
 

Schedule for the Center for Photonics Innovation Annual Review 
 

November 5, 2010 
 

Oral Presentations (Location: SCOB 201) 
 
9:00—9:05 a.m. Introduction and summary of CPhI research activities (Prof. Yong-Hang Zhang, 

Electrical Engineering) 

9:05—9:20 a.m. Photonics Applications in Bioengineering (Prof. Bruce Towe, Bioengineering) 

9:20—9:35 a.m. Photonic approach to the selective inactivation of viruses with ultrashort pulsed 
lasers (Prof. Kong-Thon Tsen, Physics) 

9:35—10:00 a.m. III-V Bismides for Long Wave Applications (Dr. Shane Johnson, Electrical 
Engineering) 

10:00—10:25 a.m. Recent TEM studies of optoelectronic materials (Prof. David Smith, Physics) 

10:25—10:50 a.m. Materials issues for mid UV lasers (Prof. Fernando Ponce, Physics) 

10:50—11:15 a.m. Nanophotonics with Nanowires and Plasmons (Prof. Cun-Zheng Ning, Electrical 
Engineering 

11:15—11:30 a.m. From electrothermal effects to optoelectronics (Prof. Dragica Vasileska, Electrical 
Engineering) 

11:30—11:45 a.m. Tunable grating for sensing applications (Prof. Hongbin Yu, Electrical Engineering) 

11:45—12:10 p.m. 6.1 Å semiconductor materials and device applications (Prof. Yong-Hang Zhang, 
Electrical Engineering) 

12:10—12:20 p.m. Summary (Prof. Yong-Hang Zhang, Electrical Engineering) 

Lunch and Poster Presentations 
(Location: Engineering Student Center and South Patio Area, ERC G-Wing) 

 
12:30—2:15 p.m. Poster presentation by students and postdocs from various groups and a few 

partners  
 

Special Seminars (Location: Life Science Building, LSE 106) 
 
2:30—3:15 p.m. Superlattice: Past, Present, and Future (Dr. Raphael Tsu, Distinguished Professor, 

Department of Electrical and Computer Engineering, University of North Carolina at 
Charlotte) 

 
3:15—3:30 p.m. Coffee break 
 
3:30—4:15 p.m. Opportunities and Challenges for Adaptive Multi-Modal Sensing (Dr. Kitt Reinhardt, 

Program Manager, AFOSR) 
 
4: 30—6:00 p.m. Reception and social hours 
 
 
 



 

 
Superlattice: Past, Present, and Future 

 
Dr. Raphael Tsu, Distinguished Professor 

Department of Electrical and Computer Engineering,  
University of North Carolina at Charlotte 

 
Abstract: Following nature’s assembling of atoms and molecules by repetition in forming solids, 
Esaki and I introduced the man-made superlattices by repeating the individual units of solids 
and semiconductors. In a way it is not too different from the formation of polymers by repetitions 
of individual units of methane, benzenes and porphyrins. Various units to be repeated result in 
various types of superlattices, for example, if the adjacent single units are lined up with Ec1 with 
Ec2, the resulting superlattice is called Type-I. If the adjacent single units are lined up with Ec1 
with Ev2, Type-III results, which are adopted for IR-detectors.  We also recognized a single unit 
consisting of a composite such as the Double-Barrier-Quantum-Well, DBQW. Obviously a single 
unit can form a lump device by itself as well as integrated into a superlatice. The bottom line is 
the recognition that devices are not made with the single solid, nor should we exclude a device 
with components, individually, a ‘superlattice’, such as in Quantum Cascade Laser. It should not 
be surprised that superlattices metamorphose into nano-devices. What we are seeing the trend 
of nano-devices actually is and unavoidably the natural consequences of evolving from the 
basic concept of superlattices into component oriented devices, today, nano-devices or simply 
nanoscience, when we include chemical and biological ramifications. Along this route, I might 
add that the whole concept of input/output , impedance or generally considered transfer function 
requires new considerations, because input/output defined in electrical circuits imply the 
existence of equal potentials, while in nano-science, such as what living organisms represent, 
usually do not have equal potential, rather, some average potentials. The best example is the 
difference between input/output of a capacitor and input/output of a transmitter/receiver located 
in a uniform space. Thus far III-V semiconductors dominates the superlattice field, however, 
Gd2O3 is lattice matched to Si, providing future Si-based quantum devices. However, when the 
MOSFET is down to few electrons, each additional electron represents a change of phase, the 
manifestation of switching between two different phases. Robustness and reliability will be the 
key issue of research. Lastly, after IBM initially rejected our superlattices, ARO under Drs. 
Boghosian and Lontz came to the rescue. 

