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Abstract

:

In this Special Issue, we have 10 excellent papers on epitaxy. In this editorial preface, I will make comments on the following issues: (1) applications of the materials examined, (2) lattice mismatch, (3) epitaxial growth methods used, (4) characterization methods used, (5) material problems: solved and still to be solved. The “Advances in Epitaxial Materials” has a big advantage of having, in one issue, papers on different materials, but in every paper the reader should find interesting information on epitaxial growth and characterization.
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1. Applications of the Materials Examined


All ten papers deal with materials for electronics, which reflects the situation that one can rarely find other applications of epitaxial structures. Many epitaxial technologies, such as Si-Ge, are mature enough that they are very rarely mentioned in the scientific papers. The properties of others are still being intensively explored. Half of the papers in this issue deal with nitride semiconductors. This is not surprising, as the present situation in this field of science and technology is often described half-jokingly as “GaNification” because gallium nitride and its related compounds revolutionize many areas of life. White LEDs based on blue LEDs illuminating phosphor have created a market worth tens of billions of euros. Recent advances in deep-UV LEDs have created a bright future for the use of these devices in sterilization and disinfection. RGB (red based on arsenides/phosphides semiconductors, green, blue based on nitrides) projectors based on LEDs or Laser Diodes (LDs) push out other projectors from the market. Lighting, displays, Li-Fi telecommunication, and many other optoelectronic applications of nitrides take advantage of the high luminosity of nitrides. Their wide band-gap and high stability make them a perfect material for high-power and high-frequency transistors already present in the market.



However, one should be aware of the fact that nitrides are very difficult to grow and process.



The popularity of nitride semiconductors is reflected in the Special Issue in papers of R. Czernecki et al. [1], Y.L. Casallas-Moreno et al. [2], M. Sarzynski et al. [3], Akira Kusaba et al. [4], and Takeshi Ohgaki et al. [5].



Two papers describe the growth and properties of more classical III-V epitaxial layers: GaInAsSb on GaAs [6] and InAlAs/InGaAs/InP [7]. These semiconductors are used in manufacturing high-mobility transistors, photovoltaic cells, and infrared/red light emitters, as well as novel devices as cascade lasers.



Photovoltaic applications are represented by polymorphism-based MOF (metalorganic frameworks) [8]. Many electronic devices, as memories, thermochromic smart windows, or Mott field effect transistors, are based on vanadium oxide, as described by Yuanjun Yang [9].



In the electromagnetic spectrum, there is still a gap in the THz region in both the emitters and the detectors. As THz devices are very desirable in many applications, such as cancer diagnosis, food inspection, explosive detection, electronics, and communications, there are many groups working in that field. In this Special Issue, Kazuhiro Endo et al. [10] report on the growth and properties of BiSrCeCuO layers on SrTiO3 and LaAlO3, which are promising materials for THz devices.




2. Lattice Mismatch


All epitaxial layers described in this Special Issue are highly mismatched to the substrates. Therefore, this issue is discussed in almost all of the papers. The most spectacular result in reducing the threading dislocation density for the highly mismatched GaInAsSb on GaAs was obtained by Qi Lu [6] who used strained GaInSb/GaSb multiple quantum wells as dislocation filtering layers. This approach can be used for other epitaxial systems.



An increasingly popular method of epitaxy is growing the two-dimensional object as quantum wires or stripes. In this case, the strain can be accommodated by elastic deformation. This issue is discussed in the paper of Y.L. Casallas-Moreno et al. [2] for InN nanocolumns on AlN/Si substrates and of M. Sarzynski et al. [3] for InGaN quantum wells on narrow stripes made on GaN substrates.




3. Epitaxial Growth Methods


In the Special Issue, four papers [1,3,4,10] report epitaxial growth using Metalorganic Chemical Vapor Phase Epitaxy (MOVPE). This is the most popular method used for growing most epitaxial layers in the semiconductor industry. However, in this method, several growth parameters (temperature, pressure, flows of reactant and carrier gases) influence the properties of the layers. These parameters are not independent of each other which makes any growth optimization extremely difficult. In the paper of Czernecki et al. [1], the additional growth parameter is discussed: the distance of the showerhead to the sample. The experimental results show the importance of reactor design, and this issue is very rarely taken into account.



The second epitaxial method used mostly in academic labs is molecular beam epitaxy (MBE). This method was also used in four papers [2,5,6,7]. Such a balance between the number of papers on MOVPE and MBE reflects the interests of scientists. In industry, MOVPE is likely to dominate by more than one order of magnitude. Two other papers used Liquid Phase Epitaxy [8] and magnetron sputtering [10]. Both techniques are much cheaper than MOVPE and MBE, and may find, in future, some niche applications.




