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 Organic Electronics – Retrospective and Outlook
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Prof. Ching W. Tang
Institute for Advanced Study
Hong Kong University of Science and Technology
Clear Water Bay, Hong Kong
Email: chingtang@ust.hk





In 1986-89 and with my colleagues at the Kodak Research Laboratories I published three papers1-3 which have been credited with the rebirth of a field now known as organic electronics. The first paper discloses a thin-film, organic photovoltaic (OPV) cell capable of achieving a solar power conversion efficiency of 1%. The other two papers describe an electroluminescent diode (now known as OLED) which demonstrated an electricity-to-light power conversion efficiency of about 1% in addition to being readily tunable in emission color. These novel optoelectronic devices - based on organic semiconductors - have in common a bi-layer, heterojunction structure which holds the key to the device performance. With decades of research, development, and manufacturing efforts, OLED stands out as the only organic electronic device that has achieved commercial success in being widely adopted in today’s display products, including smartphones and televisions.  
In this talk, I will trace the development of OLED display technology and offer an assessment of its outlook in view of the display industry’s competitive landscape.
1. C.W. Tang, Appl. Phys. Lett. 48, 183(1986)
2. C.W. Tang and S.A. VanSlyke, Appl. Phys. Lett. 51, 913 (1987)
3. C.W. Tang, S.A. VanSlyke and C.H.Chen, J. Appl. Phy. 65, 3610 (1989)
Biography: Dr. Tang is currently the IAS Bank of East Asia Professor and Chair Professor of the departments of Electronic and Computer Engineering, Chemistry, and Physics, HKUST. Prof Tang has been internationally recognized for the invention of the high-efficiency organic light emitting diodes (OLED) and the organic photovoltaic cells (OPV). Prof. Tang received his primary and secondary education in Hong Kong and his university education in Canada (BS in chemistry, 1970, UBC) and the United States (PhD, 1975, Cornell). After Cornell, he spent 31 years as a researcher with the Kodak Research Laboratories (KRL) in Rochester, NY, where he pioneered the field of organic electronics with the inventions of OLED and OPV and led the development of OLED display technology. In 2006, after retiring from KRL, he began his academic career at the University of Rochester as the Doris Johns Cherry Professor of Chemical Engineering. He returned to Hong Kong in 2013 to join HKUST Jockey Club Institute for Advanced Study with joint appointments as Chair Professor in the departments of Electronic and Computer Engineering, Chemistry, and Physics. Prof Tang was elected a distinguished fellow of the Kodak Research Laboratories, a fellow of the American Physical Society and the Society of Information Display, a member of the US National Academy of Engineering, a founding member of the Academy of Sciences of Hong Kong, and a fellow of the Hong Kong Academy of Engineering Sciences. He was awarded an honorary degree from the University of Hong Kong and from Shanghai University. He is a recipient of the prestigious Kyoto Prize in 2019 and the Wolf Prize in Chemistry, 2011. Other awards include the Jack Rajchman Prize of the Society of Information Display (2001), ACS Carothers Award (2001), Humboldt Research Award (2005), IEEE Daniel E. Noble Award (2007), Eduard Rhein Award (2013), OSA Nick Holonyak Jr. Award (2014), IEEE Nishizawa Medal (2017) and an inductee to US National Inventors Hall of Fame (2018). 


Semiconductor Nanowires for Display Applications
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Research School of Physics 
The Australian National University
Canberra, ACT 2601, Australia
Email: c.jagadish@ieee.org 





Semiconductors have played an important role in the development of information and communications technology, solar cells, solid state lighting.  Nanowires are considered as building blocks for the next generation electronics and optoelectronics.  In this talk, I will introduce the importance of nanowires and their potential applications and discuss about how these nanowires can be synthesized and how the shape, size and composition of the nanowires influence their structural and optical properties. I will present results on axial and radial heterostructures and how one can engineer the optical properties to obtain high performance lasers and LEDs for display applications. Future prospects of the semiconductor nanowires will be discussed. 

