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CLAIMS 

1, 	El.eetr_osurgical apparatus 	(100) for resection of• 

biological tissue, 	the apparatus comprising: 

5 a radiOfreinancy (RP) signal generator (102) 	for 

generating RF electromagnetic (EM) radiation having 

frequency; 
a microwave signal generator (104) for genera ing  

EM radiation having a second frequency 	hat is microwave 

10 higher than the first frequency; 
(11/3) arranged to deliver the RF EM radiation and a probe 

the microwave EM radiation separately or sir ltaneously from a 

distal end thereof; 
a feed structure for conveying, the 	radiation and. 

15 the microwave EM 	, 	n to the probe, the 	eed structure 

comprising an RF channel for connect 	g the probe 	(lIs) to the 

RF signal generator (102), and a 	 annel for 

connecting the probe (118) to the 	icrowave signal generator 

(104); 

20 an RF signal detector 	) for sampling Current and  

voltage on the RF4::hannel an- generating therefrom a RF 

detection signal 	(Rh.) 	indicative of. the current and voltage; 

a microwave 	sl d=tector (1012, 	1014) 	for sampling 

forward and reflected 	on the microwave. channel and 

25 generating therefrom a 	icrowave detection.  signal 	(Sal, Sa2) 

indicative of the m 	ave power delivered by the probe 

(118); 	and 
a controller 	( 	) in communication with the RF signal 

detector 	(1006)microwave signal detector 	(1012, 	1014) 	to 

30 receive the RF d 	action signal and microwave detection 

signal, 
where'.- 	the controller (106) 	is operable to select an 

energy de 	y profile for the RF EM radiation and the 

microwav 	:ation, the energy delivery profile for the RE 

35 EM r 	tio 	De'inY,for tissue cutting and the energy delivery 

pro - 	the m;.cn-c>wave EM radiation being for haemostasia 

or 	ealing or cones. 	Lion or ablation 	ue, 

characteriwi„ i.n thatl  
the controllux (106) comprises a digital microprocessor 

40 (110) programmed rc output an RF control signal. (CRF) 	for the 

RF signal generator (102) and a microwave control signal.  (CO 
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for the microwave sign..al generator (104), 	the RF control 

signal and the microwave control signal being for setting the 

energy delivery profile for, the RF EM radiation and the 

microwave EM radiation respectively, and 

	

5 	 the controller is arranged to determine a state for the 
RF control signal and the microwave control signal based on 

the received RF detection signal and microwave detection 

Signal respectively. 

	

10 	 2. 	Electrre,nurgieal apparatus according to 	a 	1, 

wherein the feed. structure includes a measurementch-.ne1 for  

delivering energy-  at a power level of 10 mW or les 

3. Flee 	ursine' apparatus according 	• claim 2, 

	

15 	wherein 	e 	lent channel is connected td.  receive a 

measurement signal 	the microwave signal 	e erator, and 

wherein the apparatus is switchable so the 	microwave EM 

radiation is delivered to the probe eith 	through the 

measurement channel or the microwave ch 	el. 

20 
4. Electrosu.rgicalapparatus recording to claim 3., 

wherein the microwave signal detector includes a heterodyne or 

double heterodyne detector. 

25 	 5; 	Electrosurgical apparatus according to claim 2, 

wherein, if the energy deliver' 	profile for the RE EM 

radiation and/or tide n. 	 radiation comprises a pulsed 

waveform, - the.apparatus is arranged to deliver energy to the 

probe along the measure 	channel during the OFF time of the 

30 	pulsed waveform: 

6. Electx:rs.giaal.apparatus according to any preceding 

claim, wherein th.econtroller is arranged to set the energy 

delivery profilesy adjusting the waveform and/or power of the 

35 	RF EM radiatio 	d the microwave EM radiation. 

7. e t o urgical apparatus according to any preceding 

claim, whereindistal end of the probe comprises a bipolar 

emitting structure comprising a first conductor (358) 

40 	spati 	y separated from a second conductor (160), the first 

and 	c nd conductors being arranged to act: 
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as active and return eleCtrodes respectively to convey 

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

B. 	Electrosurgical apparatus according to claim 7 
including a gas feed 1124) 	connected to supply a flow of ..( 
to the distal end of the probe, wherein, 	if the flow o 
present, the RF EM radiation is controllable to stri  

conducting gas plasma between the first and second 'onductors 

at the distal end of the probe and the microwaves 	radiatiOn 

is arranged to sustain the gas plasma. 

