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(57) Abstract

Radiation applicators 200 260
comprise an elongate device \ 210 270
having an antenna (240, 1
340) at their tip for coupling
radiation  into  biological N 280
tissue and a dielectric body
(250, 350) surrounding the ]
antenna so as to encompass .
subsiantially the whole of / 290
the near-field region of the }
antenna andfor to enhance { 9220
transmission of radiation in
the forward direction. The 230 240 250
body (250, 350) may be
cylindrical with the antenna
(240, 340) along its axis, The antenna may be M2 in length and A/2 in radius. The tip (270} of the antenna (240) may be rounded
hemispherical with radius A2 to enhance forward transmission of radiation. The dielectric constant (¢) of the body (250, 350) is as high
as possible to reduce its diameter at a desired operating frequency but may be matched to the sutrounding tissue by another layer of
dielectric material (380) with a value (¢) intermediate that of the core (360) of the body (350} and the tissue.




the near-field region of the antenna and/or to enhance transm ssion of -
radiation in the forward direction. The body (250, 35

cylindrical with the antenna (240, 340) along its axi %%S{ﬁqo@nna may
be [err]/2 in length and [err]/2 in radius. The tip (270) of the antenna
(240) may be rounded hem spherical with radius [err]/2 to enhance forward
transm ssi owoab/4gosdi at i on. The diel ectric constant ([e”]QCT‘{g EﬁsPOdy
(250, 350) is as high as possible to reduce its dianeter

operating frequency but may be matched to the surrounding tissue by anot her
| ayer of dielectric materi al (380) with a value ([err]) internedi ate that
of the core (360) of the bodyg(s: d | e. 25 August 2003 WO

00/ 49957 PCT/ GB00/ 00682 1 RADF N—APE AdO%hi s i nvention relates to
radi ati on applicators and, in particular, to mcrowave abl ation devices. A

known radi ation a sed for, mcrowave abl ation of tissue,

conpri ses gi‘snl%‘?”@g%\ﬁjat f?e?’*ﬁtaa?n BPRiicatprs\aefly Incpasiigudal, toomaﬁo‘éﬁvérﬁgmleﬂ
wavegui de fiev¥icsgonveyi ng the m crowaves to the ablation site. The wavegui de
is sufficiently thin to be inserted into the body and contains a core of
dielectric material which enables efficient transm ssion of mcrowaves .
through the wanes Yhdifion pplibRol S8 v U|de the dielectric
core protrudes and prg)\l}l opépgl aora ?atf?ﬂé‘ﬁ??‘ﬁ’g‘; otragig%c\fljxgl 551k PBREFES? i nt o .
sur r oundi ngucrevavsygeneaier epgratiyeho touphed tonmealbngate wvabepufleofor @On&Hing ¢ oved
radi ation d ng.t 0 _one the jnvention consists in an
el ongat e dgj\?(?{):d‘ég‘?g%r?lﬁ'é@g | ogﬁtel n 8W§"e%ua‘€ ’%ﬂlfﬁﬂfﬂﬂy JE“HéO dedseredialpithy an

ant enna at bedysartdi @nfaits < carplof rigpldcatli Rbiesl WHIED eRibRsQhiGalt waBhi8sn 3pd @

dielectric_body surroundj ng the antenna so as to _enconpass substanti all
t he mictoWaves througﬂ the »gavegmde At the emission end of the warwrzggmde the dielectric Y

core protrudes and provides a radiating tip for coupling microwaves into surrounding

tissue. An object of the inventor is to provide an improved radiation applicator.

According to one aspect, the invention consists in an elongate device for insertion into a
living body, the device having an antenna at its tip for coupling radiation into biological
matter and a dielectric body surrounding the antenna so as to encompass substantialfy the

whole of the near-field of the radiation emitted by the antenna.

