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Jeff Tsao 10-Page C.V. (July 2024)

A. Resume

Addresses
Work:
Sandia National Labs, Albuquerque NM 87185-1421, (505) 252-4388 (office), jytsao@sandia.gov

Home:
12513 Crested Moss Road, ABQ NM 87122, (505) 252-4388 (mobile), tsaojef@gmail.com
Education
Harvard Univ (1977-1981): PhD, SM in Applied Physics under Profs Nico Bloembergen, Eli Yablonovitch, Itamar Burak
Stanford Univ (1973-1977): MS in Electrical Engineering; BS in Mathematics
Websites (Home Page, Google Scholar Profile, Book Page)
Employment
2019-
Senior Scientist, Sandia National Labs, and Coordinator of Sandia’s Office of Basic Energy Sciences Materials Sciences and Engineering Program.
2016-2021
Belfer Center Fellow at Harvard Kennedy School and Harvard Paulson School of Engineering & Applied Science (Joint Appointment)

2011-2019
Distinguished Member of Technical Staff, Sandia National Labs. Research in a diversity of areas: energy and solid-state lighting science, technology and economics; complex adaptive systems; and the science of science and research practice.
2009-2014
Chief Scientist, Energy Frontier Research Center for Solid-State Lighting Science. Scientific leadership and vision for $18M/5years DOE Office of Basic Energy Sciences project involving more than 20 Sandia and external PhD staff and professors.

2001-2010
Principal Member of Technical Staff, Sandia National Labs. Research and roadmapping activities involving integrated science, technology and economic modeling in solid-state lighting and other areas.
2005-2007
Part-Time Detailee, DOE Office of Basic Energy Sciences. Coordinated two major “Basic Research Needs” workshops: one on solar energy utilization and one on solid-state lighting. Processes put in place for the first workshop laid the foundation for subsequent Basic Research Needs workshops (ten all together) which in turn laid the foundation for DOE’s Energy Frontier Research Center program (>$1B since 2009).

2000-2001
Vice-President, Research & Development, E2O Communications, a U.S.-based pre-IPO fiber communications components company. Built and led an R&D team to develop long-wavelength vertical-cavity surface-emitting lasers (VCSELs) for 1-10Gbps short and intermediate-reach applications.

1991-2000
Manager, Semiconductor Materials/Process Research Departments 1144/1311/1126, Sandia National Labs. Championed science-based approaches to epitaxial growth (e.g., in situ monitoring and process science/control), and catalyzed and oversaw many of Sandia's technology partnerships in compound semiconductor materials. He had the privilege of hiring and mentoring a series of world-class “growers,” all of whom have gone on to outstanding careers as entrepreneurs, scientists or professors.

1998-1999
Visiting Lecturer, Institute of Materials Research and Engineering, Singapore. Developed and gave a series of twelve lectures on compound semiconductor epitaxy that surveyed the field from science and technology to applications.

1983-1991
Member of Technical Staff, Sandia National Labs. Research on fundamental aspects of ultrafast (laser quenched) and ultraslow (molecular beam epitaxy) semiconductor epitaxy.

1981-1983
Member of Technical Staff, MIT-Lincoln Lab. Research on “laser microchemical” techniques for direct-write modification of surfaces for microelectronics technologies.

1980-1981
Consultant for Uday Sengupta at Tachisto Lasers, Inc. on CO2 laser designs.

1978-1981
Research Assistant and Teaching Fellow, Harvard University. Conducted PhD research (thesis title: IR Multiphoton Pumping of Electronically Excited Molecules), and was teaching assistant to undergraduate electronics Labs.
Awards and Recognitions
2024
Fellow, Illuminating Engineering Society

2017
Fellow, Optical Society of America (Optica)
2014
Illuminating Engineering Society Technical Achievement Award
2014
Senior Member, IEEE
2013
Asian American Engineer of the Year

2012
Sandia National Labs Entrepreneurial Spirit Award

2009
Fellow, American Association for the Advancement of Science

2007-2008
Sandia National Labs Employee Recognition Awards: Individual Technical Excellence (07); Team (08)

