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1
MODULAR ENERGY SYSTEM WITH DUAL
AMPLIFIERS AND TECHNIQUES FOR
UPDATING PARAMETERS THEREOF

BACKGROUND

The present disclosure relates to various surgical systems,
including modular electrosurgical and/or ultrasonic surgical
systems. Operating rooms (ORs) are in need of streamlined
capital solutions because ORs are a tangled web of cords,
devices, and people due to the number of different devices
that are needed to complete each surgical procedure. This is
a reality of every OR in every market throughout the globe.
Capital equipment is a major offender in creating clutter
within ORs because most capital equipment performs one
task or job, and each type of capital equipment requires
unique techniques or methods to use and has a unique user
interface. Accordingly, there are unmet consumer needs for
capital equipment and other surgical technology to be con-
solidated in order to decrease the equipment footprint within
the OR, streamline the equipment’s interfaces, and improve
surgical staff efficiency during a surgical procedure by
reducing the number of devices that surgical staff members
need to interact with.

In some surgical procedures, highly refined waveforms
are delivered in a majority of surgery use cases and high
power waveforms are delivered only in a minority of surgery
use cases. Energy delivery is generally delivered at high
efficiency as may be required by the thermal and power
budget of the energy delivery system. High power and low
efficiency can produce too much heat or exceed the limits of
the energy delivery system. There is a benefit to delivering
higher power using a higher efficiency power amplifier
circuit. The lower efficiency power amplifier circuit has
more control over wave shape.

SUMMARY

In one aspect, the present disclosure provides an energy
module. The energy module comprises a controller, a first
power amplifier circuit having an input and an output. The
input of the first power amplifier circuit is coupled to the
controller and is configured to receive and amplify an input
signal to generate a first output signal into a load coupled to
the output of the first power amplifier circuit. The energy
module further comprises and a second power amplifier
circuit having an input and an output. The input of the
second power amplifier circuit is coupled to the controller
and is configured to receive and amplify the input signal to
generate a second output into the load coupled the output of
the second power amplifier circuit. A power rating of the first
amplifier circuit is different from a power rating of the
second amplifier circuit. The controller is configured to
select the first or the second power amplifier circuit.

In another aspect, the present disclosure provides a
method of delivering power to a load coupled to an energy
module. The method comprises generating, by a controller,
a digital waveform having a predetermined wave shape and
frequency; converting, by a digital-to-analog converter
(DAC) coupled to the controller, the digital waveform to an
analog waveform; selecting, by the controller, a first power
amplifier circuit or a second power amplifier circuit based on
a predetermined power output to be produced by the first or
second power amplifier circuit into a load coupled to an
energy output port of the energy module; coupling, by the
controller, the analog waveform to the selected first or
second power amplifier circuit; and producing, by the
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selected first or second power amplifier circuit the prede-
termined power output into the load coupled to the energy
output port of the energy module.

In another aspect, the present disclosure provides an
energy module configured to deliver power to a load coupled
thereto. The energy module comprises a digital-to-analog
converter (DAC) configured to convert a digital waveform
to an analog waveform and a controller coupled to the DAC.
The controller is configured to generate the digital waveform
having a predetermined wave shape and frequency; select a
first power amplifier circuit or a second power amplifier
circuit based on a predetermined power output to be pro-
duced by the first or second power amplifier circuit into a
load coupled to an energy output port of the energy module;
and couple the analog waveform to the selected first or
second power amplifier circuit to produce, by the selected
first or second power amplifier circuit the predetermined
power output into the load coupled to the energy output port
of the energy module.

In various embodiments, an energy module comprising a
controller, a first power amplifier circuit, and a second power
amplifier circuit is disclosed. The first power amplifier
circuit having an input and an output. The input is coupled
to the controller and is configured to receive and amplify an
input signal to generate a first output signal into a load
coupled to the output of the first power amplifier circuit. The
second power amplifier circuit having an input and an
output. The input is coupled to the controller and is config-
ured to receive and amplify the input signal to generate a
second output into the load coupled to the output of the
second power amplifier circuit. A power rating of the first
amplifier circuit is different from a power rating of the
second amplifier circuit. The controller is configured to
select the first or the second power amplifier circuit based on
power to be produced in the load. The controller is config-
ured to generate a waveform having a predetermined wave
shape and frequency based on the load coupled to the output
of the first or second power amplifier circuit. The controller
is configured to select at least one of the first or second
power amplifier circuits based on power to be produced in
the load coupled to the output of the at least one of the first
or second power amplifier circuits. The energy module
further comprises a digital-to-analog converter (DAC)
coupled between the controller and at least one of the first
and second power amplifier circuits. The DAC receives the
waveform in digital form and provides an analog waveform
to the input of the at least one of the first or second power
amplifier circuits. The DAC provides the analog waveform
to the input of either the first or second power amplifier
circuit based on power to be produced in the load coupled to
the output of the first or second power amplifier circuit.

In various embodiments, an energy module configured to
deliver power to a load coupled thereto, the energy module
comprising a digital-to-analog converter (DAC) configured
to convert a digital waveform to an analog waveform, and a
controller coupled to the DAC is disclosed. The controller is
configured to generate the digital waveform having a pre-
determined wave shape and frequency, select a first power
amplifier circuit or a second power amplifier circuit based on
a predetermined power output to be produced by the first or
second power amplifier circuit into a load coupled to an
energy output port of the energy module, and couple the
analog waveform to the selected first or second power
amplifier circuit to produce, by the selected first or second
power amplifier circuit the predetermined power output into
the load coupled to the energy output port of the energy
module. The controller is configured to select a first switch
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coupled between the DAC and the first power amplifier to
produce a first power output into the load coupled to the
output of the first power amplifier via an energy output port
or select a second switch coupled between the DAC and the
second power amplifier to produce a second power output
into the load coupled to the output of the second power
amplifier via an energy output port.

FIGURES

The various aspects described herein, both as to organi-
zation and methods of operation, together with further
objects and advantages thereof, may best be understood by
reference to the following description, taken in conjunction
with the accompanying drawings as follows.

FIG. 1 is a block diagram of a computer-implemented
interactive surgical system, in accordance with at least one
aspect of the present disclosure.

FIG. 2 is a surgical system being used to perform a
surgical procedure in an operating room, in accordance with
at least one aspect of the present disclosure.

FIG. 3 is a surgical hub paired with a visualization system,
a robotic system, and an intelligent instrument, in accor-
dance with at least one aspect of the present disclosure.

FIG. 4 is a surgical system comprising a generator and
various surgical instruments usable therewith, in accordance
with at least one aspect of the present disclosure.

FIG. 5 is a diagram of a situationally aware surgical
system, in accordance with at least one aspect of the present
disclosure.

FIG. 6 is a diagram of various modules and other com-
ponents that are combinable to customize modular energy
systems, in accordance with at least one aspect of the present
disclosure.

FIG. 7A is a first illustrative modular energy system
configuration including a header module and a display
screen that renders a graphical user interface (GUI) for
relaying information regarding modules connected to the
header module, in accordance with at least one aspect of the
present disclosure.

FIG. 7B is the modular energy system shown in FIG. 7A
mounted to a cart, in accordance with at least one aspect of
the present disclosure.

FIG. 8A is a second illustrative modular energy system
configuration including a header module, a display screen,
an energy module, and an expanded energy module con-
nected together and mounted to a cart, in accordance with at
least one aspect of the present disclosure.

FIG. 8B is a third illustrative modular energy system
configuration that is similar to the second configuration
shown in FIG. 7A, except that the header module lacks a
display screen, in accordance with at least one aspect of the
present disclosure.

FIG. 9 is a fourth illustrative modular energy system
configuration including a header module, a display screen,
an energy module, ae expanded energy module, and a
technology module connected together and mounted to a
cart, in accordance with at least one aspect of the present
disclosure.

FIG. 10 is a fifth illustrative modular energy system
configuration including a header module, a display screen,
an energy module, an expanded energy module, a technol-
ogy module, and a visualization module connected together
and mounted to a cart, in accordance with at least one aspect
of the present disclosure.
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FIG. 11 is a diagram of a modular energy system includ-
ing communicably connectable surgical platforms, in accor-
dance with at least one aspect of the present disclosure.

FIG. 12 is a perspective view of a header module of a
modular energy system including a user interface, in accor-
dance with at least one aspect of the present disclosure.

FIG. 13 is a block diagram of a stand-alone hub configu-
ration of a modular energy system, in accordance with at
least one aspect of the present disclosure.

FIG. 14 is a block diagram of a hub configuration of a
modular energy system integrated with a surgical control
system, in accordance with at least one aspect of the present
disclosure.

FIG. 15 is a block diagram of a user interface module
coupled to a communications module of a modular energy
system, in accordance with at least one aspect of the present
disclosure.

FIG. 16 is a block diagram of an energy module of a
modular energy system, in accordance with at least one
aspect of the present disclosure.

FIGS. 17A and 17B illustrate a block diagram of an
energy module coupled to a header module of a modular
energy system, in accordance with at least one aspect of the
present disclosure.

FIGS. 18A and 18B illustrate a block diagram of a
header/user interface (UI) module of a modular energy
system for a hub, such as the header module depicted in FIG.
15, in accordance with at least one aspect of the present
disclosure.

FIG. 19 is a block diagram of an energy module for a hub,
such as the energy module depicted in FIGS. 13-18B, in
accordance with at least one aspect of the present disclosure.

FIG. 20 is a schematic diagram of a modular energy
system stack illustrating a power backplane, in accordance
with at least one aspect of the present disclosure.

FIG. 21 is a schematic diagram of a modular energy
system, in accordance with at least one aspect of the present
disclosure.

FIG. 22 is a diagram of a modular energy system com-
prising an energy module with dual power amplifiers, in
accordance with at least one aspect of the present disclosure.

FIG. 23 is a diagram of a modular energy system com-
prising an energy module with dual power amplifiers, in
accordance with at least one aspect of the present disclosure.

FIG. 24 is a flow diagram of a method of delivering power
to a load by an energy module, in accordance with at least
one aspect of the present disclosure.

FIG. 25 is a schematic diagram of a power amplifier
circuit, in accordance with at least one aspect of the present
disclosure.

FIG. 26 is a schematic diagram of a power amplifier
circuit, in accordance with at least one aspect of the present
disclosure.

FIG. 27 is a diagram of a modular energy system com-
prising an energy module with dual power amplifiers, in
accordance with at least one aspect of the present disclosure.

FIG. 28 is a diagram of a modular energy system com-
prising an energy module with dual power amplifiers, in
accordance with at least one aspect of the present disclosure.

FIG. 29 is a diagram of a modular energy system com-
prising an energy module with dual power amplifiers, in
accordance with at least one aspect of the present disclosure.

Corresponding reference characters indicate correspond-
ing parts throughout the several views. The exemplifications
set out herein illustrate various disclosed aspects, in one
form, and such exemplifications are not to be construed as
limiting the scope thereof in any manner.
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DESCRIPTION

Applicant of the present application owns the following
U.S. Patent Applications filed with Mar. 30, 2021, the
disclosure of each of which is herein incorporated by
reference in its entirety:

U.S. Patent Application Ser. No. 17/217,394, titled
METHOD FOR MECHANICAL PACKAGING FOR
MODULAR ENERGY SYSTEM, now U.S. Patent
Application Publication No. 2022/0322523;

U.S. Patent Application Ser. No. 17/217,402, titled
BACKPLANE CONNECTOR  ATTACHMENT
MECHANISM FOR MODULAR ENERGY SYS-
TEM, now U.S. Patent Application Publication No.
2022/0317750;

U.S. Patent Application Ser. No. 17/217,436, titled
BEZEL WITH LIGHT BLOCKING FEATURES FOR
MODULAR ENERGY SYSTEM, now U.S. Patent
Application Publication No. 2022/0313357;

U.S. Patent Application Ser. No. 17/217,446, titled
HEADER FOR MODULAR ENERGY SYSTEM, now
U.S. Patent Application Publication No. 2022/
0313342,

U.S. Patent Application Ser. No. 17/217,403, titled SUR-
GICAL PROCEDURALIZATION VIA MODULAR
ENERGY SYSTEM, now U.S. Patent Application Pub-
lication No. 2022/0313341;

U.S. Patent Application Ser. No. 17/217,424, titled
METHOD FOR ENERGY DELIVERY FOR MODU-
LAR ENERGY SYSTEM, now U.S. Patent Applica-
tion Publication No. 2022/0317751;

U.S. Patent Application Ser. No. 17/217,471, titled
MODULAR ENERGY SYSTEM WITH MULTI-EN-
ERGY PORT SPLITTER FOR MULTIPLE ENERGY
DEVICES, now U.S. Patent Application Publication
No. 2022/0313373,

U.S. Patent Application Ser. No. 17/217,385, titled
METHOD FOR INTELLIGENT INSTRUMENTS
FOR MODULAR ENERGY SYSTEM, now U.S. Pat-
ent Application Publication No. 2022/0313369;

U.S. Patent Application Ser. No. 17/217,392, titled
RADIO FREQUENCY IDENTIFICATION TOKEN
FOR WIRELESS SURGICAL INSTRUMENTS, now
U.S. Patent Application Publication No. 2022/
0319693,

U.S. Patent Application Ser. No. 17/217,397, titled
INTELLIGENT DATA PORTS FOR MODULAR
ENERGY SYSTEMS, now U.S. Patent Application
Publication No. 2022/0318179;

U.S. Patent Application Ser. No. 17/217,405, titled
METHOD FOR SYSTEM ARCHITECTURE FOR
MODULAR ENERGY SYSTEM, now U.S. Patent
Application Publication No. 2022/0313370;

U.S. Patent Application Ser. No. 17/217,423, titled USER
INTERFACE MITIGATION TECHNIQUES FOR
MODULAR ENERGY SYSTEMS, now U.S. Patent
Application Publication No. 2022/0313371;

U.S. Patent Application Ser. No. 17/217,429, titled
ENERGY DELIVERY MITIGATIONS FOR MODU-
LAR ENERGY SYSTEMS, now

U.S. Patent Application Publication No. 2022/0313338;

U.S. Patent Application Ser. No. 17/217,449, titled
ARCHITECTURE FOR MODULAR ENERGY SYS-
TEM, now U.S. Patent Application Publication No.
2022/0313372; and

U.S. Patent Application Ser. No. 17/217,461, titled
MODULAR ENERGY SYSTEM WITH HARD-

6
WARE MITIGATED COMMUNICATION, now U.S.
Patent Application Publication No. 2022/0319685.
Applicant of the present application owns the following

U.S. patent applications filed Sep. 5, 2019, the disclosure of

5 each of which is herein incorporated by reference in its
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entirety:

U.S. patent application Ser. No. 16/562,144, titled
METHOD FOR CONTROLLING A MODULAR
ENERGY SYSTEM USER INTERFACE, now U.S.
Patent Application Publication No. 2020/0078106;

U.S. patent application Ser. No. 16/562,151, titled PAS-
SIVE HEADER MODULE FOR A MODULAR
ENERGY SYSTEM, now U.S. Patent Application Pub-
lication No. 2020/0078110;

U.S. patent application Ser. No. 16/562,157, titled CON-
SOLIDATED USER INTERFACE FOR MODULAR
ENERGY SYSTEM, now U.S. Patent Application Pub-
lication No. 2020/0081585;

U.S. patent application Ser. No. 16/562,159, titled
AUDIO TONE CONSTRUCTION FOR AN ENERGY
MODULE OF A MODULAR ENERGY SYSTEM,
now U.S. Patent Application Publication No. 2020/
0314569,

U.S. patent application Ser. No. 16/562,163, titled
ADAPTABLY CONNECTABLE AND REASSIGN-
ABLE SYSTEM ACCESSORIES FOR MODULAR
ENERGY SYSTEM, now U.S. Patent Application Pub-
lication No. 2020/0078111;

U.S. patent application Ser. No. 16/562,123, titled
METHOD FOR CONSTRUCTING AND USING A
MODULAR SURGICAL ENERGY SYSTEM WITH
MULTIPLE DEVICES, now U.S. Patent Application
Publication No. 2020/0100830;

U.S. patent application Ser. No. 16/562,135, titled
METHOD FOR CONTROLLING AN ENERGY
MODULE OUTPUT, now U.S. Patent Application
Publication No. 2020/0078076;

U.S. patent application Ser. No. 16/562,180, titled
ENERGY MODULE FOR DRIVING MULTIPLE
ENERGY MODALITIES, now U.S. Patent Applica-
tion Publication No. 2020/0078080;

U.S. patent application Ser. No. 16/562,184, titled
GROUNDING ARRANGEMENT OF ENERGY
MODULES, now U.S. Patent Application Publication
No. 2020/0078081;

U.S. patent application Ser. No. 16/562,188, titled
BACKPLANE CONNECTOR DESIGN TO CON-
NECT STACKED ENERGY MODULES, now U.S.
Patent Application Publication No. 2020/0078116;

U.S. patent application Ser. No. 16/562,195, titled
ENERGY MODULE FOR DRIVING MULTIPLE
ENERGY MODALITIES THROUGH A PORT, now
U.S. Patent Application Publication No. 2020/0078117;

U.S. patent application Ser. No. 16/562,202 titled SUR-
GICAL INSTRUMENT UTILIZING DRIVE SIGNAL
TO POWER SECONDARY FUNCTION, now U.S.
Patent Application Publication No. 2020/0078082;

U.S. patent application Ser. No. 16/562,142, titled
METHOD FOR ENERGY DISTRIBUTION IN A
SURGICAL MODULAR ENERGY SYSTEM, now
U.S. Patent Application Publication No. 2020/
0078070;

U.S. patent application Ser. No. 16/562,169, titled SUR-
GICAL MODULAR ENERGY SYSTEM WITH A
SEGMENTED BACKPLANE, now U.S. Patent Appli-
cation Publication No. 2020/0078112;
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U.S. patent application Ser. No. 16/562,185, titled SUR-
GICAL MODULAR ENERGY SYSTEM WITH
FOOTER MODULE, now U.S. Patent Application
Publication No. 2020/0078115;

U.S. patent application Ser. No. 16/562,203, titled
POWER AND COMMUNICATION MITIGATION
ARRANGEMENT FOR MODULAR SURGICAL
ENERGY SYSTEM, now U.S. Patent Application Pub-
lication No. 2020/0078118;

U.S. patent application Ser. No. 16/562,212, titled
MODULAR SURGICAL ENERGY SYSTEM WITH
MODULE POSITIONAL AWARENESS SENSING
WITH VOLTAGE DETECTION, now U.S. Patent
Application Publication No. 2020/0078119;

U.S. patent application Ser. No. 16/562,234, titled
MODULAR SURGICAL ENERGY SYSTEM WITH
MODULE POSITIONAL AWARENESS SENSING
WITH TIME COUNTER, now U.S. Patent Application
Publication No. 2020/0305945;

U.S. patent application Ser. No. 16/562,243, titled
MODULAR SURGICAL ENERGY SYSTEM WITH
MODULE POSITIONAL AWARENESS WITH DIGI-
TAL LOGIC, now U.S. Patent Application Publication
No. 2020/0078120;

U.S. patent application Ser. No. 16/562,125, titled
METHOD FOR COMMUNICATING BETWEEN
MODULES AND DEVICES IN A MODULAR SUR-
GICAL SYSTEM, now U.S. Patent Application Pub-
lication No. 2020/0100825;

U.S. patent application Ser. No. 16/562,137, titled FLEX-
IBLE HAND-SWITCH CIRCUIT, now U.S. Patent
Application Publication No. 2020/0106220;

U.S. patent application Ser. No. 16/562,143, titled FIRST
AND SECOND COMMUNICATION PROTOCOL
ARRANGEMENT FOR DRIVING PRIMARY AND
SECONDARY DEVICES THROUGH A SINGLE
PORT, now U.S. Patent Application Publication No.
2020/0090808;

U.S. patent application Ser. No. 16/562,148, titled FLEX-
IBLE NEUTRAL ELECTRODE, now U.S. Patent
Application Publication No. 2020/0078077;

U.S. patent application Ser. No. 16/562,154, titled
SMART RETURN PAD SENSING THROUGH
MODULATION OF NEAR FIELD COMMUNICA-
TION AND CONTACT QUALITY MONITORING
SIGNALS, now U.S. Patent Application Publication
No. 2020/0078089;

U.S. patent application Ser. No. 16/562,162, titled AUTO-
MATIC ULTRASONIC ENERGY ACTIVATION
CIRCUIT DESIGN FOR MODULAR SURGICAL
SYSTEMS, now U.S. Patent Application Publication
No. 2020/0305924;

U.S. patent application Ser. No. 16/562,167, titled
COORDINATED ENERGY OUTPUTS OF SEPA-
RATE BUT CONNECTED MODULES, now U.S.
Patent Application Publication No. 2020/0078078;

U.S. patent application Ser. No. 16/562,170, titled MAN-
AGING SIMULTANEOUS MONOPOLAR OUT-
PUTS USING DUTY CYCLE AND SYNCHRONI-
ZATION, now U.S. Patent Application Publication No.
2020/0078079;

U.S. patent application Ser. No. 16/562,172, titled PORT
PRESENCE DETECTION SYSTEM FOR MODU-
LAR ENERGY SYSTEM, now U.S. Patent Applica-
tion Publication No. 2020/0078113;

U.S. patent application Ser. No. 16/562,175, titled
INSTRUMENT TRACKING ARRANGEMENT
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BASED ON REAL TIME CLOCK INFORMATION,
now U.S. Patent Application Publication No. 2020/
0078071,

U.S. patent application Ser. No. 16/562,177, titled
REGIONAL LOCATION TRACKING OF COMPO-
NENTS OF A MODULAR ENERGY SYSTEM, now
U.S. Patent Application Publication No. 2020/0078114;

U.S. Design patent application Ser. No. 29/704,610, titled
ENERGY MODULE;

U.S. Design patent application Ser. No. 29/704,614, titled
ENERGY MODULE MONOPOLAR PORT WITH
FOURTH SOCKET AMONG THREE OTHER
SOCKETS;

U.S. Design patent application Ser. No. 29/704,616, titled
BACKPLANE CONNECTOR FOR ENERGY MOD-
ULE; and

U.S. Design patent application Ser. No. 29/704,617, titled
ALERT SCREEN FOR ENERGY MODULE.

Applicant of the present application owns the following
U.S. patent Provisional applications filed Mar. 29, 2019, the
disclosure of each of which is herein incorporated by
reference in its entirety:

U.S. Provisional Patent Application Ser. No. 62/826,584,
titled MODULAR SURGICAL PLATFORM ELEC-
TRICAL ARCHITECTURE;

U.S. Provisional Patent Application Ser. No. 62/826,587,
titled MODULAR ENERGY SYSTEM CONNECTIV-
ITY;

U.S. Provisional Patent Application Ser. No. 62/826,588,
titted MODULAR ENERGY SYSTEM INSTRU-
MENT COMMUNICATION TECHNIQUES; and

U.S. Provisional Patent Application Ser. No. 62/826,592,
titled MODULAR ENERGY DELIVERY SYSTEM.

Applicant of the present application owns the following
U.S. patent Provisional application filed Sep. 7, 2018, the
disclosure of which is herein incorporated by reference in its
entirety:

U.S. Provisional Patent Application Ser. No. 62/728,480,
titled MODULAR ENERGY SYSTEM AND USER
INTERFACE.

