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L. Electrosurgical apparatus (100) for ragection of

biclogical tigsye, the apparatus comprising:

a radiofrequency (RF} signal generator {102) fox
generating RF electromagnetic (BM) radiation having a
freguenay; _

a miorowave signal generator {(104) for generafing
microwave EM radistion having a second frequency Ahat is
higher than the f£irst Efrequeney; '

a probe {118} arrvanged to deliver the REP/EM radiation and
the microwave EM radiation separately or simhltaneously from a
distal end thereo?; ,

a feged strucoure for uunveyiﬁg.the_FF EM radiation ang
the microwave EM radiation te the probg; the feed structure
somprising an RF channel for connectifg the probe (118) to Lhe
RF‘signal geparaboy (102}, and a migrowave channel for
connecting the prebe (118) to the Microwave sighal generator

C(104); '
an RFP signal detector (1906} for sampling eurrent and

voltage on the RF chamnel and generating therelyom a RF

detection gignal () inflcdrive of the current and voltage;

a microwsve signal dgtector (1032, 1034) for sampling
forward and reflecied poder on the microwave channel apd
generating therefyrom a/icrowave detection signal (8m, By}
indicative of the wigfowave power deliverad by Lhe probe
{118} aud '

rat,

Avery profile for the RF EM radiation and the

g &M radiavion, the enexgy delivery profile for the RF
M raddficion being for tisgsue cutbting end the energy delivexy
profife for the microwave EM radiation heing for haemostasis
or fealing or oo intlen or ablation of tiggue,
characteriss? in that:

the aontroiigr {106} comprises a digitdl microprocessor
(110) programmed o oubpuyt an RF contrel signal. {Ce) for the '
RF zignal generztor {102) and a microwave control éignal‘(cy
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for the microwave signal generactor (104}, the RF control
slgnal and the micyowsve nontrol mignal being for setting the
enerygy delivery profile for the RF EM $adiaticﬁ and the
microwave BM radiation respsctively, and

5 the controller iz arranged to detérmine a stmte for the
®F control signal and the microwave contrel signal based on
tha recsived RF detsction signal and microwave detection
gignal respectively. '

c 1,

el for

10 S 2. Eleotrosurgical apparatus according te ola
wherein the feed structure includes a measurement chg
delivering ensyiy ar a power level of 10 mW or lesg!

3. Electyosurgical apparatus according &é claim 2,
15 . wherein ths measurement channel ie comnected L receive a
mengurement signal from the microwave signadl generator, and
wherein the appsratus is switchable so that/wmicrowave EM
radisbion is deliverved Lo the probe eithef through the
measurement channel or the microwave chanr
20 | '
4. Blectvosuraleal apparatus According to olaim 3,
wherein the miecrowave signal detectgr includes a hetercdyne o
doubhle heterpdyne detector.

25 5, Electrosurgical apparatus according to claiﬁ 2,
wherein, 1¥ the snergy deliveyy profils for the RF M
radiation and/oy the microwsie EM radiavion comprises a pulsad
waveform, the spparatus iglarranged to deliver energy Lo the
probe aleng the measuremgat channel during the OFF time of the

30 pulsed wavefoxm. '

€. mlectxﬁs‘-gimal,apparatua according te any preceding
claim, wherein the/controller is arranged to set the energy
. delivery profile Dy adjusting the waveform and/or power of the
25 RE BM radistion/and the microwave EM radiaticn.

elaim, whefein the distsl end of the probe comprises a bipolar
emitting /Etructure comprising a first cenducter (356)

A0 spatially separated from a second conductor {360), the first
and gécond conductors belng arrangad to ach:
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‘being isolated fyowm the miocrowave EM

52

as acrive and return electrodes respectively to convey
the RF BM radistion by conduction, and
ag an antenna to radiate the wicrowave EM radiation.

B. Electrosurgical apparatus acoording to claim 7
ingluding » gas feed (124) connected to supply a flow of gds
to the distal end of the prcbe, wherein, if the £low oﬁ.
pr@s@nt the RF EM radiation is controllahle to scrike

is arranged to sustain the gag plaswa,

9. Electrosurgical apparabtus socordifng to any preceding
wiaim, wherein the RF chamnel and microwayé chaunel comprise
physically separate gignal pathways from/the RF signal
generator (102) apd microwave signal generater (104)
ragpectively, the separate signal parhway on the RF channel
radiation and the
separate signal pathway on the mitrowave channel being
isclated from the BF EM radiationm,

10. Blectrosurgical Apparatus according ta claim 9,
wherein the feed zhructurk includes a combining circuit (114)
having & first inpuih cphnected to the sepavrate signal pathway
on the RF channel, a/Second input connected to the gepavate
signal psthway on phe microwave channel, and ap output
connected to a npfmon signal pathway for comvéying the RF EM
radiation amd bl miarowave, EM radiztion gsparately or
gimultansousld slong a aimgia channel Lo the probe.