2006
Honorary Chair, China International Forum on Solid-State Lighting

1995
Fellow, American Physical Society (Division of Materials Physics)
1994
Sandia and Martin Marietta Author of Year and Martin Marietta Jefferson Cup Awards
Selected Professional and Community Contributions
2015-2022
Co-curator, Sandia National Labs’ “New Research Ideas Forum” (Sandia’s only Labs-wide seminar series)
2015-2020
Strategic Advisor, DOE/EERE Solid-State Lighting Program
2017-2019
Strategic Advisor, DOE/BES Energy Frontier Research Center Program
2014-2018
Selection and planning committee, Asian American Engineer of the Year Award
2010-2018
Chair, RPI Smart Lighting Engineering Research Center Science Advisory Board; Member, Strategies in Light Conference Committee
2016
Organizer, Sandia Workshop and Report on “Complex Systems Models and Their Applications: Towards a New Science of Verification, Validation & Uncertainty Quantification”
2016
Co-Organizer, NSF/AFOSR Ultra-Wide-Bandgap Semiconductors Research Opportunities Workshop

2016
Co-Organizer, NSF Engineering a Better Future Workshop

2010-2014
DOE/BES Energy Frontier Research Center Science Advisory Boards: U Michigan Solar/Thermal Energy Conversion EFRC; UCSB Energy Efficient Materials EFRC; USC Energy Nanoscience EFRC

2008-2014
Invited Participant: DOE/EERE Solid-State Lighting annual expert roundtables

2013
Co-chair, Sandia National Labs “Art & Science of Science & Technology” Forum & Roundtable

2012
Coordinator, Sandia White Paper on “A Case for Sandia Investment in Complex Adaptive Systems Science and Technology”
2011
Advisory Boards: Inari (Malaysia); Industrial Technology Research Institute (Taiwan)

2007
Coordinator, DOE/BES Workshop on Basic Research Needs for Solid-State Lighting

2005
Coordinator, DOE/BES Workshop on Basic Research Needs for Solar Energy Utilization
2002
General Editor, first comprehensive DOE/EERE and Optoelectronics Industry Development Association (OIDA) Solid-State Lighting LED Roadmap

1999-2001
Science Advisory Board: Tecstar Corporation
1998-2000
Chair, Materials Research Society Graduate Student Awards Committee
2000
Co-author, seminal “The Case for a National Research Program on Semiconductor Lighting” white paper
1995-1999
Member, Materials Research Society Technical Program Committee
1998
12-lectures on Semiconductor Epitaxy at Inst of Matls Research & Engineering, Singapore

1992-1998
Member, Technical Program Committees: Optical Society of America (OSA), American Vacuum Society (AVS), North American Molecular Beam Epitaxy (NAMBE) Conference, Electronic Materials Conference (EMC), International Society for Optics and Photonics (SPIE)

1995
Co-Chair, Spring Materials Research Society Meeting (2,500 attendees)

1993
Author, research monograph on Materials Fundamentals of Molecular Beam Epitaxy (Academic Press)

1993
Co-chair, Materials Research Society Symposium: “Evolution of Thin-Film μStructure”
1990
Co-chair, Materials Research Society Symposium: “Common Themes/Mechanisms of Epitaxy”
1987
Co-chair, SPIE Symposium on Lasers in Microlithography

Professional Societies
Fellow:
American Association for the Advancement of Science (AAAS), American Physical Society (APS), Optical Society of America (OSA), Illumination Engineering Society (IES)
Senior Mbr:
Institute of Electrical and Electronics Engineers (IEEE)
Member:
Materials Research Society (MRS), American Economic Association (AEA), International Association for Energy Economics (IAEE), Association for Psychological Science (APS), International Network for the Science of Team Science (INSciTS), Association for the Advancement of Artificial Intelligence
Summary of Publications, Patents and Presentations
Jeff has published over 175 articles/books/book-chapters (with ≥ 2 Google Scholar citations), accumulated over 13,000 Google Scholar citations, been granted 11 U.S. patents, authored/co-authored/co-edited 5 books, and given over 105 invited or plenary talks. His Google Scholar h-index is 51.
B. selected publications, Patents and presentations
Selected Articles/Books/Reports with ≥ 100 Google Scholar citations

1. ULTRAWIDE-BANDGAP SEMICONDUCTORS: RESEARCH OPPORTUNITIES AND CHALLENGES, JY Tsao, S Chowdhury, MA Hollis, D Jena, NM Johnson, KA Jones, RJ Kaplar, S Rajan, CG Van de Walle, E Bellotti, CL Chua, R Collazo, ME Coltrin, JA Cooper, KR Evans, S Graham, TA Grotjohn, ER Heller, M Higashiwaki, MS Islam, PW Juodawlkis, MA Khan, AD Koehler, JH Leach, UK Mishra, RJ Nemanich, RCN Pilawa‐Podgurski, JB Shealy, Z Sitar, MJ Tadjer, AF Witulski, M Wraback, JA Simmons, Advanced Electronic Materials 4, 1600501 (2018). Citations = 1,204.
2. Materials fundamentals of molecular beam epitaxy, JY Tsao (Academic Press, 1994). Citations = 793.