The invention is based on an appreciation of the fact that the antenna generates a near-field,
and that the near-field contains large field amplitudes which exist quasi-statically in the
local region of the antenna and do not radiate energy. In a normal communications
antenna, this local region is air-filled and these near-field amplitudes have no effect except
to contribute reactance to the antenna impedance. However, in 2 medical application, if the
near-field region contains biological matter, which is highly lossy, the near-field
amplitudes will generate heat. Because of the high amplitudes and small volurﬁe of the
near-field region, much heat can be generated in the near-field region, which reduces the
energy in the far-field. Field penetration is therefore reduced, and local chamring in the

near-field region becomes a limiting factor in the power that can be input to the antenna.

The dielectric body according to the invention serves to provide a low loss environment to
encompass the near-field region so that more power is transmitted to the biological matter

in the far-field region.
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The exten arzf dthereforE|s tional to X, and it is
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reduced for i%%tlon into a living body. A higher dielectric constant
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dielectri ﬁdi‘ﬂ?%fr ﬁa@@r’%ﬁ 358 b"ilolggll:a{l nn% ef %lllch Qsag qlver arrlld will create an annular
radiation field around it. A pointed tip may be provided at the free end of the dielectric

body to assist penetration of biological matter.

The length L of the antenna may be substantially equal to half a wavelength, in which case
the radius of the cylindrical dielectric body is substantially equal to half a wavelength.

The antenna is then tuned to act as a resonator, which increases the power it radiates.

However, as the dielectric constant is increased, it may exceed that of the biological matter,
which can lead to total internal reflection of radiation within the dielectric and a
consequent reduction in transmitted radiation. In order to overcome this problem, the
dielectric body is formed so that the dielectric constant at its core is higher than that at its
outer periphery, the latter having a value intermediate that of the core and the biological
matter. Thus, the dielectric constant at the core may be higher than that of the surrounding
biological matter so as to help reduce the overall diameter of the device. The different
dielectric constants may correspond to different layers of dielectric, each with a different
dielectric constant, or may cormrespond to different levels in a dielectric in which the

dielectric constant varies throughout its depth.
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dielectric y surrou e antenna so as to enhance transm ssion of
radiation in the forward dlrectlon of insertion. Preferably, the dielectric

body conpl envel o antenna and h n tha xt ends
boyond T heTeAge RS Tel AR R e eta: et Bl piekes v

radi ati on didleditg wHiew M@pkﬂesdadlaednitanhe Aduatiage o wadistion tdeferstoe IPegteblg, body is
tuned to act as a resonator to further enhance radiation fromthe tip of

the el ongdh%e 2gfewnactaen gomprses A8 PG lenatio of ihsncenfral cqugngtorcof the copxal

di ameter Qhndfr ddtelltsegkfa'i Qen@oﬁbéfér%l? upst & gEée@ eﬂgtﬁodfa!het&n&élecdﬂ%i{&&engt h of
the radiation, and tip portion’is substantially hem spherical and has
a radi us g:\g@jg@lgg]the@inteyna is substantially half a wavelength long. The coaxial conductor may

be rigid or a flexible cable.

Preferably, the dielectric body has a dielectric constant, or relative permitivity, such that the
length of the antenna is reduced. Advantageously, there can be a transformer between the
coaxial conductor and the dielectric body to reduce reflection of radiation back into the
coaxial conductor from the boundary between it and the dielectric body. Such a transformer
can advantageously contain a space into which the dielectric packing of the coaxial

conductor can expand.

Further advantages and features of the invention will become apparent to readers skilled in
the art upon consideration of the following description of embodiments of the invention,
the embodiments being described by way of example only, and with reference to the

accompanying figures, in which:
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radi at i on i - JFigure 2 shows. the ti.p section of the radiation
applicato;ﬂgghégghggmimf%Hﬁﬁ?ﬁ“ﬁ@@ﬁ@F?mﬁ?g%gﬁe »®flows a second enmbodi nent

of the tip section of the radiation applicator incorporating a

t r ansf or mEigurd® giwea didsBRwWEIoR of Al drthtieRAREER b the fadlfién bikabl §riaRp! | cat or;
Figure 5 ihoms the tip of the radiation applicator of Figure 4;.and Figure

6 shows a 'side-elevation of a variation in design of the radiation
applicator of Figure 4.

