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Magnetronplasmasourcesare nowadayswidely usedfor sputteringand film deposition
applications I]. A DC magnetron plasma essentiallya glow dischargeestablishedetweena
cathodeandthe walls of the vacuumchamber Permanenimagnetsiocatedinside the cathode
create a magnetic field configuration actingaamagnetictrap for the electronswhich typically
have a temperature of a few eV. A strong ionisasioarceis thus presentin the regionlocated
in front of the cathode.Cold ions createdin this region are unmagnetisedso that they are
accelerated towards the cathode, causing sputtering from its surface.

A still debatedproblem concerningDC magnetrondischargesis the processby which
electrons are lost from the magnetic trap. The presencpaiéatialfall in the proximity of the
cathode at all pressutevels hasbeeninterpretedas a proof that electrontransportcoefficients
arenon-classica[2]. Severalauthorshavesuggestedhat instabilities giving rise to nonlinear
coherentmodesor turbulencemight be responsiblefor an anomalouscross-field electron
transport. To our knowledge only oegperimentainvestigationof low-frequencyelectrostatic
fluctuationshasbeencarriedout in this kind of plasma[3]. In ref.3 density fluctuationsof a
few percentwere measuredy Langmuirprobes,and by anindirect methodthesefluctuations
were inferred not to be relevant for electron transport.

We report measurementsf floating potential V, and ion saturationcurrent |, made by
Langmuirprobesin a DC magnetronAr plasma[4]. The magnetrondeviceis cylindrical, so
that the usua{r,,z) cylindrical coordinateswill be usedto describeit. The magneticfield has
rotational symmetryaroundthe z-axis. The vacuumchamberhas a diameterof 40 cm. The
magneticfield configurationin proximity of the cathodeis shown in fig.1 at fixed ¢. The

cathode has a diametef 10.2 cm andits

o - - :u ) j P i_ surface is located at z = 0. Thangmuir
nE Z‘% L probe system used in the present
= w_ o i 2 campaign is sketched in tiesetof fig.1.
¥ b L s 2 It is madeup of three electrodes,each
Wi o Lo n¥Y 4w < 1 consisting of a tungstenwire with a
of vy L)/« <7 3 length of3 mm andaradiusof 0.1 mm;
5'»0—? o - ., . ,— the distancebetweentwo nearbywires is
E"’_ﬁ %: P N i <z i _ 8 mm. Each electrode emergesfrom a
P > “Twar—] Stainlesssteel cylindrical pipe 150 mm

. —;_ long and with 4-mm diameter and is

o . o isolated from it. A 25-mm diameter
Fig.1: Magnetic field map inside the magnetron ™ , .
sputtering deviceTwo differentscalesare usedon Cylinder supportsall three pipes and is

the two halve®f the plot. r=0 is a symmetryaxis. mountedon the shaft of a manipulator
The probe layout is shown in the inset.
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03¢ = SRR 60 allowing horizontaltranslation.The two
0B ' °° 15%.7  probeson the sideswere left floating
g o2pl ° e ° 44 & and were used to measureV, The
gost . ’ 730 5 middle one was biasedat -100 V. The
§ 01F o %Y gzog current flowing through it wameasured
> 0.05 |- Cogq e 1102 by means of a transconductance

S . 40 amplifier (currentto voltage converter)

300f o ® E with a 500 kHzbandwidth.This current
28 ; was taken as representative of I
— 200F 3 oo .
< lzz; o ® . althoughit is well known that in cold
- Look ] plasmas, due tthe expandingsheathiit
C [ J = . . . .
ol o e° ° E is difficult to properly determinean ion
N R saturation currentegime[5]. The probe
-10 0 10 20 30 40 50 60 70
r [mm] system was located at z =13 mm

Fig.2: Top: fluctuation levels (RMS values) ofavid abovethe cathodesurface.A horizontal
| Bottom: radial profile of the average | scan of position was performed at a
powerlevel of 300 W anda pressureof 1 Pa. A power scanwas also performed.For each
positionand powerlevel, V, and |, datawere recordedfor 0.2 s at a samplingfrequencyof

1 MHz usinga 12-bit digital oscilloscopelt is importantto notice that thesemeasurements
were made using rectified and filtered mains voltage as power supphefdischargelndeed,
as mentioned in ref.3, switching power supplies normally used for magnetron ptasenase
to voltage ripples (typicallat 50 kHz and higher harmonics)which are"seen"by the probes,
overlapping the plasma fluctuations.

The fluctuation levels measuredat P = 300 W, computedas RMS values of the raw
signals,areshownin fig.2 (top). The averagel, profile is also shownin fig.2 (bottom). I
fluctuationsreachvaluesas high as20% of the averagd , i.e. substantiallyhigherthanthose
reported in ref.3. Fluctuations of both &hd | are highest around r = 40 mmhich is in the
middle of the magnetictrap. The probe collection areawas A = 12 mnf. Assuming an
electron temperaturef 2 eV, i.e. similar to what previouslymeasuredn the samedevice[6],
the peak density at r = 40 mm results n = 1.4.40.

