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Structural Characterization of ZnTe Grown by Atomic-Layer-Deposition Regime on GaAs 
and GaSb (100) Oriented Substrates1

Roberto Saúl Castillo-Ojedaa, Joel Díaz-Reyesb*, Miguel Galván-Arellanoc, Francisco de Anda-Salazard, 

Jorge Indalecio Contreras-Rascone, María de la Cruz Peralta-Clarab, Julieta Salomé Veloz-Rendónb

Received: February 29, 2016; Revised: October 21, 2016; Accepted: November 21, 2016

This work presents the characterization of ZnTe nanolayers grown on GaAs and GaSb (100) 
substrates by the Atomic Layer Deposition (ALD) regime. Under certain conditions, the alternating 
exposition of a substrate surface to the element vapours makes possible the growth of atomic layers 
in a reactor where the atmosphere is high-purity hydrogen. ZnTe was grown simultaneously on GaAs 
and GaSb at the same run, allowing, a comparison between the effects produced by the superficial 
processes due to the different used substrates, thereby eliminating possible unintended changes of 
growth parameters. Nanolayers on GaSb maintained their shiny appearance even at temperatures near 
420°C. It was found that for exposure times below 2.5 s there was not growth on GaAs, while for GaSb 
the shortest time was 1.5 s at 385°C. By HRXRD the peak corresponding to (004) diffraction plane 
of ZnTe was identified and investigated, the FWHM resulted very wide (600-800 arcsec) indicating 
a highly distorted lattice mainly due to mosaicity. Raman scattering shows the peak corresponding 
to LO-ZnTe, which is weak and slightly shifted in comparison with the reported for the bulk ZnTe at 
210 cm-1. Additionally, the measurements suggest that the crystalline quality have a dependence with 
the growth temperature.
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1. Introduction

Nowadays, most of the modern electronic devices 
are based on the growth of nanometric layers, strained or 
not; superlattices, quantum wells, optical modulators, hot-
electron transistors, are only a few examples of the wide 
field of application of them1-4. Among the most successful 
semiconductor materials for the radiation detection, ZnTe 
has excellent optical properties as its quantum efficiency. 
ZnTe has proved to be a very successful material for the 
radiation detection in its bulk form although is a promising 
material for radiation detection in its nanolayers form5,6. 
The layer by layer growth regime can be implemented by a 
precise control of the precursor flows in systems as CVD, 
MOCVD, MBE, Radical-Enhanced ALD7,10. Normally, this is 
done by exposing the substrate, in an alternating way to the 

vapour of each one of the constituent elements of the layer, 
followed by a purge or dead period between exposures in order 
to evacuate adequately the growth chamber. An important 
characteristic of ALD is its self-regulated nature7-10. In this 
work are presented the results obtained of the growth and 
characterization of ZnTe epitaxial layers on GaSb and GaAs 
by ALD regime under an ambiance of high purity hydrogen 
at atmospheric pressure.

2. Experimental Procedure

The growth system used in the experiments is depicted 
in Figure 1, which has a horizontal geometry; the body of the 
reactor is made of a quartz tube while the suceptor is made of 
high purity graphite. The experiments were performed using 
a high purity Pd-Ag diffused hydrogen flow of 300 ml/min. 
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layers, ellipsometric measurements were performed using 
a Gaertner ellipsometer L117 with and He-Ne laser with 
λ = 632.8 nm, varying the incident angles and obtaining 
the extinction parameters. Raman scattering experiments 
were performed at room temperature using the red laser at 
λ=6328 Å at normal incidence. The light was focused in a 
circular spot of 6 μm diameter on the sample using a 50× 
(numerical aperture 0.9) microscope objective. The nominal 
laser power used in these measurements was 20 mW. Care 
was taken to avoid the heating of the sample inadvertently 
to the point of changing its Raman spectrum. Scattered light 
was analysed using a Dilor micro-Raman spectrometer, with 
a holographic notch filter made by Kaiser Optical System, 
Inc. (model superNotch-Plus), a 256×1024-pixel CCD used 
as detector, and two interchangeable gratings (600 and 1800 
g/mm). Typical spectrum acquisition time was limited to 60 
s to minimize the sample heating effects discussed above. 
Absolute spectral feature position calibration to better than 
0.5 cm-1 was performed using the observed position of Si, 
which is shifted by 521.2 cm-1 from the excitation line.

