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SYNTHESISOF ALUMINA COATINGS
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The investigation results of the DC magnetron sputtering system for synthesis of high-quality oxide coatings are
presented. In the system oxygen, activated by an independent Inductively-Coupled Plasma (ICP) source, is introduced
into an aluminum sputtering chamber as an alternative to conventional reactive sputtering techniques employing the
injection of ground state molecular O,. Characteristics of deposition behavior are investigated with and without the

activation of the reactive species.
PACS: 52.77.-j, 81.15.-z

1. INTRODUCTION

Aluminum oxide thin films are widely used in many
mechanical, optical and microdectronic applications be-
cause of their excellent properties, in terms of chemica
inertness, mechanical strength and hardness, transparency,
high abrasive and corrosion resistance, as well as insulat-
ing and optical properties. At present thin alumina coat-
ings (less then or about 1 micron) are used in production
of solar sells, elements for integra optics, diffusion bar-
rier applications and in microelectronics [1].

However, despite the obvious virtues of alumina coat-
ings, process of introduction of such coatings to the in-
dustry is in an initid stage, and scope of their use is far
from the same of TiN coatings. Direct current planar
magnetrons are widely used for deposition of metal coat-
ings [2]. At the same time ion-plasma synthesis of dielec-
tric coatings, in particular the oxides such as TiO,, Al,O;,
TaOs etc. by DC magnetrons has got some serious diffi-
culties for the simple reason that the films being proc-
essed do not conduct current. This leads to the target pas-
sivation, intensive arcing, and the ingability of discharge
(phenomenon of “disappearing anode’), that essentialy
constricts the “window” of technological parameters and
reduces the coatings quality. One of traditional solutions
of these problems is the use of high-frequency or pulsed
power source. However in this case the deposition rate
falls and the equipment cost is essentially increased.

Reactive sputtering from a metallic target is the pre-
ferred choice for high rate deposition, but here the control-
lability issues of target and anode oxidation must be ad-
dressed. Because of these issues, the search continues for a
solution providing high throughput, reproducible reactive
sputtering results for materials like aluminum oxide.

In this paper the results of development of the DC
magnetron sputtering system for synthesis of high-quality
oxide coatings are presented. The basic idea of the system
consists in separation of 2 processes. metal target sputter-
ing by DC magnetron discharge in inert gas and activation
and transport of reactive gas by additiona plasma source
based on RF inductive discharge [3].

2. EXPERIMENTAL SETUP

Film depositions were performed in a Bazers
BA-510A high vacuum pumping system with the base

pressure about 10° mbar. A schematic layout of the
magnetron and ICP source in the sputtering chamber is
shown in Fig. 1. A pure aluminum target of 170 mm
diameter mounted on magnetron 1 served as a sputtered
aluminum source. Power to the sputter cathode was
applied using 10 kW dc power supply 2, produced by
ITeE, operated in current or voltage regulation mode.
Current regulation was chosen in these experiments
simply as a monitor of process stahility. By allowing the
cathode voltage to drift, the level of poisoning could
easily be monitored by tracking the target voltage [4,5].

4 to vacuum
pump

Fig.1. A schematic diagram of the alumina deposition
system: 1 - magnetron, 2 - DC power supply, 3 - ICP
source, 4 - RF matchbox, 5 - RF power supply, 6 - substrate
holder, 7 - substrate shield, 8 - vacuum gauge

Argon used as the sputtering gas in al deposition ex-
periments was fed to the chamber independently of the
reactive oxygen — through the dedicated manifold — di-
rectly on the magnetron target. Hows for both argon and
oxygen were regulated using BETA ERG mass flow con-
trollers operated by two-channel process control unit.
Pressure monitoring in the sputter chamber was accom-
plished using Balzers PKR-250 Pirani/Cold Cathode
gauge 8.
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Oxygen for the reactive sputtering was delivered
through the ICP source 3 for all deposition processes. A
ceramic tube 100 mm in diameter and 120 mm in length
was used as | CP source chamber. The source was located
10 cm closer to samples than the magnetron such that the
ICP source did not block the path of sputtered aluminum
(see Fig. 1). The substrates were mounted at shielded sub-
strate holder 6 that allows to deposit up to 12 samples per

pumping cycle.

