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MINIATURIZED MICROWAVE ABLATION ASSEMBLY

BACKGROUND

1. Technical Field

[0001] The present disclosure relates generally to microwave ablation assemblies, and, more

particularly, to miniaturized microwave ablation assemblies and maximizing their power transfer.

2. Discussion of Related Art

[0002] Electromagnetic fields 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 ablation probes are properly positioned, the ablation probes induce electromagnetic

fields within the tissue surrounding the ablation probes.

[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 temperatures normally

injurious to healthy cells. Known treatment methods, such as hyperthermia therapy, heat

diseased cells to temperatures above 41° C while maintaining adjacent healthy cells below the

temperature at which irreversible cell destruction occurs. These methods involve applying

electromagnetic fields to heat or ablate tissue.

[0004] Devices utilizing electromagnetic fields have been developed for a variety of uses and

applications. Typically, apparatuses for use in ablation procedures include a power generation

source, e.g., a microwave generator that functions as an energy source, and a surgical instrument

(e.g., microwave ablation probe having an antenna assembly) for directing energy to the target

tissue. The generator and surgical instrument are typically operatively coupled by a cable

assembly having a plurality of conductors for transmitting energy from the generator to the



instrument, and for communicating control, feedback, and identification signals between the

instrument and the generator.

[0005] There are several types of microwave probes in use, e.g., monopole, dipole, and

helical, which may be used in tissue ablation applications. In monopole and dipole antenna

assemblies, microwave energy generally radiates perpendicularly away from the axis of the

conductor. Monopole antenna assemblies typically include a single, elongated conductor. A

typical dipole antenna assembly includes two elongated conductors that are linearly-aligned and

positioned end-to-end relative to one another with an electrical insulator placed therebetween.

Helical antenna assemblies include helically-shaped conductor configurations of various

dimensions, e.g., diameter and length. The main modes of operation of a helical antenna

assembly are normal mode (broadside), 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] The heating of tissue for thermal ablation is accomplished through a variety of approaches,

including conduction of heat from an applied surface or element, ionic agitation by electrical current

flowing from an electrode to a ground pad (current-based technology), optical wavelength absorption, or,

in the case of microwave ablation, by dielectric relaxation of water molecules within an antenna

electromagnetic field (field-based technology). The ablation zone can be broken down into two

components: an active ablation zone and a passive ablation zone.

[0007] The active ablation zone is closest to the ablation device and encompasses the volume

of tissue which is subjected to a high intensity of energy absorption. The significant contributor

to active zone energy absorption is from energy produced by the energy generator. Thermal

conduction is an insignificant contributor to active zone energy absorption. In the case of



current-based and field-based ablation technologies this active heating is from ohmic losses

(current-based) and dielectric relaxation (field-based). With a sufficient amount of energy

delivered to the active zone from the ablation energy generator, thermal tissue destruction is

assured at a given application time in all but areas of very rapidly flowing fluids, such as around

and within large blood vessels or airways. The active ablation zone size and shape can be

determined by ablation device design. The active ablation zone can therefore be used to produce

predictable ablative effects over a given shape and volume of tissue.

[0008] The passive ablation zone surrounds the active zone and encompasses the volume of

tissue which experiences a lower intensity of energy absorption. The significant contributor to

passive zone energy absorption is from thermal conduction from the hotter active zone. Heating

directly due to energy produced by the energy generator is an insignificant contributor to passive

zone energy absorption. The tissue within the passive ablation zone may or may not experience

tissue destruction at a given application time. Physiological cooling may counter heating from

the lower level energy absorption and therefore not allow for sufficient heating to occur within

the passive zone to kill tissue. Diseased or poorly perfused tissue within the passive zone may be

more prone to heating than other tissues and may also be more susceptible to heat conduction

from hotter areas within the ablation zone. The passive zone in these cases can result in

unexpectedly large ablation zones. Due to these varying scenarios across space within a targeted

physiology, relying on the passive zone to perform thermal ablation is challenging with

unpredictable outcomes.

[0009] As electromagnetic fields can be induced at a distance by microwave probes,

microwave ablation has the potential to create large active zones whose shapes and sizes can be

determined and held constant by design. Furthermore, the shape and size can be determined



through design to fit a specific medical application. By utilizing a predetermined active zone to

create a predictable ablation zone, and not relying upon the indeterminate passive ablation zone,

microwave ablation can provide a level of predictability and procedural relevance not possible

with other ablative techniques.

