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ELECTROSURGICAL DEVICE WITH INTEGRATED MICROWAVE SOURCE

L

FIELD OF THE INVENTION

The i1invention relates to electrosurgical devices for

treating biological tissue with microwave energy. In
particular 1t relates to electrosurgical devices capable of
generating sufficient power to ablate biological tissue. The
invention may find particular use 1n procedures that use a
surgical scoping device, e.g. endoscope, gastroscope,

bronchoscope or the like, but the principle 1s equally

applicable to devices used 1n laparoscopic and open

procedures.

L

BACKGROUND TO THE INVENTION

The use of microwave energy 1n the treatment of
biological tissue 1s well known. However, 1t remains a
challenge to deliver microwave energy 1n a closely controlled
manner, primarily due to the effect of losses between the
microwave source and applicator structure in contact with
tissue. These effects can be particularly problematic 1in
minimally i1nvasive procedures using surgical scoping devices.
In such arrangements, the generator 1s typically located
outside the patient, which means that a high power treatment
signal needs to be carried along the length of the instrument

cord before i1t can be utilised at the treatment region.

Losses 1n the instrument cord can lead to undesirable
endoluminal heating and consequently a limit on the power
available at the treatment region, which in turn leads to
longer treatment times.

Uus 9,023,025 discloses an electrosurgical system 1n which
a microwave amplifier 1s removably mounted in the handle of an

electrosurgical instrument.

SUMMARY OF TH.

L]

INVENTION

At 1ts most general, the present i1nvention contemplates
integrating at least the output stage of a microwave signal

generating line up into a distal portion of an electrosurgical
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instrument. In other words, the 1nvention provides an
electrosurgical instrument i1n which the main amplifier for
getting microwave power 1s located 1n the same region at a
radiating structure for delivering that power.

The 1nvention 1s based fundamentally on the development
of wide band—gap semiconductor materials, such as GaN and GaN-

based alloys, which offer the ability to fabricate devices

that are active at RF and microwave frequencies. 1In

particular, it has be found that AlGaN/GaN power High Electron

Mobility Transistors (HEMTs) have significantly improved

output power performance that can be utilised for

electrosurgery.

GaN HEMTs have a large material band gap — this allows
them to be operated at high drain voltages and high power

density, i.e. 10W/mm’ or more. This enables smaller devices to
be used to achieve a given power density and to be integrated

into a range of radiating structures, including radiating

spatula shaped structures for ESD/EMR procedures or

integration 1into miniature cameras that can be swallowed or
inserted through a natural orifice.

In some embodiments, the entire microwave generating line
up can be incorporating into the i1nstrument, which means that

only DC power needs to be 1ntroduced. The microwave power

losses and associated drawbacks present i1in known devices can
therefore be avoided.

According to the invention, there may be provided an
electrosurgical instrument for ablating biological tissue, the
electrosurgical 1nstrument comprising a tissue treatment
portion for contacting the biological tissue to be treated,

the tissue treatment portion having: an microwave pPOwer source

comprising a power amplifier arranged to generate microwave
energy suiltable for ablating biological tissue; and a
radiating structure connected to the microwave power source
and configured to deliver the microwave energy 1nto the
biological tissue. The device for generating the microwave
power for treatment 1s therefore located with the radiating
structure, which can minimise the distance that the high power
signal needs to be transported before 1t 1s delivered into

biological tissue.

The tissue treatment portion may be one part of a larger

instrument. For example, the instrument may i1nclude a handle
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for holding and/or controlling operation of the instrument.
The handle may be connected to the tissue treatment portion by

one or more cables, e.g. to transfer control signals or to

transmit mechanical forces for steering or tuning the
instrument as discussed below. In some case, these cables may
be long, e.g. when the 1Instrument 1s to be used with a
surgical scoping device. By providing the power amplifier 1in

the tissue treatment portion, the i1nvention ensures that i1t 1is

not necessary to transport a high power microwave signal
between the handle and the radiating structure.
The power amplifier may include a wide band—gap

—

semiconductor transistor, such as a GaN-based HEMT. To ensure

efficient transfer of power between an 1nput signal and the
output microwave enerqgy, the power amplifier may have a class
F' design.

