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Abstract 
Single photon emitters are materials that emit one phone at a time through absorption of one photon to make 

an electron go into its excited state and then the excited election emitting another photon. This laboratory will 

look at properties of three types off single photon emitters, quantum dots, nanodiamonds, and cholysteric 

liquid crystals. We observed the fluorescence using a confocal microscope as well as fluorescence lifetime and 

antibunching using Hanburry Brown and Twiss interferometer and APDs. The quantum dots have an estimated 

fluorescent lifetime of 13000ns. 

Introduction and Theory 

Confocal Microscopy Imaging of Single Emitter Fluorescence 
The advancement in technology in the 21st century has introduced the new fields of quantum 

computing and quantum cryptography. These new fields are based Single Photon Sources (SPS) 

which are the topic of discussion of our laboratories. A Single Photon Source is a source of photon 

emission that emits a single photon at a time, the property also known as antibunching.  The 

interest in particle optics/photon optics has started in the 17th century when Huygens, Hooke 

and then Young introduced the world to the wave-particle duality of light. Newton furthermore 

studied the properties of light and based on the experiments and theories of these science giants 

Einstein proposed the photoelectric effect theory. This theory led to the start of the broader 

Quantum Theory which defined light as consisting of discrete energy packets called photons. The 

applications of SPS are very broad but their usage is limited by the complex process of producing 

single photons. Single photon sources emit individual photons when excited due to their 

fluorescence lifetime. When an excited electron jumps to a higher energy level and then jumps 

back to the lower energy state, a photon is created and the time an electron remains in the 

excited state is the fluorescence lifetime. In order to effectively produce antibunched single 

photons a laser beam is focused in spot with a very low concentration of photon emitters 

distributed in an element. There are several types of single photon emitters such as: dye 

molecules, quantum dots, color centers in diamonds and single-walled carbon nanotubes. In our 



experiment using the confocal microscope we excited the electrons of the material by tightly 

focusing the laser beam into the individual emitters, causing them to fluorescence and emit single 

antibunched photons. The confocal microscope is a microscope that has a higher numerical 

aperture than conventional widefield optical microscopes offering control over the depth of filed, 

control over the amount of light being collected and elimination/reduction of background 

information away from the focal plane. It images using a pinhole which limits the imaging of the 

off axis rays, increasing the chances of observing antibunching. The confocal microscope allowed 

the imaging of the single quantum dot. Quantum dots are good single photon sources due to 

their relatively large size which makes them easier to detect than smaller sources like single dye 

molecules. Quantum dots are semiconductor structures that confine excitons in all directions. 

The quantum dots used in our lab are colloidal CdSe quantum dots, which are produced in a 

solution, intermixed with precursor elements. The nanodiamonds used were immersed in 

cholesteric liquid crystal (CLC).   

Hanburry Brown and Twiss experiment 
Photon anti-bunching is the complete separation of photons in time. In classical light sources, for example, 

blackbody emitters such incandescent bulbs, photon anti-bunching cannot be achieved even with 

attenuation to single photon levels; there will still remain some bunched photons travelling at one instant. 

Thus, photon anti-bunching is purely a quantum mechanical effect that is manifested from quantum 

mechanical, single photon emitters. Some examples of single emitters are quantum dots, carbon 

nanotubes, and nanodiamonds. Quantum dots are made of semiconducting materials, such as cadmium 

selenide (CdSe), which are arranged in such a way to make an artificial atom, that is, their structure is the 

result of the nucleation process in which they are manufactured which gives the crystal lattice 

arrangement seen in figure 1. 

The outer electrons of the atoms are confined to the surface of 

the quantum dot, and this confinement can be described by simple 

particle in a box mechanics, which gives the dots true quantum 

mechanical properties and electronic structure that allows very high 

quantum yield and makes them intrinsically very bright. Carbon 

nanotubes are also intrinsically bright single emitters and have a similar 

electron confinement characteristic of the quantum dots. A carbon 
Figure 1 - Quantum Dot 



nanotube can be described best if one imagines a sheet of graphene rolled into a long hollow tube, such 

as the graphic shown in figure 2. 

These materials absorb photons through the promotion of 

electrons to an excited state and then fluoresce after some time in the 

excited state, known as fluorescence lifetime. It is because this 

fluorescence lifetime that single anti-bunched photons can be 

achieved from these single emitters because the time between 

intermittent photons is large enough to allow complete separation in 

time. In this laboratory, single emitters are prepared for use by spin 

coating a low concentration of a sample of emitters on a glass 

microscope slide. Anti-bunched photons can be mathematically described by the second order correlation 

function, g(2)(t), shown in equation 1. 

𝑔(2) =
〈𝐼(𝑡+𝜏)𝐼(𝑡)〉

〈𝐼(𝑡+𝜏)〉〈𝐼(𝑡)〉
                 (eqs. 1) 

When the correlation, g2 is < 1, the photons are said to be anti-bunched.   

In the hanburry brown twiss setup, the correlation function is measured as coincidence counts, 

that is, the time interval between two photons is measured and recorded as a histogram of coincidences. 

The setup of the hanburry brown twiss set up is shown in figure 3.  

