1 CRCUT FOR RADI OFREQUENCY DEVI CES APPLI CABLE TO

LI VI NG Tl SSUES AND DEVI CE CONTAI NI NG SAME Descri ption
Subj ect-matter of the invention The present invention
relates to a novel circuit for radi of requency devices
applicable to |living ti ssties, which al so includes
devi ces for diatherny by conduction current of
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- DEVICE CONTAININGSANME substantial features of .novelty and
inventive step allowi ng significant advantages to be
obt ai ned over what is known at present. In
particular, the circuibedcfiptigh at hermy devi ces by
conduction and for el ectroscal pels according to the
present invention allows the harnonics of a
Subject-Maerf tHeSlchaibn Si gnal to be attenuated, allow ng a
sinusol dal signal to be obtained at the output of a
hi gh-efficiency amplifier in order to conply with
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tissues, WiED BISOARINASY S %ﬁ/é'a%ge%w}yp%\&@m‘ W%E iOE H'%SF?'“ types
and elecBbSSHied WbicRRRLORBRE: HReSirdlRt adodtdnd & Ehenbidemnitlvérition, said
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circuit heWeg shbsteRfpl iRRifigsi A %?%&fﬁdy.'""eg‘@fegrs @IIgwingpgignificant
advantaded\t6 Bk ioBRidddaivBEWRY: ik SnbWe atiseseit. speci al el ectri cal
currents to raise the tenperature of living tissue

for therapeutic purposes. It is sonetinmes known as
in partidh)ap e kRN froMs - fiaiidtiatr bivitds pecomiulctd HECimr electroscalpels

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

attenuated, aliowing a sinusoidal signal to be obtained at the output of a high-efficiency
amplifier in order to comply with eiectromagnetic compatibility (EMC) standards which are

mandatory in practically ali 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 operating correctly.

Background 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 curment is very effective in many applications in the
field of electromedicine and electroaesthetics. Electroscalpels are also sometimes referred

to as diathermy appliances.

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

amplifiers'(from the point of view of energy consumpition), but in these circumstances they



Egqui pnent” for di at hermy by conduction current is very
effective in many applications in the field of
el ectromedi ci ne and el ectroaest hetics.
Ei ectroscal pel s are al so sonetines referred to as
di at hernmy appliances. 2 gsually emt nultiple
el ectromagnetic signals due fundanentally to
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-~ causes the tenperature to rise by the Joule effect,

due to the electrical resistance of said tissue. In
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rise by the Jouie effect, due to the elecirical resistance of said tissue.

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

resisfive method.

The elecirodes used in diathermy by conduction are normally asymmetric. In this case, and
due to the current density, the greatest rise in temperature 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 methed, the two electrodes are metal

with no insulation.

in electrosurgical equipment, such as electroscailpels, the current density is so high at the
point of contact between the active electrode and the fissue that cutting, coaguiation or

fulguraiion of the tissue occurs.



The el ectrodes used in diatherny by conduction are

normal ly asymmetric. In this case, and due to the

current density, the greatest rise in tenperature

occurs in the tissue nearest the active el ectrode

(the smaller one). In the3capacitive nethod, the two
el ectrodes are netal, but one of them has an

insulating layer. In the resistive nethod, the two
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4 undesired harnonics, normally with a second order
LCfilter, which may be serial or parallel, but no
filter has been described in the prior art |ike the
one described in this patent for this type of
anplifier. In practice, the efficiency of these
anplifiers is less than the theoretical efficiency
due to losses in the corrponénts and/or to
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ot her equi pnent. Summary of the invention Enbodi nents

~of the present invention relate to a circuit which
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present 1 nvention seek to attenuate undesired signals

as far as possible, so that the equi pnment does not
Sulimiey bEthe indbhtdnot her el ectroni ¢ equi pnent when a

generator of squared, trapezoidal, pulse or any other

signal that contains. harnonics is used as the main
Embodinsmtoéf théeraseginiavention relate to a circuit which seek to allow diathermy

equipment to meet the EMC requirements of different countries more easily, particularly

in radiated and conducted emission tests.