The microwave power source 1n the tissue treatment
portion may comprise generator circultry for driving the power
amplifier. Although 1n principle this circuitry could be
located elsewhere, e.g. 1n the handle, 1t 1s desirable to
provide 1t 1n the tissue treatment portion to maximise power

conversion efficiency.
The generator circuitry may comprise: an oscillator

arranged to receive a DC 1nput signal and generate a microwave

frequency signal; and a driver amplifier arranged to receilve

the microwave frequency signal and generate an 1nput signal

for the power amplifier. The oscillator may be a voltage
controlled oscillator (VCO) or a dielectric resonant

oscillator (DRO). The driver amplifier may be any suilitable

MMIC device. The generator circuitry may 1nclude a signal

modulator, e.g. switch, for pulsing the output for the

oscillator. In some example, 1t may be desirable to drive the

power amplifier with pulses of microwave energy. The
modulator may be provided to control these pulses. The
generator circuitry may include a signal attenuator, e.g.
before the driver amplifier, to enable the magnitude of the
input signal for the power amplifier to be controlled.

The tissue treatment portion may 1nclude a power source,
e.g. for providing the DC input signal. It need not be

essential for the power source to be part of the tissue

treatment portion. It may for example be located 1n the

handle discussed above. However, by 1ncluding the power
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source 1n the tissue treatment portion, the invention may be
embodied as a completely stand alone device that can be fully
inserted or otherwise introduced into a patient’s body, 1.e.
without the need to maintain physical connections to a
external portion. For example, the invention may be embodied
as an endoscopy capsule or the like.

The power source may be a cell for providing DC power.

For example, the power source may comprise a battery (e.g. a

lithium 1on battery), supercapacitor or fuel cell.
Alternatively or additionally, the power source may comprise a
coupling unit for inductively or magnetically coupling power
from an external supply.

In order to further 1mprove the efficiency of energy

delivery into tissue, the power amplifier may be connected to

che radiating structure in the tissue treatment portion by a
tunable transmission line. The transmission line may have any
suitable structure; 1t may be a coaxial line, or a microstrip-

based structure. The tunability of the structure may be

provided by enabling the transmission line to exhibit an
adjustable electrical length.

In one embodiment, the tunable transmission line may
comprise an axially extendable coaxial structure, e.g. having

two separate mating coaxial section that can move axially

relative to each other. The coaxial section may 1include
axlially expandable dielectric material and extendable
conductive portions to maintain the transmission line
functionality has i1ts length 1s adjusted.

In another embodiment, the power amplifier may be movable
relative to the radiating structure along the tunable

transmission line to adjust the electrical length thereof.

The tissue treatment portion may be enclosed by a sleeve,
e.g. to protect the microwave power source components. The
sleeve may be retractable to expose the radiating structure.

The radiating structure may comprise any sultable antenna
for launching microwave power 1nto biological tissue. The
radiating structure may be bipolar, 1.e. comprise a first
conductor and second conductor separated by a dielectric
material 1n a manner that causes them to act as an antenna for

the microwave energy. The radiating structure may be a

coaxial structure or a microstrip based structure. For
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example, the radiating structure may comprise a dipole
antenna, a slotted antenna, or the like.

The 1nstrument of the invention may be specifically
adapted for use with a surgical scoping device. For example,
the 1nstrument may comprise a handle connected to the tissue
treatment portion via a flexible shaft, wherein the tissue
treatment portion forms a distal end assembly suitable for
insertion (e.g. dimensioned to fit) through an instrument
channel of a surgical scoping device.

The instrument of the 1nvention may find application 1n a
wide range of procedures. For example, 1t may be used in a
tissue resection device suitable for using the
gastrointestinal tract. The radiating structure may be an

omni—-directional antenna suitable for tumour ablation. As

discussed above, the 1nstrument may be part of a capsule or
PILL camera for wvision and ablation 1n the GI tract. The
invention may find use 1n a implantable device for insertion
into bone (or elsewhere), especially the embodiments that can
be energized from an external source. These 1mplanted devices
may be used to control the growth of tumours or other
conditions where a mass of tissue grows at a higher rate than
normal. One particular application here 1s to control the

growth of brain tumours.