Elegtropurgicsl apparatus accoerding to olaim 10,
wheresin /Ahe combining clrguit includes a awitching device for

the Zommon eignal @athway.

12, Eleatxn?urgical appargatys according te alaim 16,
whexein the switchwnq device comprises z relay or ceaxial

- switch.
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13. Electrosargical apparatug according to slaim 10,
wherein the combining wircuit comprises a bi-dirsctionsal
diplexer arranged Lo permnit:

forward RF EM radiation to be conveved from the first

5 igput -te the oubpat, :

reflectad RF EM radiation ko be conveyed from the ouktpu
to the £irst inpub,

forward microwave BM radiation to bs conveyed from
second imput te ths pubput, and

ig reflected microwave M radiation to be conveyed Lrom tha
putput to the secomd input.

14. Electrosurglesal appsrabus acuorﬁimg_ﬁé/;laim.13,
wherein the bi-direction diplexer comprising a’ T-shapad open
18 microstrip circuit (546) having s lov pass Lter integrally
formed therewith Lo prevent microwave ¥M pddiation fxom
leaking out of the first input.

18. Blectrosurgical apparatus/acceording to any preceding

20 elaim, wherein the RF detsction signal from the RF signal
detector is indicative of the voitage anid current of vhe RY EM
radiation. :

16, . HElectrosurgleoal paratus aopording te claim 15
25 comprising an RF tuner (134) connected on the RF channel Lor
comtrolling the energy 4 liverad inteo tizsue by the RY BM
radiation, whersin the AF tuner has an adjustable reactance
that ig controellable By tha conbroller based on the RF
detection signal.
30 ‘ .

37. Rlectrosurgicsal epparabus according te olalm 16,
wherein the adjustable reactande of the RP tuner comprigses &
pluxality-g§/21amﬂive glemants, each reactive element haviog a
fixed reagfance and being independently switchable inte or out

35 of connedtion with the RF chamnel according to a respedtive
' slgnal from the controllar.

Electrosurgical apparatus aceording to olaim 18,
sreiin the adjusiable reactanse of the RF tuner compriges a
plurality of reantive elements, each reactive element having a

—

41
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variable reactance that ig independently controllable
azcording Lo a respective contvol sigrel from the coptroller,

19, Flectrosurgical apparstus scoording vo claim 16,
wherein the adjuetable reagrtance of the RF buner is provided
by & variable capacitor and/ox variable indueter, amd the
comtreller comprizes a salf-adiueting feedback loop arrangad

claim, wherein the microwave detection signal is/dndicative of
the magnituwde of vaflected power on the microwsbe channel.

21. Elsurrosurgical apparatui agcordinhg to olaim 29
including an impedsnce adjuster (158) conptoted on the
microwave channel hatween the miorvowave Fignal generabtor (5.04)
anti ke probe (118}, Lhe impedance adipbter having an
adijustable compléx impedanse that is fontrollabkie by the
controllsr based on the microwsve detection slgmal.

22, EBleckyosurglesl appa itug aocording to any precsding
elaim, wherein the Ry olgnal génerator comprises:

an ogoiliztor {454) cougled to a switching unit {458} for
generating a stakis RF outpht;

3] amplifimt (458} for smplifying the stable RF output,
and

an oubput transférmer (462),

whersin the apgilifier (456) i3 arranged to amplify a
voltage asress a primsry coil of the transformar, and the
switohing unit (KEa) s zrranged to awitoh ON/OFF a voltage
agress the primary coell of the oubpur transformer.

in the ;ange 10 k#z to 200 MHz and the gezound freguency is a
fixed frequency in the range 300 MHE to 100 GHz.

_ 24. EBlegcrosurgical apparatus acocording to olaim 7,
S wherein the kipolar emitting structure comprises a planar
f-block of dielectric material, the first and second gonductors
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being copdustive layers provided on oppesite surfaces of the
planar bBlozk.

