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ABSTRACT

The elastic moduli or fracture strengths of multi-layered film (SiO,/poly-Si/SiN/SiO,, 2.77 um thick), CVD diamond film (1.6 um
thick), SiO, film (1.0 um thick) and SiN film (0.43 pm thick) made for the membrane of ink-jet printer head were measured with
cantilever beam bending method using nanoindenter after fabricating in the form of micro cantilever beam (u-CLB). And the elastic
moduli of Yu-CLB of SiO, film and SiN film were compared with the value of each film on silicon substrate determined with
nanoindentation method. The results showed that the modulus and strength of multi-layered film decrease from 68.08 GPa and 2.495
GPa to 56.53 GPa and 1.834 GPa, respectively as the width of CLB increases from 18.5 um to 58.5 um. And the elastic moduli of
Si0, and SiN films measured with u-CLB bending method are 68.16 GPa and 215.45 GPa, respectively and the elastic moduli of these
films on silicon substrate measured with nanoindentation method are 98.78 GPa and 219.38 GPa, respectively. These results show that
with u-CLB bending technique, moduli can be measured to within 2%.
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Fig. 1. Procedure of microcantilever beam pattern fabrication.
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Fig. 2. SEM image of SiO, microcantilever beam.
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Fig. 3. Schematic diagram of microcantilever beam and geometric test condition.
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Fig. 4. Loading segment of the load versus indenter displacement data from the nanometer scale bending experiment for multi-layered
(Si0,/poly-Si/SiN/SiO,) microcantilever beam (left) and diamond microcantilever beam (right).
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Fig. 5. Elastic deformation parts of loading segment of the load versus indenter displacement data from the nanometer scale bending
experiment for silicon oxide microcantilever beam (left) and silicon nitride microcantilever beam (right).
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Fig. 6. Load versus deflection for the nanometer scale bending
experiment performed on silicon oxide microcantilever
beam.
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Table 1. Elastic Modulus and Bending Strength Measured on Multi Layered (SiO,/poly-Si/SiN/SiO,) and Diamond Microcantilever

Beams
Film type Width Thickness Effective length* Elastic modulus Bending strength
(Hm) (Lm) (m) (GPa) (GPa)
18.5 2.77 20 68.08+0.81 2.495+0.097
Multi Tavered 28.3 2.77 20 64.1410.94 2.252+0.054
ulti layere
(SiOz/poly—Si/ySiN/SiOZ) 384 2.77 20 61.52+1.71 2.028%0.036
484 2.77 20 58.75£1.63 1.971+0.083
58.5 2.77 20 56.53+1.57 1.834+£0.073
Diamond 30 1.6 21 232.66x8.96 2.28%0.136
19.6 ] 11.5 71.63£0.45 -
29.6 1 20 68.67£0.57 -
Silicon oxide 39.7 1 20 67.8610.53 -
49.6 1 20 69.13+0.43 -
59.5 1 20 66.99+1.31 -
Silicon nitride 59.5 043 19.3 215.4516.59 -

*Distance between supporting and loading points
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Table 2. Comparison of Elastic Moduli of SiO, and SiN Films Measured with Cantilever Beam Bending Method with those of these
Films on Silicon Substrate Measured with Nanoindentation Method

Silicon oxide
(thickness=1 pm)

Silicon (100)
(thickness=0.89 mm)

Silicon nitride
(thickness=0.43 pmy)

u-CLB, Bending 68.16+0.942 215.45+6.59 -
Nanoindentation, CSM 68.78+0.39 219.38+3.86 175+1.0
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