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(57) Abstract

In an electrosurgical generator having a self-tuning oscillator which includes a switching device (10) and a resonant output network
(12) connected between the switching device (10) and a supply rail (V+), an oscillator feedback circuit (26, 28, 30, 32, 34, 38) feeds to
the switching device (10) a switching control pulse signal for separately switching the switching device (10) to its "on" state whilst the
voltage across the device (10) is decreasing, the phase of the "on" point being dynamically variable such that the "on" time of the device
(10) is adjusted so as to regulate the amplitude of the voltage thereacross. This allows reverse conduction of the switching device (10) to

be avoided, giving improved efficiency.




applications under the PCT.
AT Austria

AU Australia

BB Barbados

BE Belgium

BF Burkina Faso
BG Bulgaria

BJ Benin

BR Brazil

BY Belarus

CA Canada

CF Central African Republic
CG Congo

CH Switzerland

CI Céte d'Ivoire
cM Cameroon

CN China

Cs Czechoslovakia
cz Czech Republic
DE Germany

DK Denmark

ES Spain

FI Finland

FR France

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international

Gabon

GB
GE
GN
GR

SESS55ERFRE RERWARYT

United Kingdom
Georgia

Guinea

Greece

Hungary

Ireland

Ttaly

Japan

Keaya

Kyrgystan
Democratic People’s Republic
of Korea

Republic of Korea
Kazakhstan
Liechtenstein

Sri Lanka
Luxembourg
Latvia

Monaco

Republic of Moldova
Madagascar

Mali

Mongolia

Mauritania
Malawi

Niger

Netherlands
Norway

New Zealand
Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Slovenia

Slovakia

Seaegal

Chad

Togo

Tajikistan
Trinidad and Tobago
Ukraine

United States of America
Uzbekistan

Viet Nam

PR



WO 95/02369 PCT/GB9%4/01504

10

15

20

25

30

35

1

AN ELECTROSURGICAL GENERATOR

This invention relates to an electrosurgical generator.

A radio frequency generator for electrosurgery
conventionally has an output isolation transformer coupled
to output terminals of the apparatus via a series coupling
capacitor the function of which is to prevent low frequency
output components causing nerve stimulation in the patient
being treated. 1In electrosurgery, the impedance presented
to the output terminals of the generator tends to vary
widely, to the extent that the output stage is rarely
matched, leading to reflection of power back into the output
stage with consequently poor efficiency and unwanted heat
dissipation. In this context "matched" means matching of
the output impedance of the output stage to the load
impedance, i.e. Z,, = Z,,,- This effect may be overcome to
a large degree by arranging for the output frequency to vary
according to the magnitude of the load resistance, as
described in published British Patent Application No.
22144307, the disclosure of which is reported in this
specification by reference. This prior apparatus has an
output stage consisting of a self-tuning radio frequency
oscillator having a power MOSFET driving a resonant output
network coupled to the output terminals of the apparatus.
The network consists of a transformer, the secondary winding
of which is tuned by a parallel capacitor, and by a series
coupling capacitor connected between one end of the winding
and one of the terminals. It will be appreciated that the
frequency of oscillation varies with load impedance, and
reflection of power back into the generator can be
maintained at relatively low levels over a wide range of
load impedances. This is especially beneficial for a
battery powered generator having a limited power output
capacity. Stray capacitances resulting from connection of
the generator to the load have little or no effect on
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matching. The prior disclosed apparatus does, however, have
disadvantages. One of these is that under extreme load
conditions, the only limit to the energy build up in the
resonant output circuit is the Q of the circuit itself. If
the generator is designed to produce a constant power
output, for example, by pulsing the oscillator with a
variable mark-to-space ratio according to sensed current
drain and supply voltage, under extreme load conditions the
oscillator energy at the required constant power is
dissipated mainly by the resonant output circuit.
Consequently, the output stage needs to be capable of
dissipating the maximum design output power and the main
oscillator device must be capable of withstanding the
voltage levels necessary to achieve such power. Indeed, in
bipolar electrosurgery the tissue impedance tends to be
between 10Q and 1KQ, while in monopolar application it tends
to be between 1002 and 10KQ. Since power, P = V2/R at
resonance, the voltage applied to the output device can be
V(PR), P being the design power of the generator. 1In a low
power generator (having a power output of 10W typically),
this may present no particular problems. However, for
increased power outputs (for instance, up to 300W) the
resonant output circuit must be of heavy construction, and
special measures must be taken to protect the output device.