In this specification “microwave” may be used broadly to
indicate a frequency range of 400 MHz to 100 GHz, but
preferably the range 1 GHz to 60 GHz. ©Specific freqgquencies
that have been considered are: 915 MHz, 2.45 GHz, 3.3 GHz, 5.8
GHz, 10 GHz, 14.5 GHz and 24 GH=z.

Similarly references to a “conductor” or “conductive”

material hereiln are to be interpreted as meaning electrically

conductive unless the context makes clear that another meaning

1s 1ntended.

L

BRI

L]
Fr]
-

ESCRIPTION OF THE DRAWINGS

Embodiments of the 1nvention are discussed below with
reference to the accompanying drawings, 1n which:
Fig. 1 1s a schematic diagram showlng an electrosurgery

system for use with an embodiment of the 1nvention;
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Fig. 2 1s a schematic diagram showing a distal end
assembly having an integrated microwave source that 1s an
embodiment of the invention;

Fig. 3 1s a schematic diagram of components 1n the distal

5 end assembly of Fig. Z;

FFigs. 4A and 4B are schematic side views 1llustrating
operation of a tunable transmission line that can be used in

embodiments of the invention;

FFigs. LA and 5B are schematic cross—sectional views

10 11lustrating operation of a tunable coaxial transmission line
that can be used in embodiments of the i1nvention;
Fig. 6 1s a schematic diagram showing components 1n an
example output stage that can be used i1in embodiments of the

i1nvention; and

15 Fig. 7 1s a schematic cross—sectional view through a
radiating structure that can be used 1n embodiments of the

invention.

L]
)

DETATL!

=]
-
-

ESCRIPTION; FURTHER OPTIONS AND PREFERENC!

20
Fig. 1 1s a schematic diagram of an electrosurgery system
100 1n which the present 1nvention may be used.

The system comprises a surgical scoping device 114, such

as an endoscope, gastroscope, laparoscope or the 1like. The

25 surgical scoping device 114 comprises a body 116 having a
number of 1nput ports and an output port from which an
instrument cord 120 extends. The instrument cord 120
comprises an outer jacket which surrounds a plurality of
lumens. The plurality of lumens convey various things from

30 the body 116 to a distal end of the instrument cord 120. One

of the plurality of lumens 1s an 1instrument (working) channel.
A flexible shaft 112 1s 1nsertable along the entire length of
the instrument (working) channel. Other lumens may 1nclude a

channel for conveying optical radiation, e.g. to provide

35 11llumination at the distal end or to gather i1mages from the

distal end. The body 116 may 1nclude a eye piece 122 for

viewling the distal end. In order to provide 1llumination at

the distal end, a light source 124 (e.g. LED or the like) may

be connected to the body 116 by an i1illumination input port
40 126.
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At a proximal end of the flexible shaft 112 there 1s a
handle 106, which may be connected to receive a fluid supply
107 from a fluid delivery device 108, such as a syringe,
although this need not be essential. If needed, the handle
106 can house an instrument control mechanism that 1s operable
by sliding a trigger 110, e.g. to control longitudinal (back

and forth) movement of one or more control wires or push rods

(not shown). If there 1s a plurality of control wires, there

may be multiple sliding triggers on the handle to provide full
control.

At a distal end of the flexible shaft 112, there 1s a
distal assembly 118 (not drawn to scale 1n Fig. 1) that 1s
shaped to pass through the instrument channel of the surgical

scoping device 114 and protrude (e.g. 1nside the patient) at

~he distal end of the instrument cord 120. The distal end

assembly i1ncludes an active tip for delivering microwave
energy i1nto biological tissue, as discussed 1n more detail
below.

The structure of the distal assembly 118 may be arranged
to have a maximum outer diameter equal to or less than 2.0 mm,
e.g. less than 1.9 mm (and more preferably less than 1.5 mm)
and the length of the flexible shaft can be equal to or

greater than 1.2 m.