[0010] The size and shape of the active zone about an antenna is determined by the

frequency of operation, the geometry of the antenna, the materials of the antenna, and the

medium surrounding the antenna. Operating an antenna in a medium of dynamically changing

electrical properties, such as heating tissue, results in a changing size and shape of the

electromagnetic field, and therefore a changing size and shape of the active zone. To maintain

the size and shape of the active zone about a microwave antenna within an acceptable range for a

given procedure type, the degree of influence on the electromagnetic field of the surrounding

medium's electrical properties are reduced.

[0011] The intensity of energy within the active zone about an antenna is determined by the

amount of energy which can be delivered from the microwave generator to the antenna.

Sufficient energy intensity is required within the active zone envelope to produce predictable

coagulation within the zone. Additionally, with more energy delivered to the antenna, active

zone ablations can be achieved in shorter procedure times. To maximize energy transfer from a

microwave generator through waveguides and to a microwave antenna requires each system

component to have the same impedance, or to be impedance matched. Whereas the impedance

of the generator and waveguides are typically fixed, the impedance of a microwave antenna is

determined by the frequency of operation, the geometry of the antenna, the materials of the

antenna, and the medium surrounding the antenna. Operating an antenna in a medium of

dynamically changing electrical properties, such as within heating tissue, results in a changing



antenna impedance and varied energy delivery to the antenna, and, as a result, a changing energy

intensity within the active zone. To maintain the energy intensity within the active zone about a

microwave antenna, the degree of influence on the antenna impedance of the surrounding

medium's electrical properties must be reduced.

[0012] In field-based thermal ablation, the primary cause of active zone size and shape

change is an elongation of the electromagnetic wave. Wavelength elongation occurs in heating

tissue due to tissue dehydration. Dehydration reduces the dielectric constant, elongating the

wavelength of microwave fields. Wavelength elongation is also encountered when a microwave

device is used across various tissue types due to the varying dielectric constant between tissue

types. For example, an electromagnetic wave is significantly longer in lung tissue than in liver

tissue.

[0013] Wavelength elongation compromises the focus of microwave energy on the targeted

tissue. With large volume ablation, a generally spherical active zone is preferable to focus the

energy on generally spherical tissue targets. Wavelength elongation causes the electromagnetic

field to stretch down along the length of the device toward the generator, resulting in a generally

comet- or "hot-dog"-shaped active zone.

[0014] Wavelength elongation can be significantly reduced in medical microwave antennas

by dielectrically buffering the antenna geometry with a material having an unchanging dielectric

constant, as described in U.S. Application Nos. 13/835,283 and 13/836,519, the disclosure of

each of which are incorporated by reference herein. The material of unchanging dielectric

constant surrounds the antenna, reducing the influence of the tissue electrical properties on

antenna wavelength. By controlling wavelength elongation through dielectric buffering, the



antenna impedance match and field shape can be maintained within a desirable range, enabling a

large active ablation zone with a predetermined and robust shape.

[0015] By providing dielectric buffering with a circulated fluid, such as with saline or water,

the high dielectric constants of these materials can be leveraged in the antenna geometry design,

and furthermore the circulated fluid can be used to simultaneously cool the microwave

components, including the coaxial feed line and antenna. Cooling of the microwave components

also enables higher power handling of the components which can be used to deliver more energy

to the antenna active zones.

[0016] As described above, the size and shape of the active zone about an antenna is

determined, in part, by the geometry of the antenna. Ordinary ablation antennas do not utilize

antenna geometry in combination with wavelength buffering to effectively control microwave

field shape and size. These antennas do not create spherical active zone shapes nor are the active

zones robust and unchanging across tissue types or during tissue heating. These antennas allow

microwave energy to spread along the external conductor of the device from the device tip

towards the generator. The spreading of microwave energy along the shaft results in comet- or

"hot-dog"-shaped active zones.

[0017] Microwave antennas can be equipped with a choke or balun, a component of the

antenna geometry that improves impedance matching and also can aid in focusing microwave

energy into a predetermined shape. When combined with wavelength buffering, a balun or

choke can effectively block the backwards propagation of electromagnetic waves along the

external conductor toward the generator across various tissue types and during tissue heating,

focusing the energy into a robust spherical active zone.



