
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

28
6 

75
4

B
1

TEPZZ  86754B_T
(11) EP 2 286 754 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
03.01.2018 Bulletin 2018/01

(21) Application number: 10008533.1

(22) Date of filing: 16.08.2010

(51) Int Cl.:
A61B 18/18 (2006.01) A61N 5/04 (2006.01)

(54) Surface ablation antenna with dielectric loading

Oberflächenablationsantenne mit dielektrischer Belastung

Antenne d’ablation en surface avec chargement diélectrique

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO SE SI SK SM TR

(30) Priority: 17.08.2009 US 542348

(43) Date of publication of application: 
23.02.2011 Bulletin 2011/08

(73) Proprietor: Covidien LP
Mansfield, MA 02048 (US)

(72) Inventor: Brannan, Joseph D.
Erie, CO 80516 (US)

(74) Representative: Soames, Candida Jane et al
Maschio & Soames IP Limited 
30 Carlton Crescent
Southampton SO15 2EW (GB)

(56) References cited:  
EP-A2- 1 186 274 WO-A1-00/49957
WO-A1-2006/084676 WO-A2-93/22977
WO-A2-2007/076924 GB-A- 2 045 620
US-A- 4 823 812 US-A1- 2003 083 654
US-A1- 2003 125 730 US-A1- 2009 187 180



EP 2 286 754 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND

1. Technical Field

[0001] The present disclosure relates to electrosurgi-
cal devices suitable for use in surface ablation applica-
tions and, more particularly, to electrosurgical devices
with directional radiation patterns.

2. Discussion of Related Art

[0002] Treatment of certain diseases requires the de-
struction of malignant tissue growths, e.g., tumors. Elec-
tromagnetic 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, electromag-
netic energy is passed through the probes into surround-
ing tissue.
[0003] 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 tem-
peratures normally injurious to healthy cells. Known treat-
ment methods, such as hyperthermia therapy, heat dis-
eased cells to temperatures above 41° C while maintain-
ing adjacent healthy cells below the temperature at which
irreversible cell destruction occurs. These methods in-
volve applying electromagnetic radiation to heat, ablate
and/or coagulate tissue. Microwave energy is sometimes
utilized to perform these methods. Other procedures uti-
lizing electromagnetic radiation to heat tissue also in-
clude coagulation, cutting and/or ablation of tissue.
[0004] Electrosurgical devices utilizing electromagnet-
ic radiation have been developed for a variety of uses
and applications. 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 proce-
dures. Typically, microwave apparatus for use in ablation
procedures include a microwave generator that functions
as an energy source, and a microwave surgical instru-
ment (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 en-
ergy from the generator to the instrument, and for com-
municating control, feedback and identification signals
between the instrument and the generator.
[0005] There are several types of microwave antenna
assemblies in use, e.g., monopole, dipole and helical,
which may be used in tissue ablation applications. In mo-
nopole and dipole antenna assemblies, microwave en-
ergy generally radiates perpendicularly away from the
axis of the conductor. Monopole antenna assemblies typ-

ically include a single, elongated conductor. A typical di-
pole antenna assembly includes two elongated conduc-
tors, which are linearly aligned and positioned end-to-
end relative to one another with an electrical insulator
placed therebetween. Helical antenna assemblies in-
clude a helically-shaped conductor connected to a
ground plane. Helical antenna assemblies can operate
in a number of modes including normal mode (broad-
side), in which the field radiated by the helix is maximum
in a perpendicular plane to the helix axis, and axial mode
(end fire), in which maximum radiation is along the helix
axis.
[0006] A microwave transmission line typically in-
cludes a thin inner conductor that extends along the lon-
gitudinal 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, e.g., 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 typically referred
to as a "leaky coaxial" or "leaky wave" antenna.
[0007] Some ablation targeted lesions are too small or
too hard to be punctured by an ablation probe. In these
cases, doctors may place the probe as close as possible
to the lesion and perform an ablation. With non-direction-
al ablation probes, the ablation may radiate to both sides
of the probe which may damage healthy tissue located
on the non-tumor side of the radiating section.
[0008] During certain procedures, it can be difficult to
assess the extent to which the microwave energy will
radiate into the surrounding tissue, making it difficult to
determine the area or volume of surrounding tissue that
will be ablated.
[0009] US 4,823,812 discloses an applicator config-
ured to be inserted into a body opening for medical pur-
poses, such as hyperthermia treatments, and including
a heating element in the form of a microwave antenna
which generates electromagnetic radiation for heating
the body tissue.
[0010] GB 2 045 620 A discloses an applicator includ-
ing a connector, a coaxial cable with an inner conductor
and an outer conductor and a choke. The choke and the
outer conductor are joined by a solder junction.
[0011] US 2009/0187180 A1 discloses a microwave
antenna assembly comprising a coaxial feedline, an elon-
gated electrically-conductive member, a choke, a con-
ductive cylinder, an electrically-conductive cylinder, a di-
electric shrink wrap acting as both a shell assembly and
an elongated handle layer.
[0012] EP 1 186 274 A2 discloses a surgical micro-
wave ablation assembly capable of ablating tissues in-
side the cavity of an organ.
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SUMMARY

[0013] The present disclosure relates to a device for
directing energy to a target volume of tissue according
to claim 1 including a coaxial feedline having an inner
conductor, an outer conductor coaxially disposed around
the inner conductor, and a dielectric material disposed
therebetween. An elongated electrically-conductive
member is longitudinally disposed at a distal end of the
inner conductor. A balun structure is disposed on the
outer conductor. The device includes an electrically-con-
ductive cylinder coaxially disposed around a distal por-
tion of the balun structure, and a dielectric structure dis-
posed substantially adjacent to a distal end of the elec-
trically-conductive cylinder, wherein the dielectric struc-
ture longitudinally extends from the distal end of the elec-
trically-conductive cylinder to a distal end of the electri-
cally-conductive member. The device also includes an
elongated handle assembly coaxially disposed around a
portion of the outer conductor at a distal end of the coaxial
feedline, wherein the handle assembly is disposed prox-
imal to the dielectric structure, and a shell assembly dis-
posed at a distal end of the handle assembly, wherein a
portion of the shell assembly extends distally beyond the
distal end of the electrically-conductive member.
[0014] The present disclosure also relates to a method
for manufacturing an electrosurgical device according to
claim 9 including the steps of providing a coaxial feedline
having an inner conductor, an outer conductor, and a
dielectric material disposed therebetween, and joining
an electrically-conductive member to a distal end of the
inner conductor at a distal end of the coaxial feedline.
The method also includes the steps of: joining a balun
structure to a distal portion of the outer conductor; joining
an electrically-conductive cylinder to distal portion of the
balun structure; forming a dielectric structure disposed
substantially adjacent to a distal end of the electrically-
conductive cylinder, wherein the dielectric structure lon-
gitudinally extends from the distal end of the electrically-
conductive cylinder to a distal end of the electrically-con-
ductive member; joining an elongated handle assembly
to the outer conductor at a distal end of the coaxial
feedline, wherein the handle assembly is disposed prox-
imal to the dielectric structure; and joining a shell assem-
bly to a distal end of the elongated handle assembly,
wherein a portion of the shell assembly extends distally
beyond the distal end of the electrically-conductive mem-
ber.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Objects and features of the presently disclosed
surface ablation antenna assemblies will become appar-
ent to those of ordinary skill in the art when descriptions
of various embodiments thereof are read with reference
to the accompanying drawings, of which:

FIG. 1 is a schematic diagram of an ablation system

according to an embodiment of the present disclo-
sure;

FIG. 2 is a perspective view with parts disassembled
of a portion of an energy applicator according to an
embodiment of the present disclosure;

FIG. 3 is a perspective, assembled view of the portion
of the energy applicator of FIG. 2 shown with a die-
lectric layer disposed about a portion of the outer
conductor according to an embodiment of the
present disclosure;

FIG. 4 is a perspective view of the portion of the
energy applicator of FIG. 3 shown with an electrical-
ly-conductive layer disposed about a portion of the
dielectric layer according to an embodiment of the
present disclosure;

FIG. 5 is a perspective view of the portion of the
energy applicator of FIG. 4 shown with an electrical-
ly-conductive cylinder disposed about the distal end
of the electrically-conductive layer according to an
embodiment of the present disclosure;

FIG. 6 is a perspective view of the portion of the
energy applicator of FIG. 3 shown with another em-
bodiment of an electrically-conductive layer and an
electrically-conductive cylinder according to the
present disclosure;

FIG. 7 is an enlarged view of the indicated area of
detail of FIG. 6 according to an embodiment of the
present disclosure;

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-conduc-
tive cylinder according to an embodiment of the
present disclosure;

FIG. 9 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 embod-
iment of the present disclosure;

FIG. 10 is an enlarged view of the indicated area of
detail of FIG. 9 according to an embodiment of the
present disclosure;

FIG. 11 is a perspective view of the portion of the
energy applicator of FIG. 9 shown with a handle as-
sembly disposed proximal to the proximal end of the
dielectric structure according to an embodiment of
the present disclosure;

FIG. 12 is a perspective view of the portion of the
energy applicator of FIG. 11 shown with a shell as-
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sembly disposed distal to the distal end of the handle
assembly according to an embodiment of the present
disclosure;

FIG. 13 is a perspective view of the portion of the
energy applicator of FIG. 11 shown with another em-
bodiment of a shell assembly disposed distal to the
distal end of the handle assembly according to the
present disclosure;

FIG. 14 is a cross-sectional view of the energy ap-
plicator of FIG. 13 according to an embodiment of
the present disclosure;

FIG. 15 is a perspective view of the portion of the
energy applicator of FIG. 13 shown with a cooling
chamber according to an embodiment of the present
disclosure;

FIG. 16 is a perspective view of the portion of the
energy applicator of FIG. 15 shown with a material
disposed about the cooling chamber according to an
embodiment of the present disclosure;

FIG. 17 is a perspective view of the portion of the
energy applicator of FIG. 11 shown with yet another
embodiment of a shell assembly disposed distal to
the distal end of the handle assembly according to
the present disclosure;

FIG. 18 is a perspective view of the portion of the
energy applicator of FIG. 17 shown with a cooling
chamber and a material disposed thereabout ac-
cording to an embodiment of the present disclosure;

FIG. 19 is a perspective view of the portion of the
energy applicator of FIG. 11 shown with still another
embodiment of a shell assembly disposed distal to
the distal end of the handle assembly according to
the present disclosure;

FIG. 20 is a perspective view of the portion of the
energy applicator of FIG. 19 shown with a cooling
chamber and a material disposed thereabout ac-
cording to an embodiment of the present disclosure;

FIG. 21 is a diagrammatic representation of a radi-
ation pattern of electromagnetic energy delivered in-
to tissue by an energy applicator, such as the energy
applicator of FIG. 16, according to an embodiment
of the present disclosure;

FIG. 22 is a diagrammatic representation of a radi-
ation pattern of electromagnetic energy delivered in-
to tissue by an energy applicator, such as the energy
applicator of FIG. 18, according to an embodiment
of the present disclosure; and

FIG. 23 is a flowchart illustrating a method of man-
ufacturing an electrosurgical device according to an
embodiment of the present disclosure.

DETAILED DESCRIPTION

[0016] Hereinafter, embodiments of the presently dis-
closed electrosurgical device with a directional radiation
pattern will be described with reference to the accompa-
nying 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" re-
fers 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 further from the user.
[0017] 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) (3 x 108

cycles/second) to 300 gigahertz (GHz) (3 x 1011 cy-
cles/second). As it is used in this description, "ablation
procedure" generally refers to any ablation procedure,
such as microwave ablation, radio frequency (RF) abla-
tion or microwave ablation assisted resection. As it is
used in this description, "transmission line" generally re-
fers to any transmission medium that can be used for the
propagation of signals from one point to another.
[0018] Various embodiments of the present disclosure
provide electrosurgical devices for treating tissue and
methods of directing electromagnetic radiation to a target
volume of tissue. Embodiments may be implemented us-
ing electromagnetic radiation at microwave frequencies
or at other frequencies. An electrosurgical system includ-
ing an energy applicator, according to various embodi-
ments, is designed and configured to operate between
about 500 MHz and about 10 GHz with a directional ra-
diation pattern.
[0019] Various embodiments of the presently dis-
closed electrosurgical device with a directional radiation
pattern are suitable for microwave ablation and for use
to pre-coagulate tissue for microwave ablation assisted
surgical resection. Although various methods described
hereinbelow are targeted toward microwave ablation and
the complete destruction of target tissue, it is to be un-
derstood that methods for directing electromagnetic ra-
diation 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 im-
pulses within heart tissue. In addition, although the fol-
lowing description describes the use of a dipole micro-
wave antenna, the teachings of the present disclosure
may also apply to a monopole, helical, or other suitable
type of microwave antenna.
[0020] Fig. 1 shows an electrosurgical system 10, ac-
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cording to an embodiment of the present disclosure that
includes an energy applicator or probe 100. Probe 100
generally includes an antenna assembly 12 having a ra-
diating portion connected by a feedline 110 (or shaft) via
a transmission line 15 to a connector 16, which may fur-
ther operably connect the probe 100 to an electrosurgical
power generating source 28, e.g., a microwave or RF
electrosurgical generator.
[0021] Feedline 110 may be formed from a suitable
flexible, 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 antenna assembly 12 via the
transmission line 15 to the electrosurgical power gener-
ating source 28. Feedline 110 may have a variable length
from a proximal end of the antenna assembly 12 to a
distal end of transmission line 15 ranging from a length
of about 2.5 cm to about 30.5 cm. Feedline 110 may be
formed of suitable electrically conductive materials, e.g.,
copper, gold, silver or other conductive metals having
similar conductivity values. Feedline 110 may be made
of stainless steel, which generally offers the strength re-
quired to puncture tissue and/or skin. Conductive mate-
rials used to form the feedline 110 may be plated with
other materials, e.g., other conductive materials, such as
gold or silver, to improve their properties, e.g., to improve
conductivity, decrease energy loss, etc. In some embod-
iments, 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 con-
ductor, a dielectric material coaxially surrounding the in-
ner conductor, and an outer conductor coaxially sur-
rounding the dielectric material. Antenna assembly 12
may be formed from a portion of the inner conductor that
extends distal of the feedline 110 into the antenna as-
sembly 12. Feedline 110 may be cooled by fluid e.g.,
saline or water, to improve power handling, and may in-
clude a stainless steel catheter.
[0022] In some embodiments, the power generating
source 28 is configured to provide microwave energy at
an operational frequency from about 500 MHz to about
2500 MHz. In other embodiments, the power generating
source 28 is configured to provide microwave energy at
an operational frequency from about 500 MHz to about
10 GHz. Power generating source 28 may be configured
to provide various frequencies of electromagnetic ener-
gy. Transmission line 15 may additionally, or alternative-
ly, provide a conduit (not shown) configured to provide
coolant from a coolant source 18 to the probe 100.
[0023] Located at the distal end of the antenna assem-
bly 12 is an end cap or tapered portion 120, which may
terminate in a sharp tip 123 to allow for insertion into
tissue with minimal resistance. The end cap or tapered
portion 120 may include other shapes, such as, for ex-
ample, a tip 123 that is rounded, flat, square, hexagonal,
or cylindroconical.
[0024] In some variations, the antenna assembly 12