Before explaining various aspects of surgical devices and
generators in detail, it should be noted that the illustrative
examples are not limited in application or use to the details
of construction and arrangement of parts illustrated in the
accompanying drawings and description. The illustrative
examples may be implemented or incorporated in other
aspects, 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
examples for the convenience of the reader and are not for
the purpose of limitation thereof. Also, it will be appreciated
that one or more of the following-described aspects, expres-
sions of aspects, and/or examples, can be combined with any
one or more of the other following-described aspects,
expressions of aspects and/or examples.

Various aspects are directed to improved ultrasonic sur-
gical devices, electrosurgical devices and generators for use
therewith. Aspects of the ultrasonic surgical devices can be
configured for transecting and/or coagulating tissue during
surgical procedures, for example. Aspects of the electrosur-
gical devices can be configured for transecting, coagulating,
scaling, welding and/or desiccating tissue during surgical
procedures, for example.

Surgical System Hardware

Referring to FIG. 1, a computer-implemented interactive
surgical system 100 includes one or more surgical systems
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102 and a cloud-based system (e.g., the cloud 104 that may
include a remote server 113 coupled to a storage device
105). Each surgical system 102 includes at least one surgical
hub 106 in communication with the cloud 104 that may
include a remote server 113. In one example, as illustrated
in FIG. 1, the surgical system 102 includes a visualization
system 108, a robotic system 110, and a handheld intelligent
surgical instrument 112, which are configured to communi-
cate with one another and/or the hub 106. In some aspects,
a surgical system 102 may include an M number of hubs
106, an N number of visualization systems 108, an O
number of robotic systems 110, and a P number of handheld
intelligent surgical instruments 112, where M, N, O, and P
are integers greater than or equal to one.

FIG. 2 depicts an example of a surgical system 102 being
used to perform a surgical procedure on a patient who is
lying down on an operating table 114 in a surgical operating
room 116. A robotic system 110 is used in the surgical
procedure as a part of the surgical system 102. The robotic
system 110 includes a surgeon’s console 118, a patient side
cart 120 (surgical robot), and a surgical robotic hub 122. The
patient side cart 120 can manipulate at least one removably
coupled surgical tool 117 through a minimally invasive
incision in the body of the patient while the surgeon views
the surgical site through the surgeon’s console 118. An
image of the surgical site can be obtained by a medical
imaging device 124, which can be manipulated by the
patient side cart 120 to orient the imaging device 124. The
robotic hub 122 can be used to process the images of the
surgical site for subsequent display to the surgeon through
the surgeon’s console 118.

Other types of robotic systems can be readily adapted for
use with the surgical system 102. Various examples of
robotic systems and surgical tools that are suitable for use
with the present disclosure are described in U.S. Provisional
Patent Application Ser. No. 62/611,339, titled ROBOT
ASSISTED SURGICAL PLATFORM, filed Dec. 28, 2017,
the disclosure of which is herein incorporated by reference
in its entirety.

Various examples of cloud-based analytics that are per-
formed by the cloud 104, and are suitable for use with the
present disclosure, are described in U.S. Provisional Patent
Application Ser. No. 62/611,340, titled CLOUD-BASED
MEDICAL ANALYTICS, filed Dec. 28, 2017, the disclo-
sure of which is herein incorporated by reference in its
entirety.

In various aspects, the imaging device 124 includes at
least one image sensor and one or more optical components.
Suitable image sensors include, but are not limited to,
Charge-Coupled Device (CCD) sensors and Complementary
Metal-Oxide Semiconductor (CMOS) sensors.

The optical components of the imaging device 124 may
include one or more illumination sources and/or one or more
lenses. The one or more illumination sources may be
directed to illuminate portions of the surgical field. The one
or more image sensors may receive light reflected or
refracted from the surgical field, including light reflected or
refracted from tissue and/or surgical instruments.

The one or more illumination sources may be configured
to radiate electromagnetic energy in the visible spectrum as
well as the invisible spectrum. The visible spectrum, some-
times referred to as the optical spectrum or luminous spec-
trum, is that portion of the electromagnetic spectrum that is
visible to (i.e., can be detected by) the human eye and may
be referred to as visible light or simply light. A typical
human eye will respond to wavelengths in air that are from
about 380 nm to about 750 nm.
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The invisible spectrum (i.e., the non-luminous spectrum)
is that portion of the electromagnetic spectrum that lies
below and above the visible spectrum (i.e., wavelengths
below about 380 nm and above about 750 nm). The invisible
spectrum is not detectable by the human eye. Wavelengths
greater than about 750 nm are longer than the red visible
spectrum, and they become invisible infrared (IR), micro-
wave, and radio electromagnetic radiation. Wavelengths less
than about 380 nm are shorter than the violet spectrum, and
they become invisible ultraviolet, x-ray, and gamma ray
electromagnetic radiation.

In various aspects, the imaging device 124 is configured
for use in a minimally invasive procedure. Examples of
imaging devices suitable for use with the present disclosure
include, but not limited to, an arthroscope, angioscope,
bronchoscope, choledochoscope, colonoscope, cytoscope,
duodenoscope, enteroscope, esophagogastro-duodenoscope
(gastroscope), endoscope, laryngoscope, nasopharyngo-
neproscope, sigmoidoscope, thoracoscope, and uretero-
scope.

In one aspect, the imaging device employs multi-spec-
trum monitoring to discriminate topography and underlying
structures. A multi-spectral image is one that captures image
data within specific wavelength ranges across the electro-
magnetic spectrum. The wavelengths may be separated by
filters or by the use of instruments that are sensitive to
particular wavelengths, including light from frequencies
beyond the visible light range, e.g., IR and ultraviolet.
Spectral imaging can allow extraction of additional infor-
mation the human eye fails to capture with its receptors for
red, green, and blue. The use of multi-spectral imaging is
described in greater detail under the heading “Advanced
Imaging Acquisition Module” in U.S. Provisional Patent
Application Ser. No. 62/611,341, titled INTERACTIVE
SURGICAL PLATFORM, filed Dec. 28, 2017, the disclo-
sure of which is herein incorporated by reference in its
entirety. Multi-spectrum monitoring can be a useful tool in
relocating a surgical field after a surgical task is completed
to perform one or more of the previously described tests on
the treated tissue.

It is axiomatic that strict sterilization of the operating
room and surgical equipment is required during any surgery.
The strict hygiene and sterilization conditions required in a
“surgical theater,” i.e., an operating or treatment room,
necessitate the highest possible sterility of all medical
devices and equipment. Part of that sterilization process is
the need to sterilize anything that comes in contact with the
patient or penetrates the sterile field, including the imaging
device 124 and its attachments and components. It will be
appreciated that the sterile field may be considered a speci-
fied area, such as within a tray or on a sterile towel, that is
considered free of microorganisms, or the sterile field may
be considered an area, immediately around a patient, who
has been prepared for a surgical procedure. The sterile field
may include the scrubbed team members, who are properly
attired, and all furniture and fixtures in the area.

In various aspects, the visualization system 108 includes
one or more imaging sensors, one or more image-processing
units, one or more storage arrays, and one or more displays
that are strategically arranged with respect to the sterile field,
as illustrated in FIG. 2. In one aspect, the visualization
system 108 includes an interface for HL.7, PACS, and EMR.
Various components of the visualization system 108 are
described under the heading “Advanced Imaging Acquisi-
tion Module” in U.S. Provisional Patent Application Ser. No.
62/611,341, titled INTERACTIVE SURGICAL PLAT-
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FORM, filed Dec. 28, 2017, the disclosure of which is herein
incorporated by reference in its entirety.

As illustrated in FIG. 2, a primary display 119 is posi-
tioned in the sterile field to be visible to an operator at the
operating table 114. In addition, a visualization tower 111 is
positioned outside the sterile field. The visualization tower
111 includes a first non-sterile display 107 and a second
non-sterile display 109, which face away from each other.
The visualization system 108, guided by the hub 106, is
configured to utilize the displays 107, 109, and 119 to
coordinate information flow to operators inside and outside
the sterile field. For example, the hub 106 may cause the
visualization system 108 to display a snapshot of a surgical
site, as recorded by an imaging device 124, on a non-sterile
display 107 or 109, while maintaining a live feed of the
surgical site on the primary display 119. The snapshot on the
non-sterile display 107 or 109 can permit a non-sterile
operator to perform a diagnostic step relevant to the surgical
procedure, for example.

In one aspect, the hub 106 is also configured to route a
diagnostic input or feedback entered by a non-sterile opera-
tor at the visualization tower 111 to the primary display 119
within the sterile field, where it can be viewed by a sterile
operator at the operating table. In one example, the input can
be in the form of a modification to the snapshot displayed on
the non-sterile display 107 or 109, which can be routed to the
primary display 119 by the hub 106.

Referring to FIG. 2, a surgical instrument 112 is being
used in the surgical procedure as part of the surgical system
102. The hub 106 is also configured to coordinate informa-
tion flow to a display of the surgical instrument 112. For
example, in U.S. Provisional Patent Application Ser. No.
62/611,341, titled INTERACTIVE SURGICAL PLAT-
FORM, filed Dec. 28, 2017, the disclosure of which is herein
incorporated by reference in its entirety. A diagnostic input
or feedback entered by a non-sterile operator at the visual-
ization tower 111 can be routed by the hub 106 to the
surgical instrument display 115 within the sterile field,
where it can be viewed by the operator of the surgical
instrument 112. Example surgical instruments that are suit-
able for use with the surgical system 102 are described under
the heading SURGICAL INSTRUMENT HARDWARE and
in U.S. Provisional Patent Application Ser. No. 62/611,341,
titled INTERACTIVE SURGICAL PLATFORM, filed Dec.
28, 2017, the disclosure of which is herein incorporated by
reference in its entirety, for example.

Referring now to FIG. 3, a hub 106 is depicted in
communication with a visualization system 108, a robotic
system 110, and a handheld intelligent surgical instrument
112. In some aspects, the visualization system 108 may be
a separable piece of equipment. In alternative aspects, the
visualization system 108 could be contained within the hub
106 as a functional module. The hub 106 includes a hub
display 135, an imaging module 138, a generator module
140, a communication module 130, a processor module 132,
a storage array 134, and an operating room mapping module
133. In certain aspects, as illustrated in FIG. 3, the hub 106
further includes a smoke evacuation module 126, a suction/
irrigation module 128, and/or an insufflation module 129. In
certain aspects, any of the modules in the hub 106 may be
combined with each other into a single module.

During a surgical procedure, energy application to tissue,
for sealing and/or cutting, is generally associated with
smoke evacuation, suction of excess fluid, and/or irrigation
of the tissue. Fluid, power, and/or data lines from different
sources are often entangled during the surgical procedure.
Valuable time can be lost addressing this issue during a
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surgical procedure. Detangling the lines may necessitate
disconnecting the lines from their respective modules, which
may require resetting the modules. The hub modular enclo-
sure 136 offers a unified environment for managing the
power, data, and fluid lines, which reduces the frequency of
entanglement between such lines.

Aspects of the present disclosure present a surgical hub
for use in a surgical procedure that involves energy appli-
cation to tissue at a surgical site. The surgical hub includes
a hub enclosure and a combo generator module slidably
receivable in a docking station of the hub enclosure. The
docking station includes data and power contacts. The
combo generator module includes one or more of an ultra-
sonic energy generator component, a bipolar RF energy
generator component, and a monopolar RF energy generator
component that are housed in a single unit. In one aspect, the
combo generator module also includes a smoke evacuation
component, at least one energy delivery cable for connecting
the combo generator module to a surgical instrument, at least
one smoke evacuation component configured to evacuate
smoke, fluid, and/or particulates generated by the applica-
tion of therapeutic energy to the tissue, and a fluid line
extending from the remote surgical site to the smoke evacu-
ation component.

In one aspect, the fluid line is a first fluid line and a second
fluid line extends from the remote surgical site to a suction
and irrigation module slidably received in the hub enclosure.
In one aspect, the hub enclosure comprises a fluid interface.

Certain surgical procedures may require the application of
more than one energy type to the tissue. One energy type
may be more beneficial for cutting the tissue, while another
different energy type may be more beneficial for sealing the
tissue. For example, a bipolar generator can be used to seal
the tissue while an ultrasonic generator can be used to cut the
sealed tissue. Aspects of the present disclosure present a
solution where a hub modular enclosure 136 is configured to
accommodate different generators, and facilitate an interac-
tive communication therebetween. One of the advantages of
the hub modular enclosure 136 is enabling the quick
removal and/or replacement of various modules.

Aspects of the present disclosure present a modular
surgical enclosure for use in a surgical procedure that
involves energy application to tissue. The modular surgical
enclosure includes a first energy-generator module, config-
ured to generate a first energy for application to the tissue,
and a first docking station comprising a first docking port
that includes first data and power contacts. In one aspect, the
first energy-generator module is slidably movable into an
electrical engagement with the power and data contacts and
wherein the first energy-generator module is slidably mov-
able out of the electrical engagement with the first power and
data contacts. In an alternative aspect, the first energy-
generator module is stackably movable into an electrical
engagement with the power and data contacts and wherein
the first energy-generator module is stackably movable out
of the electrical engagement with the first power and data
contacts.

Further to the above, the modular surgical enclosure also
includes a second energy-generator module configured to
generate a second energy, either the same or different than
the first energy, for application to the tissue, and a second
docking station comprising a second docking port that
includes second data and power contacts. In one aspect, the
second energy-generator module is slidably movable into an
electrical engagement with the power and data contacts, and
wherein the second energy-generator module is slidably
movable out of the electrical engagement with the second
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power and data contacts. In an alternative aspect, the second
energy-generator module is stackably movable into an elec-
trical engagement with the power and data contacts, and
wherein the second energy-generator module is stackably
movable out of the electrical engagement with the second
power and data contacts.

In addition, the modular surgical enclosure also includes
a communication bus between the first docking port and the
second docking port, configured to facilitate communication
between the first energy-generator module and the second
energy-generator module.

Referring to FIG. 3, aspects of the present disclosure are
presented for a hub modular enclosure 136 that allows the
modular integration of a generator module 140, a smoke
evacuation module 126, a suction/irrigation module 128, and
an insufflation module 129. The hub modular enclosure 136
further facilitates interactive communication between the
modules 140, 126, 128, 129. The generator module 140 can
be a generator module with integrated monopolar, bipolar,
and ultrasonic components supported in a single housing
unit slidably insertable into the hub modular enclosure 136.
The generator module 140 can be configured to connect to
a monopolar device 142, a bipolar device 144, and an
ultrasonic device 148. Alternatively, the generator module
140 may comprise a series of monopolar, bipolar, and/or
ultrasonic generator modules that interact through the hub
modular enclosure 136. The hub modular enclosure 136 can
be configured to facilitate the insertion of multiple genera-
tors and interactive communication between the generators
docked into the hub modular enclosure 136 so that the
generators would act as a single generator.

In one aspect, the hub modular enclosure 136 comprises
a modular power and communication backplane 149 with
external and wireless communication headers to enable the
removable attachment of the modules 140, 126, 128, 129
and interactive communication therebetween.

Generator Hardware

As used throughout this description, the term “wireless”
and its derivatives may be used to describe circuits, devices,
systems, methods, techniques, communications channels,
etc., that may communicate data through the use of modu-
lated electromagnetic radiation through a non-solid medium.
The term does not imply that the associated devices do not
contain any wires, although in some aspects they might not.
The communication module may implement any of a num-
ber of wireless or wired communication standards or pro-
tocols, including but not limited to Wi-Fi (IEEE 802.11
family), WIMAX (IEEE 802.16 family), IEEE 802.20, long
term evolution (LTE), Ev-DO, HSPA+, HSDPA+, HSUPA+,
EDGE, GSM, GPRS, CDMA, TDMA, DECT, Bluetooth,
Ethernet derivatives thereof, as well as any other wireless
and wired protocols that are designated as 3G, 4G, 5G, and
beyond. The computing module may include a plurality of
communication modules. For instance, a first communica-
tion module may be dedicated to shorter range wireless
communications such as Wi-Fi and Bluetooth and a second
communication module may be dedicated to longer range
wireless communications such as GPS, EDGE, GPRS,
CDMA, WiMAX, LTE, Ev-DO, and others.

As used herein a processor or processing unit is an
electronic circuit which performs operations on some exter-
nal data source, usually memory or some other data stream.
The term is used herein to refer to the central processor
(central processing unit) in a system or computer systems
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(especially systems on a chip (SoCs)) that combine a num-
ber of specialized “processors.”

As used herein, a system on a chip or system on chip (SoC
or SOC) is an integrated circuit (also known as an “IC” or
“chip”) that integrates all components of a computer or other
electronic systems. It may contain digital, analog, mixed-
signal, and often radio-frequency functions—all on a single
substrate. A SoC integrates a microcontroller (or micropro-
cessor) with advanced peripherals like graphics processing
unit (GPU), Wi-Fi module, or coprocessor. A SoC may or
may not contain built-in memory.

As used herein, a microcontroller or controller is a system
that integrates a microprocessor with peripheral circuits and
memory. A microcontroller (or MCU for microcontroller
unit) may be implemented as a small computer on a single
integrated circuit. It may be similar to a SoC; a SoC may
include a microcontroller as one of its components. A
microcontroller may contain one or more core processing
units (CPUs) along with memory and programmable input/
output peripherals. Program memory in the form of Ferro-
electric RAM, NOR flash or OTP ROM is also often
included on chip, as well as a small amount of RAM.
Microcontrollers may be employed for embedded applica-
tions, in contrast to the microprocessors used in personal
computers or other general purpose applications consisting
of various discrete chips.

As used herein, the term controller or microcontroller
may be a stand-alone IC or chip device that interfaces with
a peripheral device. This may be a link between two parts of
a computer or a controller on an external device that
manages the operation of (and connection with) that device.

Any of the processors or microcontrollers described
herein, may be implemented by any single core or multicore
processor such as those known under the trade name ARM
Cortex by Texas Instruments. In one aspect, the processor
may be an LM4F230H5QR ARM Cortex-M4F Processor
Core, available from Texas Instruments, for example, com-
prising on-chip memory of 256 KB single-cycle flash
memory, or other non-volatile memory, up to 40 MHz, a
prefetch buffer to improve performance above 40 MHz, a 32
KB single-cycle serial random access memory (SRAM),
internal read-only memory (ROM) loaded with Stellar-
isWare® software, 2 KB electrically erasable programmable
read-only memory (EEPROM), one or more pulse width
modulation (PWM) modules, one or more quadrature
encoder inputs (QEI) analog, one or more 12-bit Analog-
to-Digital Converters (ADC) with 12 analog input channels,
details of which are available for the product datasheet.

In one aspect, the processor may comprise a safety
controller comprising two controller-based families such as
TMS570 and RM4x known under the trade name Hercules
ARM Cortex R4, also by Texas Instruments. The safety
controller may be configured specifically for IEC 61508 and
ISO 26262 safety critical applications, among others, to
provide advanced integrated safety features while delivering
scalable performance, connectivity, and memory options.

Modular devices include the modules (as described in
connection with FIG. 3, for example) that are receivable
within a surgical hub and the surgical devices or instruments
that can be connected to the various modules in order to
connect or pair with the corresponding surgical hub. The
modular devices include, for example, intelligent surgical
instruments, medical imaging devices, suction/irrigation
devices, smoke evacuators, energy generators, ventilators,
insufflators, and displays. The modular devices described
herein can be controlled by control algorithms. The control
algorithms can be executed on the modular device itself, on
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the surgical hub to which the particular modular device is
paired, or on both the modular device and the surgical hub
(e.g., via a distributed computing architecture). In some
exemplifications, the modular devices’ control algorithms
control the devices based on data sensed by the modular
device itself (i.e., by sensors in, on, or connected to the
modular device). This data can be related to the patient being
operated on (e.g., tissue properties or insufflation pressure)
or the modular device itself (e.g., the rate at which a knife
is being advanced, motor current, or energy levels). For
example, a control algorithm for a surgical stapling and
cutting instrument can control the rate at which the instru-
ment’s motor drives its knife through tissue according to
resistance encountered by the knife as it advances.

FIG. 4 illustrates one form of a surgical system 2200
comprising a modular energy system 2000 and various
surgical instruments 2204, 2206, 2208 usable therewith,
where the surgical instrument 2204 is an ultrasonic surgical
instrument, the surgical instrument 2206 is an RF electro-
surgical instrument, and the multifunction surgical instru-
ment 2208 is a combination ultrasonic/RF electrosurgical
instrument. The modular energy system 2000 is configurable
for use with a variety of surgical instruments. According to
various forms, the modular energy system 2000 may be
configurable for use with different surgical instruments of
different types including, for example, ultrasonic surgical
instruments 2204, RF electrosurgical instruments 2206, and
multifunction surgical instruments 2208 that integrate RF
and ultrasonic energies delivered individually or simultane-
ously from the modular energy system 2000. Although in the
form of FIG. 4 the modular energy system 2000 is shown
separate from the surgical instruments 2204, 2206, 2208 in
one form, the modular energy system 2000 may be formed
integrally with any of the surgical instruments 2204, 2206,
2208 to form a unitary surgical system. The modular energy
system 2000 may be configured for wired or wireless
communication.

The modular energy system 2000 is configured to drive
multiple surgical instruments 2204, 2206, 2208. The first
surgical instrument is an ultrasonic surgical instrument 2204
and comprises a handpiece 2205 (HP), an ultrasonic trans-
ducer 2220, a shaft 2226, and an end effector 2222. The end
effector 2222 comprises an ultrasonic blade 2228 acousti-
cally coupled to the ultrasonic transducer 2220 and a clamp
arm 2240. The handpiece 2205 comprises a trigger 2243 to
operate the clamp arm 2240 and a combination of the toggle
buttons 2234a, 2234b, 2234c¢ to energize and drive the
ultrasonic blade 2228 or other function. The toggle buttons
2234a, 2234b, 2234c¢ can be configured to energize the
ultrasonic transducer 2220 with the modular energy system
2000.

The modular energy system 2000 also is configured to
drive a second surgical instrument 2206. The second surgi-
cal instrument 2206 is an RF electrosurgical instrument and
comprises a handpiece 2207 (HP), a shaft 2227, and an end
effector 2224. The end effector 2224 comprises electrodes in
clamp arms 2242a, 2242b and return through an electrical
conductor portion of the shaft 2227. The electrodes are
coupled to and energized by a bipolar energy source within
the modular energy system 2000. The handpiece 2207
comprises a trigger 2245 to operate the clamp arms 2242a,
2242b and an energy button 2235 to actuate an energy
switch to energize the electrodes in the end effector 2224.

The modular energy system 2000 also is configured to
drive a multifunction surgical instrument 2208. The multi-
function surgical instrument 2208 comprises a handpiece
2209 (HP), a shaft 2229, and an end effector 2225. The end
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effector 2225 comprises an ultrasonic blade 2249 and a
clamp arm 2246. The ultrasonic blade 2249 is acoustically
coupled to the ultrasonic transducer 2220. The ultrasonic
transducer 2220 may be separable from or integral to the
handpiece 2209. The handpiece 2209 comprises a trigger
2247 to operate the clamp arm 2246 and a combination of
the toggle buttons 2237a, 2237, 2237¢ to energize and
drive the ultrasonic blade 2249 or other function. The toggle
buttons 22374, 22375, 2237¢ can be configured to energize
the ultrasonic transducer 2220 with the modular energy
system 2000 and energize the ultrasonic blade 2249 with a
bipolar energy source also contained within the modular
energy system 2000.

