; hi e3eYnij | (J6TEKI au~~onmu RADI ATI ON APPLI CATOR This invention relates to
radi ati on applicators and, in paru m crowave abl ati on devices. A
known radi ation applicator, used mmmmm mmme abl ati on of tissue,

conpri ses 1 ve generator operg y coupled to an e

wavegui de %ﬂO%gﬁ\ggyl ng the mecr owaverg&%g‘| t he abl ation si IPETPGPﬁ@}’%egui de
is sufFciently thin to be inserted into the body and contains a core of
dielectric material which enables efficient transm ssion of m crowaves
through the waveguide. At the enission end of the waveguide, the dielectric
core protrudes and provi des aRAIMATIONJAPPRIGATOROuUpling nicrowaves into
surroundi ng tissue. An object of the inventor is to provide an inproved
radi ati on applicator. According to one aspect, the invention consists in an
el ongat e OEhik Gvehiin teolaey foi diation @pplicaioys A, GO Purtichfag tdenice@vdid\abigioan
antenna at ifs tip fox coupling radiation into biological matter and a
dielectri cdebﬂfﬁij surroundi ng the antenna so as to enconpass substantially

t he whole of the near-field of the radiation emtted by the antenna. The
invention is based on an appreciation of the fact that the antenna

gener at es A knoown fadidtion applicatbmt used efon emicrdwagk dabdasionaph sisbue; gpemprisdsda
arrplltudes whi ch exi st. quasi ocal n of the ntenna
26 do- nocmERTae eebfiaiet PPEAREY cofiled Yo ofAloheets: T v R, BF s8nvabitEs P ocal
region is mickowdves ROheaklatidicsie. MBrwdveglide ﬁrgnmcliam?_b $hifl 3y Be keréd iRfd thexcept
to contribute reactance to the antenna inpedance wever, in a nedical

appl i cat i dwdyiandtaeatains cqre f dliglegirie matesial avhich mablee@fﬁmntmwsmmf chis
highly |l o it Bec f the
hi gh anpl |S‘tﬁi’u6 e"y‘l’gsn@m{%lt*ﬂ\ya%mg 1A qqﬁeeﬁr%{esjgkn m‘%?&ﬁo ldc &Hlﬁa{lgcan be
gener at ed dore prgrudesaand peivities egradiating/tipc for rcmdpﬂch@ nﬁdsrewmr :g;o smrduhang
far-field. _.Fiel enet t|on los therefore reduc d,,.,and local charring in
the near - fSS¥ 8?38 %) & oMY °5‘ﬁtPﬁf‘¥vﬂ‘%ga‘1f‘5‘Bf‘HF FadiatioB apRlig@ioTt hat can be
input to the antenna. The dielectric body according to the invention serves
to provi deagokditg tPse Apadt,@e W&htxé@c&ﬁﬁ@%%%l&d@ﬁte%@fce febeinSerfi@0indd)a SO

that nore power i1s transmtted to the biological matter in the far-field
regi on. | siving bedy, the deyive hoving 38 Anfead @O @D uplingmdiatipr into diolegieal

near-fi el r ti.0

dielectri gmlét?\eéqﬁ%g d%&%?c %yd%esﬂgrf%\?\d\{@ &P %Em%% esnttﬁa?'g%@ Asg ‘c‘ubspatnhgi }Jﬂ@

r el at i onshwimpl2bfthe nedﬁﬂcld”ﬂfrtlmmdl,atlbmexahtedlbyﬂfmtenha.l S proportional to ~,.
The extent of the near-field therefore is proportional to 7~, and it is
possi bl e t g r.educe t extent of the near-field region by increasing, the
i of ect r i thegReninR lsgaﬂs WYL BLPR o Be fachthal g aptepnp aeneratc A@exefifh | on

withinit. anﬁhﬁatq}i@hédrlﬁe@d%&{tﬂﬂé IbdTRERI blididel hﬁuéi)eé’)hﬁeqlﬁﬁ[htétf&ﬁ'l)efnoih@ be
reduced for insertion into a living body. A higher dielectric constant wll
al so acconineslaegion né the @ntghng gogdof nat radiateyenergyi ali @nnormial shmmmc@hons

ot herw se t he ex t.he. near - fJ he

| oner f reqdﬁlgeﬁglga%ﬁ%éé c@ i 1on§se|§ﬁ%lg %‘é‘ﬁhﬁe Hed hglg L&é‘F%Ba"eéﬁ’l egt tt