includes a distal radiating portion 105 and a proximal
radiating portion 140. A junction member 130 may be
provided. Junction member 130, or portions thereof, may
be disposed between the proximal and distal radiating
portions, 140 and 105, respectively. In some embodi-
ments, the distal and proximal radiating portions 105, 140
align at the junction member 130, which is generally
made of a dielectric material, e.g., adhesives, and are
also supported by the inner conductor that extends at
least partially through the distal radiating portion 105.
Junction member 130 may be formed from any suitable
elastomeric or ceramic dielectric material by any suitable
process. In some embodiments, the junction member
130 is formed by over-molding and includes a thermo-
plastic elastomer, such as, for example, polyether block
amide (e.g., PEBAX®, manufactured by The Arkema
Group of Colombes, France), polyetherimide (e.g., UL-
TEM® and/or EXTEM®, manufactured by SABIC Inno-
vative Plastics of Saudi Arabia) and/or polyimide-based
polymer (e.g., VESPEL®, manufactured by E. I. du Pont
de Nemours and Company of Wilmington, Delaware,
United States). Junction member 130 may be formed us-
ing any suitable over-molding compound by any suitable
process, and may include use of a ceramic substrate.
[0025] In some embodiments, the antenna assembly
12 may be provided with a coolant chamber (not shown).
Additionally, the junction member 130 may include cool-
ant inflow and outflow ports (not shown) to facilitate the
flow of coolant into, and out of, the coolant chamber. Ex-
amples of coolant chamber and coolant inflow and out-
flow port embodiments are disclosed in commonly as-
signed U.S. Patent number 8118808, entitled "COOLED
DIELECTRICALLY BUFFERED MICROWAVE DIPOLE
ANTENNA", and U.S. Pat. No. 7,311,703, entitled "DE-
VICES AND METHODS FOR COOLING MICROWAVE
ANTENNAS".
[0026] In some embodiments, the antenna assembly
12 may be provided with an outer jacket (not shown) dis-
posed about the distal radiating portion 105, the junction
130 and/or the proximal radiating portion 140. The outer
jacket may be formed of any suitable material, such as,
for example, polymeric or ceramic materials. The outer
jacket may be applied by any suitable method, such as,
for example, heat shrinking, over-molding, coating,
spraying dipping, powder coating, baking and/or film dep-
osition. The outer jacket may be a water-cooled catheter
formed of a material having low electrical conductivity.
[0027] During microwave ablation, e.g., using the elec-
trosurgical system 10, the probe 100 is inserted into or
placed adjacent to tissue and microwave energy is sup-
plied thereto. Ultrasound or computed tomography (CT)
guidance may be used to accurately guide the probe 100
into the area of tissue to be treated. Probe 100 may be
placed percutaneously or surgically, e.g., using conven-
tional surgical techniques by surgical staff. A clinician
may pre-determine the length of time that microwave en-
ergy is to be applied. Application duration may depend
on many factors such as tumor size and location and
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whether the tumor was a secondary or primary cancer.
The duration of microwave energy application using the
probe 100 may depend on the progress of the heat dis-
tribution within the tissue area that is to be destroyed
and/or the surrounding tissue. Single or multiple probes
100 may provide ablations in short procedure times, e.g.,
a few minutes, to destroy cancerous cells in the target
tissue region.
[0028] A plurality of probes 100 may be placed in var-
iously-arranged configurations to substantially simulta-
neously ablate a target tissue region, making faster pro-
cedures possible. Multiple probes 100 can be used to
synergistically create a large ablation or to ablate sepa-
rate sites simultaneously. Tissue ablation size and ge-
ometry is influenced by a variety of factors, such as the
energy applicator design, number of energy applicators
used simultaneously, time and wattage.
[0029] In operation, microwave energy having a wave-
length, lamda (A), is transmitted through the antenna as-
sembly 12, e.g., along the proximal and distal radiating
portions 140, 105, and radiated into the surrounding me-
dium, e.g., tissue. The length of the antenna for efficient
radiation may be dependent on the effective wavelength
λeff, which is dependent upon the dielectric properties of
the medium being radiated. Antenna assembly 12
through which microwave energy is transmitted at a
wavelength λ may have differing effective wavelengths
λeff depending upon the surrounding medium, e.g., liver
tissue, as opposed to breast tissue.
[0030] FIGS. 2 through 12, 15 and 16 show a sequen-
tially-illustrated, assembly of components forming an en-
ergy applicator or probe, shown generally as 1600 in FIG.
16, 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 portion 221 of the dielectric
material 222 and the inner conductor 220 extends be-
yond the outer conductor 224. According to an embodi-
ment of the present disclosure, an energy applicator seg-
ment shown generally as 200 in FIG. 2 includes an elec-
trically conductive element 270 that extends along the
longitudinal axis "A" of the energy applicator segment
200. Electrically conductive element 270 may be posi-
tioned in a distal portion of the energy applicator 1600.
In some embodiments, the electrically-conductive mem-
ber 270 is a solid metal cylinder disposed at the distal
end of the portion 221 electrically coupled to the inner
conductor 220 (e.g., by solder). Electrically conductive
element 270 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 conductive element
270 may be varied from the configuration depicted in FIG.
2.
[0031] 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 for a dielectric layer 320 (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 320 may have a suitable length "L1"
in a range from about 2.54 mm to about 76.2 mum. Die-
lectric layer 320 may be spaced apart from and disposed
proximal to the distal end of the outer conductor 224. In
some embodiments, the dielectric layer 320 is spaced
apart, by a length "L2", e.g., about 2.54 mm from the
distal end of the outer conductor 224. Balun insulator 320
extends distally beyond the distal end of the conductive
balun sleeve (e.g., 430 shown in FIG. 4) direct current
into a balancing/unbalancing (balun) structure (e.g., "B"
shown in FIG. 4). Dielectric layer 320 may be formed of
any suitable insulative material, including, but not limited
to, ceramics, water, mica, polyethylene, polyethylene
terephthalate, polyimide, polytetrafluoroethylene (PTFE)
(e.g., Teflon®, manufactured by E. I. du Pont de Nemours
and Company of Wilmington, Delaware, United States),
glass, metal oxides or other suitable insulator, and may
be formed in any suitable manner. Dielectric layer 320
may be grown, deposited or formed by any other suitable
technique. In some embodiments, the balun insulator 320
is formed from a material with a dielectric constant in the
range of about 1.7 to about 10. The shape, size and rel-
ative position of the balun insulator 320 may be varied
from the configuration depicted in FIG. 3.
[0032] 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 (al-
so referred to herein as a conductive balun sleeve) dis-
posed coaxially about a proximal portion of the energy
applicator segment 400. Electrically-conductive layer
430 may have any suitable length "L3", e.g., about 2.54
mm to about 76.2 mm. Electrically-conductive layer 430
may be formed as a single structure and electrically cou-
pled 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 320, and a second
portion 432, having a length "L4", disposed proximally to
the first portion 431 electrically coupled to the outer con-
ductor 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 form
a single, unitary structure. The shape and size of the
electrically-conductive balun sleeve 430 may be varied
from the configuration depicted in FIG. 4.
[0033] 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 coaxially about a distal portion of the electrical-
ly-conductive layer 430. Electrically-conductive cylinder
540 may have a suitable length "L6" of a range from of
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about 1.27 mm to about 5.08 mm. In some embodiments,
the distal edge of electrically-conductive cylinder 540 is
disposed overlying the distal edge of the electrically-con-
ductive layer 430. The shape and size of the electrically-
conductive cylinder 540 may be varied from the config-
uration depicted in FIG. 5.
[0034] 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
electrically-conductive cylinder 640. Electrically-conduc-
tive layer 630 surrounds a proximal portion of the dielec-
tric layer 320 and is electrically coupled to the outer con-
ductor 224, e.g., by solder or other suitable electrical con-
nection. 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".
[0035] Electrically-conductive cylinder 640 shown in
FIGS. 6 and 7 is similar to the electrically-conductive cyl-
inder 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 elec-
trically-conductive layer 630, and a second portion 642,
having a length "L9", disposed proximally to the first por-
tion 641, surrounding a portion of the dielectric layer 320
distally extending beyond the electrically-conductive lay-
er 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 com-
bined 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-
conductive cylinder 640 may be varied from the config-
uration depicted in FIGS. 6 and 7.
[0036] 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 di-
electric structure 850. In some embodiments, the dielec-
tric structure 850 includes a dielectric cap configured to
cover the distal end of the electrically-conductive mem-
ber 270.
[0037] 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 us-
ing 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 con-
figuration depicted in FIG. 8.

