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Abstract – It points out, that the discharge behav-

ior in an electrolyte is defined to a considerable 

degree by the non-steady processes. Against a 

background of a stationary current flow from the 

generator, the short duration current pulses arise 

as a result of the transmitting cable capacitance 

discharging across the gap. The current spikes cor-

respond to the microsparks ignition because of the 

energy which was stored in the cable capacitance is 

dissipated. 

1. Introduction 

The plasma scalpel is a multielectrode or two-

electrode system immersed in an electrolyte solution 
(medical saline solution) so that on application of a 

pulsed voltage to the electrodes an electrical discharge 

arises. When an area of the discharge plasma is in a 

contact with the soft tissues, it becomes possible to 

produce ablation, healing the other kinds of the tissue 

treatment [1]. 

According to the data and the concepts available in 

the literature, the operation of the plasma scalpel is 

determined to a great extent by the average power 

delivered from the power supply to the discharge 
plasma. With typical pulse duration of the power sup-

ply of about 5 μs, the discharge burning regime is 
treated as a quasi-steady-state mode. It means that the 

discharge has a certain current at a certain operating 

voltage. 

At the same time, the experiments with the Ar-

throCare scalpel [1, 2] have demonstrated that carry-

ing of some value of an averaged current through the 

gap is accompanied by the random fluctuations which 

are superimposed on this steady-state current. How-

ever, the nature of these fluctuations is not understood. 

The aim of our work was to study principles of the 
current pulses appearing and to investigate the dis-

charge burning peculiarities in such mode. 

2. Experimental arrangement and the method  

of measurement of the electrical parameters  

of the discharge 

A major portion of this work has been done with a 

standard electrode gap of the 90°-oriented ∅3.5-mm 
ArhtroCare multielectrode probe. The photo of the 

electrode system design is shown in Fig. 1. This elec-

trode system was immersed in a 0.9-% water solution 

of NaCl (medical saline solution). 
 

 

Fig. 1. The design of the ArthroCare multielectrode probe 

(diameter 3.5 mm, orientation 90°). The single gap under 

study, which had been investigated, is shown by arrow.  

Titanium active electrodes are 0.38 mm in diameter and 

  0.38 mm in height 

This probe is designed to operate with a multi-

channel generator of the bipolar voltage pulses. Be-

cause the objective of the experiments was to model 
the operation of a two-electrode gap, we employed the 

gap marked by the arrow in Fig. 1. The cathode of this 

gap is a rod of diameter 0.38 mm and its anode is the 

grounded external casing of the probe with diameter 

3.5 mm. In studying the discharge in the single gap, 

the rest of the gaps and, consequently, the conductors 

inside the probe arm were kept at floating potential. 

The current density at the cathode exceeds the cur-

rent density at the anode. Therefore, the main proc-

esses responsible for the formation of gas cavities and 
for the subsequent plasma formation in these cavities 

occur in the vicinity of the rod. In this sense, such an 

electrode is conventionally refereed to as the active 

electrode. 

The circuit for powering the gap from the genera-

tor is presented in Fig. 2. The voltage from the pulsed 

generator PG was applied to the electrodes through the 

transmitting cable l. For the experiments, a special 
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one-channel generator of negative-polarity rectangular 

pulses with a maximum voltage up to V0 = 400 V has 

been developed. The pulse repetition rate is controlla-

ble within 0.15–50 kHz. Such parameters make it pos-

sible to model the operation of one channel of the “Ar-

throCare system 2000” generator at a negative polarity 

of the voltage at the inner conductor of the cable.  

A typical waveform of the pulsed generator at open 

circuit is shown in Fig. 3., were the pulse has negative 
polarity with respect to the grounded sheath of the 

cable at pulse amplitude of 300 V. Practically all  

experiments were carried with pulse repetition rate at  

20 kHz. 
 

 
Fig. 2. Experimental arrangement for recording the voltage 

and current waveforms with nanosecond time resolution. PG 

is the pulsed generator for powering the gap, Rb = 490 Ω  

is the ballast resistor, L = 370 μH is the inductance for 

the current limiting, l = 1 m is the transmitting cable 

(C = 100 pF), RS = 1.27 Ω is the current shunt, G is the gap 

   under investigation 

V0, V 

 
t, μs 

Fig. 3. Voltage at the output of the pulsed generator PG in 

  the conditions of open circuit 

The discharge current is limited by the ballast re-

sistor Rb. It is also possible to insert inductance instead 

of this resistor, as is in the “ArthroCare system 2000” 

generator. In the majority of our experiments, the 

length of the leading-in cable l was 1 m which corre-

sponds to the capacitance of 100 pF. The discharge 

current was measured with the use of a shunt RS built 

in the outer conductor of the coaxial cable. The volt-
age was measured directly at the electrodes of the dis-

charge gap G by applying a signal from a high-

resistance probe to the Tektronix TDS 3032 oscillo-

scope. 

