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Optical properties of heterostructure CdTe/CdMgTe doped

in various ways
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The reflection and luminescence spectra of a CdTe/CdMgTe heterostructures doped with iodine are studied.

Iodine was introduced either into a barrier layer or into a wide CdTe quantum well. It is shown how the doping

method and level affect the spectra and the temperature dependence of the quantum well exciton emission intensity.
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The CdTe/Cd1−xMgxTe heterostructures are a subject of

numerous research activities (see, for example [1–5]), be-
cause a cadmium substitution by magnesium insignificantly

changes a lattice parameter and thus make it possible to

grow a high quality interfaces. In this study we have

investigated reflection and luminescence spectra of a series

of CdTe/Cd1−xMgxTe heterostructures doped by different

methods which contain a single CdTe quantum well (QW)
of 100 nm thickness. The energy of the barrier exciton

is 2.1 eV, which corresponds to x = 0.3. Donor doping was

carried out using a source of ZnI2 molecules. In samples # 2

and 3 tellurium was replaced by iodine layers with a

thickness of 1 monolayer and 5 monolayers, respectively.

These iodine layers were formed in a barrier at a distance

of 15 nm from the interface. In samples # 4−6 the CdTe

QW was uniformely doped at temperatures of ZnI2 source

of 130, 140, and 150◦C. In the case of doping of CdTe bulk

samples, the above-mentioned temperatures correspond to

donor concentrations of 4 · 1015, 1 · 1016, and 4 · 1016 cm−3.

Also, the undoped reference sample # 1 was grown.

The exciton ground state radius in CdTe is 6.5 nm, so

a weak quantization takes place in the structures under

investigation. In this case the restriction in the direction

of heterostructure growth has an effect on the motion of the

exciton as a whole.

Fig. 1−3 shows reflection spectra of samples # 1−5 with

the inverted free exciton (FE) resonance contour. This

proves that the dead layer near the QW interface has a

significant thickness, which results in an effective narrowing

of the QW for the exciton. A system of lines is observed at

the high-energy side of the FE contour, which corresponds

to a quantization of the exciton wave vector. As the level of

doping increases, these bands broaden. In reflection spectra

of samples # 3−5 the features are observed at the low-

energy side of the FE contour, which are manifested in the

emission spectra as well.

In luminescence spectra of the undoped and lightly

doped samples # 1 and 2 only the FE band is observed

(Fig. 1). In luminescence spectra of samples # 4 and 5,

along with the FE band a donor bound exciton band is

observed, which matches the above-mentioned feature in

reflection spectra (Fig. 2). Its position in relation to the FE

energy corresponds to the known data for bulk crystals of

CdTe : I [6]. In the luminescence spectrum of sample # 3

also there is a band that coincides with the weak feature

of reflection spectrum, which is noticeably broadened as

compared with the bound exciton bands in spectra of
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Figure 1. Reflection and luminescence spectra of samples # 1

and 2, T = 5K. FE — free exciton, dots in Fig. 1−3 shows the

features that arise due to the exciton wave vector quantization.
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Figure 2. Reflection and luminescence spectra of samples # 4

and 5, T = 5K. FE — free exciton, D0
x — exciton bound to a

neutral donor.
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Figure 3. Reflection and luminescence spectra of sample # 3,

T = 5K. FE — free exciton, X− — trion.
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Figure 5. Temperature dependence of the free exciton emission band intensities in samples # 1, 2, and 4 (a) and in samples # 3 and 5 (b).
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Figure 4. Reflection and luminescence spectra of sample # 6,

T = 5K. FE — free exciton, D0
x — exciton bound to a neutral

donor, D0
−V — presumably the donor-valence band transition.

samples # 4 and 5 (Fig. 3). Since in the QW of sample # 3

there is a considerable number of free electrons from the

donors of the barrier layer, this band can be naturally

interpreted as a luminescence of the negatively charged

trion, which properties were studied in [7–11]. The larger

width of this band as compared with the bound exciton

bands is explained by mobility of the trion.

The exciton reflection contour in the spectrum of sam-

ple # 6 is shifted toward high energies by 10meV as

compared to its position in the spectra of samples # 3−5

(Fig. 4). A possible cause of this shift is the narrowing of

the QW for the exciton due to the increase in thickness of

the dead layer in a heavy doped QW. In the luminescence

spectrum of sample # 6 a weak band of donor bound exciton

is observed together with a band that presumably originated

from the donor−valence band transition. The doping of
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QW leads to cadmium substitution by zinc. ZnTe is a

wide-band component in the CdZnTe solid solution, so no

potentials which can localize exciton occur in the case of

insignificant relative concentration of zinc. The implantation

of zinc atoms results in the scattering centers creation,

which can explain the broadening of the exciton structure

in the luminescence spectrum of sample # 6.

Temperature dependencies of FE band intensities are

shown in Fig. 5. For the undoped and lightly doped

samples # 1, 2, 4 this dependence is monotonous. In lumi-

nescence spectra of samples # 3 and 5 the FE band increases

in a narrow interval of temperatures over 5K due to the

delocalization of donor bound excitons and dissociation of

trions.
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