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9 MICROWAVE ANTENNA ASSEMBLY HAVING A DIELECTRIC BODY 

PORTION WITH RADIAL PARTITIONS OF DIELECTRIC MATERIAL

Abstract

A microwave antenna assembly (300) includes first and second elongated

5 conductors (302, 304), and a dielectric body portion (318). The first elongated conductor 

(302) is associated with a first radiating portion (306) at least partially along the length 

thereof. A second elongated conductor (304) is disposed within the first elongated 

conductor (302) and is associated with a second radiating portion (308) at least partially 

along the length thereof. The dielectric body portion (318) is disposed along the length of

io at least one of the first and second elongated conductors (302, 304) and the dielectric 

body portion (318) includes two or more radial partition of dielectric material having 

difference dielectric constants.

2262324-1 :hxa
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FIG. 3A
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PORTION WITH RADIAL PARTITIONS OF DIELECTRIC MATERIAL

BACKGROUND

Technical Field

The present disclosure relates generally to microwave antenna assemblies 

that can treat tissue. More particularly, the present disclosure is directed to a microwave

tc» antenna assembly having a dielectric body portion with radial partitions of dielectric 

material for directing energy to treat tissue.

Background of Related Art

$ Treatment of certain diseases requires destruction of malignant tissue

growths (e.g., tumors) or surrounding tissue. It is known that tumor cells denature at 

elevated temperatures that are slightly lower than temperatures injurious to surrounding 

healthy cells. Therefore, known treatment methods, such as hyperthermia therapy, heat 

tumor cells to temperatures above 41° C, while maintaining adjacent healthy cells at

20 lower temperatures to avoid irreversible cell damage. Such methods involve applying 

electromagnetic radiation to heat, ablate and/or coagulate tissue. Microwave energy is 

sometimes utilized to perform these methods. In particular, microwave energy is used to 

coagulate or ablate tissue. Another method used to treat diseased tissue is to resect a
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portion of the diseased organ, tissue or anatomical structure. For example, a liver may

contain diseased tissue and healthy tissue. One treatment option is to ablate some of the 

liver tissue to resect a portion of the liver including the diseased tissue.

Microwave energy may be applied via antenna assemblies that can 

C penetrate tissue. There are several types of antenna assemblies, such as monopole and 

dipole antenna assemblies. In monopole and dipole antenna assemblies, most of the 

microwave energy radiates perpendicularly away from the axis of the conductor. A 

monopole antenna assembly includes a single, elongated conductor that transmits the 

microwave energy. A typical dipole antenna assembly has two elongated conductors

\o parallel to each other and positioned end-to-end relative to one another with an insulator

placed therebetween. Each of the conductors is typically about 1/4 of the length of the 

wavelength of the microwave energy making the aggregate length of both conductors 

about 1/2 of the wavelength of the microwave energy.

A coaxial dipole antenna assembly typically includes a first elongated 

»5 conductor and a second elongated conductor disposed concentrically around the first 

elongated conductor along about half of the distance of the coaxial assembly. The 

portion having the second elongated conductor is about 1/4 of a wavelength and the 

portion having only the first elongated conductor is also about 1/4 of a wavelength, 

making the aggregate length of the antenna assembly about a 1/2 wavelength. By

2P selecting the microwave energy wavelength to be twice the length of the dipole, power is 

more efficiently transmitted from the antenna assembly to the surrounding tissue.

Some microwave antenna assemblies have a narrow operational 

bandwidth, a wavelength range at which operational efficiency is achieved, and hence,
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are incapable of maintaining a predetermined impedance match between the microwave delivery 

system (e.g., generator, cable etc.) and the tissue surrounding the microwave antenna assembly. 

More specifically, as microwave energy is applied to tissue, the dielectric constant of the tissue 

immediately surrounding the microwave antenna assembly decreases as the tissue is heated.

This drop may cause the optimal microwave energy wavelength to change beyond the 

bandwidth of the antenna. As a result, there may be a mismatch between the bandwidth of 

conventional microwave antenna assemblies and the microwave energy being applied.

OBJECT

It is the object of the present invention to substantially overcome or ameliorate one or 

more of the disadvantages of the prior art.

