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Plasma treatment device

[0001] The invention refers to a plasma treatment device
with improved handling, particularly an argon plasma treat-
ment device. The plasma treatment can be a coagulation, a de-
vitalization, a vaporization or a separation of tissue. Also
possible is a cold plasma treatment with the object of a dis-

infection or wound treatment, for example.

[0002] From DE 696 320 80 T2 an endoscopic argon plasma
endoscope coagulator is known that comprises a flexible hose
in the lumen of which an electrode is arranged. The electrode
is approximately connected with a radio frequency generator
via a conductor, wherein the radio frequency generator ap-
plies a radio frequency voltage to the electrode. The flexi-
ble probe is inserted into a lumen of an endoscope that com-
prises a lens at its distal end that forms part of a monitor-
ing optic. The field of view of the lens is orientated, such
that the location of treatment and thus the spark or plasma
jet originating from the electrode is within the field of

view of the operator.

[0003] The coagulation device of WO 98/25530 Al is simi-

larly configured.

[0004] EP 2 231 046 Bl refers to the voltage supply of
such a plasma applicator that is to be inserted in a working
channel of a flexible endoscope. The short duration of the
ignition of a spark is considered as critical moment in this

document, during which a current may flow having an undesired
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high amount. For remedy a resistor element is coennected ahead

of the electrode.

[0005] From DE 50 105 427 Al a generator is known, wherein
the provided power can be adjusted by modification of the

voltage form, particularly the modulation of the pulse/pause
ratio. The peak voltage and thus the intensity of a light arc

or spark are kept constant.

[0006] From EP 1 307 154 Bl a generator with adjustable
limitation of the effective power output is known, in which
the pulse/pause ratio of the modulated radio frequency volt-

age 1s varied for power modulation.

[0007] Basically the treating person of the plasma treat-
ment desires a reliable and immediate creation of a spark or
a plasma at the activation. However, undesired effects of the
plasma ignition and/or the electric current transmitted via
the plasma shall be avoided or minimized. Such undesired ef-
fects are, e.g. the dazzling of the treating person, a too
intense noise creation, a too intense, too fast or too ex-
tended thermal damage of the tissue, a puncture thereof, a
too intense electro-magnetic interference or a combination

thereof.

[0008] Therefrom the object is derived to provide a plasma

treatment device with improved handling.

[0009] The object is solved with a device for plasma
treatment according to claim 1 and/or a method according to

claim 15:
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[0010] A generator is part of the inventive device, where-
in the generator is configured to create a radio frequency
alternating voltage (radio frequency voltage) in different
adjustments. In these different adjustments the radio fre-
quency voltage has different voltage characteristics and/or
the generator has different electric characteristics. The
different electric characteristics of the generator or its
adjustments can be, for example, the internal resistance, the
peak voltage, the modulation type of the radio frequency
voltage, the modulation frequency of the radio frequency
voltage, the maximum current of the radio frequency voltage
or the like. The different adjustments of the generator or
the different voltage characteristics lead to different igni-
tion capabilities and/or different plasma maintenance capa-

bilities.

[0011] The generator can be operated in one ignition oper-
ating mode at the start of a pulse and subsequently, during
the pulse in an operating mode adapted to the desired effect.
For example, at the beginning of a pulse the generator can be
operated in a non-modulated operation (CW) and subsequently
during the pulse in another operating mode, e.g. in a modu-
lated (pulsed) mode. This operating mode can be configured
according to the desired effect. For example, it can be de-
sired to achieve a large area flat coagulation for Mucosa ab-

lation.

[0012] It is, however, also possible to determine the op-
erating mode at the start of the pulse during ignition and
the subsequent operating mode after creation of the plasma
for achieving an effect following different criteria. For ex-

ample, in both phases the ignition ability and the plasma
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maintenance can be set according to different criteria, e.qg.

minimum secondary effect or other criteria.

[0013] The ignition ability thereby means any measure that
indicates whether a plasma ignition can be carried out under
the actual conditions and if so, to what extent the electrode
distance (or electrode tissue distance) can be increased un-
til no ignition takes place. The actual conditions mean all
physical parameters that influence the ignition process, as
for example the dimension of the electrode and the shape of
the electrode, the electrode distance, the gas composition,
the humidity of the tissue, the type of tissue, the tempera-

ture of the tissue, of the gas and of the electrode(s) etc.

(0014] The plasma maintenance ability means any measure
that indicates whether a plasma may be maintained under the
actual conditions and if so, to what extent the electrode
distance (or electrode tissue distance) can be increased un-

til the plasma extinguishes.

[0015] With regard to the plasma maintenance the actual
conditions mean all of the physical parameters that influence
the plasma maintenance, as for example the dimension of the
electrode and the shape of the electrode, the electrode dis-
tance, the gas composition, the humidity of the tissue, the
type of tissue, the temperature of the tissue, of the gas and

of the electrode(s) etc.

[C01l6] An instrument that is to be supplied with a treat-
ing current or a probe with at least one electrode is con-

nected or connectable to the generator. Via the electrode a
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plasma is fed that serves or is suitable for influencing on a

biological tissue.