[0038] In some embodiments, the dielectric structure
850 includes a first dielectric segment 851, a second di-
electric segment 852, and a third dielectric segment 853.
As shown in FIG. 8, the first dielectric segment 851 ex-
tends distally from the distal end of the electrically-con-
ductive cylinder 540 and may have a substantially half-
cylindrical shape. First dielectric segment 851 may be
made to encompass any radial angle. In some embodi-
ments, the fist dielectric segment 851 extends from the
distal end of the electrically-conductive cylinder 540 to
distal end of the electrically-conductive member 270.
Second dielectric segment 852 is configured to cover the
distal end of the electrically-conductive member 270, and
may include a first portion (e.g., 852A shown in FIG. 11)
and a second portion (e.g., 852B shown in FIG. 11). In
some embodiments, the first and second dielectric seg-
ments 851, 852 are integrally formed in a molding proc-
ess. First dielectric segment 851, the second dielectric
segment 852 and the third dielectric segment 853 may
be formed by any suitable process.
[0039] FIG. 9 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 longitudinally-extending outflow tube 962, and an
electrically-conductive cylinder 940 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 sup-
ply 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 communi-
cation between the cooling chamber and a coolant
source (e.g., 18 shown in FIG. 1). 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 alterna-
tively, a pump may be fluidly coupled to one or more
outflow tubes 962 to draw coolant fluid out of the cooling
chamber.
[0040] As shown in FIGS. 9 and 10, the inflow and out-
flow 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. 10, a portion or segment "S" of the inflow
and outflow tubes 961, 962 is disposed within a notch
"N" defined within the electrically-conductive cylinder
940. 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 configured 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.
[0041] Inflow tube 961 and the outflow tube 962 may
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be formed to have the same diameters or different diam-
eters. 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 be-
tween the electrically-conductive layer 430 and the outer
circumferential surface of the electrically-conductive cyl-
inder 940, which helps minimize the outer diameter of
the device. 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 adhesives, as well as heat shrink
tubing or by other suitable methods. The shape and size
of the inflow and outflow tubes 961, 962, the electrically-
conductive cylinder 940 and the notch "N" may be varied
from the configurations depicted in FIGS. 9 and 10.
[0042] FIG. 11 shows an energy applicator segment
1100 according to an embodiment of the present disclo-
sure that is similar to the energy applicator segment 900
of FIG. 9, except for a handle assembly 820 disposed
proximal to the dielectric structure 850. A distal portion
of the handle assembly 820 overlies at least a portion of
the balun structure "B". Additionally, or alternatively, the
handle assembly 820 is coaxially disposed around at
least a portion of the outer conductor 224 of the feedline.
A longitudinal cross-sectional view of the energy appli-
cator segment 1100 is shown in FIG. 14.
[0043] As shown in FIG. 11, the handle assembly 820
may include a first portion 823 and a second portion 825.
In some embodiments, the first portion 823 has a sub-
stantially half-cylindrical shape, and the second portion
825 has a substantially half-cylindrical shape. In some
embodiments, the first portion 823 of the handle assem-
bly 820 is disposed proximal to the electrically-conductive
cylinder 940, whereby proximal portions of the inflow and
outflow tubes 961, 962 disposed proximal to the electri-
cally-conductive cylinder 940 are covered by the first por-
tion 823. Energy applicator segment 1100 includes a ra-
diating portion (shown generally as "R" in FIG. 11) that
extends distally beyond the distal end of the handle as-
sembly 820 or portion thereof (e.g., first portion 823) for
radiating electromagnetic energy in a variety of possible
directional radiation patterns.
[0044] FIG. 12 shows an energy applicator segment
1200 according to an embodiment of the present disclo-
sure that is similar to the energy applicator segment 1100
of FIG. 11, except for a shell assembly 1240 disposed
distal to the distal end of the handle assembly 820. In
some embodiments, the shell assembly 1240 extends
distally beyond the length of the radiating portion "R". In
some embodiments, the shell assembly 1240 has a sub-
stantially half-spherical shape. Shell assembly 1240 may
be electrically coupled to the distal end of the conductive
balun sleeve 430 of the balun structure "B".
[0045] Shell assembly 1240 may be shaped in such a
manner to provide a desired surface ablation shape as
well as aid in impedance matching. For example, the shell
assembly 1240 may taper from a diameter similar to the
diameter of the balun structure "B" to a larger diameter