Figure 1 shows the general arrangement of the radiation applicator system 100. A radiation
_generator 110, for example, a microwave generator, produces radiation which is coupled
into coaxial cable 120 which transmits the radiation to a distal tip region 130 at which there
is an antenna for emitting the radiation into the material surrounding the tip 130. In use,
the coaxial cable 120 is introduced into a living body and the tip 130 is positioned adjaéent
a region which it is desired to irradiate. For example, the device could be inserted into an
artery to irradiate plaques on the walls thereof or the device could be introduced into a
uterus to irradiate the endometrium. The supply of radiation is controlled by a control
device 140, often a foot pedal, which is used to signal the microwave generator to begin,

adjust or stop the supply of radiation to the tip 130.

Figure 2 shows the tip region 130 of the radiation applicator of figure 1 in more detail. The
tip region, generally indicated 200, shows the distal end of the coaxial cable which
comprises an outer conductor 210 spaced from a core conductor 220. The space between
the conductors 210 and 220 is filled with a dielectric material 230. The antenna for
emitting radiation conducted by the cable comprises a length 240 of the core conductor of
the coaxial cable extending beyond the outer conductor 210 at the distal end of the coaxial
cable. To enhance the radiating qualities of the antenna 240, it is preferred that the length
of core conductor providing the antenna is about one half of a wavelength of the radiation
in the dielectric. The antenna 240 is enveloped by dielectric body 250 in which the

wavelength of the employed radiation is reduced below its free-space value hence enabling
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shorter thghneald GMhte@bNRMISE aRBorRQSSdRt €. | n order to enhance radiation
fromthe antenna in the forward direction, the dielectric body 250, in

addition to conprising a cylindrical portion 260 which envelops the
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about 32mm. Forming the dielectric body from, for example, a material having a dielectric

constant gx=25 reduces the wavelength to about 6mm. Correspondingly, the diameter and

overall length of the dielectric body are then also about 6mm.

Figure 3 shows an alternative embodiment of the tip section of the radiation applicator
device, generally indicated 300. Here, in order to reduce reflection of radiation from the
coaxial cable at the boundary between it and the dielectric body, a transformer 310 is
incorporated between the coaxial cable and the dielectric body. The transformer 310
comprises several sections (for example, three: 320, 330, 340) of cylindrical shape and of
successively increasing radius towards the dielectric body. Advantageously, at least the
section 320 of the transformer adjacent the coaxial cable does not contain a solid filler
material. This provides the benefit that, when the device is heated, for example in
manufacture or in use, the dielectric material filling the space between the core and outer
conductors of the coaxial cable can expand into the transformer thus relieving otherwise

deleterious pressures.
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mat eri al .~ #¥] g%ﬂ%%’é"ﬂﬁg E% Bep I&P‘Fé’c“’e“ﬂ?fb‘ﬁ‘ "‘flﬂ‘gl digspriEtor 340 pwplied, for

exanpl e i lﬂicrd’f&.ﬂblﬁﬁéﬁgylﬁg aQigid ébaidii?eonﬁﬁ@or@2@ & EEIP i STPA Qe @igtalf dddldring the
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conductor 340 at the tip is exposed by removal of the outer conductor so as to form an

antenna to emit radiation. The antenna 340 is embedded axially in a cylindrical body of
dielectric 350 which has substantially the same outer diameter as the coaxial conductor
320. A pointed metal tip 370 is fixed to the end of the dielectric body 350 and serves to
assist penetration into biological matter, such as a liver to perform ablation on a tumour.
The antenna 340 preferably has a length substantially equal to half a wavelength of the
radiation in the dielectric, and the radius of the dielectric body 350 is also preferably
substantiaily equal to half a wavelength of the radiation in the dielectric. The near-field
radiation emitted by the antenna will then lie within a region 2L¥A, which is equal to a
radius of half of the wavelength of the radiation in the dielectric so that the near-field lies
substantially totally within the dielectric. The dielectric constant of the dielectric body is
selected to be high so as reduce losses within the dielectric. The microwave energy is
therefore emitted into the far-field region in an annular pattern around the tip so as to
increase field penetration and power transfer. Typically, a radiation applicator used with a
generator operating at 10 GHz and having a dielectric body with dielectric constant eg=25,

will have a dieleciric body radius of 3 mm.



