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(57) ABSTRACT 

A method for Skin treatment comprises the Steps of deliv 
ering at least one pulse of radio frequency power to at least 
one electrode in order to create an electric field, passing gas 
through the electric field in order to form plasma from the 
gas, and applying the plasma to the Surface of skin. The 
amount of radio frequency power may be relatively low Such 
that the application of plasma causes denaturation of col 
lagen within the collagen-containing tissue beneath the skin 
Surface, which may promote the generation of new collagen 
within the collagen-containing tissue. 
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TISSUE RESURFACING 

0001. This application is a Divisional Application of U.S. 
patent application Ser. No. 10/792,765, filed Mar. 5, 2004, 
which in turn claims the benefit of priority of U.S. patent 
application No. 09/789,500, filed Feb. 22, 2001, which in 
turn claims the benefit of priority of Provisional Application 
No. 60/183,785, filed Feb. 22, 2000. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of Invention 
0003. This invention relates to tissue resurfacing, for 
example, skin resurfacing, or the resurfacing or removal of 
tissue located within, e.g., the alimentary canal, respiratory 
tracts, blood vessels, uterus or urethra. 
0004 2. Description of Related Art 
0005 Human skin has two principal layers: the epider 
mis, which is the Outer layer and typically has a thickness of 
around 120u in the region of the face, and the dermis which 
is typically 20-30 times thicker than the epidermis, and 
contains hair follicles, Sebaceous glands, nerve endings and 
fine blood capillaries. By Volume the dermis is made up 
predominantly of the protein collagen. 

0006. A common aim of many cosmetic Surgical proce 
dures is to improve the appearance of a patient's skin. For 
example, a desirable clinical effect in the field of cosmetic 
Surgery is to provide an improvement in the texture of 
ageing skin and to give it a more youthful appearance. These 
effects can be achieved by the removal of a part or all of the 
epidermis, and on occasions part of the dermis, causing the 
growth of a new epidermis having the desired properties. 
Additionally skin frequently contains Scar tissue, the appear 
ance of which is considered by Some people to be detrimen 
tal to their attractiveness. The skin Structure which gives rise 
to Scar tissue is typically formed in the dermis. By removing 
the epidermis in a Selected region and resculpting the Scar 
tissue in the dermis it is possible to improve the appearance 
of certain types of Scars, Such as for example Scars left by 
acne. The process of removing epidermal and possibly 
dermal tissue is known as Skin resurfacing or dermabrasion. 
0007 One known technique for achieving skin resurfac 
ing includes the mechanical removal of tissue by means of 
an abrasive wheel, for example. Another technique is known 
as a chemical peel, and involves the application of a corro 
Sive chemical to the Surface of the epidermis, to remove 
epidermal, and possibly dermal skin cells. Yet a further 
technique is laser resurfacing of the skin. Lasers are used to 
deliver a controlled amount of energy to the epidermis. This 
energy is absorbed by the epidermis causing necrosis of 
epidermal cells. Necrosis can occur either as a result of the 
energy absorption causing the temperature of the water in 
the cells to increase to a level at which the cells die, or 
alternatively, depending upon the frequency of the laser light 
employed, the energy may be absorbed by molecules within 
the cells of the epidermis in a manner which results in their 
dissociation. This molecular dissociation kills the cells, and 
as a Side effect also gives rise to an increase in temperature 
of the skin. 

0008 Typically during laser resurfacing a laser beam is 
directed at a given treatment area of Skin for a short period 
of time (typically less than one millisecond). This can be 

Nov. 17, 2005 

achieved either by pulsing the laser or by moving the laser 
continuously and Sufficiently quickly that the beam is only 
incident upon a given area of skin for a predetermined period 
of time. A number of passes be may made over the skin 
Surface, and dead skin debris is usually wiped from the skin 
between passes. Lasers currently employed for dermabra 
sion include a CO laser, and an Erbium-YAG laser. The 
mechanisms by which energy is absorbed by the tissue 
causing it to die, and the resultant clinical effects obtained, 
Such as the depth of tissue necrosis and the magnitude of the 
thermal margin (i.e. the region Surrounding the treated area 
that undergoes tissue modification as a result of absorbing 
heat) vary from one laser type to another. Essentially, 
however, the varying treatments provided by these lasers 
may be considered as a Single type of treatment method in 
which a laser is used to impart energy to kill Some or part of 
the epidermis (and depending upon the objective of the 
treatment, possibly part of the dermis), with the objective of 
creating growth of a new epidermis having an improved 
appearance, and also possibly the Stimulation of new col 
lagen growth in the dermis. 
0009. Other prior art references of background interest to 
the present invention include U.S. Pat. No. 3,699,967 
(Anderson), U.S. Pat. No. 3,903,891 (Brayshaw), U.S. Pat. 
No. 4,040,426 (Morrison), U.S. Pat. No. 5,669,904, WO95/ 
0759, WO95/26686 and WO98/35618. 

SUMMARY OF THE INVENTION 

0010. The present invention provides an alternative to 
known skin resurfacing techniques, apparatus and methods 
of operating Such apparatus. 
0011. According to a first aspect of the present invention, 
a tissue resurfacing System comprises: a Surgical instrument 
having a gas conduit terminating in a plasma exit nozzle, and 
an electrode associated with the conduit, and a radio fre 
quency power generator coupled to the instrument electrode 
and arranged to deliver radio frequency power to the elec 
trode in Single or Series of treatment pulses for creating a 
plasma from gas fed through the conduit, the pulses having 
durations in the range of from 2 ms to 100 ms. 
0012. The application of an electric field to the gas in 
order to create the plasma may take place at any Suitable 
frequency, including the application of Standard electroSur 
gical frequencies in the region of 500 kHz or the use of 
microwave frequencies in the region of 2450 MHz, the latter 
having the advantage that Voltages Suitable for obtaining the 
plasma are more easily obtained in a complete Structure. The 
plasma may be initiated or "struck' at one frequency, 
whereupon optimum power transfer into the plasma may 
then take place at a different frequency. 
0013 In one embodiment a radio frequency oscillating 
Voltage is applied to the electrode in order to create a 
correspondingly oscillating electric field, and the power 
transferred to the plasma is controlled by monitoring the 
power reflected from the electrode (this providing an indi 
cation of the fraction of the power output from the power 
output device which has been transferred into the plasma), 
and adjusting the frequency of the oscillating Voltage from 
the generator accordingly. AS the frequency of the oscillating 
output from the generator approaches the resonant frequency 
of the electrode (which is affected by the presence of the 
plasma), the power transferred to the plasma increases, and 
Vice versa. 
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0.014 Preferably, in this embodiment, a dipole electric 
field is applied to the gas between a pair of electrodes on the 
instrument which are connected to opposing output termi 
nals of the power output device. 

0.015. In an alternative aspect of the invention a DC 
electric field is applied, and power is delivered into the 
plasma from the DC field. 
0016. The gas employed is preferably non-toxic, and 
more preferably readily biocompatible to enable its natural 
secretion or expulsion from the body of the patient. Carbon 
dioxide is one preferred gas, Since the human body auto 
matically removes carbon dioxide from the bloodstream 
during respiration. Additionally, a plasma created from 
carbon dioxide is hotter (albeit more difficult to create) than 
a plasma from, for example argon, and carbon dioxide is 
readily available in most operating theatres. Nitrogen or 
even air may also be used. 
0.017. According to another aspect of the invention, a gas 
plasma tissue resurfacing instrument comprises: an elongate 
gas conduit extending from a gas inlet to an outlet nozzle 
and having a heat resistant dielectric wall; a first electrode 
located inside the conduit; a Second electrode located on or 
adjacent an outer Surface of the dielectric wall in registry 
with the first electrode, and an electrically conductive elec 
tric field focussing element located inside the conduit and 
between the first and Second electrodes. 

0.018. Some preferred features are set out in the accom 
panying dependent claims. The System described hereinafter 
has the benefit of being able to produce rapid treatment at the 
tissue Surface while minimising unwanted effects, e.g. ther 
mal effects, at a greater than required depth. 
0.019 A further aspect of the present invention provides 
a method of Skin resurfacing at least the epidermis of a 
patient using a Surgical System comprising an instrument 
having an electrode connected to a power output device, the 
method comprising the Steps of operating the power output 
device to create an electric field in the region of the 
electrode, directing a flow of gas through the electric field, 
and generating, by Virtue of the interaction of the electric 
field with the gas, a plasma; controlling power transferred 
into the plasma from the electric field; directing the plasma 
onto the tissue for a predetermined period of time, and 
Vaporising at least a part of the epidermis as a result of the 
heat delivered to the epidermis from the plasma. 
0020. The invention also provides, according to a further 
aspect, a tissue resurfacing System comprising: a plasma 
treatment instrument having a gas conduit terminating in a 
plasma exit nozzle, and an electrode associated with the 
conduit, and a radio frequency power generator coupled to 
the instrument electrode and arranged to deliver radio fre 
quency power to the electrode in a Single or Series of 
treatment pulses each comprising a burst of radio frequency 
oscillations, the generator including a controller which oper 
ates to control the width of the treatment pulses to a 
predetermined width. The controller is preferably arranged 
to adjust the treatment pulse width by generating corre 
sponding control pulses which are fed to a radio frequency 
power Stage of the generator to alter the level of the power 
Stage output from a Substantially quiescent level to a pre 
determined, preferably constant, output power level for time 
periods each equal to a demanded pulse width, whereby a 
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gas plasma is produced for Such time periods. The time 
periods and/or the power level may be adjusted by the 
controller to yield metered treatment pulses for the instru 
ment each having a predetermined total energy content. 
0021. It is possible, within the scope of the invention, for 
the radio frequency power output to be modulated (100% 
modulation or less) within each treatment pulse. 
0022 Treatment pulse widths of from 2 ms to 100 ms are 
contemplated, and are preferably within the range of from 3 
ms to 50 ms or, more preferably, from 4 ms to 30 ms. In the 
case where they are delivered in Series, the treatment pulses 
may have a repetition rate of 0.5 Hz to 10 Hz or 15 Hz, 
preferably 1 Hz to 6 Hz. 
0023. From an instrument aspect, the invention also 
provides a gas plasma tissue resurfacing instrument com 
prising an elongate gas conduit extending from a gas inlet to 
a plasma exit nozzle, at least a pair of mutually adjacent 
electrodes for Striking a plasma from gas within the conduit, 
and, between the electrodes, a Solid dielectric wall formed 
from a material having a relative dielectric constant greater 
than unity (preferably of the order of 5 or higher). Advan 
tageously the conduit is formed at least in part as a dielectric 
tube of Such material, the electrode comprising an inner 
electrode inside the tube and a coaxial outer electrode 
Surrounding the tube. 
0024. Other aspects of the invention include the follow 
ing: 
0025. A method of operating a surgical system is pro 
Vided comprising a power output device which generates an 
output signal at an output terminal, a controller capable of 
receiving input signals from a user and controlling the power 
output device accordingly, an instrument having at least one 
electrode connected to the generator output terminal via a 
feed Structure, a Supply of gas and a further feed Structure for 
conveying the gas from the Supply to the instrument, the 
method comprising the Steps of receiving input Signals from 
a user, and operating the controller to determine from the 
user input signals a manner in which the power output 
device is to be controlled; operating the power output device 
to Supply a Voltage to the at least one electrode, thereby to 
create an electric field in the region of the electrode, passing 
gas through the electric field, and creating by virtue of the 
intensity of the electric field a plasma from the gas, and 
controlling, in accordance with the user input Signals to the 
controller, the power output device to control the power 
delivered into the plasma. The controller may operate to 
control the power output device to deliver a predetermined 
level of energy into the plasma, and the controller may 
further control the rate of flow of gas through the electric 
field. 

0026. The gas preferably comprises molecules having at 
least two atoms. 

0027. There is also provided a Surgical system for use in 
tissue resurfacing comprising: a user interface which 
receives input signals from a user relating to desired per 
formance of the System; a power output device which 
generates a Voltage output Signal at an output terminal; a gas 
Supply, an instrument having an electrode connected to the 
output terminal of the power output device thereby to enable 
the generation of an electric field in the region of the 
electrode when the power output device is operated to 
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produce an output voltage at the output terminal, the instru 
ment additionally being connected to the gas Supply and 
further comprising a conduit for passing gas from the Supply 
through the electric field in the region of the electrode to 
create a plasma; and a controller which is connected to the 
user interface and the power output device, the controller 
being adapted to receive and proceSS Signals from the user 
interface and to control, on the basis of the user interface 
Signals, the delivery of power from the power output device 
into the plasma. The controller may be additionally adapted 
to control the time period over which power is delivered into 
the plasma. 

