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Abstract. The radiative spectra of deep levels of ZnTe/(001) GaAs epitaxial films with different 

thicknesses grown by the molecular beam epitaxy method have been determined by the 

photoluminescence method. The change in planar stresses in ZnTe/(001) GaAs epitaxial films has been 

calculated from the energy shift of the photoluminescence peaks. The role of GaAs diffusion and internal 

stresses in epitaxial films has been discussed. It was determined that the changes in the technology of 

growing epitaxial ZnTe/GaAs buffer layers using molecular beam epitaxy, namely, the use of a thin 

recrystallized ZnTe layer (d~10 nm) and an increase in the thickness of the buffer layer lead to an 

improvement in the structure of the epitaxial layer (a decrease in the full width at half maximum, an 

increase in the size of the mosaic), as well as an increase in the overall intensity of the photoluminescent 

bands in the exciton region of the specter. As the result of the study, the influence of extended defects in 

the near-surface region of the ZnTe/GaAs epitaxial layer on the deviation from the stoichiometric 

composition during the growth of the ZnTe film was determined, which leads to saturation of the surface 

with Te atoms that fall into precipitates with the formation of dislocation. The study of the optical 

characteristics of ZnTe/GaAs epitaxial films made it possible to determine the composition of the films, 

the contamination of the film, and the change in the composition of the films during growth. 
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1.      Introduction  

 

The interest in the radiation of quantum-dimensional structures based on A2B6 

materials is due to the possibility of manufacturing injection sources of coherent 

(Brandão & Cavalcanti, 2019) and incoherent radiation, as well as emitters with electron 

pumping (Cuesta et al., 2022), covering almost the entire visible range, based on these 

structures. The method of low-temperature photoreflectance, photoluminescence (PL) 

(the temperature of low-temperature photoluminescence (LT PL T) = 4.2 and 77 K) was 

used to study the EL qualities and the ZnTe and ZnTe/GaAs interface boundaries. It is 

known that when ELs, A2B6 semiconductors are grown, a transition layer with a high 

density of dislocations and other extended defects is formed on GaAs substrates near the 

interface (Luo et al., 2020), which affect the optical properties of EL and stimulate 

degradation processes of light-emitting devices manufactured on their basis (Cao et al., 
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2021; Pal & Pal 2021; Xie et al., 2022). This makes the issue of identifying bands 

associated with extended defects (including dislocations) in the EL A2B6 more relevant.  

In the PL and cathodoluminescence spectra of ZnTe EL and single crystals 

obtained with different methods, an intense I1
C radiation band (h  =2.357 eV at 4.2 K) 

is often found. It is believed to be caused by the radiative recombination of excitons 

bound to either an isolated neutral acceptor (SiTe) or an acceptor (VZn) located near 

mismatch dislocations (vacancy-dislocation complex) (Yang et al., 2020). Thus, the 

nature of this band has not yet been definitively established.  

In order to determine the nature of the luminescent centers responsible for the I1
C 

band, the influence of the following parameters on the PL spectra of ZnTe buffer EL: (I) 

the thin (~5-10 nm) intermediate recrystallized ZnTe layer, located between the buffer 

layer and the substrate (100) GaAs; (ii) the thickness of the buffer layer, and (III) the 

buildup of the quantum-dimensional layers of CdxZn1-xTe/ZnTe (x=0.2-0.4) will be 

investigated. In addition, the spatial distribution (by buffer depth) of the intensity (I) and 

spectral position (λm) of the I1
C band, as well as the temperature dependences of I and 

λm, were explored. At the same time, X-ray diffraction measurements of the swing 

curves were carried out to control the structural perfection of the ZnTe EL. 

 

2.     Methods 

 

All structures with different thicknesses were obtained by molecular beam epitaxy 

(MBE) at the KATUN facility. Simulatenously, high purity elements were deposited on 

semi-insulating substrates (GaAs). The GaAs surface cleaning was performed by 

heating in a vacuum at a temperature of ~550-5800C. The growth process was 

controlled by the method of reflection high-energy electron diffraction (RHEED). The 

cultivation of ZnTe layers was carried out in two ways. The first method (Process 1) is 

as follows. After cooling of the substrate to 250-2800C, Zn and Te molecular beams 

were applied to it, the ratio of which was equal to the ratio of the Zn and Te equivalent 

pressures. This led to the reconstruction of the a(2x1) surface and its stabilization by 

tellurium. After growing the film at 10 nm, the temperature was increased to 350 0C. 