[0018] One implementation of a balun includes a balun dielectric that is disposed on the

outer conductor of a coaxial cable and an outer balun conductor disposed on the balun dielectric.

The balun creates a short section of coaxial waveguide arranged about the inner coaxial cable

where the outer conductor of the coaxial cable is the inner conductor of the balun. The balun is

disposed about the coaxial cable near the feed of the antenna and in one implementation has a

length of λ/4 where λ is the wavelength of the electromagnetic wave within the balun. The balun

outer conductor and inner conductors are shorted together at the proximal end to create a λ/4

short-circuited balun.

[0019] One way of describing the function of a λ/4 short-circuited balun is as follows: an

electromagnetic wave propagates proximally along the radiating section of the antenna, enters

the balun, reflects off of the short-circuited proximal end of the balun, propagates forward to the

distal end of the balun, and exits the balun back onto the antenna radiating section. With this

arrangement of balun length, when the electromagnetic wave reaches the distal end of the balun

and travels back onto the antenna radiating section, the electromagnetic wave has accumulated a

full λ of phase change. This is due to the λ/4 distance traveled forward within the balun, the λ/4

distance traveled backward within the balun and a λ/2 phase change which occurs with the

reflection off of the short-circuited proximal end of the balun. The result is an electromagnetic

wave which, rather than propagating along the external surface of the cable toward the generator,

is a wave which is redirected back toward the distal tip of the antenna in coherent phase with the

other waves on the antenna radiating section.

[0020] Because of the various components needed in the microwave ablation assembly, the

diameter of the microwave ablation assembly is increased as well as the needle through which

the microwave ablation assembly passes. The size of the needle may limit the uses for the



microwave ablation assembly in minimally-invasive procedures, especially when there are

repeated treatments.

SUMMARY

[0021] In one aspect, the present disclosure is directed to a microwave applicator. The

microwave applicator includes a first transmission line segment, a second transmission line

segment, and a third transmission line segment. The first transmission line segment includes a

first inner conductor and a first outer conductor circumscribing the first inner conductor, the first

outer conductor having a first outer diameter. The second transmission line segment includes a

second inner conductor and a second outer conductor circumscribing the second inner conductor,

the second outer conductor having a second outer diameter less than the first outer diameter. The

third transmission line segment including a third inner conductor and a third outer conductor

circumscribing the third inner conductor, the third outer conductor having a third outer diameter

less than the second outer diameter.

[0022] One or more of the first transmission line segment, the second transmission line

segment, the third transmission line segment is rigid, semi-rigid, or flexible. The diameter of the

second and third inner conductors may be equal to the diameter of the first inner conductor. The

second and third inner conductors may be an extension of the first inner conductor. The

microwave applicator may also include a balun outer conductor circumscribing the third outer

conductor. The outer diameter of the balun conductor may be equal to the outer diameter of the

first outer conductor of the first transmission line segment.

[0023] In another aspect, the present disclosure features an antenna assembly that includes a

coaxial cable including a first transmission line segment, a second transmission line segment, a

third transmission line segment, and a coaxial balun disposed on the third transmission line



segment. An outer diameter of the coaxial balun is equal to or approximately equal to an outer

diameter of the first transmission line segment. The antenna assembly also includes a radiating

section formed at a distal end of the third transmission line segment, and a dielectric buffering

and cooling segment configured to receive the coaxial cable and attached to the radiating section.

[0024] One or more of the first transmission line segment, the second transmission line

segment, the third transmission line segment is rigid, semi-rigid, or flexible.

[0025] The dielectric buffering and cooling segment may include a first tube and a second

tube disposed within the first tube. The second tube defines an outflow conduit between the

inner surface of the first tube and the outer surface of the second tube, and defines an inflow

conduit between the inner surface of the second tube and the outer surfaces of the coaxial cable

and attached radiating section. The dielectric buffering and cooling segment may include a first

tube defining inflow and outflow conduits for carrying cooling fluid.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Objects and features of the presently disclosed energy-delivery devices with a fluid-

cooled probe assembly and systems including the same will become apparent to those of

ordinary skill in the art when descriptions of various embodiments thereof are read with

reference to the accompanying drawings, of which:

[0027] FIG. 1 is a block diagram of a microwave ablation system in accordance with aspects

of the present disclosure;

[0028] FIG. 2 is a side view of a microwave applicator of the microwave ablation system of