3. RELAXATION OF STRAINED-LAYER SEMICONDUCTOR STRUCTURES VIA PLASTIC FLOW, B.W. Dodson, J.Y. Tsao, Applied Physics Letters 51, 1325-1327 (1987); and Applied Physics Letters 53, 1128 (1988). Citations = 718.

4. COMPARISON BETWEEN BLUE LASERS AND LIGHT-EMITTING DIODES FOR FUTURE SOLID-STATE LIGHTING, J.J. Wierer, J.Y. Tsao, D.S. Sizov, Laser & Photonics Reviews 7, 963-993 (2013). Citations = 567.

5. SOLID-STATE LIGHTING: LAMPS, CHIPS, AND MATERIALS FOR TOMORROW, J.Y. Tsao, IEEE Circuits & Devices 20, No. 3, pp. 28-37 (May/June, 2004). Citations = 529.
6. RESEARCH CHALLENGES TO ULTRA-EFFICIENT INORGANIC SOLID-STATE LIGHTING, J.M. Phillips, M.E. Coltrin, M.H. Crawford, A.J. Fischer, M.R. Krames, R. Mueller-Mach, G.O. Mueller, Y. Ohno, L.E.S. Rohwer, J.A. Simmons, J.Y. Tsao, Laser and Photonics Reviews 1, 307-333 (November, 2007). Citations = 485.

7. A REVIEW OF LASER MICROCHEMICAL PROCESSING, D.J. Ehrlich and J.Y. Tsao, Journal of Vacuum Science and Technology B1, 969 (1983). Citations = 466.

8. TOWARD SMART AND ULTRA-EFFICIENT SOLID-STATE LIGHTING, J.Y. Tsao, M.H. Crawford, M.E. Coltrin, A.J. Fischer, D.D. Koleske, G.S. Subramania, G.T. Wang, J.J. Wierer and R.F. Karlicek. Advanced Optical Materials 2(9), 809-836 (2014). Citations = 402.

9. LEDS FOR PHOTONS, PHYSIOLOGY AND FOOD, P.M. Pattison, J.Y. Tsao, G.C. Brainard, B. Bugbee, Nature 563 (7732), 493-500 (2018). Citations – 338.

10. SOLID-STATE LIGHTING: ‘THE CASE’ 10 YEARS AFTER AND FUTURE PROSPECTS, R. Haitz and J.Y. Tsao, Physica Status Solidi (a) 208, 17-29 (2011); and THE CASE FOR A NATIONAL RESEARCH PROGRAM ON SEMICONDUCTOR LIGHTING," R Haitz, F Kish, JY Tsao and JS Nelson," Optoelectronics Industry Development Association, 1999. Combined Citations = 324.
11. Laser microfabrication: thin film processes and lithography, D.J. Ehrlich, J.Y. Tsao, Eds. (Elsevier, 1989). Citations = 309.

12. Four-color laser white illuminant demonstrating high color-rendering quality, A. Neumann, J.J. Wierer, W. Davis, Y. Ohno, S.R.J. Brueck and J.Y. Tsao, Optics express, vol. 19, no. 104, pp. A982-A990 (2011). Citations = 272.

13. SOLID-STATE LIGHTING: AN ENERGY-ECONOMICS PERSPECTIVE, J.Y. Tsao, H.D. Saunders, J.R. Creighton, M.E. Coltrin, J.A. Simmons, Journal of Physics D: Applied Physics 43, 354001 (2010). Citations = 247.

14. LED LIGHTING EFFICACY: STATUS AND DIRECTIONS, P.M. Pattison, M. Hansen, J.Y. Tsao, Comptes Rendus Physique 19 (3), 134-145 (2018). Citations = 241.
15. CRITICAL STRESSES FOR SixGe1-x STRAINED-LAYER PLASTICITY, J.Y. Tsao, B.W. Dodson, S.T. Picraux, D.M. Cornelison, Physical Review Letters 59, 2455 (1987). Citations = 240.

16. SOLID-STATE LIGHTING: AN INTEGRATED HUMAN FACTORS, TECHNOLOGY, AND ECONOMIC PERSPECTIVE, J.Y. Tsao, M.E. Coltrin, M.H. Crawford, J.A. Simmons, Proceedings of the IEEE 98, 1162 (2010). Citations = 197.
17. SOLUTE TRAPPING: COMPARISON OF THEORY WITH EXPERIMENT, M.J. Aziz, J.Y. Tsao, M.O. Thompson, P.S. Peercy, C.W. White, Physical Review Letters 56, 2489 (1986). Citations = 190.
18. PARTITIONING OF ION-INDUCED SURFACE AND BULK DISPLACEMENTS, D.K. Brice, J.Y. Tsao, S.T. Picraux, Nuclear Instruments and Methods in Physics Research B44, 68-78 (1989). Citations = 189.