[0017] A plasma sensor is connected to the generator
and/or the instrument by means of which the behavior of the
plasma is detectable. A control device for influencing the
adjustment of the generator is connected to the plasma sensor
and the generator. The influence of the adjustment is thereby
carried out based on the determined ignition capability
and/or plasma maintenance capability determined by the con-
trol device. The control device is thereby configured in a
way that it sets a suitable adjustment for the generator
based on the behavior of the plasma detected by the plasma
senscr. If the control device has determined a reliable igni-
tion and/or reliable plasma maintenance, it thereby selects
an adjustment with lower ignition capability and/or lower
plasma maintenance as a trial. If in doing so and under the
actual operation conditions of the connected instrument a
spark can be reliably ignited and/or a plasma can be main-
tained, the control device does not change back to the previ-
ous adjustment of the generator. Preferably it can be addi-
tionally provided that the generator switches back to an ad-
justment with improved ignition capability or plasma mainte-
nance capability, e.g. to the previous adjustment of the gen-
erator, if a plasma cannot be reliably ignited during the
trial adjustment anymore and/or the plasma is not reliably

maintained.

(0018] The generator is configured to create a radio fre-
guency voltage with different voltage forms in its different
adjustments. In doing so, the generator can be configured

that it can switch between two or more voltage forms or that
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it can also vary the voltage form in a stepless manner. A
voltage form can mean any feature of the radio frequency
voltage that influences the ignition capability and/or the
plasma maintenance capability thereof. Particularly, the
voltage form can refer to at least one of the following pa-
rameters: the frequency, the peak voltage, the mean value,

the root mean square value, the shape of the curve, the enve-
lope with which the radio frequency voltage is modulated, the
amplitude of the envelope, the shape and/or frequency thereof,
the pulse/pause ratio (in case the radio frequency voltage is
switched on/off) or similar parameters. The radio frequency
voltage can be pulsed in a single or multiple manner, wherein
the different voltage forms can distinguish by the length of
the impulses and/or the length of the pauses between impulses.
Among the different voltage forms there can be a voltage form,
in which the generator is non-pulsed, i.e. it operates with a
pause duration of zero. The pulsed wave forms comprise typi-
cally a pulse with one or more radio frequency oscillations
that decay in a damped manner at the end of the pulse. These
and other possibilities to influence the ignition capability
and/or the plasma maintenance capability by the voltage form

can also be combined.

[0019] Basically the different voltage forms provided by
the generator in different adjustments can distinguish by
different features, e.g. by the peak voltage, the mean value,
the root mean square value, the constant component, the wave
form, the envelope, the amplitude of the envelope, the shape
thereof, the time-dependent progression, the frequency or
other electric and/or time parameters, the pulse/pause ratio
in case of an radio frequency voltage switched on/off and/or

combinations thereof.
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[0020] In a preferred embodiment the radio frequency volt-
age 1s pulsed and the different voltage forms distinguish
primarily or exclusively by the duration of the pulses and/ox
the duration of the pauses between the pulses. In doing so,
the pulse frequency can be constant or variable. Similarly
the pulse/pause ratio (duty cycle) can be constant or varia-
ble and can, e.g. also comprise the pulse/pause ratio of

100:0 (“Continuous Wave”).

[0021] The different adjustments of the generator typical-
ly lead to treatment currents with which similar or different
desired physiological effects at the tissue can be achieved.
Concurrently they also lead to different secondary effects,
as for example light occurrences, noise occurrences, pressure
impulses etc. Additionally, the plasma temperature can be se-
lectively influenced up to the creation of a cold plasma that
does not show any thermal tissue effect by means of the

treatment currents and the different generator adjustments.

[0022] The instrument that is part of the device comprises
at least one electrode that is connected or connectable with
the generator via a conductor. Upon activation of the instru-
ment the electric conductive plasma provided for treatment
bridges, e.g. in the form of a spark, a distance between the
electrodes or between the electrode and the biological tissue,
wherein the biological tissue can also be connected with the
generator. For example, the connection of the tissue with the
generator can be carried out via a neutral electrode attached
to the patient, a second electrode integrated into the in-
strument, an additional plasma path or via the capacitive

coupling of the generator and the patient with the ground po-
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tential. The treatment current can also flow as displacement

current under use of the capacity of the tissue.

[0023] The instrument can comprise a gas-guiding channel

in or at which the electrode is arranged. The gas—-guiding
channel is connected to a gas source at its proximal end, e.g.
an argon source, such that a gas jet can flow out of its dis-
tal end, in which an electric conductive plasma, e.g. in form

of a spark, can be created by ionization.

[0024] Preferably the radio frequency voltage is pulsed
with a medium frequency that is, for example, lower than one-
fifth of the frequency of the radio frequency voltage, howev-
er, for example, preferably larger than one-twentieth thereof.
The frequency of the radio frequency voltage is, for example,
in a frequency range between 100 kHz and 20 MHz and has an
amount of 350 kHz for example. The medium frequency is, e.g.
in a range from 10 kHz to 100 kHz. It can have an amount of,
e.g. 20 kHz, 30 kHz, 45 kHz or 50 kHz. The voltage forms that
are available for the generator and that are selectable by
the control device may distinguish by the pulse length, if
the frequency is e.g. set to 45 kHz or 50 kHz, wherein the
assortment of available voltage forms can also contain pulse

sequences with lower or higher frequency.

[0025] Additionally the radio frequency voltage that is
pulsed with the medium frequency can be pulsed with a low
frequency that has an amount of preferably at least 0.5 Hz
and however further preferably at most 200 to maximum 500 Hz.
A preferred frequency range of the low frequency ranges from
1 Hz to 100 Hz. The voltage forms of the radio frequency can

distinguish as required by different pulse lengths and/or
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different pause lengths of the low frequency. The pause

length can also be zero.

