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Field This invention relates to a microwave applicator for the treatment of
a body by means of microwave electromagnetic energy. The body is preferably
biological tissue and, preferably, the applicator is for use in the
treatment of menorrhagia Menorrhagia is s common condition in women over
the age of forty and manifests itself as excessive bleeding from the
endometrium which constitutes the inner wall of the The most common farm of
treatment is to carry out a hysterectomy in which the entire uterus is
removed. In our earlier application published under number W095/04385, the
contents of which are incorporated herein by reference, we disclosed a
probe for applying electromagnetic radiation at microwave freqaency which
comprised a dielectrio-filled waveguide with an exposed portion at the tip
defining an antenna However, in several o the embodiments, the microwaves
were launched in a first air-filled waveguide and then the microwaves were
passed into a second waveguide which contained the dielectric material.
Between the waveguides, a tapered waveguide provided a transition. The
dielectric filled waveguide was of smaller diameter than the au-f lied
waveguide because, at a given frequency, the wavelength in dielectric is
shorter. Hence the diameter of the applicator in wavelengths remains
constant throughout transition. However, although such a applicator is
perfectly satisfactory, the applicator bandwidth is compromised by the
resortance found in the long length of dielectric filled waveguide. This
means that any change in frequency generated by the microwave source could
make a significant difference in applicator efficiency Disclosure of the
Invention According to the present invention, there is provided a microwave
applicator for applying electroumagnetic radiation at microwave frequeney
comprisinf a coaxial input for receiving and passing a microwave signal
input of predetermined frequency, a waveguide for receiving and propagating
the microwave signal input, dielectric material positioned within the
waveguide.and extending beyond the waveguide to form an antenna for
radiating    - 6 N 0 V 2002  microwave energy characterised in that coaxial
input has means for providing a direct in-line transition of the microwave
signal input into the dielectric-filled waveguide Preferably this direct
in-line transition is achieved by the central conductor of the 



coaxial input extending  axially centrally into the waveguide so as to
excite microwaves in the waveguide A lateral conductor extends radially
from the central conductor towards the outer wall of the waveguide and
serves to assist the launch of the microwaves into the waveguide in the
appropriate mode for transmission to the tip Preferably the applicator
includes a temperature sensor which is directly connected  to the coaxial
input to minimise wirings Suitably where the applicator is to  be used for
medical treatment such as  endometrial ablation it is important that the
applicator be sterile for each use Acccordingly preferably the applicator
is coated with a microwave transparent coating allowing the applicator to
be cleaned in conventional manner Although the microwave apllicator of the
present invention may be used for any desired application it is preferred
that it is be used for endometrial ablation This requires applying
microwave energy to the applicator at a frequency which will be
substantilly completely absorbed by the endomentrium monitoring the
operating temperature to ensure that the  endometrium tissue is coagulated
evenly through the uterine cavity thus maintaining the application of the
microwave energy for a period of time sufficient to destory the cells of
the endometrium The use of microwave power to heat the endometrium has two
main advantages Firstly electromagnetic radiation at microwave frequencies
is strongly is strongly absorbed by tissue and at around 8-12 GHz all
microwave power is absorbed in a layer of tissue about 5mm thick and it is
impossible for microwave heating to extend beyond this region This is ideal
for the treatment of the endometrium which is about 5mm thick Secondly
because of this  strong absorption the amount of power required to achieve
the desired temperature is  relatively small   - 6 N a v cuu~  Moreover the
improved applicator of the present invention has the following major
advantages over the applicator previously disclosed in our aforementioned
earlier application (i)the waveguide is shorter because by forming a hybrid
betwwen a coaxial input 