19. EXCESS STRESS AND THE STABILITY OF STRAINED HETEROSTRUCTURES, J.Y. Tsao, B.W. Dodson, Applied Physics Letters 53, 848-850 (1988). Citations = 154.

20. Light emitting diodes (LEDs) for general illumination, JY Tsao, Ed. (Optoelectronics Industry Development Association, Washington DC, 2002). Citations = 147.

21. Patterned photonucleation of chemical vapor deposition of Al by UV‐laser photodeposition, J.Y. Tsao and D.J. Ehrlich, Applied Physics Letters, vol. 45, no. 6, 1984, pp. 617-619. Citations = 111.

22. PHOTODEPOSITION OF Ti AND APPLICATION TO DIRECT WRITING OF Ti:LiNbO3 WAVEGUIDES, J.Y. Tsao, R.A. Becker, D.J. Ehrlich, F.J. Leonberger, Appl. Phys. Lett. 42, 559-561 (1983). Citations = 105.

23. TIME-RESOLVED MEASUREMENTS OF STIMULATED SURFACE POLARITON WAVE SCATTERING AND GRATING FORMATION IN PULSED-LASER-ANNEALED GERMANIUM, D.J. Ehrlich, S.R.J. Brueck, J.Y. Tsao, Appl. Phys. Lett. 41 (7) 630-632 (2981). Citations = 101.

Selected Other Articles/Books/Reports

24. AI for Technoscientific Discovery: A Human-Inspired Architecture, J.Y. Tsao, R.G. Abbott, D.C. Crowder, S. Desai, R.P.M. Dingreville, J.E. Fowler, A. Garland, P.P. Iyer, J. Murdock, S.T. Steinmetz, K.A. Yarritu, C.M. Johnson, D.J. Stracuzzi, Journal of Creativity 24 (2) 100077 (2024).
25. How technoscientific knowledge advances: A Bell-Labs-inspired architecture, V. Narayanamurti and J.Y. Tsao, Research Policy 53 (4) 104983 (2024).
26. Three common misconceptions about the nature and nurture of research, V. Narayanamurti and J.Y. Tsao, Nature Reviews Physics 5 (1) 2-4 (2023).

27. THE GENESIS OF TECHNOSCIENTIFIC REVOLUTIONS: RETHINKING THE NATURE AND NURTURE OF RESEARCH, V. Narayanamurti and J.Y. Tsao (Harvard University Press, 2021).

28. CREATIVE OUTCOME AS IMPLAUSIBLE UTILITY, J.Y. Tsao, C.L. Ting, C.M. Johnson, Review of General Psychology 23, 279 (2019).

29. NURTURING TRANSFORMATIVE US ENERGY RESEARCH: TWO GUIDING PRINCIPLES, V. Narayanamurti, J.Y. Tsao, MRS Energy & Sustainability 5, e10 (2018).

30. THE ELECTRIFICATION OF ENERGY: LONG-TERM TRENDS AND OPPORTUNITIES, J.Y. Tsao, E.F. Schubert, R. Fouquet, M. Lave, MRS Energy & Sustainability 5, e7 (2018).

31. Complex Systems Models and Their Applications: Towards a New Science of Verification, Validation & Uncertainty Quantification, Workshop Footprint Document, Jeff Tsao, Tim Trucano, Steve Kleban, Asmeret Naugle, Steve Verzi, Laura Swiler, Curtis Johnson, Mark A. Smith, Tatiana Flanagan, Eric Vugrin, Kasimir Gabert, Matt Lave, Wei Chen, Daniel DeLaurentis, Alfred Hubler, Bill Oberkampf (2016).

32. COMMENTARY: THE SOCIAL SCIENCE OF CREATIVITY AND RESEARCH PRACTICE: PHYSICAL SCIENTISTS, TAKE NOTICE, T. Odumosu, J.Y. Tsao, V. Narayanamurti, Physics Today 68, 8-9 (2015).

33. THE BLUE LED NOBEL PRIZE: HISTORICAL CONTEXT, CURRENT SCIENTIFIC UNDERSTANDING, HUMAN BENEFIT, J.Y. Tsao, J. Han, R.H. Haitz, P.M. Pattison, Annalen der Physik 527, A53-A61 (2015).

