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Influence of ICP Etching Damage on the Brittle-Fracture Strength of Single-Crystal Silicon
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Brittle strength of single crystal silicon is greatly affected by surface etching damage. ICP-etching induced notching is
well-known to be most dominant damage in MEMS process. Many experimental approaches toward notching-free
process have been carried out. In this study, we have proposed the bending test for evaluating the effect of notching
damage on the brittle strength. The test was applied to five kinds of specimens involving identical geometry and dif-
ferent etching damage. Etching damage was quantified by the surface roughness which was measured by laser
microscope. It was found that linear relationship between brittle strength and notching roughness can be seen and
the strength increases about 200MPa as the roughness decreases 0.1um.
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Fig. 1 Schematics of specimen for bending test.
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Fig. 2 Four-inch (100)-oriented wafer containing 96
test specimens.
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Table 1 Details of the process to make specimens.

Specimen Processing notching
ID apparatus -free
N1 MULTIPLEX-ICP(STS) off
N2 MULTIPLEX-ICP(STS) off
N3 MULTIPLEX-ICP(STS) on
N4 MULTIPLEX-ICP(STS) on
N5 Multiplex ASE-HRM on

(Sumitomo Precision Products. Co,. Ltd)

Fig. 3 Schematics of etching damage process.
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Fig. 4 Illustration of stress concentration region along
the beam edge subjected to bending loading.
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Fig. 5 A typical maximum principle stress plot along
Path A.
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Fig. 6 Illustration of experimental setup.
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Fig. 7 Photograph of bending test.

Fig. 8 FEM model [(a) : Global model (b) : Submodel].

Table 2 Young’s modulus (GPa), Poisson ratio, and Shear
modulus (GPa) used for FEM calculations.

Ex E, E, Vg Vo Yy, Gy Gy G,

1689 1689 1302 0.064 0361 0278 3509 794 794
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Fig. 9 Procedure for calculating the profile of average
roughness Ra along the etching direction.
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Fig. 10 Weibull plots of fracture stress.
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Table 3 Shape and scale parameters.

#sample Shape parameter Scale parameter(MPa)

N1 20 9.53 531
N2 19 4.56 1106
N3 19 8.44 1364
N4 19 10 1272
NS5 18 15.3 1171
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Fig. 11 Roughness profile along the etching direction.
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Table 4 Averaged roughness values of notching and scale

parameters.
Scale Average
parameter Ra(um)
(MPa)  —95%LCL +95%UCL
N1 531 506 557 0.52
N3 1364 1289 1442 0.1
N4 1272 1214 1332 0.14
N5 1171 1134 1208 0.2
M2 1148 1064 1238 0.25
M3 1353 1254 1460 0.13
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Fig. 12 Relationship between scale parameter and
roughness of notching region.
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Fig. 14 Tllustration of Path A and Path B along the beam.
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Fig. 15 Normalized stress distributions along Path A
and Path B.
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