Another difficulty concerns control of the oscillator
device, specifically the feedback applied to a control
terminal of the device to sustain oscillation. At higher
power levels such control cannot be linear in the sense of
operating the device as an amplifier so that the output
current is proportional to the input voltage or input
current, since the device must then dissipate a proportion
of the oscillator power. The oscillator device is therefore
preferably switched between the fully "on" and fully "off"
conditions. Such switching brings the problem of higher
harmonics being produced by the oscillator device, which are
shunted by the resonant output circuit. This can, to some



WO 95/02369 PCT/GB94/01504

10

15

20

25

30

35

3

extent, be alleviated by switching the device 90° phase-
advanced with respect to the resonant output waveform.
Nevertheless, in an extreme load condition, which gives very
high Q in the resonant output circuit, the 90° advance
switching point causes the primary voltage to swing lower
than the switching potential, assuming that the oscillator
device is coupled between the transformer primary winding
and ground. This occurs because the current injection
immediately following the "on" instant is very high, the
primary voltage at 90° advance usually being higher than the
switching supply voltage. With constant power feedback
control, this condition is also an unstable one, since as
more energy is injected into the resonant output circuit,
the primary voltage at the switching-on point becomes”
progressively higher and therefore the peak switching
current also becomes higher. This can lead to reverse
biasing of the oscillator device, leading to inefficiency
and sometimes to damage of the device. When the device is
a power MOSFET, this reverse current flow causes forward
biasing of the intrinsic diode which, being a comparatively
slow device, then dissipates a significant level of power at
radio frequencies. Whilst the reverse bias performance can
be improved by coupling an additional fast recovery diode in
parallel with the intrinsic diode, any conduction as a
result of the transformer primary voltage falling below the

switching voltage is inefficient.

It is an object of this invention to provide a generator of

improved efficiency.

According to this invention, an electrosurgical generator
has a radio frequency oscillator comprising at least one
switching device, a resonant output network coupled in
series with the switching device in a path between power
supply rails of opposite polarities, and an oscillator
feedback circuit operable to feed to the switching device a

switching control pulse signal as an oscillation feedback
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signal such that the switching device is cyclically switched
to its "on" state whilst the voltage across the switching
device is decreasing, the phase of the "on" point being
automatically and dynamically variable such that the "on"-
time of the switching device is adjusted. The oscillator
feedback circuit is preferably operable to retard the "on"
point at one or both extremes of the load impedance range of
the generator, the phase of the "on" point being variably
retarded so as to lag positive or negative peaks of the
output signal voltage from the resonant output network by
between 0° and 120°. By allowing the phase of the "on"
roint to be retarded when conditions require, the current
surge that occurs when the switching device is switched to
its "on" state is less severe due to the voltage across the
switching device (generally the primary voltage of an output
network transformer) being lower. In this way, it is
possible to limit the primary voltage amplitude so that
reverse conduction of the switching device can be largely

avoided.

The feedback circuit may be such that the "on" point is
arranged to coincide with the voltage across the switching
device falling to a predetermined threshold value which is
equal to or greater than the potential difference between
the supply rails of the power supply powering the switching
device. The peak voltage across the switching device may
exceed the supply voltage by a considerable margin and it is
preferred that the threshold value is nearer to the supply
voltage than the said peak voltage.

In the case of the resonant output network including a
transformer having a primary winding coupled in series with
the switching device, the feedback circuit may be arranged
to produce a timing signal in response to the voltage across
the primary winding crossing a predetermined threshold.
Thus, the primary winding may have one end coupled to one of
the supply rails, and the feedback circuit may include a
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comparator arranged to compare the voltage at the other end
of the primary winding with a threshold voltage equal or
approximately equal to the voltage of the said one supply

rail.

Preferably, the feedback circuit is arranged such that the
switching device is cyclically switched to its "off" state
in the region of a positive or negative peak of the output
signal voltage from the resonant network occurring between
0° and 180° after the switching to the "on" state. In this
way, by retarding the phase of the switching "on" with
respect to the "off" point, the "on" time of the switching
device is reduced, leading to reduced input energy in the
resonant output network under extreme load conditions.
Thus, for a given output power rating, the power handling
capability of the resonant output network can be reduced, as
can the output voltage rating of the switching device.

