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(57) Abstract: A dipole microwave applicator emits microwave radiation into tissue to be treated. The applicator is formed from 
a thin coax cable having an inner conductor surrounded by an insulator, which is surrounded by an outer conductor. A portion of 
the inner conductor extends beyond the insulator and the outer conductor. A ferrule at the end of the outer conductor has a step 
and a sleeve that surrounds a portion of the extended inner conductor. A tuning washer is attached to the end of the extended inner 
conductor. A dielectric tip encloses the tuning washer, the extended inner conductor, and the sleeve of the ferrule. The sleeve of the 
ferrule and the extended inner conductor operate as the two arms of the dipole microwave antenna. The tuning washer faces the step 
in the ferrule, and is sized and shaped to cooperate with the step in balancing and tuning the applicator.



WO 2007/076924 PCT/EP2006/012144
1

5

10

15

20

RADIATION APPLICATOR AND METHOD OF RADIATING 

TISSUE

CROSS-REFERENCE TO RELATED APPLICATION

The present application is related to commonly owned copending International 

patent application no. WO 2006/002943, concerning a Radiation Applicator and Method 

of Radiating Tissue and which is hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates generally to medical technology, and more specifi

cally to micro wave radiation applicators and methods of thermal ablative treatment of 

tissue using radiated microwaves.

Background Information

Thermal ablative therapies may be defined as techniques that intentionally de

crease body tissue temperature (hypothermia) or intentionally increase body tissue tem

perature (hyperthermia) to temperatures required for cytotoxic effect, or to other thera

peutic temperatures depending on the particular treatment. Microwave thermal ablation 

relies on the fact that micro waves form part of the electromagnetic spectrum causing 

heating due to the interaction between water molecules and the microwave radiation. The 

heat being used as the cytotoxic mechanism. Treatment typically involves the introduc

tion of an applicator into tissue, such as tumors. Microwaves are released from the appli

cator forming a field around its tip. Heating of the water molecules occurs in the radiated 

microwave field produced around the applicator, rather than by conduction from the 

probe itself. Heating is therefore not reliant on conduction through tissues, and cytotoxic 

temperature levels are reached rapidly.
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Microwave thermal ablative techniques are useful in the treatment of tumors of 

the liver, brain, lung, bones, etc.

U.S. Patent No. 4,494,539 discloses a surgical operation method using micro

waves, characterized in that microwaves are radiated to tissue from a monopole type elec-

5 trode attached to the tip of a coaxial cable for transmitting microwaves. Coagulation, 

hemostasis or transaction is then performed on the tissue through the use of the thermal 

energy generated from the reaction of the microwaves on the tissue. In this way, the tis

sue can be operated in an easy, safe and bloodless manner. Therefore, the method can be 

utilized for an operation on a parenchymatous organ having a great blood content or for 

io coagulation or transaction on a parenchymatous tumor. According to the method, there 

can be performed an operation on liver cancer, which has been conventionally regarded 

as very difficult. A microwave radiation applicator is also disclosed.

U.S. Patent No. 6,325,796 discloses a microwave ablation assembly and method, 

including a relatively thin, elongated probe having a proximal access end, and an ορρο

ί 5 site distal penetration end adapted to penetrate into tissue. The probe defines an insert 

passage extending therethrough from the access end to the penetration end thereof. An 

ablation catheter includes a coaxial transmission line with an antenna device coupled to a 

distal end of the transmission line for generating an electric field sufficiently strong 

enough to cause tissue ablation. The coaxial transmission line includes an inner conduc-

20 tor and an outer conductor separated by a dielectric material. A proximal end of the 

transmission line is coupled to a microwave energy source. The antenna device and the 

transmission line each have a transverse cross-sectional dimension adapted for sliding 

receipt through the insert passage while the elongated probe is positioned in the tissue. 

Such sliding advancement continues until the antenna device is moved to a position be-

25 yond the penetration end and further into direct contact with the tissue.

However, a drawback with the existing techniques include the fact that they are 

not optimally mechanically configured for insertion into, and perforation of, the human 

skin, for delivery to a zone of soft tissue to be treated. Typically, known radiation appli

cator systems do not have the heightened physical rigidity that is desirable when employ- 

30 ing such techniques.
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In addition, some radiation applicators made available heretofore do not have ra

diation emitting elements for creating a microwave field pattern optimized for the treat

ment of soft tissue tumors.

Also, given the power levels employed in some applicators and treatments, there 

can be problems of unwanted burning of non-target, healthy tissue due to the very high 

temperatures reached by the applicator or the components attached thereto.

Further, although small diameter applicators are known, and liquid cooling tech

niques have been used, there has been difficulty in designing a small diameter device 

with sufficient cooling in applications employing power levels required to deal with soft 

tissue tumors.

Accordingly, there is a need for methods of treatment of soft tissue tumors, and 

for radiation applicators that overcome any or all of the aforementioned problems of the 

prior art techniques, and provide improved efficacy.