FIG. 1 in accordance with aspects of the present disclosure;

[0029] FIG. 3A is a schematic representation of a basic transmission line;



[0030] FIG. 3B is a transmission line network representation of the microwave applicator of

Fig. 2;

[0031] FIG. 4A is a schematic representation of a first transmission line section of the

microwave applicator of FIG. 2;

[0032] FIG. 4B is a schematic representation of a second transmission line section of the

microwave applicator of FIG. 2;

[0033] FIG. 4C is a schematic representation of a third transmission line section of the

microwave applicator of FIG. 2;

[0034] FIG. 4D is a schematic representation of a distal radiating section of the microwave

applicator of FIG. 2; and

[0035] FIG. 5 is a combined schematic representation of FIGS. 4A-4D.

DETAILED DESCRIPTION

[0036] The present disclosure is generally directed to microwave ablation device capable of

optimizing the power transfer from a generator to an antenna load while miniaturizing the cross

section diameter of the microwave applicator. This is accomplished in part by matching the

impedance of the generator and a first transmission line segment to the impedance looking into

the network including second and third transmission line segments that terminate at the antenna.

[0037] According to the present disclosure, the diameter of the antenna geometry may be

reduced to be less than or equal to the diameter of the coaxial feed-line. The miniaturization of

the antenna geometry provides at least the following advantages: (1) it reduces the overall radial

size of the microwave applicator without significantly compromising ablation performance or

device strength; (2) it enables use of a larger coaxial cable feed-line, which reduces energy loss



in the coaxial cable feed-line and thus increases energy delivery to the radiator; (3) it provides

additional space within the microwave applicator without increasing overall radial size for

various structures and features of the microwave applicator, such as the fluid channels,

strengthening members, and centering features or sensors; and (4) it enables various

manufacturing techniques, such as sliding the fully assembled microwave components into a

multi-lumen catheter from one end, which would otherwise not be possible because of

inconsistent radial dimensions between the microwave coaxial cable and the antenna.

[0038] With respect to endobronchial ablation, the miniaturization of the microwave

applicator enables the technical feasibility (e.g., required tissue effect and appropriateness of the

cooling) of a saline or water dielectric buffered and electrically choked (via the balun)

microwave radiator at a 2.8mm bronchoscope channel size. This further improves the tissue

effect and cooling performance of the same application sized up to a 3.2mm bronchoscope

channel size device. Other intravascular, percutaneous, surgical, and laparoscopic applications

where catheter size (French sizing) is of clinical significance are envisioned to benefit similarly.

This may also provide space within the microwave applicator assemblies for thermocouple

temperature sensors, which are described in U.S. Application Nos. 13/836,519 and 13/924,277,

the disclosure of each of which are incorporated by reference herein. Additionally, by

maintaining a line-to-line dimension between the diameter of the feed-line coaxial segment and

the diameter of the antenna geometry (including a balun), the microwave applicator assembly

may be slid into a closed out (tipped) lumen from the proximal end, thus simplifying the

manufacturing process. The manufacturing methods of the present disclosure may be used in the

miniaturization and strengthening of ablation needles and catheters.



[0039] Embodiments of the microwave ablation systems and components are described with

reference to the accompanying drawings. Like reference numerals may refer to similar or

identical elements throughout the description of the figures. As shown in the drawings and as

used in this description, the term "proximal" refers to that portion of the apparatus, or component

of the apparatus, closer to the user and the term "distal" refers to that portion of the apparatus, or

a component of the apparatus, farther from the user.

[0040] This description may use the phrases "in an embodiment," "in embodiments," "in

some embodiments," or "in other embodiments," which may each refer to one or more of the

same or different embodiments in accordance with the present disclosure.

[0041] 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 10 1 1 cycles/second). As it is used in this description, "ablation procedure" generally

refers to any ablation procedure, such as, for example, microwave ablation, radiofrequency (RF)

ablation, or microwave or RF ablation-assisted resection. As it is used in this description,

"transmission line" generally refers to any transmission medium that can be used for the

propagation of signals from one point to another. As it is used in this description, "fluid"

generally refers to a liquid, a gas, or both.