as the shell assembly 1240 extends proximally. Shell as-
sembly 1240 may have any suitable shape and may be
designed for tight spaces encountered during surgical
operations. For example, the shell assembly 1240 may
have a shape similar to the shape of a thick butter knife
(e.g., 1700 shown in FIG. 17) or a half-cylindrical shape
(e.g., 1940 shown in FIG. 19).
[0046] As shown in FIG. 12, the shell assembly 1240
includes an outer portion 1244 and an inner portion 1242.
Shell assembly 1240 may be configured such that a por-
tion of the radiating portion "R" is disposed substantially
adjacent to the outer portion 1244. For example, the shell
assembly 1240 may be configured such that a portion of
the second portion 852B of the cap of dielectric material
852 at the distal end of the radiating portion "R" is dis-
posed substantially adjacent to the outer portion 1244.
In some embodiments, a portion of the cap of dielectric
material 852 and a portion of the first dielectric segment
851 are disposed in a recess in the form of a groove "G"
defined in the planar top surface "S" of the inner portion
1242.
[0047] Outer portion 1244 includes an electrically con-
ductive material, such as, for example, copper, stainless
steel, titanium, titanium alloys such as nickel-titanium and
titanium-aluminum-vanadium alloys, aluminum, alumi-
num alloys, tungsten carbide alloys or combinations
thereof. Portions of the outer portion 1244 may be loaded
with low- to mid-range permittivity dielectric materials to
aid in radiation directivity and impedance matching. In
general, the dielectric permittivity would increase in value
with radial distance from the electrically-conductive
member 270.
[0048] Inner portion 1242 includes a dielectric material.
According to the invention, the inner portion 1242 in-
cludes dielectric material layers. For example, the inner
portion 1242 may include one or more thin layers, one
or more thick layers or a mixture of thick and thin layers.
Inner portion 1242 is composed of any suitable dielectric
material which may be the same as, or different from, the
dielectric material, if any, used in the outer portion 1244.
The dielectric materials used to form the inner portion
1242 vary in dielectric constant, for example with shells
(e.g., 1411, 1412, 1413 and 1414 shown in FIG. 14) or
more complex dielectric layering to achieve the optimum
antenna directivity and energy to tissue delivery.
[0049] FIG. 13 shows an energy applicator segment
1300 according to an embodiment of the present disclo-
sure that is similar to the energy applicator segment 1100
of FIG. 11, except for a shell assembly 1340 disposed
distal to the distal end of the handle assembly 820 ac-
cording to another embodiment the present disclosure.
Shell assembly 1340 includes an outer portion 1344 and
an inner portion 1342. In some embodiments, the outer
portion 1344 of the shell assembly 1340 is formed of an
electrically conductive material e.g., stainless steel, and
electrically coupled to the distal end of the conductive
balun sleeve 430 of the balun structure "B". Inner portion
1342 of the shell assembly 1340 may be formed of any
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suitable dielectric material. A distal portion of the inner
portion 1342 (e.g., 1414 shown in FIG. 14) may extend
distal to the radiating portion "R".
[0050] As shown in FIG. 13, the inner portion 1342 may
include a flat planar surface "S" having a recess in the
form of a groove "G" defined therein. Groove "G" is con-
figured to receive at least a portion of the radiating portion
"R". In some embodiments, the groove "G" is configured
to receive the second portion 852B of the cap of dielectric
material 852 and the first dielectric segment 851 of the
dielectric structure 850.
[0051] FIG. 14 is a cross-sectional view of the energy
applicator segment 1300 of FIG. 13 according to an em-
bodiment of the present disclosure. As shown in FIG. 14,
the inner portion 1342 of the shell assembly 1340 may
be formed of a first dielectric layer 1411, a second die-
lectric layer 1412, a third dielectric layer 1413 and a fourth
dielectric layer 1414. Inner portion 1342 may include any
suitable number of dielectric layers in varied configura-
tions. A variety of dielectric materials may suitably be
used, including, but not limited to, polymers, ceramics,
metal oxides and combinations thereof.
[0052] As shown in FIG. 14, the fourth dielectric layer
1414 is disposed adjacent to the outer portion 1344 of
the shell assembly 1340, and a distal portion of the fourth
dielectric layer 1414 may be disposed distal to the distal
end of the radiating portion "R". The shape and size of
the first dielectric layer 1411, the second dielectric layer
1412, the third dielectric layer 1413 and the fourth die-
lectric layer 1414 may be varied from the configuration
depicted in FIG. 14.
[0053] FIG. 15 shows an energy applicator segment
1500 according to an embodiment of the present disclo-
sure that is similar to the energy applicator segment 1300
of FIG. 13, except for a chamber 1560 (also referred to
herein as a cooling chamber). In some embodiments,
portions of the inflow and outflow tubes 961, 962 are dis-
posed within the chamber 1560. In some embodiments,
the inflow and outflow tubes 961, 962 are configured to
supply coolant fluid "F" (e.g., saline, water or other suit-
able coolant fluid) into and out of a distal portion of the
cooling chamber 1560. Additionally, or alternatively, the
chamber 1560 may include a material having a high di-
electric constant, such as alumina, titanium dioxide or
zirconium dioxide, for improved antenna directivity and
energy to tissue delivery efficiency. 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.
[0054] FIG. 16 shows an energy applicator 1600 ac-
cording to an embodiment of the present disclosure that
includes the energy applicator segment 1500 of FIG. 15
shown with a material 1680 disposed about the cooling
chamber 1560. Material 1680 may include any suitable
material. Suitable materials for use as the material 1680
may include high dielectric-constant materials, such as,
for example, inorganic nonmetallic materials (e.g., ce-
ramics), metallic oxides (e.g., alumina, titanium dioxide,

zirconium dioxide, or zinc oxide) and combinations there-
of. Material 1680 may include a nonconductive radio fre-
quency transparent material, e.g., a glass fiber epoxy
composite polyimide, high temperature conformable rub-
ber or plastic. Material 1680 may be formed using over-
molding techniques or other forming techniques.
[0055] The outer surface of the energy applicator 1600
may be coated with a suitable lubricious substance, such
as TEFLON®, to aid in the movement of the energy ap-
plicator 1600 in or through tissue as well as to aid in
preventing tissue from sticking to the outer surface of the
device.
[0056] Energy applicator 1600 may be rotatable about
a longitudinal axis "A - A" (shown in FIG. 2) such that the
directional radiation pattern "R" rotates therewith. Exam-
ples of antenna assemblies rotatable about axis "A - A"
such that any elongated radiation lobes rotates therewith
are disclosed in commonly assigned U.S. Patent number
8211098, entitled "MICROWAVE ANTENNA ASSEM-
BLY HAVING A DIELECTRIC BODY PORTION WITH
RADIAL PARTITIONS OF DIELECTRIC MATERIAL".
[0057] FIG. 17 shows an energy applicator segment
1700 according to an embodiment of the present disclo-
sure that is similar to the energy applicator segment 1300
of FIG. 13, except for a shell assembly 1740 disposed
distal to the distal end of the handle assembly 820. In
FIG. 17, the shell assembly 1740 has a shape similar to
the shape of a thick butter knife and may be suitable for
tight spaces encountered during surgical operations.
Shell assembly 1740 is similar, except for shape, to the
shell assembly 1300 shown in FIG. 13, and further de-
scription thereof is omitted in the interests of brevity.
[0058] FIG. 18 shows an energy applicator 1800 ac-
cording to an embodiment of the present disclosure that
includes the energy applicator segment 1600 of FIG. 16
shown with a chamber (also referred to herein as a cool-
ing chamber) 1860 and a material 1880 disposed there-
about. In some embodiments, portions of the inflow and
outflow tubes 961, 962 are disposed within the chamber
1860. In some embodiments, the inflow and outflow tubes
961, 962 are configured to supply and/or dispense cool-
ant fluid "F" (e.g., saline, water or other suitable coolant
fluid) into and out of a distal portion of the cooling chamber
1860. Chamber 1860 and the material 1880 disposed
thereabout are similar, except for shape, to the chamber
1560 and the material 1680 shown in FIGS. 15 and 16,
respectively, and further description thereof is omitted in
the interests of brevity.
[0059] FIG. 19 shows an energy applicator segment
1900 according to an embodiment of the present disclo-
sure that is similar to the energy applicator segment 1300
of FIG. 13, except for a shell assembly 1940 disposed
distal to the distal end of the handle assembly 820. In
FIG. 19, the shell assembly 1940 has a substantially half-
cylindrical shape and may be suitable for tight spaces
encountered during surgical operations. Shell assembly
1940 is similar, except for shape, to the shell assembly
1300 shown in FIG. 13, and further description thereof
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is omitted in the interests of brevity.
[0060] FIG. 20 shows an energy applicator 2000 ac-
cording to an embodiment of the present disclosure that
includes the energy applicator segment 1600 of FIG. 16
shown with a chamber (also referred to herein as a cool-
ing chamber) 2060 and a material 2080 disposed there-
about. In some embodiments, portions of the inflow and
outflow tubes 961, 962 are disposed within the chamber
2060. In some embodiments, the inflow and outflow tubes
961, 962 are configured to supply and/or dispense cool-
ant fluid "F" (e.g., saline, water or other suitable coolant
fluid) into and out of a distal portion of the cooling chamber
2060. Chamber 2060 and the material 2080 disposed
thereabout are similar, except for shape, to the chamber
1560 and the material 1680 shown in FIGS. 15 and 16,
respectively, and further description thereof is omitted in
the interests of brevity.
[0061] FIG. 21 is a diagrammatic representation of a
radiation pattern "P" of electromagnetic energy delivered
into tissue "T" by the radiating portion "R" of an energy
applicator, such as the energy applicator 1600 of FIG.
16, according to an embodiment of the present disclo-
sure. A flexible joint 2110, e.g., a ball joint, conformable
shaft or pivot joint may be employed at the proximal side
of the radiating portion "R" to ease placement of the en-
ergy applicator in direct contact with the surface tissue
"T". Radio frequency transparent materials in contact
with the tissue may be made conformal to mate uninter-
ruptedly with the surface tissue "T". This may include the
use of a water bolus or other high dielectric fluid within a
radio frequency transparent balloon.
[0062] FIG.22 is a diagrammatic representation of a
radiation pattern "P" of electromagnetic energy delivered
into tissue "T" by the radiating portion "R" of an energy
applicator, such as the energy applicator 1800 of FIG.
18, according to another embodiment of the present dis-
closure. The energy applicator may be made compatible
to laparoscopic procedures whereby the shaft is conform-
able and controlled by a doctor proximally from the radi-
ating portion "R". The radiating portion "R" may be made
rotatable as well for laparoscopic applications.
[0063] Hereinafter, a method of manufacturing an en-
ergy applicator or probe having a dielectric loaded coaxial
aperture with distally positioned resonant structure, in
accordance with the present disclosure, is described with
reference to FIG. 23. It is to be understood that the steps
of the method provided herein may be performed in com-
bination and in a different order than presented herein
without departing from the scope of the disclosure.
[0064] FIG. 23 is a flowchart illustrating a method of
manufacturing an electrosurgical device according to an
embodiment of the present disclosure. In step 2310, a
coaxial feedline (e.g., 226 shown in FIG. 2) is provided.
The coaxial feedline 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 the dielectric material (e.g., 221

