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Intersubband Absorption Linewidth in GaAs Quantum Wells

H. Akiyama
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Effects of scattering mechanisms on intersubband absorption linewidth in GaAs QWs are studied quantitatively.  Figure 1 shows an intersubband absorption spectrum of a modulation-doped 8-nm GaAs/AlAs single QW with a sheet electron concentration NS of 9.8 x 1011 cm-2 (see the inset), measured at 4.5 K using a Fourier transform infrared spectrometer with a microscope (-FTIR). The linewidth 2op was 11.1 meV and this is about an order of magnitude larger than the transport energy broadening 2tr of 1.2 meV, to which mobility  of 2.9 x 104 cm2/Vs corresponds through transport relaxation time. Temperature dependences of the linewidth 2op and transport broadening 2tr are plotted in Fig. 2 by red and blue circles, respectively. Little correlation [1] was found between them in the temperature range from 4.5 to 300 K.

We calculated absorption linewidth using Ando’s microscopic theory [2], which is similar to the conventional method of calculating transport mobility.  In Fig. 2, calculated values of the linewidth 2op and transport broadening 2tr are shown by the various curves, where relevant contributions of interface roughness (IFR; with a mean height  of 0.4 nm and a correlation length  of 4.3 nm), LO phonon, and LA phonon scattering are included one by one (see legend). Satisfactory agreement between the experimental data and the theoretical calculations was obtained for both absorption linewidth and mobility. 

Therefore, the apparent lack of correlation [1] between absorption linewidth and mobility is confirmed and consistently explained. At low temperatures, interface roughness scattering dominates both 2op and 2tr, and the 2op of 10.4 meV is about an order of magnitude larger than the 2tr of 1.2 meV.  This is because the contribution from intrasubband scattering in the first excited subband is much larger than that in the ground subband [3]. As a result of the significantly different effects of interface roughness and LO phonon scattering [3], absorption linewidth has little correlation with mobility.  
Very recently, we have succeeded in measuring intersubband electronic Raman scattering in narrow GaAs-based single QWs such that the intersubband energy separation is more than ~ 150 meV [4]. We are discussing a relation between intersubband absorption and Raman scattering in terms of transition energy and linewidth. 
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Fig. 1: The intersubband absorption spectrum of a modulation-doped 8-nm GaAs/AlAs single QW measured at 4.5 K using a -FTIR. Note that its linewidth 2op = 11.1 meV is an order of magnitude larger than the transport energy broadening 2tr = 1.2 meV, to which the mobility  = 2.9 x 104 cm2/Vs corresponds. The inset shows the structure of the QW.





Fig. 2: Temperature dependences of the absorption linewidth 2op and transport broadening 2tr (or mobility ). Measured values are plotted by circles, and calculated ones are shown by lines, in which the contributions of interface roughness (IFR), LO phonon, and LA phonon scattering are considered.
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