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[57] ABSTRACT

An electrosurgical generator in an electrosurgical unit
(ESU) controls the repetition rate and the energy con-
tent of bursts of RF energy delivered to a gas jet sup-
plied by the ESU, in order to maintain RF leakage
current within acceptable limits while still achieving a
sufficient state of ionization in the gas jet to reliably
initiate the conduction of arcs 1o the tissue. The repeti-
tion rate of the RF bursts is substantially reduced in an
inactive state when no arcs are delivered. A relatively
small number of the RF bursts delivered during the
Iactive state have an increased or boosted energy con-
tent to assure an adequate 10nization state in the gas jet.

71 Claims, 8 Drawing Sheets
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POWER CONTROL TECHNIQUE FOR
BEAM-TYPE ELECTROSURGICAL UNIT

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

CROSS-REFERENCE TO RELATED
APPLICATION

This is a continuation in part of application Ser. No.
849,950, filed Apr. 8, 1986 for “Electrosurgical Conduc-
tive Gas Stream Technique of Achieving Improved
Eschar for Coagulation”, now U.S. Pat. No.
N4,781,785) 4,781,175, which is assigned to the as-
signee hereof. The disclosure of this previous applica-
tion is incorporated herein by this reference.

BACKGROUND OF THE INVENTION

A concern regarding radio frequency (RF) leakage
current is present in any electrosurgical unit (ESU). RF
leakage current refers to the small, but nevertheless
sometimes significant, current which flows into the
surrounding environment from the active electrode and
the conductor which supplies the active electrode,
when the surgeon has activated or “keyed” the ESU
prior to bringing the active electrode into operative
arcing distance from the tissue of the patient. Thereisa
concern that the RF leakage current will flow to the
surgeon and to those in the operating room, exposing
the surgeon and others to risk of injury. Based on these
concerns, and on safety regulations, the maximum al-
lowable amount of RF leakage current which can flow
from an ESU must be controlled and limited.

The RF leakage current is at its maximum during
open-circuit, full-power operating conditions. When the
ESU is keyed, but no arcs travel from the active elec-
trode to the tissue, relatively high peak-to-peak voltages
of full power cause the RF leakage current 10 more
readily disperse into the surroundings. As soon as the
active electrode is brought into operative distance from
the tissue, and arcs are conducted to the tissue, the
circuit is closed, the output voltage drops under this
“loaded” condition, and the RF leakage current is no
longer of a major concern because most or all of the
power i1s delivered to the tissue. As soon as the conduc-
tive pathways are established to the tissue, [RD]} RF
leakage current 1s minimized due to the considerably
lower impedance path of the ionized pathways in the
gas jet to the tissue. The same concern with RF leakage
current also occurs after the active electrode is pulled
away an inoperative distance from the tissue, but the
ESU remains keyed.

Beam-type ESUs have special power requirements
which other types of ESUs do not have. A beam-type
ESU is one which delivers electrical energy, usually
arcs, in ionized conductive pathways established in a
continuously flowing jet of a predetermined gas. U.S.
Pat. No. 4,781,175 (Ser. No. 849,950) discioses a beam-
type ESU. In a beam-type ESU, the gas flowing past the
active electrode must be maintained in an ionized state.
The ionized state allows the arcs to be reliably initiated
from the active electrode through the gas jet to the
tissue, when the pencil-like device which delivers the
gas jet and contains the active electrode is brought into
an operative distance with the tissue. Without maintain-
ing a state of sufficient ionization, arcs will not initiate
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when the surgeon desires, or the initiation will not be as
reliable and predictable as is desired. Maintaining the
ionization state in beam-type ESUs can be difficult,
because the continuous flow of gas past the electrode
requires electrical energy to be continually delivered in
substantial magnitudes to prevent the ionized state from
extinguishing.

In a conventional ESU, gas is not constantly flowing
past the active electrode. Furthermore, many conven-
tional ESUs require actual physical contact or near
physical contact of the active electrode with the tissue
in order to initiate the arcs. Physical contact of the
active electrode to the tissue is not desirable or possible
in beam-type ESUs. Therefore, the constant state of
ionization in the gas jet flowing from the active elec-
trode must not only be maintained, but it must be main-
tained to a degree which aliows the predictable initia-
tion of arcs in the conductive pathways established by
the ionization, once the active electrode is brought into
operative proximity with the tissue.

It has been determined that an effective technique of
maintaining an ionized state of ionized conductive path-
ways 1n a gas is to apply relatively high peak-to-peak
voltage to the gas. However, maintaining the ionization
state in the gas jet of a beam-type ESU by applying a
relatively high peak-to-peak voitage has the detrimental
effect of increasing the RF leakage current. Thus, the
requirement to maintain an effective ionized state in the
gas jet sufficient to reliably initiate arcs to the tissue
when desired, and the requirement to limit the amount
of RF leakage current, are both significant but contra-
dictory considerations in beam-type ESUs.

SUMMARY OF THE INVENTION

The present invention offers the capability of sustain-
ing [and] an effectively ionized state of ionized con-
ductive pathways in a gas jet of a beam-type ESU, to
reliably and predictably initiate the conduction of arcs
in the ionized conductive pathways when the surgeon
so desires, but while doing so, limiting the RF leakage
current to an acceptable level.

In accordance with the major aspects of the present
invention, an electrosurgical generator means of the
beam-type ESU generates bursts of radio frequency
electrical energy at a predetermined repetition rate and
applies those bursts to the gas jet. In an inactive opera-
tional state, when it i1s desired to maintain the ionized
state in the gas jet without initiating or conducting arcs
of electrical energy to the tissue, the generator means
generates target bursts of RF electrical energy. In an
active operational state when it is desired to transfer
arcs in the ionized conductive pathways t0 the tissue,
the generator means generates active bursts of RF elec-
trical energy. The improved features of the present
invention [relates to} also relate to establishing or
changing the predetermined repetition rate of the target
bursts to a value substantially less than the predeter-
mined repetition rate of the active bursts; and during a
sequence of generating a plurality of target bursts, sub-
stantially increasing the energy content of a predeter-
mined plurality of less than all of the target bursts oc-
curring in each sequence. The target bursts of increased
energy during each sequence, known as booster target
bursts, are relatively few, for example, less than ten
percent. The peak-to-peak voltage of these booster
target bursts is substantially higher than the voltage of
the normal target bursts. The booster target bursts
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[ten] tend to create the ionized conductive pathways,
while the normal target bursts tend to sustain the ion-
ized conductive pathways between the application of
the booster target bursts.

By repeating the sequences of target bursts in the

manner provided, the ionized state is effectively main-
tained within the gas jet. By reducing the repetition rate
at which the target bursts are generated during the
inactive state, the amount of RF leakage current is
maintained within acceptable limits because the amount
of energy delivered to the gas jet during a predeter-
mined time period is reduced. Thus, the present Inven-
tion limits the RF leakage current to an acceptable level
while maintaining an effective ionized state in the gas jet
to initiate arcs of electrical energy to the tissue when
desired.
" Because the reduced repetition rate of the target
bursts may be sufficiently low to cause muscle stimula-
tion, [the generator means also includes improved
means for sensing] a condition indicative of the occur-
rence of arc initiation to the tissue during the inactive
state is sensed, and thereupon [operatively changing}
the repetition rate is changed from the lower inactive
rate to the higher active rate upon sensing such a condi-
tion. As [soon as] arc initiation occurs, preferably
upon occurrence of the first arc 1o the tissue in the
inactive state, the [generator means immediately be-
gins supplying their} higher active repetition rate is
supplied to avoid significant muscle stimulation. In this
manner, [the generator means automatically and rap-
idly]} transitions from the inactive state to the active
state occur automatically.

Similarly, [an effective means for terminating ] the
delivery of RF bursts in the active rate is Lachieved]
terminated by sensing the absence of at least one arc in
the ionized conductive pathway to the tissue in the
active state. Preferably, a predetermined plurality of
absences of arcs are sensed before transitioning from the
active state to the inactive state. The number of arc

10

15

20

25

30

35

absences which occur before transitioning occurs is 40

preferably related to the amount of power delivered
during the active state. With a higher amount of active
power delivered, a fewer number of arc absences must
occur in the conductive pathway before transitioning

from the higher active repetition rate to the lower inac- 43

tive repetition rate. Conversely, with lower amount of
active power delivered in the active state, more arc
absences are required before [the generator means
transitions] the transition from the higher active repeti-
tion rate to the lower inactive repetition state occurs.
Because the gas jet is in a highly ionized state immedi-
ately after switching from the active to the inactive
state, and because the application of the booster target
[puises] bursts immediately after transitioning from
the active to the inactive state might result in undesired
arcing in the inactive state, [the generator means in-
cludes means for temporarily delivering] only normal
target bursts are delivered for a predetermined time
period after transitioning from the active to the inactive
states. During this predetermined time period no
booster target bursts are delivered. If the surgeon de-
sires to immediately recommence the active state, a
sufficient amount of ionization exists as a residual from
the active bursts and the normal target bursts so that arc
initiation can immediately and reliably occur. However,
if the surgeon ceases active operation for more than the
predetermined time period, for example three seconds,

the booster target pulses will again commence in the
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sequences, to establish a sufficiently ionized state to
readily support arc initiation.