The near-field radiation generated by the applicator of Figures 2.-and 3
extends fromthe antenna 240 a di stance determ ned by the fornula 2L2/ X,
where L is the exposed length of the antenna, and X is%%@%@@ngth of
the radiation in the dielectric body 250. However, the preferred val ue of
L is and therefore the near-field radiation is contained within a region
of radi us woawsbsrut t he antenna. Therefore, the near-fi ecg:gBagidsadzi on does
not extend into the nore | ossy biological material that surrounds the
affects of | ocal

applicators in, us d.the r uIt| detri nent al. f .

charring &rfﬁhfi’éfa ?t“iegﬁ %‘f“"F‘afd? ‘gtgﬁémhaﬁ%ﬂieﬂ%wmfekﬂﬁaféﬁm&e %oi ded.
| nst ead, fnheridli viEONENEh EQH\&écttﬁcﬁc&%ﬁtt BhosHb1e, &6t it -nfub%l fmlt& bpHeease
penetration and power transfer. Figure 4 shows yet another enbodi ment of

the i nvendiFlssins pongianicof surgudmedidlogicl mattenip Whish thevinplicatene veede PBenyi a a
rigid coaxiy ehlrcmbdébﬁst%t A4 fe Hféggtgtc'b%d %gaeg%e@hbsme g;]o%ﬁéal eRteOtotiinNe

conduct or . ectric packing rovi et we innef and outer
conduct origtegfal reflaetiop saxdcgir at threchuter eurf82 0f thddiekbiiwhodyy ambfield petewatloni n Fi gur e

5, alen h 40 at th by renoval of
t he out e?l;eg%rﬁe ER' §escen{1§nd lo%aﬁse;aor hy gsfstogﬁ?%%%&fs&mﬁfﬁ'?n 3@%‘?%?&5?1% od¥he

ant enna 3350 sy mﬁoﬁﬂdi-:-dntlaam ftinkiycord1360 €athpobsll ¢ fCPmateigdl Wit a high aleRetrici ¢ 350
whi ch has subst%gl al | theégsama outer_ djianeter as the coaxial conductor

320. A pof°REEH #% % ovar v dPl omposdpfiadliclerdrieih alowadligdedicesnf body 350

and ser VestehfediaAd $ab bf BRNSLY Ald 198 Sl!ll‘muﬂdllﬁ% @k&@l&?ha%%f & as RUBkciRted |1 ver
to performablation on a tunour. he anfenna O preferably has a length

subst ant i veymgeisase efdhavaiiation hetwesmdhgyedse ai1d thi émlqga@l mgtetal. inondpeto
diel ectrig 1e$9911§ r&‘f‘e ﬂéﬁgc'tH rﬁfexhpﬂleddu?érq Ir iﬁ) %eglﬁ BeX él%o%esé)eo 651f erably

subst ant i a equa a wavel engt ra ron In
di el ectr |m6aanféhmanctlfvc etlddx of tidicatei 36A aadnﬂtat eﬁblbyngtchienaelnaé,mm& tha d>ultert hen lie

within a aI u

whvol ongt R BebAana BOLA |o% SAHE of e Sovd GGt it radiBlion Bné sy o 1 oo
subst ant ilaydry Thot,ahd gorevradhisnwdudd aldd &k eqﬁan it€ a qﬁhkeerdsfﬁheeﬁwdl@gmcms ient of the
di el ectrlcd % rﬁ? sel ec&ed to be hl(g'h fo as reduce | osses r]Tn t he

di el ect ri®™e CFLWDAIE 12 Pradugean Vel soping] Qﬁ[i“tstoéaalfﬁt“ﬁ"?lﬁﬁt Yr-field
region i nhéfipannul ar pattern around the tip so as to increase field

penetration and power transfer. Typically, a radiation applicator used with
a generator operating at 10 GHz and having a dielectric body with

di el ectrig 600 RMbB&ATRREs of the invention, multiple outer layers may be used to increase
the band-width of the applicator (i.e. the range of frequencies over which the applicator can
be used) by making the layers each with a suitable refractive index and thickness.
However, this will lead to an increase in the overall diameter of the tip. In the limit, the
dielectric body could be made with a continuously varying refractive index which

decreases towards its outer surface.

