Computer Simulation of Plasma Immersion Ion Implantation and Deposition
Y.Miyagawa*, .Tanaka**, H. Nakadate**, S. Nakao*, S. Miyagawa*

By using a newly developed simulation program "PEGASUS", plasma behavior was analyzed for the plasmaimmersion ion
implantation and deposition (PI11&D). For plasma analysis of low pressure gas which are used in PI11&D, the software uses a
particle in cell (PIC) method for the analysis of electronic and magnetic fields and the motion of charged particles. A Monte
Carlo collision method is used for collisions of ions, electrons and neutrals in the plasma, and the dynamic-SASAMAL codeis
used for the ion-solid surface interactions. Pacial distributions of potential, electron density and ion density together with the
ion flux distribution on the target surface were calculated for the case where a negative pulse voltage was applied to a trench
shaped target immersed in a high density Ar plasma (10" cm®). The time evolution of sheath length obtained by the
simulations for a flat plane part of the surface agreed with the analytical result obtained by the Child-Langmuir method. Ina
bipolar pulse PI11&D system, a positive and a negative pulse voltages are applied aternately to a workpiece without any other
external plasma source. Simulation has been conducted for a target immersed in a very low density Ar plasma (10" cm®) to
compare the plasma generated by a negative and a positive pulse voltage applied to the target. When a negative pulse voltage
isapplied to the target, onlya weak plasmais generated. In contrast to it, when a positive pulse voltage is applied, a two-order
or more intense plasma is generated under the same condition. The plasma behavior around a trench shaped target is also
presented.
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Fig.1.
Schematic of the simulated system: plasma chamber and

Inset graph shows the pulse shape of applied
voltage on the target.
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Time evolution of spatial distribution of electron density, ion density, and potential for a minus pulse bias (Vma = -2kV).

Ar gas= 1mTorr, plasmadensity (t =0) = 10'° cm3
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Time evolution of sheath lengths. Ar gas=1 mTorr, plasma
density = 1x10°° cm®  solid lines simulation results. broken
lines analytical results obtained by Child-Langmuir method.
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Time evolution of sheath length. Ar gas= 1 mTorr,
plasma density = 1x107 cm®, Vmax = -2kV
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lon flux vs. position at different times.
Ar gaspressure= 1 mTorr. Plasmadensity = 10° cm2
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Time dependence of ion flux ( average of outside surface)
Ar gaspressure= 1 mTorr. Plasmadensity = 10%° cm3
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Plasma generated by a negative and a positive pulse voltage applied to the target.
Ar gas:1mTorr, plasmadensity (t =0) : 107 cm3
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