Effect of Coulomb Collisions on Low Gas Pressure Plasmas
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Plasma processing has been used for fabricating semi-
conductors. The requirement of high aspect ratio etch-
ing is satisfied by using low gas pressure and high den-
sity plasmas. When simulating high density plasmas
(ne = 1017 — 10¥m—3), collisions between charged par-
ticles should also be taken into consideration. Gener-
ally, in simulating plasma using the particle model, we
consider only electron - molecule collisions and ion -
molecule collisions. In this study, we consider not only
such collisions but also electron - electron collisions using
Bobylev and Nanbu method[1] because it is most proba-
ble that Coulomb collision have effect on the electron en-
ergy distribution. We examined the effects of Coulomb
collision on plasma parameters. Especially, the effect
on electron energy distribution function(EEDF) is im-
portant because it influences reaction rate of radicals

production and hence, affects the etch rate.
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where ¢ is kinetic energy of electron, m is the mass of
electron, oy (¢) is the reactive collision cross section for
the electron - molecule collision that results in a pro-
duction of a radical, €y is the threshold energy of the
reactive collision, and E(e) is the electron energy distri-
bution function . E(e) in equilibrium is the Maxwellian

distribution
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where k is the Boltzmann counst and 7% is electron tem-

perature.

In this study, we simulated argon plasma and oxygen

plasma using the Particle in Cell/Monte Carlo (PIC/MC)

method considering two species, e~ and Ar™ for argon
plasma, and considering four species, e=, OF, OF, and
O~ for oxygen plasma. In case of the argon plasma, we
found that the electron - electron collisions have a small
effect on the electron temperature but little effect on
the EEDF[2]. On the other hand, in case of the oxygen
plasma, we have found that the electron - electron colli-

sions have a clear effect on electron number density and

the EEDF. This is because the ionization energy for elec-
tron - oxygen collision is much lower than that of argon.

The discharge condition is as follows. The electrode
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Figure. 1: EEDF in oxygen plasma

1.2E+17

-3

Electron Number Density (m™)
T
T

without Coulomb coll.
with Coulomb coll.

2E+16F N

TRV [T I TSN SR NI NRAVE R M|
0.005 0.0l 0015 0.02 0.025
z (m)

Figure. 2: Electron Number Density in oxygen plasma

distance is 30 mm, the gas pressure is 30 mTorr, the de-
riving frequency is 100 MHz, and the voltage amplitude
at the powered electrode is 300V.
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