[0026] The plasma sensor serves to determine the behavior
of the plasma at the treatment instrument. As the generator
and the control device, the plasma sensor can also form part
of a device for supply of the instrument. The plasma sensor
detects at least one parameter characterizing the presence or
absence and/or the quality or stability of the plasma. For
example, this can be carried out in an indirect manner by
configuration of the plasma sensor to detect the voltage
transmitted ﬁo the instrument and/or the current flowing to
the instrument and to monitor these parameters or parameters
derived therefrom. For example, the plasma sensor can deter-
mine the effective impedance at the instrument from the de-
tected voltage and the detected current, wherein the effec-
tive impedance is composed substantially of the impedance of
the plasma and the impedance of the biological tissue. This
impedance and/or its time-dependent change can be used as in-
dicator for the plasma stability and/or plasma quality. In
additional embodiments also other parameters and/or their
time-dependent change can be used as measure for the quality
or stability of the plasma, wherein the parameters can be
measured by appropriate sensors and/or can be derived from
measurement values. Such parameters are, e.g. the electric
current, the electric power, further measured or calculated
characteristics of the electric current, of the electric
voltage and/or a combination thereof, the intensity and/or
the spectrum of an optical light occurrence, the temperature
of the gas or plasma, the electric and/or magnetic field
and/or the electromagnetic radiation of the plasma. These or

other suitable parameters can be used individually or in com-
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bination as described above in order to determine the plasma

stability and/or plasma quality.

[0027] The control device connected to the plasma sensor
is configured to select the generator adjustment based on the
behavior of the plasma detected by the plasma sensor and to
cause the generator to ocutput a voltage with specific voltage
characteristics. In doing so, the control device can be fur-
ther configured to determine the generator adjustments when
the treatment instrument is activated based on occasional or
perpetual tests. In doing so, the control device can be con-
figured to first check the ignition behavior and/or the plas-
ma maintenance behavior with the actual generator adjustment
and if the ignition or plasma maintenance behavior is insuf-
ficient, to select a generator adjustment with improved igni-
tion capability and/or plasma maintenance capability. Addi-
tionally, the control device can be configured to select a
generator adjustment with a lower ignition capability and/or
plasma maintenance capability and to cause the generator to
transition to such an adjustment, if the control device has
determined a reliable quick ignition and/or a reliable
maintenance of the plasma at least one time and preferably a
plurality of times. It can be provided that the generator ad-
justment is at first maintained, if it allows a reliable op-
eration. If not, it is changed to the previous or ancther
generator adjustment with improved ignition capability and/or

improved plasma maintenance.

[0028] With this device on one hand a reliable ignition
and maintenance of the plasma during coagulation is allowed
without the need to operate with an at least temporary excess

of power, peak voltage, frequency or one or more other param-
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eter characterizing a voltage form of the respective genera-
tor adjustment for this purpose. Such an excess means a gen-
erator adjustment, in which the ignition capability and/or
the plasma maintenance capability of the radio frequency
voltage is larger than necessary. By ignition of the plasma
without (or with at least low and in the best case lowest
possible) excessive undesired secondary effects of the plasma
ignition and/or of the current flowing through the plasma can
be suppressed largely, such that the tissue and/or the in-
strument are not (or not more as necessary) damaged and the
treating person is neither blinded nor startled. Such unde-
sired secondary effects can be, e.g. the creation of very
bright light occurrences or the creation of bang noises, un-
desired tissue damages, instrument damages or the like. Due
to the stepwise approximation of the adjustment of the gener-
ator at the lowest possible adjustment (i.e. the adjustment
that just allows an ignition and/or a stable plasma mainte-
nance), undesired secondary effects can be minimized. On the
contrary, desired effects of the plasma ignition and/or of
the current flowing through the plasma can be maximized or
selectively influenced otherwise, e.g. by a respective selec-

tion of the available adjustments.

[0029] At the start of the activation of the instrument as
well as the start of each pulse of the low frequency if ap-
plicable, a plasma has to be ignited respectively. In each
low frequency pulse a medium frequency sequence of high fre-
quency pulses can be comprised. The control device is prefer-
ably configured that it operates the generator with the ad-
justment that leads to the creation of a plasma within an ig-
nition trial duration at minimum ignition capability of the

voltage form during the operation of the instrument, i.e.



(28) JP 2020-108738 A 2020.7.16

during the application thereof with different high frequency
voltage forms. In doing so, the adjustment is used that has

at least one characteristic that influences the ignition of

the plasma, e.g. the pulse/pause ratio, just in the necessary
amount, but however not in excess. In doing so, undesired ef-
fects involved with the ignition of the plasma are minimized,
i.e. the effects of the ignition are influenced in a desired

manner.

[0030] The control device is preferably configured, such
that it further operates the generator with an adjustment
with improved ignition capability, e.g. by an increased
pulse/pause ratio, during the operation of the instrument and
after expiration of the ignition trial duration, if within
the ignition trial duration no creation of the plasma has
been detected by the plasma sensor. In doing so, it is
achieved that the ignition of the plasma is effected with a
voltage form that is just enough ignition capable in order to
effect a reliable ignition, however, not unnecessarily more

ignitable.

[0031] A similar strategy as for the ignition of the plas-~
ma can be applied for its maintenance during the treatment
phase. In doing so, the control device is configured such
that it operates the generator after expiration of an igni-
tion phase in a treatment phase with an adjustment that al-
lows the maintenance of the plasma with a minimum plasma
maintenance capability of the voltage form. In other words,
it selects the adjustment for the operation during the treat-
ment phase that on one hand guarantees the plasma maintenance
and on the other hand is the adjustment among the adjustments

of the generator, at which a selected secondary effect is as
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low as possible. The secondary effect is, e.g. the light oc-
currence, the noise creation, the tendency to puncture the
tissue, the plasma temperature, particularly its ion tempera-
ture or the like. The same control strategy is used for the

ignition phase.