The body 116 may 1ncludes a DC power source 128 that 1is

connected to delivery DC energy to the distal end assembly 118
along the flexible shaft, e.g. using suitable leads. The DC
power source may be a battery (e.g. a lithium 1on battervy),
supercapacitor or a fuel cell mounted i1n the body 116. In
another example, the DC power source 128 may be a coupling

unit arranged to inductively or magnetically couple energy

into the device from a remote source (not shown). In this
case, the coupling unit may comprise 1nternal rectification
and filtering to obtain a DC signal from coupled energy.

In yvet further examples, the DC power source may be part
of the distal end assembly, 1n which case leads extending
along the instrument channel are not required.

It may be desirable to control the position of at least
the distal end of the instrument cord 120. The body 116 may

include a control actuator 130 that 1s mechanically coupled to

the distal end of the instrument cord 120 by one or more

control wires (not shown), which extend through the instrument
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8
cord 120. The control wires may travel within the 1nstrument
channel or within their own dedicated channels. The control

actuator 130 may be a lever or rotatable knob, or any other
known catheter manipulation device. The manipulation of the
instrument cord 120 may be software—assisted, e.g. using a
virtual three—-dimensional map assembled from computer

tomography (CT) 1mages.

Fig. 2 shows a distal end assembly 118 that 1ncorporates
an electrosurgical instrument that 1s an embodiment of the
invention. The electrosurgical i1nstrument of the i1nvention 1is
characterised by having components that generate microwave
energy 1n situ, so 1t 1s not necessary to convey a microwave
signal along the flexible shaft. The distal end assembly 113

therefore comprises a microwave generator line up 131 having

generator circuitry 132 and an output stage 134 that comprises

a GaN-based transistor, e.g. a high—-density GaN HEMT device.
The microwave generator line up 131 1s connected to a
radiating structure 138 via a transmission line 136. As
discussed below, the transmission line 136 may be adjustable
to i1improve efficiency of power delivery from the microwave
generator line up to the radiating structure 138.

The distal end assembly 118 may be encased in a jacket or

sleeve 140. This may protect the components of the distal end

assembly as they are 1nserted along the instrument channel.

The sleeve 140 may be an over—-mould of polymer formed directly
onto the device or a deposited 1nsulating coating.

In Fig. 2 the sleeve 140 1s shown as having an open end.
An open—ended sleeve may be used where 1t 1s desirable to have
the radiating structure 138 1n direct contact with the tissue.
On open—ended sleeve may also be useful 1f the distal end
assembly 1s also configured to deliver radiofrequency (RF)
enerqgy, where 1t 1s desirable to have direct tissue contact.

However, having an open sleeve need not be essential.
For example, the jacket may have closed distal end. It may be
completely sealed to form a barrier between the tissue and
internal components. The distal end may be shaped, e.g. to
assist 1n positioning the device or shaping the output field.

At a proximal side of the generator circuitry 132 there
may be other interface circuitry and/or cables, e.g. a cable
142 for conveying DC power to the generator circultry from the

DC power source 128. As discussed above, the DC power source
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128 may be in the body 116 of the scoping device, or 1t may be
prart of the distal end assembly 118.

The whole circuitry for the microwave generator line up
131 may be mounted on a flexible substrate. This may make the
distal end assembly 118 flexible. As a result, i1t could be
bent, flexed or deformed into pre—-defined shapes (1.e. flat,
cylindrical) as desired.

Fig. 3 1s a schematic view showing further components of
the microwave generator line up 131. The generator circuitry

132 comprising an oscillator 144 for outputting a microwave

signal, e.g. having a frequency of 1 GHz or more, preferably

5.8 GHz or more. The oscillator 144 may be a voltage

controlled oscillator (VCO) or a dielectric resonator

oscillator (DRO). The oscillator 144 may receive the DC power

discussed above as an input. The output from the oscillator
144 may be pulsed by a modulator 146. The output from the

oscillator 144 1s provided to a driver amplifier 148, which 1s

arranged to generate an input signal for the output stage 134.
The driver amplifier 148 may be any suitable MMIC device. The
line up may 1include an attenuator (not shown) to provide
control over the amplitude of the signal delivered to the
output stage 134. The output stage 134 1tself may comprises a

biasing circuit 150 and a GaN-based transistor 152 configured

as a power amplifier. The output stage may i1nclude circuitry

(not shown) to protect the output stage components from signal
reflects back from the radiating structure. For example, a
clrculator may be mounted on a forward path from the GaN-based
transistor. The circulator may divert reflected power to a
dump load. However, this protection structure 1s not
essential because GaN-based structure can be robust enough to
cope.