9. Electrosurgical apparatus accord 	to any preceding 

Claim, wherein the RP channel and microwa 	channel comprise 

physically separate signal pathways fro 	the RF signal 

generator (102) and microwave signal 	ne 	(104). 

respectively, the separate signal pa 	ay on the RF channel 

'being isolated tree, the microwave 	radiation and the • 

separate signal pathway on the 	owave channel being 

isolated from the RF FM radiat 0) . 

10. Electrasuzgical >pparatus according to claim 9, 

wherein the feed structu.e 	udes a combining circuit (114) 

having a first input c. 	tacted to the separate signal pathway 

on the RE channel, a second input connected to the separate 

signal pathway on, 	microwave channel, and an output 

connected to a 	n't 	signal pathway for conveying the REP FM 

radiation and 	crowavaFM radiation separately or 

simUltaneous 	a single channel to the probe. 

t 	 apparatus according to claim 10, 
wherein circuit includes a switching device for 

conn 	g either the RF channel or the microwave channel to 

the 	signal pathway. 

12. 	Electrose(rgical apparatus according to claim 10, 
wherein the switching device comprise() a relay or coaxial 
switch. 

-__________j 
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13. Electrosurgical apparatus according to claim 10, 
wherein the combining circuit comprises a bi-directional 
diplexer arranged to permit: 

forward RIP WM radiation to be conveyed from the first 

	

5 	input to the output, 

	

reflected RF WM radiation to be conveyed from the outpu 	. 

to the first input, 
forward microwave EM radiation to be conveyed from phe 

/1  second input to the output, and 

	

10 	 reflected microwave EM radiation to be conveyed from the 

output to the second input. 
// 

14. Electrosurgical apparatus according Yo claim 13, 
wherein the bi-direction diplexer comprising 	T-shaped open 

	

15 	microstrip circuit (546) having a low pass 	lter integrally 

formed therewith to.prevant microwave EM 	diation from 

leaking out of the first input. 

15. Electrosurgical apparatus according to any preceding 

	

20 	claim, wherein the RF detection si, al from the RF signal 
detector is indicative of the vo 	age and current of the RP EM 

radiation. 

16. Electroeurgical ,.paratus according to claim 15 

	

25 	comprising an RP tuner (1 	) connected on the RP channel for 
controlling the energy d livered into tissue by the RP EM 

radiation, wherein the 	tuner has an adjustable reactance 
that is controllable •y the controller based on the RP 

detection signal. 

30 
17. 81st 	°surgical apparatus according to claim 16, 

wherein the :. listable reactance of the RF tuner comprises a 

plurality o 	reactive elements, each reactive element having a 
fixed rea• ante and being independently switchable into or out 

	

35 	of coon 	tion with the RP channel according to a respective 

contra 	signal from the controller. 

is. 	Electrosurgical apparatus according to claim 16, 

•erein the adjustable reactance of the RP tuner comprises a 

	

40 	plurality Of reactive elements, each reactive element having a 
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variable reactance that is independently controllable 
according to a respective control signal from the controller. 

19. Hlectrosurgical apparatus according to claim 16, 	. 	. 
5 	wherein the adjustable reactance of the RP tuner is provided 

by a variable capacitor and/or variable inductor, and the 
controller comprises a self-adjusting feedback loop arra 	d 

to generate a signnl for setting the reactance of the v 	table 
capacitor and/or variable inductor. 

10 
20. Rlectr.-)surgical apparatus according to 	y preceding 

claim, wherein ths. microwave detection signal is indicative of 

the magnitude of reflected power on the microw- e channel. 

15 	 21. 	Illectrosurgicel apparatus accord 	g to claim 20 

including an impedance adjuster (158) co 	= cted on the 
microwave channel between the microwave 	ignal generator (104) 

and the probe (118), the impedance adj =ter having an 
adjustable complex impedance that is 	ontrollable by the 

20 	controller based on the microwave 	tection signal. 