Biography: Professor Jagadish is a Distinguished Professor and Head of Semiconductor Optoelectronics and Nanotechnology Group in the Research School of Physics, Australian National University.  He has served as Vice-President and Secretary Physical Sciences of the Australian Academy of Science during 2012-2016.  He is currently serving as Past President of IEEE Photonics Society, Past President of Australian Materials Research Society.  Prof. Jagadish is the Editor-in-Chief of Applied Physics Reviews, Editor of 3 book series and serves on editorial boards of 19 other journals.  He has published more than 950 research papers (680 journal papers), holds 5 US patents, co-authored a book, co-edited 15 books and edited 12 conference proceedings and 18 special issues of Journals. He has won the 2000 IEEE Millennium Medal and received Distinguished Lecturer awards from IEEE NTC, IEEE LEOS and IEEE EDS. He is a Foreign Member of US National Academy of Engineering, Fellow of the Australian Academy of Science, Australian Academy of Technological Sciences and Engineering, The World Academy of Sciences, US National Academy of Inventors, Indian National Science Academy, Indian National Academy of Engineering, Indian Academy of Sciences, National Academy of Sciences of India, IEEE, APS, MRS, OSA, AVS, ECS, SPIE, AAAS, FEMA, APAM, IoP (UK), IET (UK), IoN (UK) and the AIP. He received many awards including IEEE Pioneer Award in Nanotechnology, IEEE Photonics Society Engineering Achievement Award, OSA Nick Holonyak Jr Award, Welker Award, IUMRS Somiya Award, UNESCO medal for his contributions to the development of nanoscience and nanotechnologies and Lyle medal from Australian Academy of Science for his contributions to Physics, Beattie Steel Medal from Australian Optical Society and IEEE Education Award from Electron Devices Society.  He has received Australia’s highest civilian honor, AC, Companion of the Order of Australia, as part of 2016 Australia day honors from the Governor General of Australia for his contributions to physics and engineering, in particular nanotechnology.  




Challenging of Ink-Jet Printed Quantum-Dots Light-emitting Diodes towards Mass Production
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Dr. Longjia Wu (TCL, China)
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Shenzhen, China 
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Phone:  +86-18620160630






Quantum dot light emitting diodes (QLEDs) that electrically excite quantum dots (QDs) are the future of QD displays, owning to the excellent optical properties of QDs, such as narrow emission spectra, size-controlled emission wavelength, high quantum yield and inherent stability. And Ink-Jet printing (IJP) technique is the most promising mass production method for QLEDs. However, with the rapid enhancement in devices’ performance over the past two decades, IJP QLEDs still face critical challenges towards commercialization. In this report, I will show our strategies on how to overcome the challenging of IJP QLEDs towards mass production.



Biography: Longjia Wu received his Ph.D. degree in Materials Science and Engineering major from University of California, Davis (UC Davis) in 2015. After graduation, he joined TCL Research, engaging in the development of high performance quantum-dot light-emitting diodes for display application. Now he is a Display Technology Expert in TCL Research, who is in charge of the development of charge transporting materials in QLED and decoding the degradation mechanism of the device. 



Prof. Jonathan Halpert (HKUST, Hong Kong )
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Perovskite LEDs for Lighting and Displays
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Prof. Jianpu Wang
Institute of Advanced Materials (IAM)
Nanjing Tech University
Nanjing, China
Emial: iamjpwang@njtech.eud.cn







Solution-processed light-emitting diodes (LEDs) are attractive for applications in low-cost, large-area lighting sources and displays. Organometal halide perovskites can be processed from solutions at low temperatures to form crystalline direct-bandgap semiconductors with intriguing optoelectronic properties, such as high photoluminescence yield, good charge mobility and excellent color purity. In this talk, I will present our effort to boost the efficiency of perovskite LEDs to a high level which is comparable to organic LEDs. More importantly, organic LEDs are difficult to maintain high efficiency at high current densities due to their excitonic nature and low charge mobilities. Low temperature solution-processed perovskite LEDs demonstrate remarkably high efficiency at high current densities, suggesting unique potential to achieve large size planar LEDs with high efficiency at high brightness.

