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Z21}), Nanoscale membrane (O}0|5.2 = 3|Q1), Wave propagation (IS FI})

A lamb wave propagation behavior on a freestanding nanoscale membrane was investigated using a laser ultrasonic
technique in the present study. A 110-nm thick aluminum (Al) layer was deposited on a rectangular 200-nm thick silicon
nitride (SiN) membrane and the Lamb wave was launched using a pulsed laser. The transfer matrix technique was
employed to obtain a theoretical dispersion curve so that material properties of the SiN membrane could be estimated
through curve-fitting. In addition, picosecond ultrasonic measurement was used to characterize the Al film. Results showed
that the dispersive behavior of Lamb wave in the fundamental antisymmetric mode could be clearly observed on the
membrane. However, comparison of dispersion curves indicated that the effect of residual stress of the film became more

influential at a low dimensional scale.
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NOMENCLATURE

A = Amplitude

B = Product of Effective Elastic Modulus and Thermal

Expansion Coefficient
C, = Specific Heat
¢ = Effective Elastic Modulus
D = Field Matrix
D = Flexural Rigidity
d = Film Thickness
f

= Frequency
Iy = Laser Intensity
i = Interface
k = Wavenumber
L = Longitudinal Wave Component
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= The 2" Lame’s Constant

n
p = Density

c = Stress

t = Laser Pulse Width
¢ = Scalar Function

vy = Vector Function
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Fig. 1 A schematic of the multilayered structure for the transfer
matrix analysis
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200 pm Silicon
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(a) A schematic picture of the cross-section of the membrane

‘

(b) A photo of the 10 mm x 10 mm silicon nitride membrane
before the aluminum deposition

Fig. 2 The nanoscale membrane specimen
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Fig. 3 A schematic picture of the laser optical setup. BPD: balanced
photodetector, BS: beamsplitter, CCD: charge-coupled
device, CW: continuous wave, DM: dichroic mirror, FL:
focusing lens, HWP: half-wave plate, MR: mirror, OBIJ:
objective lens, PBS: polarizing beamsplitter, PID:
proportional-integral-differential, PZT: piezostack, QWP:
quarter-wave plate
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Fig. 4 The picosecond ultrasonics experiment result
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