SUMMARY OF THE INVENTION

In accordance with one aspect of the present invention, there is provided a dipole 

microwave applicator for emitting microwave radiation into tissue, the assembly com

prising: an outer conductor having an end; an inner conductor disposed within the outer 

conductor, and including a section that extends outwardly beyond the end of the outer 

conductor; a ferrule disposed at the end of the outer conductor, and having a sleeve por

tion that surrounds a portion of the outwardly extending section of the inner conductor; 

and a dielectric tip surrounding the sleeve portion of the ferrule and the outwardly ex

tending section of the inner conductor, whereby the sleeve portion of the ferrule and at 

least a portion of the outwardly extending section of the inner conductor operate as corre

sponding arms of the dipole microwave applicator.

Particular embodiments are set out in the dependent claims.

Briefly, the present invention is directed to a microwave applicator for ablating 

tissue. The applicator is a dipole microwave antenna that transmits microwave radiation 

into the tissue being treated. The applicator is formed from a thin coaxial cable having an 

inner conductor surrounded by an insulator, which is surrounded by an outer conductor or 
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shield. The end of the coaxial cable is trimmed so that a portion of the insulator and in- ' 

ner conductor extend beyond the outer conductor, and a portion of the inner conductor 

extends beyond the insulator. The applicator further includes a tubular ferrule defining 

an aperture therethrough. One end of the ferrule is attached to the outer conductor, while

5 the other end, which forms a sleeve, extends out beyond the end of the insulator and 

around a portion of the extended inner conductor. A step is preferably formed on the 

outer surface of the ferrule between its two ends. A solid spacer having a central bore to 

receive the inner conductor abuts an end of the ferrule and surrounds the extended inner 

conductor. A tuning element is attached to the end of the extended inner conductor, and 

io abuts an end of the spacer opposite the ferrule. The tuning element faces the step in the 

ferrule, and the step and the tuning element are both sized and shaped to cooperate in bal

ancing and tuning the applicator. A hollow tip, formed from a dielectric material, has an 

open end and a closed end. The tip encloses the tuning element, the spacer, and the ex

tended inner conductor. The tip also encloses the sleeve of the ferrule, thus defining 

is outer surface of the ferrule that is surrounded by the dielectric tip. The open end of the 

tip preferably abuts the step in the ferrule. A rigid sleeve surrounds the coaxial cable and 

extends away from the ferrule opposite the tip. The sleeve, which abuts the step of the 

ferrule opposite the tip, has an inner diameter that is larger than the coaxial cable, thereby 

defining an annular space between the outside of the coaxial cable and the inner surface

20 of the sleeve. The sleeve further includes one or more drainage holes, which permit fluid 

communication between the annular space around the coaxial cable and the outside of the 

applicator.

In operation, microwave energy from a source is applied to the coaxial cable, and 

is conveyed to the tip. The portion of the inner conductor that extends beyond the end of 

25 the ferrule forms one arm of the dipole, and emits microwave radiation. In addition, the 

microwave energy flowing along the inner conductor of the coaxial cable and in the aper

ture of the ferrule induces a current to flow along the outer surface of the sleeve of the 

ferrule that is surrounded by the tip. This, in turn, causes microwave radiation to be emit

ted from the sleeve of the ferrule, which operates as the second arm of the dipole. In this 

30 way, microwave energy is emitted along a substantial length of the applicator, rather than
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being focused solely from the tip. By distributing the emission of microwave radiation 

along a length of the applicator, higher power levels may be employed.

To keep the coaxial cable and the applicator from overheating, a cooling fluid is 

introduced from a source into the annular space defined by the outside of the coaxial ca-

5 ble and the inside of the sleeve. The cooling fluid flows along this annular space, and 

absorbs heat from the coaxial cable. The cooling fluid, after having absorbed heat from 

the coaxial cable, then exits the annular space through the one or more drainage holes in 

the sleeve, and perfuses adjacent tissue.

The closed end of the tip is preferably formed into a blade or point so that the mi-

10 crowave applicator may be inserted directly into the tissue being treated. The tip, ferrule, 

and rigid sleeve, moreover, provide strength and stiffness to the applicator, thereby facili

tating its insertion into tissue.

The present invention further provides a method of treating target tissue, such as a 

tumor, the tumor being formed of, and/or being embedded within, soft tissue. The 

is method includes inserting the microwave applicator into the tumor, and supplying elec

tromagnetic energy to the applicator, thereby radiating electromagnetic energy into the 

tumor.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will now be described, by way of example, with

20 reference to the accompanying drawings, in which:

Fig. 1 is a schematic, partial cross-sectional view of a radiation applicator in ac

cordance with one embodiment of the invention; ........................

