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Abstract 

The purpose of this experiment was to observe fluorescence of single emitters and 

determine whether or not the fluorescence of these emitters demonstrates photon 

antibunching.  In order to detect antibunching, we used a 10nM sample of CdSe 

quantum dots that fluoresce at 800 nm with our confocal microscope.  This, in 

conjunction with our Hanbury Brown and Twiss interferometer setup, allowed us to 

detect if our single sources emit antibunched photons.  Through our experiment, we did 

not successfully detect photon antibunching through our 10nM quantum dots. 

Theory and Background 

As the name suggests, single emitters emit individual photons when excited.  This is 

due to a property known as fluorescence lifetime.  When an electron is excited, it jumps 

to a higher energy level.  When it jumps back down, the extra energy is given off in the 

form of a photon.  The time in which the electron remains in its excited state is its 

fluorescence lifetime. 

In order to excite our sources, we need to prepare a sample that has a low 

concentration evenly distributed among our area.  This can be done through spin 

coating, which was used to evenly distribute our quantum dot sample.  Using our 

confocal microscope, we can excite the sample by tightly focusing the laser beam onto 

our individual emitter.  This causes the emitter to fluoresce, and emit photons 

individually. 

While the emitter is fluorescing, it is possible to image the fluorescence of our sample 

and determine where our individual emitters are.  This is done through the use of an 

Electron Multiplying CCD (EM-CCD).   The EM-CCD is a very sensitive device that can 



take real time images of our sample.  This is also hooked up to our computer, and 

allows us to pick an individual area that is fluorescing.  This also allows for us to detect 

is there is any blinking or bleaching of the individual emitters.  

In order to determine whether or not we have photon antibunching, we introduce the 

Hanbury Brown and Twiss interferometer setup.  Shown in figure 1, this was the first 

experiment that demonstrated the existence of correlations between pairs of photons.  

The correlation between the intensities of the transmitted beam, IT, and the reflected 

beam, IR, is given by equation (1), which is known as the second order correlation 

function.  For classical light, the value of this correlation function is greater than or equal 

to 1.  For antibunched light, the value of this function is less than one. 

 

Figure 1:  Hanbury Brown and Twiss Setup 
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The detectors, in addition to the detectors in the computer, will then provide a histogram 

for the second order correlation function.  For antibunched light, we expect our curve to 

look like what we have in figure 2. 

 

Figure 2:  An example of an antibunching curve 



Experiment 

Figure 3 shows the experimental setup that was used for this lab.  We have a green 

laser at 532 nm going through some mirrors and filters and then eventually into the 

confocal microscope.  The confocal microscope objective then focuses the light onto our 

single emitter sample.  The sample then fluoresces and emits individual photons.  

These individual photons then go through the Hanbury Brown and Twiss setup where 

they are then detected by the avalanche photo diodes (APD’s) and then the TimeHarp 

computer card records the data and displays the results.  At the same time, we use the 

(EM-CCD) to precisely align the system and image the fluorescence from the emitters.   

 

 

Figure 3: The setup of the experiment, shown in the lab manual. 



For our particular experiment, we looked at several single photon sources through the 

confocal microscope, however, only quantum dots were observed for antibunching 

purposes. 

For the first part of the lab (lab 3) we looked at single photon sources.  Among these 

were single walled carbon nanotubes, nanodiamonds, gold nanoparticles and quantum 

dots.  The procedure for preparing these samples for the confocal microscope is as 

follows: 

1. Take a clean microscope cover glass slip 

2. Apply a solution of low (10-9 M) concentration to the glass slip using a spin 

coater. 

3. Apply a drop of immersion oil onto the objective of the microscope. 

4. Place the sample on the sample table. 

5. Focus using the dials on the sides of the microscope 

6. If desired, set up the EM-CCD with the proper computer software to observe the 

emission spectrum of the single emitters 

Then using the raster scan and the LabView software, we are then able to image the 

fluorescence of our single emitters. 

The second part of this experiment involved measuring antibunching properties of single 

emitters.  The experimental setup is the same, this time we will use the APD’s and the 

Hanbury Brown and Twiss setup to determine if we have antibunching. 

Due to the nature of our detectors, we have to determine a zero time on the histogram 

that they produce.  This is done by splitting the signal from one ADP into a start and 

stop signal for the TimeHarp card.  The result of this is two simultaneous pulses.  