34. A case for Sandia investment in complex adaptive systems science and technology, CM Johnson, R Colbaugh, JY Tsao, GA Backus, TJ Brown and KA Jones, Sandia National Laboratories. (2012).

35. A brief history of Sandia National Laboratories and the Department of Energy Office of Science: interplay between science, technology, and mission, JY Tsao, SM Myers Jr, JA Simmons, A McIlroy, FL Vook, SS Collis and ST Picraux, Sandia National Laboratories. (2011).

36. Galileo's stream: A framework for understanding knowledge production, J Tsao, K Boyack, M Coltrin, J Turnley and W Gauster, Research Policy, vol. 37, no. 2, 2008, pp. 330-352.

37. Consumer preferences and funding priorities in scientific research, JY Tsao, Science and Public Policy, vol. 16, no. 5, pp. 294-298 (1989).

Selected U.S. Patents with ≥ 20 Google Scholar citations

38. SURFACE ACOUSTIC WAVE DEVICES AND METHOD OF MANUFACTURE THEREOF, V.S. Dolat, D.J. Ehrlich and J.Y. Tsao, US Patent 4,672,254, Issued June 1987. Citations = 96.

39. Electrically pumped long-wavelength VCSEL and methods of fabrication, C.L. Shieh, J.Y. Tsao, US Patent 6,542,530, Issued April 2003. Citations = 54.

40. PHOTODETECTOR WITH ABSORBING REGION HAVING RESONANT PERIODIC ABSORPTION BETWEEN REFLECTORS, R.P. Bryan, G.R. Olbright, R.M. Brennan, J.Y. Tsao, U.S. Patent No. 5,389,797, Issued February 1995. Citations = 46.

41. Semiconductor lasers, W. Jiang, C.L. Shieh, X. Sun, J.Y. Tsao, H.C. Lee, US Patent 6,556,610, Issued April 2003. Citations = 44.

42. Solid-transformation thermal resist, C.O. Bozler, D.J. Ehrlich, J.Y. Tsao, US Patent 4,619,894, Issued October 1986. Citations = 23.

Selected Plenary/Keynote Presentations
43. J.Y. Tsao; THE NEW WORLD OF ENGINEERED SOLID-STATE LIGHTING; OSA Light, Energy & Environment; Boulder, CO; November 8, 2017; Keynote.
44. J.Y. Tsao; THE NEW WORLD OF Lighting: SSL and Beyond; Les Eastman Conference; Lehigh University, Bethlehem, PA; August 2, 2016; Keynote.
45. J.Y. Tsao; TRIBUTE TO ROLAND HAITZ; DOE Solid-State Lighting R&D Workshop; Raleigh, NC, February 2-4, 2016, Plenary.
46. J.Y. Tsao; Solid-State Lighting: Toward Smart and Ultra Efficient; 6th International Symposium on Advanced Plasma Science and its Applications for Nitrides and Nanomaterials (ISPlasma2014); Meijo University, March 2-6, 2014; Plenary.
47. J.Y. Tsao; Lighting and Solid-State Lighting: Science, Technology and Economic Perspectives; SPIE Optics + Photonics; August 1, 2010; San Diego, CA; Keynote.

48. J.Y. Tsao; Solid-State Lighting: The III-V Epi “Killer App”; 15th International Conference on Metal Organic Vapor Phase Epitaxy (ICMOVPE-XV); May 24, 2010; Lake Tahoe, CA; Plenary.

49. J.Y. Tsao; Lighting and Solid-State Lighting: Science, Technology and Economic Perspectives; SPIE Photonics West 2010 OPTO Symposium; January 26, 2010; San Francisco, CA; Keynote.

50. J.Y. Tsao, SOLID-STATE LIGHTING: LAMPS, CHIPS AND MATERIALS FOR TOMORROW, 2005 International Forum on Solid-State Lighting, April 12-15, 2005, Xiamen, China; Keynote.
Selected Invited Presentations
51. J.Y. Tsao; HOW HUMAN INTELLIGENCES ADVANCE TECHNOSCIENCE (AND HOW ARTIFICIAL INTELLIGENCES MIGHT ALSO); National Renewable Energy Laboratory; August 17, 2023.

52. J.Y. Tsao; THE NATURE AND NURTURE OF RESEARCH: A MODERN SYNTHESIS; Virtual Colloquium at Protocol Labs, August 16, 2022.
53. J.Y. Tsao; CREATIVITY IN SCIENTIFIC AND ENGINEERING RESEARCH; DOE/EERE/BTO (Building Technologies Office) Seminar; January 9, 2020; Washington DC.