Fig. 2A shows an axial cross-section, and Fig. 2B shows an end elevation of the 

radiating tip of the radiation applicator of Fig. 1;

25 Fig. 3 shows a partial transverse cross-section of the tube of the radiation applica

tor of Fig. 1;

Fig. 4A shows a transverse cross-section, and Fig. 4B shows an axial cross

section of the tuning washer of the radiation applicator of Fig. 1;
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Fig. 5A shows an axial cross-section, and Fig. 5B shows an end elevation of the 

ferrule of the radiation applicator of Fig. 1;

Fig. 6A shows an axial cross-section, and Fig. 6B shows a transverse cross

section of a handle section that may be attached to the radiation applicator of Fig. 1;

Fig. 7 illustrates the portion of coaxial cable that passes through the tube of the 

radiation applicator of Fig. 1;

Fig. 8 is a plot of Sn against frequency for the radiation applicator of Fig. 1;

Fig. 9A illustrates the E-field distribution, and Fig. 9B illustrates the SAR values 

around the radiation applicator of Fig. 1, in use;

Figs. 10A-E show a preferred sequential assembly of the radiation applicator of 

Fig. 1;

Fig. 11 schematically illustrates a treatment system employing the radiation appli

cator of Fig. 1;

Fig. 12 is an exploded, perspective view of another embodiment of the present in

vention;

Figs. 13-18 show a preferred sequential assembly of the radiation applicator of 

Fig. 12; and

Fig. 19 is a schematic, partial cross-sectional view of the radiation applicator of 

Fig. 12.

DETAILED DESCRIPTION OF AN ILLUSTRATIVE 

EMBODIMENT

In the following description, like references are used to denote like elements, and 

where dimensions are given, they are in millimeters (mm). Further, it will be appreciated 

by persons skilled in the art that the electronic systems employed, in accordance with the 

present invention, to generate, deliver and control the application of radiation to parts of 

the human body may be as described in the art heretofore. In particular, such systems as 

are described in commonly owned published international patent applications
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W095/04385, W099/56642 and WOOO/49957 may be employed (except with the modi

fications described hereinafter). Full details of these systems have been omitted from the 

following for the sake of brevity.

Fig. 1 is a schematic, partial cross-sectional view of a radiation applicator in ac-

5 cordance with one embodiment of the invention. The radiation applicator, generally des

ignated 102, includes a distal end portion of a coaxial cable 104 that is used to couple to a 

source (not shown) of microwaves, a copper ferrule 106, a tuning washer 108 attached on 

the end 110 of the insulator part of the coaxial cable 104, and a tip 112. Preferably, the 

applicator 102 further includes a metal tube 114. Tube 114 is rigidly attached to the fer-

10 rule 106. An annular space 116 is defined between the outer conductor 118 of the cable

104 and the inner surface of the tube 114, enabling cooling fluid to enter (in the direction 

of arrows A), contact the heated parts of the applicator 102 and exit in the direction of 

arrows B through radial holes 120 in the tube 114, thereby extracting heat energy from 

the radiation applicator 102.

is In assembly of the applicator 102, the washer 108 is soldered to a small length

122 of the central conductor 124 of the cable 104 that extends beyond the end 110 of the 

insulator 126 of the cable 104. The ferrule 106 is soldered to a small cylindrical section 

128 of the outer conductor 118 of the cable 104. Then, the tube 114, which is preferably 

stainless steel, but may be made of other suitable materials, such as titanium or any other

20 medical grade material, is glued to the ferrule 106 by means of an adhesive, such as Loc

tite 638 retaining compound, at the contacting surfaces thereof, indicated at 130 and 132. 

The tip 112 is also glued preferably, using the same adhesive, on the inner surfaces 

thereof, to corresponding outer surfaces of the ferrule 106 and the insulation 126.

When assembled, the applicator 102 forms a unitary device that is rigid and stable 

25 along its length, which may be of the order of 250 or so millimeters including tube 114, 

thereby making the applicator 102 suitable for insertion into various types of soft tissue. 

The space 116 and holes 120 enable cooling fluid to extract heat from the applicator 102 

through contact with the ferrule 106, the outer conductor 118 of the cable 104 and the end 

of the tube 114. The ferrule 106 assists, among other things, in assuring the applicator’s

30 rigidity. The exposed end section 134 of cable 104 from which the outer conductor 118 
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has been removed, in conjunction with the dielectric tip 112, are fed by a source of radia

tion of predetermined frequency. The exposed end section 134 and dielectric tip 112 op

erate as a radiating antenna for radiating microwaves into tissue for therapeutic treatment. 

The applicator 102 operates as a dipole antenna, rather than a monopole device, resulting 

in an emitted radiation pattern that is highly beneficial for the treatment of certain tissues, 

such as malignant or tumorous tissue, due to its distributed, spherical directly heated area.

Fig. 2A shows an axial cross-section, and Fig. 2B shows an end elevation of the 

tip 112 of the radiation applicator 102 of Fig. 1. As can be seen, the tip 112 has inner cy

lindrical walls 202, 204, and abutting walls 206, 208, for receiving and abutting the 

washer 108 and the ferrule 106, respectively, during assembly. Suitably, the tip 112 is 

made of zirconia ceramic alloy. More preferably, it is a partially stabilized zirconia 

(PSZ) having yttria as the stabilizing oxidizing agent. Even more preferably, the tip 112 

is made of Technox 2000, which is a PSZ commercially available from Dynamic Ce

ramic Ltd. of Staffordshire, England, having a very fine uniform grain compared to other 

PSZs, and a dielectric constant (k) of 25. As understood by those skilled in the art, the 

choice of dielectric material plays a part in determining the properties of the radiated mi

crowave energy.