SUMMARY

A first aspect of the present invention provides a microwave antenna assembly, 

comprising:

a first elongated conductor associated with a first radiating portion at least partially along 

the length thereof;

a second elongated conductor disposed within the first elongated conductor and 

associated with a second radiating portion at least partially along the length thereof; and

a dielectric body portion disposed along the length of at least one of the first elongated 

conductor and the second elongated conductor, the dielectric body portion including at least two 

radial partitions of dielectric material having different dielectric constants,

wherein at least one of the first or second elongated conductors includes first and second 

conductivity regions, wherein the first conductivity region has a first electrical conductivity, and 

the second conductivity region has a second electrical conductivity different from the first 

electrical conductivity, and wherein the at least two radial partitions of dielectric material 

include four radial partitions of dielectric material, each of the four radial partitions of dielectric 

material being different from each radially adjacent radial partition of the four radial partitions 

of dielectric material.

(7505519JL)mml:KEH
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13 There is also disclosed herein a microwave antenna assembly, comprising: 

a first elongated conductor associated with a first radiating portion at least partially along

the length thereof;

a second elongated conductor disposed within the first elongated conductor and 

associated with a second radiating portion at least partially along the length thereof; and

a dielectric body portion disposed along the length of at least one of the first elongated 

conductor and the second elongated conductor, wherein the dielectric body portion includes at 

least two parts of dielectric material having different dielectric constants and partitioned by 

radial partitions.

The present disclosure relates generally to microwave antenna assemblies that can treat 

tissue. More particularly, the present disclosure is directed to a microwave antenna assembly 

having a dielectric body portion with radial partitions of dielectric material for treating tissue by 

coagulating, dissecting, melting, ablating or affecting the tissue.

An embodiment of the present invention provides a microwave antenna assembly including first and second elongated conductors, and a dielectric body portion. The first 
elongated conductor is associated with a first radiating portion at least partially along the length 

thereof. A second elongated conductor is disposed within the first elongated conductor and is 

associated with a second radiating portion at least partially along the length thereof. The 

dielectric body portion is disposed along the length of at least one of the first and second 

elongated conductors and the dielectric body portion

(8089324.1 ):ANC
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includes two or more radial partition of dielectric material having difference dielectric 

constants. The geometry, density, and/or dielectric material may be selected to shape a 

radiation pattern radiating from the first radiating portion.

In another embodiment of the present disclosure, the one or more radial 

f partitions of dielectric material include first and second radial partitions of dielectric 

material, wherein the dielectric constant of the first radial partition is greater than the

dielectric constant of the second radial partition.

The first elongated conductor may include a lumen therethrough and the 

second elongated conductor is at least partially disposed within the lumen of the first 

elongated conductor to form a coaxial dipole antenna assembly. The second elongated 

conductor may be at least partially disposed within the lumen such that a portion thereof 

is a first distance from the longitudinal axis of the first elongated conductor.

In another embodiment of the present disclosure, a radial partition of 

dielectric material of the one or more radial partitions of dielectric material includes a 

ι 5 hollow chamber. The hollow chamber may include one or more of water, air, gas or a 

vacuum disposed therein and these materials may be mechanically pumped in or out by 

one or more ways known in the art. One of the first and second elongated conductors 

may include first and second conductivity regions. The first conductivity region has a 

first electrical conductivity and the second conductivity region has a second electrical

to conductivity being different from the first electrical conductivity.

In another embodiment of the present disclosure, two or more dielectric 

materials form four radial partitions of dielectric material. Each of the four radial 

partitions of dielectric material are different from each radially adjacent radial partition of

4
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the four radial partitions. For example, two radial partitions may be positioned to form a 

first opposing pair of radial partitions and two radial partitions are positioned to form a 

second opposing pair of radial partitions of dielectric material. The four radial partitions 

form an equal angle quadrant of radial partitions. The dielectric constant of the first

ζ opposing pair of radial partitions is greater than the dielectric constant of the second 

opposing pair of radial partitions creating a specific radiation effect. In one embodiment, 

the dielectric constant of the first opposing pair of radial partitions is about two to about 

twenty times greater than the dielectric constant of the second opposing pair of radial

partitions.

3 In another embodiment of the present disclosure, the two radial partitions

of dielectric material form the dielectric body portion. The dielectric constant of the

dielectric material of the first radial partition is from about 10 to about 100 and the 

dielectric constant of the dielectric material of the second radial partition is from about 2 

to about 5 creating a specific radiating effect.

ζ In another embodiment of the present disclosure, the dielectric body

portion is rotatable about the longitudinal axis of the first elongated conductor. An angle 

sensor may be configured to determine an angle of rotation of the dielectric body portion 

about the longitudinal axis relative to the first elongated conductor.

