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mag HV mode | spot| vac mode —— 10 pm ——
6 000 x|30.00 kV| SE | 3.0 |High vacuum FEI Quanta200F
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The 3-point bending teste

strip sample of wafer



Sample

Parallel Sample

Vertical Sample



The simplified model of 3-point bending tester

/ At the moment the strip Is bent to fracture, the maximum\
deflection can be read from the micrometer, and the critical
bending strain can be obtained by:

E, = (t is the thickness of wafer)
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Correlation between the &, and the breakage rate
of wafers in industry

Slurry sawn Slurry sawn
Cz-Si wafers mc-Si wafers
E c 0.15% 0.11%
Breakage Rate 0.3-1.0% 1.0-3.0%

@5 & is a very effective parameter to characterize the fracture

behavior of silicon wafers !
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F- diamond sawn L - slurry sawn S - Cz-Si M - mc-Si
o - parallel to the cutting marks ,, - vertical to the cutting marks

d In direction vertical to cutting marks, the diamond sawn wafers are
remarkably weaker, especially for mc-Si wafers, which has the lowest &_!



—— measured (as-cut)
_ B average (as-cut)
i — —— measured (after annealing)
22 — B average (after annealing)
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@[}After 900°C/2hrs annealing, the critical strains of tow kinds of
raise, and diamond sawn mc-Si wafers are improved more.
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Anneal of diamond sawn mc-Si wafers
- Effect of temperature
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200

300 400 500 600 700 800 900 1000
Temperature (°C)

parallel to cutting marks

- measured
—— average

average (as—cut wafers)

200 300 400 500 600 700 800 900 1000
Temperature (°C)

vertical to cutting marks

¢ By 2 hrs anneal at elevated temperatures, significant improvement

In the critical strain can be achieved

¢ As low as 400°C can be remarkably effective !
¢ More effective in direction vertical to cutting marks.
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Improvement of diamond sawn mc-Si wafers
——Chemical etching
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Parallel to cutting marks Vertical to cutting marks

@[}Depth of removal f — & /

@3 The damaged surface layer is responsible for the lower critical
strain level in direction vertical to cutting marks.
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