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Abstract

The radio frequency CF4 discharge between parallel electrodes is simulated by the use
of the Particle-in-Cell/Monte Carlo method to examine the effects of secondary electron
emission by ion impact and gap dlstance between electrodes on the discharge structure
and reactions.

1. Introduction

In recent ULSI techniques, the dimensions of microelectronics devices have been de-
creasing according to endless circuit integration. Under such circumstances, severe
plasma control for dry etching is required to obtain best etching characteristics. Con-
sequently, theoretical understanding of plasma phenomena has become 1mportant for
optimization of reactor design and operating conditions. ‘

In the previous paper(1], we were successful in self-consistent simulation of radio fre-
quency CFy4 discharge between parallel electrodes by using the Partide—in—CelI/ Monte
Carlo(PIC/MC) method[2]. The simulation have clarified the dxscharge structure, sus-
taining mechanism, and important reactions.

The aim of the present work is to examine the effects of secondary electron emission
coefficient by ion impact and gap distance between electrodes on the discharge structure
and reactions in order.to obtain fundamental knowledge on plasma control.

2. Description of the model

The region simulated, as illustrated in Fig. 1, is the inside of a cylinder between
parallel electrodes with radius R. The electrodes are separated by distance D. The
voltage V' applied to the electrode at z = 0 is V = Vj¢sinwt, where w(= 2nf) is
the angular frequency and ¢ is time. The electrode at z = D is grounded(V = 0).
The charged species taken into account in the present work are electron, five positive
ions(CF3*, CFyt, CF*, Ct, Ft), and two negative ions(CF3~, F~). The motions and
collisions of these particles are simulated self-consistently by the use of the PIC/MC
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method[2].- The electric field is determined by solving the Poisson equation with a
sampled space charge distribution. The leap-frog scheme is used to solve the equation
of motion. Electrons are absorbed and ions are neutralized on the electrodes. Secondary
electron emission by ion impact is also considered on the electrodes. At the cylindrical
boundary r = R the charged particles are specularly reflected.

The collisions implemented into our simulation are electron-CFy4 collision, ion-CF4
collision, and positive-negative ion recombination. A set of cross-section data compiled
by Itoh et al.[3] is employed for electron-CF4 collision(Fig. 2). The ion-CF4 collision
is simulated by the use of the collision model developed for elastic and endothermic
reactions[1]. The positive-negative ion recombination are handled by our method[4]
with rate constant of 5.5 x 10713 m3/s[5].

3. Results and discussion :

The simulation is performed for the three cases in Table 1, where p is the gas pressure
and v is the secondary electron emission coefficient.

Figures 3-5 show the electric field at four times in a rf-period, time-averaged electron
and ion(CF3t, F—, CF3™) densities, and representative reaction rates(R;: ionization,
R,: electron attachment, Ry: electron detachment, R,: positive negative ion recombi-
nation, RCF+ CF4-CF3T reactive collision) obtained for the three cases, respectively.
Also the ratios of ion densities to electron density in the center of bulk is tabulated in
Table 2. The results for CASE-2 were already demonstrated in the previous work({1].

Firstly, let us discuss the effect of ¥ by comparing Figs. 3 and 4. The increase of
v leads to a slight increase of electric field, an appreciable increase of reaction rates
and densities of electron and ions, and therefore decrease of sheath thickness. Roughly,
there can been seen no essential differences in the discharge structure between the two.
As shown in Table 2, however, the most prominent is that secondary electrons make
the fractions of CF*, C*, and F* much larger, which means high energy impact in
electron-CF4 collision.

Next, let us compare Figs. 4 and 5 to discuss the influence of the gap distance between
electrodes. The decrease of the electrode-spacing affects the discharge structure. For the
narrow gap (D =10), the electric field penetrates into the bulk and oscillates electrons
in that portion. This results in much larger ionization rate. Due to increased loss to
the electrodes, however, the electron density in the bulk is as same as that for D = 25.4
mm. Furthermore, the maxima of ion densities shift from the sheath edge to the bulk
center. The rates for electron detachment from negative ions and CF4-CF3t reactive
collisions for D = 10 mm are larger in comparison with those for D = 25.4 mm because
ions can have much energy in the stronger electric field for the narrow gap case.

Table 1 Simulation conditions.
CASE D (mm) vy p(mTorr) Vi (V) f(MHz)

1 254 0.0 200 200 13.56
2 254 0.1 200 200 13.56

3 10.0 0.1 200 200 13.56
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Table 2 Ratios of ion densities to electron density.

SPECIES CASE-1 CASE-2 CASE-3
CF3™* 34 31 76
CF2+ 0.16 0.17 2.1
CF+ 0.04 0.07 15"
ct 0.006 0.05 0.67
F+ 0.006 0.04 0.71
F- 21 19 50
CF3~ 12 11 30
Electron 1.0 1.0 1.0
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‘Fig. 3 (a)Electric field, (b)electron and
ion densities, and (c)reaction
rates for CASE-1.
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Fig. 4 (a)Electric field, (b)electron and
ion densities, and (c)reaction
-rates for CASE-2.
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