1 CIRCUIT FOR RADIOFREQUENCY DEVICES APPLICABLE TO

LIVING TISSUES AND DEVICE CONTAINING SAME Description

Subject-matter of the invention The present invention relates to a novel

circuit for radiofrequency devices applicable to living tissues, which also

includes devices for diathermy by conduction current of different types

and electroscalpels which incorporate the circuit according to the present
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step allowing significant advantages to be obtained over what is known at
DEV’CErE%é’H{ﬂW ﬁl%ﬁ‘i%E the circuit for diathermy devices by conduction and

for electroscalpels according to the present invention allows the

harmonics of a non-sinusoidal ?bg gg:@%&e attenuated, allowing a

sinusoidal signal to be obtaine put of a high-efficiency amplifier

in order to comply with electromagnetic compatibility (EMC) standards
SubjedVRigh=A"E tRRaAdakaR In practically all countries in the world. As is known,

EMC is the property by which an electronic appliance does not interfere

with and is not interfered by other electronic appliances, when they are all
The prepenhtivgdomeaethpesBackgeeainerofitferiradintionubimtheemiges ahpliggbloto living
tissueSRRSIAN SISEUICAl GANTEBIR LR FRISEANRIRIVRG RBHELES Y IBOHSRUS @iterent types

therapeutic purposes. It is sometimes known as hyperthermy, particularl ,
and elgehos ARGIE A e B ERRIFM AN BF WhARTRIY'DY Kot ﬁEE&HFé’ﬁP%g”v said
circuit veayieffestivetantiabriyappiscatfomeveitheafié| drofkeatdctrateedisiivevand significant
aovanBlgELRAESIRHRFodpRGAIDRI aie AR sometimes referred (o as
iathermy appliances. It Is advantageous for diathermy equipment and
electroscalpels to work with high-efficiency amplifiers (from the point of

in paiievaol energyccansimptiorR)rbutdedhesersirasmsianeesdie@yfor electroscalpels

according o the present invention aliows the harmonics of a non-sinusoidal signal to be

attenuated, allowing a sinusoidal signal to be cbtained at the output of a high-efficiency
amplifier in order to comply with electromagnetic compatibility (EMC) standards which are
mandatory in practically all countries in the world.

As is known, EMC is the property by which an electronic appliance does not interfere with

and is not interfered by other electronic appliances, when they are all operaling correctly.

Backaround of the invention

Diathermy is the use of special electrical currents to raise the temperature of living tissue for

therapeutic purposes. It is sometimes known as hyperthermy, particularly in the medical
sector.

Equipment for diathermy by conduction current is very effective in many applications in the
field of electromedicine and electrcaesthetics. Electroscalpels are also sometimes referred

to as diathermy appliances.

It is advantageous for diathermy equipment and electroscaipeis to work with high-efficiency

amplifiers (from the point of view of energy consumption}, but in these circumstances they



2 usually emit multiple electromagnetic signals due fundamentally to
parasitic elements which interfere with other electronic pieces of
equipment. These pieces of equipment for diathermy by conduction and
electroscalpels usually function with sinusoidal signals like the one in Fig.
1. Fig. 2 shows the frequency spectfum of the signal of Fig. 1 using the
Fourier transform which is another way of representing the signal in the
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are contacted with the living tissue in such a way that a current flow ,
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amplitetolihterigmelts passage. The current flowing through the tissue causes

the temperature to rise by the Joule effect, due to the electrical resistance

~ of said tissue. In equipment for diathermy by conduction the electrodes
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n this case, and “due to the current density, the greatest rise in

temperature occurs in the tissue nearest the active electrode (the smaller
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electroscalpels, the current density is so high at the

In diathermy by conduction two electrodes are contacted with the living tissue in such a way

that a current flow occurs between the two electrodes and passes through the tissue that it

encounters in its passage. The current flowing through the tissus causes the temperature o

rise by the Joule effect, due 1o the elecirical resistance of said tissue.

in equipment for diathermy by conduction the electrodes are connected by coniact. There
are two application methods: one is known as the capacitive method and the other as the
resistive method.

The electrodes used in diathermy by conduction are normally asymmetric. In this case, and
due to the current density, the greatesi rise in {emperature occurs in the tissue nearest the
active electrode (the smaller one). In the capacitive method, the two electrodes are metal,
but one of them has an insulating layer. In the resistive method, the two electrodes are metal
with no insulation.

in electrosurgical equipment, such as eleciroscalpels, the current density is so high at the
point of contact between the active electrode and the tissue that cutting, coagulation or

fulguration of the tissue occurs.



point of contact between the active electrode and the tissue that cutting,
coagulation or fulguration of the tissue occurs. 3 It is very difficult to
comply with EMC standards mentioned above when using this type of
equipment. In fact, standard IEC 60601-2-2, which must be met by
electroscalpels, states that EMC tests must be carried out with the
equipment connected, but with the output power at zero, since, at the
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standard for med?cal equipment, EN 60801-1-2 in Europe. This states that EMC must be

measured with the eguipmeni in the worst possible condition, which is, ai_the maximum

output power, unlike electroscalpals which must be measured with the power at zero, which

is a very much easier situation in which to meet the EMC requirements.