:
Biography: Jianpu Wang has been a professor at Nanjing Tech University since 2013. His research interests are organic/perovskite semiconductor devices and device physics, aiming for display and energy applications. In 2009-2013, he was a postdoctoral research associate studying organic magnetic field effect in Cavendish Laboratory, University of Cambridge. And he did his Ph.D study also in Cavendish from 2006 to 2009, when he investigated organic semiconductor/inorganic nanocrystal devices. Prof. Wang worked as a research engineer in Samsung Electronics in South Korea in 2003-2006, for developing OLED displays by using ink-jet printing technology.
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AI Photonics LAB 
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Senior Editor, The Journal of Physical Chemistry Letters
E-mail: zhong-office@jpclett.acs.org


Perovskite quantum dots (QDs) are now emerging as low-cost alternative emitters for display applications. Very recently, we developed the in-situ fabrication of hybrid perovskite QDs embedded composite films (PQDCF) with high transparency, superior photoluminescence emission and additional processing benefits for down-shifting applications. The potential use of PQDCF as color converters in LCD backlights was successfully demonstrated, showing bright potential in display technology. Very recently, a dual green and red emissive composite film was developed for Mini-LED backlighting applications. Moreover, we further explored the electroluminescence devices based in-situ fabricated perovskite QDs. We illustrated the enhancing role of ligand-assisted reprecipitation (LARP) process and obtained uniform FAPbX3 (X=Br, Cl, I) perovskite QDs films with photoluminescence quantum yield up to 78%. The electroluminescence devices with a maximum external quantum efficiency (EQE) of 16.3%, 15.8% and 8.8% were achieved for green, red and blue devices, showing the promising to achieve high efficiency. In all, the in-situ fabrication strategy provides very convenient route for display technology.

Biography: Haizheng Zhong is a professor of photonic materials in the school of materials science and Engineering at Beijing Institute of Technology (BIT). His current research interests are in the area of colloidal quantum dots for photonics and optoelectronics. His recent awards include Xu-Rong Xu Luminescence Best Paper Award (2013), the National Science Foundation for Excellent Young Scholars (2017), Beijing Science and Technology Award (2018, 2/10), 2019 IDW best paper award. Since 2019, he serves as senior editor for Journal of Physical Chemistry Letters, and moved to executive editor in 2020. 





Polarized Photoluminescence from Structured Nanoparticles
[image: Kristiaan Neyts | Ghent University - Academia.edu]
Prof. Kristian Neyets 
Ghent University, 
ELIS Department, 
LCP group, iGent tower, 7th floor
Technologiepark Zwijnaarde 126, 
9052 Gent, 
BELGIUM
Email: kristiaan.neyts@ugent.be 



Quantum dots efficiently transform blue photons into green or red photons by photoluminescence in quantum dot LED TVs. For spherical quantum dots, the absorption and emission are independent of the polarization of the photons. For semiconductor nanoparticles with other shapes, the absorption depends on the polarization of the incident blue photons and the emitted light can become polarized. In this presentation it is explained how photoluminescent nanoparticles can be used to generate a backlight that emits linearly polarized light. By giving the semiconductor nanoparticles a particular shape, the anisotropy of absorption and emission can be independently tuned. 
 
Biography: Kristiaan Neyts is full professor at Ghent University in the Electronics and Information Systems department of the Faculty of Engineering Sciences and Architecture. He obtained his PhD in 1992 at UGent on thin film electroluminescence and made a post-doc at UC Berkeley in 1997-1998. Since 2004 he is heading the Liquid Crystals and Photonics group that is conducting research in the fields of liquid crystals, PZT, OLEDs, electrophoresis, solar cells and microscopy. This group of 25 researchers has expertise in device technology, numerical simulations and electro-optical characterization of photonic components. He is the promoter of 27 completed PhDs, co-author of 257 SCI papers and co-inventor of 6 granted patents.
 


