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This work is devoted to the method of measuring the external and internal parameters of gas-discharge plasma in
conditions of non-potential "ground" using a multi-grid probe with ungrounded electrodes and a casing. The
technique was developed in the plasma of a pulsed high-current high-voltage magnetron discharge with the
electrodes detached from the ground. This technique makes it possible to measure ion and electron densities and
plasma temperatures and potentials, as well as the ion and electron energy distribution functions, with the usual
accuracy for probe measurements. The measurements were carried out by a three-electrode probe installed in the
cathode sputtering zone. Selection of the investigated particles was carried out through a screen located under a

floating potential.
PACS: 51.50.+v, 52.25.0Jm

INTRODUCTION

In experimental studies of gas discharges, the main
task is to study the external (discharge current,
discharge voltage) and internal parameters of the gas
discharge plasma, such as: plasma concentration, ion
and electron temperatures, plasma potential and their
space-time distribution. The existing traditional methods
of measuring such parameters involve the use of a
number of diagnostic tools and recording equipment
that require good grounding. At the same time, recently
gas-discharge devices working both in stationary and
pulse modes, with electrodes of the system, detached
from the ground, are of interest. In such cases,
monitoring the discharge parameters by traditional
methods is difficult, and in some cases impossible.

This work is devoted to the method of measuring the
external and internal parameters of gas-discharge
plasma in conditions of non-potential "ground" using a
multigrid probe with ungrounded electrodes and a
casing. The technique was developed in the plasma of a
pulsed high-current high-voltage magnetron discharge
with the electrodes detached from the ground [1, 2].
This technique makes it possible to measure ion and
electron densities and plasma temperatures and
potentials, as well as the ion and electron energy
distribution functions, with the usual accuracy for probe
measurements. The measurements were carried out by a
three-electrode probe installed in the cathode sputtering
zone. Selection of the investigated particles was carried
out through a screen located under a floating potential.
The electron and ion energy distribution functions were
calculated from the measured delay curves. The
standard measurement technique assumes the grounding
of one of the terminals of the power supply and the first
grid of the energy analyzer. In our case, because of the
structural features, both the MSS and the three-electrode
probe are not grounded.

1. EXPERIMENTAL EQUIPMENT

The experiments were conducted on an installation
of the type NNV-6.6-11, upgraded to use a planar MSS
with a copper sputtered target of size 45x180 mm.
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The working pressure in the chamber was set at
5:10" Torr and ensured by a continuous uniform inlet of
the working gas (argon) through the gas distribution
system directly into the discharge region.

A pulsed power supply unit of capacitive type with a
thyristor switch provides a single voltage pulse with a
duration of 3 ms and an amplitude of up to 1.5 kV to the
cathode-anode gap.

A single voltage pulse was applied between the
cathode and the anode of the MSS against the
background of the stationary voltage of a magnetron
discharge burning with parameters U, =350V and
I, =0.5A. The limiting discharge current at a high-
voltage pulse of voltage was within Iy, =6...7 A. The
choice of such parameters of the pulse duration and
voltage is due to the existence of a certain optimal
relationship between the parameters of stationary and
pulsed magnetron discharges [4]. The power supply of
the energy analyzer, MSS and the pulse unit was carried
out through an isolating transformer, which ensured
reliable isolation along the power supply circuits and
protection against spurious signals.

In the course of the experiments, the discharge
current was measured using a current transformer
(Rogowski belt), which allowed recording pulse
processes in a wide range of durations.

In Fig. 1 shows a block diagram of an installation for
studying discharge parameters using a multi-grid
analyzer. During the measurements, the limiting
diaphragm, the first grid and the body of the energy
analyzer were under floating potential. The distance
from the magnetron to the limiting grid was 120 mm.
The diameter of the slit of the limiting diaphragm was
18 mm. The voltage +(0...250) V was applied to the
grids 2, 3 of the energy analyzer. The collector —
+(0...100) V.

A schematic diagram of the power supply of the
multigrid probe for the case of the electronic component
of the distribution function is shown in Fig. 2.
Accordingly, for the ionic component, the terminals “+”
and “=” PSE1 and PSE2 swapped their positions.

When differentiating the volt-ampere characteristic
of the collector, the ion and electron distribution
functions were obtained.
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Fig. 1. Block-scheme of the installation for the
study of discharge parameters using a multi-grid
analyzer: 1 — magnetron sputtering system;

2 —bounding diaphragm; 3 — energy analyzer;
PSM — magnetron power supply;

PSE 1, 2 — energy analyzer power supplies
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Fig. 2. Schematic diagram of the power supply of
the multigrid probe for the case of the electronic
component of the distribution function

2. RESULTS OF EXPERIMENTS AND
DISCUSSION

In Figs. 3, 4 shows the distribution functions of
electrons and ions for different values of the cutting
potential applied to the grids 2 and 3 of the multigrid
probe.