The epitaxy was performed at the same temperature and with the above-mentioned 

ratios of Zn/Te molecular beams, which ensured the simultaneous existence of the 

reconstruction of surfaces a(2x1) and c(2x2), providing growth conditions close to 

stoichiometry. In the other method, to improve the growth conditions, an amorphous 

ZnTe layer was applied to the substrate, which then crystallized in the tellurium flow at 

t =400-450 0C. After crystallization, the system was cooled to 250-2800C, and 

afterward, technological operations were carried out as in the first method.  

Measurements of the PL spectra in the range from 1.4 eV to 2.4 eV were carried 

out in the temperature range from 4.2 to 80 K on an automated system with a grating 

monochromator, and in the range of 0.6-1.4 eV with a prism monochromator. The PL 

spectra were excited by argon laser radiation with λ1=0.51453 microns and λ2=0.488 

microns. PL spectra were measured on a three-prismatic glass spectrograph ISP-51 and 

the basis of a grating spectrometer MDR-23. The initial parameters and some 

technological  conditions  for  obtaining  the studied EL and  structures  are  given  in 

Table 1. 
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Table 1. Initial Parameters for ZnTe Film 

Samples 

No 

EL, 

λm 

ZnTe 

layer,  

5 nm 

QW  ZnTe, amorphous 

layer  

40 nm 

The full width at half maximum 

(FWHM), arc s 

147 5.7 + - - ~ 90 

144 3 + - - ~127 

67 2.7 + - - ~ 312 

90 1.5 + - - ~ 360 

88 1.5 - - - ~ 560 

 

114 

 

1.5 

 

+ 

3 QW 

Cd0.3Zn0.7Te L1=L2=L3=2 nm, 

LB=30 nm 

 

+ 

 

- 

 

3. Results and discussion 

 

Fig.1 shows a typical PL spectrum of the ZnTe/GaAs buffer EL at 4.2 K in the 

wavelength range of 510-630 nm. As can be seen from the figure, in the short-

wavelength region of the spectrum one can see emission lines of a free exciton (IFX) 

split by biaxial tensile stresses into two components: IFX
hh (XIS; mj=+3/2) and IFX

lh (XIS; 

mj=+1/2). In this case, the IFX
hh component corresponds to the line with h=2.379 eV, 

and the IFX
lh component corresponds to the h=2.374 eV line, which is a superposition 

of IFX
lh and the exciton emission line bound to a neutral donor (I2

Ga) (Yang et al., 2020).  

In addition to those describedone can also see an intense I1
C band with hm = 

2.356 eV in the exciton region of the spectrum and a band with hm =2.352 eV (I2
C) of 

lower intensity near it on the long-wavelength side (Fig. 1). In samples with quantum 

layers on the short-wavelength side of I1
C, an additional IX band with hm =2.359 eV is 

observed (Fig. 2 a, b, respectively). The I1
C band is not elementary, since in some 

samples it is possible to observe a distinct shoulder at the long-wavelength edge of the 

band. The bands located near I1
C are accompanied by phonon repetitions with the 

electron-phonon coupling factor s≈0.2 (Fig.1). In the longer wavelength region of the 

spectrum, much less intense (compared to I1
C) bands Y1 (hm1=2.189 eV, 4.2 Κ) and Y2 

(hm2=2.147 eV, 4.2 K) were observed. The use of an intermediate ZnTe layer (Process 

II), as well as an increase in the thickness of the EL, leads to an increase in the intensity 

of all bands in the exciton region and a decrease in the intensity of the impurity band 

=650 nm, as well as to a decrease in the intensity of the bands Y1 and Y2. With the 

thickness of the layers ~2.7 microns, these bands are practically absent. It should be 

noted that the ratio of band intensities I2
Ga/IFX

hh; I1′/IFX
hh practically does not change 

during the transition from a sample with a thickness of 1.5 microns to a sample with a 

thickness of 2.7 microns (exc =0.488 microns), and I1
C/IFX

hh increases slightly. 

