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Abstract. Acoustic attenuation of high frequency waves like ultrasonic waves is investigated in this study. Attenuation of 
both the longitudinal and shear waves of frequency 300 MHz and 426 MHz propagating through pure semiconductor 
materials, like germanium and silicon is computed within the temperature range 73-293K and a comparison is drawn 
between them. Second and third order elastic constants of the material and the temperature dependent non-linearity 
parameter DL and DS are used to calculate attenuation. Study reveals that attenuation of the high frequency waves is 
highly frequency and temperature dependent. The Akhieser losses leading to attenuation in pure semiconductors is 
attributed mainly to phonon-phonon interactions within the solids. High frequency acoustic waves are found to be more 
attenuated in germanium as compared to silicon. 
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INTRODUCTION 

Many different properties of the solid materials can be assessed by investigations related to progress of 
mechanical waves through it [1] Naturally occurring solidsexhibit anharmonicity due to existence of zero-point 
energy, owing to which, a stress wave in the form of high frequency acoustic wave travelling through it gets 
attenuated. Longitudinal and shear waves progress with undiminished amplitude as well as intensity if the solid is 
perfectly elastic, where the Hooke�s law is obeyed to perfection. Since harmonic approximations are not valid for 
real solids, stress waves are attenuated even in absence of any dissipating mechanisms. Attenuation is thus a direct 
consequence of anharmonicity in solids [2-4] Using the �picosecond ultrasonic technique� attenuation of the 
acoustic waves was studied and the phenomenon of attenuation was found to be strongly influenced by the 
anharmonicity in the semiconductor crystal GaAs [5] Phonon-electron interactions as a possible cause of acoustic 
wave attenuation in piezoelectric semiconductors have been investigated besides the losses due to anharmonicity 
[6,27,28. 

Due to anharmonic nature of the interatomic forces in real solids, the acoustic waves travelling through it 
interacts with thermal lattice waves and gets attenuated [7,23]. If >>1, where  is angular frequency of acoustic 
waves and  the relaxation time of thermal phonons, the acoustic waves interact directly with individual lattice 
phonons. This corresponds to a case where wavelength  of the wave is much less than mean free path  of the 
thermal phonons. This condition is satisfied for extremely high frequency acoustic waves travelling through solids at 
low temperatures [8-11]. 

Studies related to attenuation of high frequency acoustic waves in semiconductors has always been a matter of 
interest for researchers due to its vast applications and major  initial contributions in this field had come from 
experimental works done by Mason and Bateman [12-18]. The failure of harmonic oscillator theory to explain the 
experimental results about attenuation of waves, led various workers to modify it. Gruneisen and Mason were 
perhaps the first to make allowance for �anharmonicity� by assuming a temperature dependent non-linearity 
parameter D, in calculation of acoustic wave attenuation [12, 16-18] D is a function of second and third order elastic 
constant of solid under consideration and is also temperature dependent. Inclusion of temperature dependency of 