and a dielectric filled waveguide the distance between the transition and
the rediating tip is    6 N OV 20~~ 3 very much shorter. 'his, in turn,
reduces the amount of dielectric material necessary which improved band
width and applicator efficiency; and (ii) it is possible to make the
applicator flexible. ' Description of  the Drawings The invention will now
be described by way of example with reference to the accompanying drawings,
in which: Fi a is a diagrammatic side elevation of a preferred microwave
applicator in accordance with the invention; and Figure 2 is a
diagrarematic plan view of the waveguide of Figure 1 showing the microwave
fields. In Figure 1, a microwave applicator (1) has a circular section
waveguide (2) filled with a dielectric material (3). 'The waveguide (2)
terminates short of the end of the applicator ( 1 ) and a portion (4) of
the dielectric extends therefrom to form a radiating antenna tip for the
microwave energy. That end of the waveguide remote from the tip (4), is
connected to a coaxial cable (~ that powers the waveguide. The inner
conductor.(6) of the cable (5) extends axially into the dielecaic (3) along
the axis of the waveguide (2) so as to directly excite microwaves in the
waveguide (2). The outer conductor (17) of the cable (S) is connected to
the outer condnctor wall (7) of the waveguide. The conductor (~ terminates
within the waveguide, and a lateral conductor (8) extends radially from the
conductor (6) through the outer wall (7) and serves to cause the microwaves
to launch into the dielectric material (3) with the magnetic fields (I4)
and electric fields (IS) orientated as shown in Figure 2_ The coaxial cable
(S) may be air-filled, but as Illustrated in Figure 1, it is filled with a
dielectric (1.6)) but this terminates short of the dielectric (3) of the
waveguide (2) so as to leave an air gap (18) that accommodates axial
expansion of the dielectric (16) when the applicator is heated in use,
either during treatment or sterilisation. The axial dimension L, of the
air-gap (18), and the aortal dimensions L2 and L3 of the conductor 6 within
the waveguide( 2) either side of the conductor (8), are all selected to
tune out the reactance of the loop formed by the conductor (8), and thereby
puce backward reflections and enhance towards launching of the microwaves
in the waveguide. Tine conductor (8) is insulated by insulation (9) as it
passes through the outer waveguide wall (7). .   - ~ N OV 2002 4 Also shown
in Figure 1 is a thermocouple (14) on the outside of the radiating tip (4)
for sensing the operating temperature. Moreover, in order to avoid
additional wiring, the thermocouple {10) is directly connected by a
connective 19 to the outer conductor (17) of the coaxial cable (5) at (I1)
and by a connection (20) outside the wall (7) to the central conductor (6)
of the cable (5) via the lateral conductor (8) and a connection (12) at its
outer end Accordingly, the thermocouple signal passes out on the same
coaxial cable (5) bringing the microwave power to the radiating tip (4).
Conventional circuitry (not shown) is used to sense and extract the DC
signal from the coaxial cable. Although not shown, the applicator (1) is
provided with a microwave-transparent protective coating of PTFE or other
suitable material The temperature sensing thermocouple ( 1l1) is provided
between the coating and the dielectric material as well as being insulated
from the dielectric material. The preferred use of the applicator of the
present invention as disclosed in our aforementioned published application
number W095/04385 where the applicator is supplied with a microwave
frequency input in the microwave spechram, preferably in the region of
8-12GHz from a microwave frequency generator source and amplifier. 