In the preferred embodiment of the invention, the feedback
circuit includes means coupled to the resonant output
network for deriving a phase-shifted pulse signal having a
pulse edge in the region of the above-mentioned positive or
negative output signal voltage peak. These deriving means
are associated with a logic circuit having one input coupled
to the output of the deriving means to receive the phase-
shifted pulse signal and another input coupled to an output
of the comparator to produce the switching control pulse
signal with pulses each of which begins when the comparator
indicates that the voltage across the primary winding equals
the threshold voltage, and ends at the said pulse edge of
the phase-shifted pulse signal. The deriving means may
comprise a capacitive filter and a squaring circuit which
are operable together to produce a pulse signal as a squared
representation of the output signal voltage from the
resonant network, shifted by approximately 90°. The logic
circuit preferably produces an "on" signal when both of the
said inputs are in the same, predetermined logic condition.
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To aid starting of the oscillator, the comparator may be
biased such that when the switching device is in its "off"
state and the oscillator quiescent, the comparator output is
in a logic state which, in the presence of a start signal,
causes the switching device to be switched to its "on"
state. The logic circuit may have a third input coupled to

receive the start signal.

The resonant network may include an auto-transformer having
a primary winding coupled between the switching device and
the supply rail and/or an AC earth, and a secondary winding
coupled to an output terminal of the oscillator. 1In this
case, the feedback circuit preferably includes a feedback
link with a series-connected capacitor coupled to the
secondary winding for deriving a phase-shifted signal
representative of the output signal voltage phase-shifted by
approximately 90°.

Alternatively, for mains powered use, the resonant network
may include a transformer having a primary winding coupled
between the switching device and a supply rail and/or an AC
earth, and a secondary winding DC-isolated from the primary
winding and coupled to an output terminal of the oscillator.
In this latter case, the feedback circuit preferably
includes a feedback link comprising an RC network having a
series resistance and a downstream parallel capacitance, and
a squaring circuit which, together with the RC network, is
operable to produce a phase-shifted signal representative of
the output signal phase-shifted by 90°, the feedback link
being coupled to the primary winding.

For simplicity, and for rapid response to the rapid changes
in impedance which typically arise in electrosurgery, the
oscillator is preferably self-tuning, in that the resonant
network comprises a transformer having a primary winding
coupled between the switching device and a supply rail
and/or AC earth, and a secondary winding, a first tuning
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capacitance coupled across the secondary winding, and second
coupling capacitance coupled to one end of the second
winding for connection to the load. Thus, when the
oscillator is connected to the load, the frequency of
oscillation varies automatically according to the impedance
of the load in order to maintain a substantial impedance
match over a range of load impedance values. In order
maintain a substantially constant output over a range of
load impedances, the oscillator may include a power control
circuit for pulsing the oscillator at a pulse repetition
rate which is much lower than the frequency of oscillation,
the pulse duty cycle being varied to maintain the output of
the oscillator substantially constant. The power control
circuit may comprise means for monitoring the current drawn
from the supply rails by the oscillator and the supply rail
voltage, a multiplier coupled to the monitoring means for
deriving a product signal representative of output power,
and a circuit arrangement for altering the pulse duty cycle
according to the value of the product signal.

The generator may be monopolar or bipolar. A bipolar
generator has a pair of output terminals for connection to
an electrosurgical or diathermy load, the terminals
preferably being coupled to opposite ends of the secondary
winding of the transformer, with at least one of the
terminals being coupled via a series coupling capacitor to
achieve matching with varying load impedance as mentioned

above.

The invention will now be described by way of example with

reference to the drawings in which:-

Figure 1 is a circuit diagram of a self-tuning oscillator of

an electrosurgical generator;



WO 95/02369 PCT/GB94/01504

10

15

20

25

30

35

8

Figures 2A to 2D are waveform diagrams relating to an
oscillator in which the oscillating device is driven by a

square wave control signal;

Figure 3 is a circuit diagram of a first self-tuning
oscillator of an electrosurgical generator in accordance

with the invention;

Figures 4A to 4F are waveform diagrams relating to the

oscillator of Figure 3; and
Figure 5 is a further self-tuning oscillator.