Fig. 3 1llustrates an embodiment 1n which the oscillator

144 and modulation switch 146 are part of the distal end
assembly 118. Thilis need not be necessary (although 1t 1is
desirable). For example, the oscillator 144 and modulation
switch 146 may be located 1n or at the body 116 of the

surgical scoping device. In another example, the whole

generator circuitry 132 (1.e. including the driver amplifier

148) may be located at a proximal distance from the distal end

assembly, e.g. 1in the body 116. Thus, the 1nput signal for
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the output stage 134 may be transmitted along the instrument
channel.

To 1llustrate, one example may comprise a DRO with an
output power of 10dBm (1 mW) and a MMIC with a gain of 20dB

located 1n the body of the scoping device. Even 1f the

i1nsertion loss of the cable 1s 10dBR 1n this scenario, there

would still be 20dBm (100 mW) available at the distal end

assembly. In this example, the output stage may comprise a
second MMIC followed by the GaN-based transistor 152Z2. If the
second MMIC has a gain of 10dB and a high density GaN device a
gain of 10dB, then there will be 40dBm (10 W) available for

delivery.

The transmission line 136 may be any suitable structure

for conveying the microwave power generated by the output

stage 134 to the radiating structure. For example, both
coaxial (including waveguide) structures and microstrip
structures may be used, as explained 1n more detail below.

The transmission line 136 may provide an impedance
matching function to improve the efficiency of energy delivery
to the radiating structure. For example, on board or 1n situ
matching may be achieved by varying the distance (e.g. 1n

fractions or wavelength or phase) between the load (which will

most likely include the radiating structure) and the output
stage, e.g. output junction of the high density GaN device.
In this example, there may also be provided a variable
prarallel connected or shunt stub arranged to null out the
susceptance once the length of line has moved the load onto
the unity conductance circle.

In another example, the transmission line may be an 1n-—

line or series connected quarter wavelength transformer. This

structure matches the real impedance of the load to the real

part of the complex 1mpedance of the output of the GaN

transistor.

Examples of coaxial-based structures (1ncluding non-
coaxial waveguides, such as square waveguides) that can be
used for the transmission line, may be as follows:

(a) a short length structure, e.g. having a length equal
to or less than one tenth of a wavelength. This would result

1in minimal loss and reduced impedance mismatch (1f

transmission line and output stage impedance are non-—

1dentical) compared to a longer arbitrary length of line.
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(b) a quarter wavelength (or odd multiple of a qgquarter
wavelength) transmission line may be used. The geometry of
the transmission line may be selected such that the impedance
of the transmission line acts as an i1mpedance transformer
between the output stage and the radiator. This would result
in 1mproved matching to non—-i1ideal loads.

(c) a half wavelength (or odd multiple of a half

wavelength) transmission line may be used. This results 1n
the 1mpedance observed by the output stage (at the 1interface
between the output stage and transmission line) being
substantially equivalent to the 1nput 1mpedance of the
radiating structure. As a result, the i1mpedance (and the
geometry) of the transmission line 1s less constrained.

The same principles of the above coaxial-based

cransmission lines may also apply to transmission lines based
on microstrip, stripline, or coplanar line structures.

Adapting the transmission line so that 1t can help with
matching can be achieved by enabling relative axial movement
between components at opposite ends of the transmission line,
thereby to alter 1ts effective length.

In one example, this can be done by permitting axial
movement of one or more 1nternal components within the sleeve

140 with respect to the radiating structure 138. Such

movement can be enabled by sliding or flexible joints

(Interference fit or soldered flexible conductors) within the
distal transmission line 136, 1.e. between output stage 134

and radiating structure 133.

F'igs. 4A and 4B show one example of an adjustable
transmission line. In this example, the transmission line 136

1s a microstrip structure having an upper conductor 154 and a

lower conductor 156 formed on a layer of dielectric material
158. The radiating structure 138 1s shown schematically
connected to a distal end 160 of the transmission line 136.
This connection may be fixed.