[0032] For this the control device can be configured, such
that it operates the generator with an actual adjustment dur-
ing the operation of the instrument after the plasma has been
build up and in so doing monitors the plasma stability. If an
impeding extinction or even an extinction of the plasma is
determined, the control device changes to an adjustment with
improved plasma maintenance, e.g. by an increased pulse/pause
ratio of the radio frequency voltage. Alternatively or addi-
tionally the control device can set an adjustment after the
subsequent ignition phase that provides an improved plasma
stability, e.g. due to an increased pulse/pause ratio of the
radio frequency voltage, if the plasma was stalled or became
instable. If however during the treatment with an actual
voltage form no impeding extinction, but a stable plasma
maintenance was determined during a specific duration, the
control device can select as a trial an adjustment with de-
creased plasma maintenance capability, e.g. due to a lower
pulse/pause ratio, in order to minimize and/or influence
light and noise occurrences, power application, tissue ef-
fects and other effects of the plasma jet during the treat-

ment phase in a desired direction.

[0033] By setting the adjustment of the generator at which
the medium frequency comprises a minimum pulse/pause ratio,
the radio frequency voltage comprises a minimum peak voltage

or another characteristic influencing the power application,
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the power application is influenced, particularly minimized,
during the treatment phase of a pulse of the low frequency.
However, in order to be able to realize a desired average
power application, the control device can be further config-
ured that the pulse/pause ratio of the low frequency or an-
other feature of the voltage form that influences the power
application is adjusted that the average power effectively
supplied to the instrument is equal to a desired value. If
the control device selects a voltage form with higher power
application during the pulse of the low frequency, it can
thus reduce, i.e. balance, the power application again that
was increased thereby, by for example reducing or inverting
the pulse/pause ratio of the low frequency. In doing so, it
is possible to provide different operating modes that com-
prise different ignition capabilities and/or plasma mainte-
nance capabilities, but thereby having the same power appli-

cation.

[0034] The inventive method can be configured, e.g. such
that the radio frequency power during one pulse of a pulsed
radio frequency alternating voltage pulsed with low frequency
is limited or minimized. Each low frequency pulse contains a
medium frequency sequence of high frequency oscillations. The
power of the low frequency pulses is e.g. adjusted as low as
possible. By adapting the low frequency pulse/pause ratio,
the desired power can still be provided in the average. The

treatment is carried out with low light and noise generation.

[0035] Further details of advantageous embodiments of the
invention are subject of dependent claims, the drawings and

the respective description. The drawings show:
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[0036] Figure 1 a treatment device in a highly schematic
illustration,
[0037] Figure 2 a low frequency envelope with a radio fre-

quency voltage pulsed at medium frequency for clarification

of the operation of the device according to figure 1,

[0038] Figure 3A to 3D different voltage forms of the ra-
dio frequency generator oscillation pulsed at a medium fre-
quency with different pulse/pause ratios within one pulse ac-~
cording to figure 2 as voltage forms for ignition operation

and/or treatment operation,

[0039] Figure 4 a flow diagram as an example for appropri-
ate selection of a voltage form for the ignition operation

for clarification of the function of the control device,

[0040] Figure 5 a flow diagram as an example for clarifi-
cation of the operation of the control device in the treat-

ment operation.

[0041] Figure 1 illustrates device 10 for plasma treatment
of biological tissue 11, e.g. during a surgical procedure. An
instrument 12 belongs to the device 10, e.g. in form of an
instrument used for open surgery or in form of a rigid or
flexible probe that can be used in an endoscope. For supply
of the instrument 12 it is connected with an apparatus 14 via
a conductor 13, wherein the apparatus 14 comprises a genera-
tor 15 for supply of the instrument 12 with radio frequency

current.
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[0042] The generator 15 is configured, such that it out-
puts a radio frequency voltage to the instrument 12 upon ac-
tivation of the instrument 12, wherein the generator 15 is
able to operate in different adjustments. Each of the adjust-
ments of the generator distinguishes in at least one electric
characteristic from all other adjustments. An electric char-
acteristic can be the form, frequency, modulation type, crest
factor, pulse/pause ratio of a generated pulsed radio fre-
quency voltage, the amount of the radio frequency voltage,
the internal resistance of the generator, the maximum current
or the like. This is illustrated in figures 3A to 3D exempla-
rily with different pulse/pause ratios of a pulsed radio fre-

quency voltage.

[0043] The apparatus 14 can be further connected with a
neutral electrode 17 via a neutral conductor 16, wherein the
neutral electrode 17 is attached at biological tissue 11, e.g.
at the skin of a patient, in a large area. Alternatively the
instrument 12 can be configured as bipolar instrument and in

so doing, comprise at least two electrodes.

[0044] The instrument 12 comprises a channel 19 formed by
a rigid tube or a flexible hose 18 as well as an electrode 20
that terminates shortly ahead, at or behind the distal end of
the hose 18 in order to create a plasma 21 extending to the
tissue 11. The channel 19 is connected to a non-illustrated
gas source and is thus flowed through with a gas, e.g. argon,
that exits at the distal end of the hose 18 and in which the
plasma 21 is created between the electrode 20 and the tissue

11. The invention can also be used with instruments without

gas supply.
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[0045] The apparatus 14 comprises a control device 22 ad-
ditionally to the generator 15, wherein the control device 22
is configured to set the operating mode of the generator 15
and by means of which the generator 15 can be switched on and
off. The control device 22 is, e.g. configured to predefine

the voltage form that has to be supplied by the generator 15.