Ultra-efficient White LEDs Using Nanomaterials in Liquid-Matrix 
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Prof. Sedat Nizamoglu
Department of Electrical and Electronics Engineering, 
Koç University, 
34450 
Istanbul, Turkey
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Fluorescent nanomaterials such as colloidal nanocrystals and fluorescent proteins have attracted significant attention in the last decades due to their exceptional optical properties such as high photoluminescence quantum yield (PLQY) and tunable band gap. Nowadays there is a strong interest in the demonstration of efficient white LEDs using fluorescent nanomaterials for lighting and displays that can have significant environmental and economic benefits. However, their utilization for efficient solid-state lighting sources has remained a challenge due to the decrease of PLQY from the synthesis batch in the liquid state to the host matrix in the solid state, which is also known as the host material effect. As a solution, in recent years we proposed and demonstrated suppression of the host material effect by simple liquid-state integration of fluorescent materials into device architectures. In this talk, I will discuss efficient white LEDs based on colloidal nanocrystals and fluorescent proteins in liquid matrix.1-5 Our theoretical calculations predicted that the luminous efficiency of liquid white LEDs can reach over 200 lm/W.1 Therefore, white LEDs using nanomaterials in liquid-state have high promise for future lighting and display.

References
1.	Sadeghi, S.; Kumar, B. G.; Melikov, R.; Aria, M. M.; Jalali, H. B.; Nizamoglu, S., Quantum dot white LEDs with high luminous efficiency. Optica 2018, 5 (7), 793-802.
2.	Sadeghi, S.; Melikov, R.; Conkar, D.; Firat‐Karalar, E. N.; Nizamoglu, S., Ultra‐Efficient and High‐Quality White Light‐Emitting Devices using Fluorescent Proteins in Aqueous Medium. Advanced Materials Technologies 2020, 2000061.
3.	Sadeghi, S.; Melikov, R.; Jalali, H. B.; Nizamoglu, S., Ultraefficient Green LEDs Using Quantum Dots in Liquid Matrix. IEEE Transactions on Electron Devices 2019, 66 (11), 4784-4789.
4.	Sadeghi, S.; Abkenar, S. K.; Ow-Yang, C. W.; Nizamoglu, S., Efficient white LEDs using liquid-state magic-sized CdSe quantum dots. Scientific reports 2019, 9 (1), 1-9.
5.	Melikov, R.; Press, D. A.; Ganesh Kumar, B.; Sadeghi, S.; Nizamoglu, S., Unravelling radiative energy transfer in solid-state lighting. Journal of Applied Physics 2018, 123 (2), 023103.
 Biography: 


Colloidal Quantum Wells for Lighting and Displays
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NTU Singapore – Nanyang Technological University, School of Electrical Engineering,                    School of Physical and Mathematical Sciences, School of Materials Science and Engineering, Singapore
Bilkent University UNAM, Department of Electrical and Electronics Engineering, Department of Physics, Institute of Materials Science and Nanotechnology, Ankara, Turkey

hvdemir@ntu.edu.sg, volkan@bilkent.edu.tr, volkan@stanfordalumni.org 

In this talk, we will introduce the emerging field of semiconductor nanocrystal optoelectronics employing atomically-flat tightly-confined nanocrystals, the quasi-2D colloidal quantum wells (CQWs), also popularly nick-named ‘nanoplatelets’, with most recent examples of their devices and photonic structures for the applications of lighting and displays. Among various extraordinary features of theirs, we will show that these CQWs enable record high optical gain coefficients [1] and can achieve optical gain thresholds at the level of sub-single exciton population per CQW on the average [2]. Next, we will present a new tool for controlled stacking and oriented self-assemblies of these nanoplatelets, which provides us with a powerful capability to tune and master their excitonic properties as well as the level of achievable energy transfer [3]. Using three-dimensional constructs of such face-down oriented slabs of CQWs with monolayer precision, we will demonstrate ultra-thin optical gain medium and lasers of these CQW assemblies [4]. Finally, we will show record high-efficiency colloidal LEDs using CQWs employed as the electrically-driven active emitter layer [5]. Given their current accelerating progress, these solution-processed quantum materials hold great promise to challenge their epitaxial thin-film counterparts in semiconductor optoelectronics in the near future.