shown in FIG. 2) may extend beyond the outer conductor
at the distal end of the coaxial feedline.
[0065] In step 2320, an elongated electrically-conduc-
tive member (e.g., 270 shown in FIG. 2) is joined to the
distal end of the inner conductor (e.g., 220 shown in FIG.
2) at a distal end of the coaxial feedline. In some embod-
iments, the electrically-conductive member is a solid met-
al cylinder electrically coupled to the inner conductor,
e.g., by solder or other suitable electrical connection.
[0066] In step 2330, a balun structure (e.g., "B" shown
in FIG. 4) is joined to a distal portion of the outer conductor
(e.g., 224 shown in FIG. 3). The balun structure may be
a quarter wavelength sleeve balun. In some embodi-
ments, the balun structure includes a balun insulator
(e.g., 320 shown in FIG. 3) coaxially disposed around a
distal portion of the outer conductor, and an electrically-
conductive balun sleeve (e.g., 430 shown in FIG. 4) co-
axially disposed around a proximal portion of the balun
insulator, wherein the conductive balun sleeve is electri-
cally coupled to the outer conductor. The balun insulator
may extend distally beyond the distal end of the electri-
cally-conductive balun sleeve to direct currents into the
balun.
[0067] In step 2340, an electrically-conductive cylinder
(e.g., 540 shown in FIG. 5) is positioned overlying a distal
portion of the balun structure. 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-con-
ductive 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.
[0068] In step 2350, a dielectric structure (e.g., 850
shown in FIG. 8) is formed having a proximal end dis-
posed substantially adjacent to a distal end of the elec-
trically-conductive cylinder, wherein the dielectric struc-
ture longitudinally extends from the distal end of the elec-
trically-conductive cylinder to a distal end of the electri-
cally-conductive member. In some embodiments, the di-
electric 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.
[0069] In step 2360, an elongated handle assembly
(e.g., 820 shown in FIG. 11) is joined to the outer con-
ductor at a distal end of the coaxial feedline, wherein the
handle assembly is disposed proximal to the dielectric
structure. In some embodiments, a distal portion of the
elongated handle assembly overlies at least a portion of
the balun structure (e.g., "B" shown in FIG. 11).
[0070] In step 2370, a shell assembly (e.g., 1240
shown in FIG. 12) is joined to a distal end of the elongated
handle assembly (e.g., 820 shown in FIG. 12), wherein
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a portion of the shell assembly (e.g., 1244 shown in FIG.
12) extends distally beyond the distal end of the electri-
cally-conductive member.
[0071] The above-described electrosurgical devices
for treating tissue and methods of directing electromag-
netic 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 electro-
surgical device, thereby allowing clinicians to target small
and/or hard to reach tumors without having to penetrate
the tumor directly or kill more healthy tissue than neces-
sary. The presently disclosed electrosurgical 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 electro-
magnetic radiation toward the tumor and away from the
critical structure.
[0072] Although embodiments have been described in
detail with reference to the accompanying drawings for
the purpose of illustration and description, it is to be un-
derstood that the inventive processes and apparatus are
not to be construed as limited thereby. The scope of the
invention is limited by the appended claims.

Claims

1. An electrosurgical device, comprising:

a coaxial feedline (226) having an inner conduc-
tor (220), an outer conductor (224) coaxially dis-
posed around the inner conductor, and a dielec-
tric material (222) disposed therebetween;
an elongated electrically-conductive member
(270) longitudinally disposed at a distal end of
the inner conductor;
a balun structure ("B") disposed on the outer
conductor and including a dielectric layer (320)
coaxially disposed around a distal portion of the
outer conductor (224) and an electrically-con-
ductive layer (430; 630) coaxially disposed
around a proximal portion of the dielectric layer
(320), the dielectric layer (320) extending distal-
ly beyond a distal end of the electrically-conduc-
tive layer (430; 630) to direct electrical current
into the balun structure ("B");
an electrically-conductive cylinder (540; 640;
940) coaxially disposed around a distal portion
of the balun structure;
a dielectric structure (850) disposed substantial-
ly adjacent to a distal end of the electrically-con-
ductive cylinder, wherein the dielectric structure
longitudinally extends from the distal end of the
electrically-conductive cylinder to a distal end of
the electrically-conductive member;
an elongated handle assembly (820) coaxially
disposed around a portion of the outer conductor

at a distal end of the coaxial feedline, wherein
the handle assembly is disposed proximal to the
dielectric structure; and
a shell assembly (1240; 1340) disposed at a dis-
tal end of the elongated handle assembly,
wherein a portion of the shell assembly extends
distally beyond the distal end of the electrically-
conductive member, wherein the shell assembly
includes an inner portion (1242) and an outer
portion (1244),
wherein the outer portion (1244) includes an
electrically-conductive material and the inner
portion (1242) includes layers with dielectric ma-
terials having varying dielectric constants so as
to direct the radiation.

2. The electrosurgical device of claim 1, wherein a por-
tion of the inner conductor and the dielectric material
of the coaxial feedline extends beyond the outer con-
ductor at a distal end of the coaxial feedline.

3. The electrosurgical device of claim 1, wherein the
electrically-conductive member is electrically cou-
pled to the inner conductor.