Other significant advantages and improvements are
available from the present invention. A more complete
explanation of the details of the present invention is
found in the following detailed description, taken in
conjunction with the accompanying drawings. The
actual scope of the present invention is defined by the
appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a generalized illustration of a beam-type
electrosurgical unit (ESU) embodying the present 1n-
vention, illustrating an electrosurgical generator means
(ESG), a gas delivery apparatus, a handpiece or pencil,
and a segment of patient tissue.

F1G. 2 is a generalized block diagram of the ESG and
gas delivery apparatus shown in FIG. 1.

FIG. 3 is a generalized block diagram of the RF logic
and arc sense circuit illustrated in FIG. 2.

FIG. 4 is a generalized schematic diagram of the
resonant output circuit shown in FI1G. 2.

FIG. 5 is a generalized schematic and logic diagram
of the repetition rate generator and the pulse generator
shown in FIG. 3.

FIGS. 6A, 6B, 6C, 6D, 6E, 6F and 6G are waveform
diagrams illustrating the operation of the circuit ele-
ments shown in FIG. §.

FIG. 7 is a generalized schematic and logic diagram

of the arc sensing circuit and the arc sense logic shown
in FI1G. 3.

FIGS. 8A, 8B, 8C, 8D, 8E and 8F are waveform
diagrams illustrating the operation of the circuit ele-
ments shown in FIG. 7 and the resonant output circuit
shown in FIG. 4.

FIG. 9 is a generalized schematic and logic diagram
of the booster generator shown in FI1G. 3.

FIG. 10 is a generalized schematic and logic diagram
of the pulse width reference circuit, the ramp generator,
and the RF drive pulse generator shown in FIG. 3.

DETAILED DESCRIPTION

A beam-type electrosurgical unit (ESU) which em-
bodies the present invention is illustrated generally in
FIG. 1 and is referenced 40. The ESU 40 includes three
major components, a pencil or handpiece 42 which 1s
manipulated by the surgeon, gas delivery apparatus 44
and an electrosurgical generator means (ESG) 46. A
flexible cord 48 connects the gas delivery apparatus 44
and the ESG 46 to the pencil 42. The gas delivery appa-
ratus delivers a predetermined gas through a plurahity
of individual passageways or lumens 50 in the cord 48 to
the pencil 42. The gas issues from a nozzle 52 of the
pencil 42 in a directed or substantially laminar flow
stream jet 54. The ESG 46 supplies electrical energy
over a conductor 56 of the cord 48 to the pencil. The
conductor 56 is electrically connected in the pencil to a
needle-like electrode 58 which extends into the nozzle
52. The electrical energy supplied by the ESG 46 1s of
a predetermined characteristic, as discussed in greater
detail below, which is sufficient to ionize the gas flow-
ing through the nozzie 52 and to create ionized conduc-
tive pathways in the jet 54. The gas delivery apparatus
44 the cord 48 and the pencil [52] 47 are one example
of means for conducting a predetermined gas in a jet.
The ESG 46, the cord 48 and the electrode 58 are one
example of means for transferring electrical energy In
ijonized conductive pathways in the gas jet.
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In an active state or mode of operation of the ESU 40,
electrical energy is transferred in the ionized conduc-
tive pathways in the jet 54 in the form of arcs 60. The
arcs 60 travel within the jet 54 until they reach tissue 62
of the patient at the electrosurgical site. The electrical
energy which is transferred into the tissue 62 creates a
predetermined electrosurgical effect, usually an eschar.
Details of the improved eschar available from a beam-
type [ESG] ESU are more particularly described in
the aforementioned U.S. Pat. No. 4,781,175,

The electrical energy travels through the tissue 62 to
the return electrode or patient plate 70 which contacts
the tissue 62. The patient plate 70 is connected by the
return electrical conductor 72 to the ESG 46. A com-
plete electrical circuit is thus established for conducting
current from the ESG 46, to the electrode 38 in pencil
42, through the jet 84, to and through the tissue 62, to
the patient plate 70, through the return conductor 72
and back to the ESG 46.

In an [active] inactive state or mode of operation of
the ESU 40, an ionized state of ionized conductive path-
wiys is maintained in the gas jet 54 issuing from the
nozzle 52 but no electrical arcs are conducted in the
mactive state. The ionized conductive paths create a
corona or glow discharge within the jet, and the glow
discharge or corona is capable of mitiating arc conduc-
tion when the surgeon moves the nozzle 52 into opera-
tive proximity with the tissue 62. At this operative prox-
imnity, the ionized conductive pathways to the tissue 62
establish enough of a closed circuit through the tissue
62, a patient plate 70 and a return conductor 72, that
arcs 60 commence or initiate in the jet 54.

When the surgeon activates or “keys” the ESU 40 for
the delivery of the active level of electrosurgical power
to the tissue, it is important that the ionized state of
iomized conductive pathways within the gas jet is estab-
lished. When the nozzle 52 is brought into operative
proximity with the tissue 62, the ionized conductive
pathways will commence conducting arcs. Upon occur-
rence of these arcs, the ESG 46 will automatically
switch or transition from the inactive state to the active
state and commence delivering an active level of power
to the tissue to achieve the predetermined electrosurgi-
cal effect. Without maintaining an ionization state in the
gas jet in the [inoperative] inactive state, it is impossi-
ble or extremely difficult to repeatedly and reliably
imnitiate arcs 60 1n the gas jet 54 to transition to the active
state.

In order to achieve the electrosurgical effect, the
surgeon must activate or “key” the [ESG]) ESU. The
inactive state then occurs wherein the ionized state of
ionized conductive pathways in the gas jet [is] are
created, followed by the delivery of at least one arc to
the tissue while in this inactive state due to the surgeon
moving the penci into an operative distance from the
tissue, followed by an automatic transition to the active
state where the full [request] requested amount of
electrosurgical power is delivered to the gas jet and
conducted to the tissue.

Details of an exemplary gas delivery apparatus 44 are
described in the above mentioned U.S. Pat. No.
4,781,175. Details of two types of handpieces or pencils
42 and cords 48 and associated equipment are disclosed
in United States patent application Ser. No. 849,950 and
in the U.S. patent application Ser. No. 224,485, for
Electrosurgical Conductive Gas Stream Equipment,
filed July 26, 1988. Additional details regarding the
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6
ESG 46 are also disclosed in U.S. Pat. application Ser.
No. 849,950. .

The ESG 46, like the ESG described in U.S. Pat. No.
4,781,175, operates in an active operational state during
which arcs of electrical energy are transferred in the ion-
ized conductive pathways to the tissue to create a predeter-
mined electrosurgical effect, such as the improved eschar
described in U.S. Pat. No. 4,781,175, and also operates in
an Inactive operational state to sustain or maintain an
ionized state of ionized conductive pathways to the tissue.
The ionized conductive pathways in the inactive state allow
initiation of the arc conduction upon a transition to the
active state from the inactive state. The active state of
operation of the ESG is essentially the similar to that of a
conventional electrosurgical generator such as is disclosed
in US. Pat. No. 4,429,694 as described in U.S. Pat. No.
4,781,175

The inactive state of operation of the ESG 46 delivers the
bursts of radio frequency energy to maintain the sustain the
ionized conductive pathways in the gas jet. In the ESG 46,
booster bursts and normal bursts are preferably delivered
lo sustain the ionization, and the booster bursts have a
higher energy content than the normal bursts. A predeter-
mined repetition rate of the bursts in the inactive state is
established at a rate which is substantially less than the

predetermined repetition rate of the active bursts in the
active operational state. The functionality of the ESG 46 in

the inactive operational state is in addition to the conven-
tional functionality of the ESG in the active operational

state. It is advantageous and preferable to combine the

components of the ESG which operate in the inactive and
aclive operationa! states into the single ESG 46 described.

The major elements of an ESG 46 incorporating the
present invention are illustrated in FIG. 2. A control
switch 80 supplies signals to a front panel control] and
mode logic microprocessor circuit 82. The switch 80
controls the circuit 82 to signal the gas delivery appara-
tus 44 to initiate the delivery of the gas to the pencil.
The switch 80 also controls the circuit 82 to signal a
power supply 84 and a RF logic and arc sense circuit 86
to initiate the application of electrical energy to the gas

jet.

The front panel control and mode logic microproces-
sor circuit 82 includes a microprocessor and various
control devices, such as switches and potentiometers,
which establish the selected flow rate of the gas deliv-
ered from the pencil, the source of gas to be delivered
(when more than one predetermined type of gas is avail-
able), and a vanety of other electrical control and oper-
ating signals, as 1s more fully disclosed in U.S. Pat. Ser.
No. 849,950. The signals which are supplied to the RF
logic and arc sense circuit 86 include a system clock
signal at 88 which is derived from a microprocessor of
the circuit 82, mode control and jam input count signals
supplied over a data path 90 from the microprocessor to
control the operation of the ESG in accordance with
the type of procedure selected by the surgeon (fulgura-
tion being the primary mode relevant to this invention),
an active power level analog signal at 92 which relates
to the amount of electrical power selected by the sur-
geon for application to the tissue, and an RF enable
signal at 94 which enables the RF logic and arc sense
circuit 86 to function in the manner described below
when electrical energy is delivered.