In addition to the change in intensity of the bands, the position of their maxima 

also shifted (Table 1). The position of the maximum of the bands of free IFX
hh, as well as 

the bound excitons I2
Ga (I FX

lh), I1′, and the I1
C band in all layers, is shifted towards 

lower energies compared to their position in the bulk material (E=2.3805±0.0003 eV, 

4.2 K), which is due to the presence of planar tensile stresses ∑. At the same time, the 

displacement value is maximal in samples obtained without an intermediate layer, and 

in samples with an intermediate layer, it decreases with increasingin EL thickness, 

which indicates a decrease in stresses. The superlattice deposition leads to a noticeable 

shift of the band maxima towards lower energies, i.e., an increase in tensile stresses. 
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The values of the levels of residual deformations are given in Table 1. Their calculation 

was performed using the strain potential constants potential according to the formulas 

given in Mohanty (2018). Significantly, the spectral position of the I2
Ga and I1′ bands 

shift approximately the same with increasing voltages, and I1
C is weaker, which is 

consistent with the data Bonef et al. (2018).  

Since in the work Khan et al. (2022) identifying I1
C as an exciton bound to a zinc 

vacancy near the dislocation, it was assumed that this radiation occurred mainly in the 

region of the GaAs-ZnTe interface, we investigated the intensity distribution I1
C over 

the depth of the epitaxial layer using layer-by-layer stripping of samples with a step of 

~0.1 microns.  

 

 
 

Fig. 1. PL spectra of ZnTe/GaAs EL with a thickness of 1.5 microns and 2.7 microns (curve a,b)  

grown with the use of process I and process II (curve c) 

 

Fig. 2 shows the temperature dependences of the intensity and positions of the 

maxima (𝛥𝐸𝑚𝑎𝑥 = ℎ4.2 − ℎ𝑇) of the bands in the exciton region of the spectrum of 

ZnTe/GaAs EL with the thickness of 1.5 microns and a quantum well (QW) (No. 5). AS 

the temperature rises above 15 K, all these bands begins to decrease in intensity.  

In this case, the intensity of the I2
Ga band varies similarly to the intensity of the 

IFX
hh band. At the same time, the slope of the temperature dependence of the I1

C band is 

significantly steeper in this temperature range (>15 K) and corresponds to the activation 

energy >  𝛥𝐸𝑎~0.008 𝑒𝑉. Along with the decrease in the intensity of the PL bands with 

an increase in temperature, the spectral position of the emission lines of free (IFX
hh) and 
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bound (I2
Ga and I1) excitonswith a thermal shift coefficient 𝑑𝐸

𝑑𝑇⁄ ~0.16𝑚𝑒𝑉/𝐾 in the 

temperature range of 20−80 Κ is shifted to the low-wavelength side. 

 

Temperature dependence of the PL spectra 

At the same time, the position of the I1
C and IX lines practically does not change 

up to a temperature of 80 K. As can be seen from the above results, several 

characteristics of the bands in the I1
C group differ from the corresponding characteristics 

of both free and bound excitons. This difference is manifested in the absence of a shift 

in the position of the maxima of these bands, max, with a temperature change from 4.2 

to 80 K, as well as in a weaker shift of max than that of IFX
hh and I2

Ga with a change in 

the magnitude of deformations. The latter is evidenced by the dependence of the 

positions of I1
C and exciton lines on the presence or absence of an intermediate layer 

and the thickness of the EL, as well as the displacement of I1
C and IÕ during layer-by-

layer stripping of the latter. Note that a weak shift in I1
C position with increasing of the 

EL thickness was also observed in Gonnissen et al. (2017) and was explained by 

thecorresponding band radiative centers were located mainly in the deeper layers 

adjacent to the interface between the ZnTe/GaAs, where the mechanical compressive 

stress near the heterointerface partially offset planar tensile stress in more near-surface 

layers., In particular, this allowed the authors of Salazar-Tovar et al. (2020) to associate 

the centers responsible for the I1
C band with defects near mismatch dislocations.  

 
 

Fig. 2. Temperature dependence of the intensity (a) and the spectrum of the half-width maximum (b)  

in the range of 4.2÷80K of the ZnTe/GaAs EL with a single QW 

 

 

However, as experiments on layer-by-layer EL stripping show, the intensity of the 

I1
C band decreases deep into the layer. It is significant that with increasing EL thickness, 

the magnitude of elastic deformations decreases, and the intensity of the I1
C band 
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increases. Such anticorrelation of I1
C and  may indicate in favor of its connection with 

extended defects, but not with misfit dislocations, since I1
C/IFX and IХ/IFX decrease after 

stripping. 

