Photoluminescence from excitons at the mini-Brillouin-zone boundary 
in a GaAs/AlAs superlattice
Takayuki Hasegawa* and Masaaki Nakayama
Department of Applied Physics, Graduate School of Engineering, Osaka City University

3-3-138 Sugimoto, Sumiyoshi-ku, Osaka 558-8585, Japan

In a superlattice (SL) with sufficiently thin barriers, the electronic states in individual quantum wells couple with each other to form a miniband with a finite energy width. As a result of the miniband formation, there are two types of critical-point transitions: one is the transition at the mini-Brillouin-zone center (kz=0:  point), and the other is the transition at the mini-Brillouin-zone boundary (kz=/D:  point) [1]. The exciton at the  point is called a saddle-point exciton. The photoluminescence (PL) properties of the -point excitons are well known; however, those of the -point excitons peculiar to the miniband formation have not been revealed owing to difficulty of detection of the -point exciton. 
[image: image1.png]


In this work, we have focused on the PL properties related to the mini-Brillouin-zone boundary point) in a (GaAs)24/(AlAs)2 SL with 60 periods grown by MBE, where the subscript indicates the number of monolayer (one monolayer=0.283 nm) in the constituent layers. In order to detect the PL from the -point transition, we measured time-resolved PL (TRPL) spectra with a streak-camera system under a resonant excitation condition. Photoreflectance (PR) spectroscopy was also used to characterize the optical transition energies at the  and  points. Figure 1 shows the PR and TRPL spectra at 5 K, where the time window of the TRPL spectrum is from 0 to 100 ps. In the PR spectrum, we can clearly observe the heavy-hole-exciton transition labeled H11() at the  point of the first quantization (n=1) miniband in addition to the -point excitons labeled H11() and L11(). The noteworthy fact is that the PL band of the H11() transition, energy of which just agrees with the PR signal, appears in the TRPL spectrum. It is noted that we have never observed the H11()-PL band under a condition that an excitation energy is much higher than the H11() energy.  Furthermore, it has been found that the H11()-PL band has a rise time of ~80 ps corresponding to a delay time relative to the H11()-PL band. This delay time reflects the time required for carrier occupation at the  point in the miniband.
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Figure 1  Photoreflectance and Time-resolved PL spectra (time window: 0~100 ps) at 5K.