penet rat i ap comtibute h&cfaﬁdfe thitled ainedna iipelafdeh GHiwevst, iDd melieall dmziﬁdfhhb@ fif thehe

dielectric bopg co ises a ndrj cal sha%e w,th the antenna extﬁndl ng
axi al |y alWaghfisr eggﬁ‘t centaing; %‘E’fé’ﬁﬁ‘él Imattgr.t Whiche i dughly 1g8syy e Beps-
bei ng subsinlirhdeb |M11%Hé}htet}féa12 LBécause’bfHBY hih ShpHtldes 2l Rehafadnbife Qﬁﬁkgned

with a m ni num radi us insertion into biol ogl cal matter such as a liver,
and wil| oreanfi ddapglarnnuucérheab@nnahq ganeraled| il the neandicld regianpwhishgeducepthany be

pr ovi ded e f | ectri SS netr a n of

bi ol ogi cal m§9 ‘8 tﬁee%]%fengﬁ]dﬁ'ﬁen% rS‘, He! an rg%re ¥q%cedggn@?%cgfelhatrpxg f"y&equal
to hal f a nwamfblanétith becomeda mitiasRctbinia thesbwes tHat catnm: ifipltitd helaGiRhna.
dielectric body is substantially equal to half a wavel ength. The antenna is

then tuned to act as a resonator, which increases the power it radiates.
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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However, as the dielectric constant is increased, it may exceed that of the
bi ol ogical matter) which can lead to total internal reflection of radiation
within the dielectric and a consequent reduction in transmtted radiation.
In order twoeygsome this problem the dielectric body i $crigiBmoss? t hat
the dielectric constant at its core isyhigher than that at its outer
periphery, the latter having a value internediate that of the core and the
bi ol ogi caFherextersrof tiig mear-fighe i defermdned by thenwavakmgtt th’fdhcma@atimyinbbe hi gher

t han that ,of t.he rroundi ng bi ol.o mat t er o0 hel. e t he
overal I il and e RS dffension fo gt iR apiEhis, oaripb i 1 cobehBALe A my

cor r espong;fsanflirt {3k Bhichfy €/i$ pf3bortofdl &FA N | I ﬁ@l‘ft'ble‘}etr{} 3 hftﬁe‘?éfﬁf}t

diel ectric constant, or may correspond to ??erent evels In dlefectrlc
in which priopordomel eot?r i andcidnis tpasdible do ireduct itho wgteau bf itlies neteiiehd regldM])ﬂOI 49957

PCT/ GB00O/ 00682 3 di ng to anaqt spect, the inventjon consjsts in an
el ongat e WEFAsIRS ft@r ﬁ’ie[?Qgﬁct‘i%ﬁarftrﬂfdp%tl""?‘flvpr\rﬁd‘tﬁﬁd?e wapelengthy jof dhe radiafen o

ant enna a\wntghsltt el werapaaemﬂxgquglaﬁ loPhd B b nge?ale BPfeldfleddRH

diel ectric body surrounding the antenna so as to enhance transm ssion of
radi at i oninsettierhiatd aliving hodﬁ r Adighsndiglectrin senstanbwill slsedcsominiodatettheeusdiofl ectri ¢

peyand. t FEVERBEac Mo e OR Buver Rbrdee i BPPendf aho e ™"

radi at i onofi the nbd-field;Wathel I6Wércedquerty rddiaivnt Bggobkeficial 1Iﬁemehe@51@iaaiaﬁoxbody i's
tuned to act as a resopator, to further enhance radiation fromthe tip of

t he el ong%ﬁ“étr%!@W%téﬂienfa{‘ﬁ@l insertion direction. In particular, the diameter
of the dielectric body is substantially equal to the wavel engt h of the :
radiatio t ' g;}adw S a
radi us su sot%g(r%{n:bg(ﬁﬁehg%fﬁg{ valptln g@éﬁ%l He"ﬁg ﬁm@?&%% lr?% at1on. q']’ﬁe

el ongat e tﬂemmemamyerﬁumdxmilycadmgntsmntm z dmtened L owithll thetradiug pf teeyhbigley packed

with a dielectric).which supplies radiation to the nIe rom a radiation
gener at or CiH ?‘é‘lﬁ’;‘@ eqyal Lo %ﬁ(%n%‘iﬁvﬁéﬁgﬂ’éﬁﬂ}a&gﬁ% f}{l&’ég ARUALIYE of t he

central Cﬂﬂﬂb‘%no'insglftloﬁ hﬁtocﬁ‘iawgﬁxhl aRAGUGIR asa 1ivES aflll Shifll creRd - anPiRliRE abl y,
the exposed | ength of the central conductor prOV|d|ng the antenna, is