[1] B. Guzelturk et al., HVD, Nano Letters 19, 277 (2019)
[2] N. Taghipour et al., HVD, Nature Comm 11, 3305 (2020)
[3] O. Erdem et al., HVD, Nano Letters 19, 4297 (2019) 
[4] O. Erdem et al., HVD, Nano Letters 20, 6459 (2020) 
[5] B. Liu et al., HVD, Advanced Materials 32, 1905824 (2020) 

Biography: Dr. Demir is a professor of electrical engineering, physics and materials science. He is an NRF Fellow of Singapore and is the Founding Director of LUMINOUS! Centre of Excellence for Semiconductor Lighting and Displays at NTU Singapore -- Nanyang Technological University. Concurrently, he is the European Science Foundation EURYI professor of Bilkent University, Ankara (his alma mater), and UNAM – National Nanotechnology Research Center of Turkey. Demir earned his PhD (2004) and MSc (2000) degrees in electrical engineering from Stanford University, CA, and his BSc (1998) degree in electrical and electronics engineering from Bilkent University (one of the top-ranking science and engineering schools in Turkey). His current research interests include the science and technology of semiconductor lighting; nanocrystal optoelectronics; excitonics for high-efficiency light generation and harvesting; and wireless in vivo sensing and smart implants for future healthcare. Demir published over 350 peer-reviewed research articles in major scientific journals and delivered over 200 invited seminars, lectures and colloquia on the topics of LED lighting, colloidal nanophotonics, in vivo sensing, and nanoparticles research in industry and academia. Demir has contributed to commercialization and licensing of over 10 new enabling technologies as well as establishing 4 successful companies and led to >130 patent applications (granted and pending) as a principle inventor, 12 of which have currently been used, owned or licensed by the industry. These scientific and entrepreneurship activities resulted in several important awards including Nanyang Award for Research Excellence, NRF Investigatorship Award, the Science Award of TUBITAK Scientific and Technological Research Council of Turkey, and TUBA-GEBIP Distinguished Young Scientist Award. He has been selected The Outstanding Young Person in the World (TOYP Award) of Junior Chamber International (JCI) Federation of Young Leaders and Entrepreneurs Worldwide in the category of academic achievement and leadership. He is elected as a Fellow of IEEE and OSA and a full Member of the Turkish National Academy of Sciences.

Photo-alignment of QRs for Displays and Beyond
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Prof. Abhishek K Srivastava
Associate Director: Centre for Display Research 
Associate Editor: Journal of Society for information Display 
Member: State Key Laboratory of Advanced Displays and Optoelectronics Technologies

Assistant Professor 
Department of Electronics and Computer Engineering,
The Hong Kong University of Science and Technology,
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Semiconductor quantum rods (QRs), due to their unique shape-dependent emission properties, have been a centre of attraction since the last decade [1-7]. These materials exhibit the quantum confinement effect due to their size and also show polarized photoluminescence properties. In this talk, I will discuss the high-quality alignment of the QRs showing a high polarization ratio for the emitted light. We developed the Quantum rod enhancement films (QREF) containing aligned red and green QRs, in the same film. We used Inkjet printing to print QREFs [5]. The measured polarization ratio for the emitted light from QREFs is as high as 7:1 that increases the optical efficiency of the LCD from 4.5% to 7.9%. Furthermore, we will also discuss the potential application of these QRs in LEDs and photonics.

References 
1. A. K. Srivastava et al. Adv. Mat. 1701091, 2017.
2. J. Schneider, et al. AKS, Nano Letter, 12, 3133, 2017.
3. W. Zhan, et.al. AKS, Adv. Fun. Mat., 180594, 2018.   
4. A. K. Srivastava et al. Adv. Sciences. 6, 1901345, 2019. 
5. S. Gupta, et al., AKS, Nanoscale, 11, 20837, 2019. 
6. M.P. Prodanov, et al., AKS, Small, 2004487, 2020.
7. Y. Gao, et al., AKS, Nanoscale, Accepted, 2021.

