A method of operating a surgical device in conjunction with a surgical generator,
wherein the surgical device comprises an energy storage device in electrical communication with
a surgical generator to provide energy to charge the energy storage device and in electrical
communication with at least one load component to be powered by the energy storage device;
and at lecast one encrgy element for treating tissue, the method comprising: receiving a drive
signal from the generator; in a first mode, direct at least a portion of the drive signal to the
energy storage device; in a second mode, direct at least a portion of the drive signal to at least
one energy clement.

12. The method of clause 11, wherein the energy storage device comprises at least
One capacitor.

3. The method of clause 11, wherein the energy storage device comprises at least
ong battery.

14 The method of clause 11, wherein the drive signal is a charge signal during a first
time period and is a therapeutic drive signal during a second time period, the method furthe
comprising: during the first time period, configuring a switch of the surgical device such that the
charge signal is directed to the encrgy storage device; and during the second time period,
configuring the switch of the surgical device such that the therapeutic drive signal is directed to
the at lcast onc encrgy element.

15, The method of clause 11, wherein the drive signal comprises a simultancously
provided charge signal portion and therapeutic drive signal portion, the method further
comprising: s¢parating the charge signal portion from the therapeutic drive signal portion
providing the charge signal portion to the energy storage device; and providing the therapeutic
drive signal portion to the at least one energy clement.

16.  The method of clause 15, wherein the separating s performed by at least one
components selected from the group consisting of a rectifier and a frequency-dependent filter,

17. The method of clanse 11, the method further comprising providing to the surgical
generator at least one characteristic of the surgical device, wherein the at least one surgical
characteristic indicates that the surgical device is configured to harvest energy from the surgical

generator.
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I8, The method of claim T, wherein the at least one encrgy element comprises at
least one of the group consisting of: at least one electrode positioned at the end effector; and an
ultrasonic transducer, and wherein the surgical device further comprises an ultrasonic waveguide
and an ultrasonic blade in mechantical communication with the transducer.

19, The method of claim 11, wherein the energy storage device is positioned at at
least one location selected from the group consisting of: integral to the surgical device; and
external to the surgical device.

20.  The method of clause 19, further comprising: requesting from the surgical
generator an ultrasonic drive signal to drive the transducer; and alternately requesting from the

surgical gencrator an charge signal to charge the energy storage device.
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CLAIMS

We claim:

I. A surgical device for use with a surgical generator, the surgical device
comprising:

an energy storage device, the energy storage device in electrical cornmunication with a
surgical generator connection to provide energy from a surgical generator to charge the energy
storage device and in electrical communication with at least one load component to be powered
by the energy storage device; and

an end effector; and

at least one energy clement for treating tissue, wherein the at least one energy element is
in electrical communication with the surgical generator connection to provide a therapeutic drive
signal to the cnergy clement.

2. The surgical device of claim 1, wherein the energy storage device comprises at

icast one capacitor.

3. The surgical device of claim 1, wherein the encrgy storage device comprises at

lcast one battery.

4, The surgical device of claim 1, further comprising a switch device positioned
between the surgical generator connection and the energy storage device and between the
surgical gencrator connection and the at least one energy clement, wherein the switch is
configured to alternately clectrically connect the surgical generator connection to the cnergy

storage device or to the at least one energy element.

3. The surgical device of claim 1, further comprising a signal separator circuit
positioned between the surgical gencrator connection and the energy storage device and between
the surgical gencrator connection at the at least one energy element, wherein the signal separator
cireuit is configured to receive a combined signal and divide the drive signal into a charge signal

portion that is directed to the energy storage device and a therapeutic drive signal portion that is
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directed towards the at least one energy element.

6. The surgical device of claim 5, wherein the signal separator circuit comprises at
least one of a rectifier and a frequency-dependent filter.

7. The surgical device of claim 1, further comprising a memory circuit storing
information describing the surgical device, wherein the information comprises an indication that

the surgical device is configured to harvest encrgy from a surgical generator.

8. The surgical device of claim 1, wherein the at least one energy element comprises
at least one of the group consisting of! at least one electrode positioned at the end effector; and
an ultrasonic transducer, and whercin the surgical device further comprises an ultrasonic

waveguide and an ultrasonic blade in mechanical communication with the transducer.

9. The surgical device of claim 1, wherein the encrgy storage device is positioned at
at lcast one location selected from the group consisting oft integral to the surgical device; and

external to the surgical device.

0. The surgical device of claim 9, wherein the surgical device is programmed to
request from the surgical generator an ultrasonic drive signal to drive the transducer and
alicrnately requesting from the surgical generator an charge signal to charge the energy storage

device.

. A method of operating a surgical device in conjunction with a surgical generator,
wherein the surgical device comprises an energy storage device in electrical communication with
a surgical generator to provide encrgy to charge the energy storage device and in electrical
communication with at least one load component to be powered by the energy storage device;
and at lcast one encrgy element for treating tissue, the method comprising:

receiving a drive signal from the generator;

in a first mode, direct at least a portion of the drive signal to the energy storage device;

i
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in a second mode, direet at least a portion of the drive signal to at least one energy

element.

2. The method of claim 11, whergin the energy storage device comprises at least one
capacitor,

3. The method of claim 11, wherein the energy storage device comprises at least one
battery.

4, The method of claim 11, wherein the drive signal is a charge signal during a first

time period and is a therapeutic drive signal during a second time period, the method further
COMprising:

during the first time period, configuring a switch of the surgical device such that the
charge signal is directed to the encrgy storage device; and

during the second time period, contfiguring the switch of the surgical device such that the

therapeutic drive signal is directed to the at least one energy clement.

£5. The method of claim 1, wherein the drive signal comprises a simultancously
provided charge signal portion and therapeutic drive signal portion, the method furthe
comprising:

separating the charge signal portion {from the therapeutic drive signal portion;

providing the charge signal portion to the energy storage device; and

providing the therapeutic drive signal portion to the at lcast one energy clernent.

6. The method of claim 15, wherein the separating is performed by at least one

components selected from the group consisting of a rectifier and a frequency-dependent fiter,

17. The method of claim 11, the method further comprising providing to the surgical
generator at least one characteristic of the surgical device, wherein the at least one surgical
characteristic indicates that the surgical device is configured to harvest energy from the surgical

generator.
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IR, The method of claim 11, wherein the at least one energy element comprises at
icast one of the group consisting of! at least one electrode positioned at the end effector; and an
ultrasonic transducer, and wherein the surgical device further comprises an ultrasonic waveguide

and an ultrasonic blade in mechanical communication with the transducer.

19, The method of claim 11, wherein the energy storage device is positioned at at
least one location selected from the group consisting of: integral to the surgical device; and

external to the surgical device.

24, The method of claim 19, further comprising:

requesting from the surgical generator an ultrasonic drive signal to drive the transducer;
and

alternately requesting from the surgical generator an charge signal to charge the encrgy

storage device.
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