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ABSTRACT 
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The phonon spectrum is critical for a full understanding of the phase change process in chalcogenide glasses such as 

Ge2Sb2Te5 (GST) used for data storage applications. The time resolved reflectance (R) and anisotropic reflectance (AR) 

response of a epitaxial Ge2Sb2Te5(15 nm)/GaSb(50-100 nm)/GaSb(001) thin film has been explored in optical pump-probe 

experiments. A linearly polarized, 800 nm wavelength, 80 fs pump pulse with fluence of 0.42 – 2.77 mJ/cm2 at close to 

normal incidence was used to excite the sample. The dynamics of ultrafast hot carriers and stimulated coherent optical 

phonons (COP) was monitored by a s-polarized probe pulse of 800 nm wavelength, 80 fs pulse with weaker fluence of 0.2 

mJ/cm2 incident at 45°. The time resolved response was measured upto 4 ns delay. The pump polarization and/or orientation 

of the sample were varied in order to investigate the character of the COPs (amplitude/frequency/phase) and a long-lived 

transient response. Additional measurements were performed upon a reference substrate (GaSb) without the GST layer in 

order to understand the origin of the various features observed. For the case that the probe was polarized parallel to the 

[100] axis and at 45° to the pump, the AR signal revealed an initial peak of 115 fs width due to the specular optical Kerr 

effect (SOKE), COPs with frequency of 3.4 and 6.7 THz, and a large transient response that decayed on ns timescales. After 

exposure to fluences in excess of 2.12 mJ/cm2, COPs were instead observed in AR at frequencies of 4.2 THz in both 

samples and at 3.1 THz for the GST film. To obtain the best fit to entire data, we employ a fitting function consisting of 

three independent terms: (i) a Gaussian function (for the initial peak) (ii) some exponentially decaying terms (complicated 

background) and (iii) two damped oscillator terms of the form Aexp(-t/τ)cos(2πft + ϕ). Fitting the raw R and AR data 

provides the information about important parameters, such as amplitude (A), frequency (f) and initial phase (ϕ). The data 

also exhibit a number of relaxation times (τ) that can be ascribed to the interaction of the different populations of electron 

and phonons. The SOKE peak is commonly observed and is associated with the optical modification of the electronic 

momentum distribution. The polarization dependence analysis of the amplitude of the signals strongly suggests that the 6.7 

THz COP and transient AR are associated with the GaSb substrate, which has the zincblende structure and is consequently 

piezolelectric. The COP amplitude is fully explained by a combination of transient stimulated Raman scattering (TSRS) 

described by the Raman tensor for zincblende [1], which may be understood microscopically in terms of the orientation of 

the pump electric field relative to bonds lying in orthogonal (110) and (-110) planes [2], and an additional component that is 

independent of the polarization of the pump. The latter component may be understood in terms of an optically-induced 



space charge field normal to the substrate [3] that also generates a lateral strain that leads to the transient AR response (tail). 

The variation of the amplitude of the 3.4 THz mode specific to GST suggests that it has T2z symmetry. This frequency is 

also observed for c-Sb2Te3, suggesting the importance of Sb-Te bonds. The T2z mode is usually believed to be Raman 

inactive for rock-salt, raising questions about the microscopic excitation mechanism (TSRS) and the detailed 

crystallographic structure of the epitaxial GST. The ordering of Ge/Sb/vacancies and their displacement from their ideal 

position may break the inversion symmetry and allow both 1st order Raman scattering and space charge excitation. This may 

lead to additional zone-centre modes of A and E type. 
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