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Research Interests 

• Materials for electronic and optoelectronic devices 
• Density functional theory and electronic structure methods 

 
Current Research Topics 

• Electric polarization, piezoelectricity, and flexoelectricity 
• Functional properties of complex oxides 
• Electron-phonon coupling 
• Properties of group III-nitride semiconductors 
• Point defects in semiconductors and insulators 

 
Education  
2015 Postdoctoral Associate, Physics, Rutgers University; Advisor: David Vanderbilt 
2014  Postdoctoral Researcher, Materials, UC Santa Barbara; Van de Walle Group 
2014  Ph.D. in Materials, UC Santa Barbara; Advisor: Chris G. Van de Walle 
2009  B.S. High Honors, in Engineering Science, Physics, and Mathematics (minor in Materials 

Science), University of Virginia 
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1. “Point Defects and Impurities in III-Nitride Bulk and Thin Film Heterostructures”, C. E. 
Dreyer and C. G. Van de Walle, in Reference Module in Materials Science and Materials 
Engineering, edited by S. Hashmi (Elsevier, Oxford, 2016), pp. 1-8. 

 
Invited Talks/Seminars 

1. “Computational spectroscopy for point defects,” APS March Meeting, March 2022 
2. “The method of long waves: New ab initio results from a classic technique,” Seminar, 

Institute for Condensed Matter Theory, October 2021 
3. “Computational spectroscopy for point defects,” International Conference on Defects in 

Semiconductors (Plenary talk), July 2021  
4. “Understanding solids with supercomputers, many electrons at a time,” Aspen Center for 

Physics public lecture, July 2021 
5. “Nonadiabatic Born effective charges in metals and the Drude weight,” Ferrolectures 

series, June 2021 
6. “First-principles calculations of point defects for quantum applications,” Flatiron Institute 

CCQ Seminar, May 2020 
7. “Flexoelectricity in 2D materials,” Stony Brook Condensed Matter Seminar, May 2020 
8. “Understanding solids with supercomputers, many electrons at a time,” Stony Brook 

World of Physics, Stony Brook NY, February 2020 
9. “Electron-phonon coupling from first principles: Novel implementations and 

applications,” BNL CFN Seminar, Upton NY, December 2019 
10. “Theoretical identification and characterization of point defects,” CUNY physics 

department colloquium, New York, NY, October 2019 
11. “The modern theory of polarization with a twist,” Lehigh physics department colloquium, 

Bethlehem, PA, September 2019 



12. “Performing and interpreting first-principles calculations for point-defect properties,” 
International Conference on Defects in Semiconductors, Seattle, WA, July 2019 

13. “Flexoelectricity from first principles,” Theory of Condensed Matter Seminar, Radboud 
University, Nijmegen, The Netherlands, May 2019 

14. “Flexoelectricity from first principles,” Theory of Condensed Matter seminar, Cambridge 
University, UK, May 2019 

15. “Current-density implementation for calculating flexoelectric coefficients of cubic 
oxides,” Electronic Materials and Applications 2019, Orlando, FL, January 2019 

16. “Flexoelectricity from first principles,” Seminar, Santa Barbara, CA, January 2019 
17. “Electron-phonon coupling from first principles: Novel implementations and 

applications,” MRSEC Seminar, Columbia University, New York, NY, January 2019 
18. “Current-density implementation for calculating flexoelectric coefficients,” Electronic 

Structure Workshop, Philadelphia, PA, June 2018 
19. “Current-density implementation for calculating flexoelectric coefficients,” Materials 

Science and Technology Division, United States Naval Research Laboratory, Washington 
D.C., June 2018 

20. "Carrier capture and recombination at point defects from first principles,” APS User 
Meeting, Argonne National Lab, Agonne, IL, May 2018 

21. “Electron-phonon coupling from first principles: Novel implementations and 
applications,” Department of Physics and Astronomy, Stony Brook University, Stony 
Brook, NY, February 2018 

22. “Electron-phonon coupling from first principles: Novel implementations and 
applications,” Flatiron Institute Center for Computational Quantum Physics, New York, 
NY, February 2018 

23. “Sources of Shockley-Read-Hall in III-nitrides,” International Conference on Defects in 
Semiconductors, Matsue, Japan, August 2017 