In yet another embodiment, the microwave antenna assembly includes a

0_o second dielectric body portion at least partially disposed about the second elongated 

conductor. The second dielectric body portion includes two or more radial partitions of 

dielectric material disposed along the length of the second elongated conductor; the 

dielectric material of the two or more radial partitions being different. The first dielectric

5
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body portion causes the first radiating portion to have a first radiation pattern and the 

second dielectric body portion causes the second radiating portion to have a second 

radiation pattern. Each of the first and second radiation patterns has one or more 

elongated radiation lobes.

In still another embodiment of the present disclosure, an eiectrosurgical 

system for treating tissue includes an eiectrosurgical generator for generating microwave 

energy and an antenna assembly. The antenna assembly includes first and second 

elongated conductors, and a dielectric body portion as described in one of the

embodiments above.

» The eiectrosurgical generator includes an S-parameter sensor configured

to determine one or more S-parameters of the antenna assembly. The first dielectric body 

portion causes the first radiating portion to have a radiation pattern including one or more 

elongated radiation lobes. The one or more elongated radiation lobe is rotatable about the 

longitudinal axis of the first elongated conductor. The eiectrosurgical generator associates 

each determined S-parameter with a determined angular direction of the one or more 

elongated radiation lobes.

In another embodiment, the eiectrosurgical generator generates an 

interrogation signal and the S-parameter sensor determines one or more S-parameters of 

the antenna assembly utilizing the interrogation signal. The interrogation signal may 

include a plurality of wavelengths such that the eiectrosurgical generator associates each 

determined S-parameter to a wavelength of the plurality of wavelengths. For example, in 

one embodiment of the one or more S-parameters may include a S11 parameter.

6
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In yet another embodiment, the microwave antenna assembly also includes 

an angle sensor in operative communication with the electrosurgical generator. The 

angle sensor determines an angle of rotation of the one or more elongated radiation lobes 

about the longitudinal axis of the first elongated conductor. The angle sensor 

S communicates the determined angle of rotation to the electrosurgical generator. 

Additionally or alternatively, the electrosurgical generator associates each determined S- 

parameter to the determined angle of rotation (from the angle sensor) of the one or more 

elongated radiation lobe.

1«» BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention will be described hereinafter, by way 

of examples only, with reference to the accompanying drawings.

Fig. 1 is a schematic diagram of a microwave electrosurgical system for 

£ treating tissue in accordance with an embodiment of the present disclosure;

Fig. 2 is a block diagram of a electrosurgical generator that can generate 

microwave energy for ablating tissue in accordance with an embodiment of the present

disclosure;

Fig. 3A is a schematic, perspective view of an antenna assembly that has a 

Zo dielectric body portion having four radial partitions of dielectric material disposed around 

the radiating portions of the antenna assembly in accordance with an embodiment of the

present disclosure;

7
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Figs. 3B is a cross-sectional view of the antenna assembly of Fig. 3A 

along a proximal radiating portion with illustrative electric field lines in accordance with

an embodiment of the present disclosure;

Figs. 3C is a cross-sectional view of the antenna assembly of Fig. 3A

along a distal radiating portion with illustrative electric field lines in accordance with an 

embodiment of the present disclosure;

Figs. 3D is a cross-sectional view of the antenna assembly of Fig. 3A 

along the distal radiating portion illustrating a radiation pattern having two elongated

radiation lobes in accordance with an embodiment of the present disclosure; and

' ° Figs. 4 - 7 are cross-sectional views along the distal radiating portion of

additional embodiments of the antenna assembly in accordance with an embodiment of

the present disclosure.

DETAILED DESCRIPTION

Referring to the drawings, Fig. 1 is a schematic diagram of an 

electrosurgical system 100 for treating tissue using microwave energy. Electrosurgical 

system 100 includes an electrosurgical generator 102 electrically coupled to a cable 104 

that can guide microwave energy to a surgical instrument 106. Surgical instrument 106

2o includes an antenna assembly 108 that can treat tissue of patient P. Surgical instrument 

106 may include other antenna assemblies (not shown).

Electrosurgical generator 102 includes graphical user interface 110 and 

dial indicator 112. Electrosurgical generator 102 may also include other input or output 

devices such as knobs, dials, switches, buttons, displays and the like for control,

8
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indication and/or operation. Surgical instrument 106 may include buttons (not shown) to 

communicate to electrosurgical generator 102 to generate the microwave energy. 