2.1. ZnTe Growth Procedure

The experiments were carried out in a wide temperature 
range but ZnTe layers with a shiny surface could be grown 
only at temperatures between 370 and 400°C on both GaSb 
and GaAs substrates. In the case of the GaAs substrates, for 
temperatures above 400°C, the layer surface deteriorated and 
showed a milky aspect but on GaSb the layer surfaces kept 
their shiny appearance even at temperatures near 420°C. In 
other set of experiments, the exposure times to Zn and Te 
vapours were explored, in order to determine the shortest 
exposure times that could be used to grow the ZnTe layers 
in the ALD regime. It was found that for exposure times 
below 2.5 s there was not growth on the GaAs substrates, 
while in the case of GaSb the shortest time was found to 
be 1.5 s for 385°C. This difference in the exposure times 
indicates that the associated growth kinetic is different for 
GaSb and GaAs substrates. In addition, these times are not 
determined by the transport of the reactants on the growth 
surfaces. For subsequent experiments 3 s was taken as the 
exposure time for samples growth, and 3 s for the interruption 
time, as other authors have reported14. The ZnTe layer 
thicknesses were evaluated by ellipsometric measurements. 
The normalized results are summarized in Figure 2, in this 
one, the measured layers were grown using different numbers 
of exposition cycles in an interval since 300 to 900. In figure 
the horizontal scale corresponds to the growth temperatures 
used in the experiments.

The mean value of the thickness per cycle was around 
0.3 nm that is the value corresponding to a monolayer of 
ZnTe. This indicates that the growth regime is the known as 
Atomic Layer Deposition (ALD). As was pointed out, the 
growth regime of ALD allows having a very good control on 

Figure 1: Details of suceptor used for growing the samples. 1) 
Elemental source, 2) quartz container, 3) slide strip holder, 4) GaAs 
and GaSb substrates, 5) purge hole.

The substrates are exposed alternatively to the precursor 
vapours by sliding a graphite rule containing them. The 
elemental precursor vapours arrive on the substrate surface 
from little quartz tubes where are contained. In this way 
both of them, the anion flux and the cation flux saturate the 
growth surface one after the other taking advantage of the 
self-regulated process characteristic11-13. All, the graphite 
suceptor, substrates and precursor sources were maintained 
at the same temperature. The graphite rule with the substrates 
is coupled to a step motor controlled by a computer program. 
This motor is located outside of the growth chamber. The 
computer program allows sequencing the layer growth and 
provides the desired exposure time.

The substrates preparation was as usually; degreased 
with organic solvents, oxide elimination using HCl followed 
by a chemical polishing. In the case of the GaAs substrates 
the used etching solution was H2SO4:H2O2:H2O, 5:1:1, while 
in the GaSb case was used a solution based in tartaric acid, 
hydrofluoric acid and hydrogen peroxide11. After the chemical 
etching, the substrates were rinsed in deionized water and 
dried by blowing nitrogen on their surfaces. As next step, 
the substrates were introduced into the growth chamber 
and were placed side by side on a graphite rule. In order to 
guarantee the same growth conditions on both GaSb and 
GaAs substrates, the two substrates were used simultaneously 
at the same growth run. This was accomplished cutting 
rectangular substrates of 0.5 cm×1.0 cm and placed side by 
side to form a 1.0 cm×1.0 cm substrate. In this way were 
eliminated possible factors introduced by nonintentional 
variation in the growth processes assuring the same growth 
conditions for the deposited layers on both substrates and 
allowing the direct comparison between the grown layers 
on GaSb and GaAs substrates.

In order to study the structural characteristics of the epitaxial 
layers grown with different temperatures and thicknesses, 
high-resolution X-ray diffraction (HRXRD) measurements 
were performed. All the X-ray diffractograms were acquired 
using a Philips Analytical diffractometer. For scanning the 
used parameters were: Cu Kα1 line with wavelength of 1.5406 
Å, Δλ/λ=2×10-4, and 0.10 sec as time per step, the reflection 
plane was (004), with a continuous mode scan type. All 
the used substrates were cleaved from the same epi-ready 
GaSb wafer and in the same way in the case of the GaAs 
substrate. For assessing the thickness of the grown ZnTe 
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Figure 2: Thicknesses of the grown epitaxial layers as function of 
growth temperature.

the layer thickness, due to the close dependence of the final 
thickness on the total number of growth cycles performed.