An alternative technique to reduce the dielectric constant of the outer layer 380 comprises
forming indentations such as grooves 390, shown in Figure 6, in the outer surface so that
the average dielectric constant of the dielectric and the material in the grooves is reduced.

The grooves may run longitudinally or circumferentially around the body 350.

It will be appreciated that the embodiment of Figures 2 and 3 can also be modified to
incorporate an outer layer or layers of different dielectric constant, such as shown in

Figures 5 and 6, the outer layer following the curve of the hemispherical tip.



wi |l have a dielectric body radius of 3 mm 25 August 2003 WD 00/ 49957

PCT/ GB00/ 00682 7 In order to reduce the dianeter of th%&.”ﬁp otf qdé
applicator, the dielectric body is made of a materi al gé'g% h a

di el ectric constant as possible, except that this is limted by the

di el ectric constant of surrounding biological matter in which the

appl i cat orwpeo/4psssd. When the dielectric constant of thecgiceb@mszi ¢ body
exceeds that of the biological matterg, total internal reflection can occur
at the outer surface of the dielectric body, and field penetration becones
evanescent and localised. In order to overcone this limtation, the

di el ect r iDieléxdely maid3hifls Wath degh BfelEelc WbdstinAihat &Q%Haﬁﬁrlﬁclﬁ@@thﬁy'%@ﬁg@ of a
material with a high dielectric constant, and an outer |ayer 380 conposed

of a di el Vith RPRHINIYY 86400 BRdir ¥ilh & peravity of Hider Fasst diclsctrint of t he
core and | t

i rrpedancgog? ?ﬁgﬁ%?ﬂé&geo% tg%?‘\&/}\ggﬁé %J% tgo!r:%l:%ﬁgdt &'gl gﬁ%g@%‘é@&n(a erial. In
order t o37Geqidhemady of a qompositefof Te®+i and AlQdesvingfa nelnmtmutyémt\*rmehat 880 shoul d
be equal e retra tlve |n ex..of e co e 360 and
that of }l}%loﬁ)e&%g g%%%%l a?‘?%f‘&\q ?tﬁrtéarfsomth Fven hgsbgrr té‘ﬂH%Ss‘an be equal
to a quasuodarasofenbblectma\mdtma@t hnodxatple et Bh,L 08y, iTIO) MBS DUMIch lha@)/:ﬁl’ Thus,
the core radtltu%év%lé d%h(?o be equal to a quarter of the wavel ength of the
radi at i oR* TR ‘order to produce an overall nominal radius of half
a wavel ength at the tip. In alternative enbodi nents of the invention,

mul tiple outer |ayers nmay be used to increase the band-width of the

appl i cat SRerioree by F‘H@bkaﬁl‘l@’ée of dielege(ent isossiie fo mhfiush radigtiomppplicetoror can  be
used) byyimki ag (ﬁzﬂﬁetéraééel'bar @sa§h St ARk USrCQBrI%?BEK%S\égplh r}ﬁie% afNd

t hi ckness. However, this wl ? to an 1 ncrease i vera di anet er
of the tpw,cequrpsmewm bﬂlft“:?’mmeto adipwlpencutlan@ubmd@maipmccﬁm made wWith a
continuously varying refractive index which decreases towards its outer
surface. An alternative technique to reduce the dielectric constant of the
out er IaBediatSﬁ(hppﬁnmi seeerdirfgao Mengvdrlnﬁieahansio@ﬂﬁsajmhnaasursItl@Qiiﬂéct&’cQO, shown
in Figur gonstang & bltnogica'fftfa[censa ;r%%z%ulsu?g %he microwave radiation reflected back from

the tip through the coaxial conductor.



