SYNTHESIS OF THIN-FILM TA,0s COATINGS BY REACTIVE
MAGNETRON SPUTTERING

S. Yakovin, A. Zykov, S. Dudin, N. Yefymenko

V.N. Karazin Kharkiv National University, Kharkov, Ukraine

The investigation results of optimal conditions for synthesis of thin-film tantalum oxide dielectric coatings us-
ing the cluster multipurpose setup are presented. The set-up consist of DC magnetron, ICP source, and medium-
energy ion source. Tantalum oxide was deposited by reactive magnetron sputtering using DC magnetron in atmos-
phere of argon and oxygen. The oxygen flow was activated by passing trough the ICP source. The described equip-
ment allows independent control of the flows of metal atoms, of reactive particles, and of ions of rare and reactive
gas. The current-voltage characteristics of the magnetron discharge were measured as well as teir dependencies on

argon pressure and oxygen flow.
PACS: 52.77.-j, 81.15.-z

INTRODUCTION

Tantalum, the transition metal, possesses unique
physical and chemical properties. So, yielding up only
to tungsten by melting point (T,,= 3017°C), tantalum
has outstanding chemical durability, considerably excel-
ling on this parameter such metal, as gold. A tantalum is
a good conductor and unique metal which is not torn
away by human tissue [1, 2].

A higher oxide of tantalum Ta,Os is an excellent
dielectric (¢ = 28...32), has high mechanical character-
istics, is chemically and biologically inert. After the
special treatment it acquires electret properties [3]. lon-
plasma technologies of synthesis of Ta,Os stoichio-
metric coatings provide the control of electret properties
in the deposition process. It is succeeded to get coatings
with the effective surface charge density more than
110 K/m? keeping practically unchanged properties
during long time [4].

Getting together with an implant in the human or-
ganism the electretic film affects locally the damaged
organ contributing to its treatment in optimum biologi-
cal terms. This process has a natural effect consisting of
that external short-range electric field of certain value
and sign, operating at cellular level, is the catalyst of
appearance of new healthy formations in living texture.
Therefore a new rise in area of prospective biocoatings
is associated with the use of new dielectric and electret
coatins of tantalum pentoxide [5, 6].

In previous study the results of elaboration and in-
vestigations of cluster technological setup for synthesis
of complex compound composites were demonstrated
[7]. The presented set-up consists of complimentary
DC-magnetron system, RF-inductive plasma source and
ion source. The system allows to control independently
the fluxes of metal atoms, chemically active particles,
ions and also to synthesize the thin films of complex
compound composites, including nano composites.

The research results of the different module com-
ponents were published previously:

o the research of the low-pressure DC magnetron [8];

o the research of arcing processes at the magnetron
target in the oxygen atmosphere [9];

o the research of the target passivation [10];
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o the research of the ICP source [11].

On the base of this module we created the experi-
mental multifunctional cluster ion-plasma system with
parameters corresponding to the demands of industrial
operation. The main purpose of this system is synthesis
and processing of complex-composite (including nano-
composite) coatings and structures based on TiAIN,,
TiAIO,, Al,Os, ZrAlO, and their combinations.

In the present paper the results of technological re-
gimes investigation of thin-film Ta,Os deposition using
reactive magnetron sputtering are presented in compari-
son with analogous results for Al,Oz. The depositions
performed in the cluster set-up comprising planar mag-
netron, plasma source and medium energy ion source.
On the basis of the measured characteristics the techno-
logical “window” is determined and some properties of
deposited Ta,Os coating are investigated.

1. EXPERIMENTAL SETUP

The cluster set-up is schematically shown in the
Fig.1. The system consists of the low-pressure magne-
tron 2 located on the butt end of chamber, the RF induc-
tive source of plasma and activated particles of reactive
gas 3 located inside the chamber, and the ion source 6
located on lateral flange of the chamber. The relative
location of these components has been chosen to pro-
vide the possibility of the simultaneous action on the
processed surface of the flows of metal atoms, activated
particles of reactive gas and ions of rare or reactive gas.

