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(57) ABSTRACT 

An electroSurgical system for directing energy to tissue 
includes a generator assembly operable to Supply power hav 
ing a selected phase, amplitude and frequency, and an appli 
cator array assembly. The applicator array assembly includes 
a shell assembly, a plurality of energy applicators disposed 
within the shell assembly, and a power divider unit electri 
cally coupled to the generator assembly. The power divider 
unit is operable to divide power into the applicator array 
assembly. 
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ELECTROMAGNETIC ENERGY DELIVERY 
DEVICES INCLUDING AN ENERGY 

APPLICATOR ARRAY AND 
ELECTROSURGICAL SYSTEMIS INCLUDING 

SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is a continuation applica 
tion U.S. application Ser. No. 13/791,212, filed on Mar. 8, 
2013, which is a divisional application of U.S. patent appli 
cation Ser. No. 12/620,289, filed on Nov. 17, 2009, now U.S. 
Pat. No. 8,394,092, the entire contents of each of which are 
incorporated by reference herein. 

BACKGROUND 

0002 1. Technical Field 
0003. The present disclosure relates to electrosurgical 
devices Suitable for use in Surface ablation applications and, 
more particularly, to electromagnetic energy delivery devices 
including an energy applicator array and electroSurgical sys 
tems including the same. 
0004 2. Discussion of Related Art 
0005 Treatment of certain diseases requires the destruc 
tion of malignant tissue growths, e.g., tumors. Electromag 
netic radiation can be used to heat and destroy tumor cells. 
Treatment may involve inserting ablation probes into tissues 
where cancerous tumors have been identified. Once the 
probes are positioned, electromagnetic energy is passed 
through the probes into Surrounding tissue. 
0006. In the treatment of diseases such as cancer, certain 
types of tumor cells have been found to denature at elevated 
temperatures that are slightly lower than temperatures nor 
mally injurious to healthy cells. Known treatment methods, 
Such as hyperthermia therapy, heat diseased cells to tempera 
tures above 41° C. while maintaining adjacent healthy cells 
below the temperature at which irreversible cell destruction 
occurs. These methods involve applying electromagnetic 
radiation to heat, ablate and/or coagulate tissue. Microwave 
energy is sometimes utilized to perform these methods. Other 
procedures utilizing electromagnetic radiation to heat tissue 
also include coagulation, cutting and/or ablation of tissue. 
0007 Electrosurgical devices utilizing electromagnetic 
radiation have been developed for a variety of uses and appli 
cations. A number of devices are available that can be used to 
provide high bursts of energy for short periods of time to 
achieve cutting and coagulative effects on various tissues. 
There are a number of different types of apparatus that can be 
used to perform ablation procedures. Typically, microwave 
apparatus for use inablation procedures include a microwave 
generator that functions as an energy source, and a microwave 
Surgical instrument (e.g., microwave ablation probe) having 
an antenna assembly for directing the energy to the target 
tissue. The microwave generator and Surgical instrument are 
typically operatively coupled by a cable assembly having a 
plurality of conductors for transmitting microwave energy 
from the generator to the instrument, and for communicating 
control, feedback and identification signals between the 
instrument and the generator. 
0008. There are several types of microwave probes in use, 

e.g., monopole, dipole and helical, which may be used in 
tissue ablation applications. In monopole and dipole antenna 
assemblies, microwave energy generally radiates perpen 
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dicularly away from the axis of the conductor. Monopole 
antenna assemblies typically include a single, elongated con 
ductor. A typical dipole antenna assembly includes two elon 
gated conductors that are linearly aligned and positioned 
end-to-end relative to one another with an electrical insulator 
placed therebetween. Helical antenna assemblies include 
helically-shaped conductor configurations of various dimen 
sions, e.g., diameter and length. The main modes of operation 
ofahelical antenna assembly are normal mode (broadside), in 
which the field radiated by the helix is maximum in a perpen 
dicular plane to the helix axis, and axial mode (end fire), in 
which maximum radiation is along the helix axis. 
0009. A microwave transmission line typically includes a 
long, thin inner conductor that extends along the longitudinal 
axis of the transmission line and is surrounded by a dielectric 
material and is further surrounded by an outer conductor 
around the dielectric material such that the outer conductor 
also extends along the transmission line axis. In one variation 
of an antenna, a waveguiding structure, such as a length of 
transmission line or coaxial cable, is provided with a plurality 
of openings through which energy “leaks” or radiates away 
from the guiding structure. This type of construction is typi 
cally referred to as a “leaky coaxial or “leaky wave' antenna. 
The design of the microwave applicator radiating antenna(s) 
influences the thermal distribution. 
00.10 Electric power is generally measured in watts (W), 
or joules per second. The electromagnetic-energy absorption 
rate in biological tissue, Sometimes referred to as the specific 
absorption rate (SAR), indicates the energy per mass unit 
absorbed in the tissue and is usually expressed in units of 
watts per kilogram (W/kg), and may be expressed as 

1 1 SAR = E°, (1) 2p 

where O is the tissue electrical conductivity in units of 
Siemens per meter (S/m), p is the tissue density in units of 
kilograms per cubic meter (kg/m), and IEI is the magnitude 
of the local electric field in units of volts per meter (V/m). 
0011. The relationship between the initial temperature rise 
AT (C.) in tissue and the specific absorption rate may be 
expressed as 

1 (2) 
AT = SARA, 

where c is the specific heat of the tissue (in units of Joules/ 
kg-' C.), and At is the time period of exposure in seconds 
(Sec). Substituting equation (1) into equation (2) yields a 
relation between the induced temperature rise in tissue and 
the applied electric field as 

1 3 AT = |E|AI. (3) 2pc 

0012. As can be seen from the above equations, modifying 
the local electric-field amplitude directly affects the local 
energy absorption and induced temperature rise in tissue. In 
treatment methods such as hyperthermia therapy, it would be 
desirable to depositan electric field of sufficient magnitude to 
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heat malignant tissue to temperatures above 41° C. while 
limiting the SAR magnitude in nearby healthy tissue to be less 
than that within the tumor to keep the healthy cells below the 
temperature causing cell death. In existing, multiple, micro 
wave applicator Systems for hyperthermia treatment, the 
overall heating pattern produced by the multiple applicators 
may be a combination of the individual heating patterns pro 
duced by each separate applicator, or a result of the Super 
position of electromagnetic waves from all the applicators in 
the system. 
0013 Unfortunately, during certain procedures, clinicians 
cannot accurately predetermine or manually adjust the set 
tings for output power and phase of multiple microwave 
applicators to focus heat reliably, making it difficult to deter 
mine the area or volume of tissue that will be ablated. 

SUMMARY 

0014. The present disclosure relates to an electrosurgical 
system for directing energy to tissue including a generator 
assembly operable to Supply power having a selected phase, 
amplitude and frequency, and an applicator array assembly. 
The applicator array assembly includes a shell assembly, a 
plurality of energy applicators disposed within the shell 
assembly, and a power divider unit electrically coupled to the 
generator assembly. The power divider unit is operable to 
divide power into the applicator array assembly. 
0015 The present disclosure also relates to a method for 
manufacturing an electroSurgical device including the initial 
steps of providing a plurality of coaxial cables, each having 
an inner conductor, an outer conductor, and a dielectric mate 
rial disposed therebetween; forming a plurality of first appli 
cator segments by joining an electrically-conductive member 
to a distal end of the inner conductor of each of the plurality 
of coaxial cables; forming a plurality of second applicator 
segments by joining a balun Structure to a distal portion of the 
outer conductor of each of the plurality of first applicator 
segments; forming a plurality of third applicator segments by 
positioning an electrically-conductive cylinder overlying a 
distal portion of the balun structure of each of the plurality of 
second applicator segments. The method also includes the 
step of forming a plurality of energy applicators by forming a 
dielectric structure having a proximal end disposed Substan 
tially adjacent to a distal end of the electrically-conductive 
cylinder of each of the plurality of third applicator segments. 
Each dielectric structure longitudinally extends from the dis 
talend of the electrically-conductive cylinder to a distal end 
of the electrically-conductive member. The method also 
includes the steps of forming an applicator array assembly 
including the plurality of energy applicators and having a 
chamber disposed at least partially surrounding the plurality 
of energy applicators configured for circulating coolant fluid 
thereabout, and providing a power divider unit configured for 
dividing power for a plurality of channels connected to the 
applicator array assembly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 Objects and features of the presently disclosed elec 
tromagnetic energy delivery devices will become apparent to 
those of ordinary skill in the art when descriptions of various 
embodiments thereof are read with reference to the accom 
panying drawings, of which: 
0017 FIG. 1A is a schematic diagram of an ablation sys 
tem according to an embodiment of the present disclosure; 

