WD 2004/ 112628 PCT/ GB2004/ 002620 RADI ATI ON APPLI CATOR
FOR M CROMVE MEDI CAL TREATMENT Technical Field This
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particular, to mcrowave nedical treatnent devices.
Prior Art A known radiation applicator used for
m crowave nedical treatnment is shown in
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According to one aspect of the invention, a radiation applicator has a power input at one
end, an elongate antenna extending axially at its distal end for emitting radiation into
surrounding material, and a dielectric body which surrounds the antenna, characterised in
that the dielectric body consists of multiple sections of different dielectric constant which

are located axially relative to one another along the antenna.

The dielectric constant of each section of the dielectric body is selected so as to tune the
applicator to operate at a particular frequency or range of frequencies for optimum
performance in transferring energy to the surrounding material of predetermined dielectric
constant. For example, energy transfer from the applicator to the surrounding material may
change the physical properties of that material and the sectioned nature of the dielectric
body may, in some embodiments, permit a broadband match of the applicator to the
surrounding material so as to allow efficient energy transfer to the material to continue

despite changes in the properties of the material.



change the physical properties of that material and

the sectioned nature of the dielectric body may, in
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According to a further feature of the invention, a radiation reflector is provided at the
interface between sections of the dielectric body so as to modulate the transmission of
radiation and further tune the applicator. Preferably, a radiation reflector is provided each
side of the section which is intended to emit radiation into the surrounding material, a
reflector on that side further from the input end having a larger area so as to reflect more
energy than the reflector nearer the input end, thereby reducing transmission of radiation to
the tip of the applicator. The emission of radiation from the dielectric body can therefore
be more localised in one section. Preferably, the invention is designed to radiate more

energy from the second section.



interface between sections of the dielectric body so
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Figure 1 shows an axially section through the tip of the radiation applicator according to

the invention, and

Figure 2 shows a graph of reflected radiation at the input of the radiation applicator of

Figure 1 against the input frequency.

Embodiments of the Invention

The radiation applicator illustrated in Figure 1 comprises a coaxial conductor 1, which may
be rigid or flexible, and which is connected to a microwave power supply at one end (not
shown) and terminates at its other end in a radiation emitting tip 2. The tip 2 consists of a

cylindrical dielectric body composed of three sections 3,4,5, coaxially aligned and abutting



The invention will now be descri bed by way of exanple

wth reference to the acconpanying draw ngs in which:
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the radi ation applicator according to the invention,

and Figure 2 shoms a graph éf reflected radiation at
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ee sections but termnating wth
bondddeo dtﬁsecoﬁdwwasihesbbandnenﬁsal donduatg &ssenbly, a net al
washer 10 is soldered to the section 3 at the
interface with section 4 and is soldered to the
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be twshtel, dddethishwilldbesmadé ansharp anid niesessarly der thel applidatien, for example,
central conductor 8. The washers 10 and 11 therefore
the tsqatpentiof LiYerGaneert he two sections 3 and 4 of the
dielectric body to the end of the coaxial conductor 1
via the central conductor 8 The third section 5 is
In opéretion, bt getidnooft the ceretead oondueth Srthatlexaends dromi thel outer conductor

7, agt%ngsug.rtl oarnte%né to emit radiation. The wavelength of the radiation within the
dielectric body is determined by the frequency of the power supply and the dielectric
constant of the various components. Thus the wavelength of the radiation is different in
each of the three sections 3, 4 and 5. By appropriate selection of the dielectric constant of
these three sections relative to one another and to the surrounding material in which the

applicator is to be used, it is possible to tune the applicator to give optimum performance.

Another factor which affects the tuning of the applicator is the metal gaskets 10 and 11
which act as radiation reflectors. Both gaskets serve to reflect radiation back to the input,
and with appropriate matching at the input ensures a maximum transfer of energy to the tip
2. The gasket 11 has a larger surface area than the gasket 10 so as to reduce the amount of

energy transmitted to the third section 5.



The third section 5 of the applicator has a pointed

shape to assist insertion into material to be
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gaskets 10 and 11 which act as radiation reflectors.
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material when the device is in use, wll effect
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shows the power reflected from the tip of the applicator against the operating frequency,

and shows that there is a dip in the reflected power at about 2.45GHz, which corresponds to
a maximum transfer of energy to the tip at this frequency. The width of the dip in Figure 2,
which is about 0.6GHz, gives the applicator a broadband characteristic which allows it to
better accommodate use with surrounding materials with a range of dielectric constant

values.

In alternative embodiments of the invention, other dielectric materials may be used,
including air, and instead of three dielectric sections there may be just two or may be four
or more. Grooves may be formed in the outer surface of each or any of the dielectric

section circumferentially. Also, the dielectric sections may be tapered longitudinally.