24. “The role of electron-phonon coupling in carrier capture at defects,” APS March 
Meeting, New Orleans, LA, March 2017 

25. “Shockley-Read-Hall recombination from first principles: Improving the efficiency of 
III-nitride devices,” Seminar at Institut de Ciència de Materials de Barcelona, Barcelona, 
Spain 

26. “Sources of Shockley-Read-Hall recombination in III-Nitrides,” Condensed Matter 
Seminar, UC Santa Cruz, CA, October 2016 

27. "Radiative capture of carriers at defects from first principles," Northrup-Grumman Next 
Workshop on Physics of Light-matter Interactions and Excited State Dynamics, Redondo 
Beach, CA, October, 2016 

28. “Sources of Shockley-Read-Hall recombination in III-Nitrides,” Institute for Energy 
Efficiency seminar, UC Santa Barbara, CA, October, 2016 

29. “Sources of Shockley-Read-Hall recombination in III-Nitrides,” Center for 
Computational Design of Functional Layered Materials seminar, Temple University, 
Philadelphia, PA, October, 2016 

30. “Accurate treatment of spontaneous polarization in III-nitrides,” International 
Symposium of Semiconductor Light Emitting Devices, Kaohsiung, Taiwan, December, 
2014 

31. “Spontaneous polarization in III-nitrides and the importance of a consistent reference 
structure,” Nitrides Seminar, UC Santa Barbara, Santa Barbara, CA, May 2014 

32. “Absolute surface energies of polar and non-polar planes in GaN,” Nitrides Seminar, UC 
Santa Barbara, Santa Barbara, CA, November, 2012 
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1. “First-principles calculations of flexoelectricity in bulk boron nitride,” Fundamental 
physics of ferroelectrics and related materials, Silver Spring, MD, January 2020 

2. “Current density at finite q for clamped-ion flexoelectricity,” Abinit developers meeting, 
Louvain-la-Neuve, Belgium, May 2019 

3. “Current-density implementation for calculating flexoelectric coefficients,” APS March 
Meeting, Los Angeles, CA, March 2018 

4. “Current-density implementation for calculating flexoelectric coefficients,” 32nd Annual 
Symposium of the Laboratory for Surface Modification and Institute for Advanced 
Materials, Devices, and Nanotechnology, Piscataway, NJ, February 2018 

5. “Current-density implementation for calculating flexoelectric coefficients,” Fundamental 
Physics of Ferroelectrics, Washington D.C., January 2018 

6. “Current-density implementation for calculating flexoelectric coefficients,” APS Mid- 
Atlantic Section Meeting, Newark, NJ, November 2017 

7. “Correct implementation of polarization constants in wurtzite materials and impact on 
III-nitrides,”APS March Meeting, New Orleans, LA, March 2017 

8. “Sources of Shockley-Read-Hall recombination in III-nitride light emitters,” APS March 
Meeting, Baltimore, MD, March 2016 

9. “Accurate treatment of spontaneous polarization in III-nitrides,” APS March Meeting, 
San Antonio, TX, March 2015  

10. “Absolute surface energies, fracture toughness, and cracking in nitrides,” International 
Workshop on Nitrides, Wroclaw, Poland, August, 2014 

11. “Absolute surface energies, fracture toughness, and cracking in nitrides,” APS March 
Meeting, Denver, CO, March 2014 

12. “Absolute surface energies, fracture toughness, and cracking in nitrides,” Solid State 
Lighting and Energy Center Review, Santa Barbara, CA, November 2013 

13. “Absolute surface energies of polar and nonpolar planes in GaN,” International 
Conference on Nitride Semiconductors, Washington D.C., August, 2013 

14. “Absolute surface energies of polar and nonpolar planes in GaN,” APS March Meeting, 
Baltimore, MD, March, 2013 

15. “Absolute surface energies of polar and non-polar planes in GaN,” Annual Meeting of the 
California-Nevada Section of the APS, San Luis Obispo, CA, November, 2012 

16. “Surface energies and cracking in GaN,” APS March Meeeting, Boston, MA, March, 
2012 

