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1. Introduction

Zinc Oxide (ZnO) is a well-known II–VI semiconductor with a direct bandgap around
3.37 eV and large exciton binding energy (60 meV) at room temperature [1]. Nowa-
days, ZnO and ZnO-based materials are recognized in a wide spectrum of applications,
which makes them unique materials because of the combination of multiple functional
properties including electronics and human healthcare. Multiple research projects and the
discovery of new applications for materials based on ZnO made this semiconductor the
focus of important high-technology advances, such as optoelectronic devices, particularly
those based on ZnO nanostructured for light emitters [2,3], ZnO thin-film transistors un-
der ultraviolet irradiation [4], broadband photo-absorption architectures from UV–IR [5],
gas sensors [6], acoustic wave devices, solar cells, transparent electronic and flat panel
displays [7–9], photocatalytic applications [10], etc. However, the large range of industrial
uses is strongly dependent on the experimental technique, parameters, preparation, post-
treatment of the grown samples, etc. Optimizing these factors is the greatest challenge in
obtaining these materials’ benefits. In this Special Issue, we focus our attention on this
material and materials based particularly in its synthesis, properties, and applications as
thin films, as well as on nanoscale zinc oxide systems, given their increasing importance in
a great variety of fields.

2. The Special Issue “1D, 2D, and 3D ZnO: Synthesis, Characterization,
and Applications”

The Special Issue “1D, 2D, and 3D ZnO: Synthesis, Characterization, and Applications”
contains five research articles. The individual work is briefed below:

In “Low-Temperature Vapor-Solid Growth of ZnO Nanowhiskers for Electron Field
Emission” by C. Hedrich et al., the authors present the effect of the process parameters,
such as growth temperature, substrate position, and size, gas flow, used amount of zinc
precursor, growth time, and substrate type on the morphology of ZnO nanowhiskers grown
by low-temperature vapor–solid mechanism utilizing zinc acetylacetonate hydrate as a
zinc precursor. The parameters were optimized to receive nanowhiskers with the nearest
distribution in dimensions and aspect ratios as high as possible for using them for electron
field emission applications [11].

C. Morales et al., in “Re-Oxidation of ZnO Clusters Grown on HOPG”, studies the
chemical interaction between ZnO and highly oriented pyrolytic graphite for as-grown and
thermally treated samples. In situ X-ray photoelectron spectroscopy and ex situ Raman
spectroscopy confirm that graphite is affected by these processes, becoming oxidized and
defective only in the presence of ZnO clusters that become recrystallized upon thermal
re-oxidation processes performed at 400 ◦C. By comparing these results with other identical
experiments performed with ZnO clusters grown on graphene and even with CoO clusters
grown on graphite, the present results show how the interaction of the ZnO clusters with
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graphitic substrates depends on two factors—firstly, the model of growth and correspond-
ing morphology, and secondly, the reactivity of the graphitic substrates, either graphene or
graphite. The results presented here will help us understand the fundamental interactions
in ZnO/graphitic heterostructures and to define their operating limits [12].

In “Self-Organized In-Depth Gradients in Highly Ti-Doped ZnO Films: Thermal Ver-
sus MW Plasma Annealing” by R. Ramadan et al., authors demonstrate that the surfaces of
sol–gel processed Ti-rich ZnO thin films exhibit from their casting an enrichment in Ti. Spin
casting from sols containing 6.22 wt.% Ti with respect to Zn led to overall Ti contents higher
than 14 wt.%. This phenomenon can be attributed to the fastest condensation catalysis
of the Ti precursor with respect to the Zn precursor. Not only were the films enriched,
but also there was an in-depth gradient with an acute surface enrichment in Ti that de-
creased smoothly to reach a stable composition after a few tens of nm. The postprocessing
techniques determined also different optical, electrical, and wetting properties. The MwPA
films exhibited lower surface resistivity (and slightly higher capacitance) in spite of a
remarkable optical bandgap (comparable to that of ZnO nanostructures) and behaved as
highly hydrophilic surfaces. These results are extremely attractive for the implementation
of the thin films in photovoltaic devices (in view of the promising low resistivity) and
for photocatalytic processes (featuring wide optical bandgap and hydrophilic surfaces),
ensuring high molecular affinity for the degradation of hydrophilic (polar) water pollu-
tants. This novel approach proposed to exacerbate the interface stoichiometric gradients
self-generated during sol–gel processing may be attractive for a wide range of ternary
ceramic thin films (i.e., composed of transition metal oxides such as Ti, Zr, Va, Ta, Sn, etc.)
where surface properties may be optimized with respect to interface properties [13].