(as- and electrical-related alarm conditions are also
protected by the circuit 82, and the RF enable signal at
94 prevents the delivery of radio frequency electrical
energy to the pencil until all of the proper operating
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conditions have been satisfied. A convention followed
throughout this description is that the signal and the
conductor upon which that signal appears will both be
referenced by the same reference numeral.

The power supply 84 is activated by signals from the
circuit 82. The power supply 84 receives electrical en-
ergy from conventional AC power source 96 and recti-
fies the AC power to DC power. When activated, the
power supply 84 delivers a predetermined substantially
constant voltage level of DC power to a resonant out-
put circuit 100. The power supply 84 is conventional.

The RF logic and arc sense circuit 86 delivers drive
pulse signals 102 and 104 to the RF drive 98. The drive
pulse signal 102 imitiates a conduction switching signal
106 from the RF drive 98, and the drive pulse signal 104
initiates an extinguishing switching signal 108 from the
RF drive 98. The switching signals 106 and 108 switch
energy from the power supply 84 to the resonant output
circuit 100. The conduction switching signal 106 starts
the flow of charging current from the power supply 84
1o the resonant output circuit 100. The extinguishing
switching
current to the resonant output circuit 100. The amount
of energy transferred from the power supply 84 to the
output circuit 100 1s determined by the time width be-
tween the drive pulse signals 102 and 104 which respec-
tively control the switching signals 106 and 108, be-
cause the output voltage of the power supply 84 is con-
stant. The resonant output circuit 100 commences reso-
nating at its natural frequency (RF) after the switching
signal 108 extinguishes the flow of charging current
from the power supply 84.

The RF drive 98 energizes the resonant output circuit
100 at a predetermined repetition rate established by the
drive signals 102 and 104, and the resonant output Cir-
cuit 100 discharges at its resonant frequency by con-
ducting electrical energy to the tissue at the surgical
site. For a constant output impedance, the peak-to-peak
output voltage of the resonant output circuit varies in
direct relation to the width of the charging current
pulse created by the switching signals 106 and 108
which are created by the drive pulse signals 102 and
104, respectively. Details regarding the RF drive 98 and
resonant output circuit 100 are disclosed more com-
pletely in U.S. Pat. No. 4,429,694 and patent application
Ser. No. 849,950.

The RF logic and arc sense circuit 86 receives a con-
trol signal 110 from the resonant output circuit 100. The
control signal 110 relates to the condition of power
delivery to the patient tissue, and is employed primanly
to detect or sense the presence of arcs in the ionmized
conductive pathways in the gas jet to the tissue. The
control signal 110 is employed by the RF logic and arcC
sense circuit 86 to change the repetition rate of drive
signals 102 and 104 to a higher active repetition rate
when electrosurgery is being performed and to a lower
inactive repetition rate when the ionized state in the gas
jet is to be maintained, so as tO readily initiate the con-
duction of arcs in a reliable transition to the active state
when desired.

When the pencil
tive distance from the tissue,
cal power delivery exists.
target bursts of RF energy arc
initiate and sustain ionization.
two levels: booster target bursts and normal target
bursts. The booster target bursts are of higher energy
content and occur much less frequently than the normal

is not within a predetermined opera-
the inactive state of electri-
During the inactive state
delivered to the gas jet to
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target bursts. The circuit 86 controls the energy content
of the booster target bursts.

When the pencil is moved into sufficiently-close op-
erative proximity to the tissue, an arc will travel in the
ionized conductive pathway to the tissue. The control
signal 110 from the resonant output circuit 100 indicates
the presence of arcs. The circuit 86 [ immediately ]
transitions from the inactive state to the active state and
increases the repetition rate of the signals 102 and 104
from the inactive rate to the active rate when arcs are
sensed in the inactive state.

After the pencil is removed to an inoperative distance
from the tissue, the control signal 110 indicates the
absence of arcs in the ionized conductive pathways to
the tissue. The RF drive and arc sense circuit 86 reduces
the repetition rate from the higher [arc sense circuit 86
reduces the repetition rate] active rate to the lower inac-
tive rate after a predetermined number of repetitions
occur when the absence of arcs is indicated.

Further details of the RF logic and arc sense circuit
86 are illustrated in F1G. 3. The system clock signal 88
is applied to an RF logic clock 112 which delivers clock
signals 114 to a repetition rate generator 116 and to a
pulse generator 118. Signals from the data path 90 are
also applied to the repetition rate generator 116 and
pulse generator 118. The signals from the data path 90
are derived from the microprocessor of the circuit 82
(FIG. 2) and are employed by the repetition rate gener-
ator 116 10 establish the repetition rates for the active
and inactive states or modes of operation pertinent to
this invention. A repetition (rep) signal is applied at 170
from the repetition rate generator 116 to the pulse gen-
erator 118. The rep signal 170 establishes the repetition
rate at which the pulse generator 118 supphes pulse
signals 122. The width of each pulse signal 122 is estab-
lished by the signals supplied by the microprocessor on
the data path 90 to the pulse generator 118.

The control signal 110 from the resonant output Cir-
cuit 100 (FIG. 2) is supplied to an arc sensing circuit
124. The arc sensing circuit 124 supplies a signal 126 to
an arc sense logic circuit 128. The signal 126 indicates
the presence or absence of arcs bemng delivered by the
resonant output circuit 100 (FIG. 2) to the tissue. An-
other input signal to the arc sense logic circuit 128 is the
active power level signal 92. Upon the signal 126 indi-
cating the absence or presence of a predetermined num-
ber of arcs, as influenced by the level of the active
power signal at 92, the arc sense logic 128 changes the
logic level of an active/target signal 130. The active/-
target signal 130 is applied to the repetition rate genera-
tor 116, to a booster generator 132 and to a pulse width
reference circuit 136. The active/target signal 130 con-
trols the repetition rate generator 116 to change the
repetition rate between a higher active repetition and a
lower inactive repetition rate in the target state. The
booster generator 132 responds to the active/target
signal 130 by generating a booster signal 134 to periodi-
cally increase the energy content of a selected number
of target bursts, called booster target bursts.

The active/target signal 130, the booster signal 134
and the active power level signal 92 are apphed to a
pulse width reference circuit 136. The pulse width ref-
erence circuit 136 responds to each of the three input
signals 92, 130 and 134 by supplying a width control
signal 138. A ramp generator 140 receives the pulse
signal 122 and the width control signal 138, and gener-
ates a modulated width pulse signal 142. The pulse
signal 122 controls the onset of the modulated width
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pulse signal 142, and the width control signal 138 con-
trols and modulates the width of the pulse signal 142.
An RF drive pulse generator 144 responds to the pulse
signal 122 and the modulated width pulse signal 142 to
create the drive pulse signals 102 and 104. Further de-
tails regarding the nature and operation of each of the
elements shown in FIG. 3 are described below.

Details of the resonant output circuit 100 are shown
tn FIG. 4. Four high current switches 146 are electri-
cally connected in series. The application of the con-
duction switching signal 106 causes all four high current
switches 146 to become simultaneously conductive.
The high voltage at terminals 148 and 150 from the
power supply 84 (FIG. 2) charges a resonant LC or
“tank™ circuit 182 during the time the high current
switches 146 are conductive. A capacitor 154 is part of
the tank circuit 152 as well as an output transformer
156, having a primary winding 158 and a secondary
winding 160. The primary winding 158 is thus charged
with high current electrical energy from conductors
148 and 150 when the high current switches 146 are
simultaneously conductive. When the high current
switches 146 are extinguished or become nonconduc-
tive by the application of the extinguishing switching
signal 108, the tank circuit 152 commences oscillating at
its natural RF frequency. The natural frequency is pri-
marily established by the effective inductance value of
the primary winding 158 and the value of the capacitor
154. An unloaded natural frequency of approximately
500-600 KHz has proved satisfactory,

Electrical energy 1s transferred from the tank circuit
152 to the secondary winding 160 of the output trans-
former 156 and through isolating capacitors 164 to the
pencil 42 and tissue 62 (FIG. 1). The impedance created
within the pencil, the impedance experienced by the
arcs in the ionized pathways of the gas jet, and the
impedance or resistance of the tissue causes a damping
effect on the electrical energy in the tank circuit 152,
establishing a ring down cycle of RF oscillations. Under
locaded conditions, inherent reactances in the tissue and
energy delivery paths modify the unloaded frequency
of the high frequency surgical signal compared to the
natural frequency of the resonant circuit.

Each ring-down cycle of RF oscillations is estab-
lished by one charging current pulse to the tank circuit
152. This ring-down cycle of [RD ]} RF oscillations is
referred to as a “burst” of RF energy. The peak-to-peak
voltage of each burst varies in direct relation to the
amount or time width of the charging current pulse
delivered to the tank circuit 182, for a set output impe-
dance.

