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Abstract

To investigate the possibility of surface modification by means of charged particle
irradiation, titanium-evaporated thin films of nickel were irradiated with helium ions of 200
keV and electrons of 1000 keV. By the cross cut method in the electron microscopic
observations, it was confirmed that the radiation-induced structures were found up to about
600 nm in depth. These damage profiles consisted of the the calculated results based on the
scattering theory.

The helium ion irradiation of 200 keV at about 570 K caused a transformation to an
amorphous structure at the surface layer of Ni/Ti thin film. Furthermore, the concent-
ration of nickel and titanium was almost the same as in the amorphous phase region. In the
case of electron irradiation, intermetallic compounds and amorphous layers were formed at
room temperature to 480 K. At higher irradiation temperatures, the formation of the
compounds and oxide layers was remarkable.

These results suggested that the phase transformation at surfaces layers during irradia-
tion can be caused by the ion-mixing and “or radiation-induced diffusion.
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Photo. 1 Defect structures in Ni irradiated with 200 keV He* to (A) 5 x 10*°m™2, (B)
1.6 x 10#m™? and (C) 7.3 x 10#¥m =
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Fig. 1 Depth profiles of defect and He atom after irradiation with 200
keV He*, which were calcurated by TRIM-3D cord.
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Photo. 2 Cross-cut structures in Ni irradiated with 200 keV
He* to 1.5 x 10#m™—2.
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Photo. 3 Microstructures and electron diffraction patterns in Ni /Ti thin film. (A)
before irradiation and (B) irradiated with 200 keV He" to 5.5 x 10*m™.

(B)

Photo. 4 Microstructures and electron diffraction patterns in Ni/Ti thin film
irradiated with 200 keV He" to 5 x 10*m™2 (A) thick area including Ni
matrix and (B) thin area including amorphous phase.
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Photo. 5 Low magnified microstructures in Ni,/Ti thin film irradiated with 200 keV
He'to 5 x 10#m™2.
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Photo. 6

Change of microstructures and electron diffraction patterns at the same
area of Ni/Ti thin film irradiated with 1000 keV electron at room
temperature. (A) before irradiation, (B) 1.7 x 10*'m™ and (C) 3.7 x 10*'m™2,
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Photo. 7 Change of microstructures and electron diffraction Patterns at the same
area of Ni/Ti thin film irradiated with 1000 keV electron at 670 K. (A)
before irradiation, (B) 6 x 10®*m= and (C) 1.0 x 10*m™.
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ring no. d(A) d(A) irradiation R.T 773K
1 3.56 Tioz (101) 3:51 *
2 295 Tiop (121) 2.90 ®
3 2.51 Ti (010) 2.55 e i =
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8 1.09 NigTi (224) 1.09 * *
9 0.97 NiTip (955) 0.99 ® ®

Fig. 2 Schematic illustration of electron diffraction patterns

from initial and irradiation-enhanced phases (electron
irradiation).
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Fig. 3 Schematic illustration of free energy change and phase diagram''®.
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