Jun. 23, 2016 

0018 FIG. 1B is a schematic diagram of an embodiment 
of the electromagnetic energy delivery device of the ablation 
system of FIG. 1A in accordance with the present disclosure 
shown with an energy applicator array; 
0019 FIG. 2 is a perspective view with parts disassembled 
of a portion of an energy applicator according to an embodi 
ment of the present disclosure; 
0020 FIG. 3 is a perspective, assembled view of the por 
tion of the energy applicator of FIG. 2 shown with a dielectric 
layer disposed about a portion of the outer conductor accord 
ing to an embodiment of the present disclosure; 
0021 FIG. 4 is a perspective view of the portion of the 
energy applicator of FIG. 3 shown with an electrically-con 
ductive layer disposed about a portion of the dielectric layer 
according to an embodiment of the present disclosure; 
(0022 FIG. 5 is a perspective view of the portion of the 
energy applicator of FIG. 4 shown with an electrically-con 
ductive cylinder disposed about the distal end of the electri 
cally-conductive layer according to an embodiment of the 
present disclosure; 
0023 FIG. 6 is a perspective view of the portion of the 
energy applicator of FIG.3 shown with another embodiment 
of an electrically-conductive layer and an electrically-con 
ductive cylinder in accordance with the present disclosure; 
0024 FIG. 7 is an enlarged view of the indicated area of 
detail of FIG. 6 according to an embodiment of the present 
disclosure; 
(0025 FIG. 8 is a perspective view of the portion of the 
energy applicator of FIG. 5 shown with a dielectric structure 
disposed distal to the electrically-conductive cylinder accord 
ing to an embodiment of the present disclosure; 
0026 FIG.9 is a perspective view of a portion of an energy 
delivery device that includes an array of energy applicators, 
such as the energy applicator of FIG. 8, inaccordance with the 
present disclosure; 
(0027 FIG. 10 is a perspective view of the portion of the 
energy delivery device of FIG. 9 shown with a cooling cham 
ber according to an embodiment of the present disclosure; 
0028 FIG. 11 is a perspective view of the portion of the 
electromagnetic energy delivery device of FIG. 10 shown 
with a material disposed about the cooling chamber accord 
ing to an embodiment of the present disclosure; 
(0029 FIG. 12 is a perspective view of the portion of the 
energy applicator of FIG. 8 shown with a fluid inflow tube and 
a fluid outflow tube according to an embodiment of the 
present disclosure; 
0030 FIG. 13 is an enlarged view of the indicated area of 
detail of FIG. 12 according to an embodiment of the present 
disclosure; 
0031 FIG. 14 is a perspective view of a portion of an 
electromagnetic energy delivery device with an array of three 
energy applicators, such as the energy applicator of FIG. 12, 
in accordance with the present disclosure; 
0032 FIG. 15 is a perspective view of the portion of the 
electromagnetic energy delivery device of FIG. 14 shown 
with a cooling chamber and a material disposed thereabout 
according to an embodiment of the present disclosure; 
0033 FIG. 16 shows a diagram of a microwave ablation 
system that includes a user interface for displaying and con 
trolling ablation patterns in accordance with the present dis 
closure; 
0034 FIG. 17 is a block diagram of a microwave ablation 
system in accordance with the present disclosure; 
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0035 FIG. 18 is a diagrammatic representation of a radia 
tion pattern of electromagnetic energy delivered into tissue by 
an electromagnetic energy delivery device, such as the elec 
tromagnetic energy delivery device of FIG. 11, according to 
an embodiment of the present disclosure; 
0036 FIG. 19 is a schematic diagram of an electrosurgical 
system for treating tissue according to an embodiment of the 
present disclosure; 
0037 FIG. 20 is a schematic diagram of an electrosurgical 
system for treating tissue according to an embodiment of the 
present disclosure; 
0038 FIG. 21 is a schematic diagram of an electrosurgical 
system for treating tissue, according to an embodiment of the 
present disclosure; and 
0039 FIG.22 is a flowchart illustrating a method of manu 
facturing an electromagnetic energy delivery device accord 
ing to an embodiment of the present disclosure. 

DETAILED DESCRIPTION 

0040. Hereinafter, embodiments of the presently dis 
closed electromagnetic energy delivery device including an 
energy applicator array will be described with reference to the 
accompanying drawings. Like reference numerals may refer 
to similar or identical elements throughout the description of 
the figures. As shown in the drawings and as used in this 
description, and as is traditional when referring to relative 
positioning on an object, the term “proximal refers to that 
portion of the apparatus that is closer to the user and the term 
“distal refers to that portion of the apparatus that is farther 
from the user. 
0041. This description may use the phrases “in an embodi 
ment,” “in embodiments.” “in some embodiments, or “in 
other embodiments, which may each refer to one or more of 
the same or different embodiments in accordance with the 
present disclosure. For the purposes of this description, a 
phrase in the form A/B means A or B. For the purposes of 
the description, a phrase in the form 'A and/or B' means “(A), 
(B), or (A and B). For the purposes of this description, a 
phrase in the form “at least one of A, B, or C'means “(A), (B), 
(C). (A and B), (A and C), (B and C), or (A, B and C). 
0042 Electromagnetic energy is generally classified by 
increasing energy or decreasing wavelength into radio waves, 
microwaves, infrared, visible light, ultraviolet, X-rays and 
gamma-rays. As it is used in this description, “microwave' 
generally refers to electromagnetic waves in the frequency 
range of 300 megahertz (MHz) (3x10 cycles/second) to 300 
gigahertz (GHz)(3x10" cycles/second). As it is used in this 
description, “ablation procedure' generally refers to any 
ablation procedure. Such as microwave ablation, radio fre 
quency (RF) ablation or microwave ablation assisted resec 
tion. As it is used in this description, “transmission line' 
generally refers to any transmission medium that can be used 
for the propagation of signals from one point to another. 
0043. As it is used in this description, “length” may refer 
to electrical length or physical length. In general, electrical 
length is an expression of the length of a transmission 
medium in terms of the wavelength of a signal propagating 
within the medium. Electricallength is normally expressed in 
terms of wavelength, radians or degrees. For example, elec 
tricallength may be expressed as a multiple or Sub-multiple of 
the wavelength of an electromagnetic wave or electrical sig 
nal propagating within a transmission medium. The wave 
length may be expressed in radians or in artificial units of 
angular measure, such as degrees. The electric length of a 
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transmission medium may be expressed as its physical length 
multiplied by the ratio of (a) the propagation time of an 
electrical or electromagnetic signal through the medium to 
(b) the propagation time of an electromagnetic wave in free 
space over a distance equal to the physical length of the 
medium. The electrical length is in general different from the 
physical length. By the addition of an appropriate reactive 
element (capacitive or inductive), the electricallength may be 
made significantly shorter or longer than the physical length. 
0044 Various embodiments of the present disclosure pro 
vide electromagnetic energy delivery devices for treating tis 
Sue and methods of directing electromagnetic radiation to 
tissue. Embodiments may be implemented using electromag 
netic radiation at microwave frequencies or at other frequen 
cies. An electromagnetic energy delivery device including an 
energy applicator array, according to various embodiments, is 
designed and configured to operate between about 500 MHz 
and about 10 GHz with a directional radiation pattern. 
0045 Various embodiments of the presently disclosed 
electromagnetic energy delivery device including an energy 
applicator array are Suitable for microwave ablation and for 
use to pre-coagulate tissue for microwave ablation assisted 
Surgical resection. Although various methods described here 
inbelow are targeted toward microwave ablation and the com 
plete destruction of target tissue, it is to be understood that 
methods for directing electromagnetic radiation may be used 
with other therapies in which the target tissue is partially 
destroyed or damaged, such as, for example, to prevent the 
conduction of electrical impulses within heart tissue. In addi 
tion, although the following description describes the use of a 
dipole microwave antenna, the teachings of the present dis 
closure may also apply to a monopole, helical, or other Suit 
able type of microwave antenna. 
0046 FIG. 1A shows an electrosurgical system 10, 
according to an embodiment of the present disclosure that 
includes an electromagnetic energy delivery device or abla 
tion array assembly 100. An embodiment of an electromag 
netic energy delivery device, such as the ablation array 
assembly 100 of FIG. 1A, in accordance with the present 
disclosure, is shown in more detail in FIGS. 9 through 11. It 
will be understood, however, that other electromagnetic 
energy delivery device embodiments may also be used. 
0047 Ablation array assembly 100, which is described in 
more detail later in this disclosure, generally includes an 
energy applicator array 810 having a radiating portion con 
nected by a feedline 110 (or shaft) via a transmission line 15 
to a connector 16, which may further operably connect the 
ablation array assembly 100 to a power generating source or 
generator assembly 28, e.g., a microwave or RF electroSurgi 
cal generator. 
0048 Feedline 110 may be formed from a suitable flex 
ible, semi-rigid or rigid microwave conductive cable and may 
connect directly to an electroSurgical power generating 
source 28. Alternatively, the feedline 110 may electrically 
connect the energy applicator array 810 via the transmission 
line 15 to the electroSurgical power generating source 28. 
Feedline 110 may have a variable length from a proximal end 
of the energy applicator array 810 to a distal end of transmis 
sion line 15 ranging from a length of about one inch to about 
twelve inches. Feedline 110 may be formed of suitable elec 
trically-conductive materials, e.g., copper, gold, silver or 
other conductive metals or metal alloys having similar con 
ductivity values. Feedline 110 may be made of stainless steel, 
which generally offers the strength required to puncture tis 
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Sue and/or skin. Conductive materials used to form the feed 
line 110 may be plated with other materials, e.g., other con 
ductive materials, such as gold or silver, to improve their 
properties, e.g., to improve conductivity, decrease energy 
loss, etc. In some embodiments, the feedline 110 includes 
stainless steel, and to improve the conductivity thereof, the 
stainless steel may be coated with a layer of a conductive 
material Such as copper or gold. Feedline 110 may include an 
inner conductor, a dielectric material coaxially Surrounding 
the inner conductor, and an outer conductor coaxially Sur 
rounding the dielectric material. Feedline 110 may be cooled 
by fluid e.g., Saline or water, to improve power handling, and 
may include a stainless steel catheter. 
0049. In some embodiments, the power generating source 
28 is configured to provide microwave energy at an opera 
tional frequency from about 500 MHz to about 2500 MHz. In 
other embodiments, the power generating source 28 is con 
figured to provide microwave energy at an operational fre 
quency from about 500 MHz to about 10 GHz. Power gener 
ating source 28 may be configured to provide various 
frequencies of electromagnetic energy. An embodiment of a 
power generating source, Such as the generator assembly 28 
of FIG. 1A, in accordance with the present disclosure, is 
shown in more detail in FIG. 16. Transmission line 15 may 
additionally, or alternatively, provide a conduit (not shown) 
configured to provide coolant fluid from a coolant source 18 
to one or more components of the ablation array assembly 
1OO. 