[0046] Additionally, the apparatus 14 comprises a plasma
sensor 23 that detects the voltage between the conductor 14
and the neutral conductor 16 as well as the current flowing
in the conductor 13 and/or the conductor 16 and derives
therefrom a parameter characterizing the presence or absence
of the plasma as well as the quality thereof. In the simplest
case this parameter is the detected current itself. It 1is,
however, also possible to configure a plasma sensor, such
that it derives derived parameters for characterizing the
plasma quality from the detected voltage and/or the detected
current. Such parameters can be, e.g. the amount of the flow-
ing current, the velocity or rate of the change of the cur-
rent, the impedance calculated as quotient between the de-
tected voltage and the detected current, the change of the
impedance (increase of the impedance and/or decrease of the
impedance), the velocity or rate of the change of the imped-
ance, impedance fluctuations, current distortion factors, the
content of harmonics in the current, the crest factor of the
current, the difference between the harmonics content of the
current and the harmonics content of the radio frequency

voltage or similar parameters.

[0047] For plasma treatment the treatment instrument 12 is
preferably supplied with a radio frequency voltage HF created
by the generator 15 that preferably has a frequency between
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100 kHz and 20 MHz and in the present embodiment 350 kHz. The
radio frequency voltage HF is typically pulsed with a medium
frequency MF and additionally with a low frequency NF. The
created low frequency pulse packets P1l, P2, P3 that succeed
each other can have a duration from 2 msec up to two seconds.
Between the pulse packets Pl, P2, P3 are pauses of nearly two
seconds down to almost zero seconds, depending on the
pulse/pause ratio. Within the pulse packets P1l, P2, P3 the
generator 15 provides a radio frequency voltage HF with dif-
ferent voltage forms. Characteristics thereof can be adjusted
at the generator 15 and/or the control device 22 by means of
a provided user interface and/or communication interface for
connection with additional devices, e.g. mobile and devices,
as necessary. In doing so, treatment influencing parameters,
as for example the peak value of the radio frequency voltage,
the maximum current, the desired power, the treatment dura-
tion or similar can be adjustable. Additionally, means for
selection or limitation of selectable adjustments of a gener-
ator can be provided as required among which the control de-
vice 22 can select a suitable adjustment and the voltage form

derived therefrom for the operation of the generator 15.

[(0048] The pulse packet P1 of the low frequent succeeding
pulse packets P1l, P2, P3 as exemplarily shown in figure 2 (a),
is shown in figure 2 (b) in an enlarged manner. It is divided
in an ignition phase Z and a treatment phase K. The ignition
phase Z serves to build up plasma and for a stable ionization
thereof. The duration t; provided for this purpose can com-
prise an ignition trial duration tsy, as illustrated in fig-
ure 2 (b) that can be defined duration of, for example 1 msec
or a defined fraction of the ignition phase duration tj.

Within this ignition trial duration tzy it is monitored
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whether the ignition of the plasma or the spark has occurred

when the radio frequency voltage is applied.

[0049] During the ignition, i.e. at least until the expi-
ration of the ignition trial duration tzy the generator 15
operates controlled by the control device 22 with an initial
adjustment that is selected among a plurality of possible
predefined adjustments. Figures 3A to 3D show voltage forms
of the respective adjustments that preferably comprise coin-
cident radio frequency and peak voltage. They are pulsed with
a medium frequency modulation voltage. For example, pulse
frequency has any frequency amount between 10 kHz and 70 kHz.
After one or more undamped oscillations the high frequency
voltage settles, i.e. it decays in a damped manner. Figure 3A
illustrates an adjustment with a high pulse/pause ratio. The
medium frequency modulation frequency has an amount of 50 kHz
in this case. This voltage form comprises the best ignition
characteristics among the available voltage forms, but howev-

er also the most powerful light and noise development.

[0050] Figure 3B illustrates a second adjustment, in which
the medium frequency modulation frequency is set to 40 kHz.
This voltage form comprises good ignition characteristics

with extenuated light and extenuated noise development.

[0051] Figure 3C illustrates a third adjustment, in which
the radio frequency voltage HF is modulated with a medium
frequency MF of 30 kHz, such that the pulse/pause ratio is
further decreased compared with figure 3B. At slightly de-
graded ignition characteristics the light and noise develop-

ment is further reduced.
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[0052] Figure 3D illustrates another adjustment that can

be selected by the control device 22 and provided by the gen-
erator 15, if applicable. The duty cycle and the frequency of
the medium frequency MF are again reduced. It is still within
the indicated range of 10 to 70 kHz and has an amount of, for

example 20 kHz in this case.

[0053] During the ignition phase Z the device 10 operates

as follows:

[0054] The control device 22 selects one of the indicated
four adjustments explained above according to figure 3A to 3D
for ignition of a plasma at the start of the pulse packet P1.
This procedure is illustrated in block 30 of figure 4. At the
start of the treatment the control device 22 selects the ad-
justment, e.g. according to a manual specification or accord-
ing to a last used adjustment. The time counters tiy, and
tvform @re initially set to zero. Then the generator 15 starts
the creation of the radio fregquency voltage (see block 31).
Within the time duration tpess the measurement values, e.g.
current, voltage and other parameters, are detected and de-
rived parameters, e.g. the value of the plasma sensor 23 are
calculated. The time counters are respectively increased by
tmeas- Subsequently it is checked whether a plasma has been
created or not (block 32). If this is not the case, it is
checked whether the ignition trial duration tzv has expired
(block 33). If this is the case, the ignition trial is termi-
nated and an ignition pause is inserted (block 36). If not,
it is checked whether the ignition trial duration provided
for one voltage form tgzv veorm, that is shorter than tzy (e.g.
one quarter of the available ignition duration tzy or a de-

fined duration of at least 1 msec) has been expired (block
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34). If one of the two ignition trial durations has expired
without the plasma having ignited, the control device selects
the voltage form with higher ignition capability, as illus-
trated in block 35. Concurrently the time counter tyrorm for a
voltage form is reset. If the control device 22 has defined,
for example, the voltage form according to figure 3C, ini-
tially it now changes to the voltage form according to figure
3B. According to block 31, again a measuring duration is
passed and then it is checked whether a plasma has ignited.
If this is not the case until the expiration of one of the
ignition trial durations, again a voltage form with even
higher ignition capability is selected in block 35, e.g. the

voltage form according to figure 3A.

