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ABSTRACT + For production scale systems, where a long non-stop
operation is required, the problem of “vanishing” anode
can be serious, caused by anode oxidation in the oxygen
plasma with a relatively high partial pressure of oxygen
in the deposition chamber. The oxydation of the anode
and/or chamber walls can be responsible for increased
arcing as well.

A more than 10 times improvement of the reactive sputtering
deposition rate has been achieved for, Filts using micro-
wave downstream plasma atomic oxygen source. The micro-
wave plasma was maintained outside the sputtering deposi-
tion chamber and excited radicals were delivered to the main
deposition area using pyrex tubing. The total amount of oxy-

gen gas flow in the chamber was significantly reduced @Fhe deposition rate for oxides is reduced because the sputter-

compared to conventional magnetron reactive sputtering % yeild for oxides is much lower then for metal surfaces [1].

the same cathode power. The magnetron cathode was runﬂ?is problem is important in the applications were fairly thick

meltalhcl: mode,t v;h_lltihator_nlc oxyge? and exm_t(tjaddcf)xygerhlms are required, such as anti-reflection coatings and dielec-
molecules created in the microwave plasma provided 1or CoMig e mirrors, for example. In the production environment, the

plete .oxidation of the growi.ng.film. The films grown are Char'Iower deposition rates mean a larger number of cathode posi-
acterized by good transmission and small absorption Valu‘?i%ns in the deposition line (larger and more expensive sys-

.S'm”%r] to 3265. obtaw(;e((jj byb‘f’ll. confv(:]nnglnal reactlvcle sputtz{—im) or lower line speed and throughput. The arcing limits the
Ing. The adnhesion and durability of the films were also goo aximum power applied to the cathode which, in turn, limits

the deposition rate and the throughput of the system. In addi-
tion, even very small arcing often renders film quality unac-

_ . . . ceptable and can mean extra down-time for target change and
Magnetron sputtering is a widely used technique for reactlvglean_up

sputtering deposition of thin films in both experimental and

production §ca|es. It allows to achieve a very high deF’OSitio‘?’he importance of these problems has drawn a persistent at-
ratgsf reaching up to_ slev?:ral hundreds .Of Anfgstro?s PET S&&ntion of researchers on both basic research and large scale
ond for some mf';\terla s. roran excgpnqn of con UCtive 0% quction level. Among the recent approaches for arcing
ides, the sputtering deposition of oxide films is usually don roblem is the sputtering in the pulsed DC mode [2,3] with a
in reactive mode, when a metallic target is used and molec Jpical frequency being in the 10 - 100 kHz range ll'he peri-
lar oxyger_] IS a‘:did o the_worllf_:ng Q_ﬁls mlxtL;]re_ to pro}/]'de fr? dically terminated discharge helps to kill any possible arc
an oxiaation of the growing film. This technique, thougny, . .4 develop during sputtering. AC sputtering is another

being fairly simple and straightforward, has some “mitationsalternative [4], which proved to be quite effective in reducing

They come mostly from the fact, that during reactive SpUtterélrcing. It can be done between the two cathodes or between

ing the tgrget itself also gets partially oxidized. This leads e cathode and the grounded dark space shield around it.
several important consequences: Various arc detection and arc suppression circuitry can be
used with conventional DC sputtering [see for example 5].
The deposition rates for oxides is typically 3 - 20 timesThis circuitry terminates the plasma each time when an arc is
smaller than for corresponding pure metals. For a numbeletected. As a matter of fact quite a few of various pulsed DC
of practically important oxides such as Téhd SiQthe  / AC sputtering power supplies as well as arc-killer units are
maximum achievable deposition rate is often less thebeing offered by several manufactures of sputtering equip-
10-20A/s. ment lately.

