Quantum confinement effects on electron spin g-factor in semiconductor quantum well structures
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We discuss the effects of quantum confinement on electron spin g-factor in semiconductor quantum wells (QWs). We demonstrate how the spin precession frequency changes depending on the well thickness by time-resolved photoluminescence measurements under a high magnetic field. The precise measurement of spin g-factor offers invaluable information on electron (exciton) confinement in the quantum structures [1-2]. In present study we have used a QW sample, which consists of quantum wells having different well thickness, and thus we can assess the quantum confinement effects accurately and systematically under the same conditions; barrier height of QWs, applied magnetic field, optical excitation power, and temperature. 
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In this sample each QW consists of GaAs well and Al0.35Ga0.65As barrier layers. Time resolved PL measurements were carried out under a high magnetic filed up to 10T in Voigt configuration to observe the electron spin precession. The precession frequency increased in proportion to the applied magnetic filed, and we estimated the electron g-factors from the proportionality constant for each QW. Figure 1 shows the measured g-factor value as a function of well thickness. The g-factor value increases with a decrease in well thickness. When the well is thick, the wave function of the electron is mostly confined in the GaAs well layer. So, the g-factor is close to the value of -0.44 in bulk GaAs. On the other hand, as the well thickness decreases the wave function penetrates into AlGaAs barrier layer having a positive value of g-factor, and so the measured value increases. This experimental trend will be discussed, comparing with a theoretical results obtained by k·p theory. 
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Fig. 1 Quantum confinement effects on electron spin g-factor
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