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Abstract 

We study methods of single photon emission by exciting single colloidal quantum dot (QD) 

samples. We prepare the single colloidal quantum dots in cholesteric liquid crystal solution and 

use a confocal microscope to image their florescence. The antibunching of single-photon 

emitters is verified with a Hanbury Brown and Twiss setup. We also measured the fluorescence 

lifetime of DiI dye molecules.  

Introduction and Theoretical Background  

 With almost every aspect of our lives becoming heavily reliant on electronics and 

technology, the ability to protect information electronically becomes more and more of a 

challenge. The ability to transmit and receive information in a perfectly secure manner is of the 

highest importance with things like medical records all turning towards fully electronic storage. 

Cryptography has always been a matter of importance, and since the breakthrough of quantum 

science and technology, quantum cryptography has become a growing and interesting field. 

Using single photon sources in quantum cryptography it will be impossible for information to be 

intercepted (much less decrypted) would be an incredible boon to people everywhere as far as 

protecting themselves, information and even their work. The problem with having successful 

quantum data transfer is the inability to consistently produce single photons.  

 Light can be explained in one way as particles called photons being emitted from a 

source. In our case, we have a stream of photons coming from our 40mW pulsed laser (that was 

being attenuated to 200µW at the microscope input) of 532 nm wavelength and pulse separation 

of 13.2 ns, pulse duration of 6 ps. In a previous lab, we had attenuated a laser down to a “single-



photon level” using filters. This is not the same as having a single-photon emitter; when 

attenuating the laser, we will not obtain anti-bunched photons, where there are single photons 

separated by a distance, where as in the attenuated situation at best we will have two or three 

photons emitted at the same time. In order to produce one single photon at a time, we use 

colloidal quantum dots. The quantum dots are excited by laser light and return to their ground 

state by releasing their excited energy as a single photon. The fluorescence lifetime of these 

quantum dots is the time it takes between the release of a photon and the subsequent emission of 

another single photon. This lifetime can range from as small as picoseconds, nanoseconds to 

microseconds.  

 In order to show that such antibunching is occurring, we implement a Hanbury, Brown 

and Twiss (HBT) interferometer. To excite the quantum dots, we use a confocal microscope. 

While it is possible to do so without the confocal microscope, the convenience it offers is 

helpful: it tightly focuses the laser light onto an extremely small section of our quantum dot 

sample. The Confocal microscope also enables us to image only what is on our image plane, 

essentially blocking out other light and noise through pinholes. Using a dichoric mirror, the 

excitation light is separated from the emitted light from the quantum dots. The emitted light is 

sent to our HBT setup as shown in Figure 1. The HBT interferometer uses two Avalanche Photo 

Diodes (APDs). The light is split into two legs, each going to an individual APD. One acts as a 

“start” signal to our computer and another as a “stop” signal to our single-photon counting board, 

the Timeharp 2000. These two singles created a histogram of single photon times, which enables 

us to see the antibunching.  

 Along with the quantum dots, we also experimented with color centers in nanodiamonds. 

While we did obtain some small antibunching with the nanodiamonds samples, we were less 



successful with consistently and successfully producing antibunching, so

concentrate solely on our experience with the quantum dots. Both kinds of samples were placed 

in cholesteric liquid crystal solution in order to improve the 

cholesteric liquid crystals are structured as

more directional emission of the photons

several measurements of antibunching with single colloidal CdSeTe (Cadmium Selenium 

Tellurium) quantum dots and succeeded only after using a freshly prepared solution. 
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Procedure 

 

Figure 1: Lab Setup Schematic 
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Figure 

Samples were placed on the confocal microscope with a small amount of index matching 

oil between the objective and the microscope slide. Magnets held the samples in place.

The laser was turned on and allowed to illuminate our system. The beam was sent 
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Figure 2: Confocal Microscope Schematic 
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Figure 3: Detailed picture from lab manual of the Experimental Setup 

Results / Analysis 

 

Figure 4: 25x25 um raster scan of the QD in cholesteric liquid crystals 
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 After many failed attempts to find antibunching with the nanodiamonds, we had switched 

to a fresh solution of the quantum dots and nearly immediately were able to find numerous single 

emitters.  

  Figure 5 shows an example of the histogram made by Timeharp. This particular 

sample of color centers in nanodiamonds had a small amount of fluorescence antibunching, as 

shown in the dip in the center. Figure 6 shows a much more pronounced antibunching, the 

sample being spin-coated quantum dots.  This confirms that we had a single photon being 

emitted from that quantum dot at a given time. 

 

Figure 5: Histogram of fluorescence of single color centers in nanodiaonds antibunching 



 

Figure 6: Histogram showing fluorescence antibunching in Spin-coated QD sample histogram 

 The quantum dots also exhibited an interesting behavior called “blinking.” When looking 

at the video of the EM-CCD camera (Figure 7), we can see the quantum dots turning on and off 

in a blinking fashion. This also appeared in our scans as streaks across the image. Figure 8 shows 

the time traces of the fluorescence of single quantum dot; blinking is evident where there are 

large dips.  

 

Figure 7: EM-CCD Camera picture of quantum dot fluorescence 



 

 

Figure 8: Intensity profile of single spot in scan. Dips show blinking 

 We were able to find the fluorescence lifetime of the quantum dots and DiI dye       

(1x10
-6

 M). Figure 9 shows the curve with a fitted trend line. By disconnecting one of the APDs 

from the delay card and plugging in the electrical output of the laser instead, we were able to 

utilize the pulses of the lasers with a manual delay between the electrical pulse and signal from 

the one APD, therefore using the laser pulses to run the Timeharp program. Fitting the curve to 

the equation S= S0e
-∆t/τ

 , where τ is the fluorescence lifetime, ∆t the controlled delay, and S0 is 

related to the laser intensity and S being the concentration of the excited state, we can find τ. 

Using as such, we can calculate that the fluorescence lifetime of our DiI dye molecules lies at 

around 2.6 ns. Since this is much shorter than the interval of the pulsed laser, we will be able to 

successfully have single emitters.    
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Figure 7: Fluorescence lifetime of DiI dye molecules with fitted curve 

Conclusion and Discussion 

  By studying our histograms, we can soundly say that we were successful in 

obtaining antibunching of photons using single emitters. We were able to do so multiple times, 

but only after struggling for a long time. It is easy to see that creating single-photons on a whim 

would be a difficult task, or at least is for now until the next big breakthrough. 

 Of our many tribulations in attempting to find a single emitter is that at first, the samples 

we were using were older and did not fluoresce as strongly nor exhibit antibunching. When we 

prepared a fresh sample, we were able to find single emitters almost immediately. But there were 

also problems with the fresh sample, as sometimes we would get large bunches of quantum dots. 

This could be an extreme problem as the sensitivity of the APDs is so high that if the quantum 

dots were intense enough, like in a bunch, it could burn out and destroy the APD. We had to be 

very careful to watch for such a situation.  
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