.22. 	glectrosurgicat appa - tus according to any preceding 
claim, wherein the RF signal •-nerator comprises; 

an oscillator (454) co •led to a switching unit (458) for 

25 	generating a stable RF out 	t; 
an amplifier (456) 	or amplifying the stable RF output; 

and 
an output trans "miler (462), 
wherein the a 'lifter (456) is arranged to amplify a 

30 	voltage across a 	imary coil of the transformer, and the 
switching unit 	59) is arranged to switch ON/OFF a voltage 
across the pr 	coil of the output transformer. 

23. lectrosurgical apparatus according to any preceding 
35 	claim, w--rein the first frequency is a stable fixed frequency 

in the 	ange 10 kHz to 300 MHz and the second frequency is a 
stab 	fixed frequency in the range 300 MHz to 100 0Hz. 

24. Electrosurgical apparatus according to claim 7, 
40 	wherein the bipolar emitting structure comprises a planar 

of dielectric material, the first and second conductors 
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being conductive layers provided on oppositesurfaces 

planar block.  

-25. 	Electrosurgical apparatus according to 

wherein the bipolar emitting structure comprises 

clamping surfaces for clamping biological tissue 

the first conductor being provided on one of the 

Surfaces and the second conductor being provided 
clamping surface,  

of the 

claim 7, 

two oppos 

therebet,.een, 

clamps.. 
on 	other 

any preceding 

any one of 

(NOTES). 

port 

-I 

5 

10 

15 

26. 	rilectro..eurgical apparatus according 
claim for use in a.clinical procedure relating to 

Natural Orifice Transluminal Nndoscopic Su 	e y 

Transanal Endoscopic Microsurgery (TPMS), and single 

laparoscopic surgery. 
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CLAIMS 

1. 	Electrosurgical apparatus for resection of 

biological tissue, the apparatus comprising: 

a radiofrequency (RF) signal generator for generating RF 

electromagnetic (EM) radiation having a first frequency; 

a microwave signal generator for generating microwave EM 

radiation having a second frequency that is higher than the 

first frequency; 

a probe arranged to deliver the RF EM radiation and the 

microwave EM radiation separately or simultaneously from a 

distal end thereof; 

a feed structure for conveying the RF EM radiation and 

the microwave EM radiation to the probe, the feed structure 

comprising an RF channel for connecting the probe to the RF 

signal generator, and a microwave channel for connecting the 

probe to the microwave signal generator; 

an RF 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 signal detector for sampling forward and 

reflected power on the microwave channel and generating 

therefrom 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 signal 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 EM radiation 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 microwave EM radiation being for haemostasis or sealing or 

coagulation or ablation of tissue, 

characterised in that: 

the controller comprises a digital microprocessor 

programmed to output an RF control signal for the RF signal 
generator and a microwave control signal for the microwave 

signal generator, the RF control signal and the microwave 

control signal being for setting the energy delivery profile 



68 

for the RF EM radiation and the microwave EM radiation 

respectively, and 

the controller is arranged to determine a state for the 

RF control signal and microwave control signal based on the 

received RF detection signal and microwave detection signal 

respectively. 

2. Electrosurgical apparatus. according to claim 1, 

wherein the feed structure includes a measurement channel for 

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

3. Electrosurgical apparatus according to claim 2, 

wherein the measurement channel is connected to receive a 

measurement signal from the microwave signal generator, and 

wherein the apparatus is switchable so that microwave EM 

radiation is delivered to the probe either through the 

measurement channel or the microwave channel. 

4. Electrosurgical apparatus according to claim 3, 

wherei% the microwave signal detector includes a heterodyne or 

double  :-.eterodyne detector.  

5. Electrosurgical apparatus according to claim 2, 

wherein, if the energy delivery profile for the RF EM 

radiation and/or the microwave EM radiation comprises a pulsed 

waveform, the apparatus is arranged to deliver energy to the 

probe along the measurement channel during the OFF time of the 

pulsed waveform. 

6. Electrosurgical apparatus according to any preceding 

claim, wherein the controller is arranged to set the energy 

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

RF EM radiation and the microwave EM radiation. 

7. Electrosurgical apparatus according to any preceding 

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

emitting structure comprising a first conductor spatially 

separated from a second conductor, the first and second 

conductors being arranged to act: 
as active and return electrodes respectively to convey 

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

8. Electrosurgical apparatus according to claim 7 

including a gas feed connected to supply a flow of gas to the 

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

present, the RF EM radiation is controllable to strike a 

conducting gas plasma between the first and second conductors 

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

is arranged to sustain the gas plasma. 

