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Abstract. The influence of Yb impurity on evolution of luminescent properties of zinc 
selenide crystals doped with Al in the growth process is discussed. It was ascertained that 
diffusion of Yb impurity in a closed volume from vapor phase of ZnSe〈Al〉 substrates 
causes “quenching” the yellow-green band and appearance of intensive blue luminescent 
band that has exciton nature. 
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1. Introduction  

The unique set of physical-and-technical parameters of 
zinc selenide determines the prospects of its practical 
usage in various fields of functional electronics, which 
stimulated development of technology for receiving bulk 
crystals with good quality [1]. However, the most 
common melt crystals of ZnSe, both undoped and doped 
with different elements in the process of growth, usually 
contains a significant number of own and uncontrolled 
impurity point defects, and therefore their parameters do 
not always correspond to the desirable ones. In 
particular, this applies to receiving materials with 
dominant edge luminescence, which can serve as a basis 
of blue sources for spontaneous [2] and forced [3, 4] 
radiations. Unfortunately, boundary luminescence of as-
grown ZnSe crystals at room temperature is inefficient, 
and the spectra are usually kept as unwelcome long-
wave bands [5]. Therefore, additional processing is used 
to suppress the latter ones, which requires to perform 
high temperature annealing in melt or vapor of own 
components or other elements. In particular, currently 
doping the crystals undoped in melt but doped in a 
closed volume from vapor phase with elements of I 

group (Li, Na, K) [6], tin [7], magnesium [8], selenium 
[9] and ytterbium [10] enabled to receive the samples 
with a single blue luminescence band at 300 K. It is 
obvious that usage of ZnSe with another composition of 
point defects should lead to other luminescent properties, 
which requires separate researches.  

2. Samples and research methods 

The initial substrates were plates with the dimensions 
4×4×1 mm3 cut from bulk ZnSe〈Al〉 crystals. These 
crystals were grown from stoichiometric melt under 
pressure of inert gas and doped with aluminum during 
the process of growth. Plates were subjected to 
mechanical and chemical polishing in CrO3:HCl = 2:3 
enchant, and also to careful washing in distilled water 
and then finishing drying. As a result of these 
treatments, surface of such substrates visually acquired 
mirror look, and observed was pronounced 
photoluminescence (PL) that was absent in the samples 
polished only mechanically. Doping with ytterbium 
impurity was carried out using the diffusion method 
from the vapor phase in a close volume. The process was 
held in evacuated to 10–4 Torr and sealed silica ampoule, 
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placed in opposite ends of which were substrate and 
charge, that is mixture of crashed Yb and Se. Selenium 
contributes overwhelming entry Yb atoms into cationic 
(zinc) sublattice of compounds, and provides back 
pressure, remaining the surface of the plates mirrored. 
The annealing temperature was 1400 K, which during 
the time of diffusion (~3 h) ensured doping the total 
volume of the substrates. PL excited by N2-laser with the 
wavelength 337 nm and emission spectra were measured 
using a universal installation, which allowed ordinary 
and differential regimes of operation. The complex has 
diffraction monochromator MDR-23 and standard 
synchro-detection system with automatic recording of 
spectral characteristics. Changing the intensity of 
excitation L was within range of three orders and was 
carried out with calibrated neutral filters. Researches of 
luminescent characteristics of the samples were performed 
within the temperature range 290…500 K, and spectra 
were built in the coordinates: the number of photons per 
unit interval of energy Nω – photon energy ħω. 

3. Results and discussion 

As seen from Fig. 1 (curve 1), the PL spectrum of base 
ZnSe〈Al〉 crystal at 300 K in the visible region is 
represented by one yellow-green band that is marked 
with the symbol G. The large halfwidth (~0.3 еV) of G-
band and shift of its maximum with increasing the level 
of excitation to the side of higher energies indicates its 
donor-acceptor nature. According to [12, 13], this band 
is formed by two types of associates ( )•′′ ZnZn Al,V  and 

( )•′′ SeZn V,V , which include negative twice-charged zinc 
vacancies ZnV ′′  (deep acceptors Ea ≈ 1.2 еV) and positive 

single-charged centers •
ZnAl , as well as selenide 

vacancies •
SeV  (shallow donors with Ed ≈ 0.03 eV). 