Any pure and periodic non-sinusoidal signal may be broken down into multiple sinusoidal
signals known as harmonics (of differing frequency, ampiitude and phase}, which can be
calculated from the Fourier transform of the periodic signal.

A method for minimising electromagnetic interference consists of the signal on which the
amplifier works being pure sinusoidal, for example a class A amplifier, but in this case the
maximum theoretical efficiency is 50 % with the consequent energy loss and heating of the
equipment.

Some high-efficiency amplifiers such as those in ¢lass C, D, £ or &, for example, may lead to
theoretical efficiencies of up to 100 %. These amplifiers are based on generating a signal
that ideally is squared (but may be trapezoidal or quasi-trapezoidal} or a puise signal, and

filtering the fundamental signal with the intention of achieving maximum attenuation of



A method for minimising electromagnetic interference consists of the
signal on which the amplifier works being pure sinusoidal, for example a
class A amplifier, but in this case the maximum theoretical efficiency is 50
% with the consequent energy loss and heating of the equipment. Some
high-efficiency amplifiers such as thse in class C, D, E or F, for example,
may lead to theoretical efficiencies of up to 100 %. These amplifiers are
undesn%%‘c‘r?grggrﬁcesn%@‘Wl{f\ﬁﬁ%@%éﬁ&%dﬁgw i%%ﬂ%é?r%i(ﬁh“ﬁk%b? rial or parallel,
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type ofbnthigiesired harmonics, normally with a second order LC filter, which may
be serial or parallel, but no filter has been described in the prior art like
the one described in this patent for this type of amplifier. In practice, the
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shows a squared signal. Fig. 4 shows that the frequency spectrum of said
squared signal contains many other higher frequency signals
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easlly, partlc:l?l%lri{/] in‘radiated and conducted emission tests. The circuit

may be used in electrosurgical equipment and electroscalpels as well as
Summbty SEHRmERLighdiathermy by conduction. The object of the present

Invention Is to attenuate undesired signals as far as possible, so

The present invention relates to a circuit which allows diathermy equipment to meet the EMC
requirements of different countries more easily, particularly in radiated and conducted
emission tesis.

The circuit may be used in electrosurgical equipment and efectroscalpels as well as in
equipment for diathermy by conduction.

The object of the present invention is to attenuate undesired signals as far as possible, so
that the equipment does not interfere with other electronic equipment when a generator of
squared, trapezoidal, pulse or any other signal that contains harmonics is used as the main
source of the signal.

The circuit consists of two resonant filters, one serial and the other parallel optionally
separated by a fransformer (which may have a turns ratio of 1:N, where N is a real number,
which may be greater than unity if the fundamental signal of ihe input signal is to be
amplified, or less than unity if the fundamental signal of the input signal is tc be attenuated,
or egual to unity if it is only to be isolated), which allow the fundamental signal of the input
signal (a sinusoidal signal) to pass through, the circuit in ifs entirety attenuating the rest of
the harmonics as the frequency thereof increases. This type of diathermy equipment usually

has a condenser at its output, known as an anti-stimulus condenser to ensure that the non-



that the equipment does not interfere with other electronic equipment
when a generator of squared, trapezoidal, pulse or any other signal that
contains harmonics is used as the main source of the signal. The circuit
consists of two resonant filters, one serial and the other parallel optionally
separated by a transformer (which fay have a turns ratio of 1:N, where N
is a real number, which may be greater than unity if the fundamental
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using dRREcHIBAaINE sFusue signal) to pass through, the circuit in its entirety
attenuating the rest of the harmonics as the frequency thereof increases.
This type of diathermy equipment usually has a condenser at its output,
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demodulation that may generate low frequencies (which could cause .
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such that, serially with the anti-stimulus condenser, the resonance
cablesfrequency of the unit is the fundamental frequency of the input signal. An
additional effect is thereby achieved, which is that the very high

freguencies are attenuated to said | h xdquyci . .
hich
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signals normally used and an embodiment of the invention, given as a
non-limiting example. Description of the drawings Fig. 1 shows an

Descriphicstraftiba dfzavginsisoidal signal (for example of 500 kHz, normalised at a

Fig. 1 shows an iliustration of a sinusoidal signal (for example of 500 kHz, normalised at a
unitary amplitude).