0028. User interface signals from the user interface to the 
controller may relate to a total amount of energy to be 
delivered into the plasma. The System may further comprise 
a gas flow regulator connected to the controller, the con 
troller being additionally adapted to control to a rate of flow 
of gas from the Supply. The controller may receive feedback 
Signals indicative of power delivered to the plasma. 

0029. The power output device may include a tunable 
oscillator, and the controller being connected to the oscil 
lator to tune the oscillator on the basis of feedback signals 
indicative of power attenuated within the instrument. Typi 
cally, the output frequency of the oscillator lies within the 
band of 2400-2500 MHZ. 

0.030. A method is provided for operating a Surgical 
System comprising a power output device which produces an 
oscillating electrical output Signal acroSS a pair of output 
terminals, an instrument having a pair of electrodes each of 
which is connected to one of the output terminals of the 
power output device, a controller which receives input 
Signals from a user interface and controls the power output 
device accordingly, and a Supply of gas connected to the 
instrument, wherein the method comprises the Steps of: 
operating the power output device to apply an oscillating 
Voltage acroSS the electrodes of the instrument, thereby to 
create an electric field in the region of the electrodes, passing 
gas through the electric field and Striking a plasma between 
the electrodes of the instrument; and operating the controller 
to control the power delivered into the plasma from the 
power output device. 
0.031 A Surgical System is provided comprising: a power 
output device which generates a radio frequency oscillating 
output Signal acroSS a pair of output terminals, an instrument 
having a first pair of electrodes connected to respective 
output terminals of the power output device and which are 
part of a first resonant assembly which is resonant at a 
predetermined frequency, and a Second pair of electrodes 
connected to respective output terminals of the power output 
device and which are part of a Second resonant assembly 
which is also resonant at the predetermined frequency; a gas 
Supply which Supplies gas to the oscillating electric field 
between the first pair of electrodes and to the oscillating 
electric field between the Second pair of electrodes, wherein 
the first resonant assembly is resonant at the predetermined 
frequency prior to formation of a plasma from the gas, and 
the Second resonant assembly is resonant at the predeter 
mined frequency Subsequent to the generation of a plasma. 
In Such a System the first pair of electrodes may comprise an 
inner electrode and an Outer electrode extending Substan 
tially coaxially with, and around the inner electrode, and the 
Second pair of electrodes may comprise a further inner 
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electrode and Said outer electrode. The System may operate 
Such that, during resonance of the first resonant Structure, a 
potential difference is created between the inner electrode 
and the further inner electrode, and a plasma is initially 
struck between the inner electrode and the further inner 
electrode as a result of the potential difference. 
0032. A further aspect of the invention includes a surgical 
System comprising: a power output device which generates 
a radio frequency oscillating output signal acroSS a pair of 
output terminals, an instrument having a pair of electrodes 
connected to respective output terminals of the power output 
device via a feed Structure, to create an oscillating electric 
field between the electrodes, a gas Supply and a conduit from 
the gas Supply to the electric field, to enable gas passing 
through the electric field to be converted into a plasma and 
to pass out of an aperture in the instrument, wherein the 
instrument comprises a Voltage transformation assembly 
providing Step up of the Voltage output from the power 
output device, and Supplying the Stepped-up voltage acroSS 
the electrodes thereby to intensify the electric field between 
the electrodes. In Such a System the Voltage transformation 
assembly may comprise a structure within the instrument 
having a resonant frequency within the radio frequency 
oscillating output bandwidth. The resonant Structure may 
comprise at least one length of transmission line having an 
electrical length equal to one quarter of a wavelength of the 
oscillating output Signal of the power output device. 

0033) Another aspect of the invention provides a surgical 
instrument comprising: a pair of electrodes, a connector 
connectible to a feed Structure, thereby to enable a signal 
from a generator to be conveyed to the electrodes, at least a 
first Section of transmission line electrically connected to the 
electrodes and to the feed Structure, the Section of transmis 
Sion line having an electrical length Substantially equal to 
one quarter of a wavelength of an electromagnetic wave 
having a frequency in the range 2400 MHz to 2500 MHz. 
This instrument may further comprising a Second Section of 
transmission line electrically connected to the connector and 
to the first Section of transmission line, the further Section of 
transmission line having an electrical length Substantially 
equal to the length of the first Section of transmission line, 
wherein the characteristic impedances of the first and Second 
Sections of transmission line are different, the first and 
Second Sections of transmission line forming an impedance 
matching assembly between a relatively low characteristic 
impedance of a feed Structure which is connectable to the 
instrument via the connector and a relatively high imped 
ance electrical load provided by a plasma formed between 
the electrodes. 

0034. There is also provided a surgical instrument com 
prising: a pair of electrodes Separated from each other; a 
connector for connecting an electrical signal from a feed 
structure to the electrodes thereby to enable the creation of 
an electric field between the electrodes, a gas inlet port; a gas 
conduit for conveying gas from the inlet port to the elec 
trodes thereby to allow gas to pass between the electrodes to 
enable the creation of a plasma between the electrodes when 
an electric field is applied between them; and an aperture in 
the instrument through which plasma may be expelled under 
preSSure of gas passing along the gas conduit. In Such an 
instrument, gas pressure within the conduit may force 
plasma out of the aperture in a first direction, and the 
electrodes may be spaced apart at least in the first direction. 
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0.035 Yet a further aspect includes a surgical instrument 
comprising: a connector having a pair of electrical terminals, 
first pair of electrodes provided by an inner electrode and an 
outer electrode extending coaxially around the inner elec 
trode; a Second pair of electrodes provided by a further inner 
electrode and Said outer electrode, the first and Second pairs 
of electrodes being electrically connectable via the connec 
tor to a generator to enable creation of an electric field 
between the inner and outer electrodes and the further inner 
and outer electrodes respectively; a gas inlet port, and a 
conduit for conveying gas from the inlet port through the 
electric field thereby to enable the formation of a plasma 
from the gas, the first pair of electrodes forming at least a 
part of a first resonant assembly, and the Second pair of 
electrodes forming at least a part of a Second resonant 
assembly, the first and Second resonant assemblies being 
resonant at a different frequencies prior to the formation of 
a plasma, thereby to enable, prior to the formation of a 
plasma, the creation of an electric field between the inner 
and further inner electrodes which may be used to Strike a 
plasma. 
0.036 There is also provided a method of operating a 
Surgical instrument having first and Second pairs of elec 
trodes, the electrodes of each pair being connected to 
different output terminals of a power output device which 
generates an oscillating electrical output Signal, the method 
comprising the Steps of operating the power output device 
to apply an oscillating electrical Signal to the first and Second 
pairs of electrodes, causing resonance of resonant assembly 
of which the first pair of electrodes form at least a part; 
creating, by virtue of the resonance, a potential difference 
and thus an electric field between an electrode of the first 
pair of electrodes and an electrode of the Second pair of 
electrodes, passing a gas through the electric field and, by 
Virtue of interaction between the electric field and the gas, 
forming a plasma. The electrodes between which the electric 
field is created may both be connected to the same output 
terminal of the power output device. Generally, the forma 
tion of a plasma results in a change of electrical character 
istics of the Second pair of electrodes Such that they are at 
least a part of a further resonant assembly which is resonant 
at the frequency of the oscillating electrical output signal, 
the method then further comprising the Step, Subsequent to 
the formation of a plasma, of causing resonance of the 
further resonant assembly to create an electric field of 
Sufficient intensity between the Second pair of electrodes to 
maintain the plasma, and delivering power into the plasma 
from the oscillating output Signal. 
0037 Yet another aspect of the invention is a method of 
operating a Surgical instrument having first and Second pairs 
of electrodes, the electrodes of each pair being connected to 
different output terminals of a power output device which 
generates an oscillating electrical output Signal, the method 
comprising the Steps of operating the power output device 
to apply an oscillating electrical Signal to the first pair of 
electrodes, applying the oscillating electrical output signal to 
the first pair of electrodes, causing resonance of a first 
resonant assembly of which the first pair of electrodes forms 
a part, and creating an electric field during resonance of the 
first resonant assembly; passing gas through the electric 
field, and forming, by virtue of interaction between the 
electric field and the gas, a plasma; Subsequent to the 
formation of a plasma, applying the oscillating electrical 
output Signal to the Second pair of electrodes and causing 
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resonance of a Second resonant assembly of which the 
Second pair of electrodes form a part, and maintaining the 
plasma by delivering into the plasma via the Second pair of 
electrodes, power from the oscillating output signal. The 
oscillating output signal may remain Substantially constant. 
The first and Second pairs of electrodes may be distinct, or 
they may have an electrode common to both. The electric 
field is preferably formed between the first pair of elec 
trodes, but may be formed between an electrode of the first 
pair of electrodes and an electrode of the Second pair of 
electrodes, in which case the electric field may be formed 
between two electrodes, both of which are connected to the 
Same output terminal of the power output device. 

0038. As a result the preferred method, the plasma causes 
necrosis of living epidermal cells and vaporisation of dead 
epidermal cells, and where required, produces effects in the 
dermis. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0039 Embodiments of the invention will now be 
described, by way of example and with reference to the 
accompanying drawings, in which: 

0040 FIG. 1 is a schematic drawing illustrating the 
principle underlying a Surgical System for Skin resurfacing 
according to the present invention; 
0041 FIG. 2 is a longitudinal cross-section of a surgical 
instrument for use in a system in accordance with the present 
invention; 

0.042 FIG. 3 is a detail of FIG. 2; 
0043 FIG. 4 is a schematic illustration of a generator 
used in conjunction with the instrument of FIGS. 2 and 3; 
0044 FIG. 5 is a graph showing reflected power as a 
function of operating frequency; 

004.5 FIG. 6 is a cross-section showing a modification of 
part of the instrument shown in FIG. 3; 
0046 FIG. 7 is a schematic drawing of an alternative 
generator including a magnetron; 

0047 FIG. 8 is a more detailed block diagram of a 
generator including a magnetron; 

0048 FIG. 9 is a circuit diagram of an inverter unit of the 
generator of FIG. 8; 

0049 FIG. 10 is a graph illustrating the Switch-on char 
acteristics of the magnetron in the generator of FIG. 8; 
0050 FIG. 11 is a block diagram of an outer power 
control loop of the generator of FIG. 8; 

0051 FIG. 12 is a block diagram of intermediate and 
inner power control loops of the generator of FIG.8; 

0.052 FIG. 13 is a cross section of a UHF isolator 
forming part of the generator of FIG.8; 

0053 FIG. 14 is a section through an embodiment of 
instrument suitable for use with the generator of FIG. 7; 

0054 FIG. 15 is a graph of reflected power versus 
frequency for the instrument of FIG. 14 when employed 
with the generator of FIG. 7; 
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0055 FIG. 16 is a section through a further embodiment 
of instrument; 
0056 FIG. 17 is a graph of reflected power versus 
frequency in the instrument of FIG. 16; 
0057 FIG. 18 is a schematic illustration of a further 
embodiment of instrument. 

0058 FIG. 19 is a cut-away perspective view of another 
alternative instrument; and 
0059 FIG. 20 is a longitudinal cross-section of part of 
the instrument of FIG. 19. 