The modular energy system 2000 is configurable for use
with a variety of surgical instruments. According to various
forms, the modular energy system 2000 may be configurable
for use with different surgical instruments of different types
including, for example, the ultrasonic surgical instrument
2204, the RF electrosurgical instrument 2206, and the mul-
tifunction surgical instrument 2208 that integrates RF and
ultrasonic energies delivered individually or simultaneously
from the modular energy system 2000. Although in the form
of FIG. 4 the modular energy system 2000 is shown separate
from the surgical instruments 2204, 2206, 2208, in another
form the modular energy system 2000 may be formed
integrally with any one of the surgical instruments 2204,
2206, 2208 to form a unitary surgical system. Further
aspects of generators for digitally generating electrical sig-
nal waveforms and surgical instruments are described in
U.S. Patent Application Publication No. 2017-0086914,
which is herein incorporated by reference in its entirety.

Situational Awareness

Although an “intelligent” device including control algo-
rithms that respond to sensed data can be an improvement
over a “dumb” device that operates without accounting for
sensed data, some sensed data can be incomplete or incon-
clusive when considered in isolation, i.e., without the con-
text of the type of surgical procedure being performed or the
type of tissue that is being operated on. Without knowing the
procedural context (e.g., knowing the type of tissue being
operated on or the type of procedure being performed), the
control algorithm may control the modular device incor-
rectly or sub optimally given the particular context-free
sensed data. For example, the optimal manner for a control
algorithm to control a surgical instrument in response to a
particular sensed parameter can vary according to the par-
ticular tissue type being operated on. This is due to the fact
that different tissue types have different properties (e.g.,
resistance to tearing) and thus respond differently to actions
taken by surgical instruments. Therefore, it may be desirable
for a surgical instrument to take different actions even when
the same measurement for a particular parameter is sensed.
As one specific example, the optimal manner in which to
control a surgical stapling and cutting instrument in response
to the instrument sensing an unexpectedly high force to
close its end effector will vary depending upon whether the
tissue type is susceptible or resistant to tearing. For tissues
that are susceptible to tearing, such as lung tissue, the
instrument’s control algorithm would optimally ramp down
the motor in response to an unexpectedly high force to close
to avoid tearing the tissue. For tissues that are resistant to
tearing, such as stomach tissue, the instrument’s control
algorithm would optimally ramp up the motor in response to
an unexpectedly high force to close to ensure that the end
effector is clamped properly on the tissue. Without knowing



US 12,040,749 B2

17

whether lung or stomach tissue has been clamped, the
control algorithm may make a suboptimal decision.

One solution utilizes a surgical hub including a system
that is configured to derive information about the surgical
procedure being performed based on data received from
various data sources and then control the paired modular
devices accordingly. In other words, the surgical hub is
configured to infer information about the surgical procedure
from received data and then control the modular devices
paired to the surgical hub based upon the inferred context of
the surgical procedure. FIG. 5 illustrates a diagram of a
situationally aware surgical system 2300, in accordance with
at least one aspect of the present disclosure. In some
exemplifications, the data sources 2326 include, for
example, the modular devices 2302 (which can include
sensors configured to detect parameters associated with the
patient and/or the modular device itself), databases 2322
(e.g., an EMR database containing patient records), and
patient monitoring devices 2324 (e.g., a blood pressure (BP)
monitor and an electrocardiography (EKG) monitor). The
surgical hub 2304 can be configured to derive the contextual
information pertaining to the surgical procedure from the
data based upon, for example, the particular combination(s)
of received data or the particular order in which the data is
received from the data sources 2326. The contextual infor-
mation inferred from the received data can include, for
example, the type of surgical procedure being performed,
the particular step of the surgical procedure that the surgeon
is performing, the type of tissue being operated on, or the
body cavity that is the subject of the procedure. This ability
by some aspects of the surgical hub 2304 to derive or infer
information related to the surgical procedure from received
data can be referred to as “situational awareness.” In one
exemplification, the surgical hub 2304 can incorporate a
situational awareness system, which is the hardware and/or
programming associated with the surgical hub 2304 that
derives contextual information pertaining to the surgical
procedure from the received data.

The situational awareness system of the surgical hub 2304
can be configured to derive the contextual information from
the data received from the data sources 2326 in a variety of
different ways. In one exemplification, the situational aware-
ness system includes a pattern recognition system, or
machine learning system (e.g., an artificial neural network),
that has been trained on training data to correlate various
inputs (e.g., data from databases 2322, patient monitoring
devices 2324, and/or modular devices 2302) to correspond-
ing contextual information regarding a surgical procedure.
In other words, a machine learning system can be trained to
accurately derive contextual information regarding a surgi-
cal procedure from the provided inputs. In another exem-
plification, the situational awareness system can include a
lookup table storing pre-characterized contextual informa-
tion regarding a surgical procedure in association with one
or more inputs (or ranges of inputs) corresponding to the
contextual information. In response to a query with one or
more inputs, the lookup table can return the corresponding
contextual information for the situational awareness system
for controlling the modular devices 2302. In one exempli-
fication, the contextual information received by the situ-
ational awareness system of the surgical hub 2304 is asso-
ciated with a particular control adjustment or set of control
adjustments for one or more modular devices 2302. In
another exemplification, the situational awareness system
includes a further machine learning system, lookup table, or
other such system, which generates or retrieves one or more
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control adjustments for one or more modular devices 2302
when provided the contextual information as input.

A surgical hub 2304 incorporating a situational awareness
system provides a number of benefits for the surgical system
2300. One benefit includes improving the interpretation of
sensed and collected data, which would in turn improve the
processing accuracy and/or the usage of the data during the
course of a surgical procedure. To return to a previous
example, a situationally aware surgical hub 2304 could
determine what type of tissue was being operated on;
therefore, when an unexpectedly high force to close the
surgical instrument’s end effector is detected, the situation-
ally aware surgical hub 2304 could correctly ramp up or
ramp down the motor of the surgical instrument for the type
of tissue.

As another example, the type of tissue being operated can
affect the adjustments that are made to the compression rate
and load thresholds of a surgical stapling and cutting instru-
ment for a particular tissue gap measurement. A situationally
aware surgical hub 2304 could infer whether a surgical
procedure being performed is a thoracic or an abdominal
procedure, allowing the surgical hub 2304 to determine
whether the tissue clamped by an end effector of the surgical
stapling and cutting instrument is lung (for a thoracic
procedure) or stomach (for an abdominal procedure) tissue.
The surgical hub 2304 could then adjust the compression
rate and load thresholds of the surgical stapling and cutting
instrument appropriately for the type of tissue.

As yet another example, the type of body cavity being
operated in during an insufflation procedure can affect the
function of a smoke evacuator. A situationally aware surgical
hub 2304 could determine whether the surgical site is under
pressure (by determining that the surgical procedure is
utilizing insufflation) and determine the procedure type. As
a procedure type is generally performed in a specific body
cavity, the surgical hub 2304 could then control the motor
rate of the smoke evacuator appropriately for the body
cavity being operated in. Thus, a situationally aware surgical
hub 2304 could provide a consistent amount of smoke
evacuation for both thoracic and abdominal procedures.

As yet another example, the type of procedure being
performed can affect the optimal energy level at which an
ultrasonic surgical instrument or radio frequency (RF) elec-
trosurgical instrument operates. Arthroscopic procedures,
for example, require higher energy levels because the end
effector of the ultrasonic surgical instrument or RF electro-
surgical instrument is immersed in fluid. A situationally
aware surgical hub 2304 could determine whether the sur-
gical procedure is an arthroscopic procedure. The surgical
hub 2304 could then adjust the RF power level or the
ultrasonic amplitude of the generator (i.e., “energy level”) to
compensate for the fluid filled environment. Relatedly, the
type of tissue being operated on can affect the optimal
energy level for an ultrasonic surgical instrument or RF
electrosurgical instrument to operate at. A situationally
aware surgical hub 2304 could determine what type of
surgical procedure is being performed and then customize
the energy level for the ultrasonic surgical instrument or RF
electrosurgical instrument, respectively, according to the
expected tissue profile for the surgical procedure. Further-
more, a situationally aware surgical hub 2304 can be con-
figured to adjust the energy level for the ultrasonic surgical
instrument or RF electrosurgical instrument throughout the
course of a surgical procedure, rather than just on a proce-
dure-by-procedure basis. A situationally aware surgical hub
2304 could determine what step of the surgical procedure is
being performed or will subsequently be performed and then
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update the control algorithms for the generator and/or ultra-
sonic surgical instrument or RF electrosurgical instrument to
set the energy level at a value appropriate for the expected
tissue type according to the surgical procedure step.

As yet another example, data can be drawn from addi-
tional data sources 2326 to improve the conclusions that the
surgical hub 2304 draws from one data source 2326. A
situationally aware surgical hub 2304 could augment data
that it receives from the modular devices 2302 with contex-
tual information that it has built up regarding the surgical
procedure from other data sources 2326. For example, a
situationally aware surgical hub 2304 can be configured to
determine whether hemostasis has occurred (i.e., whether
bleeding at a surgical site has stopped) according to video or
image data received from a medical imaging device. How-
ever, in some cases the video or image data can be incon-
clusive. Therefore, in one exemplification, the surgical hub
2304 can be further configured to compare a physiologic
measurement (e.g., blood pressure sensed by a BP monitor
communicably connected to the surgical hub 2304) with the
visual or image data of hemostasis (e.g., from a medical
imaging device 124 (FIG. 2) communicably coupled to the
surgical hub 2304) to make a determination on the integrity
of the staple line or tissue weld. In other words, the situ-
ational awareness system of the surgical hub 2304 can
consider the physiological measurement data to provide
additional context in analyzing the visualization data. The
additional context can be useful when the visualization data
may be inconclusive or incomplete on its own.

Another benefit includes proactively and automatically
controlling the paired modular devices 2302 according to the
particular step of the surgical procedure that is being per-
formed to reduce the number of times that medical personnel
are required to interact with or control the surgical system
2300 during the course of a surgical procedure. For example,
a situationally aware surgical hub 2304 could proactively
activate the generator to which an RF electrosurgical instru-
ment is connected if it determines that a subsequent step of
the procedure requires the use of the instrument. Proactively
activating the energy source allows the instrument to be
ready for use a soon as the preceding step of the procedure
is completed.

As another example, a situationally aware surgical hub
2304 could determine whether the current or subsequent step
of the surgical procedure requires a different view or degree
of magnification on the display according to the feature(s) at
the surgical site that the surgeon is expected to need to view.
The surgical hub 2304 could then proactively change the
displayed view (supplied by, e.g., a medical imaging device
for the visualization system 108) accordingly so that the
display automatically adjusts throughout the surgical proce-
dure.

As yet another example, a situationally aware surgical hub
2304 could determine which step of the surgical procedure
is being performed or will subsequently be performed and
whether particular data or comparisons between data will be
required for that step of the surgical procedure. The surgical
hub 2304 can be configured to automatically call up data
screens based upon the step of the surgical procedure being
performed, without waiting for the surgeon to ask for the
particular information.

Another benefit includes checking for errors during the
setup of the surgical procedure or during the course of the
surgical procedure. For example, a situationally aware sur-
gical hub 2304 could determine whether the operating
theater is setup properly or optimally for the surgical pro-
cedure to be performed. The surgical hub 2304 can be
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configured to determine the type of surgical procedure being
performed, retrieve the corresponding checklists, product
location, or setup needs (e.g., from a memory), and then
compare the current operating theater layout to the standard
layout for the type of surgical procedure that the surgical hub
2304 determines is being performed. In one exemplification,
the surgical hub 2304 can be configured to compare the list
of items for the procedure (scanned by a scanner, for
example) and/or a list of devices paired with the surgical hub
2304 to a recommended or anticipated manifest of items
and/or devices for the given surgical procedure. If there are
any discontinuities between the lists, the surgical hub 2304
can be configured to provide an alert indicating that a
particular modular device 2302, patient monitoring device
2324, and/or other surgical item is missing. In one exem-
plification, the surgical hub 2304 can be configured to
determine the relative distance or position of the modular
devices 2302 and patient monitoring devices 2324 via
proximity sensors, for example. The surgical hub 2304 can
compare the relative positions of the devices to a recom-
mended or anticipated layout for the particular surgical
procedure. If there are any discontinuities between the
layouts, the surgical hub 2304 can be configured to provide
an alert indicating that the current layout for the surgical
procedure deviates from the recommended layout.

As another example, a situationally aware surgical hub
2304 could determine whether the surgeon (or other medical
personnel) was making an error or otherwise deviating from
the expected course of action during the course of a surgical
procedure. For example, the surgical hub 2304 can be
configured to determine the type of surgical procedure being
performed, retrieve the corresponding list of steps or order
of equipment usage (e.g., from a memory), and then com-
pare the steps being performed or the equipment being used
during the course of the surgical procedure to the expected
steps or equipment for the type of surgical procedure that the
surgical hub 2304 determined is being performed. In one
exemplification, the surgical hub 2304 can be configured to
provide an alert indicating that an unexpected action is being
performed or an unexpected device is being utilized at the
particular step in the surgical procedure.

Overall, the situational awareness system for the surgical
hub 2304 improves surgical procedure outcomes by adjust-
ing the surgical instruments (and other modular devices
2302) for the particular context of each surgical procedure
(such as adjusting to different tissue types) and validating
actions during a surgical procedure. The situational aware-
ness system also improves surgeons’ efficiency in perform-
ing surgical procedures by automatically suggesting next
steps, providing data, and adjusting displays and other
modular devices 2302 in the surgical theater according to the
specific context of the procedure.

Modular Energy System

ORs everywhere in the world are a tangled web of cords,
devices, and people due to the amount of equipment required
to perform surgical procedures. Surgical capital equipment
tends to be a major contributor to this issue because most
surgical capital equipment performs a single, specialized
task. Due to their specialized nature and the surgeons’ needs
to utilize multiple different types of devices during the
course of a single surgical procedure, an OR may be forced
to be stocked with two or even more pieces of surgical
capital equipment, such as energy generators. Each of these
pieces of surgical capital equipment must be individually
plugged into a power source and may be connected to one
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or more other devices that are being passed between OR
personnel, creating a tangle of cords that must be navigated.
Another issue faced in modern ORs is that each of these
specialized pieces of surgical capital equipment has its own
user interface and must be independently controlled from the
other pieces of equipment within the OR. This creates
complexity in properly controlling multiple different devices
in connection with each other and forces users to be trained
on and memorize different types of user interfaces (which
may further change based upon the task or surgical proce-
dure being performed, in addition to changing between each
piece of capital equipment). This cumbersome, complex
process can necessitate the need for even more individuals
to be present within the OR and can create danger if multiple
devices are not properly controlled in tandem with each
other. Therefore, consolidating surgical capital equipment
technology into singular systems that are able to flexibly
address surgeons’ needs to reduce the footprint of surgical
capital equipment within ORs would simplify the user
experience, reduce the amount of clutter in ORs, and prevent
difficulties and dangers associated with simultaneously con-
trolling multiple pieces of capital equipment. Further, mak-
ing such systems expandable or customizable would allow
for new technology to be conveniently incorporated into
existing surgical systems, obviating the need to replace
entire surgical systems or for OR personnel to learn new user
interfaces or equipment controls with each new technology.

As described in FIGS. 1-3, a surgical hub 106 can be
configured to interchangeably receive a variety of modules,
which can in turn interface with surgical devices (e.g., a
surgical instrument or a smoke evacuator) or provide various
other functions (e.g., communications). In one aspect, a
surgical hub 106 can be embodied as a modular energy
system 2000, which is illustrated in connection with FIGS.
6-12. The modular energy system 2000 can include a variety
of different modules 2001 that are connectable together in a
stacked configuration. In one aspect, the modules 2001 can
be both physically and communicably coupled together
when stacked or otherwise connected together into a singu-
lar assembly. Further, the modules 2001 can be interchange-
ably connectable together in different combinations or
arrangements. In one aspect, each of the modules 2001 can
include a consistent or universal array of connectors dis-
posed along their upper and lower surfaces, thereby allow-
ing any module 2001 to be connected to another module
2001 in any arrangement (except that, in some aspects, a
particular module type, such as the header module 2002, can
be configured to serve as the uppermost module within the
stack, for example). In an alternative aspect, the modular
energy system 2000 can include a housing that is configured
to receive and retain the modules 2001, as is shown in FIG.
3. The modular energy system 2000 can also include a
variety of different components or accessories that are also
connectable to or otherwise associatable with the modules
2001. In another aspect, the modular energy system 2000
can be embodied as a generator module 140 (FIG. 3) of a
surgical hub 106. In yet another aspect, the modular energy
system 2000 can be a distinct system from a surgical hub
106. In such aspects, the modular energy system 2000 can be
communicably couplable to a surgical hub 206 for transmit-
ting and/or receiving data therebetween.

The modular energy system 2000 can be assembled from
a variety of different modules 2001, some examples of
which are illustrated in FIG. 6. Each of the different types of
modules 2001 can provide different functionality, thereby
allowing the modular energy system 2000 to be assembled
into different configurations to customize the functions and
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capabilities of the modular energy system 2000 by custom-
izing the modules 2001 that are included in each modular
energy system 2000. The modules 2001 of the modular
energy system 2000 can include, for example, a header
module 2002 (which can include a display screen 2006), an
energy module 2004, a technology module 2040, and a
visualization module 2042. In the depicted aspect, the
header module 2002 is configured to serve as the top or
uppermost module within the modular energy system stack
and can thus lack connectors along its top surface. In another
aspect, the header module 2002 can be configured to be
positioned at the bottom or the lowermost module within the
modular energy system stack and can thus lack connectors
along its bottom surface. In yet another aspect, the header
module 2002 can be configured to be positioned at an
intermediate position within the modular energy system
stack and can thus include connectors along both its bottom
and top surfaces. The header module 2002 can be configured
to control the system-wide settings of each module 2001 and
component connected thereto through physical controls
2011 thereon and/or a graphical user interface (GUI) 2008
rendered on the display screen 2006. Such settings could
include the activation of the modular energy system 2000,
the volume of alerts, the footswitch settings, the settings
icons, the appearance or configuration of the user interface,
the surgeon profile logged into the modular energy system
2000, and/or the type of surgical procedure being performed.
The header module 2002 can also be configured to provide
communications, processing, and/or power for the modules
2001 that are connected to the header module 2002. The
energy module 2004, which can also be referred to as a
generator module 140 (FIG. 3), can be configured to gen-
erate one or multiple energy modalities for driving electro-
surgical and/or ultrasonic surgical instruments connected
thereto. The technology module 2040 can be configured to
provide additional or expanded control algorithms (e.g.,
electrosurgical or ultrasonic control algorithms for control-
ling the energy output of the energy module 2004). The
visualization module 2042 can be configured to interface
with visualization devices (i.e., scopes) and accordingly
provide increased visualization capabilities.

The modular energy system 2000 can further include a
variety of accessories 2029 that are connectable to the
modules 2001 for controlling the functions thereof or that
are otherwise configured to work on conjunction with the
modular energy system 2000. The accessories 2029 can
include, for example, a single-pedal footswitch 2032, a
dual-pedal footswitch 2034, and a cart 2030 for supporting
the modular energy system 2000 thereon. The footswitches
2032, 2034 can be configured to control the activation or
function of particular energy modalities output by the energy
module 2004, for example.

By utilizing modular components, the depicted modular
energy system 2000 provides a surgical platform that grows
with the availability of technology and is customizable to the
needs of the facility and/or surgeons. Further, the modular
energy system 2000 supports combo devices (e.g., dual
electrosurgical and ultrasonic energy generators) and sup-
ports software-driven algorithms for customized tissue
effects. Still further, the surgical system architecture reduces
the capital footprint by combining multiple technologies
critical for surgery into a single system.

The various modular components utilizable in connection
with the modular energy system 2000 can include monopo-
lar energy generators, bipolar energy generators, dual elec-
trosurgical/ultrasonic energy generators, display screens,
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and various other modules and/or other components, some
of which are also described above in connection with FIGS.
1-3.

Referring now to FIG. 7A, the header module 2002 can,
in some aspects, include a display screen 2006 that renders
a GUI 2008 for relaying information regarding the modules
2001 connected to the header module 2002. In some aspects,
the GUI 2008 of the display screen 2006 can provide a
consolidated point of control of all of the modules 2001
making up the particular configuration of the modular
energy system 2000. Various aspects of the GUI 2008 are
discussed in fuller detail below in connection with FIG. 12.
In alternative aspects, the header module 2002 can lack the
display screen 2006 or the display screen 2006 can be
detachably connected to the housing 2010 of the header
module 2002. In such aspects, the header module 2002 can
be communicably couplable to an external system that is
configured to display the information generated by the
modules 2001 of the modular energy system 2000. For
example, in robotic surgical applications, the modular
energy system 2000 can be communicably couplable to a
robotic cart or robotic control console, which is configured
to display the information generated by the modular energy
system 2000 to the operator of the robotic surgical system.
As another example, the modular energy system 2000 can be
communicably couplable to a mobile display that can be
carried or secured to a surgical staff member for viewing
thereby. In yet another example, the modular energy system
2000 can be communicably couplable to a surgical hub 2100
or another computer system that can include a display 2104,
as is illustrated in FIG. 11. In aspects utilizing a user
interface that is separate from or otherwise distinct from the
modular energy system 2000, the user interface can be
wirelessly connectable with the modular energy system
2000 as a whole or one or more modules 2001 thereof such
that the user interface can display information from the
connected modules 2001 thereon.

Referring still to FIG. 7A, the energy module 2004 can
include a port assembly 2012 including a number of different
ports configured to deliver different energy modalities to
corresponding surgical instruments that are connectable
thereto. In the particular aspect illustrated in FIGS. 6-12, the
port assembly 2012 includes a bipolar port 2014, a first
monopolar port 20164, a second monopolar port 20165, a
neutral electrode port 2018 (to which a monopolar return
pad is connectable), and a combination energy port 2020.
However, this particular combination of ports is simply
provided for illustrative purposes and alternative combina-
tions of ports and/or energy modalities may be possible for
the port assembly 2012.

As noted above, the modular energy system 2000 can be
assembled into different configurations. Further, the differ-
ent configurations of the modular energy system 2000 can
also be utilizable for different surgical procedure types
and/or different tasks. For example, FIGS. 7A and 7B
illustrate a first illustrative configuration of the modular
energy system 2000 including a header module 2002 (in-
cluding a display screen 2006) and an energy module 2004
connected together. Such a configuration can be suitable for
laparoscopic and open surgical procedures, for example.

FIG. 8A illustrates a second illustrative configuration of
the modular energy system 2000 including a header module
2002 (including a display screen 2006), a first energy
module 20044, and a second energy module 20045 con-
nected together. By stacking two energy modules 2004a,
20045, the modular energy system 2000 can provide a pair
of port assemblies 2012a, 20125 for expanding the array of
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energy modalities deliverable by the modular energy system
2000 from the first configuration. The second configuration
of the modular energy system 2000 can accordingly accom-
modate more than one bipolar/monopolar electrosurgical
instrument, more than two bipolar/monopolar electrosurgi-
cal instruments, and so on. Such a configuration can be
suitable for particularly complex laparoscopic and open
surgical procedures. FIG. 8B illustrates a third illustrative
configuration that is similar to the second configuration,
except that the header module 2002 lacks a display screen
2006. This configuration can be suitable for robotic surgical
applications or mobile display applications, as noted above.