4. Characterization Methods Used


In almost all of the papers of the Special Issue, the High Resolution X-ray Diffraction (XRD) was used for the characterization of samples. The 2theta/omega and reciprocal lattice maps are reported. An issue not discussed in the papers is the difficulty in the interpretation of the XRD data for poor-crystallographic-quality layers. In particular, the comparison of the simulations conducted for the perfect layers and the experimental data obtained for imperfect layers must be performed with great care.



The second characterization method applied is photoluminescence (PL). In this case, the interpretation of the experimental data is not easy. For example, if one examines InGaN quantum wells, the PL peak position, its half-width, and intensity depend not only on indium content and well width, but also on indium segregation, internal electric fields, and the presence of point and extended defects.




5. Material Problems: Solved and Still to be Solved


All ten papers of this Special Issue significantly contribute to the knowledge on the epitaxial growth of electronic materials. Some of them propose materials which should be considered as candidates for new electronic devices.



However, one should be aware of the fact that—in none of the papers—point defects were taken into account. These defects strongly influence not only optical and electrical properties but also mechanical properties (lattice mismatch relaxation). The examination of point defects is extremely difficult as very few analytical methods can give information on these defects. However, breakthroughs in electronics will happen when the nature of point defects is learnt.







Conflicts of Interest


The author declares no conflict of interest.




References


	



Czernecki, R.; Moszak, K.; Olszewski, W.; Grzanka, E.; Leszczynski, M. Influence of Showerhead–Sample Distance (GAP) in MOVPE Close Coupled Showerhead Reactor on GaN Growth. Materials 2019, 12, 3375. [Google Scholar] [CrossRef]

	



Casallas-Moreno, Y.; Gallardo-Hernández, S.; Yee-Rendón, C.; Ramírez-López, M.; Guillén-Cervantes, A.; Arias-Cerón, J.; Huerta-Ruelas, J.; Santoyo-Salazar, J.; Mendoza-Álvarez, J.; López-López, M. Growth Mechanism and Properties of Self-Assembled InN Nanocolumns on Al Covered Si(111) Substrates by PA-MBE. Materials 2019, 12, 3203. [Google Scholar] [CrossRef] [PubMed]

	



Sarzyński, M.; Grzanka, E.; Grzanka, S.; Targowski, G.; Czernecki, R.; Reszka, A.; Holy, V.; Nitta, S.; Liu, Z.; Amano, H.; et al. Indium Incorporation into InGaN Quantum Wells Grown on GaN Narrow Stripes. Materials 2019, 12, 2583. [Google Scholar] [CrossRef] [PubMed]

	



Kusaba, A.; Li, G.; Kempisty, P.; von Spakovsky, M.; Kangawa, Y. CH4 Adsorption Probability on GaN(0001) and (000−1) during Metalorganic Vapor Phase Epitaxy and Its Relationship to Carbon Contamination in the Films. Materials 2019, 12, 972. [Google Scholar] [CrossRef]

	



Ohgaki, T.; Sakaguchi, I.; Ohashi, N. Structure and Electron Mobility of ScN Films Grown on α-Al2O3(1102) Substrates. Materials 2018, 11, 2449. [Google Scholar] [CrossRef] [PubMed]

	



Lu, Q.; Marshall, A.; Krier, A. Metamorphic Integration of GaInAsSb Material on GaAs Substrates for Light Emitting Device Applications. Materials 2019, 12, 1743. [Google Scholar] [CrossRef]

	



Gutowski, P.; Sankowska, I.; Słupiński, T.; Pierścińska, D.; Pierściński, K.; Kuźmicz, A.; Gołaszewska-Malec, K.; Bugajski, M. Optimization of MBE Growth Conditions of In0.52Al0.48As Waveguide Layers for InGaAs/InAlAs/InP Quantum Cascade Lasers. Materials 2019, 12, 1621. [Google Scholar] [CrossRef] [PubMed]

	



Ngongang Ndjawa, G.; Tchalala, M.; Shekhah, O.; Khan, J.; Mansour, A.; Czaban-Jóźwiak, J.; Weselinski, L.; Ahsaine, H.; Amassian, A.; Eddaoudi, M. The Growth of Photoactive Porphyrin-Based MOF Thin Films Using the Liquid-Phase Epitaxy Approach and Their Optoelectronic Properties. Materials 2019, 12, 2457. [Google Scholar] [CrossRef]

	



Yang, Y.; Yao, Y.; Zhang, B.; Lin, H.; Luo, Z.; Gao, C.; Zhang, C.; Kang, C. Investigating Metal–Insulator Transition and Structural Phase Transformation in the (010)-VO2/(001)-YSZ Epitaxial Thin Films. Materials 2018, 11, 1713. [Google Scholar] [CrossRef] [PubMed]

	



Endo, K.; Arisawa, S.; Badica, P. Epitaxial Non c-Axis Twin-Free Bi2Sr2CaCu2O8+δ Thin Films for Future THz Devices. Materials 2019, 12, 1124. [Google Scholar] [CrossRef] [PubMed]







© 2020 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  materials-13-02622


  
    		
      materials-13-02622
    


  




  