0060 FIG. 21 is a perspective view of an instrument for 
use in the Surgical system of FIG. 1, 
0061 FIG. 22 is a sectional side view of the instrument 
of FIG. 21, 

0.062 FIG. 23 is a sectional side view of an electrode 
used in the instrument of FIG. 21, and 
0063 FIG. 24 is a sectional side view of a disposable 
assembly, used in the instrument of FIG. 21. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0064) Referring to FIG. 1, the principle of operation of 
embodiments of the invention will now be described. A 
Surgical System comprises a generator 4 which includes a 
power output 6, typically in the form of an oscillator and an 
amplifier, or a thermionic power device, and a user interface 
8 and a controller 10. The generator produces an output 
which is coupled via a feed structure including a cable 12 to 
an electrode 14 of an instrument 16. The system further 
includes a Supply 18 of gas, which is supplied to the 
instrument by means of a pipe 20. The gas is preferably a gas 
that enables relatively high energy to be delivered to the 
tissue per unit energy delivered into the gas at the instru 
ment. Preferably the gas should include a diatomic gas (or 
gas having more than two atoms), for example, nitrogen, 
carbon dioxide or air. In use, the generator operates to 
establish an electric field in the region of the tip 22 of the 
electrode. Gas from the supply 18 is passed through the 
electric field. If the field is sufficiently strong, it will have the 
effect of accelerating free electrons Sufficiently to cause 
collisions with the gas molecules, the result of which is 
either the dissociation of one or more electrons from the gas 
molecules to create gaseous ions, or the excitation of elec 
trons in the gas molecules to higher energy states, or 
dissociation of molecules into constituent atoms, or the 
excitation of Vibrational States in the gaseous molecules. The 
result in macroscopic terms is the creation of a plasma 24 
which is hot. Energy is released from the plasma by way of 
recombination of electrons and ions to form neutrally 
charged atoms or molecules and the relaxation to lower 
energy States from higher energy states. Such energy release 
includes the emission of electromagnetic radiation, for 
example, as light, with a spectrum that is characteristic of the 
gas used. The temperature of the plasma depends upon the 
nature of the gas and the amount of power delivered to the 
gas from the electric field (i.e. the amount of energy trans 
ferred to a given quantity of gas). 
0065. In the preferred embodiment, a low-temperature 
plasma is formed in nitrogen. This is also known in the art 
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as a Lewis-Rayleigh Afterglow and energy storage by the 
plasma is dominated by vibrational states of the gaseous 
molecule and elevated States of electrons still bound to 
molecules (known as 'metastable states' because of their 
relatively long lifetime before decay to a lower energy states 
occurs). 
0066. In this condition the plasma will readily react, that 
is, give energy up due to collision, with other molecules. The 
plasma emits a characteristic yellow/orange light with a 
principle wavelength of about 580 nm. 
0067. The relatively long-lived states of the plasma is an 
advantage in that the plasma still contains useful amounts of 
energy by the time it reaches the tissue to be treated. 
0068 The resulting plasma is directed out of an open end 
of the instrument and towards the tissue of a patient, to cause 
modification or partial or total removal thereof. 
0069. Upon impact, the nitrogen plasma penetrates a 
Short distance into the tissue and rapidly decays into a low 
energy State to reach equilibrium with its surroundings. 
Energy is transferred through collisions (thus heating the 
tissue) and emission of electromagnetic energy with a spec 
trum typically extending from 250 (yellow light) to 2500 nm 
(infrared light). The electromagnetic energy is absorbed by 
the tissue with consequent heating. 
0070 Where the system is employed for the purpose of 
Skin resurfacing, there are a variety of skin resurfacing 
effects which may be achieved by the application of a 
plasma to the skin, and different effects are achieved by 
delivering different amounts of energy to the skin for dif 
ferent periods of time. The System operates by generating a 
plasma in short pulses. The various combinations of these 
parameters result in different skin resurfacing effects. For 
example, applying relatively high power in extremely short 
pulses (i.e. over an extremely short period of time) will 
result in the Virtual instantaneous vaporisation of an upper 
most layer of the epidermis (i.e. dissociation into tiny 
fragments, which in this situation are usually airborne). The 
high power delivery results in the vaporisation of the tissue, 
while the short time period over which energy is delivered 
prevents deeper penetration of thermally induced tissue 
damage. To deliver high power levels to the tissue, a high 
temperature plasma is required, and this can be obtained by 
delivering energy at a high level into a given quantity of gas 
(i.e. high energy over a short period of time, or high power) 
from the electric field. It should be noted that the tempera 
ture of the plasma decreases with increasing distance from 
the electrode tip, which means that the stand-off distance of 
the instrument from the surface of the skin will affect the 
temperature of the plasma incident upon the skin and, 
therefore, the energy delivered to the skin over a given time 
period. This is a relatively Superficial skin resurfacing treat 
ment, but has the advantage of extremely short healing 
times. 

0.071) A deeper effect, caused by thermal modification 
and eventual removal of a greater thickness of tissue, may be 
obtained by delivering lower levels of power to the skin but 
for longer periods of time. A lower power level and, thus, a 
lower rate of energy delivery avoids Substantially instanta 
neous Vaporisation of tissue, but the longer period over 
which power is delivered results in a greater net energy 
delivery to the tissue and deeper thermal effects in the tissue. 
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The resultant blistering of the skin and Subsequent tissue 
necrosis occur over a Substantially longer period of time 
than in the case of a Superficial treatment. The most deeply 
penetrative skin resurfacing, which may involve an Stepwise 
proceSS whereby Several “passes are made over the tissue 
So that a given area of skin is exposed to the plasma on two 
or more occasions, can penetrate Sufficiently deeply to cause 
the denaturing of collagen in the dermis. This has applica 
bility in the removal or remodelling of Scar tissue (Such as 
that caused by acne, for example), and reduction of wrinkles. 
Depilation of the skin Surface may also be achieved. 
0.072 The system and methods of the present invention 
may also be used to debride wounds or ulcers, or in the 
treatment of a variety of cutaneous or dermatological dis 
orders. including: malignant tumours (whether primarily or 
Secondarily involving the skin); port wine Stains, telang 
iectasia, granulomas, adenomas; haemangioma, pigmented 
lesions, nevi, hyperplastic, proliferative and inflammatory 
fibrous papules, rhinophyma, Seborrhoeic heratoses, lym 
phocytoma, angiofibromata, warts; neurofibromas, condy 
lomata, keliod or hypertrophic Scar tissue. 
0073. The system and methods of the present invention 
also have applicability to numerous other disorders, and in 
this regard the ability to vary the depth of tissue effect in a 
very controlled manner is particularly advantageous. For 
example, in a Superficial mode of treatment, tissue Surfaces 
of the body other than skin may be treated, including the 
linings of the oropharynx, respiratory and gastroimtestinal 
tracts in which it is desirable to remove Surface lesions, Such 
as leudoplakia (a Superficial pre-cancerous lesion often 
found in the oropharynx), while minimising damage to 
underlying structures. In addition, the peritoneal Surface of 
organs and structures within the abdomen may be a Site for 
abnormal implantation of endometrial tissue derived from 
the uterus. These are often constituted by Superficial plaques 
which may also be treated using the invention Set in a 
Superficial mode of treatment. If Such lesions involve deeper 
layers of tissue then these may be treated my multiple 
applications using the invention or the depth of tissue effect 
may be adjusted using the control features included within 
the invention and which are further described herein. 

0.074. By employing a system or method in accordance 
with the invention with a Setting designed to achieve a 
deeper effect, tissue Structures deep to the Surface layer may 
be treated or modified. Such modification may include the 
contraction of collagen containing tissue often found in 
tissue layerS deep to the Surface layer. The depth control of 
the system allows vital structures to be treated without, for 
instance, causing perforation of the Structure. Such struc 
tures may include parts of the intestine where it is desirable 
to reduce their volume, Such as in gastroplexy (reducing the 
Volume of the Stomach), or in instances where the intestine 
includes abnormal out-pouchings or diverticular. Such struc 
tures may also include blood vessels which have become 
abnormally distended by an aneurysm or varicosisties, com 
mon Sites being the aortic artery, the vessels of the brain or 
in the Superficial veins of the leg. Apart from these vital 
Structures, musculo-skeletal Structures may also be modified 
where they have become Stretched or lax. A hiatus hernia 
occurs when a portion of the Stomach passes through the 
crura of the diaphragm which could, for example, be modi 
fied using the instrument Such that the aperture for the 
Stomach to pass through is narrowed to a point at which this 
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does not occur by contracting the crura. Hernias in other 
areas of the body may be similarly treated including by 
modifying collagen-containing Structures Surrounding the 
weakness through which the herniation occurs. Such hernias 
include but are not limited to inguinal and other abdominal 
hernias. 

0075 Various embodiments of system for tissue resur 
facing will now be described in further detail. Referring to 
FIGS. 2 and 3, a skin resurfacing instrument 16 has an outer 
shaft 30 with has a connector 26 at its proximal end, by 
means of which the instrument may be connected to the 
output terminals of a generator (described in more detail 
with reference to FIG. 4), usually via a flexible cable, as 
shown in FIG. 1. The instrument also receives a supply of 
nitrogen at inlet port 32, which is fed initially along an 
annular conduit 34 formed between shaft 30 and a length of 
coaxial feed cable 40, and Subsequently, via apertures 36 
along a furthersections of annular conduit 38A and 38B. The 
Sections 38A, 38B of annular conduit are formed between a 
conductive sleeve 50, which is connected to the outer 
conductor 44 of the coaxial feed cable, and conductive 
elements 52 and 54 respectively which are connected to the 
inner conductor 42 of the coaxial feed cable 40. At the distal 
end of the annular conduit 38B the gas is converted into a 
plasma under the influence of an oscillating high intensity 
electric field E between an inner needle-like electrode 60 
provided by the distal end of the conductive element 54, and 
an outer second electrode 70 provided by a part of the sleeve 
50 which is adjacent and coextensive with the needle 
electrode 60. The resultant plasma 72 passes out of an 
aperture 80 formed in a ceramic disc 82 in the distal end of 
the instrument largely under the influence of the preSSure 
from the nitrogen Supply; the insulating nature of the disc 82 
Serving to reduce or avoid preferential arcing between the 
electrodes 60 and 70. 

0076) The inner electrode 60 is connected to one of the 
generator output terminals via the conductive elements 52, 
54 and the inner conductor 42 of the coaxial feed structure, 
and the outer electrode 70 is connected to the other generator 
output terminal via the conductive sleeve 50 and the outer 
conductor 44 of the coaxial feed structure 40. (Waveguides 
may also be used as the feed structure.) The intensity of the 
electric field between them therefore, oscillates at the output 
frequency of the generator, which in this embodiment is in 
the region of 2450 MHz. In order to generate a plasma from 
the nitrogen gas, a high intensity electric field is required. In 
this regard the relatively pointed configuration of the needle 
electrode 60 assists in the creation of Such a field, because 
charge accumulates in the region of the tip, which has the 
effect of increasing the field intensity in that region. How 
ever, the creation of a high intensity electric field requires a 
large potential difference between the inner and outer elec 
trodes 60, 70 and, generally Speaking, the magnitude of the 
potential difference required to create Such a field increases 
with increasing Separation of the electrodes. The electric 
field intensity required to Strike a plasma from nitrogen (and 
thus create a plasma) is in the region of 3 MNewtons per 
Coulomb of charge, which translated into a uniform poten 
tial difference, equates roughly to a potential difference of 3 
kV between conductors separated by a distance of 1 mm. In 
the instrument illustrated in FIG. 2, the separation between 
the inner and outer electrodes 60, 70 is approximately 3 mm, 
So that were the field uniform the Voltage required to achieve 
the requisite field intensity would be approximately 10 kV. 
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However the geometry of the electrode 60 is such as to 
concentrate charge in regions of conductor which have a 
Small curvature thereby intensifying the electric field regions 
adjacent Such conductors and reducing the magnitude of 
potential difference which must be Supplied to the electrodes 
in order to create a field of the required Strength. Nonethe 
less, in practice it is not necessarily desirable to Supply a 
potential difference of Sufficient magnitude to the electrodes 
60, 70 directly from the generator, because the insulator of 
the feed Structure used to connect the generator output to the 
electrodes 60, 70 may be subject to breakdown. 
0077. In the embodiment described above with reference 
to FIGS. 1 to 3, the output voltage of the generator is 
preferably of the order of 100V. In order to obtain a high 
enough voltage across the electrodes 60, 70 to strike a 
plasma, therefore, it is necessary to provide a step-up, or 
upward transformation of the Supply Voltage from the gen 
erator. One way of achieving this is to create a resonant 
structure which incorporates the electrodes 60, 70. If an 
output Signal from the generator is Supplied to the resonant 
Structure (and, therefore, the electrodes) at a frequency 
which is equal to or Similar to its resonant frequency, the 
resulting resonance provides Voltage multiplication of the 
generator output signal across the electrodes 60, 70 the 
magnitude of which is determined by the geometry of the 
Structure, the materials used within the structure (e.g. the 
dielectric materials), and the impedance of a load. In this 
instrument, the resonant Structure is provided by a combi 
nation of two impedance matching structures 92, 94 the 
function and operation of which will be described in more 
detail Subsequently. 