Fig. 2 shows the fregquency spectrum of the signal of Fig. 1 using the Fourier transform,
which is another way of representing Fig. 1, changing time (Fig. 1) for frequency on the X
axis, the Y axis being the signal amplitude.

Fig. 3 shows a squared signal.

Fig. 4 shows the frequency spectrum of the signal of Fig. 3 using the Fourier transform. It
can be seen that the squared signal contains other mixed signais at higher frequencies
{(harmonics) which may potentiaily cause interference. The X and Y axes have a iogarithmic

scale.

Fig. 5 shows a diagram of the circuit according to the invention, where 1 indicates the
capacitive output (CAP) and 2 indicates the resistive output (RES).



unitary amplitude). Fig. 2 shows the frequency spectrum of the signal of
Fig. 1 using the Fourier transform, which is another way of representing
Fig. 1, changing time (Fig. 1) for frequency on the X axis, the Y axis being
the signal amplitude. Fig. 3 shows a squared signal. Fig. 4 shows the
frequency spectrum of the signal quﬁlg 3 using the Fourier transform. It
can be seen that the squared signal contains other mixed signals at higher

in Fig. féeﬂ%SH%@%é@ﬁr{ﬁ‘&néﬁw’glﬁﬁLH”Qé’tﬂgtﬁfg!airlyt[%@%é?ﬂ%ﬁﬁe@%%cgQﬁ’w the

and Y axes have a logarithmic scale. Fig. 5 shows a diagram of the CII‘CUIt
harmo@é%@tr&ﬁ@bﬁ%ﬂf@lﬁv@%m{ﬁ%@%@?ﬁlﬂmes the capacitive output (CAP)
and 2 indicates the resistive output (RES). 6 in Fig. 6 it can be seen that

Deia;le%t &escgéﬁ Ht of the filter in the patient's resistance (RPAT) the harmonics

ially attenuated, as desired. Detailed description With
reference to Fig. 5, the present invention comprises a circuit for equipment
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increases. The serial filter consists of the inductance L5, and
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increagircuit) to the fundamental frequency of the input signal, and a high
impedance to the rest of the harmonics of the input signal as the

frequency thereof rises. The parallel filter consists of the inductance Lp
The sefil Bltensachisifceidpe AMHeRes enyaiige capacitance Cs,, and offers very fow

impedance (in fact almost a short circuit) te the fundamental frequency of the input signal,
and a high impedance {o the rest of the harmonics of the input signal as the frequency
thereof rises.

The parallel filter consists of the inductance Ly and a capacitance Cp, and offers very high
impedance (in fact practically an open circuit) to the fundamental frequency of the input
signal, and low impedance to the rest of the harmonics of the input signal as the frequency

of said harmonics rises.

The fundamental signal of the signal with harmonics (a sinusoidal signal) will therefore pass
with practically no attenuation to the output, whereas the resonant serial and parallei filters
will increasingly attenuate the harmonics which cause interference as the frequency of said

harmonics increases, thus facilitating compliance with the EMC standards.

A transformer TRF may optionally be inserted between the resonant serial filter consisting of
Lss and Cg; and the resonant paraliel filter consisting of Ly and Ce, with a turn ratio of 1:N,
where N is a real number which may be greater than unity if the fundamental signal of the
input signal is to be ampilified, or less than unity if the fundamental signai of the input signal
is to be atienuated, or equal to unity if it is only to be isolated. The transformer may also be
dispensed with.



impedance (in fact practically an open circuit) to the fundamental
frequency of the input signal, and low impedance to the rest of the
harmonics of the input signal as the frequency of said harmonics rises.
The fundamental signal of the signal with harmonics (a sinusoidal signal)
will therefore pass with practically o attenuation to the output, whereas
the resonant serial and parallel filters will increasingly attenuate the
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arcs produced by high voltages do not cause low frequency currents through the

demodulation effect. These low freguency currenis (f < 10 kHz) may cause nerve stimulation

or muscle contraction when the diathermy appliance is used.

The capacitance value of the anti-stimulus condenser is usually low (approximately a few
nF}, which causes a fall in voliage depending on its value (Cg; cae andfor Cez_ges). and in the

current / flowing through it.

A feature of the invention is that to avoid this fall in voltage, it is proposed to place an
inductance (Ls; cap andfor Lg; res) serially with the anti-stimulus condenser (Cs» cap andior
Cs2 res respectively) with a value such that it causes its resonance frequency to be equal to
the fundamental frequency of the input signal. This causes the impedance of the network LC
to be practically nil at the fundamental frequency of the input signal. Moreover, an additional
effect is thereby achieved, in that the very high frequencies are attenuated due to said
inductance (Lsz cap andfor Leo res), thus reducing still further the level of emissions radiated
through the patient's cables and through the network cable.