3. ZnTe X-ray Diffraction Measurements

Figure 3 shows the X-ray diffractograms of the grown 
samples, as a result of the HRXRD measurements, it can be 
observed, the peak corresponding to the (004) diffraction plane 
of ZnTe layer, which was identified and investigated. The 
thin peak near 33° corresponds to the (004) diffraction plane 
from the GaAs substrate and it was used as reference for the 
ZnTe layer peaks position adjustment and their comparison. 
The wide peaks to the left of the same one corresponding  
to the (004) diffraction plane from the deposited layers, 
their vertical intensities were amplified by 200 times due 
to the weaknesses of these peaks as a consequence of the 
thin thickness involved on the diffraction. The full width at 
half maximum (FWHM) of the diffraction peaks are very 
wide (600-800 arcsec) indicating a highly distorted lattice 
mainly due to mosaicity15. In addition, in this figure can be 
observed that the intensity of the peaks increases with the 
thickness of the layers. Moreover, as the layer thickness 
increases, the peak position moves away from the peak 
corresponding to GaAs substrate towards the position that 
must have the corresponding to the ZnTe in its bulk form. 
This effect can be attributed to the relaxation of the layers 
and the increase of dislocation defects in the interface in 
addition for highly dislocated layers the peak position is 
related with the mean distortion of the lattice and with the 
dislocation density generated in the relaxation process16. For 
the samples showed in Figure 3 the calculated thicknesses 
were between 135 to 270 nm. 

In the case of ZnTe layers grown on GaSb substrate was 
not possible to resolve clearly the ZnTe peak from the one 
corresponding to GaSb substrate. This can be attributed as 
consequence of the small lattice mismatch between the ZnTe 
layer and the GaSb substrate. The lattice constants of the two 

Figure 3: X-ray diffractograms of ZnTe grown on GaAs, peak 
position shift is related with the growth temperature and with the 
layer thickness.

materials are very close, aGaSb= 6.0959 Å and aZnTe= 6.1034 
Å. In addition, the interface defects and the nanometric 
thicknesses of the ZnTe layers are factors related to the 
full width at half maximum of the diffraction peak17,18. The 
above described is shown in Figure 4, where is presented a 
X-ray diffraction curve of a typical 125 nm thick ZnTe layer, 
obtained performing 410 growth cycles on GaSb substrate. 
Additionally, the peak position of the layer is closer to the 
peak of substrate, considering the critical thickness of 275 
nm on (100) GaSb reported by other authors17. As a result of 
the deconvolution treatment of the experimental curve can be 
observed the peak corresponding to the ZnTe layer near the 
dominant peak corresponding to the (004) diffraction plane of 
the GaSb substrate. Compared with the GaSb substrate peak 
can be note a large peak width of the layer and its weakness 
is evident due to the nanometric thickness combined with 
the misfit dislocation density among other factors.

4. ZnTe Characterization by Raman 
Spectroscopy

Back scattering geometry has been used to record the 
Raman spectra of the (100) GaSb and GaAs substrates, 
which are shown in Figure 5. GaSb Raman spectrum which 
presents a dominant band that is associated to longitudinal 
optical phonon (LO) frequency of GaSb observed at 237 
cm−1, and another which is related to metallic tellurium 
observed at 274 cm−1 that was found experimentally. The 
weak shoulder on the low-frequency side of the GaSb-LO 
band at 229 cm−1 is the GaSb-TO mode, in principle forbidden 
in this experimental geometry. Its weak intensity in our 
Raman spectrum indicates that the crystalline quality of the 
Te-doped GaSb substrate is very good. Similarly, to GaAs 
substrate, which only shows a Raman peak at 293 cm-1 that is 
associated with LO mode. Raman scattering measurements 
were made to the substrates used to have a reference if there 
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Figure 4: ZnTe and GaSb deconvoluted (004) peak. The substrate 
and layer peaks are difficult to resolve.