[0042] FIG. 1 is a block diagram of a microwave tissue treatment system 10 in accordance

with aspects of the present disclosure. The microwave tissue treatment system 10 includes a

microwave tissue treatment device 20 having a microwave applicator or antenna assembly 100

connected to a microwave generator 40 through a feedline 60. The microwave tissue treatment

device 20 may include one or more pumps 80, e.g., a peristaltic pump or the like, for circulating

a cooling or heat dissipative fluid through the microwave applicator or antenna assembly 100 via



an inflow fluid conduit 182 and an outflow fluid conduit 184 of a cooling system 180. The

mechanical functionality of the pump in driving fluid through the system may be substituted by

driving the fluid with pressurized and regulated reservoirs.

[0043] The feedline 60 may range in length from about 7 feet to about 10 feet, but may be

either substantially longer or shorter if required in a particular application. The feedline 60

transfers microwave energy to microwave tissue treatment device 20. The feedline 60 includes a

coaxial cable having an inner conductor, an outer conductor, and a dielectric interposed between

the inner and outer conductors. The dielectric electrically separates and/or isolates the inner

conductor from the outer conductor. The feedline 60 may further include any sleeve, tube, jacket,

or the like formed of any conductive or non-conductive material. The feedline 60 may be

separable from, and connectable to, the antenna assembly 100 or the microwave tissue treatment

device 20.

[0044] The inner and outer conductors are each formed, at least in part, of a conductive

material or metal, such as stainless steel, copper, or gold. In certain embodiments, the inner and

outer conductors of feedline 60 may include a conductive or non-conductive substrate that is

plated or coated with a suitable conductive material. The dielectric may be formed of a material

having a dielectric value and tangential loss constant of sufficient value to electrically separate

and/or isolate the respective inner and outer conductors from one another, including but not

being limited to, expanded foam polytetrafluoroethylene (PTFE), polymide, silicon dioxide, or

fluoropolymer. The dielectric may be formed of any non-conductive material capable of

maintaining the desired impedance value and electrical configuration between the respective

inner and outer conductors. In addition, the dielectric may be formed from a combination of

dielectric materials.



[0045] The antenna assembly 100 of the microwave tissue treatment system 10 includes a

first transmission line segment 112, a second transmission line segment 114, a third transmission

line segment 116 on which a choke or coaxial balun 118 is disposed, a distal radiating section

120, and a dielectric buffering and cooling structure 122.

[0046] The proximal portion of the antenna assembly 100 may include a connecting hub 140.

The connecting hub 140 defines a conduit configured and dimensioned to receive a distal end of

the feedline 60, additional conduits configured and dimensioned to receive the inflow conduit

182 and the outflow conduit 184 of the cooling system 180, and one or more apertures formed in

an internal surface of the connecting hub 140 that are configured and dimensioned to receive the

inflow conduit 182 and the outflow conduit 184, respectively. Connecting hub 140 may be

formed of any suitable material including, but not limited to, polymeric materials. Although not

explicitly shown, the hub may also include conduits configured and dimensioned to receive

sensors, including but not limited to thermocouples, electromagnetic navigation coils, or

impedance monitoring electrodes, and may house one or more components of a radiometer used

to sense the effects of ablation on the emissions of tissue.

[0047] As described above, the antenna assembly 100 of the present disclosure minimizes

the radial dimension of a microwave applicator 200. Specifically the radial dimensions of the

metallic structure of the microwave applicator 200 are optimized to match the impedance of the

generator and first transmission line section 112 with the second and third transmission line

sections 114 and 116, respectively, as will be described below with reference to FIGS. 2-5.

[0048] FIG. 2 shows the microwave applicator 200 inserted into the dielectric buffering and

cooling structure 122. The first transmission line segment 112 (FIG. 1) may be constructed of a

coaxial cable of any variety, including a rigid, semi-rigid, or flexible coaxial cable. The



impedance of the waveguide formed by the coaxial cable may be 50 ohms, but may range from

20 ohms to 150 ohms. An inner conductor 212 of the first transmission line section segment 112

is surrounded by a dielectric insulator 214, which, in turn, is partially or fully covered by an

outer conductor 216 (also referred to as a shield).