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

Embodiments of the present invention seek 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 transformer (whic.h may have a tumns ratio of 1:N, where N is areal
number, which may be greater than unity if the fundamental signal of the input signal is
to be amplified, or less than unity if the fundamental signal of the input signal is to be
attenuated, or equal to unity if it is only to be isolated), which allow the fundamental
signal of the input signal (a sinusoidal signal) fo 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, known as an anti-stimulus

condenser to ensure that the non-



The circuit consists of two resonant filters, one
serial and the other parallel optionally separated by
a transformer (which may have a turns ratio of 1:N,
where N is a real nunmber, which nmay be greater than
unity if the fundanental signal of the input signa
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Fig. 1 shows an illustration of a sinusoidal signa
(for exanple of 500 kHz, normalised at a unitary
anplitude). Fig. 2 shows the frequency spectrum of
the signal of Fig. 1 using the Fourier transform
whi ch is another way of representing Fig. 1, changing
time (Fig. 1) for frequencygon the X axis, the Y axis
bei ng the signal anplitude. Fig. 3 shows a squared
Deseriptian of the grawandshows t he frequency spectrum of the
signal of Fig. 3 using the Fourier transform It can
seen that the squared signal _contains
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a uARA9 BRipRiuby). cause interference. The X and Y axes have
a logarithmc scale. Fig. 5 shows a diagram of the
circuit according to the invention, where 1 indicates
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whichs SR onboarhe s 1) tapk®p el Eiop A 1eR ey on the
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attenuated, as desired. Detailed description

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 signals at higher frequencies
(harmonics) which may potentially cause interference. The X and Y axes have a

logarithmic 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).



Wth reference to Fig. 5~the present invention
conprises a circuit for equipnent for diatherny by
conduction consisting of two resonant filters, one
serial and the other parallel, which are synthonised
to all ow the fundanmental gignal of the input signa
whi ch contains harnonics to pass through (this
fundanental signal is a sinusoidal signal) and which
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cl ose to one another and are of simlar size The
equi pnent for diatherny 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 wi thout insulation), known as
an anti-stimulus condenser to ensure that the
el ectric arcs produced by high voltages do not cause
| ow frequency currents through the denodul ati on
effect. These |ow frequency currents (f < 10 kHz) may



The capacitance val ue of the anti-stinulus condenser
is usually low (approxi mately a few nF), which causes
a fall in voltage depending on its value (C52 CAP
and/ or CS2_RES), and in the current / flow ng through
it. Afeature of the invention is that to avoid this
fall in voltage, it is proposed to place an
i nduct ance (L52 CAP and/or Lsz RES) serially with the
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in of t he outpﬁt signal for this

condens rpen{Hay <0t Dol ToRIVIO0 9618 "SHREOOMPEL WU frafn aciive

electrodB Qvﬂﬁ@ﬁt\/iﬁ?lﬁé'tlo{ﬂw | k?tEWﬁ g %@mts%ftmﬂmé {tdrﬁfzhf@r thelhéu rél tHat the slectric
f undanent a 0 e Ccorr t unct | al it th

arcs PrESREQT DY WO BRI RerBbarHBAT IO EHeS GHTEs throuh the

demodufibR kYe@STHed20bw fle@LiéndyLufmsaEnlF e 10fkHzh mayeapse adrve BEmulation

or muscle contraction when the diathermy appliance is used.

The capacitance value of the anti-stimuius condenser is usually low (approximately a few
nF), which causes a fall in voltage depending on its value (Cs; car and/or Cs;_gres), and in the

current / flowing through it.

A feature of the invention is that to avoid this fall in voltage, it is propesed to place an
inductance (Lso cap @ndfor Ls, ges) serially with the anti-stimuius condenser (Csz_cap and/or
Cs2 res respectively) with a vaiue 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 addifional
effect is thereby achieved, in that the very high frequencies are attenuated due to said
inductance (Ls; cap andior Lgp gres), thus reducing siill further the ievel of emissions radiated
through the patient’s cables and through the network cable.



