2015 DOE SSL R&D Workshop 
LED Topic Table Questions to Consider
This document was distributed during the LED Topic Table portion of the DOE SSL R&D Workshop and aimed to prompt discussion on the following topics: 
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· Substrates
· Emitter Materials
· Down-Converters
· LED Packaging
· New Materials
· Novel Device Architectures
· LED Drivers
· Reliability & Color Consistency
· Test & Inspection
· Controls & Smart Lighting
· Advanced Luminaires
1. 
We invite you to provide further comment on these topics. Please share your thoughts by typing your answers in the response box for as many questions as you like.  Expand the response boxes as needed.  The questions start on the next page.
Email your completed file to SSLworkshop@akoyaonline.com by February 27, 2015.


Substrates
1. What substrate research has the most potential to advance LED cost and performance? Bulk GaN, non-polar GaN, GaN on Si, sapphire, other?  
2. Where could the biggest impact occur and how? IQE at high current density, cost, LED uniformity and reproducibility, green gap, etc.?
3. Can a cost breakthrough occur with bulk GaN substrates? What has limited cost reductions so far? How will bulk GaN stay competitive with the larger wafer size trends in sapphire, SiC and GaN on Si? Specifically, what research is necessary to make a breakthrough?
4. Can we identify common metrics for all substrate types in addition to metrics specific to each substrate type?
5. Should substrate research be an independent R&D topic or should it be combined with research in emitter materials and development of MOCVD tools to improve LED epitaxy performance and consistency across a wafer?
6. Provide specific examples of the type of research that would advance this topic. Is the required R&D applied research, product development, or manufacturing R&D?
	Substrate Response: 













Emitter Materials
1. Please list the most critical ongoing scientific and R&D challenges with emitter materials—e.g., green gap, current density droop, red emitter efficiency, red emitter thermal stability, etc.?
2. Please break down the challenges in terms of specific research that could advance the topic.
3. Is a breakthrough possible in the green gap? Should research on conventional MOCVD growth for green emitters continue to be supported, or should alternative materials and crystal growth processes be considered?
4. What are the possible research avenues for realizing efficient red LEDs with reduced thermal dependence at high operating conditions? Are GaN based red LEDs the best path? What are other paths?
5. Provide specific examples of the type of research that would advance this topic. Is the required R&D applied research, product development, or manufacturing R&D?





	Emitter Materials Response: 














Down-Converters
1. Can the performance targets be reached through continued development of existing phosphors or do we need to develop new materials systems? If new materials systems are needed, what methodologies can be used to discover new phosphors? Rational design of materials? Something else?
2. Should the task be expanded to include matrix material interactions (e.g., developing new silicone formulations for quantum dots or phosphors)? Metrics?
3. Can we achieve the required temperature and flux stability for on-chip application using quantum dot down-converters? What innovations are needed to achieve this? Should research in quantum dots be aimed at both Cd-containing and Cd-free systems, or should the focus be moved to Cd-free systems due to toxicity concerns?
4. Are the down-converter milestones consistent with real-world performance and with the overarching program milestones?
5. Is a breakthrough in performance (temperature stability, narrow linewidth, etc.) feasible while maintaining existing efficiency levels?
6. Provide specific examples of the type of research that would advance this topic. Is the required R&D applied research, product development, or manufacturing R&D?
	Down-Converter Response: 














LED Packaging
1. How can LED packages be further developed to embed additional luminaire functionality and add value?
2. How can LED packages be engineered for lighting application specific usage with the minimal number of sub-components or piece-parts?
3. Wafer level packaging has been proposed as a future avenue for cost reduction. What is its feasibility?  What innovations are required to make it a reality? What time-scale is necessary to make it a reality?
4. What further breakthroughs in LED package performance and/or cost can realistically be expected? What research can make these happen?
5. Provide specific examples of the type of research that would advance this topic. Is the required R&D applied research, product development, or manufacturing R&D?
	LED Packaging Response: 














New Materials
1. What materials within the LED package and luminaire can be improved for reduced cost, improved performance, simplified manufacturing, and/or reduced ecological impact?
2. Are there new multi-functional materials that may enable the integration of optical, electrical, and mechanical components or other novel LED luminaire systems with improved functionality and lifetime?  
3. How can we better understand the impact of small changes in the materials over time that affect the overall functionality and lifetime of LED luminaire systems?
4. Provide specific examples of the type of research that would advance this topic. Is the required R&D applied research, product development, or manufacturing R&D?