However, in reality we have a small delay between the arrival of each port, and this 

creates a single spike on our histogram.  As seen in figure 2, we want to see a dip in our 

histogram, and this should occur at the zero time we measure. 

The procedure for observing photon antibunching is as follows: 



1. Prepare our sample.  We used a 10 nM concentration of CdSe that fluoresce at 

800 nm.  This was done through a spin coating process. 

2. Place the sample on our microscope. 

3. Align the setup.  This is done by turning the dials until the light is focused on the 

detectors.  The EM-CCD can be used to determine if the beam is precisely 

aligned. 

4. Turn on the green (532 nm) laser.  We can use a diffraction grating in the EM-

CCD to verify that our laser is 532 nm.  Add or subtract filters as needed. 

5. Turn on the APD’s and the EM-CCD. 

6. Determine the zero time of the TimeHarp as described above. 

7. Focus the objective of the confocal microscope so that we have the clearest and 

least blurred image of our sample. 

8. On the computer interface, focus on an area that appears to be fluorescing.  Try 

to select a single dot, as groups can be too bright and may affect the data.  

9. Start recording data. 

10. Leave the data running for a few minutes.  If there is no evidence of 

antibunching, or the selected dot appears to bleach, select another area on the 

emitter. 

Results and Analysis 

Before we started observing any fluorescence, we checked that our laser was in fact at 

532 nm.  The EM-CCD and computer programs confirmed that our laser was in fact at 

532 nm. 



 

Figure 4:  This shows the EM-CCD spectral data for the laser with a two second exposure time.  We can see that there is an 

intensity peak at 563.2 nm. 

For the first part of the experiment, we looked at various single emitters.  The images 

we took from various emitters were as follows: 

 



 

Figure 5:  This shows the results of carbon nanotubes in a 25x10 μm raster scan 

 

Figure 6:  This shows the results of nanodiamonds in a 10x10 μm raster scan 

These two images show examples of single emitters.  The raster scans (the colorful 

boxes on the right hand side) show where our different single emitters are.  The brighter 

areas on the scans (more yellow-orange than purple) are the locations of the single 

emitter fluorescence. 

In addition to taking the images of the fluorescence, we also took various spectral 

images of our samples. 



 

Figure 7:  This shows the spectral data for the carbon nanotubes.  We can see a couple of peaks, with the highest intensity 

occurring at 683 nm. 



 

Figure 8:  This shows the spectral data for the nanodiamond solution with five second exposure time.  We can see that the highest 

intensity is at 613.7 nm. 

Before starting with the antibunching measurements, we have to find the zero point of 

our detectors. 

 

Figure 9:  This shows the zero point of our histogram.  It is located at roughly 60 ns. 
 



In order to measure antibunching, we take our QD sample and take the raster scan to 

find good sample areas.  The raster scan we found was: 

 

Figure 10: Confocal microscope image of the fluorescence of the quantum dots 

This showed a couple good single emitter locations.  We chose four different sample 

emitters. 

 

Figure 11:  This shows our first sample emitter.  The emitter is located at the green crosshairs on the left 

image.  The right image is the histogram.  It shows no evidence of antibunching. 

 



  

Figure 12:  This was the second emitter we selected.  Once again, we see no evidence for antibunching. 

 

Figure 13:  The third emitter also showed no evidence of antibunching. 

  

Figure 14:  We realigned the sample and then chose another single emitter.  Despite the extra effort, 

there was no sign of antibunching. 

Based on the results from these scans, our QD sample showed no signs of 

antibunching.   



Summary 

In this laboratory, we observed the  fluorescence of single photon emitters.  Through the 

use of the confocal microscope, we were able to observe the fluorescence of carbon 

nanotubes, gold nanoparticles, nanodiamonds, and quantum dots.  Using an Electron 

Multiplying CCD, we were able to measure the spectrum of our single emitters.  We 

then used a Hanbury Brown and Twiss setup in an attempt to observe antibunching in 

800 nm Quantum Dots.  In the trials that were run, there was no observation of 

antibunching.  This is definitely a dissapointment, but to due the nature of antibunching, 

it is not a surprise that we were unable to observe the phenomena. 

 

 