Biography: Abhishek Kumar Srivastava is an assistant professor at the Hong Kong University of Science and Technology. He received his Ph.D. degree in 2009 from the University of Lucknow, India. His current research interests include photo-alignment technology, nanomaterials, and fast liquid crystals for advanced displays and photonic devices. He is a senior member of the Society for Information Display (SID), United States, and a member of IEEE. In 2014, he received the ILCS Early-Career Award: The Michi Nakata Prize for his early career efforts in the field of ferroelectric liquid crystals and photo-alignment. In 2018, he received the best I-zone display prototype of the year award from the SID display week for the ferroelectric liquid crystal displays. In the same year, he received the LG Bronze award from the Korean information display society for the newly developed quantum rod enhancement film.  Furthermore, his research efforts have been recognized by many societies worldwide. To date, he has published 186 research papers and holds 36 patents/patent applications

Synthesis and Polarized Emission of Lead Halide Perovskite Nanorods 
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Metal halide perovskites have recently emerged as a new class of efficiently emitting materials for optoelectronic applications [1,2]. Semiconductor nanorods in general and perovskite nanorods in particular offer a useful property of linearly polarized light emission, which is important for application in displays [2, 3]. I will introduce several recently developed synthetic strategies towards perovskite nanorods with strong, color tunable anisotropic emission [4-6], and discuss how the halide composition of perovskite nanorods influences their fluorescence anisotropy [7].
References
1. Y. Li, X. Zhang, H. Huang, S. V. Kershaw, A. L. Rogach. Advances in Metal Halide Perovskite Nanocrystals: Synthetic Strategies, Growth Mechanisms, and Optoelectronic Applications. Mater. Today 2020, 32, 204-221.
2. M. Lu, Y. Zhang, S. Wang, J. Guo, W. W. Yu, A. L. Rogach. Metal Halide Perovskite Light-Emitting Devices: Promising Technology for Next-Generation Displays. Adv. Funct. Mater. 2019, 1902008.
3. A. K. Srivastava, W. Zhang, J. Schneider, J. E. Halpert, A. L. Rogach. Luminescent Down-Conversion Semiconductor Quantum Dots and Aligned Quantum Rods for Liquid Crystal Displays. Adv. Sci. 2019, 1901345.
4. Y. Li, H. Huang, Y. Xiong, A. F. Richter, S. V. Kershaw, J. Feldmann, A. L. Rogach. Using Polar Alcohols for the Direct Synthesis of Cesium Lead Halide Perovskite Nanorods with Anisotropic Emission. ACS Nano 2019, 13, 8237-8245.
5. S. Wang, J. Yu, M. Zhang, D. Chen, C. Li, R. Chen, G. Jia, A. L. Rogach, X. Yang. Stable, Strongly Emitting Cesium Lead Bromide Perovskite Nanorods with High Optical Gain Enabled by an Intermediate Monomer Reservoir Synthetic Strategy. NanoLett. 2019, 19, 6315-6322.
6. J. Guo, Y. Fu, M. Lu, X. Zhang, S. Kershaw, J. Zhang, S. Luo, Y. Li, W. W. Yu, H. Song, A. L. Rogach, L. Zhang, X. Bai. Cd-Rich Alloyed CsPb1-xCdxBr3 Perovskite Nanorods with Tunable Blue Emission and Fermi Levels Fabricated through Crystal Phase Engineering. Adv. Sci. 2020, 2000930.
7. Y. Dou, F. Cao, T. Dudka, Y. Li, S. Wang, C. Zhang, Y. Gao, X. Yang, A. L. Rogach. Lattice Distortion in Mixed-Anion Lead Halide Perovskite Nanorods Leads to their High Fluorescence Anisotropy. ACS Mater. Lett. 2020, 2, 814-820.
Biography: Andrey L. Rogach is a Chair Professor of Photonics Materials at the Department of Materials Science and Engineering, and the Founding Director of the Centre for Functional Photonics at City University of Hong Kong. He received his Ph.D. in Chemistry (1995) from the Belarusian State University in Minsk (Belarus), and worked as a staff scientist at the University of Hamburg (Germany) from 1995 to 2002. From 2002–2009 he was a lead staff scientist at the University of Munich (Germany), where he completed his habilitation in Experimental Physics. His research focuses on synthesis, assembly and optical spectroscopy of colloidal semiconductor and metal nanocrystals and their hybrid structures, and their use for energy-related applications. He authored over 500 scientific publications (Google Scholar h-index: 117) in these fields that have been extensively (over 50,000) cited, which ranked him among “100 TOP MATERIALS SCIENTISTS OF THE PAST DECADE” by Thomson Reuters (2011), and as a Highly Cited Researcher by Clarivate Analytics (2018-2020). He holds honourable appointments as an Adjunct Professor at Trinity College Dublin (Ireland) and University of Electronic Science and Technology of China, and as a Honorary Professor at Xi’An Jiaotong University, Jilin University, and Peking University Shenzhen (China). Andrey Rogach is a Fellow of the Electromagnetic Academy (USA) and serves as an Associate Editor of ACS Nano.