subst ant i ramasromgclﬂ aaptwévbl ek geinted dipgmayTbroprowvided al the died sod of th\mgxelb@nm gid or
a flexibl ectric body has a dielectric

const ant, ﬁo %) §1s ?Jn%{r%&mf%fd&g;&]mag%h that the length of the antenna is
reduced. Advant ageousl y, there can be a transforner between the coaxi al
conduct or Tindngth & ofitied Aténink enalybe yutiseantigitiugal wefhaFatvaveleagth) xdildth ese back
into the coaxj al om t.h tvveenlt and the djelectric

duct f d
body. Suche sadiy Qfstggﬁﬁlﬁ?d%éﬁrﬁ %!ae}ahga@ggf%ﬁ{wm Y 947! &0 BplheevavaleB8tni ch t he

di el ect riEhelRtdhha'@ thén Ll BA8ds alreRRIGU FhRh 1E&é‘as€sxtﬂéf)6'wer‘\9ﬁ8fafys ng to yet
anot her aspect, the invention consists in nethods of coupling radiation

into biological material using the devices according to the invention.

Furt her aﬂmmeagemeahdecrte«acmsmt ig fncrdagedi hwmtekmd\blidt bf thebtnmiabpattent to
readers skij. ; der n of t cription
of enbodi niénl%s ofﬁ?%ggi%\%n. fQ’ rrbodl VYF{{%e %y way of
exanpl e odvnyequeridedvictibn ﬁ@ftﬁnsmaed taahatubﬁ aqe afaealtry bm@cdmg mlesprouldm Wﬁt ch:

WO 001 49957 PCT/ GB00O/ 00682 4 Flﬁjure 1 shows a fjirst enhodi nent of the

r adi at i orMigipENe E’%‘iyolls foynped sg;that She;diglgetrie ganstang atitsqore i higher h}@nrthﬁla&ttf on
appl i cat ofygf Qhe 1atBr FRArR AH@ interhdGate f fophagi ment
of the ti pu S gt %r&of t he rad@atl on arfp flc%t gtpgﬁ%{gog\%%rr@g%%?ﬁlgggmtransfor nmer ;
Fi guur e ZmattepwsThas,tthe diglectnio canstant at thé carbmay bd higheratharaihpl ofdh¢ prrounding

biological matter so as to help reduce the overall diameter of the device. The different

['ﬂ

dielectric constants may correspond to different layers of dielectric, each with a different
dielectric constant, or may correspond to different levels in a dielectric in which the

dielectric constant varies throughout its depth.



Fi ure 5 shows the tip of the radiation applicator of Figure 4; and Fi QUre
6 shows a side-elevation of a variation in design of the radiation
applicator of Figure 4. Figure 1 shows the general arrangenent of the

radi ati onwapgldeesat or system 100. A radiation generator 13@r.JdmbesEaP e a
m crowave generator, produces radiatiof which is coupled into coaxial cable
120 which transmts the radiation to a distal tip region 130 at which there
i s an antA¢pardingio angther aspgett the invediien ¢amaisisrin en clongatedevi¢eafor insertionmaipbng t he

the i p Bl Botl I GRER abind AR el i sy o O ol e lprpledt Y 21

i rradi at emattedrané xadigleetrict bvely dRmbaeligg tHeCaniink 36 € tt6 nhatice tedmsmlskion Yoft O
irradi ate plaques, on the walls thereof or the device could be introduced
into a uti@digdon iy the fosyprddirestion of insewtieny i um  The supply of radiation is
controlled by a control device 140, often a foot pedal, which is used to
signal t 1 Y ¢ i ] t ! f

Fadi at i or PArERG R BeRSRE ALY barh AoRRloR ndhicRha Shdfed Lo pAR YA

radi at i onextends beywnd theoéndf dfghi antdnniano seppertdetermial refléhiontof phe diation irgirer al | y

i ndi cated_ 200, shows the distal end of the cqaxial cable which comprises an
out er con@mare dirsqlipng /A %aata,gpmyarﬁyo&gle tBﬁ(ﬁ’B&bsrt“??gFo FHassAiileen t he

conduct or g Gnfittte 2ddlation ifrér{ﬂtﬁ‘éitiﬂ\fgf hxeaeéé’dgﬁde%%'b tn fRlifderidn &Rtion N8

antenna for emtting radiation conducted by the cable conprises a |ength

240 of t heariéicwas, the Admetes of Bk dialestricopdy ag substantially equah i thg warelengih pfideout er
conduct or_ 2 t I J . hal To enhance t