LThe] 7o replenish the energy in the resonant cir-
cuit 152 after each burst or ring down cycle, the high
current switches 146 are switched on and off during
each repetition. These repetitions occur at a predeter-
mined repetition rate, which is considerably less than
the natural frequency of the tank circuit 152. The time
during which the switches 146 are on controls the
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and those conditions are representative of the arcing
condition in the gas jet.

Details regarding the repetition rate generator 116
and the pulse generator 118 are shown in FIGS. 5 and
6A through 6G. The primary component of the repeti-
tion rate generator 116 is a presettable synchronous
down counter 166. A similar down counter 168 is also
the major component of the pulse generator 118. The
down counters 166 and 168 are conventional items, such
as those marketed under the designation CD40103B.
The clock signals 114 from the RF logic clock 112
(F1G. 3) are applied to the clock inputs of both down
counters 166 and 168. The clock signal 114 is illustrated
in FIG. 6A. Signals from the data path 90 are applied to
some of the jam input terminals of the down counter
166, and the target/active signal at 130 is applied to at
least one other jam input terminal. Signals from the data
path 90 are also applied to the jam input terminals of the
down counter 168.

The predetermined count value of each presettable
down counter is set by the signals at the jam inputs. A
clock signal has the effect of decrementing the set count
upon each positive transition of the clock input signal.
The count which is set by the jam input signals may be
established in one circumstance by the application of a
low level logic signal to the synchronous preset enable
(SPE) input terminal of the down counter.

The down counter 166 is the preferred form of means
for establishing the repetition rate and for changing the
repetition rate at which the drive pulse signals 102 and
104 (FIG. 2) are delivered to cause charging of the tank
circuit 132 of the resonant output circuit 100 (FIG. 4).
During the active state when an active level of power is
delivered to the tissue, the active/target signal 130 is at
a high level. The other signals from the data path 90 in
conjunction with the high active/target signal 130,
define a digital input signal which defines the jam input

count to the down counter 166. The clock signals 114

decrement the down counter 166 until the count estab-
hished by the jam input signals is reached, at which time
the output signal 170 goes low. The signal at 170 is
shown in FIG. 6B. The low signal at 170 is applied to
the SPE input terminals of both down counters 166 and
168. Upon the next positive edge of a clock signal at
114, the down counters 166 and 168 are again loaded or
jammed according to the counts applied at their jam
input terminals.

The signal 170 establishes the length of each repeti-
tion interval in terms of the number of clock signals 114
which define each repetition. In the active state, the
repetition [rate] intervals are shorter, resulting in a
more frequent repetition rate. The preferred repetition
interval is approximately 32 microseconds in the active
state. In the inactive or target state, the repetition inter-
val 1s substantially longer, occurring once each pre-
ferred time interval of approximately 56 microseconds.
A lower repetition rate is thus established in the inactive
state. The change in repetition rate is achieved when the
active/target signal 130 changes between its high and

amount of energy delivered to the tank circuit 152 and 60 low logic levels. A high level signal 130 changes the

also the amount of energy delivered during each burst.

The resonant output circuit is thus one example of

means for converting the charging pulses into RF en-
ergy bursts.

Jam input value to shorten the repetition rate, while the
low level] signal 130 changes the jam input value to
lengthen the repetition rate. Although FIG. 6B only
illustrates the repetition rate established by the signal

A sensing transformer 162 is also connected in series 65 170 for the active state, the inactive or target state

in the resonant circuit 182. The sensing transformer 162
derives the control signal 110. The control signal 110
represents the electrical signals in the tank circuit 152,

would be similar except that the number of clock cycles
114 would be increased substantially between each low
level portion of the signal 170.
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The signal 170 is applied to the pulse generator 118.

The count defined by the jam input signals to the
counter 168 is set immediately after the signal 170 goes
low. A NAND gate 172 receives the signal at 170 at one
input terminal, and a signal 174 1s applied to the other
input terminal from an inverter 176 which is connected
to the output terminal of the down counter 168. The
signal 174 is illustrated in FIG. 6E. The output signal
180 from the NAND gate 172 is illustrated in FIG. 6C.
The signal at 180 and the clock signal 114 are applied to
the input terminals of another NAND gate 182 and the
output signal 184 from the NAND gate 182 is shown in
FIG. 6D. The signal 184 is applied to the clock input
terminal of the down counter 168.

Upon the occurrence of a signal at 170 which estab-
lishes the length of the repetition interval relative to the
clock signals 114, and hence the repetition rate, the
signal 184 provided by the NAND gates 172 and 182
commences decrementing the down counter 168. The
down counter 168 commences counting the number of
clock pulses 114 which will establish the width of the
signal 174. The down counter 168 thus becomes a pre-
ferred form of a means for generating a signal by which
the pulse signal 122 will ultimately be derived. The
width of the pulse signal 122 1s ultimately established by
the count set or jammed into the down counter 168.

The signal 174 is applied to the D input terminal of a
flip-flop 186. The clock signal 114 is applied to the clock
input terminal of the flip-flop 186. The output signal 188
from the flip-flop 186 is shown in FIG. 6F. The signals
at 174 and 188 are applied to an OR gate 190, and the
output signal from the OR gate is the pulse signal 122
which is shown in FIG. 6G. The pulse signal 122 1s
somewhat less in time width than the signal at 188,
because of the manner in which the logic elements
shown in FIG. § are clocked on the positive edge transi-
tions of the clock signal 114.

Details regarding the arc sensing circuit 124 and the
arc sense logic 128 are illustrated in FIGS. 7 and 8A
through 8F. The control signal 110 from the resonant
output circuit 100 (FIGS. 2 and 4) is applied to the arc
sensing circuit 124. This control signal 110 is illustrated
in FIG. 8A. The control signal 110 is applied through
resistors to a Zener diode 192. The Zener diode 192
rectifies the negative half cycles of the control signal
110 while passing the positive half cycles, which are
limited by the Zener diode breakdown voltage. The
signals passed by the Zener diode 192 are applied to the
noninverting input of a comparator 194. A resistive
network 196 establishes a threshold level 198 which 1s
applied to the inverting input terminal of the compara-
tor 194. Only those positive half cycles of the control
signal 110 which exceed the threshold level 198 create
output pulses from the comparator 194. These output
pulses are applied to the clock input terminal of a con-
ventional counter 200. Each positive half cycle of the
control signal 110 which exceeds the threshold level
198 increments the counter 200.

The counter 200 supplies a high level signal 126 after
+ has counted a number of output pulses from the com-
parator 194 which correspond to the output terminal
from which the signal 126 is derived. When the counter
200 reaches the predetermined output count (which 1s
‘Hustrated as three), the signal 126 goes high, as 1s
shown in FIG. 8C. Thus, the arc sensing circuit 124
supplies the signal 126 only after a predetermined num-
ber of positive half cycles of the control signal 110

exceed the threshold level 198,
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The predetermined number, for example three, 15
selected to be able to reliably distinguish an absence of
arcs, because, as is illustrated in FIG. 8A, the non-
arcing condition is represented by a number of oscilla-
tions after each charging repetition, while the arcing -
condition is represented by a highly damped signal
which does not oscillate above the threshold level 198
for the required number of times before the signal 126
occurs. Thus, the arc sensing circuit 124 reliably detects
arcing and non-arcing conditions from the control sig-
nal 110 and supplies the signal 126 when a non-arcing
condition is detected. The signal 126 is reset to a low
level at the start of each charging repetition by the
application of the pulse signal 122 to the reset terminal
of the counter 200.

The arc sense logic 128 receives the signal 170 from
the repetition rate generator 116 (FIG. 5). The signal
170 occurs once during each repetition interval. The
signal at 170 is illustrated in FIG. 8B. The signals 170
and 130 are applied to the input terminals of a NAND
gate 204. The signal 170 is applied to an OR gate 206
and NOR gates 208 and 210. The signal 126 is also
applied to OR gate 206. One input signal to NOR gate
208 is derived from the output signal from NOR gate
210. Another input signal to NOR gate 210 is denived
from a comparator 212.

The comparator 212 receives the active power level
signal 92 at its noninverting input, and a threshold level
signal 214 at its inverting input. The threshold level
signal 214 is established by the resistive network 213.
When the active level power signal 92 exceeds the
threshold signal 214, the output signal from the compar-
ator 212 is high. For example, when the active power
level signal 92 represents a value greater than approxi-
mately 85 watts, a high output signal from the compara-
tor 212 is presented to the input terminal of the NOR
gate 210. The high output signal from the comparator
212 is used for changing the jam input signals applied to
a presettable down counter 216. The down counter 216
is used to establish the number of non-arcing repetition
intervals which are allowed to occur prior to switching
or transitioning from the active state to the inactive
state. The active/target signal 130 will be held in a high
level indicating an active state until a predetermined
number of repetition intervals indicating an absence of
arcs being delivered are sensed.