9. Electrosurgical apparatus according to any preceding 

claim, wherein the RF channel and microwave channel comprise 

physically separate signal pathways from the RF signal 

generator and microwave signal generator respectively, the 

separate signal pathway on the RF channel being isolated from 

the microwave EM radiation and the separate signal pathway on 

the microwave channel being isolated from the RF EM radiation. 

10. Electrosurgical apparatus according to claim 9, 

wherein the feed structure includes a combining circuit having 

a first input connected to the separate signal pathway on the 

RF channel, a second input connected to the separate signal 

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

common signal pathway for conveying the RF EM radiation and 

the microwave EM radiation separately or simultaneously along 

a single channel to the probe. 

11. Electrosurgical apparatus according to claim 10, 

wherein the comb_nniq cIrcuit includes a switching device for 

connecting either the RF channel or the microwave channel to 

the common signal pathway. 

12. Electrosurgical apparatus according to claim 10, 

wherein the switching device comprises a relay or coaxial 

switch. 

13. Electrosurgical apparatus according to claim 0, 

wherein the combining circuit comprises a bi-directional 

diplexer arranged to permit: 

forward RF EM radiation to be conveyed from the first 

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

to the first input, 

forward microwave EM radiation to be conveyed from the 

second input to the output, and 
reflected microwave EM radiation to be conveyed from the 

output to the second input. 

14. Electrosurgical apparatus according to claim 11, 

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

microstrip circuit having a low pass filter integrally formed 

therewith to prevent microwave EM radiation from leaking out 

of the first input. 

15. Electrosurgical apparatus according to any preceding 

claim, wherein the RF detection signal from the RF signal 

detector is indicative of the voltage and current of the RF EM 

radiation. 

16. Electrosurgical apparatus according to claim 15 

comprising an RF tuner connected on the RF channel for 

controlling the energy delivered into tissue by the RF EM 

radiation, wherein the RF tuner has an adjustable reactance 

that is controllable by the controller based on the RF 

detection signal. 

17. Electrosurgical apparatus according to claim 16, 

wherein the adjustable reactance of the RF tuner comprises a 

plurality of reactive elements, each 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. Electrosurgical apparatus according to claim 16, 

wherein the adjustable reactance of the RF tuner comprises a 

plurality of reactive elements, each reactive element having a 

variable reactance that is independently controllable 

according to a respective control signal from the controller. 

19. Electrosurgical apparatus according to claim 16, 

wherein the adjustable reactance of the RF tuner is provided 

by a variable capacitor and/or variable inductor, and the 
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controller comprises a self-adjusting feedback loop arranged 

to generate a signal for setting the reactance of the variable 

capacitor and/or variable inductor. 

20. Electrosurgical apparatus according to any preceding 

claim, wherein the microwave detection signal is indicative of 

the magnitude of reflected power on the microwave channel. 

21. Electrosurgical apparatus according to claim 20 

including an impedance adjuster 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 controller based on the microwave 

detection signal. 

22. Electrosurgical apparatus according to any preceding 

claim, wherein the RF signal generator comprises: 
an oscillator coupled to a switching unit for generating 

a stable RF output; 
an amplifier for amplifying the stable RF output; and 

an output transformer, 
wherein the amplifier is arranged to amplify a voltage 

across a primary coil of the transformer, and the switching 

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

coil of the output transformer. 

23. Electrosurgical apparatus according to any preceding 

claim, wherein the first frequency is a stable fixed frequency 

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

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

24. Electrosurgical apparatus according to claim 7, 

wherein the bipolar emitting structure comprises a planar 

block of dielectric material, the first and second conductors 

being conductive layers provided on opposite surfaces of the 

planar block. 

25. Electrosurgical apparatus according to claim 7, 

wherein the bipolar emitting structure comprises two opposing 

clamping surfaces for clamping biological tissue therebetween, 

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

clamping surface. 

26. 	Electrosurgical apparatus according to any preceding 

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

Natural Orifice Transluminal Endoscopic Surgery (NOTES), 

Transanal Endoscopic Microsurgery (TEMS), and single port 

laoaroscopic surgery. 