Electrosurgical system 100 may also include a footswitch (not depicted) that connects to 

electrosurgical generator 102. When actuated, the footswitch can cause electrosurgical

g generator 102 to generate the microwave energy. Utilizing buttons on surgical 

instrument 106 or a footswitch enables the surgeon to activate the microwave energy 

while remaining near patient P regardless of the location of electrosurgical generator 102.

Referring to the drawings, Fig. 2 is a block diagram of an electrosurgical 

generator 200 that can generate microwave energy to treat tissue. Electrosurgical 

to generator 200 of Fig. 2 may be similar to or identical to electrosurgical generator 102 of 

Fig. 1. Electrosurgical generator 200 may be implemented wholly or partially in 

hardware, software, software in execution, bytecode, microcode, firmware, circuitry or 

some sufficient combination. Electrosurgical generator 200 may be connected to a 

network (e.g., the internet) and may include digital or analog connection devices, such as

an RS-232 connection, an Ethernet connection or a GPIB connection.

Electrosurgical generator 200 is connected to a surgical instrument 202 

which includes an antenna assembly 204 configured to ablate tissue for resection or other 

surgical purposes. Antenna assembly 204 may form part of multiple antenna assemblies 

(not shown) in a parallel row of antenna assemblies to create an ablation plane for 

zo resection procedures (e.g., a “picket fence” ablation plane). Antenna assembly includes

dielectric body portion 238.

Electrosurgical generator 200 is controlled by processing module 210 

having a processor 212 and memory 214. Processor 212 may be a microprocessor, a

9
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microcontroller, logic circuitry or a semiconductor-based logic device. Memory 214 may 

include program data, variables, stacks, heaps and the like. Processing module 210 may 

include communication interfaces such as serial bus interface or a parallel bus interface, 

and may also include related I/O buffers, flags or associated circuitry. Additionally,

$ processing module 210 may include analog-to-digital converters and/or digital-to-analog

converters.

Processing module 210 is in operative communication with user interface 

216 and can receive user data therefrom. User interface 216 may include mechanical or

electrical interfaces, such as footswitches, switches, dials, screens, touch screens,

,o speakers, microphones or the like, and associated circuitry. Processing module 210 is in 

operative communication with high voltage DC power supply 218 receives instructions 

from processing module 210 to supply the microwave output stage 220 with sufficient 

power. Processing module 210 may control microwave output stage 220 directly (not 

depicted) or indirectly through high voltage DC power supply 218. Microwave output 

ι S' stage 220 may output microwave energy having a single wavelength, a plurality of 

wavelengths or a spectrum of wavelengths. The effective wavelength of antenna 

assembly 204 may differ and may change based upon the surrounding tissue type, the 

surrounding tissue condition and/or the current progression of the ablation procedure. 

Microwave output stage 220 may change a wavelength of the microwave energy to 

xo “track” or “match” an effective wavelength of antenna assembly 204. High voltage DC 

power supply 218 provides the power for microwave output stage 220 while processing 

module 210 controls the “on/off” times and/or the duty cycle. Processing module 210 

utilizes one or more modulation techniques to control the microwave energy, e.g., a

10
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pulse-width modulation technique. Alternatively, processing module 210 may send a 

digital code to another semiconductor device (not shown), such as an ASIC chip, which 

generates the waveform for controlling high voltage DC power supply 218.

Processing module 210 may utilize feedback to control the generation of 

S microwave energy, such as feedback from analog-to-digital (referred to herein as “A/D”) 

converters 222 and 224. A/D converter 222 converts voltage data from voltage sensor 

226 to digital voltage data and A/D converter 224 converts current data from current 

sensor 228 to digital current data. Processing module 210 may also use the voltage 

and/or current data to control the generation of the microwave energy. For example, 

io processing module 210 may implement a feedback type control algorithm using the 

digital and current data as “error” (such as in a PID algorithm) to determine what

adjustments to make to the generated microwave energy.

Referring to Figs. 3A, 3B, and 3C, an antenna assembly 300 is shown that 

includes a first conductor 302 (only shown in Fig. 3B) and second conductor 304. The 

first conductor 302 defines a lumen (not shown) in which second conductor 304 is 

disposed therein, e.g., first conductor 302 concentrically surrounds at least partially 

second conductor 304. Antenna assembly 300 also includes a first radiating portion 306 

and a second radiating portion 308. Antenna assembly 300 is attached to a coaxial cable 

312 and may include a choke 314. A puck 316 may form a spacer between the two

to radiating portions 306 and 308.