54. J.Y. Tsao; Perspectives on Ultra-Efficient SSL: Characteristics, Economics, Approaches; Nobel Symposium on Nanoscale Energy Converters; August 12-16, 2012; Örenäs Castle, Sweden.

55. J.Y. Tsao, H.D. Saunders, J.R. Creighton, M.E. Coltrin, J.A. Simmons; Lighting Technologies, Costs, and Energy Demand: Global Developments to 2030; September 28, 2010; World Bank, Washington DC.

56. J.Y. Tsao, SCIENCE AND TECHNOLOGY CHALLENGES IN SOLID-STATE LIGHTING, Workshop on Selective, Patterned and Self-Assembled Growth in Nanostructures, Hong Kong, China (6-8 January 2003).
57. J.Y. Tsao, FRONTIERS IN COMPOUND SEMICONDUCTOR OPTOELECTRONICS: LIGHTING FOR ILLUMINATION AND COMMUNICATION, Colloquium at the Ioffe Institute, St. Petersburg, Russia (January 2001).

58. J.Y. Tsao, SEMICONDUCTOR EPITAXY:  SCIENCE, TECHNOLOGY AND APPLICATIONS, a series of 12 lectures given at the Institute of Materials Research and Engineering, the National University of Singapore (August-November 1998).

59. J.Y. Tsao, SiGe STRAINED HETEROSTRUCTURES:  WHAT’S STABLE, WHAT ISN’T, AND BY HOW MUCH?, 4th International Conference on Modulated Semiconductor Structures, University of Michigan, Ann Arbor, MI (17-21 July 1989).

60. THE KINETICS OF LASER-SURFACE MICROCHEMISTRY, J.Y. Tsao and D.J. Ehrlich, 185th American Chemical Society National Meeting, Seattle, WA (20-25 March 1983).
C. Professional history

Phase 1 (1981-1991): Laser Microchemistry and Semiconductor Epitaxy
From 1981 to 1991, Jeff was research staff, first at MIT-Lincoln Laboratory then at Sandia National Labs. More than half of his Google Scholar articles/books/patents and citations stem from work during this phase.

Laser Microchemistry. During 1981-1984, as a staff member at MIT-Lincoln Laboratory, Jeff and his colleagues contributed to the then-new field of laser microchemistry, in which tightly focused lasers were used to “direct write” micro-patterns on semiconductor surfaces via thermal or photochemical deposition or etching. One set of accomplishments was methods for circumventing the well-known resolution and throughput drawbacks to direct writing: via highly nonlinear processes to achieve higher-than-optical-diffraction-limited resolution; and via photo-nucleation followed by selective CVD to achieve extremely high throughput. Another set of accomplishments was the coupling of technique development to device application, leading to the demonstration of laser-direct-write-tuned SAW devices, LiNbO3 waveguides, and Si MOSFETs. Jeff and his colleagues at MIT-Lincoln Laboratory became widely known in this area, publishing a series of papers/patents/books that has accumulated over 1,780 Google Scholar citations. Their 1983 review article
 and 1989 edited Elsevier volume
 “defined” the field for many years.
Semiconductor Epitaxy. During 1984-1991, as a staff member at Sandia National Labs, Jeff and his colleagues made a number of contributions to semiconductor epitaxy, including: epitaxy mediated by beam-solid interactions; strained epitaxy; and in situ real-time epitaxy monitors.
· In the area of epitaxy mediated by beam-solid interactions, they demonstrated layer-by-layer sputtering (analogous to layer-by-layer epitaxy) of Si,
 and showed that there is a window in incident ion energy/mass within which surface defects can be created and harnessed to modify epitaxial growth with minimal creation of sub-surface bulk defects.
 They also elucidated the origin of the asymmetry between melting and freezing rates during pulsed laser annealing of crystalline Si,
 as well as partitioning of solutes during these processes.

· In the area of strained epitaxy, using a combination of experiment and theory they elucidated the origin of metastability in strained-layer epitaxy as due to sluggish relaxation kinetics,
 and developed an “excess stress” framework that enabled assessment and design of electronic and optoelectronic devices with arbitrarily complex vertical strain profiles.
,

· In the area of in situ real-time epitaxy monitors, they extended the technique of real-time reflection mass spectrometry (REMS)
 to the real-time measurements of Arsenic tetramer/dimer chemistry during GaAs molecular beam epitaxy (MBE), and made the first observation of layer-by-layer oscillations in the chemical reactivity of surfaces during layer-by-layer epitaxy.