present invention, can be seen in Fig. 5 Fig. 6
shows how t he hi gh frequency harnoni cs have been
attenuated when conpared with the spectrum of the
squared input signal (Fig. 4). Cearly, the present
invention will be applicagle to radiofrequency
equi pnent applicable to living tissues, such as
equi pnent for diatherny by conduction: solely
The valuearw@met cmtezte;@mqmems 4red mcle;:endautof\zbe wateat pewed tihedwlues of

cx i RELEEIL B8, 3R AL ot S3ARAYG RGO o e

formula (I"IESI stive eqU| pmrent with the active el ectrode snaller
an the passive eIectrode bi pol ar equi pment (wth
simlar eIecthQe ) _fand el ectroscaipels. In Fig. H, 1

i ndi cat es the“€apagifjime output (CAP) and 2 indi cat es
the resistive output (RES) It will be understood

t hat tre i nvention has been expl ai ned above S|nply as
non-l i mt
To am'ﬁ"ﬁt@%ﬂ%@@%ﬁ ﬁ[eéﬁtg‘%k kcope P %/fr%cgj i entl on \/\Ependlng on the
impedandefof thedsidnprotibeidsopaient ngjt, anduth@eforetr@l clict andior fregygncy may
f or di of ng [Ge p b VY
oo syntydPissliat Aafif e fbeihed BELOHEA"HRul e ! fbecance of the
eiectrode-phdyatiedningur rent with frequencies from 100kHz up to
10nmHz of different types and el ectroscal pels, the

circuit to supply the electrodes being charact er i sed
The typitdl fﬂehaéndytmarglnmﬂtls@eutput 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. 8 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 applicable to radiofrequency egquipment applicable to
living tissues, such as equipment for diathermy by conduction: solely capacitive equipment
(with an active mefal electrode with an insulating layer), solely resistive equipment (with the
active metal electrode), or capacitive and resistive equipment with the active electrode
smaller than the passive electrode, bipolar equipment (with simitar elecirodes) and
electroscalpels. In Fig. 5, 1 indicates the capacitive output (CAP) and 2 indicaies the
resistive output (RES).

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

defined by the following claims.



a resonant serial filter consisting of an inductance
Lsi and a capacitance Csl a resonant parallel filter
consi sting of an inductance Lp and a capacitance Cp
the resonant serial filter and the resonant paralle
filter being synthonised tg allow the fundanmenta
signal of the input signal to pass through and which
simul taneously attenuate exponentially the rest of
the harmonics as the frequgmgy of said harnonics

i ncreases,  the resonant serial filter and paralle
filters being separated by a transformer TRF with

1. t@lfc@utrﬁ? Eadlofflqubhdeidedicas I flicasmerber Ilvﬁ“vﬁeflﬁtﬁst Rehich include

out put frequency is variabl e dependi ng
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I npedances of the output circuit to the

being ¢hﬂ§%§2§%’iﬁ9€ "@fhat MEOBPRESF ode- pl us- patient unit 2.
oC'f b fal o aRCSRIB i cér%ls‘ilh?'oﬁbﬁ-md%@h@é Do, LR o EHpatitamiRe s,

e resonant para [ ter %IS t he araS|t|c

| néu%&ctﬁlﬁﬂbp&iﬁ"eﬂ filter seRFINGrSf apfindusEanee 4pand Arfapadigpce Cr

3. fd rr%%rbn@%ﬁﬁéidftifé@ 4l HeAtdBohantCpatRdIt fifer SRGhd Bynthonised to
tha e I nductance of the resonant EEmlarallel filt

Laflows then fundnsiraialesignalnefudheariorut signalga HFss through' and which

aGmoksHdadsiy 0 aﬁ@ﬁ(@eﬁ@ ehp&lcAtialy Inbordst \WRERR Mdrivhs as the
is an anti-stinmul us condenser CS2 CAP, CS2-RES at

efmeo@st pfipaid RATENORICE H17&AESi n t hat an i nduct ance
(FaBonari sc i [ﬂe? afd Pamactut%{aer béhg ¥ephrateditiea transformer TRF

con enser, the value o is such that it
prittiuseEatip dbrhh helad atreglfwiighdament al  f r equency of

th%ﬁe@&Htthé'&ﬂ&jt freqen&y i€ Uhﬁab:él%%@éﬁduﬁ@ drptr@nmmanée of the

characterised in that the inductanc

L@&C’Eéﬂ@é Ftlliiﬁ‘ep@;fmﬁhdﬂrt'ty apd thef Ot"ﬁ‘ét raRelis afipauggicy afan Sherefore be
fé))nir%rn:s%f:lf For n@atérp"tﬁé |iﬂ'§8§é1ﬁ:’é§eoﬁ éhd Retdud ndliRiENbathe impedance

frequency of the input signal and a higher inpedance
1 thheleclsede-pesPREMHPkDNI cs of the input signal.

