
Evaluation on mechanical properties of micro/nano-meter scale materials by 

resonant vibration 

Abstract A new test methodology based on resonance vibration of micro/nano 

structures has been developed to investigate mechanical properties of 

micro/nano-scale materials. The experimental system consists of a laminated 

piezoelectric actuator, an operational amplifier, a function generator, a laser Doppler 

vibrometer and a control computer. The micro/nano-scale specimens are mounted on 

the piezoelectric actuator with adhesive. The displacement amplitudes of specimens 

are measured using the laser Doppler vibrometer. As compared to previous methods 

for small materials, this methodology presents several advantages. The deformation of 

specimens can be controlled by the resonance modes of specimens, which can be 

prefabricated by the structural design based on FEM simulation. The sub - strata for 

supporting specimen and special actuator for applying force are not necessary, then 

the misalignment between the specimen and the set-up is not an important issue and 

the fully-reversed cyclic loading at nano-scale is easy to be achieved. Moreover, the 

deformation of the specimens can be amplified by resonance vibration, and thus easy 

to measure. Utilizing this vibration-based methodology, three experimental studies on 

the mechanics of the elastic and fatigue behaviors in the micron and 

submicron-components are implemented. In the experiments, the anisotropic elastic 

properties of chiral sculptured thin films at micro-scale is evaluated, the fatigue 

damage in sub-micrometer single crystal gold is related to changes in internal length 

scales, and the slip bands in nano-polycrystalline copper under high-cycle fatigue is 

readily observed. 

A STF is a unidirectional and anisotropic module which can be used in vibration, 

wave and acoustics micro-devices. To evaluate the anisotropic elastic properties of 



STF at micro-scale, the newly developed methodology provides a frequency sweep 

vertical and lateral vibration and monitor displacement of micro-specimen over a 

frequency range at MHz. Two micro-specimens with design of 30×30 µm2 and 15×15 

µm2, on the top of which added mass are fixed to decrease the resonance frequency to 

MHz order, are fabricated. Based on the swept-frequency spectra obtained by the 

testing and numerical analysis, the anisotropic elastic properties of STF are identified. 

The processing to determine the elastic properties of STFs illustrate that the 

micro-structural features are important to the dynamic behavior of STFs, and the 

anisotropic elastic properties of STFs is an interesting feature for further filters, 

sensors, and waveguides design at micro-scale.  

Resonance Vibration fatigue experiments were conducted on single crystal gold 

cantilevers with different sized sections fabricated by the FIB process. 

Extrusions/intrusions were formed on the cantilever surfaces in all specimens. The 

details of extrusion/intrusion indicate a strong specimen size effect. The total width of 

extrusions/intrusions decreased with the size of the specimen, with variation from 

hundreds to tens of nanometers, although the width was independent of specimen 

sizes over 1 μm. The resolved shear stress to form extrusion/intrusion is much higher 

than that in bulk gold and is strongly dependent on the specimen size. One suggested 

interpretation of the results is that the dislocations leave the small crystals before they 

have a chance to multiply, which leads to dislocation starvation. The emergence of a 

spatially ordered system (stack) of slip lines during fatigue of the crystal suggests a 

cooperative nature in the development of extrusion/intrusion in the direction 

transverse to the principal slip plane of dislocations.  

Resonance fatigue experiment was carried out using a cantilever micro-specimen, 

in which the test section consists of the Si substrate, and Cu, Ti and SiN nano-layers. 



The fatigue of fully-reversed loading, which was necessary for the observation of PSB 

forming, was successfully carried out for the nano-Cu by the developed method. Slip 

bands with a width of about 30 nm, which were different from the fatigue damage in a 

Cu bulk counterpart (over 1μm), were observed on the surface of Grain 3 along the 

primary slip system B4 in the Cu portion. Extrusions of about 40 nm height and 

intrusions were formed in the slip bands. Although their morphology were similar to 

that in the bulk, the new finding of significantly smaller size in the present material 

suggests the existence of different damage mechanism. Detailed stress analysis by 

FEM, taking into account the deformation constraint among grains and between 

dissimilar materials, indicated that ultra-fine slip bands was governed by the 

nano-scale shear stress field. The critical resolved shear stress to generate slip bands 

was evaluated to be Δτcrss/2 = 418 MPa, which was remarkably higher than that in the 

Cu bulk single crystal (27 MPa). A crack was observed along the Cu/Ti interface. 

This could have been initiated by the stress concentration induced due to the collision 

of the extrusion with the Cu/Ti interface. 