FIG. 9 illustrates a fourth illustrative configuration of the
modular energy system 2000 including a header module
2002 (including a display screen 2006), a first energy
module 2004a, a second energy module 20045, and a
technology module 2040 connected together. Such a con-
figuration can be suitable for surgical applications where
particularly complex or computation-intensive control algo-
rithms are required. Alternatively, the technology module
2040 can be a newly released module that supplements or
expands the capabilities of previously released modules
(such as the energy module 2004).

FIG. 10 illustrates a fifth illustrative configuration of the
modular energy system 2000 including a header module
2002 (including a display screen 2006), a first energy
module 2004a, a second energy module 20045, a technology
module 2040, and a visualization module 2042 connected
together. Such a configuration can be suitable for endoscopic
procedures by providing a dedicated surgical display 2044
for relaying the video feed from the scope coupled to the
visualization module 2042. It should be noted that the
configurations illustrated in FIGS. 7A-11 and described
above are provided simply to illustrate the various concepts
of the modular energy system 2000 and should not be
interpreted to limit the modular energy system 2000 to the
particular aforementioned configurations.

As noted above, the modular energy system 2000 can be
communicably couplable to an external system, such as a
surgical hub 2100 as illustrated in FIG. 11. Such external
systems can include a display screen 2104 for displaying a
visual feed from an endoscope (or a camera or another such
visualization device) and/or data from the modular energy
system 2000. Such external systems can also include a
computer system 2102 for performing calculations or oth-
erwise analyzing data generated or provided by the modular
energy system 2000, controlling the functions or modes of
the modular energy system 2000, and/or relaying data to a
cloud computing system or another computer system. Such
external systems could also coordinate actions between
multiple modular energy systems 2000 and/or other surgical
systems (e.g., a visualization system 108 and/or a robotic
system 110 as described in connection with FIGS. 1 and 2).

Referring now to FIG. 12, in some aspects, the header
module 2002 can include or support a display 2006 config-
ured for displaying a GUI 2008, as noted above. The display
screen 2006 can include a touchscreen for receiving input
from users in addition to displaying information. The con-
trols displayed on the GUI 2008 can correspond to the
module(s) 2001 that are connected to the header module
2002. In some aspects, different portions or areas of the GUI
2008 can correspond to particular modules 2001. For
example, a first portion or area of the GUI 2008 can
correspond to a first module and a second portion or area of
the GUI 2008 can correspond to a second module. As
different and/or additional modules 2001 are connected to
the modular energy system stack, the GUI 2008 can adjust
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to accommodate the different and/or additional controls for
each newly added module 2001 or remove controls for each
module 2001 that is removed. Each portion of the display
corresponding to a particular module connected to the
header module 2002 can display controls, data, user
prompts, and/or other information corresponding to that
module. For example, in FIG. 12, a first or upper portion
2052 of the depicted GUI 2008 displays controls and data
associated with an energy module 2004 that is connected to
the header module 2002. In particular, the first portion 2052
of the GUI 2008 for the energy module 2004 provides first
widget 2056a corresponding to the bipolar port 2014, a
second widget 20565 corresponding to the first monopolar
port 2016a, a third widget 2056c¢ corresponding to the
second monopolar port 20165, and a fourth widget 20564
corresponding to the combination energy port 2020. Each of
these widgets 2056a-d provides data related to its corre-
sponding port of the port assembly 2012 and controls for
controlling the modes and other features of the energy
modality delivered by the energy module 2004 through the
respective port of the port assembly 2012. For example, the
widgets 2056a-d can be configured to display the power
level of the surgical instrument connected to the respective
port, change the operational mode of the surgical instrument
connected to the respective port (e.g., change a surgical
instrument from a first power level to a second power level
and/or change a monopolar surgical instrument from a
“spray” mode to a “blend” mode), and so on.

In one aspect, the header module 2002 can include various
physical controls 2011 in addition to or in lieu of the GUI
2008. Such physical controls 2011 can include, for example,
a power button that controls the application of power to each
module 2001 that is connected to the header module 2002 in
the modular energy system 2000. Alternatively, the power
button can be displayed as part of the GUI 2008. Therefore,
the header module 2002 can serve as a single point of
contact and obviate the need to individually activate and
deactivate each individual module 2001 from which the
modular energy system 2000 is constructed.

In one aspect, the header module 2002 can display still
images, videos, animations, and/or information associated
with the surgical modules 2001 of which the modular energy
system 2000 is constructed or the surgical devices that are
communicably coupled to the modular energy system 2000.
The still images and/or videos displayed by the header
module 2002 can be received from an endoscope or another
visualization device that is communicably coupled to the
modular energy system 2000. The animations and/or infor-
mation of the GUI 2008 can be overlaid on or displayed
adjacent to the images or video feed.

In one aspect, the modules 2001 other than the header
module 2002 can be configured to likewise relay informa-
tion to users. For example, the energy module 2004 can
include light assemblies 2015 disposed about each of the
ports of the port assembly 2012. The light assemblies 2015
can be configured to relay information to the user regarding
the port according to their color or state (e.g., flashing). For
example, the light assemblies 2015 can change from a first
color to a second color when a plug is fully seated within the
respective port. In one aspect, the color or state of the light
assemblies 2015 can be controlled by the header module
2002. For example, the header module 2002 can cause the
light assembly 2015 of each port to display a color corre-
sponding to the color display for the port on the GUI 2008.

FIG. 13 is a block diagram of a stand-alone hub configu-
ration of a modular energy system 3000, in accordance with
at least one aspect of the present disclosure and FIG. 14 is
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a block diagram of a hub configuration of a modular energy
system 3000 integrated with a surgical control system 3010,
in accordance with at least one aspect of the present disclo-
sure. As depicted in FIGS. 13 and 14, the modular energy
system 3000 can be either utilized as stand-alone units or
integrated with a surgical control system 3010 that controls
and/or receives data from one or more surgical hub units. In
the examples illustrated in FIGS. 13 and 14, the integrated
header/UI module 3002 of the modular energy system 3000
includes a header module and a UI module integrated
together as a singular module. In other aspects, the header
module and the Ul module can be provided as separate
components that are communicatively coupled though a data
bus 3008.

As illustrated in FIG. 13, an example of a stand-alone
modular energy system 3000 includes an integrated header
module/user interface (UI) module 3002 coupled to an
energy module 3004. Power and data are transmitted
between the integrated header/Ul module 3002 and the
energy module 3004 through a power interface 3006 and a
data interface 3008. For example, the integrated header/UI
module 3002 can transmit various commands to the energy
module 3004 through the data interface 3008. Such com-
mands can be based on user inputs from the Ul. As a further
example, power may be transmitted to the energy module
3004 through the power interface 3006.

In FIG. 14, a surgical hub configuration includes a modu-
lar energy system 3000 integrated with a control system
3010 and an interface system 3022 for managing, among
other things, data and power transmission to and/or from the
modular energy system 3000. The modular energy system
depicted in FIG. 14 includes an integrated header module/UI
module 3002, a first energy module 3004, and a second
energy module 3012. In one example, a data transmission
pathway is established between the system control unit 3024
of the control system 3010 and the second energy module
3012 through the first energy module 3004 and the header/
UI module 3002 through a data interface 3008. In addition,
a power pathway extends between the integrated header/UI
module 3002 and the second energy module 3012 through
the first energy module 3004 through a power interface
3006. In other words, in one aspect, the first energy module
3004 is configured to function as a power and data interface
between the second energy module 3012 and the integrated
header/UI module 3002 through the power interface 3006
and the data interface 3008. This arrangement allows the
modular energy system 3000 to expand by seamlessly
connecting additional energy modules to energy modules
3004, 3012 that are already connected to the integrated
header/Ul module 3002 without the need for dedicated
power and energy interfaces within the integrated header/UI
module 3002.

The system control unit 3024, which may be referred to
herein as a control circuit, control logic, microprocessor,
microcontroller, logic, or FPGA, or various combinations
thereof, is coupled to the system interface 3022 via energy
interface 3026 and instrument communication interface
3028. The system interface 3022 is coupled to the first
energy module 3004 via a first energy interface 3014 and a
first instrument communication interface 3016. The system
interface 3022 is coupled to the second energy module 3012
via a second energy interface 3018 and a second instrument
communication interface 3020. As additional modules, such
as additional energy modules, are stacked in the modular
energy system 3000, additional energy and communications
interfaces are provided between the system interface 3022
and the additional modules.
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The energy modules 3004, 3012 are connectable to a hub
and can be configured to generate electrosurgical energy
(e.g., bipolar or monopolar), ultrasonic energy, or a combi-
nation thereof (referred to herein as an “advanced energy”
module) for a variety of energy surgical instruments. Gen-
erally, the energy modules 3004, 3012 include hardware/
software interfaces, an ultrasonic controller, an advanced
energy RF controller, bipolar RF controller, and control
algorithms executed by the controller that receives outputs
from the controller and controls the operation of the various
energy modules 3004, 3012 accordingly. In various aspects
of the present disclosure, the controllers described herein
may be implemented as a control circuit, control logic,
microprocessor, microcontroller, logic, or FPGA, or various
combinations thereof.

FIGS. 15-17 are block diagrams of various modular
energy systems connected together to form a hub, in accor-
dance with at least one aspect of the present disclosure.
FIGS. 15-17 depict various diagrams (e.g., circuit or control
diagrams) of hub modules. The modular energy system 3000
includes multiple energy modules 3004 (FIG. 16), 3012
(FIG. 17), a header module 3150 (FIG. 17), a Ul module
3030 (FIG. 15), and a communications module 3032 (FIG.
15), in accordance with at least one aspect of the present
disclosure. The Ul module 3030 includes a touch screen
3046 displaying various relevant information and various
user controls for controlling one or more parameters of the
modular energy system 3000. The Ul module 3030 is
attached to the top header module 3150, but is separately
housed so that it can be manipulated independently of the
header module 3150. For example, the Ul module 3030 can
be picked up by a user and/or reattached to the header
module 3150. Additionally, or alternatively, the Ul module
3030 can be slightly moved relative to the header module
3150 to adjust its position and/or orientation. For example,
the UI module 3030 can be tilted and/or rotated relative to
the header module 3150.

In some aspects, the various hub modules can include
light piping around the physical ports to communicate
instrument status and also connect on-screen elements to
corresponding instruments. Light piping is one example of
an illumination technique that may be employed to alert a
user to a status of a surgical instrument attached/connected
to a physical port. In one aspect, illuminating a physical port
with a particular light directs a user to connect a surgical
instrument to the physical port. In another example, illumi-
nating a physical port with a particular light alerts a user to
an error related an existing connection with a surgical
instrument.

Turning to FIG. 15, there is shown a block diagram of a
user interface (UI) module 3030 coupled to a communica-
tions module 3032 via a pass-through hub connector 3034,
in accordance with at least one aspect of the present disclo-
sure. The Ul module 3030 is provided as a separate com-
ponent from a header module 3150 (shown in FIG. 17) and
may be communicatively coupled to the header module
3150 via a communications module 3032, for example. In
one aspect, the Ul module 3030 can include a Ul processor
3040 that is configured to represent declarative visualiza-
tions and behaviors received from other connected modules,
as well as perform other centralized Ul functionality, such as
system configuration (e.g., language selection, module asso-
ciations, etc.). The UI processor 3040 can be, for example,
a processor or system on module (SOM) running a frame-
work such as Qt, NET WPE, Web server, or similar.

In the illustrated example, the UI module 3030 includes a
touchscreen 3046, a liquid crystal display 3048 (L.CD), and
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audio output 3052 (e.g., speaker, buzzer). The Ul processor
3040 is configured to receive touchscreen inputs from a
touch controller 3044 coupled between the touch screen
3046 and the UI processor 3040. The UI processor 3040 is
configured to output visual information to the LCD display
3048 and to output audio information the audio output 3052
via an audio amplifier 3050. The UI processor 3040 is
configured to interface to the communications module 3032
via a switch 3042 coupled to the pass-through hub connector
3034 to receive, process, and forward data from the source
device to the destination device and control data communi-
cation therebetween. DC power is supplied to the Ul module
3030 via DC/DC converter modules 3054. The DC power is
passed through the pass-through hub connector 3034 to the
communications module 3032 through the power bus 3006.
Data is passed through the pass-through hub connector 3034
to the communications module 3032 through the data bus
3008. Switches 3042, 3056 receive, process, and forward
data from the source device to the destination device.

Continuing with FIG. 15, the communications module
3032, as well as various surgical hubs and/or surgical
systems can include a gateway 3058 that is configured to
shuttle select traffic (i.e., data) between two disparate net-
works (e.g., an internal network and/or a hospital network)
that are running different protocols. The communications
module 3032 includes a first pass-through hub connector
3036 to couple the communications module 3032 to other
modules. In the illustrated example, the communications
module 3032 is coupled to the Ul module 3030. The
communications module 3032 is configured to couple to
other modules (e.g., energy modules) via a second pass-
through hub connector 3038 to couple the communications
module 3032 to other modules via a switch 3056 disposed
between the first and second pass-through hub connectors
3036, 3038 to receive, process, and forward data from the
source device to the destination device and control data
communication therebetween. The switch 3056 also is
coupled to a gateway 3058 to communicate information
between external communications ports and the Ul module
3030 and other connected modules. The gateway 3058 may
be coupled to various communications modules such as, for
example, an Ethernet module 3060 to communicate to a
hospital or other local network, a universal serial bus (USB)
module 3062, a WiFi module 3064, and a Bluetooth module
3066, among others. The communications modules may be
physical boards located within the communications module
3032 or may be a port to couple to remote communications
boards.

In some aspects, all of the modules (i.e., detachable
hardware) are controlled by a single Ul module 3030 that is
disposed on or integral to a header module. FIG. 17 shows
a stand alone header module 3150 to which the Ul module
3030 can be attached. FIGS. 13, 14, and 18 show an
integrated header/UI Module 3002. Returning now to FIG.
15, in various aspects, by consolidating all of the modules
into a single, responsive Ul module 3002, the system
provides a simpler way to control and monitor multiple
pieces of equipment at once. This approach drastically
reduces footprint and complexity in an operating room
(OR).

Turning to FIG. 16, there is shown a block diagram of an
energy module 3004, in accordance with at least one aspect
of the present disclosure. The communications module 3032
(FIG. 15) is coupled to the energy module 3004 via the
second pass-through hub connector 3038 of the communi-
cations module 3032 and a first pass-through hub connector
3074 of the energy module 3004. The energy module 3004
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may be coupled to other modules, such as a second energy
module 3012 shown in FIG. 17, via a second pass-through
hub connector 3078. Turning back to FIG. 16, a switch 3076
disposed between the first and second pass-through hub
connectors 3074, 3078 receives, processes, and forwards
data from the source device to the destination device and
controls data communication therebetween. Data is received
and transmitted through the data bus 3008. The energy
module 3032 includes a controller 3082 to control various
communications and processing functions of the energy
module 3004.

DC power is received and transmitted by the energy
module 3004 through the power bus 3006. The power bus
3006 is coupled to DC/DC converter modules 3138 to
supply power to adjustable regulators 3084, 3107 and iso-
lated DC/DC converter ports 3096, 3112, 3132.

In one aspect, the energy module 3004 can include an
ultrasonic wideband amplifier 3086, which in one aspect
may be a linear class H amplifier that is capable of gener-
ating arbitrary waveforms and drive harmonic transducers at
low total harmonic distortion (THD) levels. The ultrasonic
wideband amplifier 3086 is fed by a buck adjustable regu-
lator 3084 to maximize efficiency and controlled by the
controller 3082, which may be implemented as a digital
signal processor (DSP) via a direct digital synthesizer
(DDS), for example. The DDS can either be embedded in the
DSP or implemented in the field-programmable gate array
(FPGA), for example. The controller 3082 controls the
ultrasonic wideband amplifier 3086 via a digital-to-analog
converter 3106 (DAC). The output of the ultrasonic wide-
band amplifier 3086 is fed to an ultrasonic power trans-
former 3088, which is coupled to an ultrasonic energy output
portion of an advanced energy receptacle 3100. Ultrasonic
voltage (V) and current (I) feedback (FB) signals, which
may be employed to compute ultrasonic impedance, are fed
back to the controller 3082 via an ultrasonic VI FB trans-
former 3092 through an input portion of the advanced
energy receptacle 3100. The ultrasonic voltage and current
feedback signals are routed back to the controller 3082
through an analog-to-digital converter 3102 (A/D). Also
coupled to the controller 3082 through the advanced energy
receptacle 3100 is the isolated DC/DC converter port 3096,
which receives DC power from the power bus 3006, and a
medium bandwidth data port 3098.

In one aspect, the energy module 3004 can include a
wideband RF power amplifier 3108, which in one aspect
may be a linear class H amplifier that is capable of gener-
ating arbitrary waveforms and drive RF loads at a range of
output frequencies. The wideband RF power amplifier 3108
is fed by an adjustable buck regulator 3107 to maximize
efficiency and controlled by the controller 3082, which may
be implemented as DSP via a DDS. The DDS can either be
embedded in the DSP or implemented in the FPGA, for
example. The controller 3082 controls the wideband RF
amplifier 3086 via a DAC 3122. The output of the wideband
RF power amplifier 3108 can be fed through RF selection
relays 3124. The RF selection relays 3124 are configured to
receive and selectively transmit the output signal of the
wideband RF power amplifier 3108 to various other com-
ponents of the energy module 3004. In one aspect, the output
signal of the wideband RF power amplifier 3108 can be fed
through RF selection relays 3124 to an RF power trans-
former 3110, which is coupled to an RF output portion of a
bipolar RF energy receptacle 3118. Bipolar RF voltage (V)
and current (I) feedback (FB) signals, which may be
employed to compute RF impedance, are fed back to the
controller 3082 via an RF VI FB transformer 3114 through
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an input portion of the bipolar RF energy receptacle 3118.
The RF voltage and current feedback signals are routed back
to the controller 3082 through an A/D 3120. Also coupled to
the controller 3082 through the bipolar RF energy receptacle
3118 is the isolated DC/DC converter port 3112, which
receives DC power from the power bus 3006, and a low
bandwidth data port 3116.

As described above, in one aspect, the energy module
3004 can include RF selection relays 3124 driven by the
controller 3082 (e.g., FPGA) at rated coil current for actua-
tion and can also be set to a lower hold-current via pulse-
width modulation (PWM) to limit steady-state power dissi-
pation. Switching of the RF selection relays 3124 is
achieved with force guided (safety) relays and the status of
the contact state is sensed by the controller 3082 as a
mitigation for any single fault conditions. In one aspect, the
RF selection relays 3124 are configured to be in a first state,
where an output RF signal received from an RF source, such
as the wideband RF power amplifier 3108, is transmitted to
a first component of the energy module 3004, such as the RF
power transformer 3110 of the bipolar energy receptacle
3118. In a second aspect, the RF selection relays 3124 are
configured to be in a second state, where an output RF signal
received from an RF source, such as the wideband RF power
amplifier 3108, is transmitted to a second component, such
as an RF power transformer 3128 of a monopolar energy
receptacle 3136, described in more detail below. In a general
aspect, the RF selection relays 3124 are configured to be
driven by the controller 3082 to switch between a plurality
of states, such as the first state and the second state, to
transmit the output RF signal received from the RF power
amplifier 3108 between different energy receptacles of the
energy module 3004.

As described above, the output of the wideband RF power
amplifier 3108 can also fed through the RF selection relays
3124 to the wideband RF power transformer 3128 of the RF
monopolar receptacle 3136. Monopolar RF voltage (V) and
current (I) feedback (FB) signals, which may be employed
to compute RF impedance, are fed back to the controller
3082 via an RF VI FB transformer 3130 through an input
portion of the monopolar RF energy receptacle 3136. The
RF voltage and current feedback signals are routed back to
the controller 3082 through an A/D 3126. Also coupled to
the controller 3082 through the monopolar RF energy recep-
tacle 3136 is the isolated DC/DC converter port 3132, which
receives DC power from the power bus 3006, and a low
bandwidth data port 3134.

The output of the wideband RF power amplifier 3108 can
also fed through the RF selection relays 3124 to the wide-
band RF power transformer 3090 of the advanced energy
receptacle 3100. RF voltage (V) and current (1) feedback
(FB) signals, which may be employed to compute RF
impedance, are fed back to the controller 3082 via an RF VI
FB transformer 3094 through an input portion of the
advanced energy receptacle 3100. The RF voltage and
current feedback signals are routed back to the controller
3082 through an A/D 3104.

FIG. 17 is a block diagram of a second energy module
3012 coupled to a header module 3150, in accordance with
at least one aspect of the present disclosure. The first energy
module 3004 shown in FIG. 16 is coupled to the second
energy module 3012 shown in FIG. 17 by coupling the
second pass-through hub connector 3078 of the first energy
module 3004 to a first pass-through hub connector 3074 of
the second energy module 3012. In one aspect, the second
energy module 3012 can a similar energy module to the first
energy module 3004, as is illustrated in FIG. 17. In another
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aspect, the second energy module 2012 can be a different
energy module compared to the first energy module, such as
an energy module illustrated in FIG. 19, described in more
detail. The addition of the second energy module 3012 to the
first energy module 3004 adds functionality to the modular
energy system 3000.

The second energy module 3012 is coupled to the header
module 3150 by connecting the pass-through hub connector
3078 to the pass-through hub connector 3152 of the header
module 3150. In one aspect, the header module 3150 can
include a header processor 3158 that is configured to man-
age a power button function 3166, software upgrades
through the upgrade USB module 3162, system time man-
agement, and gateway to external networks (i.e., hospital or
the cloud) via an Ethernet module 3164 that may be running
different protocols. Data is received by the header module
3150 through the pass-through hub connector 3152. The
header processor 3158 also is coupled to a switch 3160 to
receive, process, and forward data from the source device to
the destination device and control data communication ther-
ebetween. The header processor 3158 also is coupled to an
OTS power supply 3156 coupled to a mains power entry
module 3154.

FIG. 18 is a block diagram of a header/user interface (UI)
module 3002 for a hub, such as the header module depicted
in FIG. 15, in accordance with at least one aspect of the
present disclosure. The header/UI module 3002 includes a
header power module 3172, a header wireless module 3174,
a header USB module 3176, a header audio/screen module
3178, a header network module 3180 (e.g., Ethernet), a
backplane connector 3182, a header standby processor mod-
ule 3184, and a header footswitch module 3186. These
functional modules interact to provide the header/UI 3002
functionality. A header/UI controller 3170 controls each of
the functional modules and the communication therebe-
tween including safety critical control logic modules 3230,
3232 coupled between the header/UI controller 3170 and an
isolated communications module 3234 coupled to the header
footswitch module 3186. A security coprocessor 3188 is
coupled to the header/UI controller 3170.

The header power module 3172 includes a mains power
entry module 3190 coupled to an OTS power supply unit
3192 (PSU). Low voltage direct current (e.g., 5V) standby
power is supplied to the header/UI module 3002 and other
modules through a low voltage power bus 3198 from the
OTS PSU 3192. High voltage direct current (e.g., 60V) is
supplied to the header/UIl module 3002 through a high
voltage bus 3200 from the OTS PSU 3192. The high voltage
DC supplies DC/DC converter modules 3196 as well as
isolated DC/DC converter modules 3236. A standby proces-
sor 3204 of the header/standby module 3184 provides a
PSU/enable signal 3202 to the OTS PSU 3192.