4. The electrosurgical device of claim 1, wherein the
balun structure is a quarter wavelength sleeve.

5. The electrosurgical device of claim 1, wherein the
electrically-conductive layer includes a first portion
coaxially disposed around the proximal portion of the
dielectric layer, and a second portion disposed prox-
imally to the first portion, the second portion electri-
cally coupled to the outer conductor.

6. The electrosurgical device of claim 1, wherein the
dielectric structure is configured to cover a distal end
of the electrically-conductive member.

7. The electrosurgical device of claim 1, further com-
prising:

a cooling chamber disposed at least partially
about the electrically-conductive member.

8. The electrosurgical device of claim 7, further com-
prising:

an inflow tube configured to supply a coolant
fluid into the cooling chamber; and
an outflow tube configured to dispense the cool-
ant fluid from the cooling chamber.

9. A method of manufacturing an electrosurgical device
according to claim 1, comprising the steps of:

providing a coaxial feedline having an inner con-
ductor, an outer conductor, and a dielectric ma-
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terial disposed therebetween;
joining an electrically-conductive member to a
distal end of the inner conductor at a distal end
of the coaxial feedline;
joining a balun structure to a distal portion of the
outer conductor;
joining an electrically-conductive cylinder to a
distal portion of the balun structure;
forming a dielectric structure having a proximal
end disposed substantially adjacent to a distal
end of the electrically-conductive cylinder,
wherein the dielectric structure longitudinally ex-
tends from the distal end of the electrically-con-
ductive cylinder to a distal end of the electrically-
conductive member;
joining an elongated handle assembly to the out-
er conductor at a distal end of the coaxial
feedline, wherein the handle assembly is dis-
posed proximal to the dielectric structure; and
joining a shell assembly to a distal end of the
elongated handle assembly, wherein a portion
of the shell assembly extends distally beyond
the distal end of the electrically-conductive
member.

10. The method of manufacturing an electrosurgical de-
vice in accordance with claim 9, wherein the dielec-
tric structure includes a cap of dielectric material con-
figured to cover a distal end of the electrically-con-
ductive member.

11. The method of manufacturing an electrosurgical de-
vice in accordance with claim 9, wherein the inner
portion of the shell assembly includes a flat planar
surface ("S") having a recess ("G") defined therein.

12. The method of manufacturing an electrosurgical de-
vice in accordance with claim 11, wherein the recess
("G") is configured to receive at least a portion of the
dielectric structure.

Patentansprüche

1. Elektrochirurgische Vorrichtung, umfassend:

eine koaxiale Zuleitung (226) mit einem Innen-
leiter (220), einem Außenleiter (224), der koaxial
um den Innenleiter herum angeordnet ist, und
einem dielektrischen Material (222), das zwi-
schen ihnen angeordnet ist;
ein längliches, elektrisch leitfähiges Element
(270), das längs an einem distalen Ende des
Innenleiters angeordnet ist;
eine Balunstruktur ("B"), die auf dem Außenlei-
ter angeordnet ist und eine dielektrische Schicht
(320), die koaxial um einen distalen Abschnitt
des Außenleiters (224) herum angeordnet ist,

und eine elektrisch leitfähige Schicht (430; 630),
die koaxial um einen proximalen Abschnitt der
dielektrischen Schicht (320) angeordnet ist, auf-
weist, wobei die dielektrische Schicht (320) sich
distal über ein distales Ende der elektrisch leit-
fähigen Schicht (430; 630) hinaus erstreckt, um
elektrischen Strom in die Balunstruktur ("B") zu
richten;
einen elektrisch leitfähigen Zylinder (540; 640;
940), der koaxial um einen distalen Abschnitt
der Balunstruktur herum angeordnet ist;
eine dielektrische Struktur (850), die im Wesent-
lichen angrenzend an ein distales Ende des
elektrisch leitfähigen Zylinders angeordnet ist,
wobei die dielektrische Struktur sich längs vom
distalen Ende des elektrisch leitfähigen Zylin-
ders zu einem distalen Ende des elektrisch leit-
fähigen Elements erstreckt;
eine längliche Handgriffbaugruppe (820), die
koaxial um einen Abschnitt des Außenleiters an
einem distalen Ende der koaxialen Zuleitung an-
geordnet ist, wobei die Handgriffbaugruppe pro-
ximal zu der dielektrischen Struktur angeordnet
ist; und eine Schalenanordnung (1240; 1340),
die an einem distalen Ende der länglichen Hand-
griffbaugruppe angeordnet ist, wobei ein Teil der
Schalenanordnung sich distal über das distale
Ende des elektrisch leitfähigen Elements hinaus
erstreckt,
wobei die Schalenanordnung einen inneren Teil
(1242) und einen äußeren Teil (1244) aufweist;
wobei der äußere Teil (1244) ein elektrisch leit-
fähiges Material aufweist und der innere Teil
(1242) Schichten mit dielektrischen Materialien
aufweist, die variierende dielektrische Konstan-
ten haben, um die Strahlung zu lenken.

2. Elektrochirurgische Vorrichtung nach Anspruch 1,
wobei ein Abschnitt des Innenleiters und das dielek-
trische Material der koaxialen Zuleitung sich über
den Außenleiter an einem distalen Ende der koaxi-
alen Zuleitung hinaus erstrecken.

3. Elektrochirurgische Vorrichtung nach Anspruch 1,
wobei das elektrisch leitfähige Element elektrisch an
den Innenleiter gekoppelt ist.

4. Elektrochirurgische Vorrichtung nach Anspruch 1,
wobei die Balunstruktur eine Viertelwellenlängen-
hülse ist.

5. Elektrochirurgische Vorrichtung nach Anspruch 1,
wobei die elektrisch leitfähige Schicht einen ersten
Abschnitt aufweist, der um den proximalen Abschnitt
der dielektrischen Schicht herum koaxial angeordnet
ist, und ein zweiter Abschnitt proximal zum ersten
Abschnitt angeordnet ist, wobei der zweite Abschnitt
elektrisch an den Außenleiter gekoppelt ist.
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6. Elektrochirurgische Vorrichtung nach Anspruch 1,
wobei die dielektrische Struktur konfiguriert ist, ein
distales Ende des elektrisch leitfähigen Elements
abzudecken.

7. Elektrochirurgische Vorrichtung nach Anspruch 1,
weiter umfassend:

eine Kühlkammer, die mindestens teilweise um
das elektrisch leitfähige Element herum ange-
ordnet ist.

8. Elektrochirurgische Vorrichtung nach Anspruch 7,
weiter umfassend:

eine Einströmröhre, die konfiguriert ist, eine
Kühlflüssigkeit in die Kühlkammer zu leiten;
und
eine Abflussröhre, die konfiguriert ist, die Kühl-
flüssigkeit aus der Kühlkammer abzuleiten.