3. Results and discussion 

When speaking about the initiation of a discharge (or 
about the initial stage of the gap breakdown), we im-

ply the following situation. Gas micro-bubbles are 
formed at the surface of the active electrodes even at 
low voltages (tens of volts) at the gap. Nevertheless, 
the voltage across the gap is still insufficient for ioni-
zation and for the plasma formation to occur inside the 
gas cavities. In such conditions, the gap resistance is 
determined by the electrolytic conductance and by the 
electrode area, which is covered with gas cavities. The 
less gas hollows are present at an active electrode sur-
face the less resistance of the gap is. The minimal gap 

resistance of our electrode system was Rg = 300 Ω. 
The voltage increase results in a increasing of the 

bubbles quantity. The gap resistance increases. In-

creasing the voltage causes ionization in the gas cav-

ity. Starting the ionization process in the gas micro-

cavities is associated with an ignition of breakdown 

and with the initiation of one or another types of a gas 

discharge in a gas micro-cavity. In terns of the classi-

cal high-voltage breakdown in water solutions, this 

situation can be interpreted as an incomplete break-

down. In our conditions, the discharge channel does 

not bridge the gap. The discharge current is limited by 
the solution resistance and the discharge itself can be 

classified as a gas discharge in an electrode system 

where one electrode is metallic and another is liquid. 

Some forms of discharges of this type for a gap width 

of several millimeters and larger are described, e.g., in 

[3]. 

Our activity was directed to the investigation of an 

electrical discharge in the gas cavities. Fig. 4 shows 

typical waveforms of the current and voltage in this 

mode in the case when the resistance Rb = 490 Ω is 
present in the circuit. 

It can readily be seen (Fig. 4, a) that the current 

through the gap is unsteady. There are current spikes 

and corresponding synchronous voltage drops across 

the gap within each pulse. The duration of the current 

spikes changes in a random manner. 

The increasing of the generator voltage to the 

breakdown level leads to increasing the number of the 

gas bubbles as well as the gap resistance. On the other 

hand, the voltage becomes sufficient to initiate the gas 

breakdowns in some cavities so that appearing the gas 
discharge plasma in the micro-cavities results in de-

creasing the gap resistance. 

In our opinion, the reason for appearance of each 

current spike is the initiation of the micro-discharges 

in the gas cavities such that the total area of the active 

electrode, which participates in the current transport, 

becomes larger and the current itself increases. After 

discharge ignition the voltage drop across the gap and 

thus across the gas layer decreases which causes a 

process of plasma de-ionization inside the gas cavity 

and extinction of the micro-discharge. 
Let us consider the time evolution of the processes 

occurring in the gap in terms of the above prerequi-

sites, leaning upon the waveform shown in Fig. 4, b. 

At the instant when the voltage pulse arrives at the 

gap, the gas cavities are available at the surface of the 
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active electrode, but the discharge does not occur yet 

(stage 1). At this stage, the gap resistance R1 = 2550 Ω. 
If only a small part of the surface of the active elec-

trode had been covered with the gas layer, the gap 

resistance R1 would be of about 300 Ω and the current 
through the gap would reach imax = V0/(Rb + R1) = 0.35 A. 

Actually we have a current at a level of 0.1 A. This 

means that only ∼ 30% of the area of the active elec-
trode participates in the current transport (the rest of 

the surface is separated from the solution by the gas 

layer). 

 
t, μs 

a 

 
t, μs 

b 

Fig. 4. Voltage and current waveforms for the conditions 

when a breakdown in the vapor cavity is available. The elec-

tric circuit corresponds to Fig. 2 with Rb = 490 Ω and volt-

age of the pulsed generator V0 = 280 V: a – typical behavior 

of the voltage and current during the pulse, b – voltage and 

  current behavior with a decreased time scale 

Thereafter, the area occupied by the gas cavities 

becomes larger, the current decreases slowly and the 

voltage across the gap increases (stage 2). At this 
stage, the gap resistance increases gradually to 

R2 = 4170 Ω. At the end of stage 2, the breakdowns 
occur in some gas cavities which cause a sharp in-

crease in the current (stage 3) and a decrease in the 

voltage across the gap. 