Referring to Figure 1, a prior art electrosurgical generator
has a self-tuning oscillator with a MOSFET oscillator device
10 coupled in series with a resonant output network 12
between a positive voltage supply rail V+ and earth. The
resonant network 12 has an inductor configured as an auto-
transformer 14 with a parallel tuning capacitance 16 coupled
across the complete winding and a pair of output terminals
18, one of which is isolated from the transformer 14 and
parallel capacitor 16 by a series coupling capacitor 20.
One portion of the transformer secondary winding acts as a
primary winding 14P which is coupled between the supply V+
and the drain terminal of the MOSFET 10. A feedback circuit
22 links one end of the secondary winding to a gate terminal
10G of the MOSFET 10. A generator having such an oscillator
is described in more detail in the above-mentioned British
Patent Application No. 2214430A. It will be noted that this
particular oscillator has two output terminals 18,
representing the outputs of a bipolar electrosurgical
generator which, in use, are connected to an electrosurgical
load 24.

It is well known that the load presented to an
electrosurgical generator varies widely and very rapidly
according to the particular operation being performed and,
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for example, the movements of the electrosurgical instrument
with respect to the tissue being treated. As described in
the above-mentioned patent, a resonant network such as that
shown in Figure 1, having both a parallel tuning capacitor
across the transformer secondary and a series coupling
capacitor allows the oscillator to be matched to the load as

the load impedance varies.

Conventionally, the feedback circuit 22 is a capacitor. If
the feedback voltage applied to the gate terminal 10G of the
MOSFET 10 is squared so that the MOSFET is driven between
the fully "on" and fully "off" states in order largely to
avoid power dissipation in the MOSFET 10, the signals at
different points in the oscillator circuit have the form
shown in Figures 2A to 2C. The waveform of Figure 2A
represents the output voltage across the secondary winding.
In this diagram, the mean voltage is shown by a horizontal
line. The primary voltage waveform for infinite load
impedance is shown in Figure 2B. This has a non-sinusoidal
shape by virtue of the square wave drive to the MOSFET gate
10G, as shown by the waveform of Figure 2C. The drive
waveform is, in effect, advanced by 90° with respect to the
output voltage so that the MOSFET is switched to its "on"
state 90° before the zero-crossing of the output voltage
waveform (zero-crossing meaning -here the crossing of the
mean voltage 1line) so that current is drawn from the
resonant network through the MOSFET before the corresponding
voltage peak (a negative peak in Figure 2A). At the 90°
phase-advanced switch point the primary voltage on the drain
terminal of MOSFET 10 may be higher than the supply voltage
V+ when the load impedance is high, with the result that the
current injection occurring immediately after the "on" time
is very high. It is this current injection which causes the
primary voltage, as shown in Figure 2B to change very
rapidly and, in certain conditions to swing lower than the
switching potential on the MOSFET (which here switches to
ground), producing reverse conduction through the MOSFET.
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This effect is visible in Figure 2B as negative pulses below
the zero voltage line. The MOSFET current I, is shown in
Figure 2D. As has been described above, this 1is an
undesirable condition, leading to inefficiency and
potentially to damage of the MOSFET 10.

As will be seen from Figure 2C, the "off" point of the
control signal applied to the gate terminal of the MOSFET 10
corresponds approximately to the instant of the peak of the
output voltage waveform following switching on and is,
therefore, 90° phase-advanced with respect to the
corresponding part of the output voltage waveform.

An improved generator in accordance with the invention is
illustrated in Figure 3. Like the generator of Figure 1,
this is intended to be used primarily as a battery powered
generator. In common with the oscillator of Figure 1 a
MOSFET 10, the oscillator has a resonant output network 12
comprising a transformer 14, a parallel capacitor 16, and a
series coupling capacitor 20. Bipolar output terminals 18
are provided for —connection to an electrosurgical
instrument. The transformer 14 is an auto transformer, the
output for application to the electrosurgical instrument
being developed across the secondary winding represented by
the full winding of the transformer 14, the primary winding
being represented by part of the full winding, in this case
the upper portion of the winding as shown in Figure 3, with
the tap 14T being connected to the drain terminal 10D of the
MOSFET 10.