Resonant perovskite nanostructures for advanced photonic applications
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Nanophotonics and meta-optics based on optically resonant all-dielectric structures is a rapidly developing research area driven by its potential applications for low-loss efficient metadevices. Recently, the study of halide perovskites has attracted enormous attention due to their exceptional optical and electrical properties. As a result, this family of materials can provide a prospective platform for modern nanophotonics [1] and meta-optics [2], allowing us to overcome many obstacles associated with the use of conventional semiconductor materials. Here, we overview the recent progress in the field of halide perovskite nanophotonics starting from single-particle light-emitting nanoantennas [3,4] and nanolasers [5] to the large-scale designs working for surface coloration, anti-reflection, and optical information encoding [6,7,8].
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Surface Chemistry of Colloidal Cesium Lead Halides Perovskite Nanocrystals and its Impact on the Characteristics of Blue and Green perovskite LEDs
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Colloidal organic/inorganic lead halide perovskite nanocrystals (NCs) are considered promising blue and green narrow-band emitters for the next-generation light-emitting diodes.  High photoluminescence efficiencies are attained in these materials without epitaxial over-coating of the NC surfaces for electronic passivation of the surface states. The major practical bottleneck of these materials relates to their labile surface chemistry. In particular, typically used ling chain capping ligands are problematic due to their dynamic and loose binding as well as their highly insulating nature. We have recently rationalized the typical observation of a degraded luminescence upon aging or the luminescence recovery upon post-synthesis surface treatments using a simple surface-structure model, supported by DFT calculations. Healing of the surface trap states requires restoration of all damaged PbX6 octahedra and establishing a stable outer ligand shell. Restoration of such a structure, seen as an increase in the luminescence quantum efficiency to 90-100% and improvement in the over-all robustness of CsPbBr3 NCs, was attained using a facile post-synthetic treatment with a PbBr2+DDAB (didodecyldimethylammonium bromimde) mixture. In our most recent work, we have used DDAB as a sole ligand directly in the synthesis of perovskite NCs. We then used such NCs in LEDs and demonstrate high external quantum efficiencies in blue region and green region	.
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Colloidal Semiconductor Nanocrystals: Shape Matters


[image: F:\1000 plan\2018\Guohua.jpg]Prof. Guohua Jia
Curtin Institute of Functional Molecules and Interfaces, 
School of Molecular and Life Sciences, 
Curtin University, 
Bentley, Perth WA, 6102, 
Australia
Email: guohua.jia@curtin.edu.au



Colloidal semiconductor nanocrystals manifest size- and shape-dependent optical and electronic properties and find wide applications in optoelectronics. In this talk, I will elaborate how the size, composition and morphology of nanocrystals can be controlled and be further self-assembled into hierarchical architectures via regulating a broad scope of factors ranging from surface energy, monomer, binding ligand to temperature from a physical perspective. The optical, electronic and catalytic properties of this type of intriguing materials have been interpreted based on the structure-property relationships and their applications in optoelectronics, catalysis and latent fingermark detections have been demonstrated.
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