First conductor 302 and/or second conductor 304 may be made of a 

suitable conductive metal and may be semi-rigid or flexible, such as, for example, 

copper, gold, stainless steel or other conductive metals with similar conductivity values.

11
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Metals may be selected based on a variety of factors, such as conductivity and tensile 

strength. Although stainless steel has lower conductivity than copper and/or gold, 

stainless steel in some instruments may provide the necessary strength required to

puncture tissue and/or skin. In such cases, the first conductor 302 and/or the second

S conductor 304 (or portions thereof) may be plated with a conductive material (e.g., 

copper, gold, etc.) to improve conductivity and/or decrease energy loss.

Additionally or alternatively, the first conductor 302 and/or the second 

conductor 304 may have varying regions of electrical conductivity to shape the radiation 

pattern, e.g., first conductor 302 and the second conductor 304 may include higher 

io electrical conductivity regions to enhance the directionality of the electric field lines 

radiating therefrom. For example, first conductor 302 and/or the second conductor 304 

may be coated with or have higher electrical conductivity values adjacent to regions 

having higher dielectric constants or vice versa. Also, first conductor 302 and/or the 

second conductor 304 may have a hollow core, different skin coating depths, one or more

•S' hollow portions, may have thicker or thinner coatings relative to each other, may be 

thicker or thinner relative to each other, and/or have different geometries to further affect 

the directionality of the radiation lobes.

As mentioned above, it is envisioned that second conductor 304 may be 

configured to pierce or slice through tissue, either mechanically and/or with the aid of RF

2.0 or microwave energy. In the embodiment where second conductor 304 can mechanically 

pierce or slice through tissue, antenna assembly 300 may be configured thin enough to 

pierce or slice through tissue upon the exertion of a predetermined amount of force. 

Additionally or alternatively, second conductor 304 may be configured to receive RF or

12
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microwave energy and transmit that energy to tissue to piece or slice through tissue or

assist in piercing or slicing through tissue. Second conductor 304 may also include a 

tapered end 310 and may be formed from a variety of heat-resistant materials suitable for

penetrating tissue, such as metals (e.g., stainless steel), ceramics such as glass ceramics, 

ζ and various thermoplastic materials, such as poletherimide, polyamide thermoplastic

resins, an example of which is Ultem® sold by General Electric Co. of Fairfield, CT.

Referring now to Figs. 3B and 3C, two cross sectional views along lines

3B-3B of Fig. 3A and along lines 3C-3C of antenna assembly 300 of Fig. 3A are shown, 

respectively. Dielectric body portion 318 may be configured to shape and/or control the 

i© radiation pattern radiating from first radiating portion 306 and second radiating portion

308. In the representative Fig. 3A embodiment, dielectric body portion 318 has four 

radial partitions of dielectric material, each having the same fraction of the total radial 

area (dielectric body portion 318 has equal angle quadrants of radial partitions). For 

example, Fig. 3B shows a cross-sectional view of dielectric body portion 318 along the

15- first radiating portion 306, which includes four radial partitions of a dielectric material, 

namely, radial partitions 320, 322, 324, and 328. Figure 3C shows four radial partitions 

of the dielectric material, namely, radial partitions 330, 332, 334 and 336.

Radial partitions 328, 322, 336 and 332 have a material of greater 

dielectric constant than radial partitions 320, 324, 330 and 334 or vice versa. The

2.0 difference in the dielectric constants produces different electric fields lines around the 

radial partitions of the dielectric body portion 318. The electric field lines are illustrated 

in Figs. 3B and 3C, which show elongated radiation lobes 338 and 340 being emitted 

from radiating portions 306 and 308 (see Fig, 3A), respectively, with side radiation lobes

13



20
09

21
27

96
 

25
 A

ug
 2

00
9

342 and 344 (see also Fig. 3D). The elongated radiation lobes are the result of the higher

dielectric constant of radial portions 328, 322, 336 and 332 relative to 320, 324, 330 and

334. A low dielectric material may have a dielectric constant from about 2 to about 10.

Examples of low dielectric materials include low dielectric ceramics (e.g., glass 

£ ceramics) or polymers. Additionally, a high dielectric constant may be a dielectric 

constant from about 10 to about 100. Examples of high dielectric materials include high 

dielectric ceramics (e.g., glass ceramics) or polymers. It is envisioned that the electric

field saturation limits of these dielectrics will not be reached by the microwave energy.