0078. The use of a resonant structure is one way of 
providing a Sufficiently high Voltage acroSS the electrodes 
60, 70 to strike a plasma. For the instrument to be effective, 
however, it is necessary for the generator to deliver a 
predetermined and controllable level of power to the plasma, 
Since this affects the extent to which the nitrogen is con 
verted into plasma, which in turn affects the energy which 
may be delivered to the tissue in the form of heat. In addition 
it is desirable to have efficient transmission of power from 
the generator to the load provided by the plasma. AS 
mentioned above, the output frequency of the generator in 
the present example is in the ultra high frequency (UHF) 
band of frequencies, and lies in the region of 2450 MHz, this 
being a frequency whose use is permitted for Surgical 
purposes by ISM legislation. At frequencies of this magni 
tude is appropriate to consider the transmission of electrical 
Signals in the context of Such a Surgical System as the 
transmission of electromagnetic waves, and the feed Struc 
tures for their efficient propagation of taking the form of 
coaxial or waveguide transmission lines. 
0079. In the instrument of FIG. 2, the coaxial cable 40 
provides the transmission line feed Structure from the gen 
erator 4 to the instrument 16. The inner and outer conductors 
42, 44 of the coaxial feed structure 40 are spaced from each 
other by an annular dielectric 46. To provide efficient 
transmission of power from the output of the generator using 
a transmission line, the internal impedance of the generator 
is desirably equal to the characteristic impedance of the 
transmission line. In the present example the internal imped 
ance of the generator is 50 W, and the characteristic imped 
ance of the coaxial cable 40 is also 50 W. The load provided 
to the generator prior to Striking plasma is of the order of 5 
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KOW. Owing to this large difference in impedance between 
the generator impedance and feed Structure on the one hand, 
and the load on the other, delivering power to the load 
directly from the feed structure will result in substantial 
losses of power (i.e. power output from the generator which 
is not delivered to the load) due to reflections of the 
electromagnetic waves at the interface between the feed 
Structure and the load. Thus, it is not preferable simply to 
connect the inner and outer conductors 42, 44 of the coaxial 
cable 40 to the electrodes 60, 70 because of the resultant 
losses. To mitigate against Such losses it is necessary to 
match the relatively low characteristic impedance of the 
cable 40 and the relatively high load impedance, and in the 
present embodiment this is achieved by connecting the load 
to the feed structure (whose characteristic impedance is 
equal to that of the generator impedance) via an impedance 
transformer provided by two sections 92, 94 of transmission 
line having different characteristic impedances to provide a 
transition between the low characteristic impedance of the 
coaxial feed Structure and the high impedance load. The 
matching Structure 92 has an inner conductor provided by 
the conductive element 52, which has a relatively large 
diameter, and is spaced from an Outer conductor provided by 
the conductive sleeve 50 by means of two dielectric spacers 
56. As can be seen from FIG. 2, the spacing between the 
inner and outer conductors 52, 50 is relatively small, as a 
result of which the matching structure 92 has a relatively low 
characteristic impedance (in the region of 8 W in this 
embodiment). The matching structure 94 has an inner con 
ductor provided by the conductive element 54, and an outer 
conductor provided by the sleeve 50. The inner conductor 
provided by the conductive element 54 has a significantly 
Smaller diameter than conductive element 52, and the rela 
tively large gap between the inner and outer conductors 50, 
54 results in a relatively high characteristic impedance (80 
W) of the matching structure 94. 
0080 Electrically, and when operational, the instrument 
may be thought of as four Sections of different impedances 
connected in Series: the impedance Z of the feed structure 
provided by the coaxial cable 40, the impedance of the 
transition Structure provided by the two Series connected 
matching Structures 92, 94 of transmission line, having 
impedances Zoo and Zo respectively, and the impedance Z. 
of the load provided by the plasma which forms in the region 
of the needle electrode 60. Where each of the sections 92,94 
of the matching Structure has an electrical length equal to 
one quarter wavelength at 2450 MHz, the following rela 
tionship between impedances applies when the impedance 
of the load and the feed Structure are matched: 

0081. The impedance Z of the load provided to the 
generator by the plasma is in the region of 5 kS2; the 
characteristic impedance Z of the coaxial cable 40 is 502, 
meaning that the ratio Zo/Z = 100 and so Zo/Z-10. 
Practical values have been found to be 802 for Z, the 
impedance of the matching Structure Section 94, and 892 for 
Zo, the impedance of matching Structure Section 92. 
0082 The requirement that each of the matching struc 
tures 92, 94 are one quarter wavelength long is an inherent 
part of the matching process. Its significance lies in that at 
each of the interfaces between different characteristic 
impedances there will be reflections of the electromagnetic 
waves. By making the sections 92, 94 one quarter wave 
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length long, the reflections at e.g. the interface between the 
coaxial feed structure 40 and the section 92 will be in anti 
phase with the reflections at the interface between the 
section 92 and the section 94, and so will destructively 
interfere; the same applies to the reflections at the interfaces 
between the sections 92 and 94 on the one hand and the 
reflections at the interface between section 94 and the load 
on the other. The destructive interference has the effect of 
minimising power losses due to reflected waves at interfaces 
between differing impedances, provided that the net reflec 
tions of the electromagnetic waves having nominal phase 
angle of 0 radians are of equal intensity to the net reflections 
having a nominal phase angle of It radians (a condition 
which is Satisfied by Selecting appropriate impedance values 
for the different sections 92, 94). 
0.083 Referring now to FIG. 4, an embodiment of gen 
erator used in conjunction with the embodiment of instru 
ment described above comprises a power supply unit 100, 
which receives an alternating current mains input and pro 
duces a constant DC Voltage acroSS a pair of output terminals 
102, which are connected to a fixed gain Solid State power 
amplifier 104. The power amplifier 104 receives an input 
signal from a tunable oscillator 106 via a variable attenuator 
108. The power amplifier 104, tunable oscillator 106, and 
variable attenuator 108 may be thought of as an AC power 
output device. Control of the frequency of oscillation of the 
oscillator, and the attenuator 108 is performed by means of 
voltage outputs V and Vain from a controller 110 (the 
operation of which will Subsequently be described in more 
detail) in dependence upon feedback signals, and input 
Signals from a user interface 112. The output of the amplifier 
104 passes through a circulator 114, and then Sequentially 
through output and return directional couplers 116, 118 
which in conjunction with detectors 120, 122 provide an 
indication of the power output P by the generator and the 
power reflected Pef back into the generator respectively. 
Power reflected back into the generator passes through the 
circulator 114 which directs the reflected power into an 
attenuating resistor 124, whose impedance is chosen So that 
it provides a good match with the feed structure 40 (i.e. 50 
S2). The attenuating resistor has the function of dissipating 
the reflected power, and does this by converting the reflected 
power into heat. 
0084. The controller 110 receives input signals I, P., 
Pier, Gw from the user interface, the output and reflected 
power detectors 120, 122 and a gas flow regulator 130, 
respectively, the latter controlling the rate of delivery of 
nitrogen. Each of the input signals passes through an ana 
logue to digital converter 132 and into a microprocessor 134. 
The microprocessor 134 operates, via a digital to analogue 
converter 136 to control the value of three output control 
parameters: V, which controls the tuning output fre 
quency of the oscillator 106; Vai, which controls the extent 
of attenuation within the variable attenuator 108 and there 
fore effectively the gain of the amplifier 104; and Gw the 
rate of flow of gas through the instrument, with the aim of 
optimising the performance of the System. This optimisation 
includes tuning the output of the oscillator 106 to the most 
efficient frequency of operation, i.e. the frequency at which 
most power is transferred into the plasma. The oscillator 106 
may generate output Signals throughout the ISM bandwidth 
of 2400-2500 MHz. To achieve optimisation of the operating 
frequency, upon Switch-on of the System, the microprocessor 
134 adjusts the V output to cause the attenuator to reduce gain 
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the generator output power to an extremely low level, and 
Sweeps the frequency adjusting Voltage output V from its 
lowest to its highest level, causing the OScillator to Sweep 
correspondingly through its 100 MHz output bandwidth. 
Values of reflected power P are recorded by the micro 
processor 134 throughout the bandwidth of the oscillator, 
and FIG. 5 illustrates a typical relationship between output 
frequency of the generator and reflected power Pr. It can be 
seen from FIG. 5 that the lowest level of reflected power 
occurs at a frequency f, which corresponds to the resonant 
frequency of the resonant Structure within the instrument 16. 
Having determined from an initial low power frequency 
Sweep the value of the most efficient frequency at which 
power may be delivered to the electrode, the microprocessor 
then tunes the Oscillator output frequency to the frequency 
f. In a modification, the controller is operable via a 
demand signal from the user interface (the demand signal 
being by a user via the user interface) to perform an initial 
frequency Sweep prior to connection of the instrument 16 to 
the generator. This enables the controller to map the feed 
Structure between the power output device and the instru 
ment to take account of the effect of any mismatches 
between discrete Sections of the feed Structure etc., which 
have an effect upon the attenuation of power at various 
frequencies. This frequency mapping may then be used by 
the controller 110 to ensure that it takes account only of 
variations in the attenuation of power with frequency which 
are not endemically present as a result of components of the 
generator and/or feed Structure between the generator and 
the instrument. 

0085. The operational power output of the power output 
device is Set in accordance with the input signal I to the 
controller 110 from the user interface 112, and which 
represents a level of demanded power Set in the user 
interface 112 by an operator. The various possible control 
modes of the generator depend upon the user interface 112, 
and more particularly the options which the user interface is 
programmed to give to a user. For example, as mentioned 
above, there are a number of parameters which may be 
adjusted to achieve different tissue effects, Such as power 
level, gas flow rate, the length of the time period (the 
treatment pulse width) for which the instrument is opera 
tional to generate plasma over a particular region of the skin, 
and the Stand-off distance between the aperture at the distal 
end of the instrument 16 and the tissue. The user interface 
112 offers the user a number of alternative control modes 
each of which will allow the user to control the system in 
accordance with differing demand criteria. For example, a 
preferred mode of operation is one which mimics the 
operational control of laser resurfacing apparatus, Since this 
has the advantage of being readily understood by those 
currently practising in the field of skin resurfacing. In the 
laser resurfacing mode of operation, the user interface 
invites a user to Select a level of energy delivery per Surface 
area (known in the art as “fluence') per pulse of the 
instrument. When operating in this mode, the microproces 
Sor sets Vai, so that the power output device has a pre-set 
constant output power, typically in the region of 160 W, and 
the input signal I, from the user is converted into a 
demanded time period represented by the pulse width, 
calculated from the required energy per treatment pulse and 
the constant level of output power. However, the Voltage 
signal Vai, is also used to Switch the generator output on 
and off in accordance with input Signals I, from the user Sk 
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interface. Thus, for example, when the user presses a button 
on the handle of the instrument (not shown), a signal sent by 
the user interface 112 to the microprocessor 134, which then 
operates to produce a pulse of predetermined width (e.g. 20 
ms) by altering Vain from its quiescent setting, at which the 
attenuator output 108 is such that there is virtually no signal 
for the amplifier 104 to amplify, and the generator output is 
negligible, to a value corresponding to the pre-Set constant 
output power for a period of time equal to the demanded 
pulse width. This will have the effect of altering the amplifier 
output from its quiescent level to the pre-Set constant output 
power level for a time period equal to the demanded pulse 
width, and ultimately of creating a plasma for Such a time 
period. By altering the pulse width according to user input, 
pulses of Selected energies can be delivered, typically, in the 
range of from 6 ms to 20 ms. These pulses can be delivered 
on a “one-shot' basis or as a continuous train of pulses at a 
predetermined pulse frequency. 

0.086 The surface area over which the energy is delivered 
will typically be a function of the geometry of the instru 
ment, and this may be entered into the user interface in a 
number of ways. In one embodiment the user interface Stores 
Surface area data for each different geometry of instrument 
that may be used with the generator, and the instrument in 
operation is either identified manually by the user in 
response to a prompt by the user interface 112, or is 
identified automatically by Virtue of an identification artefact 
on the instrument which is detectable by the controller 
(which may require a connection between the controller and 
the instrument). Additionally the Surface area will also be a 
function of the Stand-off distance of the instrument aperture 
82 from the tissue, since the greater the stand-off the cooler 
the plasma will be by the time it reaches the Surface, and 
also, depending on the instrument geometry, the instrument 
may produce a divergent beam. Instruments may be operated 
with a fixed stand-off distance, for example by virtue of a 
Spacer connected to the distal end of the instrument, in 
which case the Surface area data held within the user 
interface will automatically take account of the Stand-off 
distance. Alternatively the instruments may be operated with 
a variable Stand-off distance, in which case the Stand-off 
distance must be measured, and fed back to the controller to 
enable it to be taken into account in the Surface area 
calculation. 

0087. A further parameter which can affect the energy per 
unit area is the gas flow rate, and in one preferred embodi 
ment the controller preferably contains a look-up table 140 
of flow rate G against generator output power P. for a 
variety of constant output power levels, and the flow rate for 
a given output power level is adjusted accordingly. In a 
further modification the gas flow rate may be adjusted 
dynamically to take account of variations in Stand-off dis 
tance, for example, and is preferably Switched off between 
pulses. 