300 e e e From the two simultaneousV,
250 measurementsnade at a distance
=20 d =16 mm the spectral density
%ig ﬁ \ - S(k,f) was evaluatedpsing the two-
5 - point techniquecommonly used for
8 1"'}:40 - S e fluctuation measurements the edge
250 of fusion plasmag[7]. Here and in
< 2 the following k is thewavenumbein
%ig N . the direction connecting the two
g 1 probes,i.e. in the ¢ direction. Fig.3

P i A

-1 0 1 -1 0 1 -1 0 1

shows S(k,f) for six radial
insertions. Thegrayscaldas suchthat

k [cm™] k [em™] k [em™]

Fig.3: S(k,f) for six different radial positions.
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darker regions correspond to higlpawer.

180
160 7 _ o | Thegrayscaleis different for eachframe,
wh © oof 0o Loo 1 i.e. graylevelsof different framesare not

Tl © °°9°9° 7 4 aaa | directlycomparable.

S0l 4 Aaaanst L agm The most interestingfeature detectedin
80 | Emgmn 1 fig.3 is the presenceof discrete peaks,
6ol o0 1 correspondingto coherentmodes. While
2 ettt the frequencyof the peaks seemsto be
1?: . ; : almostindependenbf r, the wavenumber

— 05¢ m 2 is found to vary. This is confirmed by

'é oF n é & - . fig.4, where frequency and wavenumioér
05 - o ! 3 the peaks have been plotted daraction of
* 3 " 3 r. Thegraphof k vs r suggestsan aliasing
1_'2?””_“_”‘_” o = effect, taking place becauseof the finite

B
o

00100 A 0 6070 distanceof the probes.This effect causes
Fig.4: Frequency (topand wavenumbe(bottom) modes with |k| > k , wherek . = n/d =
of the coherent modes. Different symbols196 cm’, to be seen as having

correspond to different modes.
wavenumber k'=k + 2k ... Some

measurements made using the central tipcarecbf the lateralones,i.e. a configurationwhich
allows to detectk up to 3.92 cm', haveshownthat the aliasedmeasurementare thosewith
r <40 mm.

In fig.5 the wavenumbergorrectedfor the aliasing effects are plotted, togetherwith the
correspondingvavelengths Wavelengthsranging from the size of the device (the vacuum
chamberhasa diameterR = 40 cm) down to somethingmore than 1 cm are found, with a
general trend to decrease going towards the center of the magnetic trap.

The scan in the dischargepower has
shown that frequencyand wavenumberof
| the coherentmodesare almostindependent
N 41 of thepowerlevel for P > 100 W. On the
A ] contrary, at P < 100 W the peaks

1 corresponding to the coherent modes
: 1 disappear from the power spectrum.
1(‘)?);””“‘” ””w”‘“‘”“”‘“”‘;””; The particle fluxdrivenin the cross-field

g 1 direction by the electrostatftuctuationshas
.3 . been evaluated using the two V,
measurementandthe |, measurementThe
1 techniques the sameroutinely usedin the

2 edge of fusion devices [8]: the flux is
ammr B0 evaluatedin the frequencydomain as the

0o S 0 % ™ integral over all frequencies f difie quantity

Fig.5: Wavenumbercorrected for the aliasing -iK()P(f), where P (f) is the cross-

?gfet?t (;Op) and corresponding wavelength spectrumbetweendensity n and plasma
ottom).

O T
r O.'l
s

_1}

orme -
|

_2:,

k [cm™

-3}

4L

m

T o
o

e |
[
1

on
|

Alem]

10 o

orl @

o -

-10

1054



27th EPS CCFPF 2000; E. Martineset al. : Electrostatic turbulence characterisation in a DC magnetron plasma

potential¢. Temperaturdluctuationshavebeenneglectedpy taking¢ = V, andn = 2I/Ac,,
with the ion sound velocity,computed assuming a constant electron temperature of 2 eV.
The particle flux measured at r = 40 mm is plotted in fig.6 as a function of the fexhter
the dischargeln the samegraphthe currentdriven betweencathodeand vacuumchamberis
alsopresentedThe flux is mainly due to the coherentmodesshown as peaksin fig.3. The

A L L I I I AR A measuredlux is of the sameorder

7 F| e Particle flux o ] .

5 L[ o Discharge curen} 115 Of magnltgdegs one coulq expect
= | o e ] g by considering the discharge
:E St 5 § current to be carried in equal
=] r . .
= 4t o * 11%  fractions by ionsandelectrons and
2 r ° E . .

v 3l 5 g estimatingthe numberof electrons
o L ° — . . . L
5 ,f 1,.= Qeneratedby ionisation inside the
0° o ] volume delimited by the magnetic
1L o ]
P ] surface touched by the probes.
Lo [ ] ]
0O logg@ L+ v v v v v v v vy vl b b be e 100 Q
0 00 e e o e0n eon ron aoo Furthermoreat powerslargerthan
Power [W] 100 W the flux is found to grow

Fig.6: Particle flux atr = 40 mm anddischargecurrent almost linearly with  power,
plotted as a function of the power. similarly to what found for the
current, so that the ratio of the two is roughly constant.Although still inconclusive,these
resultssuggestthat the waves detectedwith the Langmuir probescould give a significant
contributionto the cross-fieldelectrontransport,unlike the situationfound in the device of
ref.3. On the contrary, at very low power this contribution appearsto be negligible, in
agreement with the absence of the coherent modbe power spectrum Furtherexperimental
work is now requiredto confirm thesehypothesesandto characterisehe transportdriven by

electrostatic fluctuations over a broader range of plasma parameters and positions.
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