0050. In some embodiments, the ablation array assembly 
100 may be provided with a coolant chamber (e.g., 1060 
shown in FIG. 10). Additionally, the ablation array assembly 
100 may include coolant inflow and outflow ports (not shown) 
to facilitate the flow of coolant into, and out of the coolant 
chamber. Examples of coolant chamber and coolant inflow 
and outflow port embodiments are disclosed in commonly 
assigned U.S. patent application Ser. No. 12/401.268 filed on 
Mar. 10, 2009, entitled “COOLED DIELECTRICALLY 
BUFFERED MICROWAVE DIPOLE ANTENNA, and 
U.S. Pat. No. 7,311,703, entitled “DEVICES AND METH 
ODS FOR COOLING MICROWAVE ANTENNAS. 

0051 During microwave ablation, e.g., using the electro 
Surgical system 10, the electromagnetic energy delivery 
device 100 is inserted into or placed adjacent to tissue and 
microwave energy is Supplied thereto. Ultrasound or com 
puted tomography (CT) guidance may be used to accurately 
guide the ablation array assembly 100 into the area of tissue to 
be treated. Ablation array assembly 100 may be placed per 
cutaneously or Surgically, e.g., using conventional Surgical 
techniques by Surgical staff. A clinician may pre-determine 
the length of time that microwave energy is to be applied. 
Application duration may depend on many factors such as 
tumor size and location and whether the tumor was a second 
ary or primary cancer. The duration of microwave energy 
application using the ablation array assembly 100 may 
depend on the progress of the heat distribution within the 
tissue area that is to be destroyed and/or the Surrounding 
tissue. Single or multiple electromagnetic energy delivery 
devices 100 may provide ablations in short procedure times, 
e.g., a few minutes, to destroy cancerous cells in the target 
tissue region. 
0052 A plurality of electromagnetic energy delivery 
devices 100 may be placed in variously-arranged configura 
tions to Substantially simultaneously ablate a target tissue 
region, making faster procedures possible. Multiple electro 
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magnetic energy delivery devices 100 can be used to syner 
gistically create a large ablation or to ablate separate sites 
simultaneously. Tissue ablation size and geometry is influ 
enced by a variety of factors. Such as the energy applicator 
design, number of energy applicators used simultaneously, 
ablation time and wattage, and tissue characteristics. 
0053 FIG. 1B schematically shows an embodiment of the 
electromagnetic energy delivery device 100 of the electrosur 
gical system 10 of FIG. 1A that includes an applicator array 
assembly 150, a generator assembly 28 that supplies power 
having a selected phase, amplitude and frequency, and a 
power divider unit 140 electrically coupled to the generator 
assembly 28 that divides power into the applicator array 
assembly 150. Power divider unit 140 generally divides 
power into a plurality of energy applicators (e.g., 270A, 
270B, 270C shown in FIG. 19) of the applicator array assem 
bly 150. In some embodiments, the applicator array assembly 
150 and the power divider unit 140 are integrally formed. In 
embodiments, the applicator array assembly 150 includes a 
shell assembly 155 and an applicator array “A” that may 
include any 'N' number of energy applicators (e.g., “A”. 
'A' . . . 'A'), and may include a cooling chamber (e.g., 
1060 shown in FIG.10). Because of constructive interference 
of electric fields at the intended focus and destructive inter 
ference of electric fields away from the focus, geometrically 
focused energy deposition from multiple electric fields emit 
ted from the applicator array assembly 150, according to 
embodiments of the present disclosure, may improve local 
ization of the absorbed energy in targeted tissue and focus 
heat reliably. 
0054 Power divider unit 140 generally divides power for 
a plurality of channels (e.g.,350A,350B,350C shown in FIG. 
20) connected to the applicator array assembly 150, and may 
include a plurality of output ports (e.g., 448A, 448B, 448C 
shown in FIG. 21), wherein each output port may be connect 
able to any one or more of the energy applicators of the 
applicator array assembly 150. In some embodiments, the 
power divider unit 140 may include a plurality of phase 
shifters (e.g., 443A, 443B, 443C shown in FIG. 21). In some 
embodiments, the power divider unit 140 includes a phase 
balanced microwave power splitter (e.g., 240 shown in FIG. 
19), and may provide a substantially equal power split to the 
energy applicators of the applicator array assembly 150 while 
maintaining a phase balance of <+/-45 degrees. In an elec 
troSurgical system (e.g., 10 shown in FIG. 1A) according to 
an embodiment of the present disclosure, a generator assem 
bly (e.g., 28 shown in FIG. 1B) includes a processor (e.g., 82 
shown in FIG. 17) that is operably coupled to one or more 
phase monitor units (e.g., 447A, 447B, 447C shown in FIG. 
21) of the power divider unit 140. 
0055 Power divider unit 140 may be a power splitter 
configured to split an input signal from the generator assem 
bly 28 into two or more equal phase output signals, such as a 
Wilkinson power splitter. Power divider unit 140 may be 
implemented by any suitable power divider that provides 
equal or unequal power split at the output ports of the power 
divider unit 140. Power divider unit 140 may maintain phase 
and/or amplitude balance. For example, the power divider 
unit 140 may be implemented using a 2-way power divider 
that provides equal or unequal power split at its output ports 
while maintaining a phase balance of <+/-45 degrees. 
Examples of power divider embodiments are disclosed in 
commonly assigned U.S. patent application Ser. No. 12/562, 
842 filed on Sep. 18, 2009, entitled “TISSUE ABLATION 
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SYSTEM WITH ENERGY DISTRIBUTION. In embodi 
ments, the power divider unit 140 may include a controller 
(e.g., 330 shown in FIG. 20). 
0056 Power divider unit 140, according to various 
embodiments, may deliver microwave power to particular 
channels individually or any combination of one or more 
channels equally or unequally to facilitate selective activation 
of energy delivery to particular channels or combination of 
channels. For example, a user may select channels to which 
energy is delivered. In this scenario, if the second and third 
channels are selected, energy delivery may be divided equally 
between the second and third channels and, thus, unequally 
between the first channel and the second and third channels 
since no energy is delivered to the first channel in this sce 
nario. Further, in this scenario, energy may be delivered to 
individual channels according to selected time intervals by 
dynamically changing the channels to which energy is deliv 
ered. For example, energy may be delivered to the first chan 
nel at a time interval, t1. At a Subsequent time interval, t2, 
energy is delivered to the first channel and the third channel. 
At a subsequent time interval, t3, energy delivery to the first 
channel is stopped and energy delivery to the third channel 
continues. At a Subsequent time interval, tA, energy delivery 
to all channels is stopped. In some embodiments, the power 
divider unit 140 may divide energy between the energy appli 
cators (e.g., “A”, “A”, “A” shown in FIG. 1B) to tailor the 
size and shape of ablation lesions. 
0057. Applicator array assembly 150, according to vari 
ous embodiments, includes a plurality of input ports (not 
shown) connectable to any one or more output ports (not 
shown) of the power divider unit 140, and may be disposed 
substantially adjacent to a distal end portion 141 of the power 
divider unit 140. In some embodiments, a handle assembly 
(not shown) may be attached to the proximal end portion 142 
of the power divider unit 140, and may be coaxially-disposed 
around at least a portion of the feedline 110. The shape and 
size of the power divider unit 140 and the applicator array 
assembly 150 may be varied from the configuration depicted 
in FIG. 1B. 
0058 FIGS. 2 through 8 show a sequentially-illustrated, 
assembly of components forming an energy applicator, 
shown generally as 800 in FIG. 8, in accordance with the 
present disclosure. In FIG. 2, a coaxial feedline 226 is shown 
with the outer conductor 224 trimmed back, such that a por 
tion 221 of the dielectric material 222 and the inner conductor 
220 extends beyond the outer conductor 224. According to an 
embodiment of the present disclosure, an energy applicator 
segment (shown generally as 200 in FIG. 2) includes an 
electrically-conductive element 260 that extends along the 
longitudinal axis 'A' of the energy applicator segment 200. 
Electrically-conductive element 260 may be positioned in a 
distal portion of the energy applicator 800. In some embodi 
ments, the electrically-conductive member 260 is a solid 
metal cylinder disposed at the distal end of the portion 221 
electrically coupled to the inner conductor 220 (e.g., by sol 
der). Electrically-conductive element 260 may be formed of 
any Suitable electrically-conductive material (e.g., metal Such 
as stainless steel, aluminum, titanium, copper, etc.) of any 
suitable length. The shape and size of the electrically-con 
ductive element 260 may be varied from the configuration 
depicted in FIG. 2. 
0059 FIG. 3 shows an energy applicator segment 300 
according to an embodiment of the present disclosure that is 
similar to the energy applicator segment 200 of FIG. 2, except 
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for a dielectric layer 322 (also referred to herein as a balun 
insulator) disposed coaxially about a distal portion of the 
outer conductor 224 of the feedline 226. Dielectric layer 322 
may have a suitable length “L1 in a range of about 0.1 inches 
to about 3.0 inches. Dielectric layer 322 may be spaced apart 
from and disposed proximal to the distal end of the outer 
conductor 224. In some embodiments, the dielectric layer322 
is spaced apart, by a length "L2', e.g., about 0.1 inches, from 
the distal end of the outer conductor 224. Balun insulator 322 
may extend distally beyond the distal end of the conductive 
balun sleeve (e.g., 430 shown in FIG. 4) to direct current into 
a balancing/unbalancing (balun) structure (e.g., “B” shown in 
FIG. 4). Dielectric layer 322 may be formed of any suitable 
insulative material, including, but not limited to, ceramics, 
water, mica, polyethylene, polyethylene terephthalate, poly 
imide, polytetrafluoroethylene (PTFE) (e.g., Teflon R, manu 
factured by E. 1. duPont de Nemours and Company of Wilm 
ington, Del. United States), glass, metal oxides or other 
Suitable insulator, and may be formed in any suitable manner. 
Dielectric layer 322 may be grown, deposited or formed by 
any other Suitable technique. In some embodiments, the balun 
insulator 322 is formed from a material with a dielectric 
constant in the range of about 1.7 to about 10. The shape, size 
and relative position of the balun insulator 322 may be varied 
from the configuration depicted in FIG. 3. 
0060 FIG. 4 shows an energy applicator segment 400 
according to an embodiment of the present disclosure that is 
similar to the energy applicator segment 300 of FIG.3 except 
for an electrically-conductive layer 430 (also referred to 
hereinas a conductive balun sleeve) disposed coaxially about 
a proximal portion of the energy applicator segment 400. 
Electrically-conductive layer 430 may have any suitable 
length “L3', e.g., about 0.1 inches to about 3.0 inches. Elec 
trically-conductive layer 430 may beformed as a single struc 
ture and electrically coupled to the outer conductor 224, e.g., 
by solder or other suitable electrical connection. In some 
embodiments, the electrically-conductive layer 430 includes 
a first portion 431, having a length “L5”, disposed coaxially 
about a proximal portion of the dielectric layer 322, and a 
second portion 432, having a length "L4, disposed proxi 
mally to the first portion 431 electrically coupled to the outer 
conductor 224. First and second portions 431, 432 may be 
formed of any Suitable electrically-conductive material, e.g., 
metal Such as stainless steel, titanium, copper, etc., and may 
be formed in any Suitable manner. First and second portions 
431,432 may be formed separately from each other. First and 
second portions 431,432 may forma single, unitary structure. 
The shape and size of the electrically-conductive balun sleeve 
430 may be varied from the configuration depicted in FIG. 4. 
0061 FIG. 5 shows an energy applicator segment 500 
according to an embodiment of the present disclosure that is 