In the system a planar magnetron with permanent
magnets is used. The magnetron power supply allows to
bias the magnetron target at up to 1 kV negative poten-
tial with the discharge current up to 20 A, maximum
power of the supply is 6 kW. The magnetron target of
170 mm diameter is made of tantalum. Distance from
the target to the processed samples is variable within the
limits 100...500 mm in the case of pure magnetron dep-
osition, and is fixed to approximately 300 mm for the
case of simultaneous operation of the magnetron and the
ion source.

The RF inductive plasma source 3 serves as plasma
activator of the reactive gas, and also produces a stream
of slow ions and electrons. It may operate simultane-
ously with the magnetron and was applied for deposi-
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tion of metal oxides. The plasma source is placed inside
the vacuum chamber that allows to choose the optimum
relation between the distances from the magnetron to
samples and from the plasma source to samples.
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Fig. 1. Scheme of the cluster set-up for complex compo-
site compounds synthesis. 1 — DC magnetron power
supply; 2 — magnetron; 3 — RF ICP source; 4 — RF gen-
erator; 5 — RF matchbox; 6 —ion source; 7 — probe;

8 — DC power supply power supply for samples polari-
zation; 9 — samples rotation system; 10 — shutter

The RF inductive plasma source is supplied with
the RF power of up to 1 kW (frequency 13.56 MHz) by
the RF generator 4 which is connected to the inductive
coil via the RF matchbox 5.

The ion source 6 “Radical M” [12] produces the ion
beam with mean energy of 0.5...1.5 keV directed to the
processed samples and can be applied as standalone
device for etching of the samples and cleaning the sur-
face before the coating process as well as simultaneous-
ly with the magnetron discharge for synthesis of coat-
ings with different unique properties.

Using the pulsed power supply 8 it is possible to
apply a constant or pulsed voltage of different duty cy-
cles to the rotated substrate holder 9 for the samples
polarization.

2. EXPERIMENTAL RESULTS

In order to determine optimal conditions for synthe-
sis of tantalum oxide dielectric coatings the current-
voltage characteristics (CVC) of the magnetron dis-
charge, and dependencies of the current and the voltage
on the argon pressure and oxygen flow were measured.

Figs. 2, 3 presents the current-voltage characteristic
of the magnetron with tantalum target in argon and in a
mixture of argon with oxygen at various oxygen flows.
As shown in Fig. 2 CVC in argon is weakly dependent
on the argon pressure.

Fig. 3 shows the current-voltage characteristics for
tantalum target for different oxygen flow rate. As it is
seen from the figure the magnetron current-voltage trace
in the argon-oxygen mixture is N-shaped and hysteretic.
In the whole discharge current range the curves lay
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higher then the characteristics for pure argon. The right
side of the trace represents the “metal” target mode
while the left side corresponds to passivated target sur-
face. The region of stoichiometric Ta,Os coatings depo-
sition is in between the dashed lines.

The dependencies of magnetron discharge voltage
and current vs. oxygen flow rate (Fig. 4) also demon-
strates hysteresis effect. As it is seen from the figure in
the “passivation” mode the magnetron voltage increas-
es by 20 % while the magnetron current show a three-
fold drop.

600 - 1
400 / i
>_ | — p=6*10'4 Torr
> —— p=8*10" Torr
200} p=10*10" Torr
—— p=15*10" Torr
0 L 1
0 2 4 6 8 10

Fig. 2. CVC of magnetron discharge for different argon
pressure. The target material: tantalum
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Fig. 3. CVC of magnetron discharge for different flows
of oxygen. Argon pressure p = 8-10™ Torr, the target
material: tantalum

400} {4
> <
= 2ooﬁd 27

0 3 5 a0 800
0,, Scem

Fig. 4. Voltage and current curves of magnetron dis-
charge vs oxygen flow. Argon pressure p = 8-:10 Torr,
the target material: tantalum

