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Acoustically Detected Magneto-Intersubband Oscillations in Wide n-GaAs/AlGaAs Quantum Well
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Introduction
In a wide quantum well (QW) the carrier density distribution can be essentially bilayer, i.e., similar to observed in double QWs. If the layers interact, the energy spectrum in such a system consists of the symmetric and anti-symmetric subbands divided by the energy gap (SAS. The resonance scattering between the subbands could cause the so-called magneto intersubband oscillations (MISO) when (SAS/((c=K, where K is integer and ((c is the cyclotron energy (e.g., see [1]). However, a direct observation of MISO requires damping of the Shubnikov-de Haas oscillations (SdHO) usually achieved by increase of temperature, which could suppress MISO also. To resolve this controversy we damped SdHO by high intensity surface acoustic waves (SAW) in pulsed regime.
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Experimental


The high quality samples were multilayer n-GaAlAs/GaAs/GaAlAs structures with a wide quantum well (75 nm) with the electron density n=1.4×1011 cm-2 and the mobility 2.4×107 cm2/Vs (at T = 0.3 K). We used a contactless acoustic method when a Surface Acoustic Wave (SAW) propagates along a surface of piezodielectric lithium niobate and the studied structure is pressed onto the same surface of the LiNbO3. The electric field accompanying the SAW penetrates into the 2D channel located in the semiconductor structure. The field produces electrical currents, which, in turn, cause Joule losses. Due to the interaction of the SAW electric field with the charge carriers in the quantum well, the SAW attenuation ( and its velocity shift ∆v/v are governed by the complex high-frequency conductivity, (ac(()=(1-i(2 which we extract from measurements. The measurements have been carried out in magnetic field, using SCM1 system at the NHMFL DC Field Facility in the frequency domain of 28‑300 MHz at temperatures 20-500 mK. 

At the base temperature 20 mK we also recorded ( and ∆v/v at various RF source outputs with the effective SAW power introduced into the sample ranged from 3.7×10-10 W/cm to 3.7×10-5 W/cm. In our experiment we observed rich SdHO pattern at low SAW intensities. These fast oscillations undergo a beating and their amplitudes decreases when the temperature rises. Effect of extra SAW power on the ac the same at intermediate intensities up to 30 dBm, namely damping the fast oscillations. With further increase of RF power fast oscillations of (1 virtually vanish, and the slow oscillations dominate. The view on the fast and slow oscillation structure is presented in Fig.1 where we show the dependence of (1 (B) for f=30 MHz at RF output of 15 dBm at 20 mK. This picture evidences SdH oscillations marked with filling factors (. With lowering field as B<0.4T one can observe the new series of oscillations denoted with K. Change of the SAW frequency does not affect neither the slow oscillation position nor the positions of SdHO in the magnetic field. 


Interpreting the slow oscillations as the MISO we succeed to extract the value of the energy gap (SAS(0.42(2 meV from the slope of the linear dependence of K on 1/B as illustrated on inset (a) in Fig.1. The energy corresponding to the SdH oscillations EF(5 meV was found from the slope of ((1/B) (see inset (b) in Fig.1). 
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�Fig.1 Magnetic field dependence of the real part of ac conductivity (1, f=30 MHz, T=20 mK. Inset: (a) K on 1/B; (b) filling factors vs 1/B.