The feedback circuit of this improved oscillator is arranged
in two parts. The first part comprises a feedback link
having a series connected feedback capacitor 26 the output
side of which is clamped between +5V and earth by diodes 28,
30 to provide a squared 90° phase-advanced signal similar to
that shown in Figure 2C, but inverted. The other part of

the feedback circuit comprises a comparator 32 having a



WO 95/02369 PCT/GB94/01504

10

15

20

25

30

35

11

first input coupled to the junction of the transformer 14
and the drain terminal of the MOSFET 10 which carries the
transformer primary voltage, and a second input coupled to
the supply rail V+. The comparator thus compares the
primary voltage with a threshold voltage equal to the supply
voltage to produce a square wave at its output which is
presented to one input of a NOR gate 34, another input of
which is coupled to the clamped output side of the feedback
capacitor 26. NOR gate 34 has a third input which, when the
oscillator is active is held low by a start pulse generator
36 having an on/off control input 36I. It will be seen that
all three inputs of the NOR gate 34 must be driven low for
the output to be positive. Otherwise the output is
negative. This NOR gate 34 provides a pulsed control signal
via a buffer amplifier 38 for the gate 10G of the MOSFET 10.
The polarities of the signals obtained from the comparator
32 and the clamped output of the capacitor 26 are such that
a positive drive pulse is provided to the MOSFET 10 only
when the primary voltage is lower than the voltage threshold
(here the battery supply voltage V+) and the 90° signal from
the capacitor 26 indicates that the output voltage from the
resonant output network 12 is falling from a positive peak

to a negative peak.

The result of these measures is shown in the waveform
diagrams of Figures 4A to 4E. The output voltage across the
secondary winding of the transformer 14 is shown in Figure
4A and is a sinusoid of a frequency equal to the resonant
frequency of the network 12. The primary voltage is shown
in Figure 4B, this being the voltage at the junction between
the MOSFET drain connection 10D and the transformer 14,
while the output from the comparator 32 resulting from the
comparison of this primary voltage with a threshold voltage
approximately equal to the supply voltage V+ is a pulsed
signal as shown in Figure 4C. (It should be noted here that
the threshold voltage in Figure 4B is a little higher than
the supply voltage, since in one preferred embodiment of the
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invention, potential dividers connected between the supply
V+ and the comparator on the one hand and between the
primary voltage connection and the comparator on the other
hand are arranged to select a somewhat higher threshold.
This also has the effect of biasing the comparator output to
the negative state in order that the oscillator may be
started when a negative-going start pulse is produced by the

start pulse generator 36.)

The 90° phase advanced signal produced at the clamped output
of the capacitor 26 is shown in Figure 4D, from which it
will be seen that the phase-advanced signal is a simple
square wave 90° phase-advanced with respect of the output
voltage of Figure 4A. Providing the output of the start
pulse generator 36 is low, the control signal obtained from
the output of the NOR gate 34 takes the form shown in Figure
4E, i.e. positive pulses coinciding with the incidence of
low input states from both the comparator 32 and the
capacitor 26. The result is that the MOSFET 10 is switched
on cyclically at an instant which is retarded with respect
to the 90° advanced point but is still switched "off" in the
region of the first peak of the output voltage following
switch on (i.e. in the region of a null of the differential
dv/dt of the output voltage).

Referring now to Figure 4B, it will be seen that, since the
primary voltage is lower when the MOSFET 10 is switched "on"
than with the switching scheme of Figure 2C, the primary
voltage in the no-load condition does not cross below the
switching potential represented by the base line of the
diagram in Figure 4B, nor does the device current I,
exhibit reversals (see Figure 4F). Consequently, inefficient
and potentially damaging reverse conduction is avoided.
Furthermore, since the "on" point is retarded, but the "off"
point remains substantially coincident with the output
voltage peak, the total "on" time of the MOSFET is reduced
with respect to the arrangement represented by the waveform
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diagrams Fiqures 2B and 2C, leading to reduced power
consumption at the extremes of load impedance, thereby
avoiding excessive power dissipation in the resonant output
network. Since the triggering of the MOSFET 10 is dependent
on the amplitude and shape of the primary voltage waveform,
the "on" duration of the MOSFET varies according to the load
impedance appearing at the output terminals 18 (see Figure
3). It has been found that use of this switching
arrangement results in very high energy conversion
efficiencies over relatively large load impedance ranges.
In practice, it is possible to achieve greater than 70%
efficiency for maximum power over a load impedance range of
10Q@ to 1000Q, representing a tenfold change in both current
and voltage output.