It will be noted that the transverse dimensions of the applicator 102 are relatively 

small. In particular, the diameter of applicator 102 is preferably less than or equal to 

about 2.4mm. The tip 112, moreover, is designed to have dimensions, and be formed of 

the specified material, so as to perform effective tissue ablation at the operating micro

wave frequency, which in this case is preferably 2.45 Gigahertz (GHz). The applicator 

102 of the present invention is thus well adapted for insertion into, and treatment of, can

cerous and/or non-cancerous tissue of the liver, brain, lung, veins, bone, etc.

The end 210 of the tip 112 is formed by conventional grinding techniques per

formed in the manufacture of the tip 112. The end 210 may be formed as a fine point, 

such as a needle or pin, or it may be formed with an end blade, like a chisel, i.e. having a 

transverse dimension of elongation. The latter configuration has the benefit of being well 

suited to forcing the tip 112 into or through tissue, i.e. to perforate or puncture the surface 

of tissue, such as skin.
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In use, the tip 112 is preferably coated with a non-stick layer such as silicone or 

paralene, to facilitate movement of the tip 112 relative to tissue.

Fig. 3 shows a partial transverse cross-section of the tube 114. As mentioned 

above, the tube 114 is preferably made of stainless steel. Specifically, the tube 114 is 

5 preferably made from 13 gauge thin wall 304 welded hard drawn (WHD) stainless steel.

The tube 114 is also approximately 215mm in length. As can be seen, two sets of radial 

holes 120, 120' are provided at 12mm and 13mm, respectively, from the end 302 of the 

tube 114. These radial holes 120, 120', as mentioned, permit the exit of cooling fluid. 

Although two sets of holes are shown, one, three, four or more sets of holes may be pro

to vided, in variants of the illustrated embodiment. In addition, although two holes per set

are shown, three, four, five, or more holes per set may be provided, so long as the struc

tural rigidity of the tube 114 is not compromised. In this embodiment, the holes 120, 120' 

are of 0.5mm diameter, but it will be appreciated that this diameter may be quite differ

ent, e.g. any thing in the range of approximately 0.1 to 0.6mm, depending on the number 

is of sets of holes and/or the number of holes per set, in order to provide an effective flow 

rate. Although the illustrated distance from the end 302 is 12 or 13mm, in alternative 

embodiments, this distance may range from 3mm to 50mm from the end 302, in order to 

control the length of track that requires cauterization.

Further, in an embodiment used in a different manner, the tube 114 may be omit- 

20 ted. In this case the treatment may comprise delivering the applicator to the treatment 

location, e.g., to the tumorous tissue, by suitable surgical or other techniques. For exam

ple, in the case of a brain tumor, the applicator may be left in place inside the tumor, the 

access wound closed, and a sterile connector left at the skull surface for subsequent con

nection to the microwave source for follow-up treatment at a later date.

25 Fig. 4A shows a transverse cross-section, and Fig. 4B shows an axial cross

section of the tuning washer 108. The washer 108 is preferably made of copper, although 

other metals may be used. The washer 108 has an inner cylindrical surface 402 enabling 

it to be soldered to the central conductor 124 of the cable 104 (Fig. 1). Although the 

washer is small, its dimensions are critical. The washer 108 tunes the applicator 102, 
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10
which operates as a dipole radiator, i.e., radiating energy from two locations, so that more 

effective treatment, i.e., ablation, of tissue is effected.

Fig. 5A shows an axial cross-section, and Fig. 5B shows an end elevation of the 

ferrule 106. The ferrule 106 is preferably made of copper, and is preferably gold plated 

to protect against any corrosive effects of the cooling fluid. The ferrule 106 may be pro

duced by conventional machining techniques, such as CNC machining.

Fig. 6A shows an axial cross-section, and Fig. 6B shows a transverse cross

section at line B-B of a handle section 602 that may be attached to the tube 114 of the 

radiation applicator 102. The handle section 602 is preferably made from the same mate

rial as the tube 114, i.e., stainless steel. The handle section 602 includes a forward chan

nel 604 enabling insertion of the tube 114, and a rear channel 606 enabling insertion of 

the coaxial cable 104 during assembly. A transverse port 608 having an internal thread 

610 enables the connection, through a connector, to a source of cooling fluid, discussed 

later. The connector may be formed from plastic. Once assembled, the arrangement of 

handle section 602 enables cooling fluid to pass in the direction of arrow C into the tube 

114 (not shown).

Fig. 7 illustrates the portion of coaxial cable 104 that passes through the tube 114. 

The cable 104 suitably comprises a low-loss, coaxial cable such as SJS070LL-253-Strip 

cable. A connector 702, preferably a SMA female type connector permits connection of 

the cable 104 to a micro wave source (not shown), or to an intermediate section of coaxial 

cable (not shown) that, in turn, connects to the microwave source.