Contribution of each associate to G-band is defined by 
the concentration of Al in melt, conditions of annealing 
ZnSe〈Al〉 crystals in zinc, cooling mode etc. Moreover, 
the most prominent feature of initial substrate is that the 
edge luminescent band is not observed even at the 
maximum level of excitation (~1019 photons/s) at room 
temperature. 

Unlike basic crystals, in substrates doped with Yb 
there observed is a significant increase of the efficiency 
η of the edge B-band (curve 2 in Fig. 1) and “quenching” 
G-band. It is caused by restructuring of their own 
impurity ensemble of point defects, which is caused by a 
number of reasons that we will consider in more detail. 
In our opinion, the main part of them is “healing” the 
zinc vacancies by Yb atoms, which results in a 
substantial decrease of associates number ( )•′′ ZnZn Al,V  

and ( )•′′ SeZn V,V , responsible for formation of G-band. 
The basis for such assumptions is inherent high 
solubility of rare earth elements in semiconductor 
crystals, in particular, confirmed experimentally for III-

V compounds [14]. On the other hand, released from 
these associates centers AlZn and VSe, that are shallow 
donors, may participate in formation of edge radiation. 
We now turn to the analysis of B-band, halfwidth of 
which is significantly higher than kT, what indicates it is 
not elementary. First of all, note that high-energy “wing” 
of B-band is well described by the known expression for 
interband transitions where Eg ≈ 2.7 еV [15]: 
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There is a difference between the total and band 
radiation, and it has a number of features that we will 
consider in more detail. First, we observe that contour of 
the obtained band is characterized by a sharp high-
energy edge and prolonged low-energy “wing”. Second, 
its maximum is close to 2.69 eV and it is shifted 
relatively to Eg by 0.01 еV. In this regard, dominant Вex-
band cannot be caused by recombination that involves 
local centers, because in ZnSe there are no levels of 
ionization energy equal to 0.01 еV [1, 12, 13]. Third, the 
maximum of this band ħω'm is shifted to the side of 
lower energies with increase of L (Fig. 2), which is 
usually not observed in recombination through shallow 
centers because of low electron-phonon interaction [15]. 
And finally, the intensity I of Вex-band depends on the 
excitation level in accord with the power law of 5.1~ LI  
type. These features are typical for exciton annihilation 
in their inelastic scattering by free charge carriers 
(electrons) [16], because the investigated samples have 
electron conductivity. Shift of Вex-band maximum 
toward lower values ħω can be explained by increasing 
concentration of non-equilibrium electrons in the 
conduction band with increase of the excitation level, 
which, in turn, leads to an increase in the probability of 
excitons scattering. 
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Fig. 1. Luminescence spectra of ZnSe〈Al〉 (1) and 
ZnSe〈Al〉:Yb (2) crystals. Solid lines – experimental data, 
dotted – calculation by using the formula (1), dots – difference 
between experimental and calculated lines. 
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Fig. 2. Intensity and maximum position of radiation of Bex-
band dependence on the excitation level. 
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Fig. 3. Temperature dependences of maximum position and 
Bex-band efficiency. 
 

Let’s note that such exciton luminescence band was 
also observed by the authors of [17] in crystals annealed 
in Zn melt with Yb impurity. However, regardless to 
high annealing time (~100 h) and wide range (0…8%) of 
changes in the Yb concentration in such samples, the 
low-energy band remains even at low temperatures 
(6 K). Discussed dissimilarities of luminescence spectra 
are caused not only by different composition of 
ensembles of point defects in base crystals but also by 
technological conditions of Yb doping process. 

In addition, let us also pay attention to several 
features of research objects important from a practical 
standpoint. The first of these is the significant efficiency 
increase of the edge band, which can reach ~20% at 
300 K. The second feature is quite weak temperature 
dependence of the η magnitude, which in the range of 
290…490 K doesn’t exceed 5·10–2%·K–1 (Fig. 3). In this 
regards, ZnSe〈Al〉 crystals can be the basis of high 
temperature blue sources of spontaneous and stimulated 
emission. In this relation, the crystals ZnSe〈Al〉:Yb can 
be the basis for bright blue sources of spontaneous and 
stimulated emission defined by its exciton nature. 
Unfortunately, the question of the nature of excitons 
remains open because of the need for research at 
cryogenic temperatures, which is beyond this work. 

4. Conclusions 

Thus, the results obtained in this work demonstrate the 
possibility of obtaining the ZnSe〈Al〉 crystals with 
efficient edge luminescence by doping Yb from vapor 
phase. 
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