1. R. Tsu, Review: Applying the insight into superlattices and quantum wells for 
nanostructures: Low-dimensional structures and devices Microelectronics Journal 38 
(2007) 959–1012 

2. T. LaFave Jr., R. Tsu, Capacitance: A property of nanoscale materials based on spatial 
symmetry of discrete electrons, Microel. J., 39 617 (2008) 

3. R. Tsu, Superlattices: Problem & New Opportunities-NanoSolids NRL – 1790, to be 
published. (2010) 

 
Bio: Dr. Raphael Tsu is professionally known as Ray Tsu when he first started his career at Bell 
Telephone Lab working on the theory and experiments related with electron-phonon interaction 
in piezoelectric solids. He joined Esaki at IBM and together developed most of the initial 
research related to all phases of the superlattice, sharing 1985 International prize for New 
Material of APS with Esaki and Chang. He served as managers of very large research groups 
both at ECD and later at SERI, now NREL, before joining UNCC in 1988. 



 

 

Opportunities and Challenges for Adaptive Multi-Modal Sensing 

Dr. Kitt Reinhardt, Program Manager 
Air Force Office of Scientific Research 

Abstract: Future Air Force universal situational awareness requirements include near real-time 
detection, tracking, and ID of low-contrast targets in broad areas and highly-cluttered dynamic 
environments, integrated with near real-time communication of resultant actionable data to 
battlefield commanders. Near-instantaneous sensor-to-shooter capabilities will likely require 
remote closed-loop algorithm controlled target-spectra sensing, data fusion, processing and 
exploitation. A promising approach is ‘performance-driven sensing,’  which relies on sensing, 
processing, and exploiting only the most ‘decision-relevant’ sets of sensor collected target data 
in order to reduce by orders-of-magnitude the total requirements for data-processing throughput 
and communications bandwidth. The key to this approach is the ability to autonomously, 
dynamically, and rapidly ‘tune-in’ only the most judicious sets of sensor pixels (spatial locations) 
and pixel photon modes (wavelength, polarization, and perhaps phase information). This 
concept has been termed adaptive multi-modal sensing, where redundant and unimportant 
scene data would be rejected at the focal-plane.  In addition, the optimal collection, fusion and 
exploitation of only the richest decision-relevant data would profoundly reduce the time needed 
to achieve desired knowledge objectives.  In this talk the speaker will discuss both ongoing and 
planned basic research efforts at AFOSR that address many of the key semiconductor materials 
and device challenges currently confronting the realization of adaptive multi-modal sensing. 

Bio: Dr. Reinhardt received his Ph.D. in Engineering Physics from Air Force Institute of 
Technology in 1994 where he studied dark current transport theory and radiation-induced deep-
level physics in GaInP p/n junctions.  These junctions were later utilized by his research group 
to develop the 28% efficient triple junction solar cells that are launched on virtually all U.S. 
military sats and most commercial comsats today.  For this achievement his AFRL team was 
inducted into U.S. Space Technology Hall of Fame in 2004.  He has also contributed in areas of 
microwave and wide-bandgap semiconductor power device design and characterization, 
radiation-hard electronics design, and space power systems engineering.  In 2005 he joined 
AFOSR’s Physics and Electronics Directorate where he currently directs research in adaptive 
multi-modal sensing and GHz-THz-speed electronics.  He has authored/coauthored 25+ journal 
articles, 4 book chapters, and has served on the National Academy of Science. 
 