[0049] The inner conductor 212 may be a silver-plated solid copper wire. The dielectric

insulator 214 may be a dielectric tape, an extruded polytetrafluoroethylene (PTFE) dielectric

insulator, wrapped PTFE, foamed PTFE, or perfluoroalkoxy (PFA). The outer conductor 216

may be a silver-plated copper wire braid constructed from either flat or round braid wire. A

jacket (not shown) for environmental and mechanical robustness may be applied onto or melted

into the braided shield. The jacket may be a heat shrink material, such as polyethylene

terephthalate (PET) or fluorinated ethylene propylene (FEP), or an extruded thermoplastic. The

first transmission line segment 112 has an outer radial dimension di (See Fig. 5).

[0050] The second transmission line segment 114 may include an inner conductor 222 that is

the same as the inner conductor 212 of the coaxial feed-line segment 112. Thus, the inner

conductor 222 may be unchanged and seamless between the first transmission line segment 112

and the second transmission line segment 114 to simplify manufacture of the microwave

applicator and improve electrical performance. In other words, the inner conductor 222 may be

an extension of the inner conductor 212. In embodiments, the radial dimension of the inner

conductor 222 may be reduced. The difference between the first transmission line segment 112

and the second transmission line segment 114 is that the outer radial dimension of the second

transmission line segment 114 d2 is reduced by employing a dielectric insulator 224 having a

reduced diameter as compared to dielectric insulator 214 of the first transmission line segment.



[0051] The length of the second transmission line segment 114 may be optimized for

electrical performance at one quarter of the wavelength of the frequency of operation. The

length of the second transmission line segment 114 may be scaled by the dielectric constant of

the second transmission line segment's dielectric insulator 224. For example, the length of the

second transmission line segment 114 may be 2.1 cm for an operation frequency of 2450MHz.

In other embodiments, the length of the second transmission line segment 114 may deviate from

a quarter wavelength. For example, the length of the second transmission line segment 114 may

be 5.6 cm for an operation frequency of 915MHz and 0.9 cm for 5800 MHz. In yet other

embodiments, the second transmission line segment 114 may be stepped down using a variety of

approaches including a taper step down, a multiple segment step down, or an exponential

tapering.

[0052] The second transmission line segment 114 may be constructed from the same

materials as the first transmission line segment 112, or the second transmission line segment 114

may use a different combination of materials than the first transmission line segment 112. The

dielectric insulator 224 may be a foamed PTFE, such as low-density PTFE (LDPTFE) or

microporous PTFE, tape-wrapped PTFE, tape-wrapped and sintered PTFE, or PFA. The outer

conductor 226 may be a silver-plated copper flat wire braid, a solid-drawn copper tube, a

conductive ink-coated PET heat shrink (e.g., silver ink-coated PET heat shrink), or a silver-

plated copper-clad steel braid.

[0053] The third transmission line segment 116 may include an inner conductor 232 that is

unchanged and seamless with the inner conductor 222 of the second transmission line segment

114 and the inner conductor 212 of the first transmission line segment 112, which would

simplify manufacture of the third transmission line segment 116 and would improve electrical



performance. If the inner conductor 232 of the third transmission line segment 116 were to

change with the third transmission line segment 116, its radial dimension may be reduced. A

difference between the third transmission line segment 116 and the second transmission line

segment 114 is that the outer radial dimension of the third transmission line segment 116 d3 is

reduced again by employing a dielectric insulator 234 having a reduced diameter as compared to

dielectric insulator 214 of the first transmission line segment 112 and dielectric insulator 224 of

the second transmission line segment 114.

[0054] The third transmission line segment 116 may be constructed from the same materials

as or different materials from the first transmission line segment 112 and/or the second

transmission line segment 114. The dielectric insulator 234 of the radiator base segment 116

may be a low-density PTFE (e.g., a foamed PTFE), a tape-wrapped PTFE, a tape-wrapped and

sintered PTFE, or a PFA. The outer conductor 236 may be a silver-plated copper flat-wire braid,

a solid-drawn copper tube, a silver ink-coated PET heat shrink, or a silver-plated copper-clad

steel braid.

[0055] The coaxial balun 118 is assembled on top of the third transmission line segment 116

as shown in FIG. 2 . The coaxial balun 118 is composed of a balun dielectric insulator 118a and

a balun outer conductor 118b. The balun dielectric insulator 118a may extend beyond the distal

end of the balun outer conductor 118b.

[0056] The overall outer diameter of the coaxial balun 118 dA may be set equal to or less

than the overall outer diameter of the first transmission line segment 112, such that the largest

overall radial dimension of the device is not increased by the coaxial balun 118. The coaxial

balun 118 may be constructed from the same materials as the first transmission line segment 112,

or may vary from the specific materials of the first transmission line segment 112.