0088 As described above, for optimum ease of use in the 
resurfacing mode, the power output device will ideally 
deliver a constant output power over the entire duration of 
an output, Since this facilitates easy control of the total 
energy output in a given pulse. With a constant power 
output, the controller is able to control the total energy 
delivered per pulse Simply Switching the power output 
device on (by the means of the signal Vail) for a predeter 
mined period of time, calculated on the basis of the output 
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power level. It may, however, in practice be the case that the 
power output varies to a Significant extent with regard to the 
accuracy to within which it is required to determine to the 
total energy delivered per output pulse. In this case the 
microprocessor is programmed to monitor the output power 
by integrating P (from detector 120) with respect to time, 
and Switching the power output device off by altering Vai, 
to return the variable attenuator 108 to its quiescent setting. 
0089. A further complication in the control of the opera 
tion of the System arises in that the creation of a plasma at 
aperture 80 amounts in Simplistic electrical terms to extend 
ing the length of the needle electrode 60, Since the plasma 
is made up of ionised molecules, and is therefore conduc 
tive. This has the effect of lowering the resonant frequency 
of the resonant Structure, So that the optimum generator 
output at which power may be delivered to the instrument 
for the purpose of Striking a plasma is different to the 
optimum frequency at which power may be delivered into an 
existent plasma. To deal with this difficulty, the micropro 
ceSSor 134 is programmed continuously to tune the oscillator 
output during operation of the System. In one preferred mode 
the technique of “dither' is employed, whereby the micro 
processor 134 causes the oscillator output momentarily to 
generate outputs at frequencies 4 MHZ below and above the 
current output frequency, and then Samples, via the reflected 
power detector 122 the attenuation of power at those fre 
quencies. In the event that more power is attenuated at one 
of those frequencies than at the current frequency of opera 
tion, the microprocessor re-tunes the oscillator output to that 
frequency at which greater power attenuation occurred, and 
then repeats the process. In a further preferred mode of 
operation, the microprocessor 134 records the magnitude of 
the shift in resonant frequency when a plasma is struck, and 
in Subsequent pulses, shifts the frequency of the oscillator 
106 correspondingly when the System goes out of tune (i.e. 
when a plasma is struck), whereupon the technique of dither 
is then employed. This has the advantage of providing a 
more rapid re-tuning of the System once a plasma is first 
Struck. 

0090. As mentioned above, in the embodiment shown in 
FIG. 4, the amplifier 104 is typically set to produce around 
160 W of output power. However, not all of this is delivered 
into the plasma. Typically power is also lost through radia 
tion from the end of the instrument in the form of electro 
magnetic waves, from reflection at connections between 
cables, and in the form of dielectric and conductive losses 
(i.e. the attenuation of power within the dielectrics which 
form part of the transmission line). In the instrument design 
of FIGS. 2 and 3 it is possible to take advantage of dielectric 
loSS by virtue offeeding the gas through the annular conduits 
38A, B of the sections 92, 94 of the impedance matching 
Structure; in this way, dielectric power losses into the gas 
Serve to heat up the gas, making it more Susceptible to 
conversion into a plasma. 
0091 Referring now to FIG. 6, in a modification of the 
instrument 14 shown in FIGS. 2 and 3, an end cap 84, made 
of conducting material, is added to the distal end of the 
instrument 14. The end cap is electrically connected to the 
sleeve 50 and is, therefore, part of the electrode 70. The 
provision of the end cap 84 has several beneficial effects. 
Firstly, since the electric field preferentially extends from 
conductor to conductor, and the end cap 84 effectively brings 
the electrode 70 closer to the tip of the needle electrode 60, 
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it is believed that its geometry Serves to increase the inten 
sity of the electric field in the region through which the 
plasma passes as it is expelled from the instrument, thereby 
accelerating ions within the plasma. Secondly, the physical 
effect of the end cap 84 on the plasma is that of directing the 
plasma in a more controlled manner. Thirdly the outer sheath 
currents on the instrument (i.e. the current travelling up the 
outside of the instrument back towards the generator) are 
reduced significantly with the end cap 84, Since the electrode 
60, even when electrically extended by a plasma, extends to 
a lesser extent beyond the end of the instrument, and So 
losses of this nature are reduced. 

0092. In an alternative, and simpler embodiment of sys 
tem operating at an output frequency in the range of 2450 
MHZ, a power output device capable of delivering Signifi 
cantly more power than a Solid State amplifier may be 
employed. With increased available power from the power 
output device, the required Voltage Step-up is lower and So 
the role played by resonant structures (for example) 
decreases. 

0093. Accordingly, and referring now to FIG. 7, an 
alternative generator has a high Voltage rectified AC Supply 
200 connected to a thermionic radio frequency power 
device, in this case to a magnetron 204. The magnetron 204 
contains a filament heater (not shown) attached to the 
magnetron cathode 204C which acts to release electrons 
from the cathode 204C, and which is controlled by a 
filament power Supply 206; the greater the power Supplied to 
the filament heater, the hotter the cathode 204C becomes and 
therefore the greater the number of electrons Supplied to the 
interior of the magnetron. The magnetron may have a 
permanent magnet to create a magnetic field in the cavity 
Surrounding the cathode, but in this embodiment it has an 
electromagnet with a number of coils (not shown) which are 
Supplied with current from an electromagnet power Supply 
208. The magnetron anode 204A has a series of resonant 
chambers 210 arranged in a circular array around the cath 
ode 204C and its associated annular cavity. Free electrons 
from the cathode 204C are accelerated radially toward the 
anode 204A under the influence of the electric field created 
at the cathode 204C by the high voltage supply 200. The 
magnetic field from the electromagnet (not shown) acceler 
ates the electrons in a direction perpendicular to that of the 
electric field, as a result of which the electrons execute a 
curved path from the cathode 204C towards the anode 204A 
where they give up their energy to one of the resonant 
chambers 210. Power is taken from the resonant chambers 
210 by a Suitable coupling Structure to the output terminal 
The operation of magnetron power output devices is well 
understood perse and will not be described further herein. 
As with the generator of FIG. 4, a circulator (not shown in 
FIG. 7) and directional couplers may be provided. 
0094. The magnetron-type power output device is 
capable of generating Substantially more power than the 
solid state power output device of FIG. 4, but is more 
difficult to control. In general terms, the output power of the 
magnetron increases: (a) as the number of electrons passing 
from the cathode to the anode increases; (b) with increased 
Supply Voltage to the cathode (within a relatively narrow 
voltage band); (c) and with increased magnetic field within 
the magnetron. The high voltage supply 200, the filament 
supply 206 and the electromagnetic Supply 208 are, there 
fore, all controlled from the controller in accordance with 
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input Settings from the user interface, as in the case of the 
Solid State amplifier power output device. Since the magne 
tron is more difficult to control, it is leSS Straightforward to 
obtain a uniform power output over the entire duration of a 
treatment pulse (pulse of output power). In one method of 
control, therefore, the controller operates by integrating the 
output power with respect to time and turning the high 
voltage supply 200 off (thus shutting the magnetron off) 
when the required level of energy has been delivered, as 
described above. Alternatively, the output of the cathode 
Supply may be monitored and controlled to provide control 
of output power by controlling the current Supplied, the 
cathode/anode current being proportional to output power. 
0095 A further alternative generator for use in a system 
in accordance with the invention, and employing a magne 
tron as the power output device, will now be described with 
reference to FIG.8. As in the embodiment of FIG. 7, power 
for the magnetron 204 is Supplied in two ways, firstly as a 
high DC voltage 200P for the cathode and as a filament 
supply 206P for the cathode heater. These power inputs are 
both derived, in this embodiment, from a power Supply unit 
210 having a mains voltage input 211. A first output from the 
unit 210 is an intermediate level DC output 210P in the 
region of 200 to 400V DC (specifically 350V DC in this 
case) which is fed to a DC converter in the form of a inverter 
unit 200 which multiplies the intermediate voltage to a level 
in excess of 2 kV DC, in this case in the region of 4 kV. 
0096. The filament Supply 206 is also powered from the 
power Supply unit 210. Both the high Voltage Supply rep 
resented by the inverter unit 200 and the filament supply 206 
are coupled to a CPU controller 110 for controlling the 
power output of the magnetron 204 in a manner which will 
be described hereinafter. 

0097 Auser interface 112 is coupled to the controller 110 
for the purpose of Setting the power output mode, amongst 
other functions. 

0098. The magnetron 204 operates in the UHF band, 
typically at 2.475 GHZ, producing an output on output line 
204L which feeds a feed transition stage 213 converting the 
waveguide magnetron output to a coaxial 5092 feeder, low 
frequency AC isolation also being provided by this stage. 
Thereafter, circulator 114 provides a constant 5092 load 
impedance for the output of the feed transition Stage 213. 
Apart from a first port coupled to the transition Stage 213, the 
circulator 114 has a second port 114A coupled to a UHF 
isolation Stage 214 and hence to the output terminal 216 of 
the generator. A third port 114B of the circulator 114 passes 
power reflected back from the generator output 216 via port 
114A to a resistive reflected power dump 124. Forward and 
reflected power sensing connections 116 and 118 are, in this 
embodiment, associated with the first and third circulator 
ports 114A and 114B respectively, to provide Sensing Signals 
for the controller 110. 

0099] The controller 110 also applies via line 218 a 
control Signal for opening and closing a gas Supply valve 
220 So that nitrogen gas is Supplied from Source 130 to a gas 
supply outlet 222. A Surgical instrument (not shown in FIG. 
8) connected to the generator has a low-loss coaxial feeder 
cable for connection to UHF output 216 and a supply pipe 
for connection to the gas Supply outlet 222. 
0100. It is important that the effect produced on tissue is 
both controllable and consistent, which means that the 
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energy delivered to the skin should be controllable and 
consistent during treatment. For treatment of skin or other 
Surface tissue it is possible for apparatus in accordance with 
the invention to allow a controlled amount of energy to be 
delivered to a Small region at a time, typically a circular 
region with a diameter of about 6 mm. AS mentioned above, 
to avoid unwanted thermal affects to a depth greater than 
required, it is preferred that relatively high powered plasma 
delivery is used, but pulsed for rapid treatment to a limited 
depth. Once a Small region is treated, typically with a single 
burst of radio frequency energy less than 100 ms in duration 
(a single “treatment pulse'), the user can move the instru 
ment to the next treatment region before applying energy 
again. Alternatively, plural pulses can be delivered at a 
predetermined rate. Predictability and consistency of affect 
can be achieved if the energy delivered to the tissue per pulse 
is controlled and consistent for a given control Setting at the 
user interface. For this reason, the preferred generator pro 
duces a known power output and Switches the radio fre 
quency power on and off accurately. Generally, the treatment 
pulses are much shorter than 100 ms, e.g. less than 30 ms 
duration, and can be as Short as 2 ms. When repeated, the 
repetition rate is typically in the range of from 0.5 or 1 to 10 
or 15 Hz. 

0101 The prime application for magnetron devices is for 
dielectric heating. Power control occurs by averaging over 
time and, commonly, the device is operated in a discontinu 
ous mode at mains frequency (50 or 60 Hz). A mains drive 
Switching circuit is applied to the primary winding of the 
Step-up transformer, the Secondary winding of which is 
applied to the magnetron anode and cathode terminals. 
Commonly, in addition, the filament power Supply is taken 
from an auxiliary Secondary winding of the Step-up trans 
former. This brings the penalty that the transient responses 
of the heater and anode-cathode loads are different; the 
heater may have a warm-up time of ten to thirty Seconds 
whereas the anode-cathode response is less than 10 uS, 
bringing unpredictable power output levels after a signifi 
cant break. Due to the discontinuous power feed at mains 
frequency, the peak power delivery may be three to six times 
the average power delivery, depending on the current 
Smoothing elements in the power Supply. It will be appre 
ciated from the points made above that Such operation of a 
magnetron is inappropriate for tissue resurfacing. The power 
Supply unit of the preferred generator in accordance with the 
present invention provides a continuous power feed for the 
radio frequency power device (i.e. the magnetron in this 
case) which is interrupted only by the applications of the 
treatment pulses. In practice, the treatment pulses are 
injected into a power Supply Stage which has a continuous 
DC supply of, e.g., at least 200V. The UHF circulator 
coupled to the magnetron output adds to Stability by pro 
Viding a constant impedance load. 

