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AHoraunisi. EXCriepiMeHTaIbHO [T0Ka3aHOo, LIO JIETYBaHHS 0€3I0MIIIKOBHX PO3IUIABHUX KpHCTANIB ZNSE psioM
pinkicuozemenshux enementis (Ce, Gd ta Yb) BUKINKaIOTh «e(EKT OUUILIEHHSY, KU NPOSBISIETHCS B 3HAYHOMY
«IpHUAYLIEHH]» HI3bKOGHEPTeTUYHOI Ta TOCKHIICHH] Kpa€eBOi CMYTH JIFOMIHECISHIIIi.

Ku11040Bi ci10Ba: celeHi LIMHKY, PiIKiCHO3EMENbHI €JEMEHTH, JIFOMiHECIIeHIIis, TOYKOBI AedexTn

AHHOTaUUsA. DKCIEPUMEHTAJIBHO MOKAa3aHO, YTO JITUPOBAHHE OCCIPUMECHBIX PACIUIABHBIX KPHUCTAIOB ZnSe
psimoM penko3eMenbHbIX 31eMeHToB (Ce, Gd Ta Yb) BBI3BIBAIOT «d9((EKT OUUIIEHHs» KOTOPHIH MPOSBIIETCS B
3HAYUTEIBHOM I10JaBJICHNH HU3KO3HEPT€THYECKOH M YCHIIEHUIO KPAEBOii ITOJIOCHI JIIOMUHECLICHIUH.

KiioueBble cJ10Ba: CEICHN]] LIMHKA, PEAKO3EMENBHBIC SICMEHTBI, JIIOMUHECLICHIINS, TOYCYHbIC Te(EKTHI.
Abstract. It was experimentally shown that doping of pure ZnSe melt crystals by a number of rare-earth elements
(Ce, Gd and Yb) causes a «purification effect», which is manifested in a significant suppression of low-energy and
increase of edge luminescence band.

Key words: zinc selenide, rare-earth elements, point defects.

DOI: 10.31649/1681-7893-2018-35-1-89-92

INTRODUCTION

Despite the large band gap ( E, [l 2.7 eV at 300 K) and the high probability of radiative recombination,

zinc selenide today, unfortunately, continues to be a promising material for creating blue-blue LEDs. A large
variety of intrinsic and uncontrolled point defects, as well as their associates, leading to self-compensation
effects are the main reasons for the controlled production of this compound with the required parameters and
characteristics [1]. These problems are especially serious for the most common bulk ZnSe crystals grown by the
Bridgman-Stockbarger method from a melt under an inert gas pressure [2]. We note that it is precisely because
of the diversity of the point defects noted above that the physical properties of both pure crystals and crystals
doped during the growth process are, in the overwhelming majority of cases, quite far from the expected ones.
For their correction, various additional technological operations are used, which usually consist in conducting
thermal annealing in vacuum or in pairs of its own components, as well as doping with simple or rarely used
impurities — isovalent, amphoteric, 3d-elements [3,4]. These also include rare-earth elements (REE), the
introduction of which into semiconductor materials causes a “purification effect”, which was considered in detail
in [5] using the example of I11-V compounds. Regarding II-VI compounds, including those for ZnSe, these
issues, unfortunately, are studied extremely little.

Meanwhile, in a number of works [5,6], it was convincingly shown that doping ZnSe crystals during
their growth with ytterbium Yb, one of the representatives of REE, causes a decrease in the concentration of
background donor impurities and an increase in the efficiency of exciton radiation. Later, similar effects were
also observed in melt ZnSe crystals after the introduction of Yb impurity from the vapor phase into them [7]. In
this work, we study the effect of a series of REEs (Ce, Gd, Yb) on the formation of the edge luminescence band
of pure melt crystals and its temperature evolution.

SAMPLES AND INVESTIGATION TECHNIQUES

Base substrates of 4x4xl mm® size were cut from a bulk ZnSe crystal grown by the Bridgman-
Stockbarger method from a melt of stoichiometric composition. REE diffusion was carried out in a vacuum
ampoule up to 10™ Torr and a sealed quartz ampoule, at one end of which there was a substrate, and at the
opposite end - a charge. The latter contained weighed particles of crushed Ce, Gd, or Yb and elementary Se,
which by creating a back pressure prevented erosion of the surface of the samples and promoted the entry of
REE atoms into the cationic zinc sublattice of ZnSe. Note that the surface of the samples after diffusion remains
the same specular as before loading into the ampoules, which was obtained by etching the base substrates in a
CrO3:HCI =2: 3 solution. This fact allows the use of doped substrates for further measurements without the use
of any additional treatments.
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The photoluminescence (PL) spectra N, were measured on a universal complex containing a
diffraction monochromator of the type MDR-23 and a standard synchro-detection system. The radiation source
was a nitrogen laser with a wavelength of A [ 0.337 um, and the spectra were recorded automatically on a
recorder. The temperature changed and was maintained with an accuracy of + 0.5 K in the range of 300-500 K.