Fig. 8 is a plot of SI 1 against frequency for the radiation applicator 102 of Fig. 1. 

This illustrates the ratio of reflective microwave power from the interface of the applica

tor 102 and treated tissue to total input power to the applicator 102. As can be seen, the 

design of the applicator 102 causes the reflected power to be a minimum, and therefore 

the transmitted power into the tissue to be a maximum, at a frequency of 2.45 GHz of the 

delivered microwaves.

Fig. 9 A shows the E-field distribution around the radiation applicator 102 of Fig. 

1, in use. Darker colors adjacent to the applicator 102 indicate points of higher electric 

field. In Fig. 9A, the position of the washer 108 is indicated at 902, and the position of 
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the tip-ferrule junction is indicated at 904. Two limited, substantially cylindrical zones 

906, 908, of highest electric field are formed around the applicator 102 at the positions 

902 and 904 respectively.

Fig. 9B shows the specific absorption rate (SAR) value distribution around the ra-

5 diation applicator 102 of Fig. 1, in use. Darker colors adjacent the applicator 102 indicate 

points of SAR. In Fig. 9B, the position of the washer 108 is indicated at 902, the position 

of the tip-ferrule junction is indicated at 904, and the position of the ferrule-tube junction 

is indicated at 905. Two limited, substantially cylindrical zones 910, 912, of highest SAR 

are formed around the applicator 102 at the positions 902 and between 904 and 905, re-

10 spectively.

Figs. 10A-E show a preferred sequential assembly of components forming the ra

diation applicator 102 of Fig. 1. In Fig. 10A, the coaxial cable 104 is shown with the 

outer conductor 118 and the inner insulator 126 trimmed back, as illustrated earlier in 

Fig. 7.

is As shown in Fig. 10B, the tube 114 is then slid over the cable 104. Next, the fer

rule 106 is slid over the cable 104 (Fig. 10C), and fixedly attached to the tube 114 and to 

the cable 104, as described earlier. Then, the washer 108 is attached to the inner conduc

tor 124 by soldering, as shown in Fig 10D. Finally, the tip 112 is slid over the cable 104 

and part of the ferrule 106, and affixed thereto, as described earlier. The completed ap-

20 plicator is shown in Fig. 10E. This results in a construction of great rigidity and me

chanical stability.

Figure 11 schematically illustrates a treatment system 1102 employing the radia

tion applicator 102 of Fig. 1. Microwave source 1104 is couple to the input connector 

1106 on handle 602 by coaxial cable 1108. In this embodiment, the microwave power is

25 supplied at up to 80Watts. However this could be larger for larger size applicators, e.g., 

up to 200Watts for 5mm diameter radiation applicators.

Syringe pump 1110 operates a syringe 1112 for supplying cooling fluid 1114 via 

conduit 1116 and connector 1118 attached to handle 602, to the interior of the handle sec

tion 602. The fluid is not at great pressure, but is pumped so as to provide a flow rate of

30 about 1.5 to 2.0milliliter(ml)/minute through the pipe 114 in the illustrated embodiment.
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However, in other embodiments, where the radiation applicator 102 is operated at higher 

powers, higher flow rates may be employed, so as to provide appropriate cooling. The 

cooling fluid is preferably saline, although other liquids or gases may be used, such as 

ethanol. In certain embodiments, a cooling liquid having a secondary, e.g., cytotoxic,

5 effect could be used, enhancing the tumor treatment. In the illustrative embodiment, the 

cooling fluid 1114 exits the tube 114, as shown by arrows B in Fig. 1, at a temperature on 

the order of 10°C higher than that at which it enters the tube 114, as shown by arrows A 

in Fig. 1. Thus, substantial thermal energy is extracted from the coaxial cable. The cool

ing fluid 1114 may, for example, enter the tube 114 at room temperature. Alternatively,

io the cooling fluid 1114 may be pre-cooled to a temperature below room temperature by 

any suitable technique.

As shown, the cooling system is an open, perfusing cooling system that cools the 

coaxial cable connected to the radiation applicator 102. That is, after absorbing heat from 

the coaxial cable, the cooling fluid perfuses the tissue near the radiation applicator 102.

is The methodology for use of the radiation applicator 102 of the present invention

may be as conventionally employed in the treatment of various soft tissue tumors. In par

ticular, the applicator 102 is inserted into the body, laparoscopically, percutaneously or 

surgically. It is then moved to the correct position by the user, assisted where necessary 

by positioning sensors and/or imaging tools, such as ultrasound, so that the tip 112 is em- 

20 bedded in the tissue to be treated. The microwave power is switched on, and the tissue is 

thus ablated for a predetermined period of time under the control of the user. In most 

cases, the applicator 102 is stationary during treatment. However, in some instances, e.g., 

in the treatment veins, the applicator 102 may be moved, such as a gentle sliding motion 

relative to the target tissue, while the microwave radiation is being applied.