2. Circuit according to claim 1, wherein the inductance of the resonant paraliel filter Lp is

the parasitic inductance of the secondary of the transformer TRF.

3. Circuit according fo claim 1, characterised in that the inductance of the resonant

parallel filter Lp is an independent inductance.

4. Circuit according to anyone of claims 1 to 3, wherein there is an anti-stimulus
condenser Cs»_car, Csz_res at each output, characterised in that an inductance Lso_car,
Ls»_res is arranged serially with the condenser, the value of which is such that it produces

resonance at the fundamental frequency of the input signal.

5 Circuit, according to anyone of claim 1 to 4, characterised in that the inductance Lg,
and the capacity Cg, of the resonant serial filter offer a lower impedance to the fundamental

frequency of the input signal and a higher impedance to the rest of the harmonics of the

input signal.



10 6. Circuit, according to claimb5, characteri sed
in that the inductance Ls, and the capacity Cs, of
the resonant serial filter offer an inpedance that is
substantially a short circuit to the fundanenta
frequency of the input sigpgl and high inpedance to
the rest of the harnonics o? the input signal. 7.
Circuit, according to anyone of claiml to 6,

6. C@ﬁfuﬁcé&'bfoﬁ@dto'dlhlﬁw@bhérﬁ@tehﬁdﬂﬁ&m¢h‘E |hﬂutaﬁ|ﬁi:etm and the capacity
capacity Cp of the resonant | ter offer
Ger of rdyrspraTh3etarfber oE M REHEBALRELS PRRIGHYF 1or figuit o the
fundart% SHHtrjuBRE) ofdRE irbut QiYRAI AridagiR esedadcd fetheastt effthé hermonics
armoni cs of the input signal. 8. Grcuit, according

of the inguicsighak 7, characterised in that the i nduct ance Lp
and the capaC|ty Cp of the resonant parallel filter

of fer an inpedance that is substantially an . '
7. Gireiti SOGOBIRGES AOROAEAIEN 1 1ok BABRTISH J A g mductance Le
and tfd Qs%ﬁémﬁn@ | g REshnaRE pbthllélhﬁltéreﬁffero% higeehampmums to the
of the I'nput signal 9, Diath errﬁ%‘/ devi ce whi

fundareesta freauensy cofr i 1Py glgpal ABY 3 Biedghon fq thg rest of the

harmohic® ofthe it sfighgct roscal pel device which conprises a
CIrCUIt according to any one of clains 1 to 8. 11

8. Circuit, according to claim 7, characterised in that the inductance Lp and the capacity
Cp of the resonant parallel filter offer an impedance that is substantially an open circuit to the

fundamental frequency of the input signal and low impedance to the rest of the harmonics of

the input signal.
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.



ABSTRACT CI RCUI T FOR RADI OFREQUENCY DEVI CES
APPLI CABLE TO LI VI NG Tl SSUES AND DEVI CE CONTAI NI NG
SAME A circuit for radi ofrequency devices applicable
to living tissues and device containing sane. The
supply circuit for the el ddtrodes conprises a series
resonant filter and a parallel resonant filter,
synthoni zed to admt the fundanental signal of the
ABSTRA@put signal and sinultaneously and exponentially
attenuate the remai ni ng harnonics by increasing the
frequency thereof, in such a way that the input
CIRCUIZ| AR QFREQWBNEY SDBNIGE S AFLICRRIE ihlViBG Z|SSUES AND
DEVICEﬁC@WAIWh@§NMEatt¢nuati on to the output, while the
~ harnmoni cs causing interferences are increasingly
attenuated as their frequency is raised. FIG5

A circuit for radiofrequency devices appiicable to living tissues and device containing same.

The supply circuit for the electrodes comprises a series resonant filter and a parallel
resonant filter, synthonized to admit the fundamental signal of the input signal and
simultaneously and exponentially attenuate the remaining harmonics by increasing the
frequency thereof, in such a way that the input signal with harmonics only passes the
fundamental signa! without attenuation to the output, while the harmonics causing

interferences are increasingly attenuated as their frequency is raised.

FIG. 5