similar to the energy applicator segment 400 of FIG. 4, except 
for an electrically-conductive cylinder 540 disposed coaxi 
ally about a distal portion of the electrically-conductive layer 
430. Electrically-conductive cylinder 540 may have a suitable 
length “L6 in a range of about 0.05 inches to about 0.2 
inches. In some embodiments, the distal edge of electrically 
conductive cylinder 540 is disposed overlying the distal edge 
of the electrically-conductive layer 430. The shape and size of 
the electrically-conductive cylinder 540 may be varied from 
the configuration depicted in FIG. 5. 
0062 FIG. 6 shows an energy applicator segment 600 
according to an embodiment of the present disclosure that 
includes an electrically-conductive layer 630 and an electri 
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cally-conductive cylinder 640. Electrically-conductive layer 
630 surrounds a proximal portion of the dielectric layer 322 
and is electrically coupled to the outer conductor 224, e.g., by 
solder or other suitable electrical connection. Electrically 
conductive layer 630 is similar to the electrically-conductive 
layer 430 of FIG. 4, except that the electrically-conductive 
layer 630 has a length that is less than the length “L3’ of the 
electrically-conductive layer 430. As shown in FIG. 6, the 
electrically-conductive layer 630 may have a length “L7. 
which is shorter than the length “L3' by a length “L9. 
0063 Electrically-conductive cylinder 640 shown in 
FIGS. 6 and 7 is similar to the electrically-conductive cylin 
der 540 of FIG. 5, except that the electrically-conductive 
cylinder 640 extends distally beyond the distal edge of the 
electrically-conductive layer 630. As shown in FIG. 7, the 
electrically-conductive cylinder 640, having a length “L6”. 
includes a first portion 641, having a length “L8, disposed 
coaxially about the distal end of the electrically-conductive 
layer 630, and a second portion 642, having a length “L9. 
disposed distally of the first portion 641, Surrounding a por 
tion of the dielectric layer 322 distally extending beyond the 
electrically-conductive layer 630. In some embodiments, the 
electrically-conductive cylinder 640 is positioned relative to 
the distal edge of the electrically-conductive layer 630 such 
that the combined length of the electrically-conductive layer 
630 and the electrically-conductive cylinder 640 is a length 
“L3’, which may be, for example, a quarter wavelength or a 
half wavelength. The shape and size of the electrically-con 
ductive cylinder 640 may be varied from the configuration 
depicted in FIGS. 6 and 7. 
0064 FIG. 8 shows an energy applicator segment 800 
according to an embodiment of the present disclosure that is 
similar to the energy applicator segment 500 of FIG. 5, except 
for a generally longitudinally-disposed dielectric structure 
850. In some embodiments, the dielectric structure 850 
includes a dielectric cap configured to cover the distal end of 
the electrically-conductive member 260. 
0065. As shown in FIG. 8, the dielectric structure 850 may 
be disposed distally to the electrically-conductive cylinder 
540. Dielectric structure 850 may be formed using over 
molding techniques or other forming techniques. In some 
embodiments, the dielectric structure 850 is formed from a 
material with a dielectric constant in the range of about 1.7 to 
about 10. The shape and size of the dielectric structure 850 
may be varied from the configuration depicted in FIG. 8. 
0.066. In some embodiments, the dielectric structure 850 
includes a first dielectric segment 851, a second dielectric 
segment 852, and a third dielectric segment 853. As shown in 
FIG. 8, the first dielectric segment 851 extends distally from 
the distal end of the electrically-conductive cylinder 540 and 
may have a substantially half-cylindrical shape. First dielec 
tric segment 851 may be made to encompass any radial angle. 
In some embodiments, the first dielectric segment 851 
extends from the distal end of the electrically-conductive 
cylinder 540 to distal end of the electrically-conductive mem 
ber 260. Second dielectric segment 852 is configured to cover 
the distal end of the electrically-conductive member 260, and 
may include a first portion and a second portion. In some 
embodiments, the first and second dielectric segments 851, 
852 are integrally formed in a molding process. First dielec 
tric segment 851, the second dielectric segment 852 and the 
third dielectric segment 853 may be formed by any suitable 
process. 
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0067. In some embodiments, the energy applicator seg 
ment 800 may be provided with an outer jacket (not shown) 
disposed about the electrically-conductive layer 430, the 
electrically-conductive cylinder 540 and/or the dielectric 
structure 850. The outerjacket may beformed of any suitable 
material. Such as, for example, polymeric or ceramic materi 
als. The outerjacket may be applied by any Suitable method, 
Such as, for example, heat shrinking, over-molding, coating, 
spraying dipping, powder coating, baking and/or film depo 
sition. The outer jacket may be a water-cooled catheter 
formed of a material having low electrical conductivity. 
0068 FIG.9 shows a portion or unit 1100A of an electro 
magnetic energy delivery device, such the electromagnetic 
energy delivery device 1200 of FIG. 11, with an array of three 
energy applicators, such as the energy applicator 800 of FIG. 
8, inaccordance with the present disclosure. As shown in FIG. 
9, the portion 1100A includes an applicator array assembly 
950, a power divider unit 940 electrically coupleable to a 
generator assembly (e.g., 28 shown in FIG. 16) for dividing 
power for a plurality of channels (e.g., 450A, 450B and 450C 
shown in FIG. 21) connected to the applicator array assembly 
950, and a handle member 930. Power divider unit 940 is 
similar to the power divider unit 140 of FIG. 1B and further 
description thereof is omitted in the interests of brevity. 
0069. In embodiments, the applicator array assembly 950 
includes a shell assembly 953 and an applicator array 810 
including three energy applicators 811, 812 and 813. In 
embodiments, the shell assembly 953 has a substantially rect 
angular shape, and may extend distally beyond the length of 
the radiating portion of the applicator array 810. The shape 
and size of the shell assembly 953 may be varied from the 
configuration depicted in FIG. 9. In some embodiments, the 
shell assembly 953 has a substantially oblong shape. 
Although the portion 1100A of the electromagnetic energy 
delivery device illustrated in FIG. 9 includes three energy 
applicators 811, 812 and 813, it is to be understood that any 
“N number of energy applicators may be utilized. 
(0070. Shell assembly 953 may include an outer portion 
951 and an inner portion 952. In some embodiments, the outer 
portion 951 of the shell assembly 953 is formed of an elec 
trically-conductive material e.g., stainless steel, and electri 
cally coupled to the distal end of the conductive balun sleeve 
(e.g., 430 shown in FIG. 4) of one or more of the energy 
applicators 811, 812 and 813. Inner portion 952 of the shell 
assembly 953 may be formed of any suitable dielectric mate 
rial. A distal portion of the inner portion 952 may extend distal 
to the distal ends of the energy applicators 811, 812and813. 
0071. Outer portion 951 may include any electrically-con 
ductive material. Such as, for example, copper, stainless steel, 
titanium, titanium alloys such as nickel-titanium and tita 
nium-aluminum-Vanadium alloys, aluminum, aluminum 
alloys, tungsten carbide alloys or combinations thereof. Por 
tions of the outer portion 951 may be loaded with low- to 
mid-range permittivity dielectric materials to aid in radiation 
directivity and impedance matching. Several shells, or other 
shapes, of different dielectric materials may nest together to 
form the outer portion 951. 
0072 Inner portion 952 may include a dielectric material. 
In some embodiments, the inner portion 952 includes dielec 
tric material layers. For example, the inner portion 952 may 
include one or more thin layers, one or more thick layers or a 
mixture of thick and thin layers. Inner portion 952 may be 
composed of any suitable dielectric material which may be 
the same as, or different from, the dielectric material, if any, 
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used in the outer portion 951. The dielectric materials used to 
form the inner portion 952 may vary in dielectric constant 
with shells or more complex dielectric layering to achieve the 
optimum antenna directivity and energy to tissue delivery. In 
Some embodiments, a portion of the cap of dielectric material 
852 and a portion of the first dielectric segment 851 of one or 
more of the energy applicators 811, 812and813 are disposed 
in a recess in the form of a groove (not shown) defined in the 
planar top surface “S” of the inner portion 952. In some 
embodiments, the inner portion 952, or portions thereof, may 
be adapted to circulate coolant fluid therethrough. 
0073 FIG. 10 shows a portion 1100B of an electromag 
netic energy delivery device according to an embodiment of 
the present disclosure that is similar to the portion 1100A of 
FIG.9, except for a chamber 1060 (also referred to herein as 
a cooling chamber). Chamber 1060 generally includes a fluid 
inlet port (not shown) and a fluid outlet port (not shown). 
Coolant chamber 1060 is adapted to circulate coolant fluid 
(e.g., “F” shown in FIG. 11) therethrough, and may include 
baffles, multiple lumens, flow restricting devices, or other 
structures that may redirect, concentrate, or disperse flow 
depending on their shape. 
0074 FIG. 11 shows an embodiment of an electromag 
netic energy delivery device 1200 in accordance with the 
present disclosure that includes the portion 1100B of FIG. 10 
shown with a material 1180 disposed about the cooling cham 
ber 1060 thereof. Material 1180 may include any suitable 
material. Suitable materials for use as the material 1180 may 
include high dielectric-constant materials, such as, for 
example, inorganic nonmetallic materials (e.g., ceramics), 
metallic oxides (e.g., alumina, titanium dioxide, Zirconium 
dioxide, or zinc oxide) and combinations thereof. Material 
1180 may include a nonconductive radio frequency transpar 
ent material, e.g., a glass fiber epoxy composite polyimide, 
high temperature conformable rubber or plastic. Material 
1180 may be formed using over-molding techniques or other 
forming techniques. 
0075 FIG. 12 shows an energy applicator segment 900 
according to an embodiment of the present disclosure that is 
similar to the energy applicator segment 800 of FIG. 8, except 
for a longitudinally-extending inflow tube 961, a longitudi 
nally-extending outflow tube 962, and an electrically-con 
ductive cylinder 1240 having a notch"N' defined therein that 
is configured to receive the inflow and outflow tubes 961,962. 
In some embodiments, the inflow and outflow tubes 961,962 
are configured to Supply and/or dispense coolant fluid (e.g., 
saline, water or other suitable coolant fluid) into and out of a 
distal portion of a cooling chamber (e.g., 1560 shown in FIG. 
15). A pump (not shown) may be connected in fluid commu 
nication between the cooling chamber and a coolant Source 
(e.g., 18 shown in FIG. 1A). Inflow and outflow tubes 961, 
962 may include thin-walled polyimide tubes. In some 
embodiments, a pump Supplies coolant fluid from a coolant 
source to one or more inflow tubes 961 which, in turn, deliver 
coolant fluid to the cooling chamber (e.g., 1560 shown in FIG. 
15). Additionally, or alternatively, a pump may be fluidly 
coupled to one or more outflow tubes 962 to draw coolant 
fluid out of the cooling chamber. 
0076. As shown in FIGS. 12 and 13, the inflow and outflow 
tubes 961, 962 may extend longitudinally across the full 
length of the electrically-conductive layer 430 and at least 
partially across the dielectric structure 850. As shown in FIG. 
13, a portion or segment “S” of the inflow and outflow tubes 
961, 962 is disposed within a notch “N' defined within the 
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electrically-conductive cylinder 1240. In some embodiments, 
the notch 'N' is configured as a recess, e.g., in the form of a 
groove or hole. In other embodiments, the notch 'N' is con 
figured as a first recess (not shown) and a second recess (not 
shown), wherein the first recess is configured to receive one or 
more inflow tubes 961 and the second recess is configured to 
receive one or more outflow tubes 962. 