Jeff and his colleagues’ work in semiconductor epitaxy, spilling slightly over into Phase 2 of his career, has accumulated over 3,260 Google Scholar citations. The work led to Jeff’s 1994 research monograph
 for which he won Martin-Marietta's most prestigious (Jefferson Cup and Author of the Year) corporate-wide technical awards, as well as to an extended series of twelve lectures given in 1998-1999 at the Institute of Materials Research and Engineering (IMRE), Singapore.
Phase 2 (1991-2001): Research Management and Entrepreneurship
From 1991 to 2001, Jeff moved into research manager and entrepreneur roles.

During 1991-2000, Jeff was manager of various semiconductor materials research departments at Sandia National Labs. The common theme of these departments was Jeff’s vision of “science-based semiconductor epitaxy,” in which emerging scientific understanding of the fundamental thin-film, surface and gas-phase processes associated with epitaxy was harnessed to improve epitaxy technology and ultimately the electronic and optoelectronic devices such epitaxy enables. Among the achievements spawned during this period were:

· The first application of metal-organic chemical vapor deposition (MOCVD) and real-time optical monitoring techniques
 (now standard practice in commercial epitaxy tools worldwide) to the fabrication of ultra-complex heterostructures such as vertical-cavity surface-emitting lasers (VCSELs). This in turn helped enable world-record-performing VCSELs,
,
 which garnered much international recognition, including an R&D 100 Award, and led to a successful spin-off company, MODE, that was eventually acquired by Emcore Corporation.

· The follow-on success of many of the young staff Jeff recruited and mentored during this period (e.g., Jung Han, Chair of EE Department at Yale University; Rick Schneider, VP of Photonic Integrated Circuit (PIC) Products, Infinera; Mark Weckwerth, Co-Founder and Executive VP, Tria Beauty; Tom Brennan, Co-Founder and President, MODE; Hong Hou, CEO of Emcore Corporation).

· A number of successful Sandia-Industry partnerships, including a $10.5M partnership with HP, programs with Motorola totaling ~$8M, and a $1M partnership with Emcore – all of which helped fertilize a VCSEL industry that now, 15 years later, is poised to revolutionize 3D sensing and autonomous vehicles.

During 2000-2001, Jeff served as Vice-President of R&D at E2O Communications, Inc., a U.S.-based pre-IPO fiber communications components company. There, he built and led an R&D team to develop long-wavelength VCSEL technology for uncooled 1-10Gbps short and intermediate-reach applications. E2O and its technology were ultimately acquired by JDS Uniphase in 2004, and in 2012 Jeff was awarded a Sandia National Labs Entrepreneurial Spirit Award.

Phase 3 (2001-2013): Solid-State Lighting
From 2001 to 2014, Jeff played a “community service” role, returning to Sandia National Labs as research staff but with a much broader focus, spearheading white papers and reports which set larger national and international research strategies and directions. His major focus during this period was solid-state lighting, helping nurture it from its very initial stages to its current technological success.

In 1999-2000, Jeff partnered with colleagues at Hewlett-Packard to co-author a seminal and globally influential white paper outlining the enormous energy-efficiency potential of solid-state lighting.
 The white paper catalyzed R&D programs worldwide. He subsequently served as editor of the first comprehensive DOE/EERE and OIDA (Optoelectronics Industry Development Association) SSL LED technology roadmap
 and of DOE BES’ Basic Research Needs for Solid-State Lighting workshop and report (summarized in a Laser & Photonics Reviews article
).

In 2008, Jeff was one of the principal architects of Sandia’s Energy Frontier Research Center for Solid-State Lighting Science ($18M over five years), for which he served in 2009-2014 as Chief Scientist. During this period, Jeff outlined novel ways of thinking about solid-state lighting, including: the importance of narrowband red in the efficient production of human-eye-tailored white light;
 the potential importance of laser diodes in overcoming efficiency droop;
 the potential synergy between “smart” and “ultra-efficiency” in future solid-state lighting;
 and the importance of the “rebound effect” in the energy economics of lighting.
 This last study is re-shaping how economists think about the impact of energy efficiency on energy consumption and human productivity, and led to prominent media coverage from, e.g., the Economist, National Public Radio, and The New York Times.

Jeff is considered a deep and visionary thinker in solid-state lighting, is regularly invited to give talks, and in 2010 gave four conference keynote or plenary talks. In 2015, he was invited to contribute a commentary
 for the special issue of Annalen der Physik containing the Physics Nobel Prize Lectures for the invention of the Blue LED. Also in 2015, he became a formal advisor to the DOE/EERE solid-state lighting program. In 2016, he gave a number of memorial tributes to Roland Haitz, a giant in solid-state lighting and a close collaborator of Jeff’s.