radi at i ngraéég?r?taf’%gl% o& ? %@ogﬁ{‘%ﬁ%%n@%& ﬁﬁ%ﬁ@hﬁ?ﬁcﬁg@erﬁ?se%r ﬁlgtsup %%n t}aﬁelﬁgt h of
cor e condegqualad hplf awastelanpth betharideation. i S about one hal f of a wavel ength of
the radiation in the dielectric. The antenna 240 is envel oped by dielectric
body 250 in which the wavel ength of the enpl oyed radiation is reduced bel ow
its free-Eisadlengpty dRvigsandeiusthacqmpyise agoayial conductorrprsterpbly/rackedwith fhe
exposed | R £ ol i di .

shorter t(ﬁé}%&ﬁféﬁt co%#ﬁ?ms gag a@gﬁpﬁ%ﬁa&x&??ﬁﬁ%ﬁ%@&h%ﬁgﬁgn %ﬁﬂggﬁr r gegﬁb tion
from t he thatastensa ithent dvapirsesvam cixplsee derigén of theecatitrel ewtductor édlye 2&4xjali n

engt h of BEFETCEnatareR o, PROHEPY. 38 Hoiet el pE e Sl B dShrnlch
support s pgravidinglthé itémagis suisstdntially Raf oivatdiehgiindhat Thécdax@inchiticAt@ARNa i n
the forward, directiqn as .indicated by arrows 280 and 290. Preferably, the
heni spherfedigid eettlexiblesatle s di nensi oned so as to provide a resonator which
further enhances radiation fromthe dielectric body in 250 in the forward
directionp Bg%, ARGE lQJtriEﬁ&i;%E Qichbdd refligg e ingl ectric
body 250 crgn g’]enco%raged Y, ?olrep‘%xanc%hg%tﬁﬁégﬁﬁ%ﬁ%wkgukgmagphericaI
secti on Z2gfgth of theeateanz sdiediwedp prdoanitagrbedly tigeedn beoa paefdralef betveen the

wavel ength of, the radi ati.on,. l.oyed. It will be. appreciate hat the
di el ect ri L2FBLS° é{ﬁtoﬁﬁ"fiehﬁtﬂégaﬂf ?‘?8&% i Frgu {fﬂgﬁﬁ) e‘gr 5’8@?’11 ik ’ﬂ«iﬁh?hey
encour ageccagial@bdueio? PRGA! thenbalindiryebsraedmalt and e @RAEiOTbolift eSidhl a
reflection and/ or resonance. Wien this equipnent is to be used for

endonet r | EAnSHNSH sapadvantageoydy icprigings sRice o marghathe shieleritie packing pletigency
around 9-&%}co|nﬂué§‘&%aﬁlé 4. the wavel ength of such radiation is about
32mm Formng the dielectric body from for exanple, a material having a
di el ectric constant eR=25 reduces the wavel ength to about 6mm

Cor r esponéi¢coging td it atlotheraspectathed ioventiah kohststginhmethodshef ebuplirg tadiatiohody are
then al so, a o‘gt .6§m Fl_ié,)agur_e %]zgows an al ternative enbodi nent of the tip
section OPtoHRIoRISR]mAteriA usipg the dgyiges & E‘@,tog@r\'é‘fe&“?ry i ndi cated 30D. Here,
in order to reduce reflection of radiation fromthe coaxial cable at the
boundary i i oGt 1, j; :

i ncor por a%%@%%%éﬂgqﬁgg% a tﬁgg{)‘,‘e@ﬁaﬁn ]tbﬁgorhié e eceﬁ %{egﬁ%ﬂlﬁfﬁén

t r ansf or ntbe ag 1por copeidesgnsaftbe &llovang desnpt{choof embadiphants ohitheenvedfitn, 330,

340) of cylindrical shape and,of ,successively increasing radius towards the
el ect B¢ sBpURRRGSRARE BRI of WHEEE Y anle B} RBT Ty FifrepR L8R

t r ansf or nReorapindiRFigutddginGaaeti:al cabl e does not contain a solid filler
material. This provides the benefit that, when the device is heated, for

exanple in manufacture or in use, the dielectric material filling the space
bet ween the core and outer conductors of the coaxial cable can expand into
the transformer thus relieving otherw se del eterious pressures. WO