-5, Electrosurgical apparatus according to claim 7,

5 wherein the bipolar emitting structure comprises two opposi
' clamping surfaces for clamping biolegicoal tissue therebetween,
che £irst conductor baing provided on one of the clampi
purfacas and the =zecond conductor belng provided on b othey
clamping surface.

ie
26. EBlectrosurgical apparatus according any preceding

ciaim for uze in a clinical procedure relating to any one of
Natural Orifice Transiuminal Endoscopic Surgbry (NOTE®),
rransanal Endoscopic Microsurgery (TEMS),/Bnd gingle port

is laparcecopic surgery,
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1. Blectrosurgical apparatus for resection of

‘biologlcal tissue, the gpparatus comprising:

a radiofreguency (RF) signal cenerator for generating RF

electromagnetic {EM) radiation having a first frequencyv;

a microwave signal genevator for generating microwave LM

radiation having a second frecuency that ig higher than the

first freguency;

g probe arranged to deliver the RF EM radiation and the

‘microwave EM vadiation geparately or gimultaneously from a

digtal end theresol;

a feed structure for conveying the RF IM radiation and

the microwave EM radiation to the probe, the feed stricture

comprising an RF channel for connecting the probs te the RE

gignal generator, and a microwave channel for connecting the

robe to the microwave signal generator:
E g g i

an BF signal detector for sampling current and voltage on

the RE channel and generating therefrom a RF detection signal

indicative of the current and voltage;

a microwave gignal detector for gempling forward and

reflected power on the microwave channel and generating

ctherefrom a microwave detection signal indicative of the

microwave power delivered by the probe; and

a controller in communication with the RF signal detector

and microwave gsignal detector to receive the RF detection

signal and microwave detection signal,

wherein the controller is operable to select an energy

~delivery profile for the RF IEM radiastion and the microwave EM

radiation, the energy delivery profile for the RF EM radiation

being for tissue cutting and the energy delivery profile for

the migrowave EM radiation being for haemostasls or sealing or

coagulation or ablation of tlssus,

characteriged in that:

the controller compriszes a digital microproCessor

i
-

programmed to outpub an RF control sign for the RF sicgnal

generator and a microwave control sicnal for the microwave

signal generator, the RF contrel gignal and the micyrowave

control signal being for getting the snergy deliverv profile
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for the REF EM radiation and the microwave EM radilation

“regpectively, and

the controller 1s arranged to determine a state for the

RF control signal and microwave control signal based on the

recaeived RF detectieon gignal and microwave detection signal

respactively.

2. Electrosurgical appavatus. according to claim 2,

wherein the feed structure includes a measurement channel for

delivering energy at a power level of 10 mW or lass.

3. Electrogurgical apparatus accorvding to colalw 2,

wherein the meagurement channel is connected to recelve a

mazgurement gignal from the microwave slgnal generator, and

wherein the apparatus isg switchable so that wmicrowave EM

radiation is delivered to the probe either through the

measurement channel or the microwave channel.

4. Flectrosurgical apparatus according to claim 3,

wherein the microwave signal detecrtor includeg a heterodyne or

double heterodyns detector.

5. Electrogurgical apparatus according to claim 2,

sherain, 1f the energy delivery profile for the RIF &M

radiation and/or the microwave EM radiation comprises a pulsed

waveiorm, the apparatus ig arranged to deliver energy to the

probe zlong the measurement channel during the OFF time of the

vulged waveform.

6. Electrosurgical apparatus according to any preceding

clalm, wherein the controller is arranged Lo set the ensrgy

delivery profile by adijusting the waveform and/or power of the

RF BM radiation and the microwave EM radiation.

7. Electrosurgical apparatus according to any preceding

claim, wherein the distal end of the probe comprises a bipolar

emltting structure comprising a first conductor spatially

geparated from a gecond conductor, the first and szecond

conductors beling arrvanged to achs

a8 active and return electrodes respectively to gonvey

the RF BM radiation by conduction, and
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as an antenna to radiate the microwave EM radiation.

8 Electrosurgical apparatusg according to claim 7
inciuding a gas feed connected to supply a flow of gag to the

distal end of the probe, wherein, if the Fflow of gas is

pregent, the RF BM radiation is controliable to strike a
ke

conducting gas plasma between the first and second conductcrs

at the distal end of the probe and the wmicrowave EM radiation

ig arvanged to sustain the gas plasma.

9. Electrosurgleal apparatus according Lo any preceding

claim, wherein the RF channel and microwave channel comprisg

physically separate signal pathways from the RF signal

generator and microwave signal generatoy respectively, the

geparate signal pathway on the RF channel being isolated from

the microwave EM radiation and the sepavate gignal pathway on

the microwave chamnel being dlsolated fyrom the RF EM radiation.