The header wireless module 3174 includes a WiFi module
3212 and a Bluetooth module 3214. Both the WiFi module
3212 and the Bluetooth module 3214 are coupled to the
header/UI controller 3170. The Bluetooth module 3214 is
used to connect devices without using cables and the Wi-Fi
module 3212 provides high-speed access to networks such
as the Internet and can be employed to create a wireless
network that can link multiple devices such as, for examples,
multiple energy modules or other modules and surgical
instruments, among other devices located in the operating
room. Bluetooth is a wireless technology standard that is
used to exchange data over short distances, such as, less than
30 feet.

The header USB module 3176 includes a USB port 3216
coupled to the header/UI controller 3170. The USB module
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3176 provides a standard cable connection interface for
modules and other electronics devices over short-distance
digital data communications. The USB module 3176 allows
modules comprising USB devices to be connected to each
other with and transfer digital data over USB cables.

The header audio/screen module 3178 includes a touch-
screen 3220 coupled to a touch controller 3218. The touch
controller 3218 is coupled to the header/UI controller 3170
to read inputs from the touchscreen 3220. The header/UI
controller 3170 drives an LCD display 3224 through a
display/port video output signal 3222. The header/UI con-
troller 3170 is coupled to an audio amplifier 3226 to drive
one or more speakers 3228.

In one aspect, the header/UIl module 3002 provides a
touchscreen 3220 user interface configured to control mod-
ules connected to one control or header module 3002 in a
modular energy system 3000. The touchscreen 3220 can be
used to maintain a single point of access for the user to adjust
all modules connected within the modular energy system
3000. Additional hardware modules (e.g., a smoke evacua-
tion module) can appear at the bottom of the user interface
LCD display 3224 when they become connected to the
header/UI module 3002, and can disappear from the user
interface LCD display 3224 when they are disconnected
from the header/UI module 3002.

Further, the user touchscreen 3220 can provide access to
the settings of modules attached to the modular energy
system 3000. Further, the user interface LCD display 3224
arrangement can be configured to change according to the
number and types of modules that are connected to the
header/UI module 3002. For example, a first user interface
can be displayed on the LCD display 3224 for a first
application where one energy module and one smoke evacu-
ation module are connected to the header/UI module 3002,
and a second user interface can be displayed on the LCD
display 3224 for a second application where two energy
modules are connected to the header/Ul module 3002.
Further, the user interface can alter its display on the LCD
display 3224 as modules are connected and disconnected
from the modular energy system 3000.

In one aspect, the header/UI module 3002 provides a user
interface LCD display 3224 configured to display on the
LCD display coloring corresponds to the port lighting. In
one aspect, the coloring of the instrument panel and the LED
light around its corresponding port will be the same or
otherwise correspond with each other. Each color can, for
example, convey a unique meaning. This way, the user will
be able to quickly assess which instrument the indication is
referring to and the nature of the indication. Further, indi-
cations regarding an instrument can be represented by the
changing of color of the LED light lined around its corre-
sponding port and the coloring of its module. Still further,
the message on screen and hardware/software port align-
ment can also serve to convey that an action must be taken
on the hardware, not on the interface. In various aspects, all
other instruments can be used while alerts are occurring on
other instruments. This allows the user to be able to quickly
assess which instrument the indication is referring to and the
nature of the indication.

In one aspect, the header/UI module 3002 provides a user
interface screen configured to display on the LCD display
3224 to present procedure options to a user. In one aspect,
the user interface can be configured to present the user with
a series of options (which can be arranged, e.g., from broad
to specific). After each selection is made, the modular energy
system 3000 presents the next level until all selections are
complete. These settings could be managed locally and
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transferred via a secondary means (such as a USB thumb
drive). Alternatively, the settings could be managed via a
portal and automatically distributed to all connected systems
in the hospital.

The procedure options can include, for example, a list of
factory preset options categorized by specialty, procedure,
and type of procedure. Upon completing a user selection, the
header module can be configured to set any connected
instruments to factory-preset settings for that specific pro-
cedure. The procedure options can also include, for example,
a list of surgeons, then subsequently, the specialty, proce-
dure, and type. Once a user completes a selection, the system
may suggest the surgeon’s preferred instruments and set
those instrument’s settings according to the surgeon’s pref-
erence (i.e., a profile associated with each surgeon storing
the surgeon’s preferences).

In one aspect, the header/UI module 3002 provides a user
interface screen configured to display on the LCD display
3224 critical instrument settings. In one aspect, each instru-
ment panel displayed on the LCD display 3224 of the user
interface corresponds, in placement and content, to the
instruments plugged into the modular energy system 3000.
When a user taps on a panel, it can expand to reveal
additional settings and options for that specific instrument
and the rest of the screen can, for example, darken or
otherwise be de-emphasized.

In one aspect, the header/UI module 3002 provides an
instrument settings panel of the user interface configured to
comprise/display controls that are unique to an instrument
and allow the user to increase or decrease the intensity of its
output, toggle certain functions, pair it with system acces-
sories like a footswitch connected to header footswitch
module 3186, access advanced instrument settings, and find
additional information about the instrument. In one aspect,
the user can tap/select an “Advanced Settings™ control to
expand the advanced settings drawer displayed on the user
interface LCD display 3224. In one aspect, the user can then
tap/select an icon at the top right-hand corner of the instru-
ment settings panel or tap anywhere outside of the panel and
the panel will scale back down to its original state. In these
aspects, the user interface is configured to display on the
LCD display 3224 only the most critical instrument settings,
such as power level and power mode, on the ready/home
screen for each instrument panel. This is to maximize the
size and readability of the system from a distance. In some
aspects, the panels and the settings within can be scaled
proportionally to the number of instruments connected to the
system to further improve readability. As more instruments
are connected, the panels scale to accommodate a greater
amount of information.

The header network module 3180 includes a plurality of
network interfaces 3264, 3266, 3268 (e.g., Ethernet) to
network the header/UI module 3002 to other modules of the
modular energy system 3000. In the illustrated example, one
network interface 3264 may be a 3rd party network inter-
face, another network interface 3266 may be a hospital
network interface, and yet another network interface 3268
may be located on the backplane network interface connec-
tor 3182.

The header standby processor module 3184 includes a
standby processor 3204 coupled to an On/Off switch 3210.
The standby processor 3204 conducts an electrical continu-
ity test by checking to see if electrical current flows in a
continuity loop 3206. The continuity test is performed by
placing a small voltage across the continuity loop 3206. A
serial bus 3208 couples the standby processor 3204 to the
backplane connector 3182.
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The header footswitch module 3186 includes a controller
3240 coupled to a plurality of analog footswitch ports 3254,
3256, 3258 through a plurality of corresponding presence/ID
and switch state modules 3242, 3244, 3246, respectively.
The controller 3240 also is coupled to an accessory port
3260 via a presence/ID and switch state module 3248 and a
transceiver module 3250. The accessory port 3260 is pow-
ered by an accessory power module 3252. The controller
3240 is coupled to header/UI controller 3170 via an isolated
communication module 3234 and first and second safety
critical control modules 3230, 3232. The header footswitch
module 3186 also includes DC/DC converter modules 3238.

In one aspect, the header/UI module 3002 provides a user
interface screen configured to display on the LCD display
3224 for controlling a footswitch connected to any one of the
analog footswitch ports 3254, 3256, 3258. In some aspects,
when the user plugs in a non hand-activated instrument into
any one of the analog footswitch ports 3254, 3256, 3258, the
instrument panel appears with a warning icon next to the
footswitch icon. The instrument settings can be, for
example, greyed out, as the instrument cannot be activated
without a footswitch.

When the user plugs in a footswitch into any one of the
analog footswitch ports 3254, 3256, 3258, a pop-up appears
indicating that a footswitch has been assigned to that instru-
ment. The footswitch icon indicates that a footswitch has
been plugged in and assigned to the instrument. The user can
then tap/select on that icon to assign, reassign, unassign, or
otherwise change the settings associated with that foot-
switch. In these aspects, the system is configured to auto-
matically assign footswitches to non hand-activated instru-
ments using logic, which can further assign single or double-
pedal footswitches to the appropriate instrument. If the user
wants to assign/reassign footswitches manually there are
two flows that can be utilized.

In one aspect, the header/UIl module 3002 provides a
global footswitch button. Once the user taps on the global
footswitch icon (located in the upper right of the user
interface LCD display 3224), the footswitch assignment
overlay appears and the contents in the instrument modules
dim. A (e.g., photo-realistic) representation of each attached
footswitch (dual or single-pedal) appears on the bottom if
unassigned to an instrument or on the corresponding instru-
ment panel. Accordingly, the user can drag and drop these
illustrations into, and out of, the boxed icons in the foot-
switch assignment overlay to assign, unassign, and reassign
footswitches to their respective instruments.

In one aspect, the header/UI module 3002 provides a user
interface screen displayed on the LCD display 3224 indi-
cating footswitch auto-assignment, in accordance with at
least one aspect of the present disclosure. As discussed
above, the modular energy system 3000 can be configured to
auto-assign a footswitch to an instrument that does not have
hand activation. In some aspects, the header/Ul module
3002 can be configured to correlate the colors displayed on
the user interface LCD display 3224 to the lights on the
modules themselves as means of tracking physical ports
with user interface elements.

In one aspect, the header/UI module 3002 may be con-
figured to depict various applications of the user interface
with differing number of modules connected to the modular
energy system 3000. In various aspects, the overall layout or
proportion of the user interface elements displayed on the
LCD display 3224 can be based on the number and type of
instruments plugged into the header/UI module 3002. These
scalable graphics can provide the means to utilize more of
the screen for better visualization.
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In one aspect, the header/UI module 3002 may be con-
figured to depict a user interface screen on the LCD display
3224 to indicate which ports of the modules connected to the
modular energy system 3000 are active. In some aspects, the
header/UI module 3002 can be configured to illustrate active
versus inactive ports by highlighting active ports and dim-
ming inactive ports. In one aspect, ports can be represented
with color when active (e.g., monopolar tissue cut with
yellow, monopolar tissue coagulation with blue, bipolar
tissue cut with blue, advanced energy tissue cut with warm
white, and so on). Further, the displayed color will match the
color of the light piping around the ports. The coloring can
further indicate that the user cannot change settings of other
instruments while an instrument is active. As another
example, the header/UI module 3002 can be configured to
depict the bipolar, monopolar, and ultrasonic ports of a first
energy module as active and the monopolar ports of'a second
energy module as likewise active.

In one aspect, the header/UI module 3002 can be config-
ured to depict a user interface screen on the LCD display
3224 to display a global settings menu. In one aspect, the
header/UI module 3002 can be configured to display a menu
on the LCD display 3224 to control global settings across
any modules connected to the modular energy system 3000.
The global settings menu can be, for example, always
displayed in a consistent location (e.g., always available in
upper right hand corner of main screen).

In one aspect, the header/UI module 3002 can be config-
ured to depict a user interface screen on the LCD display
3224 configured to prevent changing of settings while a
surgical instrument is in use. In one example, the header/UI
module 3002 can be configured to prevent settings from
being changed via a displayed menu when a connected
instrument is active. The user interface screen can include,
for example, an area (e.g., the upper left hand corner) that is
reserved for indicating instrument activation while a settings
menu is open. In one aspect, a user has opened the bipolar
settings while monopolar coagulation is active. In one
aspect, the settings menu could then be used once the
activation is complete. In one aspect, the header/UI module
3002 can be is configured to never overlay any menus or
other information over the dedicated area for indicating
critical instrument information in order to maintain display
of critical information.

In one aspect, the header/UI module 3002 can be config-
ured to depict a user interface screen on the LCD display
3224 configured to display instrument errors. In one aspect,
instrument error warnings may be displayed on the instru-
ment panel itself, allowing user to continue to use other
instruments while a nurse troubleshoots the error. This
allows users to continue the surgery without the need to stop
the surgery to debug the instrument.

In one aspect, the header/UI module 3002 can be config-
ured to depict a user interface screen on the LCD display
3224 to display different modes or settings available for
various instruments. In various aspects, the header/UI mod-
ule 3002 can be configured to display settings menus that are
appropriate for the type or application of surgical
instrument(s) connected to the stack/hub. Each settings
menu can provide options for different power levels, energy
delivery profiles, and so on that are appropriate for the
particular instrument type. In one aspect, the header/UI
module 3002 can be configured to display different modes
available for bipolar, monopolar cut, and monopolar coagu-
lation applications.

In one aspect, the header/UI module 3002 can be config-
ured to depict a user interface screen on the LCD display
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3224 to display pre-selected settings. In one aspect, the
header/UI module 3002 can be configured to receive selec-
tions for the instrument/device settings before plugging in
instruments so that the modular energy system 3000 is ready
before the patient enters the operating room. In one aspect,
the user can simply click a port and then change the settings
for that port. In the depicted aspect, the selected port appears
as faded to indicate settings are set, but no instrument is
plugged into that port.

FIG. 19 is a block diagram of an energy module 3270 for
a hub, such as the energy module depicted in FIGS. 13, 14,
16, and 17, in accordance with at least one aspect of the
present disclosure. The energy module 3270 is configured to
couple to a header module, header/UI module, and other
energy modules via the first and second pass-through hub
connectors 3272, 3276. A switch 3076 disposed between the
first and second pass-through hub connectors 3272, 3276
receives, processes, and forwards data from the source
device to the destination device and controls data commu-
nication therebetween. Data is received and transmitted
through the data bus 3008. The energy module 3270
includes a controller 3082 to control various communica-
tions and processing functions of the energy module 3270.

DC power is received and transmitted by the energy
module 3270 through the power bus 3006. The power bus
3006 is coupled to the DC/DC converter modules 3138 to
supply power to adjustable regulators 3084, 3107 and iso-
lated DC/DC converter ports 3096, 3112, 3132.

In one aspect, the energy module 3270 can include an
ultrasonic wideband amplifier 3086, which in one aspect
may be a linear class H amplifier that is capable of gener-
ating arbitrary waveforms and drive harmonic transducers at
low total harmonic distortion (THD) levels. The ultrasonic
wideband amplifier 3086 is fed by a buck adjustable regu-
lator 3084 to maximize efficiency and controlled by the
controller 3082, which may be implemented as a digital
signal processor (DSP) via a direct digital synthesizer
(DDS), for example. The DDS can either be embedded in the
DSP or implemented in the field-programmable gate array
(FPGA), for example. The controller 3082 controls the
ultrasonic wideband amplifier 3086 via a digital-to-analog
converter 3106 (DAC). The output of the ultrasonic wide-
band amplifier 3086 is fed to an ultrasonic power trans-
former 3088, which is coupled to an ultrasonic energy output
portion of the advanced energy receptacle 3100. Ultrasonic
voltage (V) and current (I) feedback (FB) signals, which
may be employed to compute ultrasonic impedance, are fed
back to the controller 3082 via an ultrasonic VI FB trans-
former 3092 through an input portion of the advanced
energy receptacle 3100. The ultrasonic voltage and current
feedback signals are routed back to the controller 3082
through an analog multiplexer 3280 and a dual analog-to-
digital converter 3278 (A/D). In one aspect, the dual A/D
3278 has a sampling rate of 80 MSPS. Also coupled to the
controller 3082 through the advanced energy receptacle
3100 is the isolated DC/DC converter port 3096, which
receives DC power from the power bus 3006, and a medium
bandwidth data port 3098.

In one aspect, the energy module 3270 can include a
plurality of wideband RF power amplifiers 3108, 3286,
3288, among others, which in one aspect, each of the
wideband RF power amplifiers 3108, 3286, 3288 may be
linear class H amplifiers capable of generating arbitrary
waveforms and drive RF loads at a range of output frequen-
cies. Each of the wideband RF power amplifiers 3108, 3286,
3288 are fed by an adjustable buck regulator 3107 to
maximize efficiency and controlled by the controller 3082,



US 12,040,749 B2

37
which may be implemented as DSP via a DDS. The DDS can
either be embedded in the DSP or implemented in the FPGA,
for example. The controller 3082 controls the first wideband
RF power amplifier 3108 via a DAC 3122.

Unlike the energy modules 3004, 3012 shown and
described in FIGS. 16 and 17, the energy module 3270 does
not include RF selection relays configured to receive an RF
output signal from the adjustable buck regulator 3107. In
addition, unlike the energy modules 3004, 3012 shown and
described in FIGS. 16 and 17, the energy module 3270
includes a plurality of wideband RF power amplifiers 3108,
3286, 3288 instead of a single RF power amplifier. In one
aspect, the adjustable buck regulator 3107 can switch
between a plurality of states, in which the adjustable buck
regulator 3107 outputs an output RF signal to one of the
plurality of wideband RF power amplifiers 3108, 3286, 3288
connected thereto. The controller 3082 is configured to
switch the adjustable buck regulator 3107 between the
plurality of states. In a first state, the controller drives the
adjustable buck regulator 3107 to output an RF energy signal
to the first wideband RF power amplifier 3108. In a second
state, the controller drives the adjustable buck regulator
3107 to output an RF energy signal to the second wideband
RF power amplifier 3286. In a third state, the controller
drives the adjustable buck regulator 3107 to output an RF
energy signal to the third wideband RF power amplifier
3288.

The output of the first wideband RF power amplifier 3108
can be fed to an RF power transformer 3090, which is
coupled to an RF output portion of an advanced energy
receptacle 3100. RF voltage (V) and current (I) feedback
(FB) signals, which may be employed to compute RF
impedance, are fed back to the controller 3082 via RF VI FB
transformers 3094 through an input portion of the advanced
energy receptacle 3100. The RF voltage and current feed-
back signals are routed back to the controller 3082 through
the RF VI FB transformers 3094, which are coupled to an
analog multiplexer 3284 and a dual A/D 3282 coupled to the
controller 3082. In one aspect, the dual A/D 3282 has a
sampling rate of 80 MSPS.

The output of the second RF wideband power amplifier
3286 is fed through an RF power transformer 3128 of the RF
monopolar receptacle 3136. Monopolar RF voltage (V) and
current (I) feedback (FB) signals, which may be employed
to compute RF impedance, are fed back to the controller
3082 via RF VI FB transformers 3130 through an input
portion of the monopolar RF energy receptacle 3136. The
RF voltage and current feedback signals are routed back to
the controller 3082 through the analog multiplexer 3284 and
the dual A/D 3282. Also coupled to the controller 3082
through the monopolar RF energy receptacle 3136 is the
isolated DC/DC converter port 3132, which receives DC
power from the power bus 3006, and a low bandwidth data
port 3134.

The output of the third RF wideband power amplifier
3288 is fed through an RF power transformer 3110 of a
bipolar RF receptacle 3118. Bipolar RF voltage (V) and
current (1) feedback (FB) signals, which may be employed
to compute RF impedance, are fed back to the controller
3082 via RF VI FB transformers 3114 through an input
portion of the bipolar RF energy receptacle 3118. The RF
voltage and current feedback signals are routed back to the
controller 3082 through the analog multiplexer 3280 and the
dual A/D 3278. Also coupled to the controller 3082 through
the bipolar RF energy receptacle 3118 is the isolated DC/DC
converter port 3112, which receives DC power from the
power bus 3006, and a low bandwidth data port 3116.
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A contact monitor 3290 is coupled to an NE receptacle
3292. Power is fed to the NE receptacle 3292 from the
monopolar receptacle 3136.

In one aspect, with reference to FIGS. 13-19, the modular
energy system 3000 can be configured to detect instrument
presence in a receptacle 3100, 3118, 3136 via a photo-
interrupter, magnetic sensor, or other non-contact sensor
integrated into the receptacle 3100, 3118, 3136. This
approach prevents the necessity of allocating a dedicated
presence pin on the MTD connector to a single purpose and
instead allows multi-purpose functionality for MTD signal
pins 6-9 while continuously monitoring instrument pres-
ence.

In one aspect, with reference to FIGS. 13-19, the modules
of the modular energy system 3000 can include an optical
link allowing high speed communication (10-50 Mb/s)
across the patient isolation boundary. This link would carry
device communications, mitigation signals (watchdog, etc.),
and low bandwidth run-time data. In some aspects, the
optical link(s) will not contain real-time sampled data,
which can be done on the non-isolated side.

In one aspect, with reference to FIGS. 13-19, the modules
of the modular energy system 3000 can include a multi-
function circuit block which can: (i) read presence resistor
values via A/D and current source, (ii) communicate with
legacy instruments via hand switch Q protocols, (iii) com-
municate with instruments via local bus 1-Wire protocols,
and (iv) communicate with CAN FD-enabled surgical
instruments. When a surgical instrument is properly identi-
fied by an energy generator module, the relevant pin func-
tions and communications circuits are enabled, while the
other unused functions are disabled or disconnected and set
to a high impedance state.

In one aspect, with reference to FIGS. 13-19, the modules
of the modular energy system 3000 can include a pulse/
stimulation/auxiliary amplifier. This is a flexible-use ampli-
fier based on a full-bridge output and incorporates functional
isolation. This allows its differential output to be referenced
to any output connection on the applied part (except, in some
aspects, a monopolar active electrode). The amplifier output
can be either small signal linear (pulse/stim) with waveform
drive provided by a DAC or a square wave drive at moderate
output power for DC applications such as DC motors,
illumination, FET drive, etc. The output voltage and current
are sensed with functionally isolated voltage and current
feedback to provide accurate impedance and power mea-
surements to the FPGA. Paired with a CAN FD-enabled
instrument, this output can offer motor/motion control drive,
while position or velocity feedback is provided by the CAN
FD interface for closed loop control.

As described in greater detail herein, a modular energy
system comprises a header module and one or more func-
tional or surgical modules. In various instances, the modular
energy system is a modular energy system. In various
instances, the surgical modules include energy modules,
communication modules, user interface modules; however,
the surgical modules are envisioned to be any suitable type
of functional or surgical module for use with the modular
energy system.

Modular energy system offers many advantages in a
surgical procedure, as described above in connection with
the modular energy systems 2000 (FIGS. 6-12), 3000 (FIGS.
13-15). However, cable management and setup/teardown
time can be a significant deterrent. Various aspects of the
present disclosure provide a modular energy system with a
single power cable and a single power switch to control
startup and shutdown of the entire modular energy system,
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which obviated the need to individually activate and deac-
tivate each individual module from which the modular
energy system is constructed. Also, various aspects of the
present disclosure provide a modular energy system with
power management schemes that facilitate a safe and, in
some instances, concurrent delivery of power to the modules
of' a modular energy system.

In various aspects, as illustrated in FIG. 20, a modular
energy system 6000 that is similar in many respects to the
modular energy systems 2000 (FIGS. 6-12), 3000 (FIGS.
13-15). For the sake of brevity, various details of the
modular energy system 6000, which are similar to the
modular energy system 2000 and/or the modular energy
system 3000, are not repeated herein.

The modular energy system 6000 comprises a header
module 6002 and an “N” number of surgical modules 6004,
where “N” is an integer greater than or equal to one. In
various examples, the modular energy system 6000 includes
a Ul module such as, for example, the Ul module 3030
and/or a communication module such as, for example, the
communication module 3032. Furthermore, pass-through
hub connectors couple individual modules to one another in
a stack configuration. In the example of FIG. 20, the header
module 6002 is coupled to a surgical module 6004 via
pass-through hub connectors 6005, 6006.