Preferably, at power levels greater than approxi-
mately 85 watts, as established by the resistive network
215, the active/target signal 130 will transition from the
high active level to the low target level 1n Approxi-
mately the preferred number of four consecutive repeti-
tion intervals when no arcs are sensed. When the active
power level is less than 85 watts, the preferred number
of consecutive repetition intervals which occur before
transitioning to the low level active/target signal (indi-
c;tsing an inactive state) is preferably approximately
128.

When the ESU is first keyed, the down counter 216 is
jammed to start in the inactive level with a low level
gnal 130 as is shown in FIG. 8F. The signals 130 and
170 cause the NAND gate 204 to supply an output
signal 218 as is shown in FIG. 8D. The signal 218 forms
the clock signal to the down counter 216. Dunng the
inactive state, the signal 218 remains high and therefore

65 does not decrement the counter 216.

The signals 170 and 126 are applied to the OR gate
206, and an output signal 220 (shown in FIG. 8E) is
applied to the asynchronous preset enable (APE) termi-
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nal of the down counter 216. A low signal at the APE
terminal has the effect of asynchronously jamming the
input count into the down counter 216. With the appli-
cation of every signal 170 during the active state when
the signal 126 is low, the down counter 216 is repeat-
edly jammed with its input count established by the
output signals from the NOR gates 208 and 210. In the
inactive state, when there is a high output signal [2023}
126 from the counter 200, this high output signal is
coupled through the OR gate 206. The high level signal
220 at the APE input terminal of the down counter 216
prevents it from being repeatedly jammed to its input
count. The signals 218 are thus allowed to start decre-
menting the counter 216.

Operation of the arc sensing circuit 124 and the arc
sense logic 128 relative to the control signai 110 and the
active level power signal 92 proceeds as follows. Upon
the first arcing condition in the inactive state shown at
point 222 in FIG. 8A, the signal 126 from the counter
200 goes low. The absence of the signal 126 to the OR
gate 206 allows the low level transition of signal 170 to
create a momentary low signal at the APE input termi-
nal of the down counter 216. The input count set by the
jam input signals is thereby set in the down counter 216,
and the active/target signal 130 goes high. The high
active/target signal 130 allows the signal 218 from the
NAND gate 204 to decrement the down counter 216.
However, with each consecutive repetition interval
when an arc is sensed, the signal at 220 continues to jam
the mput count to the down counter 216 so that the
signals 218 do not effectively decrement the counter
216 because it is repeatedly rejammed. This condition
continues throughout the active state while an active
level of power is applied to the tissue. As soon as the
pencil 1s pulled back away from the tissue to a predeter-
mined distance where each repetition period results in a
non-arcing condition, as is illustrated at points 224 in
FIG. 8A, the counter 200 supplies a high level signal
126. The signal 126 causes the OR gate 206 to supply a
high output signal 220 to the APE terminal, thereby
nreventing the resetting of the counter 216. The signal
at 218 commences decrementing the counter, and the
active/target signal 130 goes to a low level after the
counter 216 has been decremented to the value estab-
lished by the jam input signals from the NOR gates 208
and 210.

It is important that the repetition rate is changed from
the inactive rate to the active rate immediately upon the
detection of the first arc to the ussue. This is established
by the signal 126 which, while creating the signal 220 to
jam the inputs, causes the active/target signal 130 to
immediately assume a high level. By switching immedi-
ately upon the first detected arc, the lower repetition
rate of the inactive rate will have a minimum muscle
stimulation effect. The inactive repetition rate is suffi-
ciently low that it can create muscle stimulation if the
change or transition to the higher active rate is not
immediately accomplished.

Transition from the active state to the inactive state
after a predetermined number of non-arcing repetition
intervals i3 imporiant to ensure that the distance at
which the arcs in the gas jet extinguishes is different
than the distance at which the arcs are initiated. The
beam is actually a collection of individual arcs in a
uniform bundle. As long as the length of the beam is
such that all arcs terminate on tissue, the control signal
110 will remain heavily damped. However, as the beam
is made longer with respect to the tissue, occasional arcs
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in the bundle fail to reach the tissue, with the result that
a lightly damped control [signals] signal 110 occasion-
ally occurs. Initially, the lightly damped control signal
may occur only once in a large number of cycles. How-
ever, as the beam is made longer, the ratio of lightly
damped to heavily damped responses increases. This
reverse situation occurs when [activating the beam’}
transitioning to the active state. As the glow discharge
created by the ionized gas jet is brought closer to the
tissue, the glow increases until more and more arcs
bridge the gap, resulting in more and more heavily
damped control signals 110.

By immediately switching to the active level of deliv-
ered power upon sensing the first arc, and by not
switching from the active level to the inactive level
until a predetermined number of absences of arcs during
sequential repetition intervals are detected, it is assured
that the beam will continue in the active state even
though the surgeon may unintentionally remove the
pencil a short distance out of the operative range while
performing the procedure. Switching to the inactive
state from the active state only after a predetermined
number of repetition rates assures that there will be no
fluttering or other instability created by the uninten-
tional fluctuations in position of the pencil, and also
assures a2 more reliable and precise initiation and opera-
tion.

Details regarding the booster generator 132 are illus-
trated in FIG. 9. Two presettable down counters 225
and 226 are connected in series. The active/target signal
at 130 is applied to an inverter 227. The inverter 227
supplies an output signal to the clear or reset (RST)
terminals of the down counters 225 and 226. A low
input signal to the RST terminals causes each down
counter 225 and 226 to asynchronously be cleared and
reset to its maximum count. This occurs after a transi-
tion of the active/target signal 130 to the active state,
holding the counters 225 and 226 at their maximum
count and therefore disabling them during the active
state.

After a transition of the active/target signal 130 to
the mactive state, the counters will have been set for
their maximum count instead of the count normally set
at the jam inputs. Since the counter 226 is normally
jammed to a [counter] count of 4, the maximum count
represents a substantial increase. Resetting the counters
thus has the effect of delaying the onset of the booster
signal 134, so that the added energy of the booster tar-
get pulses will not immediately cause unintentional
arcing in the inactive state for a predetermined time
after the active state is terminated. This is desirable
because the active state has caused a residual amount of
ionization which could easily support a distracting and
potentially undesirable state of fluttering or intermittent
arcing in the inactive state. After the predetermined
time period, the residual ionization has dissipated and
the fluttering condition is not likely to occur. At this
point the booster signals 134 may be delivered. Reset-
ting the counters 225 and 226 is one example of means
for temporarily disabling the booster generator.

When the ESU is first keyed, the counters 228 and
226 will be jammed to their normal count, as shown in
FIG. 9. The counter 225 will commence decrementing
based on the pulse signal 122 from the drive pulse gener-
ator 118 (FIG. 3). The pulse signals 122 occur once each
repetition period, so the down counter 225 is decre-
mented once each repetition period.
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The signal 174 is applied to a carry-in (CI) imnput
terminal of the down counter 225. A high level signal
174 inhibits the counter 225 from counting. Thus, the
application of the pulse signal 122 causes the counter
225 to be decremented only if the ClI
the counter 225 is low, which will occur when the
signal 174 from the pulse generator 118 (FIG. §) goes
low.

The jam input signals to the counter 225 are set for
the maximum counting capability of the counter 225,
which is the number [225] 255. Once the counter 225
has been decremented, a low level output signal 1s sup-
plied to the CI input terminal of the down counter 226,
1o allow it to commence counting. Down counter 226
decrements by one count, at which point down counter
225 again commences COUnting downward from its
maximum count set by its jam inputs. The procedure
continues until four complete cycles of counts from the
counter 225 have occurred.

The output signal from the down counter 226 1s ap-
plied through an inverter 230 to a NAND gate 231. The
other input signal to the NAND gate 231 is the modu-
lated width pulse signal 142 which occurs at the end of
each drive pulse. Thus, at the end of the drive pulse
which occurs after 1,020 repetition intervals (counted
by down counters 225 and 226) the NAND gate 231
supplies a low signal to the APE input terminal of a
presettable down counter 232. The jam inputs to the
down counter 232 are established for a count of 48. The
low signal at the APE terminal asynchronously forces
the count from the jam inputs into the down counter
232. The output signal from the down counter 232,
which is the booster signal 134, goes high, and the sig-
nals 122 and 134 are logically combined in the NAND
gate 234 for decrementing the counter 232. After the
counter 232 has counted down from its jam input count,
the booster signal 134 goes low.

The booster generator 132 thus establishes a number
of repetition intervals 1n a sequence of repetition inter-
vals defined by the counts of the counters 225, 226 and
232. During this sequence, which in the form shown
amounts to 1020 repetitions, the booster signal 134 is
available to increase the energy content of 48 consecu-
tive repetitions of target bursts. The amount of energy
in these 48 target bursts, known as booster target bursts,
i« increased to maintain the ionization in the gas jet,
while the remaining 972 repetitions in each sequence
have normal level target bursts. Usually ten percent o1
less of the target bursts in a sequence should be booster
target bursts. Preferably this percentage should be re-
duced to less than five percent. It has been found satis-
factory to increase the energy content of the booster
target bursts to three times the energy content of the
normal target bursts, when about five percent of the
target bursts are booster target bursts.

