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Indentation-induced Plasticity, Damage and Fracture in Si-and GaAs Single Crystals
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Abstract; Investigations of the plasticity, damage and fracture induced| by micro-indentation are reviewed.
The principal findings are: (a) Micro-indéntation may inducé a transition from crystalline to nano-crystalline
and amorphous structure, and thére is a critical stress for this kind of transition. The shear stress, rather
than the hydrostatic stress is proposed to be attributed to' this transition. (b) There is a critical current densi-
ty for the crystalline nucleation,” and\ it“is no related:to_the-irradiation-induced temperature rise. (c¢) The
crack-tip produced dislocations by during indentation is not atomically sharp, leading to crystal lattice distor-
tion, and even to a transition from a crystalline lattice to disordered structure. An amorphous band with a
width of 1-2nm between crack-walls is formed ; and the crack propagation is then along the amorphous band,
rather than sequential rupture of the cohesive bonds. (d) Fast Fourier Transformation ( FFT)-SAED and
corresponding Inverse-Fast Fourier Transformation (IFFT) fringe images from different lattice planes in se-
lected areas of.the crack-tip show that deformation around the crack-tip deformation is anisotropic.

Key words; micro-indentation; HRTEM; crystallization and amorphization; crack-tip structure; Fast

Fourier Transformation ( FFT) and Inverse-Fast Fourier Transformation ( IFFT)
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Fig. 1 Bright-field of an indented region on the surfaces of Si(a)
and GaAs(b) 121
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Fig. 2 Cross-section TEM images in an indentation region on
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Two-set long-arm dislocation around an indentation of
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Fig.4 Typical dislocation rosette pattern around indentation on
the (001) surface of (a) Ge(a) and GaAs (b) indentations'"*
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Fig.5 Three sets of dislocation structure taken from the corner of

an indentation in GaAs single crystal"”!
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Fig. 6  Dislocation structures in different contrast conditions

(a) g=[111]; (b) g=[004]; (c) g=[113]; (d) g=[220]
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Fig.7 Indentation-induced stacking fault and multi-twin"'
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Fig.8 Contrast analysis of the partial dislocations in stacking faults

(a) g=[111]; (b) g=[111]; (c) g=[220]; (d) g= [113]
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Fig.9 HRTEM image of the twins (a) and the twin initiation
()™
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Fig. 10  Cross-section image of an indented region on the surface

of (110)Si"!
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Fig. 11 HRTEM image of interface of the c-Si/a-Si’!
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Fig. 12°. - HRTEM images of an indentation showing the micro-
grains.induced under the indented load of 0. 0049N'"'
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Fig. 13 TEM images (g=(111)) of the a/c interface before (a) and after(b) irradiation and corresponding SAED patterns'™’

P14 G BRL kg 72 HRTEM JRQ0LESS 3
Fig. 14  In-situ HRTEM observations of the irradiation-induced crystallization
Irradiation time: (a) ¢ =0min; (b) 1=35min; (c¢) t =55min; (d) ¢ =80min; (e) t=95min; (f) ¢=115min
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Fig. 15 A model of a sharp crack (a and b) and cohesive force(c) at the crack:tip"*
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