The energy which goes into producing the plasma 

in a gas cavity is delivered from the capacitance of the 

leading-in cable 1 m long (C = 100 pF). The charac-

teristic feature of the process of the discharge ignition 

and burning is that the discharge does not burn in a 

steady-stage regime. After 200 ns the discharge cur-

rent is interrupted abruptly, i.e., the plasma in the gas 

cavity is de-ionized that results in a fast transition of 

the discharge to stage 4. Thereupon the process is re-

peated, i.e., a new current pulse is generated with sub-

sequent cutoff of the current (stage 5) and so on. 
 

 
t, μs 

Fig. 5. Voltage and current waveforms for the conditions 

when a breakdown in the vapor cavity is available. The elec-

tric circuit corresponds to Fig. 2 with L = 370 μH, the initial 

  voltage of the pulsed generator V0 = 270 V 

In the conditions under discussion, the current 

transport in the plasma can be interpreted as partial 

microdischarges. It can be seen in Fig. 4 that the dura-

tion of each microdischarge and the interval between 

the microdischarges change in a random manner. 
Let us now consider the main peculiarities of the 

current and voltage waveforms in the case where in-

ductance L = 370 μH instead of resistance is employed 
in the discharge circuit to limit the current. The typical 

waveforms of the current and voltage for a gap of the 

90°-oriented ∅3.5-mm ArhtroCare multielectrode 
probe are presented in Fig. 5. 

The initial voltage of the pulsed generator 

V0 = 270 V that corresponds to the regime when the 

breakdowns are initiated in a micro-cavities. First of 

all the following fact engages our attention. In the 

presence of inductance in the discharge circuit, the 

resonance charging of the capacitor of the cable from 
the pulsed generator through the inductance takes 

place. With a very steep rise time of the generator 

pulse, the voltage across the gap could be increased 

two times due to the resonance charging, as compared 

to V0. In our conditions, the voltage is not doubled, 

reaching only 400 V (the moment at which the voltage 

is maximum is marked on the oscillogram by figure 1). 

At this moment the gas micro-cavities are not broken 

down yet and the gap resistance R1 = 3200 Ω is deter-
mined by the area of the cathode surface participating 

in the current transport. 
At the instant of time t1, the breakdowns occur in 

the gas cavities and their conglomerates and the dis-

charge current increases. At stage 2, the discharge 

current reaches 0.3 А, i.e. in the presence of the dis-
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charge the gap resistance is 730 Ω. Taking into ac-

count that the resistance of electrolyte Rg ≈ 300 Ω, it 
can be concluded that the breakdown occurs in cavi-

ties, which occupy about half the area of the active 

electrode. One more feature of the discharge in the 

circuit with inductance by which it is distinguished 

from that with ballast resistance consists in the follow-

ing. On one hand, the current rise through the gap is 

governed by the rate of vapor ionization in a cavity. 

The characteristic time of this process is in the nano-

second range. On the other hand, the current rise time 

in the external circuit is limited by the electric circuit, 
which includes in itself the voltage source, the induc-

tance, the capacitance of the cable and the nonlinear 

resistance of the gap. In this example, as at the mo-

ment in time t1 the gap resistance is sharply decreased, 

the current cannot immediately build up. The current 

rise time here is determined by the inductance to resis-

tance ratio L/R. The transition from the moment t1 to 

stage 2 occurs with a characteristic current rise time 

L/R2 ≈ 0.5 μs. 
With this circuit, there is no voltage drop across 

the resistor at stage 2, as opposed to the circuit with 
the ballast resistor, and the discharge current is limited 

only by the resistance of electrolyte. In this case the 

discharge current is increased as compared to the case 

 

where the resistance Rb = 490 Ω is present in the cir-
cuit (see Fig. 4, b). Moreover, the increase in current 

results in the time increasing of stage 2. But the phe-

nomenon of the current interruption does occur in this 

case, too. The moment of the interruption is marked 

on the waveform by figure 3. After the interruption the 

gap resistance increases sharply and the resonance 

charging of the capacitor of the cable through the in-

ductance takes place again with a characteristics time 

π(LC)1/2. A voltage spike is observed across the gap 
that causes one more breakdown of the gas micro-

cavities. The energy stored in the capacitance is dissi-
pated in the gap. Because of the voltage spike is high 

the current pulse reached 0.9 A. 
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