[0057] The third transmission line segment 116 includes a feed gap 237 formed by the

exposing of the dielectric insulator 234 and the removal of the distal most portion of the outer

conductor 236. The portion of the outer conductor 236 extending beyond the distal end of the

balun outer conductor 118b, and extending to the feed gap 237 forms a proximal radiating

section 238. Distal of the feed gap 237, the distal radiating section 120 includes an elongated

conductor 242 which is soldered, crimped, or welded onto the distal end of the inner conductor

232 of the third transmission line segment 116 and may abut against the distal end of the feed

gap 237 formed from the dielectric insulator 234. The feed gap 237 may be considered as a

portion of the length of either the distal radiating section (120) or proximal radiating section

(238). In combination the proximal and distal radiating sections 238 and 120 form radiator 250.

The shape of the elongated conductor 242 may be a cylinder. Alternatively, the distal radiating

section 120 may be composed of several cylinders of varying diameter, such as a barbell or pin

with a widened base. Additional heat-sinking features, such as burs and fins, may be added to

the elongated conductor 242 to increase the radiating effectiveness of the microwave applicator

200. These features, such as the barbell mentioned above, may also help to center the radiator

within the dielectric buffering and cooling structure 122, further controlling the shape of the

electromagnetic field produced, as concentricity of the radiator within the structure 122 is a

factor in field shape.

[0058] The radiator 250 may be constructed from the same materials as or different materials

from the first transmission line segment 112, the second transmission line segment 114, and/or

the third transmission line segment 116.

[0059] The dielectric buffering and cooling structure 122 includes a mechanical support for

the device, circulated cooling fluid, such as gas or liquid, and chambers to enable the circulation



of the fluid, such as concentric inflow and outflow tubes 202 and 203 forming fluid paths 208

and 206, respectively. The dielectric buffering of the antenna from the surrounding tissue

environment is provided by the circulated liquid extending over the length of the radiating

section. Alternatively, the cooling lumens and fluids may terminate proximal to the distal

radiating section 120 and high dielectric solid material may be disposed distally over the

radiating section 120 of the microwave applicator to dielectrically buffer the antenna and provide

mechanical stiffness and enhanced tissue cutting for advancing the radiating section into and/or

through tissue.

[0060] The dielectric buffering and cooling structure 122 may be composed of various

thermoplastics and may be manufactured according to a multi-lumen extrusion approach. The

dielectric buffering and cooling structure 122 may include an outflow tube 203 composed of

fiber glass and an inflow tube 202 composed of polyimide or PET extrusion and may be

manufactured according to a concentric approach, in which materials are layered upon each

other. The inflow tube 202 and the outflow tube 203 may alternatively be composed of a Kevlar

braid thermoplastic composite. The cooling fluid may be water, saline, or any common water-

based liquid. The high dielectric solid material may be a ceramic material, such as YTZP.

[0061] In order to maximize the power transfer from the generator to the antenna

assembly/tissue, the impedance Z LOAD, which is the impedance at the junction of the first

transmission line segment 112 and the second transmission line segment 114, should be

substantially equal to the generator impedance ZQ. The design of the microwave applicator 200

capable of achieving the maximum power transfer will be discussed below with reference to the

schematic representations shown in FIGS. 3A through 5 . FIG. 3A is a schematic representation



of a basic transmission line. In the transmission line shown in FIG. 3A, the impedance Z( ) of

the transmission line is calculated as follows:

Z +jZ L tan

where Zo is the impedance of the transmission line, / is the length of the line, and Z L is the

impedance of the load terminating the line. In situations where the length of the line / is equal to

a quarter wavelength, the impedance of the transmission line is calculated as follows:

[0062] Impedance ZA of the distal radiating section 120 is optimized for spherical ablation in

tissue and the first transmission line segment 112 is designed to have an impedance Zi that is

equal to the impedance Z G of the generator.

