Photoluminescencetudies ofPbSe/CdSe heterostructures
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PbSe is a narrow band gap IV-VI semiconductor kndamapplications in mid-
infrared detectors and lasers but also from ingatbns of epitaxial PbSe quantum dots [1]
and colloidal core/shell dots, like PbSe/CdX (X =S, Te) [2]. The recent discovery of
topological insulators gave new impulse for studéPbSe-based heterostructures as this
semiconductor with proper addition of Sn constguteew class of topological materials,
namely topological crystalline insulatof8]. In this paper we concentrate on optical
investigations of quantum wells of rock-salt PbSthwide gap barriers of sphalerite CdSe
grown on GaAs (001) substrate. The preparationo&de”CdSe heterostructure in the form of
guantum well shifts the region of optical activaly PbSe Eg=150 meV at 4K) to the higher
energies due to the quantum size effect. It cancheial in the case of future
photoluminescence measurements of topologicak&hSe material as the increase of tin
content decreasdabe energy gap to the region in which the non-tadiarecombination
processes dominate.

The samples were grown by molecular beam epitasiynique with use of separate
effusion cells for Pb, Se, and Cd. The growth terajpees were 365 °C for CdSe and 263 °C
for PbSe material. First, samples containing thd5€ buffer and 300 nm thick PbSe layer
were prepared for different Se/Pb flux ratip varying from 1 to 2.2. The best
photoluminescence efficiency was obtained for samplith7 = 1.6. For such samples we
observe band-to-band transitions with maximum sigffrom 165 meV at 15 K up to 275
meV at room temperaturdhe 15 meV shift observed at low temperatures aspaoed to
bulk PbSe is due to stress resulting from diffeeemctemperature expansion coefficient for
PbSe and GaAs substrate and CdSe buffer. It isnadsiin to notice, that the 30 min annealing
(in nitrogen atmosphere) of the samples grown rfosignificantly different from 1.6 can
considerably increase their photoluminescence iacti8uch behavior is a result of improved
crystal quality by reduced number of intrinsic dt$e(like Pb vacancies and Se interstitials)
during annealing process.

Further, three samples containing single CdSe/Rts# quantum well with thicknesses of
100 nm, 80 nm and 50 nm respectively were grown. T nm PbSe QW samples we
observe the blue-shifted photoluminescence emisgioto 225 meV at 50 K due to quantum
size effect. Increase of temperature in the casthief sample causes further shift of the
luminescence peak to 275 meV at 230 K. Surprisinigly samples with thinner PbSe QWs
the photoluminescence signal is observed onlygitdritemperatures starting from 130 K and
150 K for 80 nm and 50 nm QW respectively, and iklmweaker as compared to the 100 nm
sample. This unexpected temperature behavior abpiminescence will be discussed within
the model taking into account quasi-type Il bangrehent expected in the case of PbSe/CdSe
heterostructures [2]. In this localization reginhe tlectrons are delocalized while the holes
remain localized within the region of PbSe mateltainakes the investigated structures very
sensitive to the temperature induced change ofahduction band offset.
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