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The paper describes a technique to visualize subbands in semiconductor superlattices, which consists of a photen
counting method (¢ measure extremely weak photoluminescence (PL) and an image processing using a personal com-
puter for visualization, The technique has been applied to measure the electric-field dependence of the subbaads for
GaAs/AlAs superlattices with layer thicknesses of 6.8 nm/1.7 nm (sample 1), 6.2 nm/3.4 nm (sarple 2) and 6.0 nm/
5.0 nm {sample 3). respectively. The field effects of the subbands such as the resonance and Stark-ladder transition are
clearly visualized from the PL images. We observed the PL emission between the second I'(I'2) and heavy hole ¢hhy)
states due to the resenance between the ground I'(I™) and I': states, and the PL emission between the ground X (X)) and
hh states due to the resenance between X and I states. Furthermore, we observed the PLs from the Stark-ladder transi-
tions between the I'(+ 1) and hh, states and between the X.(+1/2) and ki states, This technigue is useful for studying
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electronic states in semiconductor superliattices.
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Fig. 1 Schematic diagram of the measurement system.
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Fig. 2 Schematic structure of the superlattices used in the
experiments.
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Fig.3 Potential profiles for a GaAs/AlAs superlattice under
a zero (a) and applied electric field (b). Solid and bro-

ken lines show the I" and X band edges, respectively.
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Fig.4 PL intensity on a logarithmic scale as a function of
the reverse bias voltage at 20 K (a) and the schematic
energy band diagrams at 13 'V (b) and at 23 V (¢) of
sample 1. In the image, the brightness represents the
PL intensity. The white broken lines show the calcu-
lated transition wavelengths between electrons in the
respective subbands and heles in the heavy hole state
(hh,). The prebability density of the wave functions is
also shown in {(a). The I'-X" mixing effect is not in-
cluded.
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Fig. 5 PL intensity on a logarithmic scale as a functicn of
the reverse bias voltage at 20 K (a) and the schematic
energy band diagrams at 23 V (b} of sample 2.
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Fig. 6 PL intensity on a logarithmic scale as a function of
the reverse bias voltage at 20 K () and the schematic
energy band diagram at 25 V (b) of sample 3.
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