25 As described above, and as shown in Figs. 9A and 9B, radiation applicator 102, is

a dipole antenna. The portion of the inner conductor 124 that extends beyond the ferrule 

106 operates as one arm of the dipole antenna. In addition, the transmission of micro

wave energy along the inner conductor 124 and in the aperture of the ferrule induces a 

current to flow on that portion of the outer surface of the ferrule 106 that is located un-

30 demeath the tip 112. This induced current causes this enclosed, outer surface of the fer-
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rule 106 to emit microwave radiation, thereby forming a second arm of the dipole an

tenna. The bipolar configuration of the applicator effectively spreads the microwave ra

diation that is being transmitted by the applicator 102 along a greater transverse, i.e., ax

ial, length of the antenna 102, rather than focusing the radiation transmission solely from 

5 the tip 112 of the applicator 102. As a result, the applicator 102 of the present invention

may be operated at much higher power levels, e.g., up to approximately 80Watts, than 

prior art designs.

An alternative embodiment of the present invention is shown in Figs. 12-19. Fig.

12 is an exploded, perspective view of an alternative radiation applicator 1202. As

io shown, the applicator 1202 includes a coaxial cable 1204 having an outer conductor 1206 

that surrounds an insulator 1208 that, in turn, surrounds an inner or central conductor 

1210. The applicator 1202 further includes a ferrule 1212. The ferrule 1212 is generally 

tubular shaped so as to define an aperture therethrough, and has first and second ends 

1212a, 1212b. The ferrule 1212 also has three parts or sections. A first section 1214 of

15 the ferrule 1212 has an inner diameter sized to fit over the outer conductor 1206 of the 

coaxial cable 1204. A second section 1216 of the ferrule 1212 has an inner diameter that 

is sized to fit over the insulator 1208 of the coaxial cable 1204. The second section 1216 

thus defines an annular surface or flange (not shown) around the inside the ferrule 1212.

The outer diameter of the second section 1216 is preferably larger than the outer diameter 

20 of the first section 1214, thereby defining a step or flange around the outside of the fer

rule 1212. A third section 1218 of the ferrule 1212 has an inner diameter also sized to fit 

around the insulator 1208 of the coaxial cable 1204. The third section 1218 has an out

side diameter that is less than the outside diameter of the second section 1216. The third 

section 1218 thus defines an outer, cylindrical surface or sleeve.

25 Applicator 1202 further includes a spacer 1220. The spacer 1220 is preferably cy

lindrical in shape with a central bore 1222 sized to receive the inner conductor 1210 of 

the coaxial cable 1204. The outer diameter of the spacer 1220 preferably matches the 

outer diameter of the third section J 218 of the ferrule 1212. Applicator 1202 also in

cludes a tuning element 1224 and a tip 1226. The tuning element 1224, which be may be

3o disk-shaped, has a central hole 1228 sized to fit around the inner conductor 1210 of the 

coaxial cable 1204. The tip 1226 is a hollow, elongated member, having an open end
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1230, and a closed end 1232. The closed end 1232 may be formed into a cutting element, 

such as a trocar point or a blade, to cut or pierce tissue. Applicator 1202 also includes a 

rigid sleeve 1234. The sleeve 1234 has an inner diameter that is slightly larger than outer 

diameter of the coaxial cable 1204. As described below, an annular space is thereby de-

5 fined between the outer surface of the coaxial cable 1204 and the inner surface of the 

sleeve 1234. The sleeve 1234 further includes one or more drainage holes 1236 that ex

tend through the sleeve.

Figs. 13-18 illustrate a preferred assembly sequence of the applicator 1202. As 

shown in Fig. 13, the coaxial cable 1204 is trimmed so that there is a length “m” of insu- 

lo lator 1208 that extends beyond an end 1206a of the outer conductor 1206, and a length

“1” of inner conductor 1210 that extends beyond an end 1208a of the insulator 1208. The 

ferrule 1212 slides over the exposed inner conductor 1210 and over the exposed insulator 

1208 such that the first section 1214 surrounds the outer conductor 1206, and the second 

and third sections 1216, 1218 surround the exposed portion of the insulator 1208. The

15 inner surface or flange formed on the second section 1216 of the ferrule 1212 abuts the 

end 1206a of the outer conductor 1206, thereby stopping the ferrule 1212 from sliding 

aiiy further up the coaxial cable 1204. The ferrule 1212 is preferably fixedly attached to 

the coaxial cable 1204, such as by soldering the ferrule 1212 to the outer conductor 1206 

of the coaxial cable 1204. In the preferred embodiment, the third section 1218 of the fer-

20 rule 1212 extends past the end 1208a of the exposed insulator 1208 as shown by the 

dashed line in Fig. 14.