Figure 1 and the follow ng further specifications: the
washer 10 has an outer dianeter of 1.9nmm the washer
waloohaseam outer diameter of 2. 7mm the centraPCT/GB2004/002620
conductor 8 protrudes beyond the outer conductor by
8.5mm and the dielectric séctions 3,4,5 are conposed,

| of mng . wt. ielectric nst ant, 10..
st FRREEE Blobss ool SR a8 il oo TG0 soedion. The
applétorl midbé&\of dinall embligtt dishieber db @k dfieited tRROSk aBuidetvire, such as
The applicator of this exanple is capable of

usedinatEasoned iagingiechnigenseinisde ensire srswiateiretmontdh uSGH .
In particular, the applicator of this exanple is
especially suited to operation at a frequency of
2.45G+# and a power of 50W The performance of the
applicator of the above exanple is illustrated in
Figure 2. This shows the power reflected fromthe tip
of the applicator against the operating frequency,
and shows that there is a dip in the reflected power
at about 2.45GHz, which corresponds to a nmaxinum
transfer of energy to the tip at this frequency. The
width of the dip in Figure 2, which is about 0.6GHz,
gi ves the applicator a broadband characteristic which
allows it to better acconmmopdate use with surrounding
materials with a range of dielectric constant val ues.
In alternative enbodi nents of the invention, other
dielectric materials may be used, including air, and
instead of three dielectric sections there may be just
two or may be four or nore. Grooves nmay be formed in
the outer surface of each or any of the dielectric
section circunferentially. Al so, the dielectric
sections may be tapered longitudinally. WO 2004/112628
PCT/ GB2004/ 002620 6 Al so, an i magi ng process could be
used to guide the applicator to the desired | ocation.
The applicator may be of small enough dianmeter to be
inserted through a guidewire, such as wused in
ul trasound i magi ng techni ques, so as to ensure
accurate treatnment in use. WO 2004/112628
PCT/ GB2004/ 002620



7 CLAIM5 1. A radiation applicator has a power input
at one end, an elongate antenna extending axially at

wo ee4dizeal end for emtting radiation into suP€CDGBANADYI2620
material, and a dielectric _body which surrounds the
antenna, characterised in tfat the dielectric body
consists of nmultiple segiigmngsof different dielectric
constant which are located axially rel at i ve to one
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sections are nade as separate conponents and are
Pese mpug,chint hawing ta lewyeri diglecton eormtent than theefigt seotiemd. 6.
An applicator as clainmed in any of clains 1 to 5 in
which, a radiation reflector is provided at the
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so as to nodulate the transm ssion o tion an
furthest filven theplowveninpnt havingAndielppiriccahsiantdeswel thamthdt ofrithe second
claim6 in which, a radiation reflector is provided
¥4 side of a section which is intended to enit
radiation into the surrounding material, a reflector
on that side further fromthe input end having a

. Annpdicator@a chimedint dained irewhichrthe eutensctiyn hisendieleetric constant
refl ect rer t he i nput end, thereby reducing

l{.lf&élﬁgqilfi@éh% the first and second sections.

. An applicator as claimed in any of claims 1 to 4 in which, the multiple sections are
made as separate components and are assembled to abut against one another

end-to-end.

. An applicator as claimed in any of claims 1 to 5 in which, a radiation reflector is
provided at the interface between two sections of the dielectric body so as to modulate

the transmission of radiation and tune the applicator.

. An applicator as claimed in claim 6 in which, a radiation reflector is provided each side
of a section which is intended to emit radiation into the surrounding material, a
reflector on that side further from the input end having a larger area so as to reflect
more energy than the reflector nearer the input end, thereby reducing transmission of

radiation to the tip of the applicator.



radiation to the tip of the applicator. WO 2004/112628
PCT/ GB2004/ 002620 8 8. A radi ation applicator having

w@2@enes28 nput at one end, an el ongate ant ennaPCT/GB2004/002620

10.

I1.

12.

13.

14.

extending axially at its distal end for emtting
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said el ongate antenna. 13. An applicator as clained in

gipapvhta theiapphgatarh t he diel ectric body has a reduced
di aneter and which is inserted into the open end of
the outer conductor. 14. A radiation applicator
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the dielectric body furthest from the power input is pointed.

An applicator as claimed in any one of the preceding claims in which the power input
comprises a coaxial conductor in which the central conductor extends from the outer

conductor to form said elongate antenna.

An applicator as claimed in claim 12 in which the dielectric body has a reduced

diameter and which is inserted into the open end of the outer conductor.

A radiation applicator substantially as herein described with reference to the

accompanying drawings.