Arcing is a serious problem for a number of most impor-
tant oxides, including SIQAIO,, TiO, and others.
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Still another approach is to use a different design of magneroviding for the small partial pressure of oxygen in the cham-
tron sputtering deposition in which the target is made in theer. Therefore, no significant oxydation of the target takes
shape of rotating cylinder and the stationary magnets are placpthce, the target is run in metallic mode and high sputtering
behind it [6]. In this approach the fresh areas of the target arate is achieved. As a remote plasma source in this wok we
being exposed to plasma all the time. The major advantage eéed a microwave downstream plasma source which is known
this approach is better utilization of the target material, howfor its highly effective dissociation of molecular oxygen reach-
ever it was also reported to somewhat improve the other sputg up to 70% for oxygen gas flows of 75 sccm [9].

tering parameters, such as figher deposition rate and reduced
arcing. The whole device, however is quite mechanically com-
plicated. Some research efforts were published on using etch-
ing gases like Cfor CCl, in the working gas mixture during
sputtering deposition of optical oxides such as, i@ TiQ

[7]. The rate enhancement of up to several times have been
observed. Unfortunately, in this technique the properties of
the film are also affected due to Cl and F atoms incorporation

il

into the growing film. This leads to decreasing refractive in- “gless

dex of the film, increased optical absorption and reduced me--.(j rirc / pup
chanical durability. All these problems need to be solved be- "

fore this approach can be successfully used. Al o,

. . . . Fig. 1. Experimental setup of microwave plasma assisted
The analysis of various approaches being used in addressing” . . o
. . reactive sputtering deposition. FC - flow controllers for ar-
the problem shows that considerable success has been indeé .
: . . on and oxygen, MW - microwave plasma source, C - cath-
achieved. However, the problem of low rate in reactive sput?

tering has not been solved yet, and the current solutions f8A€: S - shutter, HV - high voltage power supply.

the arcing problem still leave a lot of room for improvements.

Completely different approach can be realized, if one coulg. EXPERIMENTAL SETUP
decouple the oxidation of the growing film from the oxida-
tion of the cathode. Then the target can be run in metallithe experimental setup is shown in Fig. 1 Sputtering was
mode, but the growing film is still fully oxidized. This would done using 300 mm diameter round cathode placed horizon-
give a great enhancement in deposition speed and can allesly above the substrate. Target was 6 mm thick
to eliminate the arcing problem as well because the targedund plate of 99.99% pure titanium. As a substrate, a 100 x
surface is pure metal now. Unfortunately, in conventionalz5 mm pieces of soda-lime glass were used. The distance be-
magnetron reactive sputtering, the oxidation of the film isween the cathode and the glass was 6 cm. Prior to sputtering
strongly coupled with the oxidation of the target. the chamber was pumped down to the base pressure 6f 5.10
Torr. Then the target was pre-sputtered in the atmosphere of
As previous studies have shown [8], the atomic oxygen praargon for 15 min. Sputtering was done in the atmosphere of
duced in the magnetron plasma is the main source of oxidargon and oxygen with the total pressure of 2 mTorr. The
tion of the growing film. The magnetic confinement of p|asmaargon and oxygen gas flow was controlled by two mass flow
by a set of magnets placed behind the target, used in magn@ntrollersFC, the total gas pressure was measured with a
tron sputtering, provides that the most dense plasma is in@pacitance manometer.
fairly thin layer adjacent to the target surface. Therefore, the
oxygen atoms created in magnetron plasma effectively oxgust outside the vacuum chamber wall, the microwave plasma
dize the target surface as well. was created in the incoming gas flow. The plasma was con-
fined within 1/2" pyrex tubeéPT carrying the gas flow. The
The target and substrate oxidation can be decoupled if thgbe went through the microwave resonance cawity. The
additional remote plasma source is used to provide a flow ghicrowave power was fed to the cavity from a 300 W, 2.45
oxygen atoms on the substrate. This oxygen atoms will effeaqHz magnetron through a waveguide coupling section with
tively oxidize all the sputtered metal atoms arriving to th&natching stubs. All the incoming argon and oxygen was fed
surface of the growing film. If the flow of oxygen atoms is through thus created microwave plasma. The plasma source
matched to the flow of sputtered metal atoms, the backstreagt this kind, although being fairly simple, is characterized by
flow of oxygen reflected from the substrate will be small,high efficiency of molecular oxygen dissociation reaching as
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high as 70% as measured by N@emical titration technique