By regulating the dielectric constant of the various radial partitions,

to different radiation patterns are possible for different tissue types. For example, the higher

dielectric partitions may have a dielectric constant from about 5 to about 20 times the 

dielectric constant of the lower dielectric partitions. Moreover, and as explained below, 

the geometric shape, thickness and density of the partitions will also affects the shape, 

size and intensity of the radiation lobes. For example, thicker dielectrics may cause a

greater elongation of the elongated radiation lobes (also referred to as “beams”).

In another embodiment, the radial partitions 320-328 and 330-336 may be

formed by hollow chambers and the dielectric materials may be water and/or air. Water 

has a dielectric constant of about 80, while air and a vacuum have a dielectric constant of

about 1 which will create a particular radiating pattern with elongated lobes. Rotation of 

to the dielectric body portion 318 along axis A-A (see Fig. 3A) in this embodiment may

form a particular radiation pattern with elongated lobes.

Referring again to Fig. 3B, radial partitions 320-328 of dielectric material

are disposed about first conductor 302 and radial partitions 320-328 of dielectric material

14
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are also disposed within first conductor 302. By having offset dielectric constants 

between the inside or outer dielectric materials disposed relative to first conductor 302 

different radiating fields may be generated and the radiation pattern may be tuned for a 

particular purpose. Additionally, by offsetting second conductor 304 from the central

S' axis of first conductor 302 (not depicted) the directionality of the radiation pattern may be 

enhanced or tuned for a particular purpose. Moreover, when elongated conductors 302 

and 304 have different shapes or dimensions (not depicted), dielectric body portion 318 

may be configured to include thicker and thinner regions (or different dielectric material 

with different densities) along the longitudinal axis A-A of dielectric body portion 318 to 

vary the radiation pattern.

Fig. 3D shows another antenna assembly 300 with an illustrative radiation

pattern. The radiation pattern includes elongated radiation lobes 338 and 340 and side

radiation lobes 342 and 344. The radiation pattern corresponds to the strength of the 

microwave energy in a given direction. For example, axis 346 and axis 348 are shown, 

ιί The radiation pattern extending from antenna assembly 300 to the end of the radiation 

pattern along axis 346 is depicted by distance DI. Likewise, the radiation pattern 

extending from antenna assembly 300 to the end of the radiation pattern along axis 348 is 

depicted by a distance D2. The different distance values of DI compared to D2 

correspond to different microwave energy power levels. The power level changes as the

X© radial angle of antenna assembly 300 changes. The geometry, density and the dielectric 

material making up the dielectric body portion 318 may be configured to shape the 

radiation pattern, e.g., to create wide or narrow ablation areas. Narrow ablation radiation 

lobes may enhance surgical instruments using “picket fence” antenna assemblies during a

15
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resection procedure by increasing the effective distance between the antenna assemblies

so that they may be spaced greater than 1.0 cm apart.

Referring now to Figs. 4 and 5, two cross-sectional views of antenna

assemblies 400 and 500 are shown, respectively. Antenna assemblies 400 and 500 are

< configured to radiate two elongated radiation lobes. Antenna assembly 400 includes a 

dielectric body portion 410 having opposing radial partitions 402 and 406 having a higher 

dielectric constant and opposing radial partitions 404 and 408 having a lower dielectric

constant. The microwave energy will radiate and favor radial partitions 402 and 406 

because of the higher dielectric constant resulting in narrow elongated radiation patterns

io similar to Fig. 3D.

’ Antenna assembly 500 includes dielectric body portion 510 having

opposing radial partitions 504 and 508 having a higher dielectric constant and opposing 

radial partitions 502 and 506 having a lower dielectric constant. The microwave energy 

will radiate and favor radial partitions 504 and 508 because of the higher dielectric 

constant resulting in wider elongated radiation patterns than antenna assembly 400 (see

Fig. 4).

Antenna assemblies 400 and 500 are geometrically dissimilar. The 

dielectric material type, density, thickness and the dielectric constant of the material(s), 

all affect the radiation pattern and associated radiation lobes. For example, and based on

2.0 geometry alone, the radiation pattern of antenna assembly 400 should have narrower 

radiation lobes than that of antenna assembly 500 because of the geometric difference 

between the dielectric materials. However, dielectric density, dielectric thickness, 

variations in the dielectric materials and differences in the relative dielectric ratios, all

16
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affect the effective impedance of the antenna and the resulting radiation pattern, which 

may be partially compensated for by adjusting the length of the antenna assembly.