The output stage 134 1s mounted at a proximal end 16Z of
the transmission line 136. Flexible leads 164, 166 are
provided to connect the relevant parts of the output stage to
the upper conductor 154 and lower conductor 156 respectively.

The output stage 134 1s adapted to slide relative to the

radiating structure 138 along the transmission line 136. An

insulating layer 167 may be provided on output stage 134 to



10

15

20

25

30

35

40

CA 03025428 2018-11-23

WO 2017/215972 PCT/EP2017/063609

12

prevent electrical connection with the transmission line 136

for occurring at unwanted locations. Suitable mechanisms for

controlling movement are discussed below.

As shown 1in Fig. 4B, as the output stage 134 slides along
the transmission line 136, the position at which the lead 164
connects to the first conductor 154 also changes. This

movement allows for changes 1n phase due to effective changes

1n transmission line length to the radiating structure 138.

As a result, the impedance can be shifted to be purely real
1.e. no reactance (capacitive or 1inductive components).
Improved i1mpedance matching allows for more efficient coupling
of energy from the generator circuitry to the radiating
structure, and therefore also more efficient energy delivery

into the tissue surrounding the radiating structure.

Figs. 5A and 5B show cross—sectional views through a
sliding coaxial transformer junction that can be used to alter
the length of a coaxial transmission line. In this example,
the transmission line 136 comprises a coaxial structure having
an i1nner conductor formed from a distal part 168 and a
proximal part 170. These parts have mutual engagement
elements that slide over each other in an axial direction to
enable the length of the 1nner conductor to vary without

breaking the conductive path. In the specific example shown,

the distal part has a male element 172 that mates with a

female element 174 1n the proximal part 170.

An axially expandable dielectric material 176 (e.qg.
formed from a spring, foam or the 1like) separates the 1nner
conductor from a coaxial outer conductor 173. The outer
conductor 178 1s 1in two parts that correspond to and move with

the distal part 168 and proximal part 170 of the 1inner

conductor. A conductive sheath 180 lies over the junction
between the parts of the outer conductor to ensure that the
conductive path 1s maintained. The outer conductor 170 and
sheath 180 of the coaxial transformer may be flexible or
rigid. In an alternative embodiment, the outer conductor 170
may comprise a coiled or braided spring, such that as the gap

182 opens, the spring extends to mailntain the conductive path.

This structure can facilitate 1mpedance matching, e.g. by
allowing greater changes to geometry and spacing between 1inner

and outer conductors.
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As shown 1n Fig. 5B, as the transmission line 1s axially

extended, e.g. by pulling the proximal part 170 1n the
proximal direction, the dielectric material 176 expands 1nto
the gap 132 to maintain the integrity of the transmission line

structure as the distal and proximal parts are drawn apart.

The structure shown in Figs. b5A and 5B thus forms a

collapsible quarter wave transformer.

In other examples. the transmission line may include both
a microstrip structure and a coaxial based structure.

Control of the axial movement may be performed
mechanically, e.g. by the operator sliding an internal or
external push/pull wire or sleeve using a slider 110 on the
handle 106. Alternatively, the axial movement may be actuated

electrically for example with an electromechanical switch.

Precise movement may be achieved through the use of a micro
stepper motor or similar, which can be mounted in the handle
106 1n the body 116 of the scoping device.

Fig. 6 1s a schematic diagram of the components 1n an
output stage 134 that can be used 1n an embodiment of the

invention. As discussed above, the output stage 134 uses an

high density GaN-based HEMT 152 as an amplifier for an 1input
signal receilved from the generator circuitry 13Z2. Whilst any

suitable amplifier configuration may be used, 1t may be

desirable to bias the output transistor 152 using schemes

other than the traditional class A, B, A-B or C 1in order to
optimise the DC to microwave power conversion efficiency.