the average dielectric constant of the dielectric and the material in the
grooves is reduced. The grooves may run longitudinally or 25 August 2003
circunferentially around the body 350. It will be appreciated t%%t t he
embodi ment of Figures 2 and 3 can alsogbe nodified to incorporate an outer
| ayer or layers of different dielectric constant, such as shown in Figures
5 and 6, the outer layer follow ng the curve of the hem spherical tip. 25
August 2003 WD 00/ 49957 PCT/ GB00/ 00682 Dielectric materials with a high
dielectric constant that are suitabl{dAMMBude those such as TiO2 with a
permttivity of 100 and CaTi02 with a permittivity of 155. These

dielectriics walehdaes 8dvidcafdl ndeBionine 4 ﬂvin@%dd?r&eiiﬁ%cs@laﬁ@gtaﬁ dneguge its
di ameter. The outer |ayer(s) 370 could be made of a conposite of TiO2 and

AL102 hav(#g: %Oﬁ)@trlﬁs tp faFicoypling iadiation Hue bisfogieah agigy @da%@eleﬁwcml)év é%‘é(b aI
t I 6\% I €$M g?
;ngelr (ra(r)ia?ec? rmc m g\ﬁ}é&tgﬁﬁgggﬁg?%@g@%gg g}t{s{;é'fl{,lé@sth ((7%%% whi ¢ has a

perm ttiof thy rm:fmimmnﬂite&(ﬂ@theThﬁer&ﬁore by suitable choice of dielectric(s)
it is possible to produce radiation applicators wth a tip dianmeter as |ow
as 3to6 nrnto allowtheir use in | aparoscopic nedical procedures, or
even below 3 mmto all ow percutaneous nedi cal procedures. Radiation
applicators according to the invention can also be used to neasure the

di el ectr2c céndavaget avtlabmel bgclodh Imat WhiChIthbylidmwobdg (23 iﬁﬂbzlemmadse

radi atiop re Iected Kk the ti hr.ou axj conduct.or
August 288% &%ﬁ %f{)é‘ln%?féﬁ(ie tc]%\?f’ ?agpalﬁyng F‘b#fji/ htghere "§|ﬂi"Fg
body, th i o f

rad ati o thhgrsiionflc AR SRSt i) isthe WaTelbhily ofiniBlibAth
surroundtlnglieﬂbr&nantenna SO0 as to enconpass substantially the whole of the

near-field of the radiation emtted by the antenna. 2. A device as cl ai ned
inclaiml in which the dielectric body (250, 350) extends

3. A device as claimed in claim 2 in which the dielectric body (250, 350) comprises a
substantially cylindrical portion with the antenna (240, 340) extending axially at its centre

said distance L.

4. A device as claimed in any of claims 2 to 3 in which the dielectric body (250, 350)
extends from the antenna (240, 340) a distance substantially equal to half the wavelength

of said radiation in the dielectric.

5. A device as claimed in any one of the preceding claims in which the dielectric body
(350) is such that it has a dielectric constant at its core (360) which is higher than the
dielectric constant at its outer periphery (380), the latter being more closely matched to that

of said living tissue.

6. A device as claimed in claim 5 in which the dielectric body (350) comprises an

inner core (360) and an outer layer (380), each of a different dielectric constant.

