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Study on the size effect of the mechanical property measurement of microstructures

S. H. Ko(Mecha. Eng. Dept. POSTECH), J. S. Han(Mecha. Eng. Dept., POSTECH), H. K. Lee(Mecha. Eng.
Dept., POSTECH), H. C. Park(Mecha. Eng. Dept., POSTECH)

ABSTRACT

Purposé;(}f this study is to investigate the size-dependent mechanical properties in micron scale medium. Theories such as
the couple stress theory and strain gradient theory explain that the deformation in the micron scale is dependent upon the size
of the medium. Specimens of the cantilever type, bridge type and paddle type beam that have thickness of 900, 1000 and
1200 nm and width of 10, 20, 30 and 50 pm were fabricated by the MEMS technique. We carried out the bending and torsion
test to measure the mechanical properties such as the young® modulus, yield strength and torsional rigidity using the
AFM(Atomic Force Microscopy).
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Fig. I Fabrication process of Al microstructures
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Fig. 2 The etching condition for aluminum|6]
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(a)Pure bending  (b)3-point bending  (c) Torsion test
Fig. 3 The shape of specimens and the testing method.
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Fig. 4 Schematic of mechanical properties measurement
using AFM
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Fig. 5 The superposition principle and the deflection

relationship of the torsion test

(b) Bridge type specimen (3-point bending test)

(c) Paddle lyf);: specimen (Torsion test)

Fig. 6 The optical image of each specimen
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Fig. 7 The force curve of 3-point bending test

Table 1 The summary of bending test result

. Width  Length Thickne Bending Y°U"ZS
Specimen {um) (um)  ss(nm) stiffness modulus
(Gpa)

41 5797 27 146.07 8 182 83917

#2 5.947 21 146.27 2 900 2.58 116.238
#3 5.56? .56 147.3? .5 2.05 101.027
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Fig. 8 The major factor of inaccuracy
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