The width of the active level pulses, the booster tar-
get pulses and the normal target pulses is derived by the
pulse width reference circuit [135] 136, the ramp gen-
erator 140 and the RF drive pulse generator 144, the
details of which are illustrated in F1G. 10,

The pulse width reference circuit 136 receives the
active power level signal 92 and applies it to a bufier
amplifier 236. The output signal from the amplifier 236
is applied as an analog input signal to an analog switch
238. The input control signal to the analog switch 238 1s
supplied by the active/target level signal 130. With a
high level signal 130, the analog switch 238 applies the
analog signal from the buffer amplifier 236 as the width
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control signal 138. When the active/target signal 130 1s
low, an inverter 240 supplies an input control signal to
an analog switch 242. An analog input signal 249 to the
analog switch 242 is derived from a resistive network
246. The control signal from the inverter 240 causes the
analog switch 242 to supply the voltage level 249 as the
width control signal 138. The booster signal 134 forms
an input control signal for an analog switch 248. An
analog input signal 243 to the analog switch 248 is also
derived from the resistive network 246, and the signal
243 is a value greater than the value of the signal 249.
Upon the presence of the booster signal 134, the analog
switch 248 supplies the signal 243 as the pulse width
control signal 138. The output signal from the analog
switch 248 is greater in magnitude than that of the out-
put signal from the analog switch 242. Arranged in this
manner, it will be seen from the following description
that the width or energy content of the booster target
pulses is greater than the normal target pulses.

The ramp generator 140 includes a transistor circuit
250 which charges a capacitor {242} 252 in a linearly
increasing or ramp fashion once the circuit 250 is trig-
gered by a pulse signal 122 from the pulse generator 118
(FIG. 3). The linearly increasing ramp signal is applied
to the noninverting input terminal of a comparator 254.
The width control signal 138 is applied to the inverting
input terminal of the comparator 254. When the ramp
signal applied to the noninverting input terminal ex-
ceeds the analog level established by the signal 138, the
modulated width output signal 142 is delivered by the
ramp generator 140. The time [width] to the occur-
rence of the signal 142 created by the ramp generator
140 is determined by the analog level of the signal 138.
Active pulses have a wider time width, because the
output signal from the analog switch 238 will be greater
in analog value. The booster target pulse will have a
greater value than the normal target pulses, since the
analog output signal from the analog switch 248 i1s
greater than that of the analog switch 242. The ramp
generator 140 establishes a convenient means for con-
trolling the width of the drive pulses 102 and 104.

The RF drive pulse generator 144 includes a flip-flop
256 which is triggered by the pulse signal 122. The
flip-flop 256 is reset by the modulated width pulse signal
142. A transistor circuit 258 includes a transistor 260
which is triggered into conduction by the output signal
from the flip-flop 256. The output drive pulse signal 104
goes to a low level when transistor 260 commences
conducting. When the output signal from the flip-flop
256 [cease] ceases, transistor 260 becomes nonconduc-
tive and transistor 262 becomes conductive. The dnive
pulse signal 104 goes high, and the drive pulse signal
102 goes low, thus terminating the width of the dnive
pulse delivered by the RF drive circuit 98 (FIG. 2) to
the resonant output circuit 100 (FIG. 2).

The various improvements associated with the pres-
ent invention have been described above. The preferred
form of the present invention has been shown and de-
scribed with a degree of detail. It should be understood,
however, that this detailed description has been made
by way of preferred example, and that the scope of the
present invention is defined by the appended claims.

What is claimed:

1. In an electrosurgical unit which includes means for
conducting a predetermined gas 1n a jet to tissue and
means for transferring electrical energy in ionized con-
ductive pathways in the gas jet, said electrical energy
transferring means operatively transferring arcs to the
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tissue in the ionized conductive pathways in an active
state to thereby create a predetermined electrosurgical
effect on the tissue, said electrical energy transferring
means operatively creating substantially only ionized
conductive pathways in the gas jet in an inactive state to
allow arc initiation upon transition to the active state,
said electrical energy transferring means including elec-
trosurgical generator means for generating target bursts
of radio frequency electrical energy at a predetermined
inactive repetition rate in the inactive state and for gen-
erating active bursts of radio frequency electrical en-
ergy at a predetermined active repetition rate in the
active state, said electrical energy transferring means
applying the bursts of radio frequency energy to the gas
jet, and an improvement to said electrosurgical genera-
tor means comprising, in combination:
repetition rate changing means for changing the pre-
determined repetition rate of the target bursts to a
value substantially less than the predetermined
repetition rate of the active bursts.
2. An invention as defined in claim 1 wherein said
improved generator means further comprises:
arc sensing means for sensing a condition indicative
of the occurrence of an arc initiation to the tissue in
ionized conductive pathways during the inactive
state and for supplying an active signal upon sens-
ing said initiation condition; and wherein:
said repetition rate changing means is responsive to
the active signal for operatively changing the repe-
tition rate from the inactive rate to the active rate
{ upon receipt of the active signal].
3. An invention as defined in claim 1 wherein said
generator means further comprises:
arc sensing means for sensing a condition indicative
of the absence of at least one arc in the ionized
conductive pathways during the active state and
for supplying a target signal upon sensing said ab-
sence condition; and
said repetition rate changing means is responsive to
the target signal for operatively changing the repe-
tition rate from the active rate to the inactive rate
[upon receipt of the target signal]).
4. An invention as defined in claim 1 wherein:
the target bursts are generated in a plurality of repeat-
ing sequences during the inactive state, each se-
quence includes a plurality of target bursts; and
said generator means further includes booster means
for increasing the energy content of a predeter-
mined plurality of less than all of the target bursts
occurring during each sequence, those target bursts
of increased energy being booster target bursts and
those other target bursts being normal target
bursts.
§. An invention as defined in claim 1 wherein said
improved generator means further comprises:
arc sensing means for sensing a condition indicative
of the occurrence of an arc initiation to the tissue in
the ionized conductive pathways during the inac-
tive state and for supplying an active signal upon
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active signal and for operatively changing the repe-
tition rate from the active rate to the inactive rate
[Lupon] in response 10 the receipt of the target
6. An invention as defined in claim 8§ wherein:
the target bursts are generated in a plurality of repeat-
ing sequences during the inactive state, each se-
quence includes a plurality of target bursts; and
said generator means further includes booster means
for increasing the energy content of a predeter-
mined plurality of less than all of the target bursts
occurring during each sequence, those target bursts
of increased energy being booster target bursts and
those other target bursts being normal target
bursts.
7. An invention as defined in claim 6 wherein said
generator means further includes:
temporary disabling means responsive to the target
signal for temporarily disabling the booster means
for a predetermined disabled time period after the
target signal is supplied, the target bursts applied to
the gas jet during this predetermined disabled time
period being normal target bursts, said temporary
drsablmg means further responding to the expira-
tion of the predetermined disabled time period to
thereafter enable said booster means to commence
operating as recited, the predetermined disabled
lime period being at least the time period of one se-
quence of rarget bursts.
8. An invention as defined in [claim] c¢laims 2, 5 or
7 wherein:
said [ means supplies the active signal upon sensing}
initiation condition is the first arc to the tissue oc-
curring while in the inactive state.
9. An mvention as defined in claims 3, § or 7 wherein:
said [arc sensing means supplies the target signal
upon sensing ] absence condition is the absence of a
predetermined plurality of consecutive arcs in the
active state.
10. An invention as defined in claim 9 wherein:
said generator means further includes means for es-
tablishing a predetermined active power level of
electrical energy to be delivered to the gas jet in
the active state; and
sald arc sensing means is also responsive to the prede-
termined active power level and operatively
supplies the target signal upon the absence of a
relatively fewer predetermined plurality of consec-
utive arcs when the predetermined active power
level s relatively higher and supplies the target
signal upon the absence of a relatively greater pre-
determined plurahty of consecutive arcs when the
active power level is relatwely lower.
11. An invention as defined in claims 4 or 6 wherein:
the booster target bursts are consecutive in each se-
quence.
12. An invention as defined in claim 11 wherein the
number of booster target bursts in each sequence is in a
range of less than ten percent of the total number of

sensing said initiation condition, said arc sensing 60 target bursts in each sequence.

means further sensing a condition indicative of the
absence of at least one arc in the ionized pathways
during the active state and for supplying a target
signal upon sensing said absence condition; and
said repetition rate changing means is responsive to
the active and target signals for operatively chang-
ing the repetition rate from the inactive rate to the
active rate fupon] in response to the receipt of the