Referring to Figs. 6 and 7, antenna assemblies 600 and 700 are shown, 

respectively. Antenna assembly 600 includes dielectric body portion 606 having radial

S' partitions 602 and 604, 602 having the higher dielectric constant. Antenna assembly 700 

includes radial partitions 702 and 704, wherein radial partition 702 has the higher 

dielectric constant. Antenna assemblies 600 and 700 will generate radiation patterns with 

a single elongated radiation lobe on one side of the antenna assembly with similar side 

lobes on opposite sides on the assembly. Antenna assembly 600 has a lower fraction of 

higher dielectric material versus lower dielectric material compared to antenna assembly 

700. The lower fraction of antenna assembly 600 will tend to form a more narrow

elongated radiation lobe than that of antenna assembly 700.

From the foregoing and with reference to the various figure drawings,

those skilled in the art will appreciate that certain modification can also be made to the

»S present disclosure without departing form the scope of the same, for example, referring 

again to Fig. 2, antenna assembly 202 may be rotatable about axis A-A such that any 

elongated radiation lobes rotates therewith. As mentioned above, the dielectric body 

portion 238 may be configured to cause the radiation pattern of surgical instrument 202 to 

have at least one elongated radiation lobe. Angle sensor 206 communicates an angle of

2.0 rotation to electrosurgical generator 202. Electrosurgical generator 200 utilizes angle 

sensor 206 and actuator 208 to determine one or more parameters of the applied 

microwave energy based upon the angle of the elongated radiation lobe(s). 

Electrosurgical generator 200 may control the rotation of antenna assembly 202 by
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communicating a control signal from angle controller 232 to antenna assembly 202.

Additionally or alternatively, antenna assembly 202 may be rotated using a mechanical

linkage, a hydraulic system, a magnetic system, a motorized system, an energizable 

system, a user-activated knob or switch in the handle of surgical instrument 303 and/or

5” on eiectrosurgical generator 200, or the like.

For example, eiectrosurgical generator 200 may include A/D converter

230 that converts analog angle-of-rotation data from angle sensor 206 to digital angle 

sensor data that is communicated to processing module 210. Processing module 210 can 

send instructions to angle controller 232 to control the angle of rotation utilizing actuator 

208. Eiectrosurgical generator 200 may also include an S-parameter sensor 234 which

communicates analog S-parameter data to A/D converter 236 which converts the data to

digital S-parameter data such that processing module 210 can process the data.

S-parameter sensor 234 can determine one or more S-parameters.

Because S-parameters are frequency dependant and tissue characteristics dependant, 

i £ eiectrosurgical generator 200 can associate each determined S-parameter with an angle of 

rotation as received from angle sensor 206 and/or can associate each determined S- 

parameter with a frequency (or wavelength) generated by MW output stage 220.

Additionally, the dielectric body portion 238 facilitates a non-isotropic radiation pattern 

with one or more elongated nodes causing the S-parameter to be more strongly dependant

2.0 upon the angle (e.g., the angular direction or angle of rotation) of the elongated radiation 

node or nodes. One type of S-parameter is a SI 1 parameter, which is related to reflected 

microwave energy and/or scattered microwave energy. S-parameters are also affected by 

the dielectric constant of the surrounding tissue.
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Electrosurgical generator 200 may be configured to perform an angular 

sweep by using angle controller 232 to control an angle of rotation of the dielectric body 

portion 238 of antenna assembly 204 and/or control the angle of rotation of wholly 

antenna assembly 204 while applying microwave energy. The S-parameters determined 

f may be associated with an angle of rotation to identify a tumor or anatomical structure. 

For example, if antenna assembly 204 were inserted into lung tissue near a tumor, the 

characteristic of the tumor may result in different S-parameters as compared to lung 

tissue and/or the surrounding air. Therefore, an angular sweep may be used to determine 

the angle of rotation for antenna assembly 204 when applying therapeutic microwave

i © energy.

Electrosurgical generator 200 may also utilize the determined S- 

parameters during an angular sweep to determine the completeness of the ablation as a 

function of the angle of rotation and/or the wavelength. Additionally, the S-parameters 

may be utilized by electrosurgical generator 200 during the angular sweep to determine 

the overall proximity to vessels or other tissue, the consistency of the ablation radius, the 

ablation shape, the homogeneity of the surrounding tissue, the antenna coupling and/or 

the tissue hydration of the surrounding tissue. The rate of rotation may have a maximum 

rate of rotation from about 6 to about 10 seconds per 360 degrees of rotation.