In particular, 1f the DC power source 1s also located 1n
the distal end assembly, e.g. as a stand alone battery or as a
coupling unit for drawing energy from an external source, 1t

may be desirable to configure the device to take the power

added efficiency (PAE) close to 1ts theoretical limit. Fig. ©

shows an output stage 134 1n which this 1s achieved by setting

up a class F biasing structure. This structure may be able to
achieve up to 90% PAE. In one example, a open stub with a

physical length set to 1/12 of the wavelength of the freqguency
1s mounted at the output of the transistor. This arrangement
may 1ncreases the efficiency of operation by affecting the
drain voltage and drailn current waveforms. In an i1deal

scenarlio, a zero output voltage i1s wanted when the drain

voltage 1s maximum Oor a zero current 1s wanted when the drain

current 1s maximum. Thilis ensure that the power dissipated in
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the GaN device 1s related to the current flowing from the
drain to the source and the voltage across the drain—-source
junction.

The class F structure 1n Fig. 6 provides a first resonant

circuit (e.g. a LC or tank circuit) 184 at an input to the

GaN—-based HEMT 152 and a second resonant circuit 190 at an

output thereof. Each resonant circuit 184, 190 has a
respective matching circuit 186, 188 (e.g. a series LC

circult). The device 1s biases near or at cut-off, 1n a

similar manner to class B operation.

In order to 1ncrease the efficiency in terms of the
amount of microwave power produced at the output to DC and
input microwave signal at the input, 1t 1s desirable to

operate the GaN device using a scheme other than the standard

linear Class A scheme, 1.e. Class B, AB, C, D, E or F.

The efficiency of an amplifier 1s limited by the
characteristics of the transistors used 1n the design. If
class F design 1s used then 1t 1s theoretically possible to
achieve 100% efficiency, but this assumes that the transistor

1s an 1deal current source. In practice, 1t should be possible

to achieve up to 10% power added efficiency (PAE) using a
class F arrangement.

The second resonant circuit 190 1s configured to shape

the output waveform based on the load appearing as a short
circult to even harmonics (1.e. short circuit at 2f,, where f,
1s the resonant frequency of the circuit) and as an open
cilrcult to odd harmonics (1.e. open circuit at 3fo).
Accordingly, the drain voltage waveform 1s shaped towards a
square wave whereas the drain current 1s shaped such that 1t

resembles a half-wave sinusoidal waveform.

The first resonant circuit 184 assists 1n ensuring that
the device 1s driven by square wave pulses.

The radiating element 138 shown schematically in Fig. 2
may take any form suitable for delivering microwave energy.
The radiating element 138 may be bipolar, 1.e. 1nclude a first
conductor and a second conductor arrangement to act as an
antenna for radiating microwave energy 1nto biological tissue.
Structures of this type that are suitable for insertion down

the 1nstrument channel of a surgical scoping device 1nclude

spatula type probes such as those described in WO 2011/010089,
WO 2012/095653 and WO 2014/006369. Alternatively, dipole or
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slotted antennas can be used. Dielectric radiators, e.q.
similar to those disclosed in WO 2008/044013 may also be used.

Fig. 7 1s a cross—sectional view of the distal end of an
radiating structure 200 that can used 1in the distal assembly
118 to deliver microwave energy 1nto biological tissue. The
radiating structure 200 comprises a coaxial cable 202 that 1is
connected at i1ts proximal end to the transmission line
structure discussed above to receive microwave energy from the
output stage. The coaxial cable 202 comprises an 1nner
conductor 206, which 1s separated from an outer conductor 208
by a first dielectric material 210. The coaxial cable 202 1is
preferably low loss for microwave energy. A choke (not shown)
may be provided on the coaxial cable to 1nhibit back

propagation of microwave enerqgy reflected from the distal end

and therefore limit backward heating along the device.

The coaxial cable 202 terminates at 1ts distal end with a
radiating tip section 204. In this embodiment, the radiating
tip section 204 comprises a distal conductive section 212 of
the inner conductor 206 that extends before a distal end 209
of the outer conductor 208. The distal conductive section 217
1s surrounded at 1ts distal end by a dielectric tip 214 formed
from a second dielectric material, which can be the same or
different from the first dielectric material 210. The length
of the dielectric tip 214 1s shorter than the length of the

distal conductive section 212.

