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Observation of Plasma Shape by Continuous dc and Pulsed dc
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Abstract

Effects of bipolar pulse driving frequency between 50 kHz and 250 kHz on the discharge shapes were
analyzed by measuring plasma characteristics by OES (Optical Emission Spectroscopy) and Langmuir probe.
Plasma characteristics were modeled by a simple electric field analysis and fluid plasma modeling. Discharge
shapes by a continuous dc and bipolar pulsed dc were different as a dome-type and a vertical column-type
at the cathode. From OES, the intensity of 8§11.5 nm wavelength, the one of the main peaks of Ar, decreased
to about 43% from a continuous dc to 100 kHz. For increasing from 100 kHz to 250 kHz, the intensity
of 811.5 nm wavelength also decreased by 46%. The electron density decreased by 74% and the electron
temperature increased by 36% at the specific position due to the smaller and denser discharge shape for
increasing pulse frequency. Through the numerical analysis, the negative glow shape of a continuous dc were
similar to the electric potential distribution by FEM (Finite Element Method). For the bipolar pulsed dc,
we found that the electron temperature increased to maximum 10 eV due to the voltage spikes by the fast
electron acceleration generated in pre-sheath. This may induce the electrons and ions from plasma to increase
the energetic substrate bombardment for the dense thin film growth.
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€ :permittivity (F/m)

@ : electrostatic potential (V)

e :electron charge (C)

q; :ion species charge (C)

n; :ion number density (#/cm’)

n. : electron number density (#/cm’)
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Fig. 1. Changing of cathode discharge shapes by (a)
continuous dc and (b) pulsed dc.
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Fig. 2. Optical emission intensities of Ar by continuous
dc and bipolar pulsed dc at various frequencies
(100~250 kHz).
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Fig. 3. Measured electron temperatures and electron
densities by bipolar pulsed dc at frequencies
(100~250 kHz).
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n. :electron density (#/cm’)

lﬁe :electron flux (#/cm’” - sec)

S :electron source term (#/cm’ * sec)

U, :electron mobility (cm’/V - sec)

¢ :electrostatic potential (V)

D, :electron diffusivity (cm®sec)

T, :electron temperature (eV)
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E : electric field vector (V/m)

N; :mole fraction of i-th reaction

K, :reaction constant for i-th reaction

¢ :electric potential (V)
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Fig. 5. Numerical modeling results (a) time averaged electron temperature, (b) time averaged electron density, (C)
electron temperature and density along vertical direction, (d) electric potential and power density along vertical

direction.
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Fig. 6. Modeled results of electric potential and electron
temperature variation over time by bipolar pulsed
dc of 500 V and 250 kHz at 100 mTorr of Ar
discharge.
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