- 6 N 0 V 2002 5 Claims  1. A microwave applicator for applying
electromagnetic radiation at microwave frequency comprising a waveguide
with an outer waveguide wall enclosing dielectric material which extends
beyond an output end of the waveguide wall to radiate .microwave energy,
and a coaxial input comprising an inner conductor and outer conductive
sleeve surrounding said inner conductor for inputting a microwave signal of
predetermined frequency at an input end of the waveguide, wherein the inner
conductor extends from the outer conductive sleeve longitudinally within
the waveguide wall into the dielectric material anal terminates at a free
end thereof within the dielectric material, arid a lateral conductor is
connected to and extends laterally from, the inner conductor at a point
within the dielectric material spaced a predetermined distance away from
said free end so that the current flow in said inner conductor and lateral
conductor launch microwaves in a fundamental mode within the dielectric
material that travel to the output end of the waveguide. 2. A microwave
applicator as claimed in claim 1, in which the inner conductor extends
axially centrally within the waveguide. 3. A microwave applicator as
claimed in claim 1, in which the lateral conductor extends as far as the
waveguide wall. 4. A microwave applicator as claimed in claim 1, in which
the lateral conductor is located in a central region alaog the length of
the inner conductor within the wayeguide. 5. A microwave applicator claimed
in claim 4 in which the lateral conductor extends through an aperture in
the waveguide wall and is electrically insulated from the waveguide wall.
6. A microwave applicator as claimed. in claim l, is which the coaxial
input is a dielectric filled cable in which the dielectric terminates short
of the waveguide to leave an air-gap. 7. A microwave applicator as c(ainaed
in claim l, u~ which a sensor is mounted on the applicator, and the sensor
signal output is coxuaected tv the coaxial input. 8. A microwave applicator
as claimed in any one of the preceding claims which is adapted for
rzxedical use.   -~ ~ N O li ZO~ 6 9. A, macrawave applicator as clainrxed
in claim 8 whuch is adapted for use as an ablator. 10. A microwave
applicator as claimed in claim 1 in which the waveguide is a circular
section ~uva~reguide_ 11. A microwave applicator as claimed in claim 1 in
which the coaxial input is of substantially the same outer diameter as the
waveguide wall. 12. A microwave applicator as claimed in claim 1 in which
the lateral conductor is connected to the inner conductor at a position so
as to enhance transfer of microwave energy to the waveguide. 13. A medical
microwave applicator for applying electromagnetic radiation to a target
tuass of biological tissue at microwave frequency, the applicator
comprising: a waveguide with an outer waveguide wall enclosing dielectric
material that extends beyond an output end of the waveguide wall and is
configured to radiate microwave energy-, and a coaxial input comprising an
inner conductor and outer conductive sleeve surrounding said inner
conductor configured to input a microwave signal at an input end of the
waveguide that is of a frequency that will cause emitted microwave energy
to be absorbed by the target tissue, wherein the inner conductor extends
from the outer conductive slee~re longitudinally within the waveguide wall
into the dielectric material and terminates at a fee end thereof within the
dielectric material, and a lateral conductor is connected to, and extends
laterally from, the iruaer conductor at a point within the dielectric
material spaced a predetermined distance away from said free end so that
the current flow in said isuaer conductor and lateral conductor launch
microwaves in a fundamental mode within the dielectric material that travel
to the output end of the waveguide. _ 14. A medical microwave applicator as
claimed in claim 13, in which the coaxial input is configured to input a
microwave signal at the input cad of the waveguide that is of a frequency
that will cause emitted microwave energy to ablate the target tissue.  



.- 6 N Uv ~~o~ 15. A method for ablating biological tissue in a body, the
method including tb.e steps o: providing a rt~icrowave applicator
comprising a waveguide with an outer waveguide wall enclosing dielectric
material that extends beyond an output end of the waveguide wall and is
configured to radiate microwave etaexgy, and a coaxial input comprising an
inner conductor and outer conductive sleeve surroundixzg the inner
conductor for inputting a microwave signal of predetermined frequency at an
input end of the waveguide, wherein the inner conductor extends from the
outer conductive sleeve longitudinally within the waveguide wall into the
dielectric material and tecruinates at a &ee end thereof within the
dielectric material, and a lateral conductor is connected to, and extends
laterally Exam, the inner conductor at a point within the dielectric
material spaced a predetermined distance away from the free end so that the
current flow is the inner conductor and lateral conductor launch microwaves
in a fundamental mode within the dielectric material to the output end of
the waveguide; positioning the applicator in sufficiently close proximity
to a target bioiogicol tissue mass to cause the tissue mass to absorb
microwa~re energy etwitted from the applicator; and causing the applicator
to emit electromagnetic radiation at a predetermined microwave frequency
that will cause the target tissue to absorb the microwave energy. lb. The
method of claim 15 in which the step of positioning the applicator includes
inserting the applicator into a body cavity leading to the target tissue
mass. 17. `I~e method of claim 16 in which: the step of inserting the
applicator includes positioning the applicator in sufficiently close
proximity tv an endoxnetrium to cause endometrial tissue of the endometrium
to absorb the tttiGrowave energy-, auad the step of causing the applicator
to emit includes causing the applicator to emit radiatioa at a nucxo~uvave
fiequency that will cause endometriai tissue to ablate, 18. The method of
claim 17 in which the step of causing the applicator to emit includes the
step of causing the applicator to emit microwave radiation at 8-12GI-~z.
.A?.A .AU,.ASFY.Ar!.AAF.Ale.AUl9%5$s5m m vz56>
,Uzupkfa[V]caU]ca]ca]ca]ca]ca]caU]ca]c&a]ca]c&a]ca]c&a]cTa]ca]ca]ca]c^a]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
^a]cTa]c(a!UH2^h4@ADRT~ytoid_ZUkfa[V]ca]ca]c&a]caU]ca]c"a]c"a]ca]c"a]c"a]c"
a]ca]c"a]caU]ca]ca]ca]ca]ca]ca]caU]caU]caU]ca]caU]ca UV]caU]ca]caU]ca]ca]ca
7uC!!<"j""a######'a(()9***+,,zupkfa\W]]c(a]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]c
a]ca]c(a]ca]ca]ca]ca]ca]ca]ca]ca]ca]c&a]ca]ca]ca]ca]c^a]ca]ca]ca]c^a!,,,,q,
,,/-l-..23333339995:;
y<**+,,zupkfa\W]]c(a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c*aU]c
*a]c*aU]c*a]c*a]ca]ca]ca]ca]ca]ca]ca]ca]ca]c(aU]c(a%5$fH*S10% h&'()- `!10%
h&'()-10% h&'()- 10% h&'()-y10% h&'()-  Ly10%hh&'()-`% 10%
&'()-@$s5miJ+*10% h&'()- `!10% h&'()- 10% h&'()-10% h&'()-10% h&'()-yM!10%
h&'()- 10% h&'()- m vwxydE:/ 10 h 10 h%`<10% h&'()-&S`6`!10% h&'()- S4Y"10%
&'()- 310% h&'()- 