(0077. Inflow tube 961 and the outflow tube 962 may be 
formed to have the same diameters or different diameters. 
Inflow and outflow tubes 961, 962 may have any suitable 
length. In some embodiments, the segment “S” of the inflow 
and outflow tubes 961, 962 is disposed between the electri 
cally-conductive layer 430 and the outer circumferential sur 
face of the electrically-conductive cylinder 1240, which helps 
minimize the outer diameter of the energy applicator. Inflow 
and outflow tubes 961, 962 may be held in place, e.g., along 
the electrically-conductive layer 430 and/or within the notch 
“N', by using UV adhesive or other similar suitable adhe 
sives, as well as heat shrink tubing or by other suitable meth 
ods. The shape and size of the inflow and outflow tubes 961, 
962, the electrically-conductive cylinder 1240 and the notch 
“N may be varied from the configurations depicted in FIGS. 
12 and 13. 
0078 FIG. 14 shows a portion 1400 of an electromagnetic 
energy delivery device that is similar to the portion 1100A of 
the electromagnetic energy delivery device of FIG. 9. As 
shown in FIG. 14, the portion 1400 includes an applicator 
array assembly 1450, a power divider unit 940 electrically 
coupleable to a generator assembly (e.g., 28 shown in FIG. 
16) for dividing powerfor a plurality of channels connected to 
the applicator array assembly 1450, and a handle member 
930. Power divider unit 940 is similar to the power divider 
unit 140 of FIG. 1B and further description thereof is omitted 
in the interests of brevity. Applicator array assembly 1450 is 
similar to the applicator array assembly 950 shown in FIG.9. 
except for the inflow and outflow tubes 961 and 962, respec 
tively. In some embodiments, the inflow and outflow tubes 
961, 962 are configured to supply and/or dispense coolant 
fluid “F” (e.g., saline, water or other suitable coolant fluid) 
into and out of a cooling chamber (e.g., 1560 shown in FIG. 
15). 
007.9 FIG. 15 shows an embodiment of an electromag 
netic energy delivery device 1500 in accordance with the 
present disclosure that includes the portion 1400 of FIG. 14 
shown with a cooling chamber 1560 and a material 1580 
disposed thereabout. Cooling chamber 1560 at least partially 
Surrounds the energy applicator array 1210 including three 
energy applicators 1211, 1212 and 1213 (FIG. 14). The shape 
and size of the inflow and outflow tubes 961, 962 and the 
chamber 1560 may be varied from the configuration depicted 
in FIG. 15. In some embodiments, portions of the inflow and 
outflow tubes 961,962 are disposed within the chamber 1560. 
Additionally, or alternatively, the chamber 1560 may include 
a material having a high dielectric constant, Such as alumina, 
titanium dioxide or Zirconium dioxide, for improved antenna 
directivity and energy to tissue delivery efficiency. Cooling 
chamber 1560 and the material 1580 disposed thereabout are 
similar to the chamber 1060 and the material 1080 shown in 
FIGS. 10 and 11, respectively, and further description thereof 
is omitted in the interests of brevity. 
0080 FIG. 16 schematically illustrates an electrosurgical 
system 1000 in accordance with an embodiment of the 
present disclosure. Electrosurgical system 1000 includes an 
actuator 20 operably coupled by a cable 19 via connector 17 
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to an embodiment of the generator assembly 28 of the elec 
trosurgical system 10 of FIG. 1A. Actuator 20 may be a 
footswitch, a handswitch, a bite-activated switch, or any other 
suitable actuator. Cable 19 may include one or more electrical 
conductors for conveying an actuation signal from the actua 
tor 20 to the generator assembly 28. In an embodiment, the 
actuator 20 is operably coupled to the generator assembly 28 
by a wireless link, such as without limitation, a radiofre 
quency or infrared link. In use, the clinician may interact with 
the user interface 25 to preview operational characteristics of 
the electromagnetic energy delivery device 100. 
0081 Generator assembly 28, according to various 
embodiments, includes a generator module (e.g., 86 shown in 
FIG. 17) in operable communication with a processor (e.g., 
82 shown in FIG. 17), a user interface 25, and an actuator 20. 
Electromagnetic energy delivery device 100 is operably 
coupled to an energy output of the generator module, which 
may be configured as a source of RF and/or microwave 
energy. Actuator 20 is operably coupled to the processor via 
user interface 25. In embodiments, actuator 20 may be oper 
ably coupled to the processor and/or to the generator module 
by a cable connection, or a wireless connection. 
0082) User interface 25 may include a display 21, such as 
without limitation a flat panel graphic LCD (liquid crystal 
display), adapted to visually display at least one user interface 
element 23, 24. In an embodiment, display 21 includes touch 
screen capability (not shown), e.g., the ability to receive input 
from an object in physical contact with the display, Such as 
without limitation, a stylus or a user's fingertip. A user inter 
face element 23, 24 may have a corresponding active region, 
Such that, by touching the screen within the active region 
associated with the user interface element, an input associated 
with the user interface element 23, 24 is received by the user 
interface 25. 