17. “Effects of strain on effective masses in GaN and AlN,” TMS Electronic Materials 
Conference, Santa Barbara, CA, June 2011 

18. “Effects of strain on effective masses in GaN and AlN,” APS March Meeting, Dallas, 
TX, March, 2011  

19. “Extracting post-uniform constitutive behavior from high temperature tensile test data,” 
TMS Annual Meeting, Seattle, WA, February, 2010 

 
Awards 
2017    Poster Award for: “Towards a supercell-free current-based calculation of  flexoelectric 
couplings,” presented at Fundamental Physics of Ferroelectrics, 2017  
2013 Finalist in Grad Slam three-minute research talk competition 
2013 Solid State Lighting and Energy Center Outstanding Graduate Student Research 

Achievement Award 
 
Press Coverage 

1. “LED Lighting May Now Shine Brighter: Scientists apprehended the atomic-scale, 
microscopic mechanism that limits light emission in LED lighting,” News Wise, March 
1, 2017 



2. “LEDs: Resolving the iron conundrum,” Compound Semiconductor, December 2016 
3. “Trace amounts of transition-metal impurities in GaN kill LED efficiency,” 

Semiconductor Today, November 11, 2016  
4. “Trace metal recombination centres kill LED efficiency,” Compound Semiconductor, 

November 7, 2016 
5. “Trace metal recombination centers kill LED efficiency,” AAAS Eureka Alert, 

November 3, 2016 
6. “Supercomputers Help Identify Efficiency-Limiting Defects in LEDs,” NERSC.gov, July 

18, 2016 
7. “Correcting charge polarization calculations for III-nitrides,” Semiconductor Today, July 

6, 2016 
8. “LED lighting may now shine brighter,” US DOE Office of Science, Science Highlight, 

July 1, 2016 
9. “Unraveling the nature of point defects in nitride LEDs,” Compound Semiconductor, 

June 4, 2016 
10. “Defects in LED diodes that lead to less efficient solid state lighting identified,” Energy 

Daily, April 13, 2016 
11. “Certain type of vacancy in gallium nitride based LEDs lowers their efficiency,” Laser 

Focus World, April 11, 2016 
12. “Identifying defects in LED materials promises more efficient lighting,” Smart2Zero, 

April 7, 2016 
13. “Researchers identify specific defects in LED diodes that lead to less efficient solid state 

lighting,” Phys.org, Science Daily, AAAS Eureka Alert, April 6, 2016 
14. “Becoming Crystal Clear: UCSB researchers identify specific defects in LED diodes that 

lead to less efficient solid state lighting,” The UC Santa Barbara Current, April 5, 2016 
15. “Theoretical technique identifies defects in LED materials,” Photonics Media, April 2016 
16. “Aiding nitride growth with accurate surface energies,” Compound Semiconductor, May 

19, 2014 
 
 
Professional Activities 
2022:  Organized session on recent developments and applications of DFT+DMFT at 

the 33rd IUPAP Conference on Computational Physics 
2021: Co-organized the International Workshop on Recent Developments in Electronic 

Structure (ES21). 
2020-2021:  Co-organized 2020 and 2021 Fundamental Physics of Ferroelectrics workshop 
2019:  Taught python programming to high school students at “IACS Computes” 

programming camp 
2019:  Organized Defects and Dopants in Semiconductors Focus Session at 2019 APS  
          March Meeting 
2017-2019:    Member of advisory committee for International Conference on Defects in 

Semiconductors 
2018:  Chair of 2018 Gordon Research Seminar on Defects in Semiconductors 
2014:  Selected by the Dean of the Graduate Division to meet with local lawmakers at  

  California Graduate Research Advocacy Day 
2014:  Selected for Communications Committee of UCSB Institute for Energy   
  Efficiency 
2011-2021: Reviewed manuscripts for: Physical Review Applied, Physical Review B,  
 Physical Review Letters, Physical Review Materials, Physical Review Applied, 

Applied Physics Letters, Nano Letters, Journal of Electronic Materials, Journal of 
Applied Physics, Physica Status Solidi B, Journal of Crystal Growth, New 



Journal of Chemistry, RSC Advances, Advanced Materials Interfaces, Surface 
Science Reports, Nanophotonics 

 
 