7. A device as claimed in claim 6 in which the inner core (360) and outer layer (380)
have those dimensions that extend from the antenna (340) determined in accordance with
the dielectric constant of each so that the overall dimension is a predetermined fraction of

the nominal wavelength of the radiation in the dielectric.



fromthe antenna (240, 340) a distance at |east substantially equal to
2L2/ k, where L is the major dinension of the antenna in thg ghiiekeriosi ¢ and
2 is the wavelength of the radiation in the dielectric. 3. A device as
claimed in claim2 in which the dielecijic body (250, 350) conprises a
substantially cylindrical portion with the antenna (240, 340) extending
axially at its centre said distance L. 4. A device as clained in any of
claims 2 to 3 in which the dielectric body (250 350) extends fromthe

ant enna {240, ,3 ubst.an the gth
of said ?adl a |%g/ cle(rj%lS a%tﬂgl e ‘é@ r?ég‘%“a% evi eof’fs @Zl meOt a%ergggq}e of
the precesthnigave! AidiBedsiorvbibehantifley dyell @6td qGark@f thé 3pH)klengthsuf Fadidiivh i t
has a dielectric constant at its core (360) which is higher than the

di el ect rfhér&bnst ant at its outer periphery (380), the latter being nore
closely matched to that of said living tissue. 6. A device as clained in
claim5 in which the dielectric body (350) conprises an inner core (360)
and an ofit er Aaieeice(aSﬁ&)mecEMyoﬁ chims Hite Bentwhitibethe otiter lyero 380 ainttormed A

devi ce as. med.in.cLaim6 in which the inner core and outer. | ayer
(380) h¥¥ 1{‘ ioghs ik HS iYIFE S&“& WRCR SEVF o AT 4UGE t}%@‘éﬁﬁfé CoPRBANHE BiSi ned

i n accor gangeyNin the iddagtaflb S6 1L v LIS MatRE. €ach so that the overall
dinmension1s a predeterm ned fraction of the nom nal wavel ength of the

radiation in the dielectric. 25 August 2003 10 8. A device as clainmed in

claim?7 V\:hIC the inner core (360 d ter.|lavyer eahhvea

di nensi o subét ‘itﬂ't“f %y a‘érbeﬁ[an q%“‘hgdﬁa‘?ﬁeyq@? gltehe@ﬁ%a éﬂgf’ﬂﬂbﬁ 1F‘§8 "$tion
t her ei n. b&dy B50LMriee cadtirloatleder 42 |@BYa Pirt 6f tht Atddict Bofh the ambhe (340 out er
| ayer (380) Is formed wth Indentations in its outer surface which serve

to reduce the dielectric constant in this region when the indentations are

filled wfh OE\h ({5355; 8%% i @f?ﬁ’é SPRpEL AP Aall Ghith M o fip YokfR the

dlelectrlc cons
(270, 370) that extends beyond the end of the antenna.

12, A device as claimed in claim 11 in which the tip portion (370) is pointed to assist

penetfation of biological matter.

13. A device as claimed in claim 12 in which the tip portion (370) is composed of a

different material to the dielectric body (340).

14. A device as claimed in claim 11 in which the tip portion (270) is an extension of the

dielectric body (250) and is rounded so as to support forward transmission of radiation.

15. A device as claimed in claim 14 in which the tip portion (270) is substantially

hemispherical.

16. A device as claimed in claim 15 in which the tip portion (270) has a radius
substantially equal to half the wavelength of the radiation in the dielectric (250).



body (350) varies continuously over at |least a part of the distance from

the antenna (340). 11. A device as clainmed in any one of t InRJ
clainms which has a tip portion (270, 370) that extends be?grfg{gt%%tgﬁgﬁd of

the antenna. 12. A device as cl ai ned 131” claim1l in which the tip portion
(370) is pointed to assist penetrati of biological matter. 13. A device
as clainmed in claim12 in which the tip portion (370) is conposed of a

di fferent7.mat ar délicd g thindi & e} bh€ ofaby pfed3d@ihg clétimsAndeNick ehaslomigatened in
claim1l in which the tip portion 5270 is an extension of the djelectric
body ( 2585VigiePmrrises asgeeakepnducton(12Gp pHPt with aganigalicondusios@8n24p that

radi ati op..:-1a. Vi i i i i e tip rfi.on
(270 1 PRI PP Qieehid BPfhe akhfcBhd i M GRS PRATHEDT 1
i N whi chaiteeat®40,3d0).i on (270) has a radius substantially equal to half
the wavel ength of the radiation in the dielectric (250). 25 August 2003 11
17. A device as clainmed in any one of the preceding clains in which the