Next, the spacer 1220 is slid over the exposed portion of the inner conductor 

1210, and is brought into contact with the second end 1212b of the ferrulel212. In the 

preferred embodiment, the spacer 1220 is not fixedly attached to the ferrule 1212 or the

25 inner conductor 1210. The spacer 1220 is sized so that a small portion 1210a (Fig. 15) of 

the inner conductor 1210 remains exposed. The tuning element 1224 is then slid over 

this remaining exposed portion 1210a of the inner conductor 1210. The tuning element 

1224 is preferably fixedly attached to the inner conductor 1210, e.g., by soldering. The 

tuning element 1224, in cooperation with the ferrule 1212, thus hold the spacer 1220 in

30 place.
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With the tuning element 1224 in place, the next step is to install the tip 1226 as 

shown in Fig. 16. The open end 1230 of the tip 1226 is slid over the tuning element 

1224, the spacer 1224 and the third section 1218 of the ferrule 1212. The open end 1230 

of the tip 1226 abuts the second section or step 1216 of the ferrule 1212. The tip 1226 is 

s preferably fixedly attached to the ferrule 1212, e.g., by bonding. With the tip 1226 in 

place, the next step is to install the sleeve 1234 (Fig. 17). The sleeve 1234 is slid over the 

coaxial cable 1234, and up over the first section 1214 of the ferrule 1212. The sleeve 

1234 abuts the step 1216 in the ferrule 1212 opposite the tip 1226.

Those skilled in the art will understand that the applicator 1202 may be assembled 

io in different ways or in different orders.

As illustrated in Fig. 18, upon assembly, the tip 1226, second section 1216 of the 

ferrule 1212, and sleeve 1234 all preferably have the same outer diameter, thereby giving 

the applicator 1202 a smooth outer surface.

Preferably, the sleeve 1234 is formed from stainless steel, and the ferrule 1212 is 

is formed from gold-plated copper. The tip 1226 and the spacer 1220 are formed from di

electric materials. In the illustrative embodiment, the tip 1226 and the spacer 1220 are 

formed from an itrium stabilized zirconia, such as the Technox brand of ceramic material 

commercially available from Dynamic Ceramic Ltd. of Stoke-on-Trent, Staffordshire, 

England, which has a dielectric constant of 25. The tip 1226 may be further provided 

20 with a composite coating, such as a polyimide undercoat layer, for adhesion, and a para- 

lyne overcoat layer, for its non-stick properties. Alternatively, silicone or some other 

suitable material could be used in place of paralyne. The composite coating may also be 

applied to the ferrule and at least part of the stainless steel sleeve, in addition to being ap

plied to the tip.

25 Those skilled in the art will understand that alternative materials may be used in

the construction of the radiation applicator 1202.

Fig. 19 is a schematic, partial cross-sectional view of the radiation applicator 

1202. As shown, at least part of the first section 1214 of the ferrule 1212 overlies and is 

attached to the outer conductor 1206. The insulator 1208 extends partially through the 

30 inside of the ferrule 1212. In particular, the end 1208a of the insulator 1208 is disposed a
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predetermined distance back from the second end 1212b Of the ferrule 1212. The inner 

conductor 1210 extends completely through and beyond the ferrule 1212. The sleeve 

1234 slides over and is bonded to the first section 1214 of the ferrule 1212. As shown, 

the inside diameter of the sleeve 1234 is greater than the outside diameter of the coaxial

5 cable 1204, thereby defining an annular space 1238 between the outside of the coaxial 

cable 1204 and the inside of the sleeve 1234. Cooling fluid, such as saline, is pumped 

through this annular space 1238, as shown by arrows A. The cooling fluid absorbs heat 

from the coaxial Cable that feeds radiation to applicator 1202. The cooling fluid is then 

discharged through holes 1236 in the sleeve 1234, as shown by arrows B.

io In the preferred embodiment, the holes 1236 are placed far enough behind the

closed end 1232 of the tip 1226 such that the discharged cooling fluid does not enter that 

portion of the tissue that is being heated by the radiation applicator 1202. Instead, the 

discharged cooling fluid preferably perfuses tissue outside of this heated region. Depend

ing on the tissue to be treated, a suitable distance between the closed end 1232 of the tip 

is 1226 and the holes 1236 may be approximately 30mm.

A first end 1220a of the spacer 1220 abuts the second end 1212b of the ferrule 

1212, while a second end 1220b of the spacer 1220 abuts the tuning element 1224. Ac

cordingly a space, designated generally 1240, is defined within the ferrule 1212 between 

the end 1208a of the insulator and the second end 1212b of the ferrule. In the illustrative 

20 embodiment, this space 1240 is filled with air. Those skilled in the art will understand 

that the space may be filled with other materials, such as a solid dielectric, or it may be 

evacuated to form a vacuum. The inside surface of the tip 1226 preferably conforms to 

the shape of the tuning element 1224, the spacer 1220, and the third section 1218 of the 

ferrule 1212 so that there are no gaps formed along the inside surface of the tip 1226.

25 As indicated above, operation of the radiation applicator 1202 causes a current to

be induced on the outer surface of the third section 1218 of the ferrule 1212, which is 

enclosed within the dielectric material of the tip 1226. This induced current results in 

microwave energy being radiated from this surface of the ferrule 1212, thereby forming 

one arm of the dipole. The section of the inner conductor 1210 that extends beyond the

30 ferrule 1212 is the other arm of the dipole. Both the length of the inner conductor 1210 
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that extends beyond the ferrule 1212, and the length of the third section 1218 of the fer

rule 1212, which together correspond to the two arms of the dipole, are chosen to be ap

proximately 1/4 of the wavelength in the dielectric tip 1226, which in the illustrative em

bodiment is approximately 6mm. Nonetheless, those skilled in the art will understand 

that other factors, such as tissue permittivity, the action of the tuning element, etc., will 

affect the ultimate lengths of the dipole arms. For example, in the illustrative embodi

ment, the two arms are approximately 5mm in length.