[0055] If a plasma has ignited, the successful ignition is
registered, e.g. by incrementing a counter variable 1 in
block 37. In block 38 it is checked whether the number X of
successful ignition trials has been reached. If this and/or
another stability criteria is fulfilled, the control device
22 changes to a voltage form with less ignition capability
for the next ignition phase of the low frequency with concur-
rent reset of the counter variable i, in order to test wheth-
er the ignition can also be effected with lower light and
noise development. Subsequently, it is directly transitioned

into the treatment operation (block 40).

[0056] The treatment operation K follows the ignition op-
eration, wherein in turn different adjustments according to
figures 3A to 3D are provided for the treatment operation K.
The voltage form according to figure 3A has the best plasma
maintenance characteristics, the largest average power and

the most intense light and noise deviation. The voltage forms
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according to figures 3B, 3C and 3D have from left to right a
respective decreased plasma maintenance capability, a lower
average power and a lower light and noise development as the

preceding voltage form in the sequence.

[0057] For the treatment phase the same, as in this exam-
ple, but also another selection of voltage forms can be used

compared with the ignition phase.

[0058] In the treatment phase K the device 10 operates as
follows:
[0059] At the start of the treatment phase it is operated

with an initial voltage form as symbolized in block 41. This
voltage form can be predefined, for example, or can be de-
rived from the history and can correspond to the last suc-
cessfully used voltage form. The time counters tpiasme and
tvform Needed in the further procedure are initially set to
zero. The voltage form is supplied to the instrument 12, as
symbolized by block 42. Within a duration tpeas measuring val-
ues are detected and derived parameters, e.g. the value of
the plasma sensor 23 is calculated, as in the ignition phase.
The time counters are respectively increased by tpeas. Subse-
quently the time counter tpiasma is compared with a duration
tpuise defined by the adjusted power application (block 42).
If the duration tpuse has lapsed, a change to an operating
pause 1s carried out (block 49). Otherwise the condition of
the plasma is retrieved by means of the plasma sensor. In a
preferred embodiment the plasma sensor is configured to de-
tect not only an interruption of the plasma (block 43), but
also a prefigured interruption of the plasma (block 44). For

this it can be, for example, configured to monitor the imped-
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ance that can be measured between the conductors 13 and 16
and its time-dependent progression. If the impedance increas-
es within a given duration of, for example 200 ps about more
than for example 10% or a defined value, for example 200 Ohm,
this is an indicator for an impending plasma interruption.
The plasma sensor 23 can be configured to detect this. The
control device 22 can be additionally configured to immedi-
ately select an adjustment with improved plasma maintenance
characteristics when an indicator for an impending plasma in-
terruption according to block 44 is present (block 47). For
example, it transitions from a voltage form according to fig-
ure 3D to a voltage form according to figure 3C from a volt-
age form according to figure 3C to a voltage form according
to figure 3B or from a voltage form according to figure 3B to
a voltage form according to figure 3A. Finally the control
device 22 jumps in block 44 in the sequence of voltage forms
of figure 3A to figure 3D respectively about at least one

step to the left.

[0060] If the plasma is stable during a duration of at
least tpin, the control device selects as a trial a voltage
form with decreased plasma maintenance characteristics, by
jumping in the sequence of voltage forms of figure 3A to 3D
about at least one step to the right. The duration tguin can
thereby be individually defined for each voltage form. If,
for example, the treatment during the duration tgpin has been
successfully been carried out with the voltage form according
to figure 3B, the control device changes to the voltage form
according to figure 3C. If a plasma instability shows, it is
changed back to the voltage form according to figure 3B. If,
however, the plasma remains stable with the voltage form of

figure 3C, the light and noise occurrence is minimized.
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[0061] With the presented manner the control device 22 re-
spectively selects the wave form for ignition and treatment
that involves the lowest possible undesired secondary effects,
as light and noise development. The control device can influ-
ence one or more other effects of ignition and/or the plasma
stream in the desired direction, whereas on the other hand a
reliable ignition and reliable plasma treatment is achieved.
Due to the change of the adjustments of the generator 15 dur-
ing the ignition and/or during the treatment within and be-
tween the individual pulse packets P1l, P2, P3, the power
transferred to the biological tissue 11 can be influenced.
The control device 22 has the minimizing object to select a
voltage form in the figures 3A to 3D as far to the right as
possible respectively, i.e. a voltage form with a duty cycle
that is as low as possible. This goes along with a reduced

power application.