In the Fig. 5 CVC for tantalum and aluminum tar-
gets at pure argon and Ar/O, mixture are presented for
comparison. As can be seen from the Fig. 5, the CVC
for Al is S-shaped, and consists of the transition region
and two saturation regions: the higher for pure argon,
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and the lower appearing in the target passivation mode
at sufficiently high flow of oxygen. For medium flow
values of oxygen there is a region with a negative slope.
The CVC for tantalum in Ar/O, mixture is N-shaped
and the discharge voltage is higher than the same one
for pure argon.

600 :
= I s I S )
T
400 i =
- 400 -
= Taq=0 =
2m —— 14
S 1200
— lalgs
0 - 0
0 2 2 6 g 10
A

Fig. 5. CVC of magnetron discharge for tantalum and
aluminum targets. Argon pressure p = 8-10" Torr

3. TECHNOLOGICAL REGIME

The obtained results allow us to choose the "pro-
cess window" for the synthesis of oxide tantalum coat-
ings. As in the case of alumina coatings it is advanta-
geous to carry out the Ta,Os synthesis in “metallic”
mode when the target is far from the passivation. Unlike
the alumina case the tantalum target does not demon-
strate the dramatic drop in the magnetron voltage.
However, as can be seen from the Fig. 4, the discharge
power and consequently the deposition rate drops sig-
nificantly with the oxygen flow rate growth. So, the
limiting factors for the “technological window” are the
deposition rate drop at high oxygen flow and non-
stoichiometry of the deposited coating from the opposite
side (see Fig. 3).

Thus, the sputtering process was conducted in the
modes far from the target poisoning and simultaneously
providing stoichiometric composition of the deposited
film. Also, such deposition conditions allowed us to
avoid micro-arcs and micro-drops formation. The opti-
mum conditions were implemented in the right part of
the volt-ampere characteristic curves of a magnetron
discharge in argon with oxygen.

The main parameters during the technological pro-
cesses were monitoring by PC and the typical time de-
pendences of these parameters and technological steps
for deposition of Ta,Os single-layer and Ta,0s/Ta mul-
tilayer films are presented in the Figs. 6, 7.

The tantalum pentoxide ceramic coatings deposited
by magnetron sputtering process had been investigated
in [13, 14]. The coatings were transparent and amor-
phous and the surface showed no cracks. In [13] the
influence of ion bombardment onto the properties of the
tantalum oxide film has been investigated while un [14]
our coatings are compared with the coatings deposited
by electron-beam evaporation.

Fig. 8 shows the surface photos of Ta,Os obtained
using transmission electron microscopy (TEM) and
atomic force microscopy (AFM).
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Fig. 6. Single-layer process. 1 —samples cleaning;
2 —film deposition
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Fig. 7. Multilayer process. 1 — samples cleaning;
2 —target training; 3 — Ta,Os/Ta film deposition

Fig. 8. TEM image (a) and AFM surface image (b) of
oxide ceramic coating Ta,Os

CONCLUSIONS

Thus, in the present paper the experimental results
of the current-voltage characteristics research of the
magnetron discharge in inert (argon) and reactive (oxy-
gen) gases are presented as well as the dependencies of
the magnetron current and voltage on the reactive gas
flow in the case of tantalum target.

Basing on the research results it has been found that
the deposition of the tantalum oxide coatings is most
expedient to perform at the right branch of the CVC, i.e.
in "metallic mode™.