00/ 49957 PCT/ GB00/ 00682 6 The near-field radiation generated by the
applicator of Figures 2 and 3 extends fromthe antenna 240 a di stance
determned by the formula 2L2/h, where L is the exposed | ength of the
antenna, and ~, is the wavelength of the radiation in the dielectric body
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In alternative enbodi ments of the invention, multiple outer |ayers may be
used to increase the band-width of the applicator (i.e. the range of
frequenci es over which the applicator can be used) by naking the | ayers
each W th gogdésapl e refractive index and thickness. Howey@ardobdga WM ! |
lead to an increase in the overall diageter of the tip. In the limt, the
dielectric body could be made with a continuously varying refractive index
whi ch decFisureelsshowia figss embadimgnteaf tha radigien applicaor; er nati ve techni que to
reduce the dielectric constant of the outer l|ayer 380 conprises formng

I nd ' h 0, sh ' ' 6,, 1 h f
o that  t ReuayE Mt of el bmadord Blare LinbR 3ol fe Mot cr

in the grooves is reduced. The grooves may run longitudinally or

ci rcunt er Fgﬁ_#'eab! shos O Rébohd enitRdimead Bf the t kdctibf GFPME Saliatied appiadatot he

enbodi ment of Figures 2 and 3 can also be nodified to incorporate an outer
| ayer or ingywpepting 2 rpgsfrmstit di el ectric constant, such as shown in Figures
5 and 6, the outer layer followi ng the curve of the hem spherical tip. WO

00/ 49957 &. P / el j eri wi.th a high dielectric
const ant &%&sﬁ&gﬁ%gﬁﬁﬁ@ﬁgﬁuéfemgﬁa@éﬁé&@ﬂﬁg’r’ﬂ Oz with a permttivity
of 100 and CaTiOz with a permttivity of 155. These dielectrics would be

sui t abl e FipirelSshoive tHelip T dicradieforSepplsatdrof Fatie# anlls di aneter. The outer
| ayers) 370 could be made of a conposite of Ti Oz and Al Oz having a

permttivity between that of the core and the biological nmaterial.

Mat er i al sEigirep shown a sidgielavatinarqfiatvarigtion; in designyofisthe radwations apmlicator oidiigwe| ectric
materials, an exanple being Ba, x Srx Ti03 (BST) which has a permttivity
of around 600. Therefore, by suitable choice of dielectric(s) it is

possi ble to produce radiation applicators with a tip dianeter as |low as 3

to 6 nm t Bigale 103NotB EHergeticil driangeniat 66:6O Rid(atioR dpplikhtoPEYREACILI0E SA radfation en
below 3 mMmto al ] ow_percutaneous nedi cal procedures., Radi ation applicators

accor di ng8TEraNe 10n{ps e Bplcch MGPYEYpRengrelon Rradures sdiatiop eniel} 18 sobpipe ¢
constant g, &aRlaPEbEA 20 WG fraHsmbtY (HERAGANIANG 2 ldfkeal Bh GEAURYR) di WHichith &8

refl ected back fromthe tip through the coaxial conductor,
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 adjacent
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



WO 00l 49957 PCT/ GB00/ 00682 9 Clains 1. An elongate device far insertion
into a living body, the device having an antenna (240,340) at its tip for
coupling radiation into biological matter and a dielectric body (250, 350)
sur roundi ng,ddaRegAt €ENna so as to enconpass substantially Lhe,WndgsCf the
near-field of the radiation enmtted by 4 he antenna. 2. A device as cl ai ned
inclaiml in which the dielectric body (250, 350) extends fromthe antenna
(240, 340) tke axposethicaghed4dr off the Formcendueeniprovisling the antranedo dlecthgrter than saj d

radi ation _j.n, t iel ' . ' i n claim 2.1n

whi ch the I{él'gtétl Jg%frgilksg bggé%hbﬁagé,oé%?gé%%e%e sd&l}%{m@rﬁéﬂleaﬂﬁg}nﬁén é’egllés a<I;1dnce

det er m nediirettiohs therdikdevtric badlyl250,1a addifion tociomprisinga cylindriehl pdirgornZé0ewtich

(240, 340) in the, diel ec(iri C f, A devi ce_as clai,med in_any one of the

pr ecedi ng SBYUPRFEDE AXRABTCCIANE &1 BRTE CRRAUFIOE ~fb G9mpnses a3sispageay §e°tPR 6/ t he
edppsth igngth erduetog 240 Jsmjspbgrieal sectipn 879

antenna_( aoidipbors plritIafaPieleBioh of HORARbA Hoh 1 Withnd th debriarg Wher @