0102) In the generator illustrated in FIG. 8, the desired 
controllability and consistency of effect is achieved, firstly, 
by use of an independent filament supply. The controller 110 
is operated to energise the magnetron heater which is then 
allowed to reach a steady State before actuation of the high 
Voltage Supply to the magnetron cathode. 
0103) Secondly, the high voltage power Supply chain 
avoids reliance on heavy filtering and forms part of a 
magnetron current control loop having a much faster 
response than control circuits using large shunt filter capaci 
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tances. In particular, the power Supply chain includes, as 
explained above with reference to FIG. 8, an inverter unit 
providing a continuous controllable current Source applied at 
high Voltage to the magnetron anode and cathode terminals. 
For maximum efficiency, the current Source is provided by 
a Switched mode power Supply operating in a continuous 
current mode. A Series current-Smoothing inductance in the 
inverter Supply is fed from a buck regulator device. Refer 
ring to FIG. 9, which is a simplified circuit diagram, the 
buck regulator comprises a MOSFET 230, the current 
smoothing inductor 232 (here in the region of 500 uH), and 
a diode 234. The buck regulator, as shown, is connected 
between the 350V DC rail of the PSU output 210P (see FIG. 
8) and a bridge arrangement of four switching MOSFETs 
236 to 239, forming an inverter stage. These transistors 236 
to 239 are connected in an H-bridge and are operated in anti 
phase with slightly greater than 50% ON times to ensure a 
continuous supply current to the primary winding 240P of 
the step-up transformer 240. A bridge rectifier 242 coupled 
across the secondary winding 240F and a relatively small 
Smoothing capacitor 244, having a value less than or equal 
to 220 uS yields the required high voltage supply 200P for 
the magnetron. 
0104. By pulsing the buck transistor 230 as a Switching 
device at a frequency significantly greater than the repetition 
frequency of the treatment pulses, which is typically 
between 1 and 10 Hz or 15 Hz, and owing to the effect of 
the inductor 232, continuous current delivery at a power 
level in excess of 1 kW can be provided for the magnetron 
within each treatment pulse. The current level is controlled 
by adjusting the mark-to-space ratio of the drive pulses 
applied to the gate of the buck transistor 230. The Same gate 
terminal is used, in this case, in combination with a shut 
down of the drive pulses to the inverter Stage transistors, to 
de-activate the magnetron between treatment pulses. 
0105. It will be appreciated by the skilled man in the art 
that Single components referred to in this description, e.g. 
Single transistors, inductors and capacitors, may be replaced 
by multiple Such components, according to power handling 
requirements, and So on. Other equivalent Structures can also 
be used. 

0106 The pulse frequency of the buck transistor drive 
pulses is preferably greater than 16 kHz for inaudability (as 
well as for control loop response and minimum current 
ripple) and is preferably between 40 kHz and 150 kHz. 
Advantageously, the inverter transistors 236 to 239 are 
pulsed within the same frequency ranges, preferably at half 
the frequency of the buck transistor consistency between 
Successive half cycles applied to the Step-up transformer 
240. 

0107 Transformer 240 is preferably ferrite cored, and has 
a turns ratio of 2:15. 

0108) As will be seen from FIG. 10, which shows the 
output voltage on output 200P and the power output of the 
magnetron at the commencement of a treatment pulse, 
Start-up can be achieved in a relatively short time, typically 
less than 300 us, depending on the Vale of the capacitor 244. 
Switch-off time is generally considerably shorter. This yields 
the advantage that the treatment pulse length and, as a result, 
the energy delivered per treatment pulse (typically 2 to 6 
joules) is virtually unaffected by limitations in the power 
supply for the magnetron. High efficiency (typically 80%) 
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can be achieved for the conversion from a Supply Voltage of 
hundreds of volts (on Supply rails 228 and 229) to the high 
voltage output 200P (see FIG. 9). 
0109 Consistent control of the magnetron power output 
level, with rapid response to changing load conditions, can 
now be achieved using feedback control of the mark-to 
space ration of the drive pulses to the buck transistor 230. 
Since the power output from the magnetron is principally 
dependent on the anode to cathode current, the power Supply 
control Servos are current-based. These include a control 
loop generating an error Voltage from a gain-multiplied 
difference between measured anode to cathode current and 
a preset output-power-dependent current demand. The Volt 
age error is compensated for the Storage inductor current and 
the gain multiplied difference determines the mark-to-Space 
ratio of the driving pulses Supplied to the buck transistor 
230, as shown in the control loop diagrams of FIGS. 11 and 
12. 

0110. A current-based servo action is also preferred to 
allow compensation for magnetron ageing resulting in 
increasing anode-to-cathode impedance. Accordingly, the 
required power delivery levels are maintained up to mag 
netron failure. 

0111 Referring to FIGS. 8 and 11, variations in magne 
tron output power with respect to anode/cathode current, e.g. 
due to magnetron ageing, are compensated in the controller 
110 for by comparing a forward power sample 250 (obtained 
on line 116 in FIG. 8) with a power reference signal 252 in 
comparator 254. The comparator output is used as a refer 
ence Signal 256 for Setting the magnetron anode current, this 
reference Signal 256 being applied to elements of the con 
troller 110 setting the duty cycle of the drive pulses to the 
buck transistor 230 (FIG. 9), represented generally as the 
“magnetron principal power Supply’ block 258 in FIG. 11. 
0112 Referring to FIG. 12, that principal power supply 
block 258 has outer and inner control loops 260 and 262. 
The anode current reference signal 256 is compared in 
comparator 264 with an actual measurement 266 of the 
current delivered to the magnetron anode to produce an error 
Voltage V. This error Voltage is passed through a gain 
stage 268 in the controller 110 and yields a pulse width 
modulation (PWM) reference signal at an input 270 to a 
further comparator 272, where it is compared with a repre 
Sentation 274 of the actual current in the primary winding of 
the step-up transformer (see FIG. 9). This produces a 
modified (PWM) control signal on line 276 which is fed to 
the gate of the buck transistor 230 seen in FIG. 9, thereby 
regulating the transformer primary current through opera 
tion of the buck stage 278. 
0113. The inner loop 262 has a very rapid response, and 
controls the transformer primary current within each cycle 
of the 40 kHz drive pulse waveform fed to the gate terminal 
276 of the buck transistor 230. The outer loop 260 operates 
with a longer time constant during each treatment pulse to 
control the level of the magnetron anode/cathode current. It 
will be seen that the combined effect of the three control 
loops appearing in FIGS. 11 and 12 is consistent and 
accurate control of anode current and output power over a 
full range of time periods, i.e. short term and long term 
output power regulation is achieved. 
0114. The actual power setting applied to the UHF 
demand input 252 of the outermost control loop, as shown 
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in FIG. 11, depends on user selection for the required 
severity of treatment. Depth of effect can be controlled by 
adjusting the duration of the treatment pulses, 6 to 20 ms 
being a typical range. 

0115 The control connection between the controller 110 
and the high Voltage power Supply appears in FIG. 8 as a 
control and feedback channel 280. 

0116. It is also possible to control heater of current by a 
demand/feedback line 282, e.g. to obtain the preferred 
Steady State heater temperature. 
0117. In the case of the magnetron having an electromag 
net, variation of the magnetic field strength applied to the 
magnetron cavity provides another control variable (as 
shown in FIG.8), e.g. should lower continuous power levels 
be requires. 

0118 Return loss monitored by line 116 in FIG. 8 is a 
measure of how much energy the load reflects back to the 
generator. At perfect match of the generator to the load, the 
return loSS is infinite, while an open circuit or short circuit 
load produces a Zero return loSS. The controller may there 
fore employ a return loSS Sensing output on line 116 as a 
means of determining load match, and in particular as a 
means of identifying an instrument or cable fault. Detection 
of Such a fault may be used to shut down the output power 
device, in the case of the magnetron 204. 
0119) The UHF isolation stage 214 shown in FIG. 8 is 
illustrated in more detail in FIG. 13. As a particular aspect 
of the invention, this isolation Stage, which is applicable 
generally to electroSurgical (i.e. including tissue resurfacing) 
devices operating at frequencies in the UHF range and 
upwards, has a waveguide Section 286 and, within the 
waveguide Section, Spaced-apart ohmically Separate 
launcher and collector probes 288, 290 for connection to the 
radio frequency power device (in this case the magnetron) 
and an output, Specifically the output connector 216 shown 
in FIG. 8 in the present case. In the present example, the 
waveguide Section is cylindrical and has end caps 292 on 
each end. DC isolation is provided by forming the 
waveguide section 286 in two interfitting portions 286A, 
286B, one portion fitting within and being overlapped by the 
other portion with an insulating dielectric layer 294 between 
the two portions in the region of the overlap. Suitable 
connectors, here coaxial connectorS 296 are mounted in the 
wall of the waveguide Section for feeding radio frequency 
energy to and from the probe 288, 290. 
0.120. As an alternative, the waveguide may be rectan 
gular in croSS Section or may have another regular croSS 
Section. 

0121) Each probe 288, 290 is an E-field probe positioned 
inside the waveguide cavity as an extension of its respective 
coaxial connector inner conductor, the outer conductor being 
electrically continuous with the waveguide wall. In the 
present embodiment, operable in the region of 2.45 GHZ, the 
diameter of the waveguide Section is in the region of 70 to 
100 mm, specifically 86 mm in the present case. These and 
other dimensions may be Scaled according to the operating 
frequency. 

0.122 The length of the interior cavity of the waveguide 
section between the probe 288, 290 is preferably a multiple 
of 2/2 where is the guide wavelength within the cavity. 
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The distance between each probe and its nearest end cap is 
in the region of an odd multiple of 2/4 (in the present case 
32 mm), and the axial extent of the overlap between the two 
waveguide portions 286A, 286B should be at least/4. A 
typical low loss, high Voltage breakdown material for the 
dielectric layer 294 is polyimide tape. 

0123. It will be appreciated that the isolation stage pro 
vides a degree of bandpass filtering in that the diameter of 
the waveguide Section imposes a lower frequency limit 
below which Standing waves cannot be Supported, while 
high-pass filtering is provided by increasing losses with 
frequency. Additional bandpass filtering characteristics are 
provided by the relative spacings of the probe and the end 
caps. Note that the preferred length of the waveguide Section 
between the end caps 292 is about . Additional filter 
Structures may be introduced into the waveguide Section to 
provide preferential attenuation of unwanted Signals. 

0.124. The isolation stage forms an isolation barrier at DC 
and at AC frequencies much lower than the operating 
frequency of the generator and can, typically, withstand a 
voltage of 5 kV DC applied between the two waveguide 
portions 286A, 286B. 
0.125. At low frequencies, the isolation Stage represents a 
Series capacitor with a value less than 1 uF, preventing 
thermionic current or Single fault currents which may cause 
unwanted nerve Stimulation. Lower values of capacitance 
can obtained by reducing the degree of overlap between the 
waveguide section portions 286A, 286B, or by increasing 
the clearance between them where they overlap. 
0.126 Significant reductions in size of the isolation stage 
can be achieved by filling the interior cavity with a dielectric 
material having a relative dielectric constant greater than 
unity. 

0127. As an alternative to the E-field probes 288, 290 
illustrated in FIG. 13, waves may be launched and collected 
using H-field elements in the form of loops oriented to excite 
a magnetic field. 