On the basis of the measured characteristics the
technological “window” is defined. Single-layer and
multilayer tantalum oxide coating were produced and
investigated.
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CUHTE3 TOHKHUX IIIEHOK Ta,0s METOJI0OM PEAKTUBHOI'O MATHETPOHHOI'O
PACHIBIUIEHUSL

C. Axosun, A. 3vixos, C. /[youn, H. Eghumenko

[IpencraBnensl pe3ynbTaThl UCCIETOBAHNAN U1 HAX0XKIEHHUS ONTHUMAJBHBIX YCIOBUI CHHTE3a IUAIEKTPUYECKHX
TOHKMX TUIEHOK OKCHJIA TaHTajJa B KIACTEPHOW MHOTO(YHKIMOHAIBLHON yCTaHOBKE. B ycTaHOBKY BXOZAT: Marue-
TPOH NOCTOSIHHOTO TOKA, NHIYKIIMOHHBIM UCTOYHUK I1a3Mbl U HCTOYHUK HOHOB CpelHUX dHepruil. OKcuj TaHTana
HAHOCHJIY PEAKTUBHBIM MAarHETPOHHBIM PACIBUICHHEM C IIOMOILBIO MAarHETPOHA IIOCTOSHHOI'O TOKA B CMECH aproHa
u kuciopoza. Jus akTUBaLUU MOTOK KUCJIOPOJA MPOIYCKalIW 4epe3 MHAYKLUOHHBIA MCTOYHUK IUIa3Mbl. [laHHOE
000py0BaHHE IO3BOJISET HE3aBUCHMO KOHTPOJIUPOBATH MOTOKM AaTOMOB MeTaJlla, aKTMBMPOBAHHBIX YaCTHUI] U
HOHOB HMHEPTHOI'O WJIM PEAKTHBHOIO ra3oB. bbUIM M3MEpEeHb! BOJIbT-aMIIEPHBIE XAPAKTEPUCTUKU MarHETPOHHOIO
paspsijia, 3aBUCUMOCTH TOKa M HANpPsDKEHUs paspsaa OT JaBJICHHs aproHa M notoka kuciopona. [Tokpeitus Ta,Os
OBUIH CHHTE3UPOBAHBI IPH PA3IUYHBIX YCIOBHUSIX.

CHUHTE3 TOHKUX IIJIIBOK Ta,0s METOJIOM PEAKTUBHOI'O MATHETPOHHOTI'O
PO3IMUJIIOBAHHSA

C. Axogin, 0. 3ukos, C. /[yoin, M. Epumenko

[IpencraBneHo pe3yabTaTH JOCHIPKEHb JUIS 3HAXO/KEHHS ONTHMAIIBHUX YMOB CHHTE3Y JIEJEKTPHYHUX TOHKHX
TUTIBOK OKCHJY TaHTaJy B KilacTepHii O6ararodyHKIiOHaJIBHIM ycTaHOBHI. B ycTaHOBKY BXOJSTH: MarHeTpoH IOC-
TIHOTO CTpyMYy, IHAYKIIHHE JUKEPEIo TUIa3MH 1 JUKEpeso 10HIB cepeHix eHeprii. OKCH TaHTally HAaHOCWIIN pPeak-
TUBHMM MarHeTpOHHUM PO3IMJICHHSM 3a JIOTIOMOrOI0 MarHETpOHa MOCTIHHOTO CTPYMY B CYMIlli aproHy i KHCHIO.
Jlis akTHBAIil NOTIK KHCHIO MPOITyCKAJM Yepe3 iHIyKIiiHe Kepeno mia3Mu. JlaHe o0iagHaHHS J03BOJISIE He3ale-
KHO KOHTPOJIIOBATH MOTOKM aTOMIB METally, aKTHBOBAaHHMX YaCTHHOK Ta 10HIB iHEPTHOTO ab0 PEakTHBHOTO ra3iB.
Bynu BuMipsHi BOJIBT-aMIIEpHI XapaKTEePUCTUKA MAarHETPOHHOTO PO3PAY, 3aJIEKHOCTI CTPYMY Ta HAPYTH PO3PSILY
BiJl THCKY aproHy 1 nmotoky kucHio. [Tokputrs Ta,Os Oyiu CHHTE30BaHi IPU PI3HUX YMOBaAX.
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