L is the nmgjor nension of the antenna a e wavel ength of the
radi at i on dimctidpeasdinditated by arovs. 280 afd 2P¢ e Preferalilyi theblemisplenigalxectionf270he

preceding glains ikn whigch the dielectric,bod 250,.350) ¢ rises

subst ant i aﬁrpflnsf:ow ‘:i ind r?scg?l p}&;} B HACSRPRT twt?é‘:?‘aﬁ‘ftéﬁ%ﬁmlaﬂﬁ%, 5"% ’°8>§°éﬂ§h?lg

axi al |y atdidléctricBotdyift 250 dh SHeafopeard dirbotiod BRYIARCESS aliiaiioe Jartinllpitfleqéd cl ai ms
2 to 5 in which the dielectric bod)é (250, 350) extends fromthe antenna
(240, 340) vathin dhe, diclectipnbedyn 23 can, be Fusguragsd Hhy, fox Bxampic.cfimegsinnise theii d

radi ation gefidph&idll &6t £7¢to have=0flfs Apstofinfately SHRALLNERAIE of a wavelength

of the radiation employed. It will be appreciated that the dielectric body can have other

dimensions and shapes provided that they encourage forward propagation of the radiation

by means of internal reflection and/or resonance.

When this equipment is to be used for endometrial ablation it is desirable to use radiation
having a frequency around 9.2GHz. In free-space, the wavelength of such radiation is
about 32mm. Forming the dielectric body from, for example, a material having a dielectric
constant g=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.



10 7. A device as clainmed in any one of the preceding clains 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), th bei ng nore closely matched to that of q,q.lg% vy tissue.
8. A devi ?gbgglk%fﬂai med inclaim7 in ich the dielectric odlif)h/}‘%‘sg%) :
conprises an inner core (360) and an outer |ayer (380), each of a different
di el ect r i Thecmasfield tradiftion/getieraiedebyathe applicated of Rigateai2nartd 3 exteddscromh e | nner

core 360) and ter. | ayer (380), haye_those djnmensigns that extend fromthe -
ant enna (RHPa §§q %F’ﬁ*aﬂéﬂd‘?‘ﬁgf"%‘%’d’rydﬁﬁgg"’ﬂfat%g/?‘hggﬁﬁc ‘éé‘i?‘?"é’%"é‘n‘%’!&hi’f of each
so that t Que | | ' ‘ ) : 4 m nal
wavel engttﬁgglfw. dg$"lr(ia;g%8at ?g"héjél}%ﬂgtﬁhgftg% gﬁqg@? {r;llmce.ﬂg%ej&%ﬁ dﬂé)@?(:ng.agﬂgcg?hed in

cl ai m 9 ithe phefetted tvile iofl ek MQraad (heediyre altdnaatifield rhdiytéon i 38ftpinediofithinaae a
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7 in which th‘g dielectric constant of the diel _ecér,i c body (350) varies

cont i nuougtyred geavoied) dnsigadathg amipropavy pewegiis emitted into i faificld i MGFRasq 340) .
13. A devﬂeggxﬁgn%@%mgaﬂsﬁny one of the preceding clains which has a tip
portion (2/7/0,370) that extends beyond the end of the antenna. 14. A device
as clainmed in claim13 in which the tip portion (370) is pointed to assi st
penetration of biologic ter, A. devi ce as. ¢l aji ned. | | aj 41in
Rt oh ¢ hel Brrg 4sBet 88 =i PirBlment St pnfBIch G Ahich DhMBlicn P ppIe e

di el ect r i mickhowdiye edetf)y via a rigid coaxial conductor 320 to a tip region at the distal end of the

=

conductor. Dielectric packing 330 is provided between the inner and outer conductors of
the coaxial conductor 320. As shown in more detail in Figure 5, a length of the inner
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
substantially 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 ez=25,

will have a dielectric body radius of 3 mm.



WO 001 49957 PCT/ GB00/ 00682 11 16. A device as clained in claim13 in which
the tip portion (270) is an extension of the dielectric body (250) and is
rounded so as to support forward transm ssion of radiation. 17. A device as

cl ai med i Rygbddess716 i n which the tip portion (270) is sum‘%?b
hem spherical. 18. A device as clained;in claim17 in which t ela‘%ﬁk% portion

(270) has a radius substantially equal to half the wavel ength of the
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WO 00149%RiecACH i 0lcfaaB2 index of the outer layer 380 should be equal to the geometric

mean of the retractive index of the core 360 and that of biological material, and the outer

layer thickness should be equal to a quarter of the wavelength of the radiation in the outer

layer. Thus, the core radius would also be equal to a quarter of the wavelength of the

radiation in the core in order to produce an overall nominal radius of half a wavelength at

the tip.