0128 Referring now to FIG. 14, an instrument for use 
with a generator having a magnetron power output device 
comprises, as with the instrument of FIGS. 2, 3 and 6, an 
outer shaft 30, connector 26, coaxial feed cable 40. A 
transitional impedance matching Structure includes a low 
impedance Section 92 and a high impedance Section 94, and 
provides a match between the power output device of the 
generator and the load provided by the plasma, which is 
created in an electric field between a central disc electrode 
160 and an outer electrode 70 provided by a section of the 
conductive sleeve adjacent the disc electrode 160. Gas 
passes from the inlet port 32 and along the annular conduits 
38A, B formed between the inner and outer conductors of 
the sections 92, 94 of matching structure through the electric 
field between the electrodes 160, 70 and is converted into a 
plasma under the influence of the electric field. A tubular 
quartz insert 180 is situated against the inside of the sleeve 
50, and therefore between the electrodes 160, 70. Quartz is 
a low loSS dielectric material, and the insert has the effect of 
intensifying the electric field between the electrodes, effec 
tively bringing them closer together, while Simultaneously 
preventing preferential arcing between them, thereby pro 
ducing a more uniform beam of plasma. In this embodiment, 
the inner electrode 160 is a disc, and is mounted directly 
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onto the inner conductor 54 of the high impedance matching 
Section, the latter having a length which in electrical terms 
is one quarter of a wavelength of the generator output. The 
disc electrode 160, because of its relatively small length, is, 
when considered in combination with the electrode 70 
effectively a discrete or "lumped' capacitor, which, in 
conjunction with the inherent distributed inductance of the 
inner conductor 54 forms a Series resonant electrical assem 
bly. The shape of the disc electrode 160 also serves to spread 
the plasma output beam, thereby increasing the "footprint” 
of the beam on tissue, this can be desirable in Skin resur 
facing Since it means that a given area of tissue can be 
treated with fewer “hits” from the instrument. The voltage 
Step-up which occurs in this resonant Structure is lower in 
the instrument of this embodiment than with the instrument 
of FIGS. 2, 3 and 6, and so the step-up of the generator 
output voltage at the electrodes 160, 70 as a result of 
resonance within the resonant assembly is correspondingly 
lower. One reason for this is that a magnetron power output 
device produces a significantly higher level of power and at 
a higher voltage (typically 300 Vrms), and therefore it is not 
necessary to provide Such a high Step-up transformation, 
hence the lower Q of the resonant assembly. 
0129. Tuning of the output frequency of the magnetron 
power output device is difficult. Nonetheless, the resonant 
frequency of the instrument undergoes a shift once a plasma 
has been Struck as a result of a lowering of the load 
impedance (due to the higher conductivity of plasma than 
air), so the problem of optimum power delivery for plasma 
ignition on the one hand and plasma maintenance on the 
other still applies. Referring to FIG. 15, the reflected power 
dissipated within the instrument prior to plasma ignition 
with varying frequency is illustrated by the line 300. It can 
be seen that the resonance within the instrument occurs at a 
frequency f, represented graphically by a sharp peak, 
representative of a relatively high quality factor Q for the 
Voltage multiplication, or upward transformation that occurs 
within the instrument at resonance. The reflected power 
Versus frequency characteristic curve for the instrument 
once a plasma has been struck is illustrated by the line 310, 
and it can be seen that the resonant frequency of the 
instrument once a plasma has been created f is lower than 
that prior to ignition, and that the characteristic curve has a 
much flatter peak, representative of lower quality factor Q. 
Since the magnetron power output device is relatively 
powerful, one preferred mode of operation involves Select 
ing a resonant frequency of the instrument Such that the 
output frequency of the magnetron power output device is 
operable both to benefit from resonance within the instru 
ment to Strike a plasma, and also to maintain a plasma. 
0.130 Referring again to FIG. 15 the magnetron power 
output device has an output frequency f which lies 
between the resonant frequencies f. and f. The frequency 
f is shifted from the resonant frequency f. as far as 
possible in the direction of the resonant frequency f1 in an 
attempt to optimise the delivery of power into the plasma, 
while Still ensuring that Sufficient resonance occurs within 
the instrument at f to Strike a plasma. This compromise in 
the output frequency of the magnetron power output device 
is possible as a result of the relatively large power output 
available, meaning that Significantly leSS resonance is 
required within the instrument, either in order to Strike a 
plasma or Subsequently to maintain a plasma, than would be 
the case with lower power output devices. 
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0131. In a further embodiment, the instrument is con 
Structed So that it incorporates two resonant assemblies: one 
which is resonant prior to the ignition of a plasma and the 
other which is resonant Subsequent to ignition, wherein both 
of the resonant assemblies have Similar or Substantially the 
Same resonant frequency. With an instrument of this type it 
is then possible to optimise power delivery for ignition and 
maintenance of a plasma at a Single frequency. Referring 
now to FIG. 16, an instrument 16 has a connector 26 at its 
distal end, a coaxial feed Structure 40 extending from the 
connector 26 to a bipolar electrode Structure comprising a 
rod-like inner electrode 260 and an outer electrode 70 
provided by a section of outer conductive sleeve 50 lying 
adjacent the rod electrode 260, A conductive end cap 84 
defines an aperture 80 through which plasma passes, and 
helps to intensify the electric field through which the plasma 
passes, thereby enhancing the ease of power delivery into 
the plasma. The characteristic impedance of the Section of 
transmission line formed by the electrode structure 260, 70 
is chosen to provide matching between the power output 
device and the load provided by the plasma. As will be 
explained Subsequently, it is believed that the plasma load in 
this embodiment has a lower impedance than in previous 
embodiments, which therefore makes matching easier. In 
addition the instrument comprises an auxiliary or Strike 
electrode 260S. The strike electrode 260S comprises two 
elements: a predominantly inductive element, provided in 
this example by a length of wire 272 connected at its 
proximal end to the proximal end of rod electrode, and a 
predominantly capacitive element in Series with the induc 
tive element, which is provided in this example by a ring 274 
of conductive material connected to the distal end of the wire 
272, and which extends substantially coaxially with the rod 
electrode 260, but is spaced therefrom. 
0132) Referring now to FIG. 17, the structure of the 
strike electrode 260S is Such that the inductance in the form 
of the wire 272 and the capacitance in the form of the ring 
274 forms a resonant assembly which is resonant at the 
output frequency of the generator f, and the characteristic 
variation of reflected power with input frequency for the 
strike electrode 260S is illustrated by the line 320. By 
contrast, the transmission line formed by the electrode 
structure 260, 70 (whose characteristic variation of reflected 
power with input frequency is illustrated by the line 330), 
has, prior to the ignition of a plasma, a resonant frequency 
f that is significantly higher than the generator output 
frequency to an extent that little or no resonance will occur 
at that frequency. However, the electrode structure 260, 70 
is configured Such that, once a plasma has been formed 
(which can be thought of as a length of conductor extending 
from the rod electrode 260 out of the aperture 80), it is a 
resonant Structure at the output frequency of the generator, 
albeit a resonance at a lower Q. Thus, prior to the formation 
of a plasma, the strike electrode 260S is a resonant assembly 
which provides voltage multiplication (also known as step 
up transformation) of the generator output signal, whereas 
Subsequent to the formation of a plasma the electrode 
structure 260, 70 is a resonant assembly which will provide 
voltage multiplication. The electrode structure 260S, 70 may 
be thought of as having a length, in electrical terms, and 
once a plasma has been created (and therefore including the 
extra length of conductor provided by the plasma) which is 
equal to a quarter wavelength, and So provides a good match 
of the generator output. 

Nov. 17, 2005 

0.133 When the generator output signal passes out of the 
coaxial feed Structure 40 the Signal initially excites the Strike 
electrode 260S into resonance since this is resonant at the 
output frequency of the generator, but does not excite the 
electrode structure 260, 70, since this is not resonant at the 
output frequency of the generator until a plasma has been 
created. The effect of a resonance (and therefore Voltage 
multiplication) in the strike electrode 260S which does not 
occur in the electrode structure 260, 70 is that there is a 
potential difference between the strike electrode 260S and 
the rod electrode 260. If this potential difference is suffi 
ciently large to create an electric field of the required 
intensity between the strike electrode 260S and the rod 
electrode 260 (bearing in mind that, because of the relatively 
Small distance between the electrodes 260S and 260, a 
relatively low potential difference will be required), a 
plasma is created between the electrodes. Once the plasma 
has been created, the plasma will affects the electrical 
characteristics of the electrode Structure Such that it is 
resonant at the generator output frequency (or frequencies 
Similar thereto), although this resonance will be not be as 
pronounced because the Q of the resonant assembly when a 
plasma has been created is lower than the Q of the Strike 
electrode 260S. 

0.134. It is not essential that the strike electrode 260S and 
an “ignited” electrode structure 260, 70 (i.e. the electrode 
structure 260, 70 with a created plasma) have identical 
resonant frequencies in order to benefit from this dual 
electrode ignition technique, merely that they are each 
capable of interacting with the generator output to Strike and 
then maintain a plasma without having to retune the gen 
erator output. Preferably, however, the resonant frequencies 
should be the same to within the output frequency band 
width of the generator. For example, if the generator pro 
duced an output of 2450 MHz and at this frequency this 
output had an inherent bandwidth of 2 MHz, so that, in 
effect, at this Selected frequency the generator output Signal 
is in the frequency range 2449-2451 MHz, the two resonant 
frequencies should both lie in this range for optimum effect. 

0135 Referring now to FIG. 18, in a further embodiment 
which provides independent ignition of the plasma, an 
instrument includes a plasma ignition assembly 470S and an 
electrode structure 470 which are separately wired (and 
mutually isolated) to a circulator 414 within the instrument. 
Output signals from the generator pass initially into the 
circulator 414. The circulator passes the output signals 
preferentially into the output channel providing the best 
match to the generator. AS with the previous embodiment, 
prior to ignition of a plasma, the match into the electrode 
structure 470 is poor, whereas the ignition assembly is 
configured to provide a good match prior to ignition, and So 
the generator output is passed by the circulator into the 
ignition assembly 470S. Since it is wired independently, the 
ignition assembly 470 may be provided by any suitable 
Spark or arc generator which is capable of producing a Spark 
or arc with power levels available from the generator. For 
example, the ignition assembly can include a rectifying 
circuit and a DC Spark generator, a resonant assembly to 
provide voltage multiplication as in the embodiment of FIG. 
16 or any other Suitable Spark or arc generator. Once ignition 
of the plasma has occurred, the resultant change in the 
electrical characteristics of the electrode Structure cause 
matching of the generator output into the electrode Structure, 
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and So the circulator then acts to divert the generator output 
into the electrode structure to enable delivery of power into 
the plasma. 
0136. In the majority of embodiments of the Surgical 
System described above an oscillating electric field is created 
between two electrodes, both of which are substantially 
electrically isolated from the patient (inevitably there will be 
an extremely low level of radiation output from the instru 
ment in the direction of the patient, and possibly Some barely 
detectable Stray coupling with the patient), whose presence 
is irrelevant to the formation of a plasma. A plasma is struck 
between the electrodes (by the acceleration of free electrons 
between the electrodes) and the plasma is expelled from an 
aperture in the instrument, primarily under the influence of 
the pressure of gas Supplied to the instrument. As a result, 
the presence of a patient's skin has no effect on the forma 
tion of a plasma (whereas in the prior art a plasma is struck 
between an electrode within an instrument and the patient's 
skin) and the patient does not form a significant conductive 
pathway for any electroSurgical currents. 
0.137 In a particularly preferred instrument best Suited to 
operation with a high output power generator Such as the 
above-described generator embodiments having a magne 
tron as the output power device, a dual matching structure 
Such as those included in the instrument embodiments 
described above with reference to FIGS. 2 and 14, is not 
required. Referring to FIGS. 19 and 20, this preferred 
instrument comprises a continuous conductive Sleeve 50 
having its proximal end portion fixed within and electrically 
connected to the outer Screen of a standard (N-type) coaxial 
connector, and an inner needle electrode 54 mounted in an 
extension 42 of the connector inner conductor. Fitted inside 
the distal end portion 70 of the sleeve outer conductor 50 is 
a heat resistant dielectric tube 180 made of a low loss 
dielectric material such as quartz. As shown in FIGS. 19 
and 20, this tube extends beyond the distal end of the sleeve 
50 and, in addition, extends by a distance of at least a quarter 
wavelength (the operating wavelength ) inside the distal 
portion 70. Mounted inside the quartz tube where it is within 
the distal end portion 70 of the sleeve 50 is a conductive 
focusing element 480 which may be regarded as a parasitic 
antenna element for creating electric field concentrations 
between the needle electrode 54 and the distal end portion 70 
of the sleeve 50. 

0.138. Adjacent the connector 26, the sleeve 50 has a gas 
inlet 32 and provides an annular gas conduit 38 extending 
around the inner conductor extension 42, the needle elec 
trode 38, and distally to the end of the quartz tube 180, the 
latter forming the instrument nozzle 180N. A sealing ring 
482 prevents escape of gas from within the conduit 38 into 
the connector 26. 

0.139. When connected to a coaxial feeder from a gen 
erator Such as that described above with reference to FIG. 
8, the proximal portion of the instrument, comprising the 
connector 26 and the connector inner conductor extension 
42, constitutes a transmission line having a characteristic 
impedance which, in this case, is 502. A PTFE sleeve 26S 
within the connector forms part of the 50S2 structure. 
0140. The needle electrode 54 is made of heat resistant 
conductor Such as tungsten and has a diameter Such that, in 
combination with the outer sleeve 50, it forms a transmission 
line Section of higher characteristic impedance than that of 
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the connector 26, typically in the region of 90 to 1202. By 
arranging for the length of the needle electrode, i.e. the 
distance from the connector inner conductor extension 42 to 
its tip 54T (see FIG. 20), to be in the region of W/4, it can 
be made to act as an impedance transformation element 
raising the Voltage at the tip 54T to a level significantly 
higher than that seen on the 50S2 section (inner conductor 
extension 42). Accordingly, an intense E-field is created 
between the tip 54T of the inner electrode needle and the 
adjacent outer conductor distal end portion 70. This, in itself, 
given Sufficient input power, can be enough to create a gas 
plasma extending downstream from the tip 54T and through 
the nozzle 180N. However, more reliable striking of the 
plasma is achieved due to the presence of the focusing 
element 480. 