0083 User interface 25 may additionally, or alternatively, 
include one or more controls 22 that may include without 
limitation a Switch (e.g., pushbutton Switch, toggle Switch, 
slide Switch) and/or a continuous actuator (e.g., rotary or 
linear potentiometer, rotary or linear encoder.) In an embodi 
ment, a control 22 has a dedicated function, e.g., display 
contrast, power on/off, and the like. Control 22 may also have 
a function that may vary in accordance with an operational 
mode of the electrosurgical system 10. A user interface ele 
ment 23 may be positioned Substantially adjacently to control 
22 to indicate the function thereof. Control 22 may also 
include an indicator, Such as an illuminated indicator (e.g., a 
single- or variably-colored LED indicator.) 
0084 FIG. 17 is a block diagram showing one embodi 
ment of the electrosurgical system 1000 of FIG. 16. In an 
embodiment, the generator module 86 is configured to pro 
vide energy of about 915 MHz. Generator module 86 may 
additionally, or alternatively, be configured to provide energy 
of about 2450 MHz (2.45 GHz). The present disclosure con 
templates embodiments wherein the generator module 86 is 
configured to generate a frequency other than about 915 MHz 
or about 2450 MHz, and embodiments wherein the generator 
module 86 is configured to generate variable frequency 
energy. Generator assembly 28 includes a processor 82 that is 
operably coupled to user interface 25. Processor 82 may 
include any type of computing device, computational circuit, 
or any type of processor or processing circuit capable of 
executing a series of instructions that are stored in a memory, 
e.g., storage device 88 or external device 91. 
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I0085. In some embodiments, a storage device 88 is oper 
ably coupled to the processor 82, and may include random 
access memory (RAM), read-only memory (ROM), and/or 
non-volatile memory (NV-RAM, Flash, and disc-based stor 
age.) Storage device 88 may include a set of program instruc 
tions executable on the processor 82 for executing a method 
for displaying and controlling ablation patterns in accordance 
with the present disclosure. Generator assembly 200 may 
include a data interface 90 that is configured to provide a 
communications link to an external device 91. In an embodi 
ment, the data interface 90 may be any of a USB interface, a 
memory card slot (e.g., SD slot), and/or a network interface 
(e.g., 100BaseT Ethernet interface or an 802.11 “Wi-Fi' 
interface.) External device 91 may be any of a USB device 
(e.g., a memory stick), a memory card (e.g., an SD card), 
and/or a network-connected device (e.g., computer or server). 
I0086 Generator assembly 28 may also include a database 
84 that is configured to store and retrieve energy applicator 
data, e.g., parameters associated with one or energy applica 
tors (e.g., “A”, “A”, “A” shown in FIG. 1B) and/or one or 
more applicator array assemblies (e.g., 150 shown in FIG. 
1B). Parameters stored in the database 84 in connection with 
an applicator array assembly may include, but are not limited 
to, applicator array assembly identifier, applicator array 
assembly dimensions, a frequency, an ablation length, an 
ablation diameter, a temporal coefficient, a shape metric, 
and/or a frequency metric. In an embodiment, ablation pat 
tern topology may be included in the database 84, e.g., a 
wireframe model of an applicator array assembly (e.g., 150 
shown in FIG. 1B) and/or an ablation pattern associated 
therewith. 

I0087 Database 84 may also be maintained at least in part 
by data provided by the external device 91 via the data inter 
face 90. For example without limitation, energy applicator 
data may be uploaded from an external device 91 to the 
database 84 via the data interface 90. Energy applicator data 
may additionally, or alternatively, be manipulated, e.g., 
added, modified, or deleted, in accordance with data and/or 
instructions stored on the external device 91. In an embodi 
ment, the set of energy applicator data represented in the 
database 84 is automatically synchronized with correspond 
ing data contained in external device 91 in response to exter 
nal device 91 being coupled (e.g., physical coupling and/or 
logical coupling) to data interface 90. 
I0088 Processor 82 is programmed to enable a user, via 
user interface 25 and/or display 21, to view at least one 
ablation pattern and/or other energy applicator data corre 
sponding to an embodiment of an applicator array assembly. 
For example, a Surgeon may determine that a Substantially 
spherical ablation pattern is necessary. The Surgeon may acti 
vate a “selectablation shape' mode of operation for generator 
assembly 28, preview an energy applicator array by reviewing 
graphically and textually presented data on display 21, 
optionally, or alternatively, manipulate a graphic image by, 
for example, rotating the image, and to select an array of 
energy applicators based upon displayed parameters. The 
selected energy applicator(s) may then be electrically 
coupled to the generator assembly 28 for use therewith. 
I0089. In an embodiment, a surgeon may input via user 
interface 25 an applicator array parameter to cause generator 
assembly 28 to present one or more electromagnetic energy 
delivery devices corresponding thereto. For example, a Sur 
geon may require a 3.0 cmx3.0 cm ablation pattern, and 
provide an input corresponding thereto. In response, the gen 
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erator assembly 28 may preview a corresponding Subset of 
available electromagnetic energy delivery devices 100 that 
match or correlate to the inputted parameter. 
0090 FIG. 18 is a diagrammatic representation of a radia 
tion pattern “R” of electromagnetic energy delivered into 
tissue 'T' by an electromagnetic energy delivery device. Such 
as the electromagnetic energy delivery device 1200 of FIG. 
11, according to an embodiment of the present disclosure. 
0091 FIG. 19 is a schematic diagram of an electrosurgical 
system 2000 for treating tissue according to an embodiment 
of the present disclosure. Electrosurgical system 2000 
includes a microwave signal source 210 providing a micro 
wave frequency output signal to a microwave amplifier unit 
230, a phase-balanced microwave power splitter 240 coupled 
to the microwave amplifier unit 230, and a first, a second and 
a third microwave ablation antenna assembly 270A, 270B 
and 270C, each coupled to the phase-balanced microwave 
power splitter 240. The microwave signal source 210 is 
capable of generating a plurality of output signals of various 
frequencies that are input to the microwave amplifier unit 
230. The microwave amplifier unit 230 may have any suitable 
input power and output power. 
0092. In the electrosurgical system 2000, a first transmis 
sion line 250A electrically connects the first antenna assem 
bly 270A to the phase-balanced microwave power splitter 
240, defining a first channel; a second transmission line 250B 
electrically connects the second antenna assembly 270B to 
the phase-balanced microwave power splitter 240, defining a 
second channel; and a third transmission line 250C electri 
cally connects the third antenna assembly 270C to the phase 
balanced microwave power splitter 240, defining a third chan 
nel. The first, second and third transmission lines 250A, 250B 
and 250C may each include one or more electrically conduc 
tive elements, such as electrically conductive wires. 
0093. In an embodiment, the first, second and third trans 
mission lines 250A, 250B and 250C each have substantially 
the same length, which preserves the phase relationship 
between the electrical signals in each channel of the electro 
surgical system 2000. The phase-balanced microwave power 
splitter 240 may be implemented by any suitable power 
divider that provides equal power split at all output ports 
while Substantially maintaining phase. For example, the 
phase-balanced microwave power splitter 240 may be imple 
mented using a 3-way power divider that provides equal 
power split at all output ports while maintaining a phase 
balance of <+/-45 degrees. The phase-balanced microwave 
power splitter 240 may be implemented by any suitable power 
divider that provides equal power split at all output ports 
while Substantially maintaining phase and amplitude balance. 
For example, in one instance, the phase-balanced microwave 
power splitter 240 implements using a 3-way power divider 
that provides equal power split at all output ports while main 
taining a phase balance of <+/-10 degrees and amplitude 
balance of <1.5 dB. 

