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The design and characteristics of a new combined magnetron-ion-beam sputtering system are presented. The sys-
tem allows coating deposition both by means of magnetron discharge, and by sputtering of complex composite tar-
gets by high-energy ion beam. Computer simulation and optimization of magnetic field topology on the system,
which is common for the magnetron discharge and the Hall-type ion source, have been carried out. The ignition
curves, current-voltage characteristics of the system, in dependence on gas type and pressure, magnitude and topol-
ogy of magnetic field have been researched both for autonomous operation of the planar magnetron discharge and
ion source and for their combination. Spatial distributions of ion current are also presented.
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INTRODUCTION

Thin films of composite materials, which have a high
melting point, hardness and corrosion resistance, are
widely used as functional coatings in various fields of
science, technology and industry. Usually such coatings
are obtained by method of reactive magnetron sputter-
ing of metals in the environment of chemically active
gases as well as by ion-beam sputtering of composite
targets involving ion bombardment [1-5]. Changing the
magnetron sputtering processes parameters (gas pres-
sure, substrate temperature, target-substrate distance,
sample potential) it is possible to vary the flows of
charged and neutral particles participating in the film
formation. This makes possible synthesis of coatings of
different structure and composition, with variety of
physical and mechanical properties [4]. Studies have
shown that at film deposition from atomic and molecu-
lar flows with ion bombardment the effect of shock-
activated ordering of the structure of the growing film
is observed [5].

Combined ion-plasma systems with electric E and
magnetic H fields, satisfy the requirements of the tech-
nology of reactive ion-plasma synthesis and deposition
of composite coatings [6-9]. It is the magnetic field in
these devices that makes it possible to reduce the opera-
tional pressure, to localize the region of generation of
active particles, and to form, in combination with elec-
tric fields, directed flows of activated particles: sput-
tered atoms, ions of different energy and radicals. Such
systems consist of two or more independent plasma
modules — gas-discharge magnetrons, sources of ions
and chemically active particles [8]. Together with indus-
trial applications, these systems are suitable for basic
research of the effects of ion bombardment on micro-
structure, elemental and phase composition, physical
properties of the film.

The purpose of the present research was to develop
and characterize a new combined magnetron-ion-beam
sputtering system (CMSS) which combines a Hall-type
ion source and planar magnetron sputtering system. This
system is primarily intended to study coating growth
under different ion bombardment conditions.

ISSN 1562-6016. BAHT. 2018. Ne6(118)

PROBLEMS OF ATOMIC SCIENCE AND TECHNOLOGY. 2018, Ne 6. Series: Plasma Physics (118), p. 263-266.

1. EXPERIMENTAL SETUP

The schematic diagram of the developed deice with
diagnostic equipment is presented in Fig. 1. The techno-
logical vacuum chamber with dimensions 240x240x120
mm is pumped by a turbomolecular pump TMN-1500,
with pumping rate of 700 I/s in the pressure range 1-10
5...2-10% Torr.
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Fig. 1. Schematic diagram of the experimental setup
with CMSS: 1 — vacuum chamber; 2 — water cooled
sample holder; 3 — flat probe for ion current density
measurement; 4 — solenoid; 5 — anode of the ion source;
6 — magnetron

The ion source forms a conical coinciding beam of
gas ions with the angle of 60°, diameter of 100 mm
(near the anode 5) and thickness of 5 mm. The flat con-
ductive electrode 2 with diameter of 140 mm located at
a distance of 100 mm from the end of the ion source is
used for sample holding and ion beam monitoring.

During the investigation of integral characteristics of
the CMSS, the following parameters were monitored:

Is— solenoid current;

la — anode current of the ions source;

Im — magnetron;

It —ion current to the sample holder 2;

I, — ion current to the flat probe (5 mm diameter);
Uq — positive voltage on the ion source anode;

Um — negative voltage on the magnetron target.
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Measurements of lg, Ug, Um, Im, Is were carried out
with the help of internal meters of DC power supplies.

The magnetic system design of the CMSS provides
simultaneous formation of magnetic field of the ion
source and of the magnetron. Using the solenoid 4 (see
Fig. 1), it is possible to change the configuration of the
magnetic field lines (MFL) in the magnetron, and to
realize different types of magnetron discharge. The
MFL topology at various solenoid currents, calculated
using the "Femm 4.2" software, are given in Fig. 2.
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Fig. 2. The topology of magnetic field lines in CMSS at
different solenoid currents (@—0A; b—-0.5A; c-3A)

Magnetic field strength in the center of the magnetron
target can be adjusted in the range of 300...600 Oe,
while the radial magnetic field strength in the discharge
gap of the ion source varies linearly in the range of
0...4000 Oe with the solenoid current of I =0...4 A.

