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Abstract: Based on a macroscopic continuum theory, it is predicted that coherent transverse 
acoustic (TA) phonons, i.e. shear waves, can be photoexcited by launching femtosecond laser 
pulse into the TnGaN/GaN MQW with general crystal growth directions. 
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1. Introduction 
Recently, we had observed large coherent longitudinal acoustic (LA) phonon oscillation in InGaN/GaN multiple 

quantum wells [I]. Such nitride-based MQW structure acting as a coherent tera-hertz (THz) phonon sources has 
many potential applications such as nano-acoustic imaging and material characterization. Here, we use a 
macroscopic continuum theory to predict coherent transverse acoustic (TA) phonon generation in nitride-based 
MQWs with geneml crystal orientation [ h O i l ]  . It is found that, for MQW along certain orientation angles, 
transverse acoustic (TA) phonons will be excited and dominate the LA phonon in the process of photogeneration 
This THz shear acoustic wave might have special applications for picosecond ultrasonics. 

2. Photogeneration of Coherent TA Phonons 

The generation process of LA coherent phonon in the MQW can be understood by using a loaded string model 
[2]. The generation mechanism of acoustic phonon can be described successively by the loaded string model [2]. 
Based on continuum elastic mechanics [3] and Maxwells' equations, we obtain the following vector loaded wave 
equation from the macroscopic formalism [the details will be presented in the conference] 

aZU - aZu v - aP 
P, + c 4, = fpiem +f,, po ?-r .- = _ _  

at ad2 E v=e,h dz' 

Where po is the mass density and U is the lattice displacement. Here we use z' to denote the crystal growth 

direction, and E, 5, d, , and r are the effective dielectric constant, piezoelectric , deformation and stiffness 

tensor along the growth direction. p, = (el  [ph - p,]  is the space charge density, and pe and ph are the carrier 
densities of electrons and holes, respectively. 

- - 

In Figure 1 we show the crystal orientation dependence of the space charge density with fundamental spatial 
frequency qo = 2?r ! L  . Here L is the period of MQW and e is the angle between c-axis and the crystal growth 
direction. There are two minima at e z 45O and e = 90" . As a result, the piezoelectric coupling will be minimum at 
these angles. 
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Fig. 1 (a) Spatial distributions of photogenerated electrons and holes within the piezoelectric MQW. (b) Crystal orientation dependence of the 
photogenerated space charge density within the piezoelectric MQW. 

For propagation of acoustic wave along the growth Qrection z' in a wurtzite crystal, tlwe are a quasi-LA and a 
quasi-TA modes, i.e. U = U, w, +uTA w, . In Figure 2, we show the crystal orientation dependence of the two 
driving forces, fPem and faefum , for LA and TA phonon modes. The dependence of these forces on 8 is two fold: 
one is the dependence of space charge density on 0 as shown in Fig. 1, the other is the corresponding effective 
piezoelectric and deformation coupling constants. As can be seen from Fig. 2, the TA piezoelectric coupling 
constant has maximum at 0 s 30' and 0 = 85" , resulting a larger piezoelectric driving force fPem at these angles. 
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Fig. 2 Driving forces as a functions of the crystal orientation 0 for (a) LA phonon and (b) TA phonon 
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Fig. 3. Magnitudes of the generated coherent LA (cirle) and TA (triangle) phonons as a function of the crystal orientation 8 for a fixed 
photogenerated 2D canier density. 

Fig. 3 shows the strain amplitude of the generated LA (circle) and TA (triangle) phonon modes velsus the crystal 
orientation angles. In addition to the well-known LA acoustic wave generated along [OOOl] direction, our results 
suggest that shear acoustic wave can be excited in wurtzite semiconductor MQW with suitably chosen crystal 
orientation. For example, TA-dominate acoustic wave can be generated by photoexciting a [ i o i o  ]-grown MQW. 
These findings may have potential applications in picosecond ultrasonics. 
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