In alternative embodiments 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.



24. A device as clainmed in claim23 in which the dielectric 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
ftomthe qubedaesss face of the dielectric body. 25. A devipﬁg,&%w ¢gd med in
claim24 in which the tip portion (279) is substantially hem spherical. 26.-
A device as clainmed in claim25 in which the tip portion (270) has a radius
substantially equal to half the wavel ength of the radiation in the

di el ectrig, X [ . cl @l ' Vi, QN . i 2 0.26 in which -
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ant enna petittisPof foundpooded by a diel ectric body (250,350), conprising the
steps of selecting the dielectric constant of the body (250,350) in
accordance with the wavel ength of the radiation in the dielectric so that
subst ant : ks I 3 b: O assed
by tho. draresrs PE sliblables FRiRRITS el Radiol Roprb Al Thdid pBaeLos T
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accordance wth the n@gor di ion of the ant 240, 340) . WO 00/ 49957

PCT/ CROOPIEHAES 105 Syt DO B o & °%P°é?%@’&°?%mﬁq§€ﬁ?§{°§6d‘{5¢s'c| aim 31 in which
the dielectric body (250, 350) .

Radiation applicators according to the invention can also be used to measure the dielectric
constant of biological material by measuring the microwave radiation reflected back from

the tip through the coaxial conductor.



extends fromthe antenna a distance at |east substantially equal to 2L2/7,
where L is the major dinension of the antenna and ~, is the wavel ength of
the radiation in the dielectric. 33. A nethod as clainmed in any one of
clainms 30 (0 which the major dinension of the ante 0) is
i-ts | engt rﬁ&\?\ﬂﬁgiﬁi s substantially equyal to half a wavel erpr}\;g"{(%&é@o@ge
radiation in the dielectric. 34. A nethod as clainmed in any one of clains
30 to 33 in which the dielectric bodylaip®60, 350) is located in relation to
t he biological material so that the far-field radiation lies within the

bi ol ogi cal material. 35. A nethod as clained in any one of clains 30 to 34
in which the dielectric constant of the body (250,350) is high, but is

| ower than that of the biological material. 36. A nethod as clained in any
one of cljai nms 230 Aqd j he.dielest yic c : ' ctric
body (3501)' varAl% e‘?slg,"%aa%ddéivgb e\g?gﬁ%‘?&’g'? lr|mt)§ lggégebfdgﬁgié%teﬁ%% hlgilgggﬁtagjﬁeﬁ%iri phery
380), and24G#0diatlitectipr far awpbugradiationiin® biotogicabenttghardy aidiclédniebodihan t hat

of the s [ biological matter. K 37. A nethod as.clainmed.in ai m 35
" whi oh CAE e diee” B BB shrhs o2 ngpipiestibitanian, e (fols REine e
di el ect r inearcfisdd bEthe radiation emittedl byghealteri@l ter. 38. A net hod of coupling
radi ation into biological material, the radiation being generated by an

el ongate applicator conprising an antenna (240) surrounded by a dielectric
body (250), theydiel pCod ' : [ t

ranst soon of SKE Fehiht AN L eiORL WREER Ry EE RoPBIAETom o0
axi s of ttheampplai (240,340) B8istaAcarddtéradnalsincdcaondettei witlc thei waviBenigth otsaidh

radi ation *si?parii defl’lg reflected internally of the dielectric body (250) so
as to be MHHLIN Pt he forward direction. WD 00149957 PCT/ GBOO/ 00682
14 40. A nethod as clainmed in claim39 in which the dielectric constant of

t he body (250) is_high but is |ower than that of the biological material.
3. A device as claimed in claim 1 or 2 in which the dielectric body (250,350) extends

-

from the antenna a distance determined in accordance with the major dimension (L) of the

antenna (240,340) in the dielectric.

4. A device as claimed in any one of the preceding claims in which the dielectric body
(250,350) extends from the antenna (240,340) a distance at least substantially equal to
2L%A, where L is the major dimension of the antenna and A is the wavelength of the

radiation in the dielectric.

5. A device as claimed in any one of the preceding claims in which the dielectric body
(250,350) comprises a substantially cylindrical portion with the antenna (240,340)

extending axially at its centre a distance L.