0.141. This focussing element 480 is a resonant element 
dimensioned to have a resonant frequency when in-situ in 
the quartz tube, in the region of the operating frequency of 
the instrument and its associated generator. AS will be seen 
from the drawings, particularly by referring to FIG. 20, the 
resonant element 480 has three portions, i.e. first and second 
folded patch elements 480C, folded into irregular rings 
dimensioned to engage the inside of the quartz tube 180, and 
an interconnecting intermediate narrow strip 480L. These 
components are all formed from a single piece of conductive 
material, here Spring Stainless Steel, the resilience of which 
causes the element to bear against tube 180. 
0142. It will be appreciated that the rings 480C, in 
electrical terms, are predominately capacitive, whilst the 
connecting strip 480L is predominately inductive. The 
length of the component approaches W/4. These properties 
give it a resonant frequency in the region of the operating 
frequency and a tendency to concentrate the E-field in the 
region of its end portions 480C. 
0143. In an alternative embodiment (not shown) the 
focussing element may be a helix of circular or polygonal 
croSS Section made from, e.g. a Springy material Such as 
tungsten. Other Structures may be used. 
0144. The focussing element is positioned so that it partly 
overlaps the needle electrode 54 in the axial direction of the 
instrument and, preferably has one of the regions where it 
induces high voltage in registry with the electrode tip 54T. 
0145. It will be understood by those skilled in the art that 
at resonance the Voltage Standing wave on the focussing 
element 480 is of greatest magnitude in the capacitive 
regions 480C. The irregular, folded, polygonal shape of the 
capacitive sections 480C results in substantially point con 
tact between the focussing element and the inner Surface of 
the quartz tube 180. This property, together with the E-field 
concentrating effect of the resonator element Structure and 
the presence close by of the high dielectric constant material 
of the inserted tube 180, all serve to maximise the filed 
intensity, thereby to ensure Striking of a plasma in gas 
flowing through the assembly. 
0146 In practice, arcing produced by the focussing ele 
ment 480 acts as an initiator for plasma formation in the 
region Surrounding the electrode tip 54.T. Once a plasma has 
formed at the tip 54T it propagates along the tube, mainly 
due to the flow of gas towards the nozzle 180N. Once this 
has happened, the instrument presents an impedance match 
for the generator, and power is transferred to the gas with 
good efficiency. 
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0147 One advantage of the focussing element is that its 
resonant frequency is not especially critical, thereby simpli 
fying manufacture. 
0148 Referring to FIGS. 21 to 24, an instrument 500 for 
use in the Surgical System described above with reference to 
FIG. 1 comprises two interconnecting Sections, a handpiece 
501 and a disposable assembly 502. The instrument 500 
comprises a casing 503, closed at the rear by an end cover 
504, through which is fed a coaxial cable 505. The central 
conductor of the coaxial cable 505 is connected to an inner 
electrode 506, formed of Molybdenum. The outer conductor 
of the coaxial cable is connected to an outer electrode 507, 
shown in FIG. 23. The outer electrode comprises a hollow 
base portion 508, with a gas inlet hole 509 formed therein, 
and a tubular extension 510 extending from the base portion. 
The inner electrode extends longitudinally within the outer 
electrode 507, with dielectric insulators 511 and 512 pre 
venting direct electric contact therebetween. 
0149. A gas inlet 513 passes through the end cover 504, 
and communicates via a lumen 514 within the casing, 
through the gas inlet hole 509 in the outer electrode, and 
through further channels 515 in the insulator 512, exiting in 
the region of the distal end of the inner electrode 506. 
0150. The disposable assembly 502 comprises a quartz 
tube 516, mounted within a casing 517, a silicone rubber 
washer 518 being located between the casing and the tube. 
The casing 517 has a latch mechanism 519 Such that it can 
be removably attached to the casing 503, via a correspond 
ing detent member 520. When the disposable assembly 502 
is secured to the handpiece 501, the quartz tube 516 is 
received within the handpiece, Such that the inner electrode 
506 extends into the tube, with the tubular extension 510 of 
the outer electrode 507 extending around the outside of the 
tube 516. 

0151. A resonator in the form of a helically wound 
tungsten coil 521 is located within the tube 516, the coil 521 
being positioned Such that, when the disposable assembly 
502 is secured in position on the handpiece 501, the proxi 
mal end of the coil is adjacent the distal end of the inner 
electrode 506. The coil is wound such that it is adjacent and 
in intimate contact with the inner Surface of the quartz tube 
516. 

0152. In use a gas, Such as nitrogen, is fed through the gas 
inlet 513, and via lumen 514, hole 509, and channels 519 to 
emerge adjacent the distal end of the inner electrode 506. A 
radio frequency voltage is supplied to the coaxial cable 505, 
and hence between electrodes 506 and 507. The coil 521 is 
not directly connected to either electrode, but is arranged 
Such that it is resonant at the operating frequency of the radio 
frequency Voltage Supplied thereto. In this way, the coil 521 
acts to promote the conversion of the gas into a plasma, 
which exits from the tube 516 and is directed on to tissue to 
be treated. 

0153. The parameters of the helical coil 521 that affect its 
resonant frequency include the diameter of the wire material 
used to form the coil, its diameter, pitch and overall length. 
These parameters are chosen Such that the coil has its 
resonant frequency effectively at the operating frequency of 
the signal applied to the electrodes. For a 2.47 GHz oper 
ating frequency (and a free-space wavelength of approxi 
mately 121 mm), a resonator coil was employed having an 
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approx coil length of 13 mm, a pitch of 5.24 mm, outer 
diameter 5.43 mm, wire diameter of 0.23 mm, and overall 
wire length of 41.8 mm. This gives a coil with a resonant 
frequency of approx 2.517GHZ (the difference allowing for 
the different Speeds of propagation of e/m radiation in air 
and quartz respectively). 
0154 Following repeated use of the instrument, the reso 
nant coil 521 will need to be replaced on a regular basis. The 
arrangement described above allows for a disposable assem 
bly to be provided which is quick and easy to attach and 
detach, and also repeatedly provides the accurate location of 
the resonant coil 521 with respect to the electrode 506. 
O155 As mentioned above, the use of UHF signals is not 
essential to the operation of the present invention, and the 
invention may be embodied at any frequency from DC 
Signals upwards. However, the use of UHF Signals has an 
advantage in that components whose length is one quarter 
wavelength long may be incorporated within compact Sur 
gical instruments to provide Voltage transformation or 
matching. In addition Several instruments have been illus 
trated which have resonant assemblies for the purpose of 
Step-up Voltage transformation, but this is not essential, and 
upward Voltage transformation can be performed within an 
instrument without making use of resonance. 
0156 If the instruments disclosed herein are intended for 
clinical use, it is possible to Sterilise them, and this may be 
performed in a number of ways which are known in the art, 
Such as the use of gamma radiation, for example, or by 
passing a gas Such as ethylene oxide through the instrument 
(which will ensure that the conduit for the gas is sterilised). 
The sterilised instruments will then be wrapped in a suitable 
Sterile package which prevents the ingreSS of contagion 
therein. 

O157 The various modifications disclosed herein are not 
limited to their association with the embodiments in con 
nection with which they were first described, and may be 
applicable to all embodiments disclosed herein. 
0158 Whilst the particular arrangement of the following 
claims has been prepared with a view to presenting essential 
and preferred features of the invention in a logical and 
concise way, for the purposes of Article 123 EPC we hereby 
Specifically include as part of the content of this application 
as originally filed all possible combinations of the individual 
features contained in the claims or the preceding description. 

What is claimed is: 
1. An electroSurgical System having a generator for gen 

erating radio frequency power in or above the UHF range, 
wherein the System includes an isolation Stage comprising a 
waveguide Section and, within the waveguide Section, 
Spaced-apart ohmically Separate launcher and collector 
probes for connection respectively to a radio frequency 
power device and an output. 

2. A tissue resurfacing System having a generator for 
generating radio frequency power in or above the UHF 
range, wherein the System includes an isolation Stage com 
prising a waveguide Section and, within the waveguide 
Section, Spaced-apart ohmically Separate launcher and col 
lector probes for connection respectively to a radio fre 
quency power device and an output. 
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3. The System according to claim 1, characterised in that 
the radio frequency power device comprises a mangetron 
forming part of the generator. 

4. The System according to claim 1, characterised in that 
the waveguide Section is cylindrical. 

5. The System according claim 1, characterised in that the 
waveguide Section has a rectangular or other regular croSS 
Section. 

6. The System according to claim 4, characterised in that 
the waveguide Section has end caps on each end. 

7. The System according to claim 1, characterised in that 
the waveguide Section comprises two interfitting portions, 
one portion fitting within and being overlapped by the other 
portion, the waveguide Section further comprising an insu 
lating dielectric layer between the Said two portions in the 
region of the overlap. 

8. The System according to claim 1, characterised in that 
the probes are E-field probes. 

9. The System according to claim 1, characterised in that 
the probes are H-field elements in the form of loops. 

10. The System according to claim 1, characterised in that 
the waveguide Section has a wall in which are mounted first 
and Second coaxial connectors, and in that each of the probes 
is positioned inside the waveguide as an extension of an 
inner conductor of a respective one of the coaxial connec 
tors, the outer conductor being electrically continuous with 
the wall. 

11. The System according to claim 1, characterised by 
being operable at a frequency in the region of 2.45 GHZ. 

12. The System according to claim 11, characterised in 
that the waveguide Section is cylindrical and has a diameter 
in the range of from 70 to 100 mm. 

13. The System according to claim 1, characterised in that 
the waveguide Section has an interior cavity the length of 
which is na/2 where n is an integer and is the guide 
wavelength within the cavity. 

14. The System according to claim 4, characterised in that 
the distance between each probe and its nearest end cap is in 
the region of an odd multiple of 2/4, where , is the guide 
wavelength within an interior cavity of the waveguide 
Section. 

15. The System according to claim 7, characterised in that 
the axial extent of the overlap between the Said waveguide 
portions is at least /4, where is the guide wavelength 
within an interior cavity of the waveguide Section. 

16. The System according to claim 4, characterised in that 
the length of the waveguide Section between the end caps is 
about , where, is the guide wavelength within an interior 
cavity of the waveguide Section. 

17. An isolation Stage for operation at frequencies in or 
above the UHF range, comprising a waveguide Section and, 
within the waveguide Section, Spaced-apart ohmically Sepa 
rate launcher and collector probes for connection respec 
tively to a radio frequency power device and an output. 

18. A radio frequency generator forming part of an 
electroSurgical or tissue resurfacing System, characterised in 
that the generator includes an isolation Stage according to 
claim 17. 
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19. The System according to claim 2, characterised in that 
the radio frequency power device comprises a mangetron 
forming part of the generator. 

20. The System according to claim 2, characterised in that 
the waveguide Section is cylindrical. 

21. The System according claim 2, characterised in that 
the waveguide Section has a rectangular or other regular 
croSS-Section. 

22. The System according to claim 20, characterised in 
that the waveguide Section has end caps on each end. 

23. The System according to claim 2, characterised in that 
the waveguide Section comprises two interfitting portions, 
one portion fitting within and being overlapped by the other 
portion, the waveguide Section further comprising an insu 
lating dielectric layer between the Said two portions in the 
region of the Overlap. 

24. The System according to claim 2, characterised in that 
the probes are E-field probes. 

25. The System according to claim 2, characterised in that 
the probes are H-field elements in the form of loops. 

26. The System according to claim 2, characterised in that 
the waveguide Section has a wall in which are mounted first 
and Second coaxial connectors, and in that each of the probes 
is positioned inside the waveguide as an extension of an 
inner conductor of a respective one of the coaxial connec 
tors, the outer conductor being electrically continuous with 
the wall. 

27. The System according to claim 2, characterised by 
being operable at a frequency in the region of 2.45 GHZ. 

28. The System according to claim 27, characterised in 
that the waveguide Section is cylindrical and has a diameter 
in the range of from 70 to 100 mm. 

29. The System according to claim 2, characterised in that 
the waveguide Section has an interior cavity the length of 
which is na/2 where n is an integer and is the guide 
wavelength within the cavity. 

30. The system according to claim 20, characterised in 
that the distance between each probe and its nearest end cap 
is in the region of an odd multiple of 2/4, where is the 
guide wavelength within an interior cavity of the waveguide 
Section. 

31. The System according to claim 23, characterised in 
that the axial extent of the overlap between the said 
waveguide portions is at least J/4, where is the guide 
wavelength within an interior cavity of the waveguide 
Section. 

32. The System according to claim 20, characterised in 
that the length of the waveguide Section between the end 
caps is about , where is the guide wavelength within an 
interior cavity of the waveguide Section. 