@,9!10% &'()-@,9!10% h&'()-yz6> xY:/ 10 h33"10%(&'()-33310%(&'()- 3
10%(&'()-  F"10%(&'()- &10%(&'()-`&10%(&'()-, 10 h>   ,UHdB:/ 10
h!pl!10%((&'()-FY10%(&'()-3Y@10%(&'()- F 10%(&'()- Y10%(&'()- YL "10%(&'()-
H2dE:/ 10 h!Y.10%(&'()-, 10%(&'()-%!10%(&'()-&9$!10%(&'()- Yl"
10%(&'()-4l!10%T&'()-F^hdE:/ 10(
10(0!10%(&'()-0!10%(&'()-0!10%(&'()-0!10%(&'()-0!10%(&'()-0!10%(&'()-4xY7/
10!  @ 10% U U&'()- 10% U&'()- 10% U&'()- 10% U&'()-10% U&'()-3%10% 



U&'()-3 10(ABCDRT7uV4 10!SF`!10%&'()-SF`!10%&'()-s10%&'()-%F10%&'()-Z 10 U
U 10 U U 10 U U! @ 10% U U&'()-7u_^<uV4
10!!f3"10%&'()-*!`f3"10%&'()-*f3"10%&'()-*`f3"10%&'()-*f3"10%U&'()-*!`SF`!1
0%}}&'()-|}~rS4 10, 10%b&'()- f10%b&'()-`$10%b&'()-@ 10 10
10!&f3"10%&'()-*!f3"10%&'()-*C!!<"j""a#aBrS4 10, 39!10%b&'()-y10%b&'()-
10%b&'()-L!10%b&'()-!#10%bb&'()- t!10%b&'()- a########'bC 10,
,y"10%/&'()-&S10%/&'()-mYF`10%/&'()-F%F10%/&'()-Z 10b 10b 



10bY-10%b&'()-'a(()9***dEbC 10,
310%/&'()-,0"10%/&'()-z,Y+"10%/&'()-,&'"10%/&'()-z,#"10%/&'()-S,"10%/&'()-f
*+,,,,,,q,bC 10, "10%B&'()-F`10%B&'()-&l10%&'()- 10/ 10/
10/:"10%/&'()-@6"10%/&'()-fq,,,/-l-..2dEbC 10, &"10%B&'()-
"10%B&'()-10%B&'()-,s"10%B&'()-3G10%B&'()-,"10%B&'()-233333999bC 10,
,s!"10% U&'()-F310% U&'()-"10% U&'()- %l10% U&'()-G 10B 10B
10B/"10%B&'()-95:;y<bC 10, ,s!"10% U&'()-F310% U&'()-"10% U&'()--"10%
U&'()-y %"10% U&'()-" 10% U&'()- Normal" "Heading 13]c" "Heading 23]c"
"Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c"
"Heading 83]c" "Heading 93]c"A "Default Paragraph FontyC~
)0y9>@BDFHJLU,y<'()*$y> H7a#'*q,29y<+,-./0123456789:;<6Times New
RomanArialCourier New"h Root EntryWordDocument2}
!"#$%&'()*+,-./0123456789:;<=> 