[0062] However, to guarantee the desired average power ap-
plication Pges, the control device 22 can be configured to in-
crease or decrease the duration of the pulse packets P1l, P2,
P3, as it is illustrated by block 48 in figure 5. For this
the control device 22 can be configured to detect the energy
transmitted so far to the biological tissue in a pulse packet
and to calculate the duration tpuse, such that the trans-
ferred energy after expiration of the duration tpuse is equal
to the product of the desired power Pges and the total dura-
tion tr. The total duration try is the sum of the ignition
phase duration t;, the treatment phase duration tkx and the
pause duration tpy and has an amount of, 20 msec with a de-

fined low frequency of 50 Hz, for example.
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[0063] Modifications of the treatment phase are possible.
For example the control device can check after expiration of
a specific duration, e.g. 0.5 msec or a portion of the prede-
fined duration of the pulse packet whether the plasma is
still present and if this is the case, to change to a voltage
form with decreased plasma maintenance characteristics, but
in exchange with lower noise and light development. If in so
doing, the plasma is interrupted or then shows lack of sta-
bility, a change back to a voltage form with better mainte-
nance characteristics can be initiated by the control device

within the same treatment phase.

[0064] Independent therefrom in all presented embodiments
the duration of the pulse packets Pl, P2 and/or P3 can be
adapted at each change of the voltage form according to the
characteristics of the formerly and actually used voltage
form in order to maintain the average power P introduced in

the tissue as constant as possible.

[0065] The selection of the adjustments for the ignition
and treatment phase can be selected in each pulse packet, as
it was last used in the previous ignition and treatment phase.
For example, the pulse packet P2 can start with the adjust-
ment with which the ignition was at last effected in the
pulse packet Pl. The same applies for the voltage form for

treatment.

[0066] Whereas according to the description above, a
change between the different voltage forms according to fig-
ures 3A to 3D has been emanated in the sense of switching,
this change can be carried out in a floating manner or step-

less, if required.
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[0067] In a modified embodiment of the apparatus 14 the
control device 22 is configured to check the impedance meas-
ured by the plasma sensor 23 whether it is within a prede-
fined value range, e.g. between 100 Ohm and 9.5 kOhm. If this
is the case, a control device 22 can assume the presence of a
plasma. Alternatively, the amount of the measured root mean
square current can be provided as indicator. In this case,
the plasma sensor 23 is configured to detect whether the
measured root mean square current is larger than a predefined
value of, e.g. 0.1 Ampere. Additionally, the plasma sensor 23
can be configured to monitor the impedance. If it is smaller
than a predefined value of, for example 3 kOhm, this can
serve in combination with the above-mentioned threshold ex-
ceedance of the current as an indicator for the presence of a
plasma. Also other parameters and their combinations and oth-

er thresholds can be used.

[0068] The presented device 10 adapts at least during one
of the phases for ignition and treatment the used voltage
form dynamically in order to obtain a best possible compro-
mise between ignition and maintenance of the plasma and mini-
mization or maximization of desired or undesired effects of
the ignition and/or the plasma current. The plasma sensor
monitors parameters and/or their change characterizing the
condition of the plasma during the treatment phase in order
to determine a prefigured interruption of the plasma and, in
the ideal case, avoid this by already changing the voltage

form previously.

[0069] The indicated mechanisms can be used by the control

device 22 also during a pulse packet P1l, P2, P3. The length
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of each pulse packet is adapted at each change of the adjust-
ment according to their characteristics in order to guarantee

a constant average power.

[0070] The method for plasma treatment is directed to
cause the radio frequency generator 15 for ignition of a
plasma at the instrument 12 and for maintenance thereof by a
respective output of a medium frequency pulse with modulated
radio frequency voltage, a duty cycle thereof is just as high
that it is sufficient to ignite and maintain the spark, but
not higher. In doing so, noise and light occurrences are min-
imized. The definition of the duty cycle on the minimum pos-
sible value can be carried out step by step by continuous or
occasional variation of the adjustment under monitoring the
ignition capability and the plasma maintenance. The adjust-
ment of the duty cycle optimized by the method can be carried
out continuously without steps or with steps by selection of
different voltage forms from a stock of voltage forms. By
minimization of the duty cycle of the medium frequency, the
desired low light and low noise of the treatment process is
obtained. By inverse modulation of the duty cycle of the low

frequency, the desired power is adjusted.
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Claims:
1. Device (10) for plasma treatment

having a generator (15) that is configured to create a
radio frequency alternating voltage (HF) in different

adjustments,

having an instrument (12) that is connected or connecta-
ble to the generator (15) for supply with a treatment
current, wherein the instrument (12) comprises at least
one electrode (20) to which the alternating voltage (HF)
is fed, such that plasma can be created at the electrode
(20), wherein the alternating voltages created in the
different adjustments comprise different ignition capa-
bilities and/or different plasma maintenance capabili-

ties,

having a control device (22) that is connected to the
generator (15), such that the adjustment of the genera-
tor (15) can be influenced by the control device (22},
such that the generator (15) is operated at the start in
an ignition operating mode and then in an operating mode

that is coordinated with a desired effect.

2. Device.according to claim 1, characterized in that addi-
tionally a plasma sensor (23) is provided that is con-
nected to the generator (15) and/or the instrument (12)
in order to determine the behavior of the plasma at the

instrument (12),
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wherein the control device (22) 1is connected to the
plasma sensor (23), such that the adjustment of the gen-
erator (15) can be influenced by the control device (22)
based on the behavior of the plasma detected by the

plasma sensor (15),

wherein the control device (22) is configured, such that
it determines an adjustment with reduced ignition capa-
bility and/or reduced plasma maintenance capability for
the generator (15) based on the behavior of the plasma
detected by the plasma sensor (23), if the behavior of
plasma characterizes a reliable ignition behavior and/or

a reliable plasma maintenance, and/or

that the control device (22) determines an adjustment
with increased ignition capability and/or increased
plasma maintenance capability for the generator (15)
based on the behavior of the plasma detected by the
plasma sensor (23), if the behavior of the plasma char-
acterizes a non-reliable ignition behavior and/or a non-

reliable plasma maintenance.