A power control feedback loop may be included, operable to
pulse the MOSFET oscillator by applying a relatively low
frequency pulsed control input to the start pulse generator
36. Details of a suitable power control circuit are shown
in the above-mentioned British Patent Application No.
2214430A. With such a control circuit, the enhanced
conversion efficiency yielded by the circuitry of the
invention allows the load impedance/power characteristic to
be tailored flat over an extended load impedance range
without excessive resonant circuit dissipation or excessive
stress on the switching MOSFET 10, the variable phase-
advance switching limiting the maximum output voltage (no-
load condition) and maximum current (short circuit load).
These advantages give rise to reduced power supply
requirements and the possibility of cheaper components for

a given required power output.

The circuitry of Figure 3 is intended for battery supplied
electrosurgical apparatus. Where the apparatus is mains
supplied, additional isolation is required, preferably in
the form of an output RF transformer with an isolated

secondary, as shown in Figure 5. As before, the primary
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winding is coupled between the supply V+ and the drain
terminal 10D of a MOSFET 10. The isolated secondary winding
40S of the transformer 40 is coupled to the output terminals
18 in the same way as the secondary portion of the auto

transformer 14 of the oscillator of Figure 3.

Whereas in the oscillator of Figure 3 it is possible to use
a feedback signal directly from the output stage due to the
absence of a need for d.c. isolation, the mains driven
oscillator requires alternative means for generating the 90°
phase-advanced signal. In this case, then, in the
oscillator of Figure 5 the feedback circuit includes a
single pole low pass filter comprising RC network 42, 44
connected to receive the primary voltage available at the
junction of the primary winding 40P and the drain terminal
10D of the MOSFET 10, followed by an inverted 46. This
actually produces a delayed 90° signal but does not affect
the operation of the MOSFET. A comparator 32 is arranged to
compare the primary voltage with the supply voltage V+ or,
preferably, a voltage slightly higher. ‘

At this point it should be mentioned that the delayed 90°
phase-advanced signal produced by the low pass filter and
squaring inverter arrangement 42, 44, 46 would, on its own,
not allow the oscillator to start when power is first
applied, since no 90  phase-advanced signal is available for
the first cycle of oscillation. This difficulty is overcome
by the start pulse generator 36 being arranged to produce a
negative pulse. In fact, the pulse start duration is
relatively short (typically 50 - 100 ns). In both circuits,
(i.e. the oscillators of Figure 3 and Figure 5) the short
duration of this pulse limits the initial current surge so
that the possibility of damage to the MOSFET 10 is reduced.
Subsequently, excessive current is avoided by the retarded

"on" instant as described above.
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The embodiments of Figures 3 and 5 both include single-sided
switch arrangement in that current through the primary
winding of the transformer 14 or 40 is controlled by
switching means 10 on one side only of the winding. It
should be mentioned that the invention includes within its
scope a push-pull arrangement which would be advantageous at
high power levels because the resulting balancing-out of DC
current components allows a smaller transformer core to be
used for a given power rating by virtue of the raising of

the effective transformer core saturation point.

The oscillator operates within the range 200 kHz to 2 MHz.
The preferred frequency of operation at the middle of the

load range is typically in the region of 500 kHz.
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CLAIMS

An electrosurgical generator having a radio frequency
oscillator comprising at least one switching device, a
resonant output network coupled in series with the
switching device in a path between power supply rails
of opposite polarities, and an oscillator feedback
circuit operable to feed to the switching device a
switching control pulse signal as an oscillation
feedback signal such that the switching device is
cyclically switched to its "on" state whilst the
voltage across the switching device is decreasing, the
phase of the "on" point being dynamically variable such
that the "on"-time of the switching device is adjusted
to regulate the amplitude of the voltage across the

switching device.

A generator according to claim 1, wherein the
oscillator feedback circuit is operable to retard the
"on" point at at least one extreme of a load impedance

range of the generator.

A generator according to claim 1 or claim 2, wherein
the phase of the "on" point is retarded so as to lag a
positive or negative peak of the output signal voltage
from the resonant output network by values between 0°
and 120°.

A generator according to any preceding claim, wherein
the feedback circuit is operable such that the "on"
point coincides with the existence of a predetermined
instantaneous voltage value across the switching

device.

A generator according to claim 4, wherein the

predetermined voltage value is at least as great as the
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potential difference between the supply rails of the

oscillator.

A generator according to <claim 5, wherein the
predetermined voltage value is greater than the
potential difference between the supply rails of the
oscillator but closer to the said potential difference
than to the peak instantaneous voltage value across the

switching device.

A generator according to any of claims 1 to 3, wherein
the resonant output network includes a transformer
having a primary winding coupled in series with the
switching device, and wherein the feedback circuit is
operable to produce a timing signal in response to the
voltage across the primary winding crossing a
predetermined threshold.

