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Abstract

Fundamental properties of an in-situ chamber wall cleaning in a reactive electron cyclotron
resonance (ECR) plasma have been investigated using apoly-Si wafer onthewall, towhich adc
or radio-frequency (RF) surface voltage isinduced externally. Plasma parameters are measured
by a heated Langmuir probe. To keep the wall condition clean during the plasma processing,
we have found an optimum dc and RF sheath voltages without giving serious surface damage.
Our method proposed here for the in-situ chamber wall cleaning is quite effective for keeping
the wall condition constant during the plasma processing.

1. Introduction

Interactions between charged particles and a chamber wall have been of crucial importance
in processing plasmas as well as fusion plasmas, where impurities from the chamber wall
cause serious problems, resulting in an unstableness of plasma parameters [1]. Especidly, in
processing plasmas, it is quite important to establish awall cleaning technique for maintaining
the chamber wall condition constant during the processing. The cleaning technique gives rise
to not only areduction of production cost but also a quality improvement.

We have presented a new method for cleaning the chamber wall by inducing radio-
frequency (RF) surface voltage [2],[3]. In order to control the wall surface condition, the
energy of ions accelerated by the sheath potential toward the wall plays a key rolein the clean-
ing, because those ions impinging on the wall give rise to chemica and/or physical sputtering
effect on removing the impuritiesfrom the surface [2], [4].

In this paper, we investigate basic characteristics of an in-situ chamber wall cleaning in a
reactive electron cyclotron resonance (ECR) plasma[3],[4],[5]. The ECR plasmais generated
by a plane dotted antenna [6] with 6 circular arrays of permanent magnets. Here, we mainly
study the surface condition of the metal side wall, antenna, and substrate. The mechanism of
metal surface cleaning is as follows. A vacuum chamber is separated into several parts which
areinsulated electrically. By applying RF power directly to each of them in rotation, a negative
sheath potentia is induced on the surface of each part. The surface is cleaned by the sputter-
etching of positive high energy ions, in order to keep the wall condition constant without giving
much influences to plasma parameters|[3].
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2. Experimental apparatus %

A schematic of the experimental apparatus is shown in v
Fig. 1. A microwave of 2.45 GHz traveling through a Nog Ring electrode
rectangular waveguide is converted into a coaxial mode, |z P e
which isfed to the antenna. Animpedance matchingis  EH tuner

adjusted by E-H tuner between the rectangular waveg-
uide and the coaxial one. The plane antenna consists of _
an azimuthally 4-segmented dot of 5 mm in width and A
309 mm in diameter at theradial position corresponding

to the 4th magnet ring position asshownin Fig. 1. Cylin- or
drical permanent magnet pieces of 25 mm in diameter 1o MHZ? %gzgr%
and 20 mm long with the maximum magnetic field of = N

about 0.5 Teda at their surface center are attached to the

back plate of the antenna to form 6 magnet rings with a

magnetic field strength of 0.4 : 0.8: 0.8: 1.0: 1.0: 0.8 ratio on the antenna surface, where
1.0 corresponds to about 0.5 Teda. The ratio can be varied by either changing magnet species
or adjusting magnet positions under the conditions that the axial magnetic field B, has to be
reduced lessthan 10 Gauss on the substrate whichislocated at 12 cm away from the antenna and
that the plasma parametersin the radial direction have to be uniformin front of the substrate.

Substrate

(=]
©

Langmuir probe

=

Figure 1. Experimental apparatus.

Working gases is Ar, CF4, and H, with pressure range of 0.67 ~ 2.0 Pa. The flow rate
ratio of CF, and H, in the total working gases, i.e.,, CF,, Ho/(Ar+CF,+Hy), is 0~20 %. A
microwave power of 1,000 W is fed to the antenna. Spatial profiles of plasma parameters are
measured by a Langmuir probe[5] which is movable in the (r, z) plane, where r is a radial
distance from the center and z is an axial distance from the antenna surface. The cleaning rate
of the vacuum chamber wall is evaluated by measuring the thickness of polymer film deposited
on a stainless-steel layer covering a 1x 2 cm conductive poly-Si wafer, which is supposed as a
metal chamber wall. Chamber wall cleaning is established by either applying a dc bias to the
wafer on the wafer holder (DCW) or applying a radio-frequency(RF) bias to the wafer on the
ring electrode of 4 cm long and 54 cm in diameter as shown in Fig. 1. A surface temperature
of the wafer is measured by a thermocouple. Cleaning rate C'z and deposition rate Dy are
measured after the ECR plasma discharge during 60~180 minutes.