The tuning element 1224, moreover, cooperates with the second section or step 

1216 of the ferrule to balance the radiation being emitted by the two arms of the dipole. 

In particular, the size and shape of the tuning element 1224 and the step 1216 are selected 

such that the coherent sum of the micro wave power reflected back toward the cable at the 

aperture of the ferrule is minimized. Techniques for performing such design optimiza

tions are well-known to those skilled in the relevant art.

In use, the radiation applicator 1202 is attached to a source of microwave radia

tion in a similar manner as described above in connection with the applicator 102 of Fig.

1. The coaxial cable is also attached to a source of cooling fluid in a similar manner as 

described above. With the present invention, it is the dielectric tip, ferrule and stainless 

steel sleeve that cooperate to provide the necessary stiffness and mechanical strength for 

the applicator to be used in treatment procedures. The applicator does not rely on the co

axial cable for any of its strength. Indeed, a flexible coaxial cable, having little or no ri

gidity, could be used with the radiation applicator of the present invention.

The foregoing has been a detailed description of illustrative embodiments of the 

invention. Various modifications and additions can be made without departing from the 

spirit and scope thereof. For example, the materials described herein are not exhaustive, 

and any acceptable material can be employed for any component of the described system 

and method; In addition, modifications can be made to the shape of various components. 

Accordingly, this description is meant to be taken only by way of example, and not to 

otherwise limit the scope of the invention.

What is claimed is:
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1. A dipole microwave applicator for emitting microwave radiation into tissue, the 

assembly comprising:

an outer conductor having an end;

an inner conductor disposed within the outer conductor and insulated 

therefrom by an insulator, the inner conductor including a section that extends 

outwardly beyond the end of the outer conductor;

a ferrule disposed at the end of the outer conductor, and having a sleeve 

portion that surrounds a portion of the outwardly extending section of the inner 

conductor; and

a dielectric tip surrounding the sleeve portion of the ferrule and the outwardly 

extending section of the inner conductor, and

a dielectric spacer disposed within the dielectric tip, the dielectric spacer 

surrounding at least a portion of the inner conductor that extends beyond the sleeve 

portion of the ferrule

whereby the sleeve portion of the ferrule and at least a portion of the 

outwardly extending section of the inner conductor operate as corresponding arms of 

the dipole microwave applicator.

2. The dipole microwave applicator of claim 1, wherein the ferrule has a first end that is 

attached to the end of the outer conductor.

3. The dipole microwave applicator of any preceding claim, further comprising a tuning 

element disposed within the dielectric tip, and attached to an end of the inner 

conductor.

4. The dipole microwave applicator of claim 3, wherein the ferrule further includes a 

step adjacent to the sleeve portion, and the tuning element and step cooperate to 

balance the corresponding arms of the dipole microwave applicator.

5. The dipole microwave applicator of claims 3 or 4, wherein the tuning element is 

substantially disc shaped.

6. The dipole microwave applicator of claim 4 or 5, further comprising a rigid sleeve 

adjacent to the ferrule, and surrounding and spaced from at least a portion of the

18
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outer conductor so as to define a space between the outer conductor and the rigid 

sleeve.

7. The dipole microwave applicator of claim 6, wherein one or more holes extend 

through the rigid sleeve, the one or more holes providing a fluid communication path 

from the space within the rigid sleeve to an area outside of the rigid sleeve.

8. The dipole microwave applicator of any preceding claim, wherein the ferrule is 

formed from copper, and the tip is formed from itrium stabilized zirconia.

9. The dipole microwave applicator of claim 7, wherein the sleeve is formed from 

stainless steel, the ferrule is formed from copper, and the tip is formed from itrium 

stabilized zirconia.

10. The dipole microwave applicator of any preceding claim, wherein microwave energy 

at a frequency of approximately 2.45 Gigahertz (GHz) and a power level of up to 80 

watts is applied to the applicator.

11. The dipole microwave applicator of any preceding claim, further comprising an 

insulator disposed between the outer conductor and the inner conductor, wherein the 

spacer abuts an end of the sleeve of the ferrule and the insulator terminates within 

the sleeve so as to define a gap within the sleeve of the ferrule around the inner 

conductor.

12. The dipole microwave applicator of claim 11, wherein the gap is filled with air.

13. The dipole microwave applicator of claim 4, or any claim dependent thereon, wherein 

the dielectric tip has open end that abuts the step in the ferrule and a closed end 

opposite the open end, and the closed end is configured for one of cutting or piercing 

tissue.

14. The dipole microwave applicator of any preceding claim, wherein at least one of the 

dielectric tip and the ferrule is coated with an inner layer of polyimide and an outer 

layer of paralyne.
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