10. Electrosurgical apparatus according to claim 9,

wherein the feed structure includes a combining circuit having

a firat - input connected o the geparate gignal pathway on the

RF chnannel, a second input connected to the sepavate gignal

pathway on the microwave channel, and an output connected To a

common 2ignal pathway for conveving the RF EM radiation and

the microwave EM radiaticn separately or simultanecusly along

a single channel to the probe.

L. FElectrosurgical apparatus according to claim 10,

wherein the conbining oilrcuit includes a switching device for

connecting either the RF channel or the microwave channel to

the common gignal pathway.

12. EBlectrosurgical apparatus according to claim 10,

wherein the switching device comprises a relay or cecaxial

switch.

13, Electrosurgical apparatus scoording to claim 0,

wherein the coumbining <irculit comprises a bi-directional

diplexer arranged Lo permit:

forward RF EM radiation to be conveved from the first

input to the output,
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reflected RF EM radiation to be conveved from the output

to the first input,

forward microwave EM radiation to be conveved from the

second input to the ocutput, and

reflected microwave EM radiation to be conveved from the

cutput to the second input.

14.  Flectrosurgical apparatus according te olaim 11,

wherein the bi-divection diplexer comprising a T-shaped open

microgtrip circuit having a low pass filter integrally formed

therewith to prevent microwave EM radiation from lesking out

of the first input.

15, Electrosurgical apparatus according to any preceding

clalm, wherein the RF detection signal from the EF signal

detector ig indicative of the voltage and current of the RP EM

radliation.

16. Electrosurgical apparatus according to colaim 15

comprising an RF tuner connected cn the RF channel foxr

controlling the energy delivered into tissue by the RF EM

radiation, wherein the RF tuner has an adjustable reactance

that is contreollable by the controller bazed con the RF

detection signal.

17, Flectrosurgical apparatus according to claim 16,

wherein the adjustable reactance of the RBF tuner comprises a

pluralicy of reactive elements, esach reactive element having a

fixed reactance and being independently switchable into or out

of connection with the RF channel according to a respective

control signal from the controller.

18. BElectrosurgical apparatus according to clailm 16,

wharein the adjustable reactance of the RF tuner comprises a

plurality of reactive slements, each reazctive element having a

variable reactance that is independently contrellable

according to a resgpective control signal from the controiler.

ig. Zlectrosurgical apparatus accerding to colaim 16,

wherein the adjustalle reactance of the RP tuner is provided
a

by a variable capacitor and/or wvariable inductcr, and the
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controller compriges a self-adjusting feedback lcop arranged

o generate a signal for setting the reactance of the variable

capacitor and/cr variable inductor,

20. Flectrosurgical apparatus acgcording to any precading

claim, wherein the wmicrowave detection signal is indicative of

the magnitude of reflected power on the microwave channel .

21. Electrosurgical apparatus according to claim 20

including an impedance adijuster connected on the microwave

channel between the microwave signal generator and the probe,

the impedance adjuster having an adjustable complex impedance

that is controllable by the contreller based on the microwave

detection sicmal.

22, Electrosurgical apparatus according to any preceding

claim, wherein the RF zignal generator coupriges:

an ogcillator coupled to 2 switching unit for generating

a stable RF output;

an amplifier for amplifving the stable BF output; and

ar output transformer,

wherein the amplifier is arranged to amplifyv a2 voltage

acrosg a primary coll of the transformer, and the switching

unit is arranged to switch ON/OFF a voltage across the primary

coll of the output transfcormelr.

23 . Electrosurgical apparatus according to any preceding

claim, wherein the first freguency isg a stable fixed Ireguenay

in the range 10 kHz to 300 MHz and the second frequency is a

stable fixed freguency in the range 300 MHz to 100 GHz.

24 . Electrogsurgical apparatus according to olaim 7,

wnerein the bipolar emitting structure compriges a planar

block of dielectric material, the first and second conductors

being conductive lavers provided on opposits gurfaces of the

planay block.

25, Blectrogurgical apparatus according to claim 7,

wherein the bipolar emitting structure comprises two opposing

W
clamping surfaces for clamping biclogical rissue therebstween,

i
the first conductor being provided on one of the clamping
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surfaces and the second conductor being provided on thes other

clamping surface.

26 . Electrogurgical apparatus according to any precedin
7] i 3 i pu

claim for use in a clinical procedure relating to any one of

Katural Orifice Transluminal Endoscopic Surgery (IWOTES),

Transansal Endoscopilc Micropurgery (TEMS), and single port

laparcoscoplc surgery.