The modular energy system 6000 comprises an example
power architecture that consists of a single AC/DC power
supply 6003 that provides power to all the surgical modules
in the stack. The AC/DC power supply 6003 is housed in the
header module 6002, and utilizes a power backplane 6008 to
distribute power to each module in the stack. The example
of FIG. 20 demonstrates three separate power domains on
the power backplane 6008: a primary power domain 6009,
a standby power domain 6010, and an Ethernet switch power
domain 6013.

In the example illustrated in FIG. 20, the power backplane
6008 extends from the header module 6002 through a
number of intermediate modules 6004 to a most bottom, or
farthest, module in the stack. In various aspects, the power
backplane 6008 is configured to deliver power to a surgical
module 6004 through one or more other surgical modules
6004 that are ahead of it in the stack. The surgical module
6004 receiving power from the header module 6002 can be
coupled to a surgical instrument or tool configured to deliver
therapeutic energy to a patient.

The primary power domain 6009 is the primary power
source for the functional module-specific circuits 6013,
6014, 6015 of the modules 6002, 6004. It consists of a single
voltage rail that is provided to every module. In at least one
example, a nominal voltage of 60V can be selected to be
higher than the local rails needed by any module, so that the
modules can exclusively implement buck regulation, which
is generally more efficient than boost regulation.

In various aspects, the primary power domain 6009 is
controlled by the header module 6002. In certain instances,
as illustrated in FIG. 20, a local power switch 6018 is
positioned on the header module 6002. In certain instances,
a remote on/off interface 6016 can be configured to control
a system power control 6017 on the header module 6002, for
example. In at least one example, the remote on/off interface
6016 is configured to transmit pulsed discrete commands
(separate commands for On and Off) and a power status
telemetry signal. In various instances, the primary power
domain 6009 is configured to distribute power to all the
modules in the stack configuration following a user-initiated
power-up.
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In various aspects, as illustrated in FIG. 21, the modules
of the modular energy system 6000 can be communicably
coupled to the header module 6002 and/or to each other via
a communication (Serial bus/Ethernet) interface 6040 such
that data or other information is shared by and between the
modules of which the modular energy system is constructed.
An Ethernet switch domain 6013 can be derived from the
primary power domain 6009, for example. The Ethernet
switch power domain 6013 is segregated into a separate
power domain, which is configured to power Ethernet
switches within each of the modules in the stack configu-
ration, so that the primary communications interface 6040
will remain alive when local power to a module is removed.
In at least one example, the primary communication inter-
face 6040 comprises a 1000BASE-T Ethernet network,
where each module represents a node on the network, and
each module downstream from the header module 6002
contains a 3-port Ethernet switch for routing traffic to the
local module or passing the data up or downstream as
appropriate.

Furthermore, in certain examples, the modular energy
system 6000 includes secondary, low speed, communication
interface between modules for critical, power related func-
tions including module power sequencing and module
power status. The secondary communications interface can,
for example, be a multi-drop Local Interconnect Network
(LIN), where the header module is the master and all
downstream modules are slaves.

In various aspects, as illustrated in FIG. 20, a standby
power domain 6010 is a separate output from the AC/DC
power supply 6003 that is always live when the supply is
connected to mains power 6020. The standby power domain
6010 is used by all the modules in the system to power
circuitry for a mitigated communications interface, and to
control the local power to each module. Further, the standby
power domain 6010 is configured to provide power to
circuitry that is critical in a standby mode such as, for
example, on/off command detection, status LEDs, secondary
communication bus, etc.

In various aspects, as illustrated in FIG. 20, the individual
surgical modules 6004 lack independent power supplies and,
as such, rely on the header module 6002 to supply power in
the stack configuration. Only the header module 6002 is
directly connected to the mains power 6020. The surgical
modules 6004 lack direct connections to the mains power
6020, and can receive power only in the stack configuration.
This arrangement improves the safety of the individual
surgical modules 6004, and reduces the overall footprint of
the modular energy system 6000. This arrangement further
reduces the number of cords required for proper operation of
the modular energy system 6000, which can reduce clutter
and footprint in the operating room.

Accordingly, a surgical instrument connected to surgical
modules 6004 of a modular energy system 6000, in the stack
configuration, receives therapeutic energy for tissue treat-
ment that is generated by the surgical module 6004 from
power delivered to the surgical module 6004 from the
AC/DC power supply 6003 of the header module 6002.

In at least one example, while a header module 6002 is
assembled in a stack configuration with a first surgical
module 6004', energy can flow from the AC/DC power
supply 6003 to the first surgical module 6004'. Further, while
a header module 6002 is assembled in a stack configuration
with a first surgical module 6004' (connected to the header
module 6002) and a second surgical module 6004" (con-
nected to the first surgical module 6004'), energy can flow



US 12,040,749 B2

41

from the AC/DC power supply 6003 to the second surgical
module 6004" through the first surgical module 6004'.

The energy generated by the AC/DC power supply 6003
of the header module 6002 is transmitted through a seg-
mented power backplane 6008 defined through the modular
energy system 6000. In the example of FIG. 20, the header
module 6002 houses a power backplane segment 6008', the
first surgical module 6004' houses a power backplane seg-
ment 6008", and the second surgical module 6004" houses
a power backplane segment 6008"™. The power backplane
segment 6008' is detachably coupled to the power backplane
segment 6008" in the stack configuration. Further, the power
backplane 6008" is detachably coupled to the power back-
plane segment 6008" in the stack configuration. Accord-
ingly, energy flows from the AC/DC power supply 6003 to
the power backplane segment 6008', then to the power
backplane segment 6008", and then to the power backplane
segment 6008™.

In the example of FIG. 20, the power backplane segment
6008' is detachably connected to the power backplane seg-
ment 6008" via pass-through hub connectors 6005, 6006 in
the stack configuration. Further, the power backplane seg-
ment 6008" is detachably connected to the power backplane
segment 6008 via pass-through hub connectors 6025, 6056
in the stack configuration. In certain instances, removing a
surgical module from the stack configuration severs its
connection to the power supply 6003. For example, sepa-
rating the second surgical module 6004" from the first
surgical module 6004' disconnects the power backplane
segment 6008 from the power backplane segment 6008".
However, the connection between the power backplane
segment 6008" and the power backplane segment 6008™
remains intact as long as the header module 6002 and the
first surgical module 6004' remain in the stack configuration.
Accordingly, energy can still flow to the first surgical
module 6004' after disconnecting the second surgical mod-
ule 6004" through the connection between the header mod-
ule 6002 and the first surgical module 6004'. Separating
connected modules can be achieved, in certain instances, by
simply pulling the surgical modules 6004 apart.

In the example of FIG. 20, each of the modules 6002,
6004 includes a mitigated module control 6023. The miti-
gated module controls 6023 are coupled to corresponding
local power regulation modules 6024 that are configured to
regulate power based on input from the mitigated module
controls 6023. In certain aspects, the mitigated module
controls 6023 allow the header module 6002 to indepen-
dently control the local power regulation modules 6024.

The modular energy system 6000 further includes a
mitigated communications interface 6021 that includes a
segmented communication backplane 6027 extending
between the mitigated module controls 6023. The seg-
mented communication backplane 6027 is similar in many
respects to the segmented power backplane 6008. Mitigated
Communication between the mitigated module controls
6023 of the header module 6002 and the surgical modules
6004 can be achieved through the segmented communica-
tion backplane 6027 defined through the modular energy
system 6000. In the example of FIG. 20, the header module
6002 houses a communication backplane segment 6027', the
first surgical module 6004' houses a communication back-
plane segment 6027", and the second surgical module 6004"
houses a communication backplane segment 6027". The
communication backplane segment 6027' is detachably
coupled to the communication backplane segment 6027" in
the stack configuration via the pass-through hub connectors
6005, 6006. Further, the communication backplane 6027" is
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detachably coupled to the communication backplane seg-
ment 6027" in the stack configuration via the pass-through
hub connectors 6025, 6026.

Although the example of FIG. 20 depicts a modular
energy system 6000 includes a header module 6002 and two
surgical modules 6004' 6004", this is not limiting. Modular
energy systems with more or less surgical modules are
contemplated by the present disclosure. In some aspects, the
modular energy system 6000 includes other modules such
as, for example, the communications module 3032 (FIG.
15). In some aspects, the header module 6502 supports a
display screen such as, for example, the display 2006 (FIG.
7A) that renders a GUI such as, for example, the GUI 2008
for relaying information regarding the modules connected to
the header module 6002. As described in greater detail in
connection with the example of FI1G. 15, in some aspects, the
GUI 2008 of the display screen 2006 can provide a consoli-
dated point of control all of the modules making up the
particular configuration of a modular energy system.

FIG. 21 depicts a simplified schematic diagram of the
modular energy system 6000, which illustrates a primary
communications interface 6040 between the header module
6002 and the surgical modules 6004. The primary commu-
nications interface 6040 communicably connects module
processors 6041, 6041', 6041" of the header module 6002
and the surgical modules 6004. Commands generated by the
module processor 6041 of the header module are transmitted
downstream to a desired functional surgical module via the
primary communications interface 6040. In certain
instances, the primary communications interface 6040 is
configured to establish a two-way communication pathway
between neighboring modules. In other instances, the pri-
mary communications interface 6040 is configured to estab-
lish a one-way communication pathway between neighbor-
ing modules.

Furthermore, the primary communications interface 6040
includes a segmented communication backplane 6031,
which is similar in many respects to the segmented power
backplane 6008. Communication between the header mod-
ule 6002 and the surgical modules 6004 can be achieved
through the segmented communication backplane 6031
defined through the modular energy system 6000. In the
example of FIG. 21, the header module 6002 houses a
communication backplane segment 6031, the first surgical
module 6004' houses a communication backplane segment
6031", and the second surgical module 6004" houses a
communication backplane segment 6031". The communi-
cation backplane segment 6031' is detachably coupled to the
communication backplane segment 6031" in the stack con-
figuration via the pass-through hub connectors 6005, 6006.
Further, the communication backplane 6031" is detachably
coupled to the communication backplane segment 6031" in
the stack configuration via the pass-through hub connectors
6025, 6026.

In at least one example, as illustrated in FIG. 21, the
primary communications interface 6040 is implemented
using the DDS framework running on a Gigabit Ethernet
interface. The module processors 6041, 6041', 6041" are
connected to Gigabit Ethernet Phy 6044, and Gigabit Eth-
ernet Switches 6042', 6042". In the example of FIG. 21, the
segmented communication backplane 6031 connects the
Gigabit Ethernet Phy 6044 and the Gigabit Ethernet
Switches 6042 of the neighboring modules.

In various aspects, as illustrated in FIG. 21, the header
module 6002 includes a separate Gigabit Ethernet Phy 6045
for an external communications interface 6043 with the
processor module 6041 of the header module 6002. In at
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least one example, the processor module 6041 of the header
module 6002 handles firewalls and information routing.

Referring to FIG. 20, the AC/DC power supply 6003 may
provide an AC Status signal 6011 that indicates a loss of AC
power supplied by the AC/DC power supply 6003. The AC
status signal 6011 can be provided to all the modules of the
modular energy system 6000 via the segmented power
backplane 6008 to allow each module as much time as
possible for a graceful shutdown, before primary output
power is lost. The AC status signal 6011 is received by the
module specific circuits 6013, 6014, 6015, for example. In
various examples, the system power control 6017 can be
configured to detect AC power loss. In at least one example,
the AC power loss is detected via one or more suitable
sensors.

Referring to FIGS. 20 and 21, to ensure that a local power
failure in one of the modules of the modular energy system
6000 does not disable the entire power bus, the primary
power input to all modules can be fused or a similar method
of current limiting can be used (e-fuse, circuit breaker, etc.).
Further, Ethernet switch power is segregated into a separate
power domain 6013 so that the primary communications
interface 6040 remains alive when local power to a module
is removed. In other words, primary power can be removed
and/or diverted from a surgical module without losing its
ability to communicate with other surgical modules 6004
and/or the header module 6002.

Dual Amplifier Techniques

Having described a general implementation the header
and modules of modular energy systems 2000, 3000, 6000,
the disclosure now turns to describe various aspects of other
modular energy systems. The other modular energy systems
are substantially similar to the modular energy system 2000,
the modular energy system 3000, and/or the modular energy
system 6000. For the sake of brevity, various details of the
other modular energy systems being described in the fol-
lowing sections, which are similar to the modular energy
system 2000, the modular energy system 3000, and/or the
modular energy system 6000, are not repeated herein. Any
aspect of the other modular energy systems described below
can be brought into the modular energy system 2000, the
modular energy system 3000, or the modular energy system
6000.

In various aspects, the present disclosure provides a
modular energy system comprising an energy module that
includes multiple power amplifiers to deliver different levels
of power to the output of the energy module. By way of
example and not limitation, high power high efficiency
switch-mode/flyback generators do not provide as many
power levels to adjust the waveform shape and frequency
content as a linear amplifier. In low power output applica-
tions, a wideband, linear bipolar amplifier, or similar ampli-
fier, may be employed to drive the output load of the
generator. Low power outputs are preferably in the range of
1 to 60 watts; more preferably in the range of 1 to 50 watts;
and still more preferably in the range of 1 to 40 watts.
Nominally, a low power output is about 35 watts. In high
power output applications, a resonant, non-linear switch-
mode/flyback type amplifier may be employed to drive the
output load of the generator. High power outputs are pref-
erably in the range of 20 to 400 watts; more preferably in the
range of 20 to 350 watts; and still more preferably in the
range of 41 to 300 watts. Nominally, a high power output is
about 150 watts. In accordance with one aspect of the
present disclosure, an energy module may employ a linear
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amplifier to drive a low power load coupled to the output of
the energy module and a non-linear power amplifier to drive
a high power load coupled to the output of the energy
module. In this manner, the energy module can produce a
150 watt output with manageable heat and within a prede-
termined power budget. For low power settings, a lower
efficiency power amplifier can still be within the power and
heat requirements of the energy module, and can provide
additional wave shaping capabilities.

In one aspect of the present disclosure, the switchover
from the low power amplifier to the high power amplifier
can be seamless to the user. In another aspect, a user
interface may indicate to the user which power amplifier
circuit is in use by the energy module and in another aspect
may enable the user to select the power amplifier circuit for
a predetermined electrosurgical instrument connected to a
port of the energy module that uses monopolar. Options
include using a resonant power amplifier (e.g., non-linear
power amplifier) for all power levels, or employ a wideband
power amplifier (e.g., linear power amplifier) to drive lower
power ranges and the resonant power amplifier to drive high
power ranges. In one aspect, the hardware implementation
of the wideband or resonant power amplifiers (e.g., circuits,
relays) may be enabled and optimized in the field via
software updates anytime.

In one aspect, the present disclosure provides dual power
amplifier techniques and methods to resolve the issue of
delivering highly refined waveforms in a majority of surgery
use cases and delivering high power in a minority of surgery
use cases with high efficiency as may be required by the
modular energy system 2000, 3000, 6000 thermal and power
budget. High power combined with low efficiency can
produce excessive heat or exceed the limits of the energy
module 2004, 3004, 6004, which is why the higher power
levels should be delivered from higher efficiency power
amplifier circuits, which provide the benefit of higher energy
efficiency, lower cost, and smaller size (e.g. volume, weight,
and space occupied on a printed circuit board assembly).
Lower efficiency power amplifier circuits include benefits
such as greater control over wave shape and making faster
and more accurate changes to the output signal. Most
surgical tasks are performed with low power settings, so this
approach covers the typical uses well.

The combination of high power and low efficiency in a
power amplifier can produce excessive heat or exceed the
limits of the energy module 2004, 3004, 6004. Therefore,
according to various aspect of the present disclosure, higher
power is delivered by a higher efficiency power amplifier
circuit with the tradeoft of providing less control over wave
shape whereas lower efficiency power amplifier circuits can
be used to deliver lower power with the advantage of
providing more control over wave shape. As shown in FIGS.
22, 23, 27, 28, 29 in one aspect, the present disclosure
provides modular energy systems 1000, 1100, 1190, 1193,
1196 comprising energy modules 1004, 1104, 1191, 1194,
1197 configured to deliver highly refined waveforms in low
power applications and high efficiency in high power appli-
cations as may be required for system thermal and power
budget. In one implementation, the energy modules 1004,
1104, 1191, 1194, 1197 are configured to employ at least two
power amplifiers and selecting a power amplifier based on
the required output power to be produced into a load coupled
to the energy modules 1004, 1104, 1191, 1194, 1197. The at
least two power amplifiers may be selected by switches,
such as relays, or selected using internal chip select features
of integrated power amplifiers, among other suitable tech-
niques as may be appreciated by those skilled in the art.
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It can be appreciated, that there can be other tradeoffs in
the selection of power amplifier circuits for the energy
modules 1004, 1104, 1191, 1194, 1197 besides efficiency.
For example, cost of components to realize a power ampli-
fier circuit providing greater control of waveshapes and
being capable of producing high power output in a load may
be prohibitive. For example, the total cost of providing at
least two power amplifier circuits described hereinbelow
with respect to FIGS. 22, 23, 27, 28, 29 can be lower than
the cost of using a single low power amplifier circuit
modified to produce high power in the load. According to
various aspects, the present disclosure provides a first power
amplifier having greater control over wave shape for low
power applications and a second power amplifier having less
control over wave shape for high power applications may be
implemented with moderate cost. The dual amplifier tech-
nique described herein provides at least a cost advantage,
among other advantages, over a single amplifier technique
that provides greater control over wave shape for low and
high power applications, but at a prohibitively high cost,
among other disadvantages.

Turning now to FIG. 22, there is shown a diagram of a
modular energy system 1000 comprising an energy module
1002 with dual power amplifiers, in accordance with at least
one aspect of the present disclosure. In some respects, the
modular energy system 1002 is similar to the modular
energy systems 2000, 3000, 6000 described hereinabove.
The header module 1002 of the modular energy system 1000
shown in FIG. 22, however, is coupled to an energy module
1004 comprising dual power amplifier circuits 1006, 1008 as
explained in the following description. In one aspect, the
first amplifier circuit 1006 may be characterized as having a
first power rating and the second amplifier circuit 1008 may
be characterized as having a second power rating. In one
aspect, the second power rating is greater than the first
power rating. The first or second power amplifier circuits
1006, 1008 may be selected by a controller 1082 based on
a desired power gain that is in the range of the power rating
of the first or second power amplifier circuit 1006, 1008. In
one aspect, the first power amplifier circuit 1006 can pro-
duce up to about 50 watts into a load 1040 coupled to the
energy output port 1010 and in one aspect, the second power
amplifier 1008 can produce from about 50 to about 150 watts
into a load 1040 coupled to the energy circuit output port
1010 of the energy module 1004. In one aspect, the first
power amplifier circuit 1006 may be a wideband (e.g.,
linear) power amplifier circuit as shown in FIG. 25, for
example, and the second power amplifier circuit 1008 may
be a resonant (e.g., non-linear) power amplifier circuit as
shown in FIG. 26, for example.

The energy module 1004 includes a controller 1082
configured to control various communications and process-
ing functions of the energy module 1004 and to generate a
digital signal waveform representation of the analog signal
waveform to be applied to the load 1040. The energy module
1004 can include a first power amplifier circuit 1006 and a
second power amplifier circuit 1008, among various con-
figurations of power amplifier circuits. In various aspects,
the first power amplifier circuit 1006 may be a wideband
(e.g., linear class) RF power amplifier circuit and the second
power amplifier circuit 1008 may be a resonant (non-linear
switch mode/flyback) RF power amplifier circuit such as, for
example, a flyback modulated switching RF power amplifier
circuit. Although the energy module 1004 shown in the
example of FIG. 22 comprises two power amplifier circuits
1006, 1008, it is contemplated within the scope of the
present disclosure that more than two power amplifier

10

15

20

25

30

35

40

45

50

55

60

65

46

circuits 1006, 1008 may be employed to accommodate a
variety of output power levels and efficiencies to deliver low
power with highly refined waveforms in low energy surgery
use cases and high power with high efficiency to mitigate
predetermined thermal and power budgets of the modular
energy system 1000 in high energy surgery use cases.

In one aspect, the controller 1082 is electrically connected
to a first switch 1012, which can be actuated and de-actuated
by a first switch select signal 1016 controlled by the con-
troller 1082. The first switch 1012 is disposed between the
controller 1082 and the first power amplifier circuit 1006. In
one aspect, the first switch 1012 couples the output of a
digital-to-analog converter 1022 (DAC) to the analog input
of'the first power amplifier circuit 1006 when the first switch
1012 is activated ON as controlled by the first switch select
signal 1016.

The controller 1082 is electrically connected to a second
switch 1004, which can be actuated and de-actuated by a
second switch select signal 1018. The second switch 1014 is
disposed between the controller 1082 and the second power
amplifier circuit 1008. In one aspect, the second switch 1014
may couple the output of the DAC 1022 to the input of the
second power amplifier circuit 1008 when the second switch
1014 is activated ON as controlled by the second switch
select signal 1018. In other aspects, as explained in the
description of FI1G. 26, a switching signal from the controller
1082 (or other microcontroller, computer, digital signal
processor, digital timing circuit) may be applied to the input
of the second power amplifier circuit 1008.

Those skilled in the art will appreciate that the first switch
1012 may be implemented as a RF selection relay controlled
by the first switch select signal 1016 provided by the
controller 1082. Similarly, those skilled in the art will
appreciate that the second switch 1014 also may be imple-
mented as a RF selection relay controlled by the second
switch select signal 1018 provided by the controller 1082. It
should be noted that when the first switch 1012 is ON, the
second switch 1014 is OFF such when the analog signal at
the analog output 1034 of the DAC 1022 is coupled to the
input 1036 of the first power amplifier circuit 1006, the input
1038 of the second power amplifier circuit 1008 is open.
Conversely, when the second switch 1014 is ON, the first
switch 1012 is OFF such that when the analog signal at the
analog output 1034 of the DAC 1022 is coupled to the input
1038 of the second power amplifier circuit 1008, the input
1036 of the first power amplifier circuit 1006 is open. In the
example shown in FIG. 22, both switches 1012, 1014 can be
in the OFF state at the same time, but both switches 1012,
1014, cannot be in the ON state at the same time. It is
contemplated, however, that in other aspects of the present
disclosure, the circuitry may be adapted and configured to
enable power blending between the first and second power
amplifier circuits 1006, 1008.

In one aspect, the controller 1082 of the energy module
1004 may be implemented as a microcontroller, computer,
digital timing circuit, or a digital signal processor (DSP) via
a direct digital synthesizer (DDS), for example. The DDS
can either be embedded in the DSP or implemented in a
field-programmable gate array (FPGA), for example. For
example, in one aspect, the controller 1082 is configured to
apply a digital waveform to the digital input 1032 of the
DAC 1002 and the analog signal at the analog output 1034
of the DAC 1022 to the input of either the first or second
power amplifier circuits 1006, 1008 as may be selected by
the controller 1082. In one aspect, the controller 1082 is
further configured to determine the waveshape in digital
form, input impedance (Z), current (1), power (P), voltage
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(V), and frequency (f) of the desired output signal 1024 of
the energy module 1004 to be applied to the load 1040. The
DAC 1022 converts the digital signal waveform segments to
an analog signal that is amplified by the first or second
power amplifier circuit 1006, 1008 based on the switch
select signals 1016, 1018 selected by the controller 1082.
The amplified signal waveform produced at the output 1024
of the first or second power amplifier circuit 1006, 1008 is
applied to a load 1040 coupled to the energy output port
1010 of the energy module 1004. The controller 1082 is
configured to define the digital waveform in the software
based on various parameters such, for example, curve shape,
input impedance (Z), current limit (i), power limit (p),
voltage limit (v), and frequency (f). The shape of the signal
waveform produced at the output 1024 of the first or second
power amplifier circuit 1006, 1008 may be defined by
multiple segments that may be loaded by the software to
generate a plurality of suitable waveshapes.