The coaxial cable 202 and radiating tip section 204 may
have a biocompatible outer sheath (not shown) formed over
thelr outermost surfaces. The outer sheath 218 may be formed
from a biocompatible material.

The dielectric tip 214 may have any suitable distal

shape, e.g. any of dome shape, cylindrical, conical, etc. A
smooth dome shape may be preferred because 1t 1ncreases the

mobility of the antenna as 1t 1s manoeuvred through small

channels.

Although the radiating structure 200 shown in Fig. 7 1s
based on a coaxial structure, this need not be essential. For
example, the radiating structure may be flat and formed on
microstrip type structure. Alternatively, the radiating

structure may be formed on an expandable substructure, e.g. an

inflatable balloon or forceps—-type hinged structure such as
that disclosed in WO 2015/097472.
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The microwave energy delivered by the radiating structure
may have a power level suiltable for tissue ablation. This may
be the primary use of the electrosurgical i1nvention of the
invention. However, the instrument may also operate at lower
power levels, e.g. to measure properties of the tissue at the

distal end of the device.

In one example, the device may be arranged to operate at

a higher frequency for measurement than for ablation. For

example, ablation may be performed at 5.8 GHz, whilst
measurement may be performed at 60 GHz or 77 GHz. These

higher frequencies can enable sensitive measurements to be

obtained. By integrating the microwave source into the distal
end assembly, measurement uncertainty caused by phase and

magnitude variation due to cable bending and flexure 1s
avolded.

The higher frequency measurement signal may be obtained

by coupling off a low power signal from the oscillator 144 and

provided a separate local oscillator having a frequency

selected to enable the signals to be mixed up to a frequency

for measurement. Thils arrangement may enable ablation and

measurement to take place simultaneously.
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1. An electrosurgical instrument for ablating
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biological tissue, the electrosurgical instrument comprising:

a tissue treatment portion for contacting the biological
tissue to be treated, and

a handle connected to the tissue treatment portion via a
flexible cable, wherein the tissue treatment portion forms a
distal end assembly suitable for insertion through an
instrument channel of a surgical scoping device;

wherein the tissue treatment portion comprises:

a microwave power Ssource comprising a power
amplifier arranged to generate microwave energy sultable for
ablating bioclogical tissue; and

a radiating structure connected to the microwave
power source and configured to deliver the microwave energy
into the biological tissue, wherein

the power amplifier is connected to the radiating
structure by a tunable transmission line,.

2. An electrosurgical instrument according to claim 1,
wherein the power amplifier includes a wide band-—gap
semiconductor transistor.

3. An electrosurgical instrument according to claim 1
or 2, wherein the power amplifier includes a GaN-based HEMT.

4., An electrosurgical instrument according to any

preceding claim, wherein the power amplifier has a class F
design.

5. An electrosurgical instrument according to any
preceding claim, wherein the microwave power source comprises
generator circuitry for driving the power amplifier.

0. An electrosurgical instrument according to claam 5,
wherein the generator circuity comprises:

an oscillator arranged to receive a DC input signal and
generate a microwave frequency signal; and

T AA,'\I\I
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a driver amplifier arranged to receive the microwave
frequency signal and generate an input signal for the power
amplifier.

5 7. An electrosurgical instrument according to any
preceding claim, wherein the tissue treatment portion includes
a power source.

8. An electrosurgical instrument according to claim 7,
10 wherein the power source is a cell for generating DC power.
9. An electrosurgical instrument according to claim 7,

wherein the power source comprises a coupling unit for
inductively or magnetically coupling power from an external
15 supply.

10. An electrosurgical instrument according to claim 1,
wherein the tunable transmission line has an adjustable
electrical length.

20

11, An electrosurgical instrument according to claim 1
or 10, wherein the tunable transmission line comprise an
axially extendable coaxial structure.

25 12. An electrosurgical instrument according to c¢laim 1
or 10, wherein the power amplifier is movable relative to the
radiating structure along the tunable transmission line to
adjust the electrical length thereof.

30 13. An electrosurgical instrument according to any
preceding claim, wherein the tissue treatment portion 1s
enclosed by a sleeve.

——— —— — -

2 AMENDED SHEET 13/04/2018
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