It is known that in the PL and cathodoluminescence spectra of undoped ZnTe EL 

obtained by various methods (molecular beam epitaxy (MBE), metalorganic vapour-

phase epitaxy (MOVPE)) and ZnTe single crystals often show an intense radiation band 

I1
C (h=2.357 eV at 4.2 K). Their nature has not yet been established. Among its 

features, one can note a sharp decrease in intensity with an increase in the concentration 

of residual impurities and during doping, a strong dependence of intensity on growth 

conditions, and a weak one on temperature. This band is believed to be caused by the 

radiative recombination of excitons bound at deep neutral acceptors. Either a neutral 

two-charge acceptor SiTe or VZn located near the mismatch dislocations are considered 

as such acceptors. The intensity of this band decreased with the increase in layer 

thickness (up to 11 microns) and we have concluded that this band is associated with an 

area near the interface in which mismatch dislocations are located, the formation of 

which may be accompanied by the appearance of VZn. At the same time, it should be 

noted that the presence of structural defects (mainly mismatch dislocations) in most 

works dealing with the study of ZnTe/GaAs EL (see, for example, Teisseyre et al. 

(2021)) is usually associated with deeper Y-bands, which is confirmed by a decrease in 

their intensity with a decrease in mismatch stresses as a result of replacing the GaAs 

substrate with GaSb and ZnTe. Fig. 3 shows a weak change in the PL band of 

ZnTe/GaAs epitaxial films. With a further increase in temperature (T > 15 K), their 

noticeable quenching occurs. In this case, the intensity of the I2
Ga band decreases as 

does the decrease in intensity of the I FX band. At the same time, the slope of the 

temperature dependence lnI1
C = f(1/T) in this temperature range is noticeably sharper 

and corresponds to the activation energy Ea = 0.008 eV. In addition to the decrease in 

the intensity of the PL band with increasing temperature, there is a shift of the spectral 

position of emission lines of free excitons (IFX) and excitons bound to a neutral donor 

(I2Ga) and a neutral acceptor (I1
) in the long-wavelength side with the coefficient of 

thermal shift (𝑑𝐸
𝑑𝑇⁄ ~0.15𝑚𝑒𝑉/𝐾) almost the same for the IFX and I2

Ga bands in the 

temperature range of 20-80 K. Note that the displacement is weaker than the 

temperature variation of the bandgap width of ZnTe single crystals given in the 

literature (𝑑𝐸
𝑑𝑇⁄ ~0.36𝑚𝑒𝑉/𝐾). This may be due to a change in the level of residual 

deformations in the ZnTe/GaAs EL when the sample is heated from 4.2 to a temperature 

of 80K. It is significant that the position of the I1
C and IХ lines practically does not 

change up to a temperature of 80 K. Regarding single A2B6 crystals, it is known that 

when they are grown, saturation occurs for one of the components, so for CdS and CdSe 

(Sharibaev, 2019), there is always saturation for Cd during the growth process. It is also 

known that the p-type of conductivity of ZnTe single crystals is determined by excess 

Te. In such crystals of the near-surface region, near-surface layers enriched with Te 

have been repeatedly observed. 

Since the intensity of the I1
C band increases with the size of the mosaic, it can be 

assumed that the centers that determine the nature of the I1
C series are associated with 

defects inside the disoriented blocks, possibly with the boundaries of the sub-blocks that 

make up the mosaic and have a dislocation origin. They create acceptor-type levels in 

the forbidden zone. In this case, the I1
C transition may be associated with the radiative 

recombination of excitons bound at dislocations.  
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When using an intermediate recrystallized layer, the intensity of the Y1 and Y2 

lines decreases, and at a thickness of ~2.7 microns, these bands are practically absent. It 

should be noted that the ratio of the intensities of the bands I2
Ga/IFX

hhI1
1/IFX

hh during the 

transition from the sample with a thickness of 1.5 µm for the sample with a thickness of 

2.7 µm is almost constant (λexc=0.488 µm), and the ratio of the bands I1
C/IFX

hh grows a 

little. Since the Y1 и Y2 bands are associated with exciton recombination on mismatch 

dislocations, a decrease in their intensities with an increase in thickness<1 µm from the 

region near the ZnTe/GaAs interface only proves the correctness of the assumption 

made since misfit dislocations are localized in this region. Reduction of the intensities 

of the Y1 и Y2 bands when using a thin intermediate layer with an unchanged ratio of 

the lines of bound excitons IFX(I2
Ga/IFX

lh; I1
1/IFX

hh; ; I
1

C/IFX
hh) may be a consequence of a 

decrease in the concentration of dislocations due to changes in planar stresses in the EL. 