Prior to loading the digital waveform segments to the
digital input 1032 of the DAC 1022, the controller 1082
selects either the first or second power amplifier circuit
1006, 1008 by selecting the corresponding first or second
amplifier switch select signal 1016, 1018 to amplify the
analog signal at the analog output 1034 of the DAC 1022.
Once the characteristics of the output signal 1024 is deter-
mined by the controller 1082, such as waveshape, imped-
ance (Z), current (1), power (P), voltage (V), and frequency
(1), the controller 1082 selects either the first or second
power amplifier circuit 1006, 1008 and then loads the digital
signal to the digital input 1032 of the DAC 1022.

In one aspect, the energy output port 1010 of the energy
module 1004 provides the amplified output 1024 from the
first power amplifier circuit 1006. In another aspect, the
energy output 1010 of the energy module 1004 is the
amplified output 1024 from the second power amplifier
circuit 1008. For example, the energy output port 1010 of the
energy module 1004 provides the amplified output 1024 of
the first or second power amplifier circuit 1006, 1008
selected by the controller 1082 or selected by a user via the
user interface 1030.

FIG. 23 is a diagram of a modular energy system 1100
with dual power amplifiers, in accordance with at least one
aspect of the present disclosure. In some respects, the
modular energy system 1002 is similar to the modular
energy systems 1000, 2000, 3000, 6000 described herein-
above. The header module 1102 of the modular energy
system 1100 shown in FIG. 23, however, is coupled to an
energy module 1104 comprising dual power amplifiers 1106,
1108 as explained in the following description. The energy
module 1104 includes a controller 1182 configured to con-
trol various communications and processing functions of the
energy module 1104 and to generate a digital signal wave-
form representation of the analog signal waveform to be
applied to a load 1140 coupled to the energy output port 1110
of the energy module 1104. The energy module 1104 can
include a first power amplifier circuit 1106 and a second
power amplifier circuit 1108, among various configurations
of power amplifier circuits. In one aspect, the first power
amplifier circuit 1106 may be characterized as having a first
power rating and the second power amplifier circuit 1108
may be characterized as having a second power rating. In
one aspect, the second power rating is greater than the first
power rating. The first or second power amplifier circuit
1106, 1108 may be selected by a controller 1182 based on a
desired power gain that is in the range of the power rating
of the first or second power amplifier circuit 1106, 1108. In
one aspect, the first power amplifier circuit 1106 can produce
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up to about 50 watts into a load 1140 coupled to the energy
output port 1110 and in one aspect, the second power
amplifier circuit 1108 can produce from about 50 to about
150 watts into a load 1140 coupled to the energy output port
1110 of the energy module 1104. In one aspect, the first
power amplifier circuit 1106 may be a wideband (e.g.,
linear) power amplifier circuit as shown in FIG. 25, for
example, and the second power amplifier circuit 1108 may
be a resonant (e.g., non-linear) power amplifier circuit as
shown in FIG. 26.

The energy module 1104 includes a controller 1182
configured to control various communications and process-
ing functions of the energy module 1104 and to generate a
digital signal waveform representation of the analog signal
waveform to be applied to the load 1140. The energy module
1104 can include a first power amplifier circuit 1106 and a
second power amplifier circuit 1108, among various con-
figurations of power amplifier circuits. In various aspects,
the first power amplifier circuit 1106 may be a wideband
(e.g., linear class) RF power amplifier circuit and the second
power amplifier circuit 1108 may be a resonant (non-linear
switch mode/flyback) RF power amplifier circuit such as, for
example, a flyback modulated switching RF power amplifier
circuit. Although the energy module 1104 shown in the
example of FIG. 23 comprises two power amplifier circuits
1106, 1108, it is contemplated within the scope of the present
disclosure that more than two power amplifier circuits 1106,
1108 may be employed to accommodate a variety of output
power levels and efficiencies to deliver low power with
highly refined waveforms in low energy surgery use cases
and high power with high efficiency to mitigate predeter-
mined thermal and power budgets of the modular energy
system 1100 in high energy surgery use cases.

In one aspect, the controller 1182 is electrically connected
to a first power amplifier circuit 1106 that may be selected
by a first amplifier select signal 1116 by the controller 1182.
The controller 1182 also is electrically connected to a second
power amplifier circuit 1108 that may be selected by a
second amplifier select signal 1118 by the controller 1182. In
this manner, the controller 1182 may select the first or
second power amplifier circuit 1106, 1108 prior to output-
ting a digital waveform to the digital input 1132 of the DAC
1122.

In one aspect, the energy module 1104 comprises a DAC
1122 electrically coupled to the controller 1182. The analog
signal at the analog output 1134 of the DAC 1122 is applied
to the input 1136 of the first power amplifier circuit 1106
and, in one aspect, may be applied to the input 1138 of the
second power amplifier circuit 1108. In other aspects, as
explained in the description of FIG. 26, a switching signal
from the controller 1182 (or other microcontroller, com-
puter, digital signal processor, digital timing circuit) may be
applied to the input of the second power amplifier circuit
1108.

In one aspect, the controller 1182 applies a digital signal
to the digital input 1132 to the DAC 1122. The digital signal
at the digital input 1132 of the DAC 1122 comprises digital
output waveform segments defined by waveshape, input
impedance (Z), current (I), power (P), voltage (V), and
frequency (f) of the desired amplified analog signal at the
output 1124 of the first or second power amplifier circuit
1106, 1108 that is applied to the load 1140 coupled to the
energy output port 1110. The DAC 1122 converts the digital
signal at the digital input 1132 of the DAC 1122 to an analog
signal at the output 1134 of the DAC 1122. The analog signal
at the output 1134 of the DAC 1122 is applied to the input
1136, 1138 of the first or second power amplifier circuit
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1106, 1108 selected by the controller 1182 via the amplifier
select signals 1116, 1118. The analog signal waveform
delivered to the load 1140 coupled to the output port 1110 of
the energy module 1104 may be defined in the controller
1182 software based on various parameters such as curve
shape, input impedance (Z), current limit (i), power limit (p),
voltage limit (v), and frequency (f). The shape of the output
signal waveform may be defined by multiple segments that
may be loaded by the controller 1182 software into the
digital input 1132 of the DAC 1122 to generate a plurality of
suitable analog signal waveshapes at the output 1134 of the
DAC 1122.

Prior to loading the digital waveform segments into the
digital input 1132 of the DAC 1122, the controller 1182
selects which power amplifier circuit 1106, 1108 to use to
amplify the analog signal at the analog output 1134 of the
DAC 1122 by power amplifier select signals 1116, 1118.
Once the characteristics of the output signal waveform at the
output 1124 is determined by the controller 1182, such as
waveshape, impedance (Z), current (I), power (P), voltage
(V), and frequency (f), the controller 1182 selects either the
linear power amplifier 1106 or the non-linear power ampli-
fier 1108 and then loads the digital signal into the digital
input 1132 of the DAC 1122.

With reference now to both FIGS. 22, 23, 27, 28, 29, in
various aspects, the first power amplifier circuits 1006, 1106
can be configured to drive low power output levels to the
load 1040, 1140 coupled to the output port 1010, 1110 of the
energy module 1004, 1104. Low power levels are preferably
in the range of 1 to 60 watts; more preferably in the range
of 1 to 50 watts; and still more preferably in the range of 1
to 40 watts. The first power amplifier circuit 1006, 1106 can
be an advanced wideband field effect transistor or bipolar
junction transistor amplifier circuit or a similar amplifier.
The first power amplifier 1006, 1106 can be a lower effi-
ciency amplifier circuit but may provide greater control over
waveshape and is well suited low power output applications.
In another aspect, the first power amplifier circuit 1006,
1106 can operate within the power and heat requirements of
the energy module 1004, 1104 and the modular energy
system 1000, 1100. In addition to delivering low power
levels, the first power amplifier circuit 1006, 1106 can be
configured to deliver an output signal 1024, 1124 having a
variety of waveshapes to the load 1040, 1140 coupled to the
energy output port 1010, 1110 of the energy module 1004,
1104.

Still with reference to both FIGS. 22, 23, 27, 28, 29, in
various aspects, the second power amplifier circuit 1008,
1108 can be configured to drive high power levels to a load
1040, 1140 coupled to the energy output port 1010, 1110 of
the energy module 1004, 1104. High power levels are
preferably in the range of 20 to 400 watts; more preferably
in the range of 20 to 350 watts; and still more preferably in
the range of 41 to 300 watts. The second power amplifier
circuit 1008, 1108 can be a high power high efficiency
resonant circuit or switch mode/flyback power amplifier
circuit. In one aspect, the second power amplifier circuit
1008, 1108 may be configured to deliver high power levels
at high efficiency but with less control waveform shape and
frequency of the output signal 1024, 1124 supplied at the
energy output port 1010, 1110 of the energy module 1004,
1104. The second power amplifier circuit 1008, 1108 can
manage heat within the power budget of the energy module
1004, 1104 and the modular energy system 1000, 1100 due
to its high efficiency rating.

Still with reference to both FIGS. 22, 23, 27, 28, 29, in
various aspects, the controller 1082, 1182 can be configured
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to automatically switch between the first power amplifier
circuit 1006, 1106 and the second power amplifier circuit
1008, 1108. In various aspects, the controller 1082, 1182 can
be configured to switch between the first power amplifier
circuit 1006, 1106 and the second power amplifier circuit
1008, 1108 based on user inputs entered via the user
interface 1030, 1130 of the header module 1002, 1102 of the
modular energy system 1000, 1100.

Still with reference to FIGS. 22, 23, 27, 28, 29, in various
aspects, the switchover between the first power amplifier
circuit 1006, 1106 and the second power amplifier circuit
1008, 1108 is seamless to the user. In another aspect, the user
interface 1030, 1130 coupled to the header module 1002,
1102 may highlight to the user which power amplifier 1006,
1106, 1008, 1108 is currently in use and may enable the user
to select one or the or the other power amplifier circuit 1006,
1106, 1008, 1108 based on the type of surgical instrument
coupled to the energy output port 1010, 1110 of the energy
module 1004, 1104. Such options include, for example, a
monopolar RF instrument, a bipolar RF instrument, or a
combination ultrasonic/RF instrument (either monopolar or
bipolar).

Still with reference to FIGS. 22, 23, 27, 28, 29, the
hardware (circuits/relays) implementation of the power
amplifier circuits 1006, 1106, 1008, 1108 may be fixed at the
manufacturing stage and the configuration of the power
amplifier circuits 1006, 1106, 1008, 1108 may be updated in
the field to enable and optimize when and how to use each
power amplifier circuit 1006, 1106, 1008, 1108 by way of
software updates, even after the energy modules 1002, 1104
are sold, shipped, and/or are installed in the field.

Still with reference to FIGS. 22, 23, 27, 28, 29, In another
aspect, the software of the modular energy system 1000,
1100 can be updated to refine the energy output based on a
particular application. Traditional techniques of updating
software on the controller 1082, 1182 required the software
to be recompiled, a quality check, and multiple releases of
the software due to limited bandwidth. In one aspect of the
present disclosure, the software tools for operating the
controller 1082, 1182 of the modular energy system 1000,
1100 are configured to convert the models into “.ini” con-
figuration files comprising text-based content as shown in
TABLE 1, for example, with a structure and syntax com-
prising key-value pairs for properties, and sections that
organize the properties with all the set points with many
iterations and refinements such as, for example, waveshape,
input impedance (Input_z), current limit (Limit_i), power
limit (Limit_p), and voltage limit (Lmit_v) for each curve
segment of the desired output signal 1024, 1124. The vali-
dated software is capable of always producing energy within
some bounds that are safe and effective. In one aspect,
refinements are capable of being made via files that are not
the core software, and are updated more quickly than typical
firmware upgrades of the energy module 1004, 1104.

TABLE 1

Software_ Setpoint.ini

[LoadCurveRow01]

Input_z =0
Limit_i = 0.30543
Limit_p = 2.3322
Limit_ v = 636
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TABLE 1-continued

Software_ Setpoint.ini

[LoadCurveRow02]

Input_z =25
Limit_i = 0.30543
Limit_p = 2.3322
Limit_v = 636
[LoadCurveRow03]

Input_z = 50
Limit_i = 0.30332
Limit_p = 4.6
Limit_v = 636
[LoadCurveRow04]

Input_z=75
Limit_i=2
Limit_p = 4.6
Limit_ v = 18.5752

FIG. 24 is a flow diagram of a method 1150 of delivering
power to aload 1040, 1140 by an energy module 1000, 1100,
in accordance with at least one aspect of the present disclo-
sure. With reference now also to FIGS. 22 and 23, according
to the method 1150, the controller 1082, 1182 generates
1152 a digital waveform having a predetermined wave shape
and frequency. The controller 1082, 1182 is coupled to the
DAC 1022, 1122. The DAC 1022, 1122 converts 1154 the
digital waveform to an analog waveform. The controller
1082, 1182 selects 1156 a first power amplifier circuit 1006,
1106 or a second power amplifier circuit 1008, 1108 based
on a predetermined power output to be produced by the first
power amplifier circuit 1006, 1106 or the second power
amplifier circuit 1008, 1108 into a load 1040, 1140 coupled
to an energy output port 1010, 1110 of the energy module
1000, 1100. The controller 1082, 1182 couples 1158 the
analog waveform to the selected first power amplifier circuit
1006, 1106 or the second power amplifier circuit 1008, 1108.
The selected first power amplifier circuit 1006, 1106 or
second power amplifier circuit 1008, 1108 produces 1160
the predetermined power output into the load 1040, 1140
coupled to the energy output port 1010, 1110 of the energy
module 1000, 1100. In one aspect, the controller 1082, 1182
applies a switching signal to the input of the second ampli-
fier circuit 1008, 1108, as explained in the description of
FIG. 26, for example.

With reference back to FIGS. 22 and 24, in accordance
with one aspect of the method 1150, the controller 1082
selects a first switch 1012 coupled between the DAC 1022
and the first power amplifier circuit 1006 to produce a first
power output into the load 1040 coupled to the output 1024
of the first power amplifier circuit 1006 through the energy
output port 1010. Alternatively, the controller 1082 selects a
second switch 1014 coupled between the DAC 1022 and the
second power amplifier circuit 1008 to produce a second
power output into the load 1040 coupled to the output 1024
of the second power amplifier circuit 1008 through the
energy output port 1010.

With reference now to FIGS. 23 and 24, in accordance
with one aspect of the method 1150, the controller 1182
selects the first power amplifier circuit 1106 via a first
amplifier select signal 1116 to produce a first power output
into a load 1140 coupled to the output 1124 of the first power
amplifier circuit 1106 through the energy output port 1110.
Alternatively, the controller 1182 selects the second power
amplifier circuit 1108 via a second amplifier select signal
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1118 to produce a second power output into the load 1140
coupled to the output 1124 of the second power amplifier
circuit 1108 through the energy output port 1110.

With reference to FIGS. 22-24, according to the one
aspect of the method 1150, the controller 1082, 1182 deter-
mines the load 1040, 1140 coupled to the energy output port
1010, 1110 of the energy module 1000, 1100. The controller
1082, 1182 then generates a waveform having a predeter-
mined wave shape and frequency. The controller 1082, 1182
also limits the current, power, and voltage of the waveform
based on the impedance of the load 1040, 1140 coupled to
the output 1024 of the first amplifier circuit 1006, 1008 or
second power amplifier circuit 1008, 1108 through the
energy output port 1010, 1110.

FIG. 25 is a schematic diagram of a power amplifier
circuit 1170, in accordance with at least one aspect of the
present disclosure. The power amplifier circuit 1170 shown
in FIG. 25 is one aspect of a power amplifier 1006, 1106
described above with reference to FIGS. 22 and 23. In the
example shown in FIG. 25, the power amplifier circuit 1170
may be employed for low power applications with any
combination of these benefits the power amplifier circuit
1180 shown in FIG. 26. Accordingly, the power amplifier
circuit 1170 shown in FIG. 25 may be referred to as a
wideband power amplifier circuit and provides a more
controlled or exact wave shape and can make faster or more
accurate changes to the output signal versus the power
amplifier circuit 1180 shown in FIG. 26. As previously
discussed low power outputs are preferably in the range of
1 to 60 watts; more preferably in the range of 1 to 50 watts;
and still more preferably in the range of 1 to 40 watts.

With reference back to FIG. 25, in one aspect, the
amplifier circuit 1170 receives an analog signal 1171 from a
microcontroller, computer, digital signal processor, digital
timing circuit, such as the controller 1082, 1182 shown in
FIGS. 22 and 23, passed thru a DAC 1082, 1182 also 1182
shown in FIGS. 22 and 23. The input analog signal 1171 is
input into a preamplifier 1172 that outputs the input analog
signal 1171 in two polarities; one output signal goes positive
up when the other signal goes negative, and vice-versa. The
positive going signal, which mirrors the input analog signal
1171 is applied to the input of a first switch 1173 and the
negative going signal, which is the inverse of the input
analog signal 1171, is applied to a second switch 1174. The
switches 1173, 1174 may be selected from a variety of solid
state switches such as transistors including, without limita-
tion, field effect transistors, bipolar junction transistors,
among others. The switches 1173, 1174 operate as analog
switches, where they are intentionally operated partially-on,
which causes them to waste energy as heat, but also enables
the benefits of the wideband amplifier circuit 1170 described
above such as providing a more controlled or exact wave
shape and making faster or more accurate changes to the
output signal. A power supply 1175 to the amplifier circuit
1170, such as rectified AC voltage, for example, is applied
to a transformer 1176, which is coupled to a load 1177,
which is a representation of a load, external to the energy
module 1004, 1104 as shown in FIGS. 22 and 23, for
example. Those skilled in the art will appreciate that the
amplifier circuit 1170 is one of many suitable implementa-
tions of the first power amplifier 1006, 1106 shown in FIGS.
22 and 23, and thus should be limited in this context.

FIG. 26 is a schematic diagram of a power amplifier
circuit 1180, in accordance with at least one aspect of the
present disclosure. The power amplifier circuit 1180 shown
in FIG. 26 is one aspect of a power amplifier 1008, 1108
described above with reference to FIGS. 22 and 23. In the
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example shown in FIG. 26, the power amplifier circuit 1180
may be employed for high power applications with any
combination of the following benefits versus the amplifier
circuit 1170 shown in FIG. 25. Accordingly, the power
amplifier circuit 1180 shown in FIG. 26 may be referred to
as a resonant circuit and is more energy efficient, more
economical, and utilizes less volume, weight, and space on
a printed circuit board assembly versus the power amplifier
circuit 1170 shown in FIG. 25. As previously discussed, high
power outputs are preferably in the range of 20 to 400 watts;
more preferably in the range of 20 to 350 watts; and still
more preferably in the range of 41 to 300 watts.

With reference now to FIG. 26, in one aspect, the ampli-
fier circuit 1180 comprises a power supply 1181 to the
amplifier circuit 1180, which may be rectified AC voltage,
for example. A microcontroller, computer, digital signal
processor, digital timing circuit, among others, such as the
controller 1082, 1182 shown in FIGS. 22 and 23, for
example, applies a switching signal 1189 to a switch 1183.
With reference back to FIG. 26, the switch 1183, may be
selected from a variety of solid state switches such as
transistors including, without limitation, field effect transis-
tors, bipolar junction transistors, among others. The ampli-
fier circuit 1180 includes an input capacitance 1184 coupled
to the input side of a transformer 1185 and an output
capacitance 1186 coupled to the output side of the trans-
former 1185. The output capacitance 1186 is coupled to a
load 1187, which is a representation of a load, external to the
energy module 1004, 1104 as shown in FIGS. 22 and 23, for
example. Those skilled in the art will appreciate that the
amplifier circuit 1180 is one of many suitable implementa-
tions of the second power amplifier 1008, 1108 shown in
FIGS. 22 and 23, and thus should be limited in this context.

FIG. 27 is a diagram of a modular energy system 1190
comprising an energy module 1191 with dual power ampli-
fiers, in accordance with at least one aspect of the present
disclosure. As shown, the DAC 1022 is coupled only to the
first power amplifier 1006 through the first switch 1012
selectable by the first switch select signal 1016. The second
power amplifier circuit 1008 comprises a switching circuit
as described in FIG. 26. In the aspect illustrated in FIG. 27,
when the controller selects the fir tower amplifier circuit
1006, the DAC 1002 applies the analog signal 1034 to the
input 1036 of the first power amplifier circuit 1006. When
controller 1082 selects the second power amplifier circuit
1008, the controller 1082 applies a switching signal 1192 the
input 1038 of the second power amplifier circuit 1008
through the second switch 1014. The input 1038 is coupled
to the switching circuit of the second power amplifier circuit
1108.

FIG. 28 is a diagram of a modular energy system 1193
comprising an energy module 1194 with dual power ampli-
fiers, in accordance with at least one aspect of the present
disclosure. As shown, the DAC 1122 is coupled only to the
first power amplifier 1106. In one aspect, the controller 1182
is electrically connected to the first power amplifier circuit
1106 that may be selected by the first amplifier select signal
1116 by the controller 1182. The controller 1182 also is
electrically connected to the second power amplifier circuit
1108 that may be selected by a second amplifier select signal
1118 by the controller 1182. The second power amplifier
circuit 1108 comprises a switching circuit as described in
FIG. 26. In the aspect illustrated in FIG. 28, when the
controller 1182 selects the first power amplifier circuit 1106,
the DAC 1122 applies the analog signal 1134 to the input
1136 of the first power amplifier circuit 1106. When the
controller 1182 selects the second power amplifier circuit
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1108, the controller 1182 applies a switching signal 1195 to
the input of the switching circuit of the second power
amplifier circuit 1108.

FIG. 29 is a diagram of a modular energy system 1196
comprising an energy module 1197 with dual power ampli-
fiers, in accordance with at least one aspect of the present
disclosure. In one aspect, the controller 1182 is electrically
connected to the first and second power amplifier circuits
1106, 1108. The first and second amplifier circuits 1106,
1108 are selectable by the first and second amplifier select
signals 1116, 1118 by the controller 1182. The first and
second power amplifier circuits 1106, 1108 each comprise a
switching circuit as described in FIG. 26. In the aspect
illustrated in FIG. 29, when the controller 1182 selects the
first power amplifier 1106, the controller 1182 applies the
first switching signal 1198 to the input of the first switching
circuit of the first power amplifier circuit 1106. When the
controller 1182 selects the second power amplifier circuit
1108, the controller 1182 applies the second switching signal
1199 to the input of the second switching circuit of the
second amplifier circuit 1108.

Examples

Various aspects of the subject matter described herein are
set out in the following numbered examples.

Example 1. An energy module, comprising: a controller;
a first power amplifier circuit having an input and an output,
wherein the input is coupled to the controller and is config-
ured to receive and amplify an input signal to generate a first
output signal into a load coupled to the output of the first
power amplifier circuit; and a second power amplifier circuit
having an input and an output, wherein the input is coupled
to the controller and is configured to receive and amplify the
input signal to generate a second output into the load
coupled the output of the second power amplifier circuit;
wherein a power rating of the first amplifier circuit is
different from a power rating of the second amplifier circuit;
and wherein the controller is configured to select the first or
the second power amplifier circuit based on power to be
produced in the load.