RESULTS DISCUSSION

A typical PL spectrum of basic ZnSe substrates is shown in Fig. 1 and consists of two bands — red-
orange (R) and blue (B), curve 1. The first band is caused by recombination on donor — acceptor pairs (DAP),

which include negative double-charge V,," zinc vacancies and positive single-charge selenium vacancies V., .
According to [8], their concentration in melt ZnSe crystals is rather high ~ 5-10%* cm?, and the concentration of
associates (V,," Vg, ) is ~ 3-10™ cm®. Note that the ratio between the intensities of the R and B bands also
depends on the level of excitation L, the increase in which causes increased edge radiation.
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Fig. 1 Typical photoluminescence spectra of base ZnSe(1), and doped with various rare-earth elements Yb (2),
Gd (3), Ce (4) crystals

A detailed analysis of the B band shows that it is the sum of two elementary bands, the first of which is
due to the recombination of free holes with electrons bound at the centers V,, and the second to interband
transitions [8]. We also pay attention to the fact that the R-band is present in the PL spectra in molten pure ZnSe
crystals even at 77 K and at the maximum (~10® kV/s) excitation level.

A completely different scheme of recombination processes is realized in substrates doped with REE,
typical PL spectra are shown in Fig. 1, curves 2-4. The most characteristic of them is a sharp decrease in the
proportion of red-orange radiation as compared to edge luminescence, which may be a consequence of the
“effect of purification” of samples from the centers responsible for the formation of the R-band. These, in our
opinion, are zinc vacancies that are “healed” by REE atoms, as a result of which the concentration of donor —

acceptor pairs is reduced (V,," Vs, ). The release of selenium vacancies from DAP, which serve as small donors
(E4 L' 0.03 eV [8]), causes an increase in the concentration of these local centers. The confirmation of this is,
first of all, an increase in the intensity |, of the B band, which, after doping with REE samples, is large
compared with the initial substrates.

Meanwhile, the ratio of the intensity of doped substrates |, to the value 1, measured at the same

temperature and level of excitation depends on the type of REE, as illustrated in Fig. 2 (a-d). This may be due to
both the difference in solubilities of the REE used (Ce, Gd, and Yb) in zinc selenide, as well as a consequence of
the effect of "lanthanoid compression™.
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Fig. 2 Temperature dependences of the intensities 1; and maximums 7,, of the B-band of the base and doped

ZnSe substrates

The latter stands in a decrease in the ionic radius of rare-earth elements with an increase in their
sequence number, which is associated with an increase in the energy of attraction of external valence electrons to
the nucleus. In this regard, it can be assumed that the least effective “healing” of zinc vacancies should be carried
out by cerium atoms, the ionic radius of which is approximately 1.2 times the radius of the ytterbium ion [9].
This conclusion is indirectly confirmed by the presence of the ZnSe:Ce R bands in the PL spectrum, which is
absent in samples with Yb and Gd impurities, fig. 1. It follows from the above that the diffusion of REE into
pure ZnSe rare-earth melt crystals causes a rearrangement of an ensemble of intrinsic point defects, which
manifests itself in a change in the ratio between the intensities of the red-orange and blue bands, and in favor of
the latter for doped samples. On the other hand, almost the same form of the B band in all objects of research
indicates the same recombination mechanisms (impurity and interband), although the ratio between them is
determined by the presence and type of REE in the sample. This is indirectly confirmed by the difference in
temperature dependences of the intensities |, and maximum %@,, of the B-band of the substrates shown in

fig. 2 (a-d).
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CONCLUSIONS

Thus, the above results show that the doping of pure ZnSe melt crystals with rare-earth elements causes
“quenching” of low-energy and “heating up” of the edge bands of luminescence. Further studies should be aimed
at establishing and analyzing the mechanisms of defect formation and radiative recombination in connection
with the technological conditions of doping of rare-type zinc selenide.
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