Radial distributions of ion beam current density were
measured either moving flat probe or by etching of sili-
con dioxide films of 0.35 um thickness on silicon sub-
strates.

2. EXPERIMENTAL RESULTS

2.1. ION SOURCE

Typical ignition curves of discharge in the ion source
for different gas pressures are presented in Fig. 3. One
can see that when the pressure is reduced, the curves are
shifted to the region of higher values of Ug and I, but
their shape does not change qualitatively.
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Fig. 3. Ignition curves of discharge in the ion source at
different Argon pressures

The dependences of the discharge current Iy and target
current Iy on the pressure in the working chamber for
three cases are presented in Fig. 4: 1 — the gas is fed into
the discharge gap through the anode hollow; 2 — the gas
is fed directly into the chamber; 3 — the combined sup-
ply of gas into both regions. From the comparison of
these graphs, it turns out that the pressure drop between
the ion source and the chamber is the about pi / px = 7
and depends on the pumping speed and cross section of
the ion source channel.
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Fig. 4. The dependences of the discharge current Iy and
target current I; on the pressure in the working cham-
ber for three directions of gas input

When the gas pressure in the discharge gap reaches
the critical value pi = (3...4) x 10 Torr the discharge
jumps from acceleration to plasma regime. The current-
voltage characteristics (CVC) and ion current distribu-
tion outside the source are essentially different in these
regimes.

Fig. 5 shows the CVC of the discharge at different
pressures px for acceleration mode. In Fig. 6 dependen-
cies of the discharge voltage U, current on the table of I
and magnetron current I, on the discharge current 14 are
presented.

Fig. 7 exhibits radial distributions of the ion current
density for the acceleration and plasma modes of opera-
tion of the ion source.
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Fig. 5. Current voltage characteristics of ion source in
acceleration mode under different Argon pressures
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Fig. 6. Current voltage characteristics of ion source in
plasma mode. Argon pressure p = 2 x 10 Torr
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Fig.7. Radial distribution of ion current density for the
acceleration and plasma modes of ion source

2.2. MAGNETRON DISCHARGE

The planar magnetron with a stainless steel target
(76 mm in diameter and 6 mm in thickness) was mounted
near the focus point of the conical ion beam (see Fig. 1).
The magnetron anode, depending on the MFL topology,
was the walls of the chamber or the table for samples. DC
power up to 300 W was applied to the magnetron.

Depending on the configuration of MFL, which is de-
termined by the ratio between the solenoid magnetic
field strength and the field of central permanent magnet,
three types of magnetron discharge can exist (Fig. 8).
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Fig. 8. Photo of the magnetron discharge for three val-
ues of solenoid current Is

In the case (a) (see Figs. 2,a; 8,a) the unbalanced
magnetron of the first type is realized, when a signifi-
cant part of the MFL starting from the target terminate
at the walls of the vacuum chamber.

In the case (b) (see Figs. 2,b; 8,b), when almost all
MFL starting from the center of the target terminates at
the target the balanced magnetron mode takes place.

In the case (c) (see Figs. 2,c; 8,c) the unbalanced
magnetron discharge of the second type is realized,
when a significant part of the peripheral MFL finishes
on the sample table and focuses the electron flow.

As experiments have shown, with the change of MFL
topology the main characteristics of the magnetron dis-
charge are substantially changed, particularly the region
of the existence of magnetron discharge by the gas pres-
sure and CVC.

Ignition curves of the magnetron discharge for different
solenoid currents are presented for three cases: for
grounded table, for floating table, and for simultaneous
operation of the ion source and of the magnetron dis-
charge are presented in Fig. 9. As can be seen from the
figure, the deviation of the MFL topology from the bal-
anced magnetron (Is = 0.5 A) leads to a significant in-
crease in the minimum pressure of magnetron discharge
existence. Magnetron CVC with stainless steel target at
different gas pressure are presented in Fig. 10.
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Fig. 9. Ignition curves of magnetron discharge depend-
ing on solenoid current I at different gas pressures
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Fig. 10. CVC of magnetron discharge at different gas
pressure

CONCLUSIONS

Investigation of the discharge characteristics at simul-
taneous operation of magnetron and ion source has
shown a number of positive features of this approach:

1. The activation of the ion source (even with a small
discharge current of about 10 mA) leads to a significant
1.5...2 times decrease in the minimum pressure of the
existence of the magnetron discharge (see Fig. 9).