Example 2. The energy module of Example 1, wherein the
first power amplifier circuit is a wideband power amplifier
circuit and the second power amplifier circuit is a resonant
power amplifier circuit.

Example 3. The energy module of any one or more of
Examples 1 through 2, wherein the power rating of the first
power amplifier circuit is lower than the power rating of the
second power amplifier circuit.

Example 4. The energy module of Example 3, wherein the
power rating of the first power amplifier circuit is in a range
of 1 to 60 watts.

Example 5. The energy module of any one or more of
Examples 1 through 4, wherein the power rating of the
second power amplifier circuit is higher than the power
rating of the second power amplifier circuit.

Example 6. The energy module of Example 5, wherein the
power rating of the second amplifier circuit is in a range of
20 to 400 watts.

Example 7. The energy module of any one or more of
Examples 1 through 6, wherein at least one of the first or
second power amplifier circuits comprises a switching cir-
cuit and wherein the controller is configured to apply a
switching signal to the switching circuit of the at least one
of the first or second power amplifier circuits.

Example 8. The energy module of Example 7, wherein the
first power amplifier circuit comprises a first switching
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circuit and the second power amplifier circuit comprises a
second switching circuit and wherein the controller is con-
figured to apply a first switching signal to the first switching
circuit and a second switching signal to second power
amplifier circuit.

Example 9. The energy module of Example 7, further
comprising a digital-to-analog converter (DAC) coupled
between the controller and the first power amplifier circuit,
wherein the second power amplifier circuit comprises the
switching circuit, and wherein the controller is configured to
apply the switching signal to the second amplifier circuit.

Example 10. The energy module of any one of Examples
1 through 9, wherein the controller is configured to generate
a waveform having a predetermined wave shape and fre-
quency based on the load coupled to the output of the first
or second power amplifier circuit.

Example 11. The energy module of Example 10, wherein
the controller is configured to limit current, power, and
voltage of the waveform based on impedance of the load
coupled to the output of the first or second power amplifier
circuit.

Example 12. The energy module of any one or more of
Examples 10 through 11, wherein the controller is config-
ured to select at least one of the first or second power
amplifier circuits based on power to be produced in the load
coupled to the output of the at least one of the first or second
power amplifier circuits.

Example 13. The energy module of Example 12, further
comprising a digital-to-analog converter (DAC) coupled
between the controller and at least one of the first or second
power amplifier circuits, wherein the DAC receives the
waveform in digital form and provides an analog waveform
to the input of the at least one of the first or second power
amplifier circuits.

Example 14. The energy module of Example 13, wherein
the DAC provides the analog waveform to the input of either
the first or second power amplifier circuit based on power to
be produced in the load coupled to the output of the first or
second power amplifier circuit.

Example 15. The energy module of Example 14, further
comprising: a first switch coupled between the DAC output
and the input of the first power amplifier circuit; and a
second switch coupled between the DAC output and the
input of the second power amplifier input; wherein the first
and second switches are controlled by the controller via first
and second switch select lines to select the first or second
power amplifier circuit based on the power to be produced
in the load coupled to the output of the first or second power
amplifier circuit.

Example 16. The energy module of any one or more of
Examples 14 through 15, wherein the first or second power
amplifier circuit is selectable by the controller and wherein
the controller is configured to select the first or second power
amplifier circuit based on the power to be produced in the
load coupled to the output of the first or second power
amplifier circuit.

Example 17. A method of delivering power to a load
coupled to an energy module, the method comprising:
generating, by a controller, a digital waveform having a
predetermined wave shape and frequency; converting, by a
digital-to-analog converter (DAC) coupled to the controller,
the digital waveform to an analog waveform; selecting, by
the controller, a first power amplifier circuit or a second
power amplifier circuit based on a predetermined power
output to be produced by the first or second power amplifier
circuit into a load coupled to an energy output port of the
energy module; coupling, by the controller, the analog
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waveform to the selected first or second power amplifier
circuit; and producing, by the selected first or second power
amplifier circuit the predetermined power output into the
load coupled to the energy output port of the energy module.

Example 18. The method of Example 17, comprising:
selecting, by the controller, a first switch coupled between
the DAC and the first power amplifier to produce a first
power output into the load coupled to the output of the first
power amplifier via an energy output port; or selecting, by
the controller, a second switch coupled between the DAC
and the second power amplifier to produce a second power
output into the load coupled to the output of the second
power amplifier via an energy output port.

Example 19. The method of any one or more of Examples
17 through 18, comprising: selecting, by the controller, the
first power amplifier via a first amplifier select signal to
produce a first power output into the load coupled to the
output of the first power amplifier via an energy output port;
or selecting, by the controller, the second power amplifier
via a second amplifier select signal to produce a second
power output into the load coupled to the output of the
second power amplifier via an energy output port.

Example 20. The method of any one or more of Examples
17 through 19, comprising: determining, by the controller,
the load coupled to the output of the energy module; and
generating, by the controller, a waveform having a prede-
termined wave shape and frequency.

Example 21. The method of any one or more of Examples
17 through 20, comprising: limiting, by the controller,
current, power, and voltage of the waveform based on an
impedance of the load coupled to the output of the first or
second power amplifier circuit.

Example 22. The method of any one or more Examples 17
through 21, comprising: applying, by the controller, a
switching signal to the input of the second amplifier circuit.

Example 23. An energy module configured to deliver
power to a load coupled thereto, the energy module com-
prising: a digital-to-analog converter (DAC) configured to
convert a digital waveform to an analog waveform; a
controller coupled to the DAC, the controller configured to:
generate the digital waveform having a predetermined wave
shape and frequency; select a first power amplifier circuit or
a second power amplifier circuit based on a predetermined
power output to be produced by the first or second power
amplifier circuit into a load coupled to an energy output port
of the energy module; and couple the analog waveform to
the selected first or second power amplifier circuit to pro-
duce, by the selected first or second power amplifier circuit
the predetermined power output into the load coupled to the
energy output port of the energy module.

Example 24. The energy module of Example 23, wherein
controller is configured to: select a first switch coupled
between the DAC and the first power amplifier to produce a
first power output into the load coupled to the output of the
first power amplifier via an energy output port; or select a
second switch coupled between the DAC and the second
power amplifier to produce a second power output into the
load coupled to the output of the second power amplifier via
an energy output port.

Example 25. The energy module of any one or more
Examples 23 through 24, wherein the controller is config-
ured to: select the first power amplifier via a first amplifier
select signal to produce a first power output into the load
coupled to the output of the first power amplifier via an
energy output port; or select the second power amplifier via
a second amplifier select signal to produce a second power
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output into the load coupled to the output of the second
power amplifier via an energy output port.

Example 26. The energy module of any one or more of
Examples 23 through 25, wherein the controller is config-
ured to: determine the load coupled to the output of the
energy module; and generate a waveform having a prede-
termined wave shape and frequency.

Example 27. The energy module of any one or more of
Examples 23 through 26, wherein the controller is config-
ured to: limit current, power, and voltage of the waveform
based on an impedance of the load coupled to the output of
the first or second power amplifier circuit.

Example 28. The energy module of anyone or more of
Examples 23 through 27, wherein the controller is config-
ured to: apply a switching signal to the input of the second
amplifier circuit.

While several forms have been illustrated and described,
it is not the intention of Applicant to restrict or limit the
scope of the appended claims to such detail. Numerous
modifications, variations, changes, substitutions, combina-
tions, and equivalents to those forms may be implemented
and will occur to those skilled in the art without departing
from the scope of the present disclosure. Moreover, the
structure of each element associated with the described
forms can be alternatively described as a means for provid-
ing the function performed by the element. Also, where
materials are disclosed for certain components, other mate-
rials may be used. It is therefore to be understood that the
foregoing description and the appended claims are intended
to cover all such modifications, combinations, and variations
as falling within the scope of the disclosed forms. The
appended claims are intended to cover all such modifica-
tions, variations, changes, substitutions, modifications, and
equivalents.

The foregoing detailed description has set forth various
forms of the devices and/or processes via the use of block
diagrams, flowcharts, and/or examples. Insofar as such
block diagrams, flowcharts, and/or examples contain one or
more functions and/or operations, it will be understood by
those within the art that each function and/or operation
within such block diagrams, flowcharts, and/or examples
can be implemented, individually and/or collectively, by a
wide range of hardware, software, firmware, or virtually any
combination thereof. Those skilled in the art will recognize
that some aspects of the forms disclosed herein, in whole or
in part, can be equivalently implemented in integrated
circuits, as one or more computer programs running on one
or more computers (e.g., as one or more programs running
on one or more computer systems), as one or more programs
running on one or more processors (e.g., as one or more
programs running on one Or MOre MiCroprocessors), as
firmware, or as virtually any combination thereof, and that
designing the circuitry and/or writing the code for the
software and or firmware would be well within the skill of
one of skill in the art in light of this disclosure. In addition,
those skilled in the art will appreciate that the mechanisms
of the subject matter described herein are capable of being
distributed as one or more program products in a variety of
forms, and that an illustrative form of the subject matter
described herein applies regardless of the particular type of
signal bearing medium used to actually carry out the distri-
bution.

Instructions used to program logic to perform various
disclosed aspects can be stored within a memory in the
system, such as dynamic random access memory (DRAM),
cache, flash memory, or other storage. Furthermore, the
instructions can be distributed via a network or by way of
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other computer readable media. Thus a machine-readable
medium may include any mechanism for storing or trans-
mitting information in a form readable by a machine (e.g.,
a computer), but is not limited to, floppy diskettes, optical
disks, compact disc, read-only memory (CD-ROMs), and
magneto-optical disks, read-only memory (ROMs), random
access memory (RAM), erasable programmable read-only
memory (EPROM), electrically erasable programmable
read-only memory (EEPROM), magnetic or optical cards,
flash memory, or a tangible, machine-readable storage used
in the transmission of information over the Internet via
electrical, optical, acoustical or other forms of propagated
signals (e.g., carrier waves, infrared signals, digital signals,
etc.). Accordingly, the non-transitory computer-readable
medium includes any type of tangible machine-readable
medium suitable for storing or transmitting electronic
instructions or information in a form readable by a machine
(e.g., a computer).

As used in any aspect herein, the term “control circuit”
may refer to, for example, hardwired circuitry, program-
mable circuitry (e.g., a computer processor including one or
more individual instruction processing cores, processing
unit, processor, microcontroller, microcontroller unit, con-
troller, digital signal processor (DSP), programmable logic
device (PLD), programmable logic array (PLA), or field
programmable gate array (FPGA)), state machine circuitry,
firmware that stores instructions executed by programmable
circuitry, and any combination thereof. The control circuit
may, collectively or individually, be embodied as circuitry
that forms part of a larger system, for example, an integrated
circuit (IC), an application-specific integrated circuit
(ASIC), a system on-chip (SoC), desktop computers, laptop
computers, tablet computers, servers, smart phones, etc.
Accordingly, as used herein “control circuit” includes, but is
not limited to, electrical circuitry having at least one discrete
electrical circuit, electrical circuitry having at least one
integrated circuit, electrical circuitry having at least one
application specific integrated circuit, electrical circuitry
forming a general purpose computing device configured by
a computer program (e.g., a general purpose computer
configured by a computer program which at least partially
carries out processes and/or devices described herein, or a
microprocessor configured by a computer program which at
least partially carries out processes and/or devices described
herein), electrical circuitry forming a memory device (e.g.,
forms of random access memory), and/or electrical circuitry
forming a communications device (e.g., a modem, commu-
nications switch, or optical-electrical equipment). Those
having skill in the art will recognize that the subject matter
described herein may be implemented in an analog or digital
fashion or some combination thereof.

As used in any aspect herein, the term “logic” may refer
to an app, software, firmware and/or circuitry configured to
perform any of the aforementioned operations. Software
may be embodied as a software package, code, instructions,
instruction sets and/or data recorded on non-transitory com-
puter readable storage medium. Firmware may be embodied
as code, instructions or instruction sets and/or data that are
hard-coded (e.g., nonvolatile) in memory devices.

As used in any aspect herein, the terms “component,”
“system,” “module” and the like can refer to a computer-
related entity, either hardware, a combination of hardware
and software, software, or software in execution.

As used in any aspect herein, an “algorithm” refers to a
self-consistent sequence of steps leading to a desired result,
where a “step” refers to a manipulation of physical quanti-
ties and/or logic states which may, though need not neces-
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sarily, take the form of electrical or magnetic signals capable
of being stored, transferred, combined, compared, and oth-
erwise manipulated. It is common usage to refer to these
signals as bits, values, elements, symbols, characters, terms,
numbers, or the like. These and similar terms may be
associated with the appropriate physical quantities and are
merely convenient labels applied to these quantities and/or
states.

A network may include a packet switched network. The
communication devices may be capable of communicating
with each other using a selected packet switched network
communications protocol. One example communications
protocol may include an Ethernet communications protocol
which may be capable permitting communication using a
Transmission Control Protocol/Internet Protocol (TCP/IP).
The Ethernet protocol may comply or be compatible with
the Ethernet standard published by the Institute of Electrical
and Electronics Engineers (IEEE) titled “IEEE 802.3 Stan-
dard”, published in Dec., 2008 and/or later versions of this
standard. Alternatively or additionally, the communication
devices may be capable of communicating with each other
using an X.25 communications protocol. The X.25 commu-
nications protocol may comply or be compatible with a
standard promulgated by the International Telecommunica-
tion Union-Telecommunication Standardization Sector
(ITU-T). Alternatively or additionally, the communication
devices may be capable of communicating with each other
using a frame relay communications protocol. The frame
relay communications protocol may comply or be compat-
ible with a standard promulgated by Consultative Commit-
tee for International Telegraph and Telephone (CCITT)
and/or the American National Standards Institute (ANSI).
Alternatively or additionally, the transceivers may be
capable of communicating with each other using an Asyn-
chronous Transfer Mode (ATM) communications protocol.
The ATM communications protocol may comply or be
compatible with an ATM standard published by the ATM
Forum titled “ATM-MPLS Network Interworking 2.0” pub-
lished August 2001, and/or later versions of this standard. Of
course, different and/or after-developed connection-oriented
network communication protocols are equally contemplated
herein.

Unless specifically stated otherwise as apparent from the
foregoing disclosure, it is appreciated that, throughout the
foregoing disclosure, discussions using terms such as “pro-
cessing,” “computing,” “calculating,” “determining,” “dis-
playing,” or the like, refer to the action and processes of a
computer system, or similar electronic computing device,
that manipulates and transforms data represented as physical
(electronic) quantities within the computer system’s regis-
ters and memories into other data similarly represented as
physical quantities within the computer system memories or
registers or other such information storage, transmission or
display devices.

One or more components may be referred to herein as
“configured to,” “configurable to,” “operable/operative to,”
“adapted/adaptable,” “able to,” “conformable/conformed
to,” etc. Those skilled in the art will recognize that “con-
figured to” can generally encompass active-state compo-
nents and/or inactive-state components and/or standby-state
components, unless context requires otherwise.

The terms “proximal” and “distal” are used herein with
reference to a clinician manipulating the handle portion of
the surgical instrument. The term “proximal” refers to the
portion closest to the clinician and the term “distal” refers to
the portion located away from the clinician. It will be further
appreciated that, for convenience and clarity, spatial terms
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such as “vertical”, “horizontal”, “up”, and “down” may be
used herein with respect to the drawings. However, surgical
instruments are used in many orientations and positions, and
these terms are not intended to be limiting and/or absolute.

Those skilled in the art will recognize that, in general,
terms used herein, and especially in the appended claims
(e.g., bodies of the appended claims) are generally intended
as “open” terms (e.g., the term “including” should be
interpreted as “including but not limited to,” the term
“having” should be interpreted as “having at least,” the term
“includes” should be interpreted as “includes but is not
limited to,” etc.). It will be further understood by those
within the art that if a specific number of an introduced claim
recitation is intended, such an intent will be explicitly recited
in the claim, and in the absence of such recitation no such
intent is present. For example, as an aid to understanding,
the following appended claims may contain usage of the
introductory phrases “at least one” and “one or more” to
introduce claim recitations. However, the use of such
phrases should not be construed to imply that the introduc-
tion of a claim recitation by the indefinite articles “a” or “an”
limits any particular claim containing such introduced claim
recitation to claims containing only one such recitation, even
when the same claim includes the introductory phrases “one
or more” or “at least one” and indefinite articles such as “a”
or “an” (e.g., “a” and/or “an” should typically be interpreted
to mean “at least one” or “one or more”); the same holds true
for the use of definite articles used to introduce claim
recitations.

In addition, even if a specific number of an introduced
claim recitation is explicitly recited, those skilled in the art
will recognize that such recitation should typically be inter-
preted to mean at least the recited number (e.g., the bare
recitation of “two recitations,” without other modifiers,
typically means at least two recitations, or two or more
recitations). Furthermore, in those instances where a con-
vention analogous to “at least one of A, B, and C, etc.” is
used, in general such a construction is intended in the sense
one having skill in the art would understand the convention
(e.g., “a system having at least one of A, B, and C” would
include but not be limited to systems that have A alone, B
alone, C alone, A and B together, A and C together, B and
C together, and/or A, B, and C together, etc.). In those
instances where a convention analogous to “at least one of
A, B, or C, etc.” is used, in general such a construction is
intended in the sense one having skill in the art would
understand the convention (e.g., “a system having at least
one of A, B, or C” would include but not be limited to
systems that have A alone, B alone, C alone, A and B
together, A and C together, B and C together, and/or A, B,
and C together, etc.). It will be further understood by those
within the art that typically a disjunctive word and/or phrase
presenting two or more alternative terms, whether in the
description, claims, or drawings, should be understood to
contemplate the possibilities of including one of the terms,
either of the terms, or both terms unless context dictates
otherwise. For example, the phrase “A or B” will be typi-
cally understood to include the possibilities of “A” or “B” or
“Aand B.”

With respect to the appended claims, those skilled in the
art will appreciate that recited operations therein may gen-
erally be performed in any order. Also, although various
operational flow diagrams are presented in a sequence(s), it
should be understood that the various operations may be
performed in other orders than those which are illustrated, or
may be performed concurrently. Examples of such alternate
orderings may include overlapping, interleaved, interrupted,
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reordered, incremental, preparatory, supplemental, simulta-
neous, reverse, or other variant orderings, unless context
dictates otherwise. Furthermore, terms like “responsive to,”
“related to,” or other past-tense adjectives are generally not
intended to exclude such variants, unless context dictates
otherwise.

It is worthy to note that any reference to “one aspect,” “an
aspect,” “an exemplification,” “one exemplification,” and
the like means that a particular feature, structure, or char-
acteristic described in connection with the aspect is included
in at least one aspect. Thus, appearances of the phrases “in
one aspect,” “in an aspect,” “in an exemplification,” and “in
one exemplification” in various places throughout the speci-
fication are not necessarily all referring to the same aspect.
Furthermore, the particular features, structures or character-
istics may be combined in any suitable manner in one or
more aspects.

Any patent application, patent, non-patent publication, or
other disclosure material referred to in this specification
and/or listed in any Application Data Sheet is incorporated
by reference herein, to the extent that the incorporated
materials is not inconsistent herewith. As such, and to 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 to be
incorporated by reference 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.

In summary, numerous benefits have been described
which result from employing the concepts described herein.
The foregoing description of the one or more forms has been
presented for purposes of illustration and description. It is
not intended to be exhaustive or limiting to the precise form
disclosed. Modifications or variations are possible in light of
the above teachings. The one or more forms were chosen and
described in order to illustrate principles and practical
application to thereby enable one of ordinary skill in the art
to utilize the various forms and with various modifications
as are suited to the particular use contemplated. It is intended
that the claims submitted herewith define the overall scope.

The invention claimed is:

1. An energy module, comprising:

a controller;

a first power amplifier circuit having an input and an
output, wherein the input is coupled to the controller
and is configured to receive and amplify an input signal
to generate a first output signal into a load coupled to
the output of the first power amplifier circuit; and

a second power amplifier circuit having an input and an
output, wherein the input is coupled to the controller
and is configured to receive and amplify the input
signal to generate a second output into the load coupled
to the output of the second power amplifier circuit;

wherein a power rating of the first amplifier circuit is
different from a power rating of the second amplifier
circuit;

wherein the controller is configured to select the first or
the second power amplifier circuit based on power to be
produced in the load;

wherein the controller is configured to generate a wave-
form having a predetermined wave shape and fre-
quency based on the load coupled to the output of the
first or second power amplifier circuit;

wherein the controller is configured to select at least one
of the first or second power amplifier circuits based on
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power to be produced in the load coupled to the output
of the at least one of the first or second power amplifier
circuits;
wherein the energy module further comprises a digital-
to-analog converter (DAC) coupled between the con-
troller and at least one of the first and second power
amplifier circuits, wherein the DAC receives the wave-
form in digital form and provides an analog waveform
to the input of the at least one of the first or second
power amplifier circuits; and
wherein the DAC provides the analog waveform to the
input of either the first or second power amplifier
circuit based on power to be produced in the load
coupled to the output of the first or second power
amplifier circuit.
2. The energy module of claim 1, further comprising:
a first switch coupled between the DAC output and the
input of the first power amplifier circuit; and
a second switch coupled between the DAC output and the
input of the second power amplifier input;
wherein the first and second switches are controlled by the
controller via first and second switch select lines to
select the first or second power amplifier circuit based
on the power to be produced in the load coupled to the
output of the first or second power amplifier circuit.
3. The energy module of claim 1, wherein the first or
second power amplifier circuit is selectable by the controller
and wherein the controller is configured to select the first or
second power amplifier circuit based on the power to be
produced in the load coupled to the output of the first or
second power amplifier circuit.
4. An energy module configured to deliver power to a load
coupled thereto, the energy module comprising:
a digital-to-analog converter (DAC) configured to convert
a digital waveform to an analog waveform;
a controller coupled to the DAC, the controller configured
to:
generate the digital waveform having a predetermined
wave shape and frequency;
select a first power amplifier circuit or a second power
amplifier circuit based on a predetermined power
output to be produced by the first or second power
amplifier circuit into a load coupled to an energy
output port of the energy module; and
couple the analog waveform to the selected first or
second power amplifier circuit to produce, by the
selected first or second power amplifier circuit the
predetermined power output into the load coupled to
the energy output port of the energy module, wherein
controller is configured to:
select a first switch coupled between the DAC and the first
power amplifier to produce a first power output into the
load coupled to the output of the first power amplifier
via an energy output port; or
select a second switch coupled between the DAC and the
second power amplifier to produce a second power
output into the load coupled to the output of the second
power amplifier via an energy output port.
5. The energy module of claim 4, wherein the controller
is configured to:
select the first power amplifier via a first amplifier select
signal to produce a first power output into the load
coupled to the output of the first power amplifier via an
energy output port; or
select the second power amplifier via a second amplifier
select signal to produce a second power output into the
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load coupled to the output of the second power ampli-
fier via an energy output port.
6. The energy module of claim 4, wherein the controller
is configured to:
determine the load coupled to the output of the energy
module; and
generate a waveform having a predetermined wave shape
and frequency.
7. The energy module of claim 4, wherein the controller
is configured to:
limit current, power, and voltage of the waveform based
on an impedance of the load coupled to the output of
the first or second power amplifier circuit.
8. The energy module of claim 4, wherein the controller
is configured to:
apply a switching signal to an input of the second power
amplifier circuit.
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