[0063] Starting with the junction between the third transmission line segment 116 and the

distal radiating section 120, the impedance ZA3 is calculated using equation (1) as follows:

2 3

Z A + j Z tan λ

Z3 + j Z tan λ

Using equations (1) and (3) above, the impedance Z LOAD at the junction of the first transmission

line segment 112 and the second transmission line segment 114 is calculated as follows:

OA = (4)·



By setting the length /2 of the second transmission line segment 114 to a quarter wavelength, the

impedance Z LOAD is calculated using equation (2) as follows:

Z 2

LOAD
=

>where /2 equals λ/4 (5).
A

Then equation (3) is substituted into equation (5) and the impedance Z LOAD is calculated as

follows:

_ Z 2 Z +jZ tan λ

LOAD

Z + j Z tan λ

The impedance of the second transmission line section 114 is calculated by solving equation (6)

for Z2 as follows:

Z +jZ, tan λ

2 L OAD i '

By setting Zioadequal to the impedance of the first transmission line segment 112, i.e. the

impedance match condition, and grouping terms, equation (7) can be simplified as follows,

[0064] Thus, in order to optimize the match between the generator and the microwave

applicator the length 3 of the third transmission line segment is adjusted where the length 3 is

greater than a quarter wavelength of the microwave energy due to the presence of the balun 116

and an antenna proximal arm 239 (FIG. 2). The impedance Z2 of the second transmission line

segment 114 is selected to range between the impedance Zi of the first transmission line segment



112 and the impedance Z3 of the third transmission line segment 116. The impedances of the

first, second, and third transmission line segments 112, 114 and 116 are based on the processing

techniques and the materials used to construct the segments. Adjusting the length of /3 matches

the impedance of the network looking toward the antenna from the junction between the first

( 112) and second ( 114) transmission line segments to the impedance for the first transmission

line segment ( 112) and therefore the generator impedance.

[0065] Although embodiments have been described in detail with reference to the

accompanying drawings for the purpose of illustration and description, it is to be understood that

the inventive processes and apparatus are not to be construed as limited thereby. It will be

apparent to those of ordinary skill in the art that various modifications to the foregoing

embodiments may be made without departing from the scope of the disclosure.



CLAIMS

1. A microwave applicator having a longitudinal axis comprising:

a first transmission line segment including a first inner conductor and a first outer

conductor circumscribing the first inner conductor, the first outer conductor having a first outer

diameter;

a second transmission line segment including a second inner conductor and a second

outer conductor circumscribing the second inner conductor, the second outer conductor having a

second outer diameter less than the first outer diameter;

a third transmission line segment including a third inner conductor and a third outer

conductor circumscribing the third inner conductor, the third outer conductor having a third outer

diameter less than the second outer diameter,

wherein an impedance of the second transmission line segment is based on a length of the

third transmission line segment along the longitudinal axis of the microwave applicator.

2 . The microwave applicator according to claim 1, wherein one or more of the first

transmission line segment, the second transmission line segment, the third transmission line

segment is rigid, semi-rigid, or flexible.

3 . The microwave applicator according to claim 1, wherein the diameter of the second and

third inner conductors are equal to the diameter of the first inner conductor.

4 . The microwave applicator according to claim 1, wherein the second and third inner

conductors are an extension of the first inner conductor.



5 . The microwave applicator according to claim 1, including a balun outer conductor

circumscribing the third outer conductor.

6 . The microwave applicator according to claim 5, wherein an outer diameter of the balun

outer conductor is equal to or approximately equal to the first outer diameter of the first outer

conductor of the first transmission line segment.

7 . An antenna assembly comprising:

a coaxial cable including a first transmission line segment, a second transmission line

segment, a third transmission line segment, and a coaxial balun disposed on the third

transmission line segment, wherein an outer diameter of the coaxial balun is equal to or

approximately equal to an outer diameter of the first transmission line segment.;

a radiating section formed at a distal end of the third transmission line segment; and

a dielectric buffering and cooling segment configured to receive the coaxial cable and

attached to the radiating section.

8. The antenna assembly according to claim 7, wherein one or more of the first transmission

line segment, the second transmission line segment, the third transmission line segment is rigid,

semi-rigid, or flexible.

9 . The antenna assembly according to claim 7, wherein the dielectric buffering and cooling

segment includes a first tube and a second tube disposed within the first tube, the second tube

defining an outflow conduit between the inner surface of the first tube and the outer surface of



the second tube, and defining an inflow conduit between the inner surface of the second tube and

the outer surfaces of the coaxial cable and attached radiating section.

10. The antenna assembly according to claim 7, wherein the dielectric buffering and cooling

segment includes a first tube defining inflow and outflow conduits for carrying cooling fluid.
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