In “Fabrication of Zinc Oxide and Nanostructured Porous Silicon Composite Micropat-
terns on Silicon” by R. Ramadan et al., the luminescent properties and morphology of
ZnO thin films and nanostructured porous silicon (PSi) layers were analyzed by a com-
bination of photoluminescence (PL) spectroscopy, scanning electron microscopy (SEM),
and energy-dispersive X-ray (EDX) analysis. The experimental PL spectra show blue
broadband emissions for ZnO thin films centered at 2.63 eV and a red band centered
at 1.71 eV for PSi layers. The origin of the blue light emissions from ZnO thin films is
associated with the presence of oxygen vacancies in these films. Moreover, the broad
shape of the band, as well as the shift in the bandgap value, might be related to several
factors, including inhomogeneous thin layer thickness, composition, nanocrystal size and
shape, and variation in the stoichiometry of the layers. The manifestation of quantum
confinement effects and the presence of radiative defects in the PSi layers are, in general,
the reason for the red emissions from those layers. Moreover, the emission peaks from the
PSi layers can be tuned by changing their fabrication conditions. Furthermore, hexago-
nal ZnO+PSi micropatterns were fabricated on heavily doped crystalline silicon substrates.
These structures are expected to reduce the electrical losses associated with the PSi areas
since ZnO is in contact with the highly doped Si surface. Additionally, they enhance the PL
emissions by combining blue emissions from the ZnO areas with red emissions from the
PSi nanostructures. The authors show that the composite ZnO+PSi micropatterns could be
of interest for photoemission applications and hence desirable for many solid-state lighting
applications, such as light-emitting diodes [14].

Finally, in “ZnOTe Compounds Grown by DC-Magnetron Co-Sputtering” by
O. Sánchez et al., ternary compound ZnOTe in thin films form were grown using DC mag-
netron co-sputtering technique starting from highly pure independent zinc and tellurium
targets in a controlled oxygen/argon atmosphere at room temperature. The technique used
in conjunction with the experimental configuration for obtaining this type of compound
and the detailed analysis of its structure and optical properties are part of this work’s
novelty. The use of constant power on the Zn cathode and two different powers on the Te
cathode as well as the variation of the distance between the latter and the substrate allowed
us to study the influence of these parameters on the structure, composition, and macro-
scopic properties of the samples. Under these conditions, the most important effect was the
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variable amount of Te incorporated into each sample. In that sense, different chemical com-
positions for each, including a homogeneous distribution of Te along their thicknesses and
a variable amount of excess oxygen, were determined by RBS experiments. On the other
hand, the formation of the ZnO hexagonal phase in all samples was identified by mean
XRD spectra. ZnO bandgap energy obtained from PL spectra was estimated at 3.26 eV,
well in agreement with previously obtained values. Other highlighted results include the
relative loss of ZnO crystalline quality for the largest Te content, and in general, a bandgap
energy shift toward the lowest energies, which may account for the incorporation of Te
into the ZnO crystalline network. Nevertheless, in the samples with the lowest Te content,
the bandgap energy values were 3.32 and 3.3 eV, respectively, almost coincident with the
standard value reported (3.36 eV) for the w-ZnO phase at room temperature. This suggests
the possibility of certain improvements in ZnOTe crystallinity when moderate quantities of
Te are incorporated in the ZnO network. The authors expect there exists a critical value of
the Te concentration that helps to obtain optimal effects in the formation of interbands in
the BG that are of great interest for solar cell efficiency [15].

Author Contributions: Writing—original draft, O.S.; Writing—review & editing, M.H.-V. Both
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The relevant data is contained within the article.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Lu, F.; Cai, W.; Zhang, Y. ZnO hierarchical micro/nanoarchitectures: Solvothermal synthesis and structurally enhanced photocat-

alytic performance. Adv. Funct. Mat. 2008, 18, 1047–1056. [CrossRef]
2. Pietrzyk, M.A.; Wierzbick, A.; Zielony, E.; Pieniazek, A.; Szymon, R.; Placzek-Popko, E. Fundamental studies of ZnO nanowires

with ZnCdO/ZnO multiple quantum wells grown for tunable light emitters. Sens. Actuators A 2020, 315, 112305. [CrossRef]
3. Chou, H.-C.; Yang, K.-D.; Xiao, S.-H.; Patil, R.A.; Lai, C.-C.; Vincent, W.-C.; Ho, C.-H.; Liouc, Y.; Ma, Y.-R. Temperature-dependent

ultraviolet photoluminescence in hierarchical Zn, ZnO and ZnO/Zn nanostructures. Nanoscale 2019, 11, 13385–13396. [CrossRef]
[PubMed]

4. Furuta, M.; Kamada, Y.; Kimura, M.; Shimakawa, S.-I.; Kawaharamura, T.; Wang, D.; Li, C.; Fujita, S.; Hirao, T. Photocurrent and
persistent photoconductivity in zinc oxide thin-film transistors under ultraviolet-light irradiation. J. Appl. Phys. 2011, 50, 110204.
[CrossRef]