2. The presence of the ion beam leads to decrease in the
magnetron discharge voltage of 50...100 V and stabilizes
its operation at a gas pressure less than 10 Torr.

3. Operation of the magnetron discharge can compen-
sate the current of ion beam due to electron flow to the
table generated by the magnetron discharge. This is of
great importance during ion beam processing of dielec-
tric samples and at deposition of dielectric coatings.

Thus, the main result of the work is the creation of a
compact combined magnetron-ion-beam sputtering sys-
tem with specific parameters satisfying requirements of
industrial application. The system allows a coating to be

deposited both by means of magnetron sputtering and
by sputtering of composite targets by high-energy ion
beam.
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PA3PABOTKA U UCCJIEJJOBAHUE KOMBUHUPOBAHHOM MATHETPOHHO-UOHHO-JTYUYEBOM
PACHBLIMTEJIbHON CUCTEMBI

C. /lyoun, O. Tkauenko, A. Illuopsa, C. Axosun, A. 3vikos, H. E¢pumenxo

Pa3paboTanbsl 1 mcciaeqoBaHbl XapaKTEPUCTHKH HOBOH KOMOMHMPOBAHHOIN MarHETPOHHO-MOHHO-ITYy4eBOM pac-
MBUINTEIBHOW CHCTEMBI C yJEeNbHBIMU IIapaMeTpaMi, OTBEYAIOMIMMH TPEOOBAHMSIM IPOMBIILIEHHOTO IMTPOU3BOJ-
crBa. CucTemMa MO3BOJISIET HAHOCHUTH MOKPBITHS KaK C MOMOIIBI0O MarHETPOHHOTO paspsijia, TaK M ITyTeM Iepepac-
MBUICHUS CJIOKHOKOMIIO3MIIMOHHBIX MHIIEHEH BBICOKOIHEPTeTHYECKUM HOHHBIM ITydkoM. McciemoBaHel KpUBBIE
3aKUTAHUS, pa3psiiHbIe XapaKTePUCTUKH B 3aBUCUMOCTH OT THIA U JAaBJIeHUS pabodero ra3a, BEJIMYUHBI U TOMOJIO-
TMH MarHUTHOTO TI0JIS KaK ITPH aBTOHOMHOM, TaK M IPH COBMECTHOH paboTe IMIaHAPHOTO MarHETPOHHOTO pa3psaiaa U
HCTOYHHKA HOHOB. Vccie10BaHbI MPOCTPAHCTBEHHBIE XapaKTEPUCTUKHU TIOTOKOB HOHOB.

PO3POBKA TA JOCJIJI)KEHHS KOMBIHOBAHOI MATHETPOHHO-IOHHO-ITPOMEHEBOI
PO3MOPOIITYBAJBHOI CHCTEMH

C. /lyoin, O. Tkauenko, A. Il{ubpa, C. Axogin, O. 3ukos, H. Epumenko

Po3pobiieHo Ta 1OCHiIKeHO XapaKTepUCTUKH HOBOi KOMOIHOBaHOT MarHETPOHHO-10HHO-IIPOMEHEBOT PO3IOPOIITY-
BIBLHOI CUCTEMH 3 MIUTOMHUMH ITapaMeTpaMH, sIKi BiAMOBIJAIOTh MMPOMHCIOBOMY BHUpOOHUITBY. CHcTeMa 103BOIISIE
HAHOCUTH TOKPHUTTS SIK 3a JJOIOMOTOI0 MarHeTPOHHOTO PO3PsAY, TaK 1 HMIISIXOM IEePEepO3HNOPOIICHHS CKIIaJHOKOM-
MO3UI[IHHUX MillleHEH BUCOKOCHEPTETUIHNUM i0HHUM ITy4KOM. J[OCIIIXKEHO KPUBi 3aNaIfOBaHHS, PO3PSIHI XapaKTe-
PHUCTHKH B 3aJIe)KHOCTI BiJ THUIy Ta TUCKY PoOOYOro rasy, BEMHYMHHU Ta TOIOJIOTIi MarHiTHOTO TOJIS SIK TIPH aBTO-
HOMHIiH, Tak i mpH cyMicHiif poOOTi TUIAaHAPHOTO MAarHETPOHHOI'O PO3pPsIy Ta JuKepena ioHiB. JlocmimkeHi mpocTo-
POBi PO3IMOLIHN MOTOKIB 10HIB.
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