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1. Introduction 
Wide-gap Ⅱ-Ⅵ semiconductor-related materials have 

already been successfully applied in a variety of photoelec-
tronic devices, e.g., in photodetectors and light sources for 
the UV, blue and green spectral region.[1][2] Currently 
spintronics has attracted a good deal of attention owing to 
its potential application in quantum computation, as well as 
its interesting physical properties of its building materials. 
A spin injector, or spin aligners, consisting of Ⅱ-Ⅵ com-
pound diluted magnetic semiconductors heterostructures, as 
well as Ⅲ-Ⅴ compound semiconductor heterostructures 
have been fabricated.[3] In this paper, we present the inter-
esting optical properties of ZnMnSe/ZnSeTe multi-
ple-quantum-wells (MQWs) using photoluminescence (PL) 
technologies including conventional PL, tempera-
ture-dependent PL and power-dependent PL measurements. 
The thermal activation energy (EA) for quenching the PL 
intensity was determined from the temperature-dependent 
PL spectra. In power-dependent PL spectra, a giant blue-
shift of the PL peak energy was found and discussed.[4]  
 
2. Results and Discussion  

Two sets of Zn1-xMnxSe/ZnSe1-yTey (x = 0.03, y = 0.08) 
multiple-quantum-wells (MQWs) grown on GaAs sub-
strates by molecular beam epitaxy (MBE) were studied by 
photoluminescence (PL), temperature-dependent and 
power-dependent PL measurements. For the samples A, B, 
and C (D, E, and F), the thickness of the ZnSeTe (ZnMnSe ) 
layers is fixed at 20 nm and the thickness of ZnMnSe 
(ZnSeTe) layers is varied among 5, 3, and 1 nm, respec-
tively. As shown in Figs. 1and 2, the PL data reveal that the 
band alignment of the ZnMnSe/ZnSeTe system is type Ⅱ. 
Comparing with the theoretical calculation based on the 
Schrodinger equation, the valence band offsets can be esti-
mated. From the power-dependent PL spectra shown in Fig. 
3, it is observed that the peak position of PL spectra shows 
a blueshift under different excitation power. This effect can 
be interpreted in terms of the band-bending effect due to 
the spatially photoexcited carriers in a type-Ⅱ alignment, 
in which electrons are accumulated in the triangle-like well 
located in ZnMnSe layers and holes are localized in the 
ZnSeTe layers. The temperature-dependent PL spectra of 
sample A and its integrated PL intensity are shown in Figs.  
4 and 5, respectively. The thermal activation energy (EA) 
for quenching the PL intensity is determined to be 16.3 
meV. Figure 6 shows the thermal activation energy, which 

can be regarded as the delocalization energy of electrons or 
holes, is found to decrease as the thickness of ZnMnSe and 
ZnSeTe layers decreases from 5 nm to 1 nm. This effect is 
attributed to the decreasing delocalization energy of elec-
trons or holes resulting from decreasing the thickness of the 
electron or hole well materials.  
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Fig. 1  PL spectra of the first set of sample at 15K. The spectra 
are displaced vertically for clarity. It is observed that the PL peak 
energy is much smaller than the bandgaps of building material of 
MQWs. A blueshift of 54 meV was found as W2 (ZnMnSe) de-
creases from 5 nm to 1 nm.  
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Fig. 2  PL spectra of the second set of sample at 15K. The spec-
tra are displaced vertically for clarity. A blueshift of 198 meV was 
found as W1 (ZnSeTe) decreases from 5 nm to 1 nm. 
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Fig. 3  PL spectra of sample C under different exication power at 
15K. Because increasing the excitation power makes the 
band-banding effect more pronounced, the accumulated electrons 
and holds will be confined in a narrower region near the interface. 
Thus an increase in the excitation density raises the steepness of 
the confining potential, therefore, the electron quantization energy 
is increased and the blueshift is occurred. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4  The temperature-dependent PL spectra of sample A in the 
temperature range from 12K to 70K. The PL peak positions shift 
toward high energy indicated by the arrows as the temperature 
decreased.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5  Variation of integrated PL intensity with temperature of 
sample A.  
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Fig. 6  The thermal activation energy determined from tempera-
ture-dependent PL spectra for each sample.  
 
3. Conclusions 
   We have performed the optical characterization of 
ZnMnSe/ZnSeTe MQW structures using PL, excitation 
power- and temperature- dependent PL measurements. 
From photoluminescence measurements, It was observed 
that the band alignment of the ZnMnSe/ZnSeTe system is 
type Ⅱ . In the temperature-dependent PL spectra, the 
thermal activation energy that is responsible for quenching 
the PL intensity is determined. The activation energy 
tended to decrease as the thickness of ZnMnSe and ZnSeTe 
layers decreased. A larger amount of blueshift is observed 
in power-dependent measurements. This effect can be in-
terpreted in term of the band-bending effect due to the spa-
tially photoexcited carriers in a type-Ⅱ alignment.  
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