On the ion distribution function for all values of the
blocking potential on the grid of the energy analyzer
there are two clearly expressed peaks. The presence of
two peaks on the distribution function indicates that in
the pulsed regime, two spatially separated ionization
zones arise in the MSS. Taking into account the
configuration of the magnetic field lines in the MSS
with a magnetically insulated anode, it can be assumed
that these two ionization zones occur in the regions of
the cathode and the anode transverse magnetic fields.
The additional ionization zone near the anode provides
increasing of the pulsed plasma density and, as a
consequence, the flux of ions that bombarding and
sputtering the MSS target.
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Fig. 4. lon distribution function of MSS

CONCLUSIONS

Thus, the use of a multigrid energy analyzer made it
possible to effectively measure the distribution
functions of charged particles in the combined
stationary-pulsed mode of operation of a MSS with a
magnetically insulated anode in a non-potential ground.

The appearance of an additional ionization zone in
the volume of the discharge is shown, which leads to a
substantial increase in the plasma density, an increase in
the ion flux to the MSS target, and ultimately to an
increase in the sputtering rate of the target material and
an increase in the mass transfer of the sputtered material
to the surface being treated.
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CIIOCOBb UBMEPEHMSI BHEIITHUX U BHYTPEHHUX ITAPAMETPOB I1JIA3MbI
C HE3ABEMJIEHHBIMHU 2JIEKTPOJAMHU I'A30BOI'O PA3PAJA

A.I. Yynaopa, K.H. Cepeoa, U.K. Tapacoe

PaccMoTpeH MeTon M3MEpEHUs BHEUIHMX WM BHYTPEHHUX IIapaMETPOB ra30paspsiiHOM IUIa3Mbl B YCIOBHAX
HENOTEHLUAIBHOIO «3a3€MJICHUSD C UCIIOJIB30BAHUEM MHOI'OCETOYHOI'O 30H/A C HE3a3E€MJICHHBIMU JJIEKTPOJaMH U
kopnycoM. Meroauka Obula pa3paboTaHa B IUIA3ME HMITYJILCHOTO  CHJIBHOTOYHOTO  BBICOKOBOJIBTHOTO
MarHeTpOHHOTO pa3psja C 3JIEKTPOJaMU, OTCOSIUHEHHBIMH OT 3eMJIU. DTOT METOJ MO3BOJISIET U3MEPAThH INIOTHOCTU
MOHOB M 3JICKTPOHOB, TEMIIEPATYPhl U MOTEHIHAIBI IIa3Mbl, a Takke (QYHKINU paclpeneieHus SHEPIHH HOHOB U
3JIEKTPOHOB € OOBIYHOW TOYHOCTHIO IJISI 30HAOBBIX HM3MEpEHHH. V3MepeHWs NpOBOAMINCH TPEXIIEKTPOIHBIM
30H/IOM, YCTaHOBJICHHBIM B 30HE KaTOJHOTO pacHbuleHHsA. BbIOOp MccineayeMbIX 9acTHI] IPOBOAMIICS Yepe3 IKpaH,
PAaCIOIOKEHHBIH MO MIABAKOIINUM TOTCHIUAIOM.

CITIOCIb BUMIPIOBAHHS 30BHIIIHIX I BHYTPIIIHIX ITAPAMETPIB IIVIA3MHU
13 HE3ABEMJIEHUMMU EJIEKTPOJAMM I'A30BOI'O PO3PSLY

A.I. Yynaopa, K.M. Cepeoa, I.K. Tapacoe

Po3risiHyT0 METOA BHMMIPIOBAaHHS 30BHILIHIX 1 BHYTPIIIHIX MapamMeTpiB ra3opo3psgHol IUla3MH B yMOBax
HETIOTEHLIHHOrO «3a3¢MJICHHS» 3 BHKOPHUCTAHHSIM 0araToOCITOYHOTO 30HIA 3 HE3a3¢MIICHUMHU €JEKTPOAaMH Ta
KoprmycoM. Meroauka Oyma po3pobieHa B IUla3Mi  IMIYJIbCHOTO CHIIBHOCTPYMOBOTO  BHCOKOBOJBTHOTO
MarHeTpOHHOT'O PO3PSAY 3 ENEKTPOJAMH, BiJOKpEeMJICHHMH BiJ 3emui. Llei MeTox n03BOJSIE BUMIPATH LIIIBHOCTI
1OHIB 1 ENIEKTPOHIB, TEMIIEPATYPH Ta MOTEHINATH [UIA3MH, a TAKOXK (QYHKIIT pO3MOiNy eHeprii 10HiB 1 elIeKTPOHIB i3
3BUYAWHOIO TOYHICTIO JUIsl 30HIOBUX BUMipiB. BUMIpH NpOBOIMINCS TPHOXENESKTPOAHUM 30HAOM, BCTAHOBJICHHM Y
30Hi KaTOJHOTO PO3NWICHHs. Bindip mocmimKyBaHHX 4aCTOK MPOBOJMBCS 32 JOIOMOIOK €KpaHa, PO3TalIOBAHOTO
M1 /] UIABAKOYUM [TOTEHI1aJIOM.
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