6. A device as claimed in any of claims 2 to 5 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.



41. A nethod as clainmed in any one of clains 38 to 40 in which the
dielectric body (250) has a substantially hem spherical tip portion (270)
with a radius substantially equal to half the wavel ength of the radiation
in the die A 42. A nethod as clainmed in any one of i to 41 in
whi ch the gﬁf@?\d’ﬁ?(mo) has a | ength s“pstanti ally equal Flc:)@)ﬁgﬁqj& 2e
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10. A device as claimed in claim 9 in which the inner core (360) and outer layer (380)

each have a dimension substantially equal to a quarter of the wavelength of radiation

therein.

11. A device as claimed in any of claims 8 to 10 in which the outer layer (380) is
formed with indentations in its outer surface which serve to reduce the dielectric constant

in this region when the indentations are filled with other matter.

12 A device as claimed in claim 7 in which the dielectric constant of the dielectric

body (350) varies continuously over at least a part of the distance from the antenna (340).

13. A device as claimed in any one of the preceding claims which has a tip portion

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

14. A device as claimed in claim 13 in which the tip portion (370) is pointed to assist

penetration of biological matter.

15. A device as claimed in claim 14 in which the tip portion (370) is composed of a

different material to the dielectric body (340).
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17. A device as claimed in claim 16 in which the tip portion (270) is substantially

hemispherical.

18. A device as claimed in claim 17 in which the tip portion (270) has a radius
substantially equal to half the wavelength of the radiation in the dielectric (250).

19. A device as claimed in any one of the preceding claims in which the elongate
device comprises a coaxial conductor (120,320) with a central conductor (220,240) that
projects beyond outer screening of the coaxial conductor at the distal end to form the

antenna (240,340).

20. A device as claimed in claim 19 in which the antenna (240,340) has a length
substantially equal to half the wavelength of the radiation in the dielectric.

21. A device as claimed in claims 19 or 20 including a transformer (310) between the
coaxial conductor (120,320) and the dielectric body (250,350) to reduce reflection of

radiation back into the coaxial conductor at the boundary with the dielectric body.

22. A device as claimed in claim 21 in which the transformer (310) includes a space

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

23.  An elongate 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.
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10 10- U transmission of radiation reflected mtemally from the outer surface of the dielectric body.

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

hemispherical.

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

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

27. A device as claimed in any one of claims 23 to 26 in which the antenna (240)
extends a distance substantially equal to half the wavelength of said radiation in the

dielectric.

28. A device as claimed in any one of claims 23 to 27 in which the dielectric body
(250) comprises a substantially cylindrical portion with the antenna means (240) extending

axially at its centre.

29. A device as claimed in any one of claims 23 to 28 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.

30. A method of coupling radiation into biological material, the radiation being
generated by an applicator comprising an antenna (240,340) surrounded by a dielectric
body (250,350), comprising the steps of selecting the dielectric constant of the body
(250,350) in accordance with the wavelength of the radiation in the dielectric so that
substantially the whole of the near-field of the radiation is encompassed by the dielectric
body (250,350).

31. A method as claimed in claim 30 in which the dielectric constant of the body

(250,350) is further selected in accordance with the major dimension of the antenna
(240,340).
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33. A method as claimed in any one of claims 30 to 32 in which the major dimension of
the antenna (240,340) is its length, which is substantially equal to half a wavelength of the

radiation in the dielectric.

34. A method as claimed in any one of claims 30 to 33 in which the dielectric body
(250,350) is located in relation to the biological material so that the far-field radiation lies

within the biological material.

35. A method as claimed in any one of claims 30 to 34 in which the dielectric constant

of the body (250,350) is high, but is lower than that of the biological material.

36. A method as claimed in any one of claims 30 to 34 in which the dielectric constant
of the dielectric body (350) varies, and is higher at its core (360) than its outer periphery
380), and the dielectric constant at its outer periphery is lower than that of the surrounding

biological matter.

37. A method as claimed in claim 35 in which the dielectric constant at the core (360)

is greater than the dielectric constant of the biological matter.

38. A method of coupling radiation into biological material, the radiation being
generated by an elongate applicator comprising an antenna (240) surrounded by a dielectric
body (250), the dielectric body being configured so as to enhance transmission of the

radiation in the forward direction along the elongate axis of the applicator.

39. A method as claimed in claim 38 in which radiation is partially reflected internally

of the dielectric body (250) so as to be transmitted in the forward direction.
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(250) has a substantially hemispherical tip portion (270) with a radius substantially equal to
half the wavelength of the radiation in the dielectric.

42. A method as claimed in any one of claims 38 to 41 in which the antenna (240) has a

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

43, A method as claimed in any one of claims 38 to 42 in which the dielectric body
(250) extends from the antenna (240) a distance substantially equal to half the wavelength

of the radiation in the dielectric.



