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Can use excitons to manipulate energy on the 1-nm length scale. 

• A new generation of solar 
cells 

Easier to manufacture & higher 
efficiency than silicon 

General Electric 

• High efficiency lighting 
New form factors, better light 
quality & cheaper than 
crystalline alternatives 
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Mission Statement: To deliver a comprehensive center for the science and technology of excitons – the crucial intermediates 

for energy transformation in the next generation of light emitting devices and solar cells. 

  

Excitons are quasiparticle excitations consisting of a bound electron and hole. They mediate the absorption and emission of 

light, especially in disordered and low-dimensional materials. In this center, we seek to supersede traditional electronics with 

devices that use excitons to mediate the flow of energy.  

2d-Fourier Transform Spectroscopy 

Coherent spectroscopy of excitons  
- Revolutionary simplification of the 

technique 
- See 3rd, 4th, 5th order interactions 

Nelson 

The model systems studied 
in EFRC-1: a double walled J-
aggregate tube and light 
harvesting antennas from 
photosynthesis. Both are 
examples of organized 
excitonic materials that can 
be used to transport 
excitons. 

- Unique capabilities for single 
photon detection in infrared 

Superconducting, single 
photon detectors 

Berggren 

We seek to understand exciton dynamics in semiconductor nanocrystals using multiexciton spectroscopy and photonic interrogation of single 
quantum dots. Two key fundamental problems are addressed in studies of single quantum dots. First, what is the origin of ‘blinking’? This is the 
phenomenon where a single dot mysteriously and transiently turns off, and is no longer able to emit light. Interrogating individual nanocrystals is 
a challenging task due to the inherently small optical cross section. We are developing superconducting nanowire single photon detectors 
(SNSPDs) to accomplish this task. 

Cathodoluminescent spectroscopy 
for materials characterization 
 
- correlate luminescence to material’s 
local structure & defects 

Cathodoluminescent-STEM 
Gradecak 
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EFRC-1: Coherence and disorder  

The aim of this working group is to understand exciton 
transport in locally organized materials. Our first model system 
is photosynthetic antennas. Photosynthesis is an excitonic 
system that has been optimized for more than 2 billion years. 
What can it tell us that is fundamental about controlling the 
transport of excitons? Our second model system is J-aggregates, 
where we perform theory and experiments. J-aggregates are 
self-assembled semicrystalline structures that are relevant to 
practical organic solar cell materials. Here, the key questions 
are: What controls exciton formation in these structures? How 
big are the excitons? Do they spread out over multiple 
molecules? And what is the role of disorder? In both model 
systems, we also address the role of coherence. One of the 
most exciting research directions at present is the suggestion 
that phase coherence in the initial life of the exciton might help 
its transport within photosynthetic structures. We are pursuing 
this direction with the development of a 2D Fourier Transform 
Spectroscopy tool with a unique ability to quickly reconfigure 
multiple beams using a spatial light modulator. 

Semiconductor nanocrystals are the perfect example of energy 
localized into excitons by material design. In this group, we seek to 
understand exciton dynamics in semiconductor nanocrystals using 
multiexciton spectroscopy and photonic interrogation of single 
quantum dots in the visible and infrared. Two key fundamental 
problems are addressed in studies of single quantum dots. First, 
what is the origin of ‘blinking’? This is the phenomenon where a 
single dot mysteriously and transiently turns off, and is no longer 
able to emit light. Is it still observed in the infrared? Second, what 
is the efficiency of multiple exciton generation in the infrared? By 
generating more than one charge per incident photon, this process 
could increase solar efficiencies beyond the single junction limit. 
Interrogating individual nanocrystals is a challenging task due to 
the inherently small optical cross section. We are pursuing two 
approaches to this problem. First, we are developing 
superconducting nanowire single photon detectors (SNSPDs). 
Second, we are building photonic nanostructures to collect 
photons for single nanocrystals. To complete our efforts, we are 
examining the dynamics of quantum dot films in 
electroluminescent structures. What are the efficiency losses in 
these devices? How can they be operated at very high brightness? 

EFRC-2: Semiconductor Nanocrystals EFRC-3: Solar Antennas EFRC-4: Solid State Lighting 

This working group combines excitons with photons to 
form ‘exciton polaritons’ - new states of matter and 
energy. The combination of excitons and photons has 
important new properties that may be exploited in new 
classes of energy conversion devices, especially energy 
transport within solar cells and ultralow threshold lasers 
that may be the future foundation of solid state lighting. 
Attributes of the exciton – including strong optical 
absorption, and tolerance of disorder – can be combined 
with photons that can travel long distances and may yield 
superior multiparticle interactions.  The key research 
questions are fundamental: How do we make these states 
in different materials?  How can we overcome 
disorder?  And what are the useful properties of exciton 
polaritons?  

This working group seeks to use excitonics to collect, 
concentrate, and wavelength-convert sunlight for single 
junction solar cells, thereby increasing their efficiencies 
beyond conventional limits (>30%). Our philosophy is to 
focus on the unique properties of excitons and excitonic 
materials.  For example, how can we exploit an exciton’s 
ability to be split into two – in a phenomenon known as 
singlet exciton fission?  What is the science underlying this 
peculiar process?  Can we design materials that will 
perform fission in solar cells?   
 
Singlet fission can help convert high energy photons 
within sunlight into two electrons rather than the usual 
single electron.  To harness longer wavelengths, we are 
motivated by the observation that coherent wavelength 
conversion is much more efficient than traditional 
incoherent conversion of sunlight.  The research problem 
is then: How do we convert sunlight into a coherent 
source – how do we make solar lasers?  

http://www.bnl.gov/