Phase 4 (2013- ): Science of Science and Research Practice
From 2013 on, Jeff turned back more fully to research, with a special interest in an emerging area he calls the “applied science of research,” whose ultimate goal is to understand and improve the practice of research.

Jeff’s interest in this area had begun earlier, in 2008, when he co-authored a paper
 which developed a framework for the interactions between various forward (e.g., science to technology) and backwards (e.g., technology to science) knowledge production “streams.” In 2013, he spearheaded an “Art & Science of Science & Technology” Forum & Roundtable
 at Sandia National Labs, which led to a 2015 Physics Today commentary.
 In late 2016, Jeff began a part-time Belfer Center Fellowship jointly at the Harvard John F Kennedy School of Government and the Harvard John A Paulson School of Engineering and Applied Science (SEAS), where he worked with Professor Venkatesh Narayanamurti (former Dean of SEAS) to articulate “guiding principles” for research
 and to co-author a book titled “The Genesis of Technoscientific Revolutions: Rethinking the Nature and Nurture of Research” (Harvard University Press, 2021). Most recently, from 2019 through 2022, he was coordinator for Sandia’s DOE/SC/BES programs. He has also begun delving into the theory of creative outcome
 and its implications on creative process in scientific and engineering research, both for human and artificial intelligences.
D. Selected VOLUNTEER activities

2017 04 13
Panelist on “How to Effectively Mentor as a PI/Team Lead” panel at Sandia National Labs.

2016 11 20
Lecture on “The New World of Lighting: SSL and Beyond” at Leisure World (an independent living retirement community), Seal Beach, CA.

1992-2015
Sponsor, with his wife, Sylvia Tsao, of the annual Evan J Tsao Memorial Award for “Best Exhibit in Environmental Science” at the annual NM Regional Science & Engineering Fair.

2009-2014
Volunteer scientist in the Albuquerque Explora Museum’s Portal to the Public program. Helped develop an exhibit on “Making White Light from Two or Three Colors,” with four “showings” at the Explora to the public and young children, and subsequent showings at other venues (e.g., March 4, 2010 at the Math, Science and Technology Showcase at Vista Grande Elementary School, and July 16-20, 2012 at the Hands-On Learning in Smart Lighting for pre-college students at UNM Engineering).

2014 05 18
Lecture on “Growing Up Chinese-American in 1970’s America” at Leisure World (an independent living retirement community), Seal Beach, CA.
2012
Host/mentor to four high school (rising senior) summer interns at Sandia Labs.

1995-2012
Speaking and facilitation roles at various Renaissance Weekends (non-partisan invitation-only gatherings of leaders in business and finance, government, the media, religion, medicine, science, technology and the arts).

2010-2012
Volunteer developer and staffer of solid-state lighting exhibits at Sandia’s Take Your Daughters and Sons to Work Days.

2011 03 21
Lecture on “Solid-State Lighting” to undergraduate technical writing class at the University of New Mexico, Albuquerque, NM.

2011-2012
Advised two students from Wilmette Junior High School (in Illinois) on their entry in the 2012 Explora Vision program/competition sponsored by Toshiba and the National Science Teachers Association.

2010 03 31
Academy Lecture on “The Next Semiconductor Revolution: This Time It’s Lighting!” at the Albuquerque Academy, Albuquerque, NM.

2008 03 14
Lecture on “Some Simple Physics of Global Warming” to a high school physics class at the Bosque School, Albuquerque, NM.

2008
Advised Yale freshman on “nanotech” article for the Yale Globalist.

2005 10 26
Lecture on “The Next Semiconductor Revolution: This Time It’s Lighting!” to OASIS (a nationwide organization for continued lifelong learning for people age 50+), Albuquerque, NM.

2005 07 03
Lecture on “The Next Semiconductor Revolution: This Time It’s Lighting!” at Leisure World (an independent living retirement community), Seal Beach, CA.

2003-2005
Parent volunteer for the Albuquerque Boy Choir, Albuquerque, NM.

2003
Mentor to one high school (rising senior) summer intern at Sandia Labs.

2002
Editor of Applause! Performing arts column for the Bosque Blue, the newsletter of the Bosque School, Albuquerque, NM.

2000-2012
Parent volunteer at local schools (Manzano Day School, Bosque School, Albuquerque Academy), Albuquerque, NM.

1992-2000
Volunteer judge at annual NM Regional Science & Engineering Fair.

1996 10
Lecture on “Careers in Science and Technology at National Labs” given at the American Vacuum Society Meeting, Philadelphia, PA.

1996 07
Lecture on “Careers at Sandia” at Asian Leadership Outreach Committee workshop, Albuquerque, NM.
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