	New Materials Response:














Novel Device Architectures
1. Laser lighting has been promoted as a possibly more efficient alternative to LED lighting. In what applications, if any, does laser lighting make sense? What cost and performance levels for blue lasers are practically necessary for general illumination lighting applications? What are the R&D challenges to making laser lighting a reality—lasing threshold current density, laser efficiency, high-temperature phosphors? Others?  
2. Is phosphor-converted or multi-color laser lighting more likely? With phosphor-converted laser lighting does the étendue benefit remain? Is direct laser lighting realistic in terms of practical lighting applications?
3. What other novel device architectures could be developed to improve LED lighting? Nano-rods, micro-cavity LEDs, photonic crystals, tunnel junctions, quantum dot EL-LEDs, something else? Please describe the possible benefits of the novel architecture.
4. Provide specific examples of the type of research that would advance this topic. Is the required R&D applied research, product development, or manufacturing R&D?
	Novel Device Architectures Response:















LED Drivers
1. What specific research can be done to improve LED drivers in terms of efficiency, reliability, size, and cost? New topologies? Inductor-free designs? Others?
2. How can the reliability of the driver be improved? New designs? Innovations in components such as electrolytic capacitors—e.g., developing new capacitors offering high capacitance values, compact form factors, low cost, and high reliability? Over-specifying the components to reduce failures?
3. What are the technology challenges with dimming to near black? What R&D can be done to deal with the inconsistencies with dimming from manufacturers—e.g., varying turn-on time, turn-off time, dim curve, low dim point (0.1% - 3%), etc.—how can this be improved?
4. Provide specific examples of the type of research that would advance this topic. Is the required R&D applied research, product development, or manufacturing R&D?
	LED Drivers Response: 














Reliability & Color Consistency
1. Can a universal model be developed to predict luminaire system reliability and give consumers confidence in the lifetime of LED lighting products? Color consistency? What R&D work needs to be done to develop such a model?
2. What research is needed to improve the color consistency of LEDs and hence luminaires? What are the limiting factors—phosphors, silicone (matrix materials, encapsulants), LED wafer uniformity (epitaxial tool and process), others? What is required in terms of process changes to meet a 2-step MacAdam ellipse bin tolerance (as being requested by luminaire manufacturers)? For a 1-step tolerance? 
3. Provide specific examples of the type of research that would advance this topic. Is the required R&D applied research, product development, or manufacturing R&D?










	Reliability & Color Consistency Response: 














Test & Inspection
1. What portions of the LED lighting production process would benefit the most from improved test and measurement tools and processes? What type of test and measurement equipment should be developed for LED lighting manufacturers across the value chain to improve processes (what is the wish list)?
2. What test and measurement technologies or technical developments from other fields can be applied within the LED lighting manufacturing process?
3. It was noted that the LED luminaire manufacturers are currently requesting a 2-step MacAdam ellipse bin tolerance and they would prefer a 1-step tolerance. What R&D is required for improved color point measurement accuracies?  
4. Provide specific examples of the type of research that would advance this topic. Is the required R&D applied research, product development, or manufacturing R&D?

	Test & Inspection Response: 

















Controls & Smart Lighting
1. What barriers are limiting the application and energy savings of controls and smart lighting? What R&D can be supported to remove these barriers?
2. What building blocks must be developed to advance controls and smart lighting? LED controllability? Drivers with integrated intelligence, integral energy measurement, network interfaces? Sensors? Self-commissioning algorithms or schemes? Others?
3. What is the best way to directly measure and quantify the energy savings benefit from advanced controls and smart lighting? Is integrating energy measurement and reporting into lighting devices in systems a viable path?
4. How can issues of interoperability between different types of lighting controls be resolved? What types of interoperability do you feel are most important (e.g., light source to network interface/gateway, management software to network interface/gateway) or levels of interoperability (e.g., OSI Level 1/2 – Physical/Data Link, OSI Levels 3/4 – Transport/Network, OSI Levels 5/6/7 - Application)? 
5. Provide specific examples of the type of research that would advance this topic. Is the required R&D applied research, product development, or manufacturing R&D?

	Controls & Smart Lighting Response: 













Advanced Luminaires
1. What is the best way for DOE to support the development of luminaires that go beyond existing form factors (bulbs and retrofits) and go beyond existing lighting delivery approaches?  
2. How can the energy benefits of novel luminaires be quantified or described beyond just cost and efficacy?
3. What barriers need to be addressed to move from the socket replacement model to novel luminaire form factors?
4. What metrics could be used to quantify the impact and benefit of novel luminaire form factors?
5. Provide specific examples of the type of research that would advance this topic. Is the required R&D applied research, product development, or manufacturing R&D?




	Advanced Luminaires Response: 
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