0094. Each antenna assembly 270A, 270B and 270C typi 
cally includes a plurality of electrodes disposed on a rigid or 
bendable needle or needle-like structure. The antenna assem 
blies 270A, 270B and 270C are positioned substantially par 
allel to each other, for example, spaced about 5 millimeters 
(mm) apart, and inserted directly into tissue or placed into the 
body during Surgery by a clinician, or positioned in the body 
by other suitable methods. Although the electroSurgical sys 
tem 2000 illustrated in FIG. 19 includes three microwave 
ablation antenna assemblies 270A, 270B and 270C, it is to be 
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understood that any 'N' number of antenna assemblies may 
be utilized and that phase-balanced microwave power splitter 
240 may be implemented by any suitable power divider that 
divides or splits a microwave input signal into “N number of 
output signals of equal power while Substantially maintaining 
phase and amplitude balance. 
(0095. The electrosurgical system 2000 delivers phase 
controlled microwave power to each antenna assembly 270A, 
270B and 270C of the three-channel system. The electrosur 
gical system 2000 delivers substantially in-phase microwave 
power to each antenna assembly 270A, 270B and 270C, 
which may result in a more efficient ablating tool than out 
of-phase energy applicators. By controlling the phase of 
energy applicators with respect to each other, according to 
embodiments of the present disclosure, a desired effect on 
tissue between the energy applicators is produced. In a resec 
tion procedure where a long thin ablation line is desired, 
energy applicators that are 180 degrees out of phase with 
respect to each other produce a desired effect on tissue. In 
ablation procedures using in-phase energy applicators, 
according to various embodiments of the present disclosure, 
there may be a reduction in energy that might otherwise move 
between the antenna shafts toward the surface with out-of 
phase energy applicators. 
0096. In an embodiment, the electrosurgical system 2000 
delivers phase-controlled microwave power to each antenna 
assembly 270A, 270B and 270C while maintaining a phase 
balance of <+/-45 degrees. The electrosurgical system 2000 
is implemented with operating frequencies in the range of 
about 915 MHz to about 5 GHZ, which may be useful in 
performing ablation procedures and/or other procedures. It is 
to be understood that the electrosurgical system 2000 may be 
implemented with any appropriate range of operating fre 
quencies. 
0097 FIG.20 is a schematic diagram of an embodiment of 
an electroSurgical system 3000 for treating tissue according 
to an embodiment of the present disclosure. ElectroSurgical 
system 3000 includes a microwave signal source 310 provid 
ing a microwave frequency output signal to a controller 330, 
and a first, a second and a third microwave ablation antenna 
assembly 270A, 270B and 270C, each coupled to the control 
ler 330. The microwave signal source 310 is capable of gen 
erating a plurality of output signals of various frequencies that 
are input to the controller 330. 
0098. The controller 330 includes a first, a second and a 
third microwave amplifier 320A, 320B and 320C that are 
phase-balanced with respect to one another. The first, second 
and third phase-balanced microwave amplifiers 320A, 320B 
and 320C each deliver equal power while maintaining a phase 
balance of <+/-10 degrees and amplitude balance of <1.5 dB. 
In an embodiment, the first, second and third phase-balanced 
microwave amplifiers 320A, 320B and 320C each deliver 
phase-controlled microwave power to the respective antenna 
assemblies 270A, 270B and 270C while maintaining a phase 
balance of <+/-45 degrees. The first, second and third phase 
balanced microwave amplifiers 320A, 320B and 320C may 
have any suitable input power and output power. 
0099. In the electrosurgical system 3000, a first transmis 
sion line 350A electrically connects the first antenna assem 
bly 270A to the first phase-balanced microwave amplifier 
320A, defining a first channel; a second transmission line 
350B electrically connects the second antenna assembly 
270B to the second phase-balanced microwave amplifier 
320B, defining a second channel; and a third transmission line 
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350C electrically connects the third antenna assembly 270C 
to the third phase-balanced microwave amplifier 320C, defin 
ing a third channel. The first, second and third transmission 
lines 350A, 350B and 350C each include one or more elec 
trically conductive elements, such as electrically conductive 
wires. In an embodiment, the first, second and third transmis 
sion lines 350A, 350B and 350C each have substantially the 
same length, which preserves the phase relationship between 
electrical signals in each channel of the electroSurgical sys 
ten 3000. 
0100 Although the electrosurgical system 3000 illus 
trated in FIG. 20 includes three microwave ablation antenna 
assemblies 270A, 270B and 270C and three phase-balanced 
microwave amplifiers 320A, 320B and 320C, it is to be under 
stood that any “N number of antenna assemblies and any 
“N number of phase-balanced microwave amplifiers may be 
utilized. 
0101 FIG. 21 is a schematic diagram of an electrosurgical 
system 4000 for treating tissue according to another embodi 
ment of the present disclosure. The disclosed electroSurgical 
system 4000 is a three-channel system that includes a first, a 
second and a third microwave signal source 410A, 410B and 
410C, a first, a second and a third microwave amplifier 420A, 
420B and 420C, a controller 440 that includes three inputs 
442A, 442B and 442C and three outputs 448A, 448B and 
448C, and a first, a second and a third microwave ablation 
antenna assembly 270A, 270B and 270C. 
0102 The first, second and third microwave signal sources 
410A, 410B and 410C provide microwave frequency output 
signals to the first, second and third amplifiers 420A, 420B 
and 420C, respectively. The first microwave amplifier 420A 
provides an output signal through an output terminal that is 
electrically coupled to the first input 442A of the controller 
440; the second microwave amplifier 420B provides an out 
put signal through an output terminal that is electrically 
coupled to the second input 442B of the controller 440; and 
the third microwave amplifier 420C provides an output signal 
through an output terminal that is electrically coupled to the 
third input 442C of the controller 440. The first, second and 
third amplifiers 420A, 420B and 420C each have any suitable 
input power and output power. In an embodiment, the first, 
second and third amplifiers 420A, 420B and 420C may be 
phase-balanced with respect to one another and, in Such case, 
are arranged between the controller 440 and the first, second 
and third microwave ablation antenna assemblies 270A, 
27 OB and 27OC. 
0103 Although the first, second and third amplifiers 
420A, 420B and 420C are illustrated as standalone modules 
in FIG. 21, it is to be understood that one or more of the 
amplifiers may be integrated fully or partially into the con 
troller 440. The electrosurgical system 4000 may be imple 
mented without the first, second and third amplifiers 420A, 
420B and 420C, or with any combination thereof. 
0104. The controller 440 includes a first, a second and a 
third phase shifter 443A, 443B and 443C, and a first, a second 
and a third phase monitor unit 447A, 447B and 447C. The 
first phase shifter 443A is electrically coupled between the 
first input 442A and the first phase monitor unit 447A: the 
second phase shifter 443B is electrically coupled between the 
second input 442B and the second phase monitor unit 447B; 
and the third phase shifter 443C is electrically coupled 
between the third input 442C and the third phase monitor unit 
447C. The first phase monitor unit 447A is electrically 
coupled between the first phase shifter 443A and the output 
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448A; the second phase monitor unit 447B is electrically 
coupled between the second phase shifter 443B and the out 
put 448B; and the third phase monitor unit 447C is electri 
cally coupled between the third phase shifter 443C and the 
output 448C. 
0105. The controller 440 may include a number of pro 
cessing units (not shown) coupled to the first, second and third 
phase monitor units 447A, 447B and 447C for controlling 
output of one or more of the phase shifters 443A, 443B and 
443C to provide a desired phase relationship of electrical 
signals in each channel of the electrosurgical system 4000. 
The processing unit(s) may include multiple processors and/ 
or multicore CPUs and may include any type of processor 
capable of executing software, Such as a microprocessor, 
digital signal processor, microcontroller, or the like. The con 
troller 440 may additionally, or alternatively, be operably 
coupled to an external processor (e.g., 82 shown in FIG. 16). 
0106 The controller 440 may include one or more phase 
detectors (not shown) to compare the respective phases of 
electrical signals inputted through the inputs 442A, 442B 
and/or 442C. By comparing a reference signal. Such as a clock 
signal, to a feedback signal using a phase detector, phase 
adjustments may be made based on the comparison of the 
electrical signals inputted, to set the phase relationship 
between electrical signals in each channel of the electroSur 
gical system 4000. 
0107. In an embodiment, the controller 440 delivers 
phase-controlled microwave power through the outputs 
448A, 448B and 448C to the antenna assemblies 270A, 270B 
and 270C, respectively irrespective of the individual phases 
of each of electrical signals inputted through the inputs 442A, 
442B and/or 442C. As illustrated in FIG. 21, a first transmis 
sion line 450A electrically connects the first antenna assem 
bly 270A to the output 448A of the controller 440, defining a 
first channel; a second transmission line 450B electrically 
connects the second antenna assembly 270B to the output 
448B of the controller 440, defining a second channel; and a 
third transmission line 450C electrically connects the third 
antenna assembly 270C to the output 448C of the controller 
440, defining a third channel. The first, second and third 
transmission lines 450A, 450B and 450C each include one or 
more electrically conductive elements, such as electrically 
conductive wires. In an embodiment, the first, second and 
third transmission lines 450A, 450B and 450C each have 
Substantially the same length, which preserves the phase rela 
tionship between electrical signals in each channel of the 
electrosurgical system 4000. 
0108. Hereinafter, a method of manufacturing an energy 
applicator having a dielectric loaded coaxial aperture with 
distally positioned resonant structure, in accordance with the 
present disclosure, is described with reference to FIG.22. It is 
to be understood that the steps of the method provided herein 
may be performed in combination and in a different order 
than presented herein without departing from the scope of the 
disclosure. 