9. Verfahren zur Herstellung einer elektrochirurgi-
schen Vorrichtung nach Anspruch 1, das folgende
Schritte umfasst:

Bereitstellen einer koaxialen Zuleitung mit ei-
nem Innenleiter, einem Außenleiter und einem
zwischen ihnen angeordneten dielektrischen
Material;
Anfügen eines elektrisch leitfähigen Elements
an ein distales Ende des Innenleiters an einem
distalen Ende der koaxialen Zuleitung;
Anfügen einer Balunstruktur an einen distalen
Abschnitt des Außenleiters;
Anfügen eines elektrisch leitfähigen Zylinders
an einen distalen Abschnitt der Balunstruktur;
Ausbilden einer dielektrischen Struktur, bei der
ein proximales Ende im Wesentlichen angren-
zend an ein distales Ende des elektrisch leitfä-
higen Zylinders angeordnet ist, wobei die die-
lektrische Struktur sich längs vom distalen Ende
des elektrisch leitfähigen Zylinders zu einem
distalen Ende des elektrisch leitfähigen Ele-
ments erstreckt;
Anfügen einer länglichen Handgriffbaugruppe
an den Außenleiter an einem distalen Ende der
koaxialen Zuleitung, wobei die Handgriffbau-
gruppe proximal zu der dielektrischen Struktur
angeordnet ist; und
Anfügen einer Schalenanordnung an ein dista-
les Ende der länglichen Handgriffbaugruppe,
wobei ein Teil der Schalenanordnung sich distal
über das distale Ende des elektrisch leitfähigen
Elements erstreckt.

10. Verfahren zur Herstellung einer elektrochirurgi-
schen Vorrichtung nach Anspruch 9, wobei die die-
lektrische Struktur eine Kappe von dielektrischem

Material aufweist, die konfiguriert ist, ein distales En-
de des elektrisch leitfähigen Elements abzudecken.

11. Verfahren zur Herstellung einer elektrochirurgi-
schen Vorrichtung nach Anspruch 9, wobei der in-
nere Teil der Schalenanordnung eine flache, ebene
Fläche ("S") mit einer darin definierten Vertiefung
("G") aufweist.

12. Verfahren zur Herstellung einer elektrochirurgi-
schen Vorrichtung nach Anspruch 11, wobei die Ver-
tiefung ("G") konfiguriert ist, mindestens einen Teil
der dielektrischen Struktur aufzunehmen.

Revendications

1. Dispositif électrochirurgical comprenant :

une ligne d’alimentation coaxiale (226) ayant un
conducteur interne (220), un conducteur exter-
ne (224) disposé coaxialement autour du con-
ducteur interne et un matériau diélectrique (222)
disposé entre eux ;
un élément électroconducteur allongé (270) dis-
posé longitudinalement à une extrémité distale
du conducteur interne ;
une structure de symétriseur (« B ») disposée
sur le conducteur externe et comprenant une
couche diélectrique (320) disposée coaxiale-
ment autour d’une partie distale du conducteur
externe (224) et une couche électroconductrice
(430; 630) disposée coaxialement autour d’une
partie proximale de la couche diélectrique (320),
la couche diélectrique (320) s’étendant de ma-
nière distale au-delà d’une extrémité distale de
la couche électroconductrice (430; 630) pour di-
riger un courant électrique dans la structure de
symétriseur (« B ») ;
un cylindre électroconducteur (540 ; 640 ; 940)
disposé coaxialement autour d’une partie dista-
le de la structure du symétriseur ;
une structure diélectrique (850) disposée de
manière sensiblement adjacente à une extrémi-
té distale du cylindre électroconducteur, dans
lequel la structure diélectrique s’étend longitu-
dinalement de l’extrémité distale du cylindre
électroconducteur à une extrémité distale de
l’élément électroconducteur ;
un ensemble de poignée allongé (820) disposé
coaxialement autour d’une partie du conducteur
externe à une extrémité distale de la ligne d’ali-
mentation coaxiale, dans lequel l’ensemble de
poignée est disposé de manière proximale à la
structure diélectrique ; et
un ensemble de coque (1240; 1340) disposé à
une extrémité distale de l’ensemble de poignée
allongé, dans lequel une partie de l’ensemble
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de coque s’étend de manière distale au-delà de
l’extrémité distale de l’élément électroconduc-
teur,
dans lequel l’ensemble de coque comprend une
partie interne (1242) et une partie externe
(1244),
dans lequel la partie externe (1244) comprend
un matériau électroconducteur et la partie inter-
ne (1242) comprend des couches avec des ma-
tériaux diélectriques ayant des constantes élec-
triques variables de façon à diriger le rayonne-
ment.

2. Dispositif électrochirurgical selon la revendication 1,
dans lequel une partie du conducteur interne et du
matériau diélectrique de la ligne d’alimentation
coaxiale s’étend au-delà du conducteur externe à
une extrémité distale de la ligne d’alimentation
coaxiale.

3. Dispositif électrochirurgical selon la revendication 1,
dans lequel l’élément électroconducteur est couplé
électriquement au conducteur interne.

4. Dispositif électrochirurgical selon la revendication 1,
dans lequel la structure du symétriseur est un man-
chon d’un quart de longueur d’onde.

5. Dispositif électrochirurgical selon la revendication 1,
dans lequel la couche électroconductrice comprend
une première partie disposée coaxialement autour
de la partie proximale de la couche diélectrique et
une seconde partie disposée de manière proximale
à la première partie, la seconde partie étant couplée
électriquement au conducteur externe.

6. Dispositif électrochirurgical selon la revendication 1,
dans lequel la structure diélectrique est configurée
pour couvrir une extrémité distale de l’élément élec-
troconducteur.

7. Dispositif électrochirurgical selon la revendication 1,
comprenant en outre :

une chambre de refroidissement disposée au
moins en partie autour de l’élément électrocon-
ducteur.

8. Dispositif électrochirurgical selon la revendication 7,
comprenant en outre :

un tube d’écoulement d’entrée configuré pour
acheminer un fluide réfrigérant dans la chambre
de refroidissement ; et
un tube d’écoulement de sortie configuré pour
distribuer le fluide réfrigérant de la chambre de
refroidissement.

9. Procédé de fabrication d’un dispositif électrochirur-
gical selon la revendication 1, comprenant les étapes
consistant à :

fournir une ligne d’alimentation coaxiale ayant
un conducteur interne, un conducteur externe
et un matériau diélectrique disposé entre eux ;
joindre un élément électroconducteur à une ex-
trémité distale du conducteur interne à une ex-
trémité distale de la ligne d’alimentation
coaxiale ;
joindre une structure de symétriseur à une partie
distale du conducteur externe ;
joindre un cylindre électroconducteur à une par-
tie distale de la structure du symétriseur ;
former une structure diélectrique ayant une ex-
trémité proximale disposée de manière sensi-
blement adjacente à une extrémité distale du
cylindre électroconducteur, dans lequel la struc-
ture diélectrique s’étend longitudinalement de
l’extrémité distale du cylindre électroconducteur
à une extrémité distale de l’élément
électroconducteur ;
joindre un ensemble de poignée allongé au con-
ducteur externe à une extrémité distale de la
ligne d’alimentation coaxiale, dans lequel l’en-
semble de poignée est disposé de manière
proximale à la structure diélectrique ; et
joindre un ensemble de coque à une extrémité
distale de l’ensemble de poignée allongé, dans
lequel une partie de l’ensemble de coque
s’étend de manière distale au-delà de l’extrémi-
té distale de l’élément électroconducteur.

10. Procédé de fabrication d’un dispositif électrochirur-
gical selon la revendication 9, dans lequel la struc-
ture diélectrique comprend un chapeau de matériau
diélectrique configuré pour recouvrir une extrémité
distale de l’élément électroconducteur.

11. Procédé de fabrication d’un dispositif électrochirur-
gical selon la revendication 9, dans lequel la partie
interne de l’ensemble de coque comprend une sur-
face planaire plate (« S ») ayant une cavité (« G »)
qui y est définie.

12. Procédé de fabrication d’un dispositif électrochirur-
gical selon la revendication 11, dans lequel la cavité
(« G ») est configurée pour recevoir au moins une
partie de la structure diélectrique.
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