Additionally or alternatively, the MW output state 220 may utilize an 

•2.0 interrogation signal. The interrogation signal may have the same frequency as that of the 

therapeutic microwave energy (e.g., 915 MHZ) or may have a plurality of frequencies (or 

wavelengths), such as from 500 MHZ to about 3 GHZ, forming a broadband 

interrogation signal. A broadband interrogation signal may better reflect antenna
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coupling to tissue, which is related to tissue hydration. The interrogation signal may

occur intermittently while applying therapeutic microwave energy and/or may occur as 

an initial pulse. An intermittent interrogation signal may occur every minute in a 10-

minute procedure and every 10 to 20 seconds during a 3-minute procedure. S-parameter 

5" sensor 234 may determine an S-parameter for each of the several wavelengths.

Electrosurgical generator 200 may associate each S-parameter with a wavelength (or 

frequency) as measured during the interrogation signal.

While several embodiments of the disclosure have been shown in the

drawings and/or discussed herein, it is not intended that the disclosure be limited thereto,

as it is intended that the disclosure be as broad in scope as the art will allow and that the 

specification be read likewise. Therefore, the above description should not be construed 

as limiting, but merely as exemplifications of particular embodiments. Those skilled in 

the art will envision other modifications within the scope and spirit of the claims 

appended hereto.

20



21

20
09

21
27

96
 

25
 Ju

l 2
01

3 CLAIMS

1. A microwave antenna assembly, comprising:

a first elongated conductor associated with a first radiating portion at least partially along 

the length thereof;

a second elongated conductor disposed within the first elongated conductor and 

associated with a second radiating portion at least partially along the length thereof; and

a dielectric body portion disposed along the length of at least one of the first elongated 

conductor and the second elongated conductor, the dielectric body portion including at least two 

radial partitions of dielectric material having different dielectric constants,

wherein at least one of the first or second elongated conductors includes first and second 

conductivity regions, wherein the first conductivity region has a first electrical conductivity, and 

the second conductivity region has a second electrical conductivity different from the first 

electrical conductivity, and wherein the at least two radial partitions of dielectric material 

include four radial partitions of dielectric material, each of the four radial partitions of dielectric 

material being different from each radially adjacent radial partition of the four radial partitions 

of dielectric material.

2. The microwave antenna assembly according to claim 1, wherein two radial partitions of 

the four radial partitions are positioned to form a first opposing pair of radial partitions of 

dielectric material and another two radial partitions of the four radial partitions are positioned to 

form a second opposing pair of radial partitions of dielectric material.

3. The microwave antenna assembly according to claim 2, wherein the dielectric constant 

of the first opposing pair of radial partitions of dielectric material is greater than the dielectric 

constant of the second opposing pair of radial partitions of dielectric material.

4. The microwave antenna assembly according to claim 3, wherein the dielectric constant 

of the first opposing pair of radial partitions of dielectric material is from about two to about 

twenty times greater than the dielectric constant of the second opposing pair of radial partitions 

of dielectric material.

5. The microwave antenna assembly according to claim 1, wherein the dielectric body 

portion is rotatable about a longitudinal axis of the first elongated conductor.

(7505519_l)mml:KEH
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13 6. The microwave antenna assembly of according to claim 5, the microwave antenna 

assembly further comprising:

an angle sensor configured to determine an angle of rotation of the dielectric body 

portion about the longitudinal axis relative to the first elongated conductor.

7. The microwave antenna assembly according to claim 1, further comprising a second 

dielectric body portion at least partially disposed about the second elongated conductor, the 

second dielectric body portion including at least two radial partitions of dielectric material 

disposed along the length of the second elongated conductor, the dielectric material of at least 

two of the radial partitions being different.

8. The microwave antenna assembly according to claim 7, wherein the first dielectric body 

portion causes the first radiating portion to have a first radiation pattern and the second dielectric 

body portion causes the second radiating portion to have a second radiation pattern.

9. The microwave antenna assembly according to claim 8, wherein at least one of the first 

and second radiation patterns includes at least one elongated radiation lobe.

10. The microwave antenna assembly according to claim 1, wherein at least one of a 

geometry, a density, and a dielectric material are selected to shape a radiation pattern radiating 

from the first radiating portion.

11. A microwave antenna assembly, substantially as hereinbefore described with reference 

to the accompanying drawings.

Vivant Medical, Inc.
Patent Attorneys for the Applicant/Nominated Person 
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FIG. 3A
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FIG. 3C
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