Figure 5: Raman spectra of the substrates used in the growth of 
thin films of ZnTe.

had been thin film growth on different used substrates. Figure 
5 shows the Raman spectra of GaAs and GaSb substrates, 
which have as dominant vibrational mode Longitudinal 
Optical (LO). And Raman spectroscopy measurements 
grown layers were performed for assessing the quality of 
the ZnTe. The obtained results are shown in Figure 6. As 
was mentioned above the measurements were carried out 
at room temperature on samples (001) oriented with normal 
incidence. The layers presented in figure were grown on GaSb 
and GaAs substrates. The transversal optical (TO) mode is 
forbidden in the experimental measurement configuration 
geometry for (001) substrate orientation, it becomes active 
by the breakdown of the selection rules in the backscattering 
configuration. This breakdown is attributed to the generation 
of structural defects as misfit dislocation in the layer-substrate 
interface, inhomogeneity and other crystallinity problems 
originated from compositional fluctuations and by elastic 
scattering from ionized impurities. The peak observed at  
208 to 211 cm-1 is associated to the ZnTe longitudinal optical 
(LO) phonon peak19-26, details of this peak are presented in 

Figure 6: ZnTe Raman measurements of samples grown on GaSb. 
LO-ZnTe peak shows a dependence with the growth temperature 
as is illustrated in Table 1. 

Figure 7: Raman spectra of ZnTe samples grown with different 
thicknesses and substrates.
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Figure 7. The peaks at 274 to 290 cm-1 are composed by 
the TO-GaAs and LO-GaAs vibrational modes, originated 
from the GaAs substrate, because of the penetration depth of 
laser light is larger than the ZnTe layer thickness and reaches 
the substrate, so the Raman spectra exhibit peaks related to 
the substrate characteristics. The peak near 231 cm-1 is the 
corresponding to the GaSb substrate and is composed of the 
TO-GaSb and LO-GaSb in 238 cm-1. In addition, the peak 
corresponding to LO-ZnTe shows weakness and a slightly 
displacement in comparison with the reported for the bulk 
ZnTe at 210 cm-1 19-26, possibly due to the layers stress and 
the nanometric thickness of these layers, as has been reported 
by other authors21.

As can be observed in Table 1, the samples labelled as 
ZnTe40, ZnTe39 and ZnTe34 were grown with different 
temperatures, comparing the peak near 210 cm-1 the sample 
grown with the lower temperature shows a more intense and 
thin peak corresponding to the LO-ZnTe, see Figure 6. This 
is indicative of a dependence of the growth temperature with 
the crystalline quality of samples. This effect of temperature 
with the Raman spectra of ZnTe can be associated with 
the misfit dislocation increase in the interface due to the 
dependence of dislocation density with the temperature. The 
samples presented in Figure 6 were grown on GaSb with 
the growth temperature and thickness presented in Table 1.

As can be observed in Figures 6 and 7 the corresponding 
peaks coming from the substrate have the TO-GaSb peak, 
which must be forbidden for the experimental configuration 
used in the measuring due to the substrate orientation (100). 
In this case, it can be associated with the crystalline quality 
of the substrate. The appearance of this peak is indicative 

Table 1: ZnTe growth conditions used for samples presented in 
Figure 6 grown on GaSb

Sample Expected thickness (nm) Growth temperature 
(°C)

ZnTe34 165 (550 growth cycles) 410

ZnTe39 270 (900 growth cycles) 400

ZnTe40 270 (900 growth cycles) 390

of crystalline defects in the substrate, which is propagating 
to the layer grown of ZnTe.

5. Conclusions

In this work is reported the successfully growth of 
ZnTe on both GaAs and GaSb substrates by the Atomic 
Layer Deposition regime as was shown from the thickness 
measurements performed by ellipsometry. X-ray diffraction 
shown a dependence of the (004) diffraction peak position 
with temperature and with the sample thickness which can be 
attributed to the lattice relaxation produced by the increase 

of interface defects. In addition, Raman characterization 
shown that the obtained samples presented a large density of 
crystalline defects possible dominated by misfit dislocation, 
additionally the samples grown at low temperature shown 
better Raman spectra (LO-ZnTe dominant) indicating in 
this way a crystalline quality dependence with the growth 
temperature.
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