[10]. The source is described in more details elsewhere [9]. ® 100
C
S 80
The downstream flow of dissociated oxygen atoms and other IS f
excited molecules and radicals created in the plasma was de- % 4o
livered by the pyrex tub®T into the deposition area inside N
the chamber and directed towards the substrate. & 40
° r
. EXPERIMENTAL RESULTS § 20 /\/
©
The sputtering was done at the maximum DC sputtering power T 500 600 700
of 4 kW using argon flow rates in the range of 25 - 35 sccm. Wavelenath
The total pressure was maintained at 2 mTorr. The amount of avetength (nm)
oxygen flow was varied from 3 to 20 sccm. Fig.2.  Reflection (r) and transmission (t) spectra for ,TiO

films made by conventional magnetron sputtering in reactive

The type of sputtering mode could be easily identified in oumode without microwave plasma.

case of titanium based on color of the plasma. The metallic

mode has a characteristic blue color, while reactive mode has

a pink color. In our experiments, at the values of oxygen gas

flow in the range of 5 - 10 sccm, the sputtering was always

done in metallic mode. With the increase of oxygen gas load

higher than 15 sccm, the transition to reactive mode was ob-

served. The plasma color changed to characteristic pink color.

Without the microwave plasma we found that clear films could
only be obtained when the target was run in reactive mode.
Fig.2 shows the transmission and reflection spectra for the
films made in reactive mode without microwave plasma. The
molecular oxygen flow rate was 20 sccm and the DC power
was 4 kW. The films made in reactive mode have good trans-
mission and exhibit general interference maxima and minima.
The film thickness was 130 nm with a deposition rate of .38
nm/s. The spectra of the films made in metallic mode are pre-
sented in Fig.3. The DC power was the same, but the oxygen
flow was 6 sccm. One can see that transmission of the films
made in metallic mode (curve tl1) is quite poor. The typical
value for absorption in this case is about 50%.
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With the microwave plasma on, clear films could be obtained
in metallic mode as well as in reactive mode. In
metallic mode, the oxygen gas load was kept at 6 sccm for DC
power 4 kW, which is about 2/5 of the amount needed to Wavelength {nm)
cause the transfer to reactive mode. This way a steady metal-

lic mode of operation was assured. The argon flow rate was 30

sccm. Fig. 3 shows the reflection and transmission spectra S;_o;g 3. Reflection and transmission spectra for THDMS
.3. 5

the films obtained in metallic mode with the microwave plasme}nade by microwave plasma assisted sputtering (curves 12
on and off. The DC sputtermg power was 4 kW, the MICIO g t2). Curves r1 and t1 show the reflection and transmis-
wave power was 300 W. The film thickness was 212 nm. Th

q " ¢ 4.0 nm/s. which i than 10 i jon spectra of the film made without microwave plasma, all
eposilion rate was =.Lnm/s, which 1S more than IMes ralsther parameters being the same as for curves r2 and t2.
enhancement as compared with conventional sputtering. This

rate is close to the deposition rate of pure metallic titanium in
our case.

transmission

400 500 600 700
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With the increase of the oxygen gas flow in excess of 15 sceny, CONCLUSION
the color of the plasma changes to pink even when the micro-
wave plasma was on, which indicates that sputtering is now ifthas been shown, that the use of microwave plasma source of
reactive mode. The deposition rate drops down to the valuggomic oxygen in the magnetron reactive sputtering can in-
closed to those obtained without microwave plasma. crease the deposition rate by more than 10 times without al-
tering film properties. Results, obtained GO, films show
that in this case the deposition rate is close to that of pure

IV. DISCUSSION metal. It has been shown that the flow of oxygen atoms pro-

vides sufficient oxidation of the growing film, thus render its
In conventional reactive sputtering the oxidizer ishigh optical transparency, but allows for the target surface to
introduced as a molecular oxygen gas. This gas itself hagay in clean metallic mode. This technique has a great poten-
fairly small chemical activity. For example, the probability tial for industrial applications, provided that its successful
for an oxygen molecule to stick to the pure Si surface as gcale-up is done. The implication of this technique would

result of collision with that surface is in the range of 0.01 mean a costeffective way of great throughput improvement of
0.03 [11]. This molecular oxygen, however, is excited andhe current sputtering coaters.

dissociated in the plasma, and the chemical activity of the

radicals and excited species created in the plasma is MUREFERENCES:
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