 
Fig. 3. Temperature dependence of intensity in the range of 4.2-80 K of ZnTe/GaAs  

EL with one QW 

 

Indeed, the position of the maximum of the bands of free IFX
hh, as well as the bound 

excitons I2
Ga(IFX), I1

', and the I1
C band in all layers, is shifted towards lower energies 

compared to their positions in the bulk material E=2.3805±0.0003 eV, 4.2 K (Zhang et 

al., 2013), which is probably due to the presence of planar tensile stresses. Knowing the 

relative values of the displacement ∆Еlh and ∆Ehh are known for free exciton lines with 

light holes IFX
lh and heavy holes IFX

hh, it is possible to approximately estimate the 

magnitude of the planar stresses ε for ZnTe/GaAs EL of different thickness. It is known 

that: 

 

∆𝐸ℎℎ = (−2𝑎
𝐶11−𝐶12

𝐶11
+ 𝑏

𝐶11 + 2𝐶12

𝐶11
) ∙ 𝜀                                        (1) 
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∆𝐸𝑙ℎ = (−2𝑎
𝐶11−𝐶12

𝐶11
− 𝑏

𝐶11 + 2𝐶12

𝐶11
) ∙ 𝜀                                         (2) 

                                   

where 𝐶𝑖𝑗 is the elastic stiffness coefficient, a is the hydrostatic displacement potential, 

and b is the deformation displacement potential. 

Using the literature data Zhang, (2013); Nakasu et al. (2017); Zhang et al. (2013): 

C11=7.19*106 N*cm-2 C12=4.07*106 N*cm-2: a=-5.4 eV b=-1.8 eV, we obtained 

∆Еhh=0.78·ε eV: ∆Elh=849·ε eV. Then: ε=*∆E= ∆E(Xlh-Xhh)/(∆Elh-∆Ehh) =0.13*10-3 

(MeV). 

It appears that the displacement value is maximum for samples with an 

intermediate layer, and it decreases with increasing EL thickness indicating a decrease 

in the corresponding stresses.  

The application of the CdZnTe sublattice leads to an additional shift of the band 

maxima lower energies, which corresponds to an increase in tension. 
 

3.      Conclusion 

 

The main obstacle to the industrial use of ZnTe/GaAs single crystals is their low 

degradation resistance. Single crystals are used as a substrate. However, the use of 

GaAs as a substrate leads to several new problems. First, the existence of 

inconsistencies in constant lattices between binary ZnTe and GaAs binary compounds. 

For example, for a ZnTe/GaAs pair, it is ~7.6% at room temperature, and the difference 

in the coefficients of thermal expansion between them leads to the appearance of elastic 

stresses. One of the ways to influence the characteristics of the boundary of the interface 

between А2В6/GaAs structures is the use of thin intermediate layers that can delay the 

processes of interdiffusion of film and substrate components. For this reason, we have 

investigated the distribution of structural defects (typical and extended) over the depth 

of specially undoped ZnTe. It is shown that the changes in the technology of MBE 

cultivation of buffer ZnTe/GaAs ELs, such as (1) the use of a thin recrystallized layer of 

ZnTe (d~10 nm), and (2) increasing the thickness of the buffer layer leads to 

improvement of the structure of EL (decrease in FWHM, increase the size of the 

mosaic), as well as increase the overall intensity of the PL bands in the exciton region of 

the spectrum and decrease of their intensity in the impurity region (reduction in the 

concentration of deep centers of recombination). The paper also provides additional 

information about the nature of the I1
C band and the IX band found near it. The 

difference in the temperature and deformation dependences of the positions of these 

bands from the corresponding characteristics of the exciton emission lines, as well as an 

increase in their intensity with a decrease in deformations, made it possible to associate 

these bands with extended defects. This conclusion is confirmed by the similarity of 

their behavior with the behavior of the dislocation radiation (DR) bands in single A2B6 

crystals. Based on these data, and the results of X-ray diffraction measurements, it is 

assumed that the centers responsible for the I1
C band are associated with the subunit 

boundaries in the mosaic structure. Thus, the structural defects in the near-surface 

region of the ZnTe/GaAs EC possibly appear due to a deviation from the stoichiometric 

composition during the growth of the ZnTe film, resulting in saturation of the surface 

with Te atoms that fall into precipitates with the formation of dislocation. 
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