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Abstract

The mechanical properties of silicon crystals are important from the viewpoint of wafer and device
fabrication processes. It is now widely recognized that silicon undergoes a series of phase transfor-
mations when subjected to high pressures, using conventional high pressure devices, such as diamond
anvils or indenters. Diamond tip scratching on a silicon surface in the various conditions introduces
various kinds of mechanical damage and stressed states. Micro Raman spectroscopy was used to
observe the phase transition of single crystal silicon. As results, different morphologies were observed
as functions of scratching speed and loading condition and various phases were observed as functions
of scratching speed and loading condition.
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Table 1. Crystalline phases of silicon (Ref. 6)
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Designation Structure Pressure region (GPa)
Si-1 diamond cubic 0~12.5
Si-IT body centered tetragonal (beta-tin) 8.8~16
Si-III body centered cubic (basis of 8 atoms) 2.1~0
Si-IV diamond hexagonal -
Si-V primitive hexagonal 14-~35
Si-VI unidentified 34~40
Si-VII hexagonal close packed 40~78.3
Si-VIII tetragonal (~30 atoms per unit cell) 14.8~0
Si-IX tetragonal (12 atoms per unit cell) 12~0
Si-X face centered cubic 78.3~23.0
Si-X1 body centered orhodrhombic 13/15
Si-XII trigonal (8 atoms per unit cell) 12~2.0

*Si-I' (a-Si) : amorphous structure.
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Fig. 2. Scratched groove in fast scratching with <110> direction. (a) initial, (b) selected point before first
crack, (c) selected point after first crack, (d) maximum load induced point.
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Fig. 3. Micro Raman spectra corresponding to each point of scratched groove in fast scratching with <110>
direction. (a) initial, (b) selected point before first crack, (c) selected point after first crack, (d) maximum

load induced point.
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Fig. 4. Scratched groove in slow scratching with <110> direction. (a) initial point, (b) selected point before
first crack, (c) selected point after first crack, (d) maximum load induced point.
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Fig. 5. Micro Raman spectra corresponding to each point of scratched groove in slow scratching with
<110> direction. (a) initial point, (b) selected point before first crack, (c) selected point after first crack, (d)

maximum load induced point.
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Fig. 6. Scratched groove in fast scratching with <100> direction. (a) initial point, (b) selected point before
first crack, (c) selected point after first crack, (d) maximum load induced point.
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Fig. 7. Micro Raman spectra corresponding to each point of scratched groove in fast scratching with <100>
direction. (a) initial point, (b) selected point before first crack, (c) selected point after first crack, (d) max-

imum load induced point.
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Fig. 8. Scratched groove in slow scratching with <100> direction. (a) initial point, (b) selected point before

first crack, (c) selected point after first crack.
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Fig. 9. Micro Raman spectra corresponding to each point of scratched groove in slow scratching with
<100> direction. (a) initial point, (b) selected point before first crack, (c) selected point after first crack.
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Fig. 10. Schematic diagram of crack propagation in scratching with (a) <110> and (b) <100> directions.
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Table 2. Summary of the test results
<110> <100>
fast slow fast slow
The location of the first crack
distance (mm) 52 0.6 32 0.5
load (N) 15.6 18 9.6 15
Silicon phases
initial point Si-I Si-I, T Si-I Si-I, T
before first crack Si-I, I’ Si-I, T Si-I, T Si-I, T
after first crack Si-I, I', III, XII Si-I, T Si-I, T' III, XII Si-I, I'
final point Si-I, T' ITI, XII Si-T' Si-I, I' 11T -
Crack morphology A" A% I I
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