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Plasma-Based Ion Implantation and Deposition (PBII&D) has been developed for surface modification of three
dimensional materials immersed in plasma. The ions are implanted into the material to which a train of pulsed volt-
age are directly applied so as to make an ion sheath around the surface of the material. During the ion implantation,
plasma species and their compound materials are simultaneously deposited on the materials. This is a cost-effective
and simple surface modification system. Conformal ion implantation can be carried out by this method. Metallic arcs
such as cathodic arc and gas discharges using organic metallic gas have been used. In addition to the negative bias
application system for extracting positive ions, positive pulse application system to extract electrons to heat the
materials and positive pulsed bias method have been also developed. As industrial applications, the surface modi-

fication of inside pipes by PBII&D is introduced.
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Fig. 1 Variation of drill bit wear life with implantation voltage for PBII

and ion-beam implantation [2].
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Fig.2 AES (Auger Electron Spectroscopy) depth profiles of
nitrogen-implanted ( 1 keV) , gas-nitrided plasma-nitrided
AIS1304 SS at 400 C all for 1hr) [7].
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Fig. 3 Wear resistance as a function of ion energy for AISI 304 SS

implanted and nitrided at 400°C {8].
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Fig. 4 Metal plasma electron evaporation source (MPEES) for
MePBII. Plasma source is about 150 cm in dia. x 150 cmtall.
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Fig. 5 MePBIl schematic using the MPEES. Vacuum systemis 1.2
m in dia. x 2.5 m long.
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Fig. 6 Plasma electron annealing of gear blanks. The gear blanks
are about 5 cm in dia. x 3 cm tall.
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Fig. 7 Deposition of inner diameter of tubular structure using PBII
&D technology. The tube size is about 5 cmin dia. x 30 cm
long.
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Fig. 8 Schematic of magnetic field enhancement plasma deposi-
tion of bore of tubes.
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(b)

Fig.9 Magnetic field enhanced plasma deposition of large aspect
ratio of tube bores. (a) MFEP device (~75 cm tall), (b) DLC

-coated tube (Tube ID ~ 1.9 cm, length ~70 cm).
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Fig. 10 Cross-sectional SEM (Scanning Electron Microscope)
image of DLC coating on inner diameter of a tube.
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Fig. 11 Schematic presentation of the PBII coating process [35].
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