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Measurement of the Young’s Modulus of a Ceramic Thin-Film Using
Gigahertz Longitudinal Bulk Waves
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Picosecond ultrasonic evaluation on the Young’s modulus of a ceramic thin-film was performed in the present study. A 100
nm thick silicon nitride thin-film was deposited on a silicon wafer using the plasma enhanced chemical vapor deposition
technique and gigahertz-frequency longitudinal bulk waves were excited in the film using a femtosecond laser setup. A
thermoelastic equation was numerically solved using the finite difference method and compared to the experimental data to
estimate the elastic property of the film. Results show that the present measurement technique can effectively evaluate the
film’s Young’s modulus and it is recognized that the modulus is 60-70% lower than that of its bulk status. This study is
expected to provide a way to characterize nanoscale ceramics with very high spatial and temporal resolutions for the
design and analysis of microelectromechanical systems and thin-film based devices.
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1. M2
NOMENCLATURE

C, = Specific heat npo]Z 2/ F8 7)&e] HdE Q13te] MEMS (Micro-
£ = Young’s modulus Electromechanical Systems) ¥ Uiz AZ}O] L2 =24 53}
G = Thermal boundary resistance

= Laser ntemsity 93 glon], 7 et F7Hgel ket ool thEsA ¢
R = Retloctaned Stel 727 ekl Flela olok) Sel, o] oA Wrk
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Table 1 Film thickness analysis data

Measurement location Thickness (nm)
Center 97.46
Left 99.10
Right 97.58
Top 97.69
Bottom 97.66
Average 97.90
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Table 2 Material properties used in the numerical analysis. Thermal

:R [Amplter ] | Goneraer conductivity values and Young’s moduli of aluminum (Al)
Computer and silicon nitride (Si;N,) are fitting parameters
""""" Al SizNy Si
Qwe  pcH .
I} < Thickness (nm) 102 98 -
Hwe | MRR MRR pes o Density (g/cm?’) 2700 2.646 2330
Sample
I p— Holder Thermal conductivity (W/m-K) - - 148
MR B8O MR Young’s modulus (GPa) - - 169
Fig. 1 A schematic picture of the measurement setup. BBO: beta Poisson’s ratio 033 023 027
barium borate crystal, DCH: dichroic mirror, EOM: electro- Coefficient of thermal expansion (WK) 22.0 3.3 2.6
optic modulator, HWP: half-wave plate, MRR: mirror, OBJ: Reflectivity 0.92 - -
microscope objective lens, PBS: polarizing beamsplitter, PD: Absorptivity (um™) 154 - -

photodetector, QWP: quarter-wave plate, RR: retroreflective
mirror
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Fig. 2 A plot of the picosecond ultrasonics measurement on the Al/
Si3Ny film and the curve-fit result of the numerical solution
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Fig. 3 A plot of the longitudinal bulk wave arrival on the Al surface.
The thermoreflectance signal was removed from Fig. 2
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