3. TECHNOLOGY OF ALUMINA SYNTHESIS
USING THE ICP ENHANCED REACTIVE
MAGNETRON SPUTTERING SYSTEM

The key novelty of the present system comparing to
known designs is the operation pressure range
(0.7-3.5)-10°mbar where motion of particles may be
treated as free fal. It dlows increasing the distance mag-
netron — substrate holder up to 30 - 40 cm, significant
increase in the deposition area with acceptable deposition
rate.

In Fig. 2 magnetron voltage-current characteristics are
presented at various oxygen flows. Measurements were
done in the following sequence. At high discharge current
(8 A) oxygen feeding was carried out up to the necessary
flow rate, and then the magnetron current was reduced
down to the passivated mode transtion. The dependence
of minimum DC power of the magnetron operation in
metallic mode has been in such a way measured versus
oxygen flow rate (Fig. 3). Apparently from the figureitis
practicdly linear with the slope of about 10-12 sccm/kW.

600 -
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Fig. 2. Current-voltage characteristics of the magne-
tron:1—Ar at 0.8 mTorr, 2 -0, at 0.8 mTorr

To achieve a stable environment for aluminum oxide
deposition and to provide control margin to the reactive
deposition process, the effective oxygen partia pressure
at the substrate was modified using the preactivation of
the reactive gas using the independent RF ICP source.
The idea of this technique is to deliver gas of improved
reactivity to the substrate, further-increasing the effective
oxygen partial pressure in the deposition zone and thereby
increasing the operating margin by maintaining the target
in a more stable range on the hysteresis curve. This idea
was successfully verified in our experiments.

The gandard sequence of the deposition process
stages used in the present experiments is described bel ow,
the choice of technological regime for stoichiometric

‘ target arcing threshold ‘|

1r ‘ target poisoning threshold ‘I
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Fig. 3. Dependence of minimum magnetron DC power P
for metallic mode operation on oxygen flow rate Q

alumina deposition was done with the help of diagrams
giveninFigs. 2, 3.

Question of principle at deposition of stoichiometric
Al,O3 films when using the directed source of activated
oxygen is the relative positioning of the magnetron, the
plasma source and the substrate. It has been established,
that alongside with main technological process parameters
(magnetron and RF discharge power, oxygen flow rate,
argon pressure), the geometrica parameters (distances
and angles of the magnetron and the plasma source in
relation to the substrate holder) determine 3-dimensond
Al,O3 stoichiometrical region in the chamber space.

In the Fig. 4 atypical 2D gtoichiometrical diagram of
the films synthesized in the present system is shown in
the plane passing trough the axis of the magnetron and
ICP source.
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Fig.4. 1 - magnetron, 2 - ICP source, 3 - substrate
holder with film transparency distribution shown.
Soichiometrical region is hatched

3.1. TECHNOLOGICAL BASELINE

1. The substrates (glass, clear an TiN coated high-speed
steel SW7M) cleaned in ultrasonic bath with standard
technology, were mounted on a shielded substrate holder
allowing multiple sample deposition per pumping cycle.
Processing started after pumping to the base pressure
10° mbar or less.
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2. The substrates were cleaned and activated in Ar ICP
discharge at pressure (1 - 3)-10° mbar and RF power
500 W during 5-15 min. DC hias (0, -100, -500, -1000 V)
was applied to the substrates, and substrate current was
measured.

3. After the cleaning stage the substrate bias was
switched off, the ICP discharge remained on, shield was
closed, and the magnetron was ignited at constant argon
pressure. After the oxidized magnetron target surface re-
covery to metallic mode and stabilization of the magne-
tron discharge parameters within 3-5 minutes, oxygen was
filled through I1CP source. Oxygen flow rate was set ac-
cording to the diagram in Fig. 3. After that fine tuning of
the ICP source matchbox was performed if needed.

4. The shield was opened, and deposition time counting
was darted. During the deposition process the RF
matchbox was tuned if reflected power exceed 10% of the
forward power. The magnetron power supply operated in
the current regulation mode, so no adjustment was neces-
sary.

5. After the deposition time termination the shield was
closed, oxygen flow was shut down, the magnetron power
supply and the RF generator were switched off, after that
delivery of argon was stopped and the chamber was
opened.

Process of aluminum film deposition was performed in
the same sequence, but without oxygen feeding.