The equipment for diathermy by conduction described above usually has
at its output a condenser CS2 CAP (and Cs2 Res if the system has a
resistive output, which is an active electrode without insulation), known as
an anti-stimulus condenser to ensure that the electric arcs produced by
high voltages do not cause low freq@ency currents through the
demodulation effect. These low frequency currents (f < 10 kHz) may
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serially with the anti-stim0ius E6hdenser (C52-CAP and/or Cs2 Res
respectively) with a value such that it causes its resonance frequency to
be equal to the fundamental frequency of the input signal. This causes
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electrogkeepnissgiatientachiaited through the patient's cables and through the
network cable. 8 The values of the circuit components are independent of
the output power. The values of each network LC of the circuit are a
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A practical embodiment, which is cited solely as a non-limiting example of the scope of the
present invention, can be seen in Fig. 5. Fig. 6 shows how the high frequency harmonics

have been attenuated when compared with the spectrum of the squared input signal (Fig. 4).

Clearly, the present invention will be appiicable to radiofrequency equipment applicable to
living tissues, such as equipment for diathermy by conduction: soiely capacitive equipment
(with an active metal electrode with an insulating layer), solely resistive equipment (with the
active metal electrode}, or capacitive and resistive equipmant with the active electrode
smaller than the passive slectrode, bipolar equipment (with similar electrodes) and
electroscalpels. In Fig. 5, 1 indicates the capacitive ouipui {CAP) and 2 indicates the
resistive output (RES).

it will be understood that the invention has been explained above simply as a non-limiting
example and many variants may be introduced within the scope of the invention which is

dgefined by the following claims.



electrode-plus-patient unit. The typical frequency margin of the output
signal for this type of equipment may be between 100 kHz and 10 MHz,
so that no nerve stimulation occurs, and its value is not fundamental to
the correct functionality of the circuit, A practical embodiment, which is
cited solely as a non-limiting example of the scope of the present
invention, can be seen in Fig. 5. Fig. 6 shows how the high frequency
harmonics have been attenuatedyga compared with the spectrum of
the squared input signal (Fig. 4). Clearly, the present invention will be
applicable to radiofrequency equipment applicable to living tissues, such
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characterised in that the circuit to supply the electrodes comprises a
resonant serial filter and a resonant parallel filter, synthonised to allow the
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frequency of said harmonics increases, such that only the fundamental

signal of the input signal with harmonics passes without attenuation to the
3. Circuit according to claim 1, characterised in that the serial filter consists of an

inductance Lg. and a capacitance Cg: with very jow impedance to the fundamental frequency

of the input signal and high impedance to the rest of the harmonics of the input signal.

4, Circuit according to claim 1, characterised in that the paraliel filler consists of an
inductance Ls and a capacitance Cp which offer very high impedance to the fundamental
frequency of the input signal and low impedance to the rest of the harmonics of the input
signal.

5. Circuit according to claim 1 and c¢laim 2, wherein the inductance of the resonant

parallel filter Lp is the parasitic inductance of the secondary of the transformer TRF.

8. Circuit according to claim 5, characterised in that the inductance of the resonant

parallel filter L is an independent inductance.

7. Circuit according to claim 1, wherein there is an anti-stimulus condenser at each
output, characterised in that an inductance Ls; cap, lLs2 pes I8 arranged serially with the
condenser, the value of which is such that it produces resonance at the fundamental

frequency of the input signal.



output, whereas the harmonics which cause interference are increasingly
attenuated as the frequency of said harmonics rises. 2. Circuit according
to claim 1, characterised in that the resonant serial and parallel filters are
separated by a transformer TRF with a turn ratio of 1:N, N being a real
number. 3. Circuit according to claiflrpl, characterised in that the serial
filter consists of an inductance Ls, and a capacitance Cs1 with very low
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according to claim 5, characterised in that the inductance of the resonant
parallel filter Lp is an independent inductance. 7. Circuit according to claim
10, Elogergaitabaevsawbint-ctimpiasscostiensersaremshoqnpane of claims 110 8.
characterised in that an inductance LS2 cap, LS2RES is arranged serially
with the condenser, the value of which is such that it produces resonance
at the fundamental frequency of the input signal. 10 8. Circuit according
to claim 1, wherein the output frequency is variable depending on the
impedance of the electrode-plus-patient unit to obtain maximum efficiency
from the amplifier, and the circuit and/or frequency can therefore be
synthonised to match the impedances of the output circuit to the
impedance of the electrode-plus-patient unit. 9. Diathermy device which
comprises a circuit according to any one of claims 1 to 8. 10.
Electroscalpel device which comprises a circuit according to any one of
claims 1 to 8.



