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Abstract

Capacitively coupled oxygen plasma (CCP) is widely used in photoresist ashing and surface mod-
ification, and its process performance strongly depends on the spatial distribution characteristics
of reactive species, such as O atoms and O; ions. A two-dimensional fluid model is developed in

this paper for the capacitively coupled Oz plasma discharge system. The validity of the model is
first verified by comparing the results from a particle-in-cell/Monte Carlo collision model. This
work systematically investigates the influences of driving frequency (13.56~60 MHz), applied

voltage (50~125 V), and operating pressure (0.25~1 Torr) on the spatial distribution of O] ion
and O atom density. It is found that increasing the frequency can significantly raise the density of
0 atoms and Oj ions. Notably, although the contribution of the O, (alAg) reactions for O atom
generation is relatively small, the spatial distribution of O atom density is consistent with that of
0, (alAg ) Increasing the applied voltage can also effectively enhance the concentration of reac-

tive species. However, with the rise of pressure, the density of O atoms and O; ions exhibits op-

posite trends. In addition, the results show that O atom density decreases with the increase of the
sticking coefficient on material surface. Thus, tuning this coefficient by reasonably selecting
chamber materials or surface coatings can regulate O atom density. This study reveals the effects
of key discharge parameters on the distributions of reactive species in capacitively coupled O,
plasma, providing a theoretical basis for optimizing the etching rate, uniformity, and material
compatibility in practical processes.
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Figure 1. Chamber geometry and mesh configuration
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Figure 2. Axial distributions of electron density and O; density from our model (solid lines) and the PIC-MCC model in
Ref. [5] (symbol lines) under the discharge condition: 13.56 MHz, 222 V, 0.05 Torr, and electrode gap of 4.5 cm
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Figure 3. Spatial distributions of O density at different frequencies: (a) 13.56 MHz, (b) 27.12 MHz, (c) 40.68 MHz, (d) 60

MHz
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Figure 4. Spatial distributions of electric field around upper electrode edge at different frequencies: (a) 13.56 MHz, (b) 27.12
MHz, (c) 40.68 MHz, (d) 60 MHz
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Figure 5. Spatial distributions of O density at different frequencies: (a) 13.56 MHz, (b) 27.12 MHz, (c) 40.68 MHz, (d) 60 MHz
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Figure 6. Spatial distributions of electron temperature at different frequencies: (a) 13.56 MHz, (b) 27.12 MHz, (c) 40.68 MHz,
(d) 60 MHz
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Figure 7. Spatial distributions of O density at different frequencies: (a) 13.56 MHz, (b) 27.12 MHz, (c) 40.68 MHz, (d) 60 MHz
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Figure 9. Spatial distributions of O] density at different voltages: (a) 50 V, (b) 75V, (c) 100 V, (d) 125 V
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Figure 10. Spatial distributions of O density at different voltages: (a) 50 V, (b) 75V, (¢) 100 V, (d) 125 V
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Figure 11. Spatial distributions of O; density at different pressures: (a) 0.25 Torr, (b) 0.5 Torr, (c) 0.75 Torr, (d) 1 Torr
B 11. RRISET O BEZE % : (a) 0.25 Torr, (b) 0.5 Torr, (c)0.75 Torr, (d) 1 Torr

O density (10 m3)

4 08 4 13
5 0.5 E 0.8
Ny Ny

-14 - : | 02 -1 - : ; 0.2
0 3.5 7 105 14 0 3.5 7 105 14

(@) R (cm) (b) R (cm)

4 1.5 4 1.6
5 1.0 5 1.0
Ny No

-1+ : - - 01 -1 : : . 0.1
0 3.5 7 105 14 0 3.5 7 105 14
(©) R (cm) @ R (cm)

Figure 12. Spatial distributions of O density at different pressures: (a) 0.25 Torr, (b) 0.5 Torr, (c) 0.75 Torr, (d) 1 Torr
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