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ABSTRACT

We studied the dry etching of SiO, films and of crystalline
Si in a beam-plasma discharge in the gtmosphere of CF4 and SF6.
We obtained the 3182 film etching rate of 0,2¢dhﬁ/min at the
CI'y pressure 2,107<“torr and in the case of crystalline silicon
- 30pmein at the SF6 pregsure 0,5 torr.

1. INTRODUCTION

Lately intensive research of the Si and SiO, dry etching
under the influence of fluorine active radicals®created with
the help of HF and UHF discharges /1/.

Intensive fluxes of fluorine active radicals may also be
generated with the help of a beam-plasma discharge in molecular
gases containing fluorine, The beam-plasma discharge makes it
possible to obtain strongly inequillibrium plasme with great
difference between electron temperature and temperature of ions
and neutral gas (T > T,, T ) /2,3/. By correspondingly chan-
ging the power, ths accélerating voltage, the electron beam
current, the pressure in the chamber and the gas pumping rate,
it is possible to adjust the electron temperature, the ioniza-
tion and the dissociation degree.

The beam-plasma discharge in molecular gaseg is steadily
ignited in the vast range of pressures (5 . 10 °)torr; the ioni-
zation degree in the beam-plasma discharge depending on the re-
gime may be 107%41; the dissociation degree 0,1+1. The longitu-
dinal magnetic field directed along the electron beam permits
in certain regimes to carry on the geparation of the charged and
neutral components, that is rather difficult in the case HF and
UHP* discharges.

2., THE DESCRIPTION OF THE DEVICE

Fig.1 gives the scheme of the device /4/ for initiating the
beam-plasma discharge with the help of a stationary beam of acce-
lerated electrons, The device consiats of electron gun 1, reac-
tion chamber 2, differential pumping chamber 3, collector 4.

The gun cathode "K" is of the circular form of the diameter

90:70 mm made of tungsten wire 1,5 mm in diameter; the anode
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"A" has a ring-shape slot for emitting the beam, The gun cham-
ber is pumped out by the diffusion pump. To provide the pres-
gure diffence between working chamber 2 and the gun vacuum resis-—
tances are ingtalled in chamber 3, between which differetial pum-
ping with the help of a booster pump is provided. Between the
working chamber and the collector vacuuwm resistance 7 is instal-
led. Collector 4 serves to collect the electron beam. Through the
electron collector nozzle % completed in the form of pipe with
an orifice for the gas input into the reaction chamber is inser-
ted. The nozzle is located inside the tubular electron beam. In-
side the chamber there is support 9 for fixing of the specimen.
Magnetic coils 8 produce the magnetic Tield of the mirror confi-
guration. The magnetic field strength in the mirrors is 2000 e ;
in the centre of the working chamber is %00 e .

3 EXPERIMENTAL RESULILS

When applying the accelerating voltage to the electron gun,
the tubular electron beam penetrates the plasma through the cir-
cular vacuum resistances and gets to the receiver, If the pre-
gsure in the chamber is less than 2.1072 torr the discharge in
it is not initiated and the electron beam power fully reaches
the collector, where it is resistered calorimetrically. When
feeding molecular gases (CF,, SF'.) through the nossle the beam
plasma discharge in the forﬁ of plasma tube is ignited, that
has the effective wall thickness approximately twice that of the
electron beam,

At the discharge ignition the amount of energy passing to
the collector is reduced, that testifies to the energy transfer
from the beam to the plasma. The efficiency of the energy tran-
gfer to the plasma is defined calorimetrically IL=1"GVW@,
where Q is the power coming to the collector; W, is the elec-
tron beam power, Jp is the beam current, Vp is the accelerating
voltage. ¥ig.2 givea the dependences of the energy transfer effi-
ciency from the electron beam to the plasma on the current for
various voltages. I'rom IPig.2 it follows that increasing the acce-
lerate beam electron density brings about the increcase in the
efficiency of the energy transfer from the beam to the plasma. If
Lthe accelerating voltage is enlarged the efficiency becomes less,
which is conditioned by the decrease of n, . The maximun efficien-
cy corresponding to the beam current lgA»j,B A and the beam vol-
tage V;=1,8 KV = constitutes 7%%.

3.1.5ilicon Oxide Film Etching

bilicon oxide film etching was carried out with florine acti- -
ve radicals formed at the freon CI', dissociation in the discharge.
1'ig,3 gives the dependence of the éiO, film etching rate on the
distance R to the chamber axis., The ffgure algo gives the distan-
ce from the samples to the beam suriface AN =K-T/2 where D=60mm
is the electron beam diameter in the middle plane. The etlching
was carried out in the regime P=2.10‘2aﬂﬂ =2A, V., =1,5 kw. From
Pig.,2 it follows thal the etching rate deBreases with the in-
crease in distance and at the distance of 2,6 cm from the beam
gurface is O,QJVm/min. Power density evaluated according the
golid angle at the place of the target location is then approxi-
mately 1 W/ cm®.
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3.2. Crystalline Silicon Plate Etching

Crystalline silicon plates 0,4 mm thick were installed in
various places in the chamber, Bach plate was partly covered
by a screen of stainless steel to leave an unetched part of it
for comparison. The etched layer thickness proportional to the
active radical flow density and to the exposure in the dis-
charge was measured by a micrometer., The etching was carried
out at the SF. pressure P=0,6 torr, J6=3A? V,=2,5 kw, The et-
ching rate of the silicon specimen locdated at the distance of
2,5 mm from the electron beam was 20 s 7/min. The dependence
of the etching rate on the sample lo%ation is analogous to
Fig.3. The current density of active fluoxine radicals evalu-
ated according to this etching rate is no less than 10 part/
cmé. gel,

References

1.G.G.Vagner, W,W.Brandt 4Eh Int.Symp.on Plasma Chemistry,
Zurich, aug.1979, p.120.

2.1vanov A.A., Sov.Jh. "Pizika plazmi", 1 (1), 147 (1975).

3.Ivanov A.A., Nikiforov V.A. "Chimia plazmi" Smirnov B.M. (ed.),

5, lloscow, Atomizdat, p.148, 1978,
th

4.Alecseev A.M., Atemanov V.M. et al. 4— Int.Symp.on Plasma
Chemistry, Zurich, aug.1979, p.427.

Fig.1 Device gcheme
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Fig.2 Lfficiency dependence on cur-
rent at different voltages
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Fig.3 SiO2 etching rate dependence
on the radiug





