
Deterministically polarized, room temperature source of single photons 
 

Svetlana G. Lukishova, Ansgar W. Schmid*), Russell Knox, Patrick Freivald, Samuel Schrauth, 
Luke Bissell, Robert W. Boyd, Carlos R. Stroud, Jr, Kenneth L. Marshall*)

The Institute of Optics, University of Rochester, Rochester, NY 14627-0186. sluk@lle.rochester.edu 
*) Laboratory for Laser Energetics, University of Rochester, 250 East River Road,   Rochester, NY 14623-1299 

 
Abstract: We demonstrated for the first time to our knowledge deterministically polarized 
fluorescence from single dye molecules. Planar aligned nematic liquid crystal hosts provide 
deterministic alignment of single dye molecules in a preferred direction.  
                 
Our single-photon source project is aimed at developing a room-temperature source of 
deterministically polarized single photons on demand for quantum information, using single-
emitter fluorescence in liquid crystals. Our main results are as follows: 
• First demonstration of dye fluorescence antibunching in liquid crystal hosts [1-2]; 
• Observation, for the first time to our knowledge, of deterministically polarized single photons 

from single fluorescence emitters. Deterministic orientation of single molecules of 
fluorescent dye doped in glassy nematic liquid crystal has been made by alignment of a 
nematic liquid crystal host; 

• CW excitation of the embedded molecules without bleaching for periods of more than one 
hour.  This was achieved by special preparation of the liquid crystals. [1-2]; 

• Preparation of 1-D photonic crystals for visible and near-infrared in cholesteric (chiral 
nematics) liquid crystals (Fig. 1, left), [1-2]. 1-D photonic bandgap structures in cholesteric 
liquid crystals possess an advantage over conventional 1-D micropost technologies which are 
used with heterostructures containing semiconductor quantum dots. Because the refractive 
index n varies gradually rather than abruptly in cholesteric liquid crystals, there are no losses 
into the waveguide modes, which in the case of micropost technology arise from total 
internal reflection at the border between two consecutive layers with different n.  

 
 
 
 

Fig. 1.  Left: Perspective view of the AFM-topographical image of a 1-D photonic bandgap  planar-aligned glassy
cholesteric liquid crystal (1.12µm x 1.12µm scan); Right: Near-field optical image of 2-D photonic crystal self-
assembly in oily streaks defects of a planar-aligned glassy cholesteric liquid crystal (5 µm x 5 µm scan). 

• Preparation of 2-D photonic crystals in defects of cholesteric liquid crystals (Fig. 1, right); 
• Building a new confocal microscope (in addition to one with cw-laser excitation) for single-

molecule imaging and photon statistics measurement with pulsed laser excitation (single-
photon source on demand) with special port for fluorescence in a 1.55 µm region. 

      This paper demonstrates, for the first time to our knowledge, deterministically polarized 
fluorescence from single emitters.  Single molecules of DiIC18(3) dye were embedded in planar 
aligned glassy nematic liquid crystal host with low fluorescence background. Figures 2 and 3 
illustrate deterministically polarized fluorescence from single molecules of DiIC18(3) dye in 
planar-aligned, glassy nematic liquid crystal host under 532-nm, cw-excitation.  
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