el ongat e1g deVvi\CE S QTR LRRSePiL ORith a7 FORHANGIAE ahkdfa (B2D)340h s @ BRGLN al
conductor (220, 240) that projects beyond outer screening of the coaxial

conduct osubatantiflly efjust talhalfitbe wovdlength ohihe radhatammia tiiodielec8it0) . 18. A device
as clainmed in claim17 in which the antenna (240, 340) has a length
substantially equal to half the wavel ength of the radiation in the

dielectrig. 18.deAidden dames i bRIMPU7 bf 18 liiliEnd 4 tRhsfbBném\GH 0dbdiFeén the
transforrnerBj((BSlO%1 bet ween the coaxial conductor (120, 320) and the
di el ect r feaxigd ppnduoter, (1280320 andethg chiclepetit ey dASb1350) deliredyce eerdieniadt o t he

coai ol AT Bh S BONTIRNG1yn ubBc ,  vico

clainmed 1n claim In ranst orner C
t he coaxi al conductor into which packing of the coaxial conductor can

expand. . An el ongate device for_insertion intqg a |iying body
subst ant f@ | yAa‘SEVF“Fér i laigned dhickugt 19, Whichrtas sAedowest (i é&a@ewaﬁawp%

drawi Ng. within the coaxial conductor into which packing of the coaxial conductor can expand.

21.  An elongate device for insertion into a living body substantially as herein described

with reference to the accompanying drawing.

22.  An clongate device for insertion into a living body, the device having antenna (240}
at its tip for coupling radiation into biological matter and a dielectric body (340)
surrounding the antenna (240) so as to enhance transmission of radiation in the forward

direction.

23. A device as claimed in claim 22 in which the dielectric body (250) has a rounded
tip portion (270) that extends beyond the end of the antenna (240) to support forward

transmission of radiation reflected internally from the outer surface of the dielectric body.

24. A device as claimed in claim 23 in which the tip portion (270) is substantially

hemispherical.

25. A device as claimed in claim 24 in which the tip portion (270) has a radius

substantially equal to half the wavelength of the radiation in the dielectric.



22. An elongate device for insertion into a |iving body, the device having
antenna (240) at its tip for coupling radiation into biolgguﬁ%bs ger and
a dielectric body (340) surrounding the antenna (240) so as t0 enhance
transm ssion of radiation in the forwafd direction. 23. A device as _
claimed in claim22 in which the dielegtric body (250) has a rounded tip
portion (270) that extends beyond the end of the antenna (240) to support
forward transm ssion of radiation reflected internally fromthe outer

surface th ielectric body. 24. A.device._.as ainmed.in claim [N

whi ch thabt i pApttseot P e, AR ERITT 32 et SpBichcls anbaia bl ce
as cl ai megendy &!@dtiMcdbsubBa¥iilGNedlae tb IHRLIPOET W1 APbf NaRI AdiADhUR the
substantially equal to half the wavel ength of the radiation in the

di el ect r diglec@®. August 2003 12 26. A device as clained in any one of claims
22 to 25 in which the antenna (240) extends a distance substantially equal
to half the wavelength of said radiation in the dielectric. 27. A device
as clai me7l i nAadyicn® dhinfdainyZchet 6f dfinisVY 26 ih Rehich Bleeditleteicedy
(250) conprises a substantjally cylindrical portion with the antenna neans
(240) ex%ﬁljfi?fgpf%ﬁ?épb%?mﬁlﬁul’ Pgluvémh@m%w thegpigmaggeas 424 @xiendiagy one
of cl ai . in which the dielectric body (250) extends fromthe
antennan%§%§5&gm§%% %nce substantially equal to half a wavel ength of the
radiation in the dielectric body.

28. A device as claimed in any one of claims 22 to 27 in which the dielectric body
(250) extends from the antenna (240) a distance substantially equal to half a wavelength of
the radiation in the dielectric body.