3. Experimental results and discussion

Figure 2 showsradial and axial profilesof theion saturation current I,;. Near theantenna, 1;, has
two broad peaks with small humps, which are almost symmetrical with respect to » = 0 cm.
With an increasein z, adistance between the peaks decreases gradually, being accompanied by
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a decrease in the peak height. As a result,
quite homogeneous (< + 5 %) radial profiles
areformed at z ~ 10 cm over 30 cm in diameter.

Using this ECR plasma source, we mea-
sure radial and axia profiles of the deposition
rate Dy before the cleaning as shown in Fig. 3.
It is confirmed that fluorocarbon like C,F, com-
poundsare deposited on the wholeinner chamber
wall surface. The deposition rate Dy, however,
drastically changes about 1 to 22 A/min with the
flow ratio of Hy/CF, as shown in Fig. 4. That
is, the deposition rate is markedly enhanced by
increasing H,. Thisdependenceis supposed by a
decrease of the amount of fluorine atomsthrough
the following reaction,

H+F — HF. (1)

The deposition of fluorocarbon film is necessary
for getting a high etching selectivity between
two layers of different materials on the substrate.
However, the deposition on the other wall except
substrate causesasourceof needlessradicals, fine
particles and temporal changes of plasma param-
eters. Therefore, the development of cleaning
techniqueinaCF,/Ar plasmawith H, gasisprac-
tically important.

Figure 5(a) shows dependencies of the
cleaning rate C'z and surface temperature 7, on
the surface dc sheath voltage V,;, measured at
z = 6.cm. Vg, isdefined as V= V,— V;, where
V, isaspace potential at (r, z) = (25,6 cm) (Vi~~
25V inthis experiment) and V; is dc biased sur-
face voltage. We have found that an optimum
value of the dc sheath voltage for Cz ~ 0O is
Vino = —45 'V for keeping the wall surface clean.
On the other hand, 7; ~ 40 °C and 7} has only a
weak dependence on V.
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Figure 2. Radial and axial profiles of ion satu-
ration current I;;. Working gas is argon. Gas
pressure is P. = 2.0 Pa and microwave power
is P, = 1 kW.
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Figure 3. (a) Radial and (b) axial profiles of
deposition rate D r. Working gas is Ar/CF4/H»
= 8/1/1.Total gas pressure is P. = 0.67 Pa
and microwave power is P,= 1 kW.

30 T T T T T T T T T

H,/CF,

Figure 4. Dependence of Dy on the flow rate
ratio Ho/CF4. Working gas ratio is Ar/(Ar +
CF4 + H) =0.8. P and P, are the same as
in Fig. 3.



1998 ICPP & 25th EPS CCFPP ----- In-Situ Chamber Wall Cleaning in Processing Plasmas

T " T " 100

S @ T -

i . T L A—tA—B—A 500
InFig. 5(b), we a so measure dependenciesof C'r E 0 R 1o =
and 7; on the time-averaged surface RF sheath 1oh ﬁ

. . - DC) 1

voltage V;;,, whichisinduced by radio-frequency L1 ‘ 1 " ( )1 100
(RF) power at the frequency of 13.56 MHz sup- £ ;,[,(®) T 1

. . . OE L t :5003
plied to the ring electrode. It is found that an E 0 — 0=
optimum value of Vi, for Cp ~ 0is Vipo= =35 _ | Cr i
V. Two effectsare considered for this decrease of e (RF)GB
Vino IN case of RF bias: the one is an existence Vs (V)

of ions with energy higher than that in dc-bias  Figure 5. Dependencies of cleaning rate C
case because of an expansion of the ion energy and surface temperature 7; on (a) surface dc
L i ) . sheath voltage V;, at z = 6 cm and RF (13.56
distribution function, the other is an increase of MHz) sheath voltage Vi, (time-averaged) at
surfacetemperaturefrom40°Cto78°C.Itisaso  z = 5 cm. Experimental conditions are the
noted that no remarkable wall surface damageis ~ S2Meas inFig. 3.
observed during the cleaning. This implies an existence of high selectivity of sputter-etching
between deposited impurities and metal wall. Therefore, our cleaning technique is quite useful

for in-situ chamber wall cleaning in the processing plasmas.

4. Conclusion

We have observed basic characteristics of in-situ chamber wall cleaning in a high-density pro-
cessing plasma, where the ion current density toward the substrate is higher than 1 mA/cm?. It
isfound that an optimum sheath voltage on the wall enables to keep the wall condition constant
during the processing without undergoing serious surface damage. These experimental results
confirm a quite usefulness of our method for the in-situ chamber wall cleaning in the reactive
processing plasmeas.
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