4. CONCLUSIONS

To produce a fully oxidized aluminum oxide film and
reliably avoid target poisoning in a dc magnetron reactive
sputtering process one of two approaches must be taken:
1) to employ sophisticated feedback and control loops in
the gas ddivery system to maintain the oxygen partia
pressure at a precisely specified level or 2) to use directed
source of activated oxygen such that the oxygen partia
pressure at the target is measurably less than that required
to cause poisoning but the partia pressure and reactivity
at the substrate is adequate to produce the films of the

desired properties. The technique, explored in this study,
was shown effective in producing high quality aluminum
oxide films in a dc reactive sputtering environment with-
out the issue of target poisoning. Using these enhance-
ments, films deposited in the flat portion of the target
voltage hysteresis curve displayed properties comparable,
and in some cases, superior to those deposited near the
knee of the curve without the aid of the mentioned en-
hancements.

The complex application of these solutionsin the sput-
tering system has alowed to expand the range of stable
system operation: working pressure — (2-10)-10™Torr,
magnetron discharge power — (1-8) kW, power of chemi-
caly active particles source— up to 1 kW, coating deposi-
tion rate (for example Al,O3) — up to 8 microns/hour, and
to improve essentially the coatings quality.

The work was supported by COST 532 grant M 12
and Ministry of Education and Science of Ukraine (Pro-
ject 0100U003301).
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BJIMSIHUE AKTUBATIMU KNCJIOPOJIA HA TIPOHECC PEAKTUBHOI'O MAI'HETPOHHOI'O
CHUHTE3A NIOKPBITUN OKCHUJA AJIIOMHUHUSA

A. Banvkosuu, A.B. 3vikoe, C.B. /[youn, C./l. Axkoeun

Hpe,HCTaBJ'ICHI)I PE3YyIbTATHL I/ICCJ'IGHOBaHI/Iﬁ MaI‘HeTpOHHOﬁ paCHI:IJ'IPITeJ'IBHOﬁ CUCTCMBI, PICHOJII)?)YGMOﬁ JJIsL CHHTE3a
BBICOKOKAQYCCTBCHHBIX OKCHUIHBIX HOKprTHﬁ. B pa60qy}0 KaMCpy KHCIOPOJ HAITYCKACTCAd YKC IMPCABAPUTCIILHO
aKTI/IBI/IpOBaHHHﬁ mnpu MmoMomu HCTOYHHMKA Ha 0a3e BBEICOKOYACTOTHOIO HWHAYKIIMOHHOT'O pa3psaa, 4YTO SABIISCTCA
aHBTepHaTHBOﬁ O6LI‘IHOMy PCAKTUBHOMY MArHCTpOHHOMY HAHCCCHUIO, KOrJ1a B pa60qy10 KaMCpy HaIlyCKacTCd
MOJ'IeKyJ'IHpHBIﬁ KHUCJIOPOJ 02. I/ICCJ'IG,HOBEIHI)I XapaKTCPUCTUKU TIpolecCa HAHCCCHHA, KaK C npeaBapMTeanoﬁ
aKTPIBaIIPIGﬁ PCAKTHUBHOI'O ra3a, Tak u 0es3.

BILVINB AKTUBAIIIL KHCHIO HA ITIPOIIEC PEAKTUBHOI'O MATHETPOHHOI'O CHHTE3Y
IHOKPUTTIB 3 OKUCY AJIIOMIHIIO

A. Banvkosuu, O.B. 3ukos, C.B. [Iyoin, C./I. Ixosin

Hpe,HCTaBJ'ICHO pe3yiibTaTu ,HOCJ'IiH)KeHL MaFHeTpOHHO'l. pO3HI/IJ'IIOBaJ'ILHO.1' CHUCTCEMHU, IO 3aCTOCOBYETHCS IS CUHTC3Y
BHCOKOSIKICHMX OKHCHHUX HOKpI/ITTiB. B p06OLIy KaMCpy KUCCHb HAITYCKA€THCA BIKE MMONCPCAHBO AKTUBOBAHUM 3a J10I10-
MOI'OK0 BUCOKOYAaCTOTHOT'O iHHyKHiﬁHOFO JOKEpeiia, o € aJIbTCPHATUBOIO 3BH‘IaI>iHOMy PCAKTUBHOMY MAarHeTpOHHOMY
HaHCCCHHIO, KOJIH O0 p060‘10'1' KaMCpH MoAa€TbCA MOJ'IGKyJ'IHpHI/Iﬁ KHUCCHb 02. I[OCJ'IiI[)KCHO XapaKTCPUCTUKU TPOULCY
HAHCCCHHA, K 3 MOINCPCAHBOIO aKTI/IBaHi€IO PCAKTHUBHOI'O ra3y, Tak 1 Oe3 mei.
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