A generator according to claim 7, wherein the primary
winding has one end coupled to one of the supply rails,
and the feedback circuit includes a comparator arranged
to compare the voltage at the other end of the primary
winding with a threshold voltage equal or approximately

equal to the voltage of the said one supply rail.

A generator according to any preceding claim, wherein
the feedback circuit is operable such that the
switching device is cyclically switched to its "off"
state in the region of a positive or negative peak of
the output signal voltage from the resonant network
occurring between 0° and 180° after the switching to

the "on" state.

A generator according to claim 8 and claim 9, wherein
the feedback circuit includes means coupled to the
resonant network for deriving a phase-signal pulse

signal having a pulse edge in the region of the said
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positive or negative peak, and a logic circuit having
one input coupled to the deriving means to receive the
phase-shifted pulse signal and another input coupled to
an output of the comparator to produce the switching
5 control pulse signal with pulses each beginning when
the comparator indicates that the voltage across the
primary winding equals the threshold voltage and ending
at the said pulse edge of the phase-shifted pulse
signal.
10
11. A generator according to claim 10, wherein the deriving
means comprises a capacitive filter and a squaring
circuit operable together to produce a pulse signal
which is a squared representation of the output signal
15 voltage from the resonant network shifted by
approximately 90°, and wherein the logic circuit
produces an "on" signal when both of the said inputs

are in the same, predetermined logic condition.

20 12. A generator according to any of claims 8, 10 and 11,
wherein the comparator is biased such that when the
switching device 1is in its "off" state and the
oscillator is quiescent, the comparator output is in a
logic state which, in the presence of a start signal,

25 causes the switching device to be switched to its "on"

state.

13. A generator according to claim 12 and claim 10 or claim
11, wherein the logic circuit has a third input coupled

30 to receive the start signal.

14. A generator according to any preceding claim, wherein
the resonant network includes an auto-transformer
having a primary winding coupled between the switching

35 device and a supply rail and/or an a.c. earth, and a
secondary winding coupled to an output terminal of the

oscillator.
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15. A generator according to claim 14 and claim 9, wherein
the feedback circuit includes a feedback link with a
series connected capacitor coupled to the secondary
winding for deriving a phase-shifted signal

5 representative of the output signal voltage phase-

shifted by approximately 90°.

16. A generator according to any of claims 1 to 13, wherein
the resonant network includes a transformer having a

10 primary winding coupled between the switching device
and a supply rail and/or an a.c. earth, and a secondary

winding d.c. isolated from the primary winding and

coupled to an output terminal of the oscillator.

15 17. A generator according to claim 16, wherein the feedback
circuit includes a feedback link comprising an RC
network having a series resistance and a downstream
parallel capacitance, and a squaring circuit which,
together with the RC network, is operable to produce a

20 phase-shifted signal representative of the output
voltage signal phase shifted by 90°, the feedback link

being coupled to the primary winding.

18. An electrosurgical generator according to any preceding
25 claim, wherein the oscillator is self-tuning and the
resonant network comprises
a transformer having a primary winding coupled
between the switching device and a supply rail and/or
a.c. earth, and a secondary winding,
30 a first, tuning, capacitance coupled across the
secondary winding, and
a second, coupling, capacitance coupled to one end
of the secondary winding for connection to a load,
whereby when the oscillator is connected to the
35 load the frequency of oscillation of the oscillator

varies automatically according to the impedance of the
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load in order to maintain a substantial impedance match

over a range of load impedance values.

19. A generator according to claim 18, including a power

5 control circuit for pulsing the oscillator at a pulse
repetition rate which is much lower than the frequency

of oscillation, the pulse duty cycle being varied to
maintain the output power of the oscillator
substantially constant over a range of load impedance

10 values.

20. A generator according to claim 19, including means for
monitoring the current drawn from the supply rails by
the oscillator and the supply rail voltage, a
15 multiplier coupled to said monitoring means for
deriving a product signal representative of the output
power, and a circuit arrangement for altering the said
pulse duty cycle'according to the value of the product
signal.
20
21. A generator according to any of claims 18 to 20, having
a pair of output terminals for connection to an
electrosurgical load, the terminals being coupled to
opposite ends of the secondary winding of the
25 transformer, at least one of the terminals being so

coupled via a series coupling capacitor.
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