65

13. An invention as defined in claims 4 or 6 wherein:

the booster target bursts have an energy content es-
tablished at least in part by a [peak to peak] peak-
to-peak voltage of at least one cycle of the radio
frequency electrical energy of each booster target
bursts; and

the [pcak to peak] peak-to-peak voltage of at least
one cycle of each booster target burst is substan-
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tially greater than the [peak to peak]} peak-to-peak
voltage of any cycle of each normal target burst.
14. An invention as defined in claim 7 wherein said
generator means further comprises:
drive pulse generator means for generating driving
pulses of energy having time width durations cor-
responding to the amount of energy contained in
each pulse, said dnve pulse generator means also
generating the driving pulses at repetition rates
corresponding to the repetition rates of the bursts;

drive means receptive of the [drive] driving pulses
and operative for creating charging pulses having a
time width related to the [drive} driving pulses;

conversion means receptive of each charging pulse
and operative for converting each charging pulse
into one said radio frequency burst, each burst
having an energy content which relates to the en-
ergy content of the corresponding charging pulse
which created the burst; and
pulse width adjusting means connected to said drive
pulse generator means and operative for adjusting
the width of driving pulses which control the
charging pulses that established the booster target
bursts and the normal target bursts to achieve the
recited energy characteristics of the target bursts in
the active and inactive states.
15 An invention as defined in claims 1, 4 or 6 wherein
said repetition rate changing means establishes a sub-
stantially constant repetition rate in the inactive state
and a different substantially constant repetition rate in
the active state.
16. In an electrosurgical unit which includes means
for conducting a predetermined gas in a jet to tissue and
means for transferring electrical energy in ionized con-
ductive pathways in the gas jet, said electrical energy
transferring means operatively transferring arcs to the
tissue in the ionized conductive pathways in an active
state to thereby create a predetermined electrosurgical
effect on the tissue, said electrical energy transferring
means operatively creating substantially only ionized
conductive pathways in the gas jet in an inactive state to
allow arc initiation upon transition to the active state,
said electrical energy transferring means including elec-
trosurgical generator means for generating target bursts
of radio frequency electrical energy at a predetermined
repetition rate in the inactive state and for generating
active bursts of radio frequency electrical energy at a
predetermined repetition rate in the active state, said
electrical energy transferring means applying the bursts
of radio frequency energy to the gas jet, and an im-
provement to said electrosurgical generator means
comprising, in combination:
means for generating the target bursts in a plurality of
repeating sequences during the inactive state, each
sequence including a plurality of target bursts; and

booster means for substantially increasing the energy
content of a predetermined plurality of less than all
of the target bursts occurring during each se-
quence, those target bursts of increased energy
being booster target bursts and those other target
bursts being normal target bursts.

17. An invention as defined in claim 16 wherein the
number of booster target bursts in each sequence 1s1n a
range of less than ten percent of the total number of
target bursts in each sequence.

18. An invention as defined in claim 17 wherein:

the booster target [busts} bursts are consecutive in

each sequence.
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19. An invention as defined in claim 17 wherein:
the energy content of the booster target bursts is
approximately three times the energy content of
the normal target burst.
20. An invention as defined in claim 19 wherein the
number of target bursts in each sequence is approxi-

mately [less than] five percent of the total number of

target bursts in each sequence.
21. An invention as defined in claim 16 wherein said
booster means further comprises:
means for delaying the application of booster target
bursts for a predetermined time after said generator
means transitions from delivering active bursts to
delivering normal target bursts.
22 A method of operating an electrosurgical unit for

conducting electrosurgery on tissue, comprising:

conducting a predetermined gas in a jet to tissue,
transferring electrical energy 1o the gas jet in an active
state by generating active bursts of radio frequency
electrical energy occurring at a predetermined active
repetition rate to create arcs in ionized conductive
pathways in the gas jet and to transfer arcs in the
ionized conductive pathways to the tissue for achieving
a predetermined electrosurgical effect on the tissue,

transferring electrical energy to the gas jet in an inactive
state by generating target bursts of radio frequency
electrical energy occurring at o predetermined inac-
tive repetition rate to create substantially only ionized
conductive pathways in the gas jet which allow arc
initiation upon transition to the active state; and

establishing the predetermined inactive repetition rate of
the target bursts at a predetermined value which Is
substantially less than the predetermined active repeti-
tion rate of the active bursts.

23. A method as defined in claim 22 further comprising:

sensing a condition indicative of the occurrence of arc

initiation to the tissue in ionized conductive pathways
during the inactive state; and

terminating the predetermined inactive repetition rate of

the target bursts in response to the sensed initiation
condition.

24. A method as defined in claim 23 wherein the sensed
initiation condition is the first arc initiated fo the tissue in
the inactive state.

25. A method as defined in claim 22 further comprising:

sensing a condition indicative of the absence of at least

one arc in the ionized conductive pathways during the
active state; and

establishing the predetermined inactive repetition rate of

the target bursts in response to the sensed absence
condition.

26. A method as defined in claim 25 wherein the sensed

absence condition is the absence of a predetermined plural-

ity of consecutive arcs in the active state.

27 A method as defined in claim 22 further comprising.

sensing a condition indicative of the occurrence of an arc
initiation to the tissue in the ionized conductive path-
ways during the inactive state,

establishing the active repetition rate in response 10 the
sensed initiation condition,

sensing a condition indicative of the absence of at least
one arc in the ionized pathways during the active state;
and

establishing the inactive repetition rate in response to the
sensed absence condition.
28. A method as defined in claim 27 wherein the sensed
absence condition is the absence of a predetermined plural-
ity of consecutive arcs in the active state.
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29 A method as defined in claim 28 wherein the sensed
initiation condition is the first arc initiated to the tissue
during the inactive state. |

30. A method as defined in claim 27 further comprising:

generating target bursts in a plurality of repeating se-

guences during the Inactive state, each sequence in-
cluding a plurality of target bursts; and

increasing the energy content of a predetermined plural-

ity of less than all of the target bursts occurring during
each sequence, those target bursts of increased energy
being booster target bursts and those other target
bursts being normal target bursts.

31. A method as defined in claim 30 further comprising:

temporarily ceasing the generation of booster target

bursts for a predetermined disabled time period upon
sensing the absence condition, the predetermined dis-
abled time period being at least the time period of one
sequence; and

beginning the generation of booster target bursis after

the expiration of the predetermined disabled time
period.

32. A method as defined in ciaim 31 wherein the sensed
absence condition is the absence of a predetermined plural-
ity of consecutive arcs in the active state.

33. A method as defined in claim 31 further comprising:

sensing a predetermined active power level of electrica!l

energy delivered to the gas jet in the active state;
establishing the inactive repetition rate in response 1o
sensing the absence of a relatively fewer predeter-
mined plurality of consecutive arcs when the predeter-
mined active power level is relatively higher; and

establishing the inactive repetition rate in response lo
sensing the absence of a relatively greater predeter-
mined plurality of consecutive arcs when the predeter-
mined active power level is relatively lower.

34. A method as defined in claim 33 further comprising:

consecutively generating the booster target bursts in each

sequence.

35. A method as defined in claim 34 further comprising:

generating a number of booster target bursts in each

sequence in a range of less than ten percent of the total
number of target bursts in each sequence.

36. A method as defined in claim 27 further comprising:

generating target bursts in a plurality of repeating se-

guences during the inactive state, each sequence in-
cluding a plurality of target bursts; and

increasing the energy content of a predetermined plural-

ity of less than all of the target bursts occurring during
each sequence, those target bursis of increased energy
being booster target bursts and those other target
bursts being normal 1arget bursts.

37. A method as defined in claim 36 further comprising:

sensing a condition indicative of the absence of at least

one arc in the ionized conductive pathways during the
active state,

temporarily ceasing the genmeration of booster target

bursts for a predetermined disabled time period upon
sensing the absence condition, the predetermined dis-
abled time period being at least the time period of one
sequence; and

beginning the generation of booster target bursts after

the expiration of the predetermined disabled time
period.

38. A method as defined in claim 37 wherein the sensed
absence condition is the absence of a predetermined plural-
ity of consecutive arcs in the active state.

39. A method as defined in claim 37 further comprising:
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sensing a predetermined active power level of electrical
energy delivered to the gas jet in the active state;

establishing the inactive repetition rate in response 1o
sensing the absence of a relatively fewer predeter-
mined plurality of consecutive arcs when the predeter-
mined active power level is relatively higher; and

establishing the inactive repetition rate in response to
sensing the absence of a relatively greater predeter-
mined plurality of consecutive arcs when the predeter-
mined active power level is relatively lower.

40. A method as defined in claim 36 further comprising:

generating a number of booster target bursts in each
sequence in a range of less than ten percent of the total
number of target bursts in each sequence.

41. A method as defined in claim 36 further comprising:

generating a number of booster target bursts in each
sequence at approximately five percent of the total
number of target bursts in each sequence; and

increasing the energy content of the booster target bursts
to a value approximately three times greater than the
energy content of the normal target bursts.