Device according to any of the preceding claims, charac-
terized in that the different adjustments of the genera-
tor cause the generator to output voltages with differ-
ent voltage characteristics and/or provide voltages at
different generator characteristics, wherein the differ-
ent voltage characteristics preferably refer to the
amount of the voltage and/or the modulation type and/or
the degree of modulation and/or the voltage form and/or

the pulse/pause ratio and/or the frequency and/or that



a7) JP 2020-108738 A 2020.7.16

the generator characteristics refer to its internal re-

sistance.

Device according to any of the preceding claims, charac-
terized in that the radio frequency alternating voltage
(HF) is pulsed with a medium frequency (MF) that is
preferably smaller than one-fifth of the frequency of
the radio frequency alternating voltage (HF), however,
also preferably larger than one-twentieth thereof and
that the control device (22) is configured, such that
the voltage characteristics distinguish from each other
by different pulse/pause ratios of the medium frequency

(ME') .

Device according to any of the preceding claims, charac-
terized in that the radio frequency alternating voltage
is pulsed with a low frequency (NF) that is preferably
al least 0.5 Hz and/or preferably at most 200 Hz and
particularly has an amount of preferably 1 to 100 Hz.

Device according to any of the preceding claims, charac-
terized in that the control device (22) is configured,
such that it operates the generator during the operation
of the instrument (12) with the adjustment among the
available adjustments that is the adjustment among the
different adjustments with lowest secondary effect and
that leads to a creation of plasma within an ignition

trial duration.

Device according to claim 6, characterized in that the
control device (22) is configured, such that it operates

the generator (15) in an adjustment with increased sec-
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ondary effect after the ignition trial duration has
lapsed, if within the ignition trial duration no crea-
tion of plasma has been detected by the plasma sensor

(23).

Device according to claim 6, characterized in that the
control device (22) is configured, such that it operates
the generator at the subsequent ignition trial in an ad-
justment with decreased secondary effect during the op-
eration of the instrument (12) after at least a singular
and preferably repeated successful build-up of the plas-

ma within the ignition trial duration.

Device according to any of the preceding claims, charac-
terized in that the control device (22) is configured,
such that it operates the generator during the operation
of the instrument after lapse of the ignition phase in a
treatment phase with the adjustment that allows the
maintenance of the plasma at minimum other secondary ef-

fect.

Device according to any of the preceding claims, charac-
terized in that the control device (22) is configured,

such that it operates the generator (15) during the op-
eration of the instrument (12) in the running and/or in
the subsequent treatment phase with an adjustment with

higher plasma maintenance capability and/or higher sec-
ondary effect after the build-up of plasma was achieved
in the ignition phase, if within the treatment phase an
extinction or an instability of the plasma was detected

by the plasma sensor (23).
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Device according to claim 10, characterized in that the
control device (22) is configured, such that it changes
the adjustment of the generator to an adjustment with
lower plasma maintenance capability and/or lower second-
ary effect, if during the operation of the instrument
(12) after the build-up of the plasma was achieved in
the ignition phase no extinction tendency of the plasma
was detected by the plasma sensor (23) within the treat-

ment phase duration.

Device according to any of the preceding claims, charac-
terized in that the control device (22) is configured,
such that it operates the generator (15) during the op-
eration of the instrument (12) in a treatment phase with
a voltage form having a medium frequency (MF) that is
pulsed with a pulse/pause ratio after build-up of the
plasma has been achieved in the ignition phase, wherein
the pulse/pause ratio is reduced for the treatment phase
following the next ignition phase, if a stable presence
of the plasma has been detected by the plasma sensor
within the treatment duration in at least one, prefera-
bly several subsequent treatment phases and wherein the
pulse/pause ratio is increased, if an extinction tenden-

cy of the plasma has been determined.

Device according to any of the preceding claims, charac-
terized in that the plasma sensor (23) is configured for
monitoring an electric parameter for detection of the

stability of the plasma, particularly the time-dependent
progression of the electric parameter, wherein the elec-

tric parameter is derived from the current supplied to
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the instrument (12) and/or the electric voltage supplied

to the instrument (12).

Device according to any of the preceding claims, charac-
terized in that the different adjustments of the genera-
tor (15) comprise at least two adjustments that comprise
different ignition capabilities and/or different plasma
maintenance capabilities and/or that cause different
light and/or acoustic noise emissions, thereby however
output a constant average power in the plasma and/or in

the tissue.

Method for control of a device (10) for plasma treatment
that comprises a radio frequency generator (15) for sup-
ply of an instrument (12), wherein the radio frequency
generator (15) can be operated in different adjustments,
in which the alternating voltage (HF) output therefrom
comprises different ignition characteristics and/or dif-
ferent plasma maintenance characteristics and/or in
which the created plasma comprises light and acoustic
noise emissions of different intensity, wherein the ra-
dio frequency generator (15) is operated for ignition of
a plasma at the instrument (12) and the maintenance
thereof in a respective adjustment that is the adjust-
ment among the available adjustments with lowest light
and/or acoustic noise emission, however, concurrently
allowing a reliable ignition and a reliable plasma

maintenance.
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Abstract

The plasma sensor monitors parameters characterizing the con-
dition of the plasma during the treatment phase and/or the
change thereof in order to recognize a prefiguring or already
occurred interruption of the plasma in this manner and to
avoid this interruption and ,in the ideal case, avoid this by
already changing the voltage form previously. The mentioned
mechanisms can be used by the control device (22) also during
a pulse packet. The length of each pulse packet is adapted at
each change of the voltage form according to their character-

istics in order to guarantee a constant average power.

(Figure 1)
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