5. Tiginyanu, I.; Ghimpu, L.; Gröttrup, J.; Postolache, V.; Mecklenburg, M.; Stevens-Kalceff, M.A.; Ursaki, V.; Payami, N.; Feidenhansl,
R.; Schulte, K.; et al. Strong light scattering and broadband (UV to IR) photoabsorption in stretchable 3D hybrid architectures
based on aerographite decorated by ZnO nanocrystallites. Sci. Rep. 2016, 6, 1–11. [CrossRef] [PubMed]

6. Postica, V.; Gröttrup, J.; Adelung, R.; Lupan, O.; Mishra, A.K.; de Leeuw, N.H.; Ababii, N.; Carreira, J.F.C.; Rodrigues, J.; Sedrine,
N.B. Nanosensors: Multifunctional materials: A case study of the effects of metal doping on ZnO tetrapods with bismuth and tin
oxides. Adv. Funct. Mater. 2017, 27, 1604676. [CrossRef]

7. Kim, H.; Gilmore, C.M.; Horwitz, J.S.; Piqué, A.; Murata, H.; Kushto, G.P.; Schlaf, R.; Kafafi, Z.H.; Chrisey, D.B. Transparent
conducting aluminum-doped zinc oxide thin films for organic light-emitting devices. Appl. Phys. Lett. 2000, 76, 259. [CrossRef]

8. Lee, S.-H.; Han, S.-H.; Jung, H.S.; Shin, H.; Lee, J.; Noh, J.-H.; Lee, S.; Cho, I.-S.; Lee, J.-K.; Kim, J.; et al. Al-doped ZnO thin film:
A new transparent conducting layer for ZnO nanowire-based dye-sensitized solar cells. J. Phys. Chem. 2010, 114, 7185–7189.
[CrossRef]

9. Kaps, S.; Bhowmick, S.; Gröttrup, J.; Hrkac, V.; Stauffer, D.; Guo, H.; Warren, O.I.; Adam, J.; Kienle, I.; Minor, A.M.; et al.
Piezoresistive response of quasi-one-dimensional ZnO nanowires using an in situ electromechanical device. ACS Omega 2017, 2,
2985–2993. [CrossRef] [PubMed]

10. Shanmugan, N.; Suthakaran, S.; Kannadasan, N.; Kumar, K.S. Synthesis and characterization of Te doped ZnO nanosheets for
photocatalytic application. J. Heterocycl. 2015, 1, 1–6.

11. Hedrich, C.; Haugg, S.; Pacarizi, L.; Furlan, K.P.; Blick, R.H.; Zierold, R. Low-temperature vapor-solid growth of ZnO
nanowhiskers for electron field emission. Coatings 2019, 9, 698. [CrossRef]

12. Morales, C.; del Campo, A.; Méndez, J.; Prieto, P.; Soriano, L. Re-oxidation of ZnO clusters grown on HOPG. Coatings 2020,
10, 401. [CrossRef]

http://doi.org/10.1002/adfm.200700973
http://doi.org/10.1016/j.sna.2020.112305
http://doi.org/10.1039/C9NR05235F
http://www.ncbi.nlm.nih.gov/pubmed/31276145
http://doi.org/10.1143/JJAP.50.110204
http://doi.org/10.1038/srep32913
http://www.ncbi.nlm.nih.gov/pubmed/27616632
http://doi.org/10.1002/adfm.201604676
http://doi.org/10.1063/1.125740
http://doi.org/10.1021/jp1008412
http://doi.org/10.1021/acsomega.7b00041
http://www.ncbi.nlm.nih.gov/pubmed/31457633
http://doi.org/10.3390/coatings9110698
http://doi.org/10.3390/coatings10040401


Coatings 2021, 11, 696 4 of 4

13. Ramadan, R.; Fernández-Ruiz, R.; Manso Silván, M. Self-organized in-depth gradients in highly Ti-doped ZnO films: Thermal
versus MW plasma annealing. Coatings 2020, 10, 418. [CrossRef]

14. Ramadan, R.; Torres-Costa, V.; Martín-Palma, R.J. Fabrication of zinc oxide and nanostructured porous silicon composite
micropatterns on silicon. Coatings 2020, 10, 529. [CrossRef]

15. Sánchez, O.; Hernández-Vélez, M. ZnOTe compounds grown by DC-magnetron co-sputtering. Coatings 2021, 11, 570. [CrossRef]

http://doi.org/10.3390/coatings10040418
http://doi.org/10.3390/coatings10060529
http://doi.org/10.3390/coatings11050570

	Introduction 
	The Special Issue “1D, 2D, and 3D ZnO: Synthesis, Characterization,and Applications” 
	References