42. A method of operating an electrosurgical unit for

conducting electrosurgery on tissue, comprising:

conducting a predetermined gas in a jet to tissue;

transferring electrical energy to the gas jet in an active
state by generating active bursts of radio freguency
electrical energy occurring ar a predetermined active
repetition rate to create the arcs in ionized conductive
pathways in the gas fet and to transfer arcs in the
ionized conductive pathways to the tissue for achieving
a predetermined electrosurgical effect on the tissue;

transferring electrical energy to the gas jet in an inactive
state by generating target bursts of radio frequency
electrical energy occurring at a predetermined inac-
live repetition rate to create substantially only ionized
conductive pathways in the gas jet which allow arc
initiation upon transition to the active state, the target
bursts occurring in a plurality of repeating sequences
and each segquence including a plurality of target
bursts, and

increasing the energy content of a predetermined plural-
ity of less than all of the target bursts occurring during
each sequence, those target bursts of increased energy
being booster target bursts and those other target
bursts being normal target bursts.

43. A method as defined in claim 42 further comprising:

generating a number of booster target bursts in each
sequence in a range of less than ten percent of the rotal
number of target bursts in each sequence.

44. A method as defined in claim 43 further comprising:

consecutively generating the booster target bursts in each
sequence.

45. A method as defined in claim 43 further comprising:

increasing the energy content of the booster target bursts
to a value approximately three times greater than the
energy content of the normal target bursts.

46. A method as defined in claim 45 further comprising:

generating a number of booster target bursts in each
sequence at approximately five percent of the total
number of target bursts in each segquence.

47. A method as defined in claim 42 further comprising:

delaying the generation of booster targe! bursts for a
predetermined time after ceasing the delivery of active
bursts and commencing the delivery of normal target
bursts.

48. An electrosurgical generator for an electrosurgical

unit which includes means for conducting a predetermined
gas in a jet to tissue and means for transferring arcs of
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electrical energy in ionized conductive pathways in the gas
jet in an active state to create a predetermined electrosurgi-
cal effect on the tissue, the arcs in the active state resulting
from bursts of radio frequency electrical energy occurring
at a predetermined active repetition rate; said electrosurgi- 3
cal generator comprising:
burst generator means operative during an inactive state
for gemerating bursts of radio frequency electrical
energy to create substantially only ionized conductive
pathways in the gas jet to allow arc initiation in the gas
jet upon transition from the inactive state to the active
siate. the inactive state occurring other than during
the occurrence of the active state; and
repetition rate establishing means for controlling the
burst generator means to establish a repetition rate of I3
the bursts in the inactive state which is substantially
less than the predetermined repetition rate of the
bursts during the active siate.
49. An electrosurgical generator as defined in claim 48
further comprising:
arc sensing means for sensing a condition indicative of
the occurrence of an arc initiation to the tissue In
ionized conductive pathways during the inactive siate
and for supplying an active signal upon sensing said "
initiation condition; and wherein:
said repetition rate establishing means is responsive to
the active signal for operatively terminating the prede-
termined inactive repetition rate.
50. An electrosurgical generator as defined in claim 49
wherein.
said initiation condition is the first arc to the tissue oc-
curring while in the inactive state.
51. An electrosurgical generator as defined in claim 48
further comprising:
arc sensing means for sensing a condition indicative of
the absence of at least one arc in the ionized conduc-
tive pathways during the active state and for supplying
a target signal upon sensing said absence condition,
and
said repetition rate establishing means is responsive to
the target signa! for establishing the predetermined
inactive repetition rate.
52 An electrosurgical generator as defined in claim 51
wherein:
said absence condition is the absence of a predetermined
plurality of consecutive arcs in the active state.
53. An electrosurgical generator as defined in claim 48
further comprising.
arc sensing means for sensing a condition indicative of 50
the occurrence of an arc initiation to the tissue in the
ionized conductive pathways during the inactive state
and for supplying an active signal upon sensing said
initiation condition, and further sensing a condition
indicative of the absence of at least one arc in the
ionized pathways during the active state and for sup-
plying a target signal upon sensing said absence condi-
tion, and
said repetition rate establishing means is responsive 10
the active and target signals for operatively terminat-
ing the predetermined inactive repetition rate in re-
sponse to the active signal and for operatively estab-
lishing the predetermined inactive repetition rate n
response 10 the target signal.
54. An electrosurgical generator as defined in claim 53 65
wherein:
said absence condition is the absence of a predetermined
plurality of consecutive arcs in the active siate.
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55. An electrosurgical generator as defined in claim 34
wherein:

said initiation condition is the first arc to the tissue oc-

curring while in the inactive state. _

56. An electrosurgical generator as defined in claim 33
wherein. |

said burst generator means generates target bursts in a

plurality of repeating sequences during the inactive
state, each sequence includes a plurality of target
bursts; and said burst generator means further in-
cludes:

booster means for increasing the energy content of a

predetermined plurality of less than all of the target
bursts occurring during each sequence, those target
bursts of increased energy being booster target bursts
and those other target bursts being normal target
bursts.

57. An electrosurgical generator as defined in claim 36
wherein said burst generator means further includes:

temporary disabling means responsive to the target sig-

nal for temporarily disabling the booster means for a
predetermined disabled time period after the target
signal is supplied, the predetermined disabled time
period being at least the time period of one sequence of
target bursts; and

reenabling means responsive to the expiration of the

predetermined disabled time period for thereafter
enabling said booster means to commence operating
as recited.

58. An electrosurgical generator as defined in claim 57
wherein:

said absence condition is the absence of a predetermined

plurality of consecutive arcs in the active siate.

59 An electrosurgical generator as defined in claim 37
wherein:

said arc sensing means is further responsive to a prede-

termined active power level of electrical energy deliv-
ered to the gas jet in the active state and operatively
supplies the target signal upon the absence of a rela-
tively fewer predetermined plurality of consecutive
arcs when the predetermined active power level is
relatively higher and supplies the target signal upon
the absence of a relatively greater predetermined plu-
rality of consecutive arcs when the active power leve! is
relatively lower.

60. An electrosurgical generator as defined in claim 59
wherein.

the booster target bursts are consecutive in each se-

quence.

61, An electrosurgical generator as defined in claim 60
wherein the number of booster target bursts in each se-
quence is in a range of less than ten percent of the total
number of target bursts in each sequence.

62. An electrosurgical generator as defined in claim 48
wherein.

the burst generator means generates target bursts in a

plurality of repeating sequences during the inactive
state, each sequence includes a plurality of target
bursts; and said target burst generator means further
includes:

booster means for increasing the energy content of a

predetermined plurality of less than all of the 1arget
bursts occurring during each sequence, those target
bursts of increased energy being booster target bursts
and those other target bursts being normal target
bursts.

63. An electrosurgical generator as defined in claim 62

further comprising:
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arc sensing means for sensing a condition indicative of

the absence of at least one arc in the ionized conduc-
tive pathways during the active state and for supplying
a 1arget signal upon sensing said absence condition;
and wherein said burst generator means further in-
cludes: |
temporary disabling means responsive o the target sig-
nal for remporarily disabling the booster means for a
predetermined disabled time period after the target
signal is supplied upon sensing the absence condition,
the predetermined disabled time period being at least
the time period of one sequence; and
reenabling means responsive to the expiration of the
predetermined disabled time period for thereafter
enabling said booster means to commence operating
as recited.
84. An electrosurgical generator as defined in claim 63
wherein:
said absence condition Is the absence of a predetermined
plurality of consecutive arcs in the active state.
65. An electrosurgical generator as defined in claim 63
wherein.
said arc sensing means is further responsive 10 a prede-
termined active power level of electrical energy deliv-
ered to the gas jet in the active siate and operatively
supplies the target signal upon the absence of a rela-
tively fewer predetermined plurality of consecutive
arcs when the predetermined active power level is
relatively higher and supplies the target signal upon
the absence of a relatively greater predetermined plu-
rality of consecutive arcs when the active power level is
relatively lower.
66. An electrosurgical generator for an electrosurgical
unit which includes means for conducting a predetermined
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at a predetermined active repetition rate; said electrosurgi-
cal gemerator comprising:

burst generator means for generating a plurality of re-

peating sequences of bursts of radio frequency electri-
cal energy during an inactive state to create substan-
tiaily only ionized conductive pathways in the gas jet to
allow arc initiation in the gas jet upon transition from
the inactive state to the active state, each sequence
including a plurality of bursts; and

booster means for increasing the emergy content of a

predetermined plurality of less than all of the bursts
occurring during each sequence in the inactive state,
those bursts of increased energy during the inactive
state being booster target bursts and those other bursts
being normal target bursts.

07. An electrosurgical generator as defined in claim 66
wherein the number of booster target bursts in each se-
gquence is in a range of less than ten percent of the total
number of target bursis in each sequence.

68. An electrosurgical generator as defined in claim 67
wherein:

the booster target bursts are consecutive in each se-

quence.

69. An electrosurgical generator as defined in claim 67
wherein:

the energy content of the booster target bursts is approxi-

mately three times the energy content of the normal
targer bursts.

70. An electrosurgical generator as defined in claim 69
wherein the number of booster bursts in each sequence is
approximately five percent of the total number of bursts in
each seguence.

71. An electrosurgical generator as defined in claim 66
wherein said booster means further comprises:

means for delaying the application of booster targer

bursts for a predetermined time after the transition
Jrom the delivery of active bursts to the delivery of

normal iarget bursts.
» » * * .
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