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Imaging Lamb waves in a phononic crystal waveguide
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1. Introduction 

Phononic crystals (PCs) have been the 
subject of much recent research because of their 
flexibility to control acoustic wave propagation [1]. 
An important property of PCs is the existence of 
phononic band gaps (PBGs) that block acoustic 
waves of specific frequencies from travelling. 
Applications of PCs in high-frequency signal 
processing, such as filtering, have been proposed. 
Confining, or guiding, mechanical energy in PCs 
with two-dimensional periodicity is possible 
because of omnidirectional PBGs [2], i.e., complete 
phononic band gaps (CPBGs). It has been 
demonstrated that honeycomb lattices exhibit a 
relatively wide CPBG when in slab form [3].  

In this paper we present results for real-time 
imaging [4] of optically-generated Lamb waves at 
frequencies up to ~1 GHz in PC slab structures 
based on honeycomb lattices. We also carry out 
numerical simulations with a finite element time 
domain method. Simulations and experimental 
results are compared. 

2. Sample 

The sample was based on a microscopic 
honeycomb lattice of circular holes patterned on a 
(111) silicon-on-insulator wafer by dry etching. The 
insulating silicon oxide was then removed by 
etching to leave a free-standing crystalline Si slab 
of thickness 6.5 μm. Finally, a Pt dot of thickness 
20 nm and diameter 2 �m was deposited outside the 
structure using a focused ion beam for the 
excitation of the Lamb waves. 

 A typical sample design is shown in Fig. 1; 
a Y-shaped region with no holes forms a PC 
waveguide. The center-to-center spacing of the 
holes (formed through the whole slab thickness) is 
a = 6.6 μm, whereas the diameter is 2r = 5.8 μm
(r/a=0.44). The waveguide width is 3a = 19.8 μm.  
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The expected first CPBG lies between 230 
and 320 MHz for this phononic slab, as verified by 
simulations based on the orthogonal plane wave 
method. 

3. Experiment and simulation 

1. Pump-probe measurement

We use optical pulses of duration ~200 fs, 
wavelength 830 nm and repetition rate 80.4 MHz 
from a Ti:sapphire femtosecond laser. The 415 nm 
pump beam derived from this laser is used to 
generate Lamb waves at a point source by 
thermoelastic expansion. An 830 nm beam, after 
being delayed relative to pump beam, is used to 
probe the sample. The beams are focused to spots  
~1 μm in diameter. The probe spot is scanned 
across the sample relative to the pump to obtain 
images at various delay times over an area 
~200×200 μm2. Animations of the out-of-plane 
velocity of the surface motion at acoustic 
frequencies up to ~1 GHz are recorded. Constant 
frequency images are obtained by Fourier 
transforming in the time domain.  Figures 2 (b) 
and (d) correspond to such experimental images at 
~322 MHz and ~80 MHz, respectively. The waves  

             

Fig. 1 Scanning electron microscope image of the PC 
waveguide. The hole diameter is 5.8 μm, the hole 
spacing is 6.6 μm, and the slab thickness is 6.5 μm. The 
first complete phononic band gap lies between 230 and 
320 MHz. The angle between the branches of the guide 
is 120��
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are generated at the entrance to the waveguide, as 
shown by the white circles in Fig. 2. 

2. Numerical simulation of Lamb wave propagation 

Commercial finite-element software (PZFlex, 
Weidlinger A., Inc.) was used to model the PC 
waveguide structure over a region of 
0.174×0.179×0.176 μm3 using ~108 elements. 
Thermoelastic generation is replaced by an 
impulsive in-plane dipolar force. Figure 2 (a) and 
(c) show the results of the simulation corresponding 
to the experimental results shown in the same 
figure. 

4. Discussion 
The 322 MHz waves lie in the CPBG of the 

waveguide. Therefore the waves in the waveguide 
are strongly confined as they propagate along the 
waveguide. In contrast the waves at 80 MHz are not 
guided and pass through the honeycomb lattice. 
These trends are clear in both experiment and 
simulation. At 322 MHz the waves can be seen to 
split into the two branches. However, some 
differences between experiment and simulation are 
evident at both frequencies. One possible reason is 
that the source in experiment is slightly offset from 
the symmetry position, whereas in the simulation 

the source is placed symmetrically. 

5. Conclusion 
In conclusion we have visualized Lamb 

waves in Y-shaped PC waveguide using an ultrafast 
optical method. Both experimental and simulated 
images were obtained, and compared. This work 
should lead to new diagnostic techniques for the 
propagation of surface acoustic waves in phononic 
structures, including surface acoustic wave devices. 
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Fig. 2 Experimental (b), (d) and simulated (a), (c) 
images of the out-of-plane velocity of the surface 
motion of a sample consisting of a Y-shaped waveguide 
in a honeycomb-lattice phononic crystal slab in (111) 
silicon. (a) and (b) correspond to 322 MHz (inside the 
complete phononic crystal bandgap), whereas (c) and 
(d) correspond to 80 MHz. The white circles show the 
source positions. 