0109 FIG.22 is a flowchart illustrating a method of manu 
facturing an electromagnetic energy delivery device accord 
ing to an embodiment of the present disclosure. In step 2210, 
a plurality of coaxial cables is provided. Each coaxial cable 
(e.g., 226 shown in FIG. 2) includes an inner conductor (e.g., 
220 shown in FIG. 2), an outer conductor (e.g., 224 shown in 
FIG. 2) and a dielectric material (e.g., 222 shown in FIG. 2) 
disposed therebetween. A portion of the inner conductor and 
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the dielectric material (e.g., 221 shown in FIG. 2) may extend 
beyond the outer conductor at the distal end of the coaxial 
cable. 

0110. In step 2220, a plurality of first applicator segments 
is formed by joining an elongated electrically-conductive 
member (e.g., 260 shown in FIG. 2) to the distal end of the 
inner conductor (e.g., 220 shown in FIG. 2) of each of the 
plurality of coaxial cables. In some embodiments, the elec 
trically-conductive member is a solid metal cylinder electri 
cally coupled to the inner conductor, e.g., by solder or other 
Suitable electrical connection. 

0111. In step 2230, a plurality of second applicator seg 
ments is formed by joiningabalun Structure (e.g., “B” shown 
in FIG. 4) to a distal portion of the outer conductor (e.g., 224 
shown in FIG. 3) of each of the plurality of first applicator 
segments. The balun Structure may be a quarter wavelength 
sleeve balun. In some embodiments, the balun structure 
includes a balun insulator (e.g., 322 shown in FIG. 3) coaxi 
ally disposed around a distal portion of the outer conductor, 
and an electrically-conductive balun sleeve (e.g., 430 shown 
in FIG. 4) coaxially disposed around a proximal portion of the 
balun insulator, wherein the conductive balun sleeve is elec 
trically coupled to the outer conductor. The balun insulator 
may extend distally beyond the distal end of the electrically 
conductive balun sleeve to direct currents into the balun. 

0112. In step 2240, a plurality of third applicator segments 
is formed by positioning an electrically-conductive cylinder 
(e.g., 540 shown in FIG. 5) overlying a distal portion of the 
balun structure of each of the plurality of second applicator 
segments. In some embodiments, a portion (e.g., 642 shown 
in FIG. 7) of the electrically-conductive cylinder (e.g., 640 
shown in FIGS. 6 and 7) extends distally beyond the distal 
edge of an electrically-conductive balun sleeve (e.g., 630 
shown in FIG. 7) of the balun. In some embodiments, the 
electrically-conductive cylinder is positioned relative to the 
distal edge of the electrically-conductive balun sleeve such 
that the combined length of the conductive balun sleeve and 
the conductive cylinder is a quarter wavelength or a half 
wavelength. 
0113. In step 2250, a plurality of energy applicators is 
formed by forming a dielectric structure (e.g., 850 shown in 
FIG. 8) having aproximal end disposed Substantially adjacent 
to a distal end of the electrically-conductive cylinder of each 
of the plurality of third applicator segments, wherein each 
dielectric structure longitudinally extends from the distal end 
of the electrically-conductive cylinder to a distal end of the 
electrically-conductive member. In some embodiments, the 
dielectric structure includes a cap of dielectric material (e.g., 
852 shown in FIG. 8) configured to cover the distal end of the 
electrically-conductive member. The dielectric structure may 
be formed using over-molding techniques or other forming 
techniques. 
0114. In step 2260, an applicator array assembly (e.g.,950 
shown in FIG.9) is formed including the plurality of energy 
applicators (e.g., 811, 812, 813 shown in FIG.9) and a cool 
ing chamber (e.g., 1060 shown in FIG. 10) disposed at least 
partially surrounding the plurality of energy applicators con 
figured for circulating coolant fluid (e.g., “F” shown in FIG. 
11) thereabout. 
0115. In step 2270, a power divider unit (e.g.,940 shown 
in FIG. 11) for dividing powerfor a plurality of channels (e.g., 
250A, 250B, 250C shown in FIG. 19) connected to the appli 
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cator array assembly is provided, wherein each channel may 
be connectable to any one or more of the energy applicators of 
the applicator array assembly. 
0116. The above-described electrosurgical systems for 
treating tissue and methods of directing electromagnetic 
radiation to a target Volume of tissue may be used to provide 
directional microwave ablation, wherein the heating Zone 
may be focused to one side of the electroSurgical device, 
thereby allowing clinicians to target Small and/or hard tumors 
without having to penetrate the tumor directly or kill more 
healthy tissue than necessary. The presently disclosed elec 
troSurgical devices may allow clinicians to avoid ablating 
critical structures, such as large vessels, healthy organs or 
Vital membrane barriers, by placing the electroSurgical device 
between the tumor and critical structure and directing the 
electromagnetic radiation toward the tumor and away from 
the sensitive structure. 
0117. Although embodiments have been described in 
detail with reference to the accompanying drawings for the 
purpose of illustration and description, it is to be understood 
that the inventive processes and apparatus are not to be con 
strued as limited thereby. It will be apparent to those of 
ordinary skill in the art that various modifications to the 
foregoing embodiments may be made without departing from 
the scope of the disclosure. 

1-4. (canceled) 
5. An electroSurgical system comprising: 
an electroSurgical generator assembly configured to Supply 

electromagnetic energy; and 
an applicator array assembly including: 

a shell assembly: 
a plurality of energy applicators disposed within the 

shell assembly, each of the plurality of energy appli 
cators including: 
an inner conductor; 
an outer conductor coaxially disposed around the 

inner conductor, and 
a dielectric material disposed between the inner con 

ductor and the outer conductor; 
a balun structure disposed about the outer conductor 

and electrically coupled to the shell assembly; and 
a power divider unit electrically coupled to the electro 

Surgical generator assembly, the power divider unit 
configured to divide the electromagnetic energy 
among each of the plurality of energy applicators. 

6. The electroSurgical system according to claim 5. 
wherein each of the plurality of energy applicators includes 
an electrically-conductive cylinder coaxially disposed 
around a distal portion of the balun structure. 

7. The electroSurgical system according to claim 6. 
wherein each of the plurality of energy applicators includes a 
dielectric structure longitudinally extending from a distal end 
of the balun structure to a distal end of the electrically-con 
ductive cylinder. 

8. The electrosurgical system of claim.5, wherein the power 
divider unit includes a plurality of phase shifters. 

9. The electrosurgical system of claim8, wherein the power 
divider unit further includes a plurality of phase monitor units 
electrically coupled between the plurality of phase shifters 
and the plurality of energy applicators. 

10. The electrosurgical system of claim 5, wherein the 
power divider unit includes a phase-balanced microwave 
power splitter. 
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11. The electrosurgical system of claim 5, wherein the 
power divider unit is configured to divide the electromagnetic 
energy to provide a Substantially equal power split to the 
plurality of energy applicators while maintaining a phase 
balance of about 45 degrees. 

12. The electrosurgical system of claim 5, wherein the shell 
assembly includes an outer portion formed from an electri 
cally-conductive material. 

13. The electrosurgical system of claim 5, wherein the 
electroSurgical generator assembly includes: 

a generator module configured to generate the electromag 
netic energy: 

a processor operably coupled to the generator module; and 
a user interface operably coupled to the processor, the user 

interface being configured to display an image corre 
sponding to an ablation pattern associated with the 
applicator array assembly. 

14. The electrosurgical system of claim 13, wherein the 
electroSurgical generator assembly further includes: 

a database in operable communication with the processor 
and adapted to store parameters associated with the 
applicator array assembly. 

15. The electrosurgical system of claim 5, wherein the 
balun structure is a quarter wavelength conductive sleeve. 

16. An applicator array assembly including: 
a shell assembly: 
a plurality of energy applicators disposed within the shell 

assembly, each of the plurality of energy applicators 
including: 
an inner conductor, 
an outer conductor coaxially disposed around the inner 

conductor, and 
a dielectric material disposed between the inner conduc 

tor and the outer conductor; 
a balun structure disposed about the outer conductor and 

electrically coupled to the shell assembly; and 
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a power divider unit configured to electrically couple to an 
electroSurgical generator, the power divider unit config 
ured to divide electromagnetic energy among each of the 
plurality of energy applicators. 

17. The applicator array assembly according to claim 16, 
wherein each of the plurality of energy applicators includes 
an electrically-conductive cylinder coaxially disposed 
around a distal portion of the balun structure. 

18. The applicator array assembly according to claim 17, 
wherein each of the plurality of energy applicators includes a 
dielectric structure longitudinally extending from a distal end 
of the balun structure to a distal end of the electrically-con 
ductive cylinder. 

19. The applicator array assembly according to claim 16, 
wherein the power divider unit includes a plurality of phase 
shifters. 

20. The applicator array assembly according to claim 19, 
wherein the power divider unit further includes a plurality of 
phase monitor units electrically coupled between the plurality 
of phase shifters and the plurality of energy applicators. 

21. The applicator array assembly according to claim 16, 
wherein the power divider unit includes a phase-balanced 
microwave power splitter. 

22. The applicator array assembly according to claim 16, 
wherein the power divider unit is configured to divide the 
electromagnetic energy to provide a Substantially equal 
power split to the plurality of energy applicators while main 
taining a phase balance of about 45 degrees. 

23. The applicator array assembly according to claim 16, 
wherein the shell assembly includes an outer portion formed 
from an electrically-conductive material. 

24. The applicator array assembly according to claim 16, 
wherein the balun structure is a quarter wavelength conduc 
tive sleeve. 