A beam splitter sends a reflected beam of 

photons to one detector, and the 

transmitted beam towards another 

detector. In this case the detectors are 

avalanche photo diodes capable of single 

photon detection. In this laboratory, the 

Hanburry Brown and Twiss interferometer 

is used in conjunction with a confocal 

microscope. The confocal setup allows the 

excitation of the single emitter source and 

directs the fluorescence of the single emitters towards the coincidence counter, in this case is the 

TimeHarp card in our computer, to measure the second order correlation. 

  

Figure 2 - Carbon Nanotube 

Figure 3 - Hanburry Brown and Twiss Setup 



Experiment and Procedure 

Confocal Microscopy Imaging of Single Emitter Fluorescence 
 

 

Figure 4 - Image of the experimental setup, consisting of a confocal microscope and a HBT 
Interferometer.1 

The experiment was divided into two main labs consisting in the confocal fluorescence 

microscopy of single-emitter lab and the Hanbury-Brown and Twiss Interferometer/fluorescence 

antibunching lab. In Lab 3/Confocal fluorescence microscopy laboratory the set up is composed 

by a 532nm green laser, the lens/microscope objective, the high reflective mirrors, the neutral 

density filters, the diaphragms, the pinhole, the scanning system and the detector. The 532nm 



wavelength diode-pump solid state laser light passed through the filters, got reflected by the 

mirrors and passed through the microscope objective (spatial filter) before exciting the sample. 

The sample prepared in the lab was a photonic bandgap material more accurately: 

nanodiamonds and cholesteric liquid crystals (CB15 and E7). The sample was prepared in 

microscope slide and then put into focus on the confocal microscope which then was exposed to 

the 532nm green laser light. The laser light was focused through and oil immersion objective 

which allowed greater resolution and wider collection angle. The fluorescence of the bandgap 

material was observed using a cooled EM-CCD camera and scanned using a precision nano-drive 

controlled by the LabVIEW software.  

Procedure 

1. Prepared a sample with an appropriate concentration of quantum dots/nanodiamonds. 

Using a pipette acquired the desired amount of the quantum dot solution, placed it on a 

microscope slide, added cholesteric liquid crystal and evenly distributed it using a glass 

rod. 

2. Placed a second cover slip so that the solution would be between two microscope slides. 

Rubbed the two slides in order to align the liquid crystals. This created the sample to be 

used in the confocal microscope.  

3. Prepared the objective of the confocal microscope by cleaning it with acetone first, then 

placed a drop of immersion fluid and then inserted the microscope slide with the sample. 

4. Secured the microscope slide to the piezoelectric stage using two magnets. 

5. Inserted neutral density filters to attenuate the green laser beam in order to make proper 

fluorescence measurements. 



6.  Used the EM-CCD camera to align the focus of the sample and record the images of the 

quantum dots blinking. 

Hanburry Brown and Twiss experiment 
 

Since the setup was already previously aligned from the confocal microscopy experiment, preparing the 

single emitters is the first step in this laboratory. Then the APD detectors must be zeroed to establish a 

reference for the coincidence count measurements.  The general procedure is described below: 

Procedure 

1. Spin coat the single emitters. A 10 nM concentration of CdSe QDs is used for this process. 

2. Place the sample on the microscope. Be careful to use the appropriate immersion oil.  

3. Turn on the green (532 nm) laser. 

4. Turn on the APD’s and the EM-CCD. 

5. Focus the laser light on the sample and align the beams to the APD’s. 

6. Determine the zero time by calibrating the Time Harp card. 

7. Focus the objective to achieve a clear image. 

8. When the APD’s record the fluorescence, use the LabView software to focus on a region of intense 

fluorescence and zoom in on that region. 

9. When the nano drive has relocated, start recording data.  

10. Look for coincidence dips at the zero to verify antibunching has occurred. If not, the move the 

nanodrive to focus on another region of intense fluorescence.  

  



 

Results 

Confocal Microscopy Imaging of Single Emitter Fluorescence 

 

Using the confocal microscope, the fluorescence of quantum dots were captured.  

 

 

Figure 5 – This figure represents the scanned fluorescence of quantum dots using a 
confocal microscope. The area scanned is 25 micrometers by 25 micrometers, the LabView 
program that generated the figure normalizes the axes. The areas of maximum intensity, 
lighter colors, indicate the location of a quantum dot. 

 

Figure 1 shows quantum dot’s fluorescence, however certain parts of the graph have lines over the 

quantum dots. These lines represent a phenomena known as blinking. Blinking is a result of scanning 

apparatus being a translation stage.  The quantum dots do not fluorescence continuously, though they 

can absorb and emit photons, the dots do not do so concurrently. A delay between absorption and 

emission is known as a blink. Areas with stripes appear on the figure because a scan was done at a location 

where a quantum dot was blinking, causing a shift in measured intensity. 



 

Figure 6 – This figure represents the intensity versus time while scanning. The sample 
showed long blink period 

 

 

Figure 7 – This graph indicates photon antibunching. The margins of the graph were 

altered to pronounce the dip, and the black line is the idealized pattern of the antibunching 
graph. The dip does indicates where the zero nanosecond separation occurs.  

 

 

Figure 8 – This figure is an example of what Figure 3 would look like if there was no 
antibunching. The figure was produced with LabView but houses the same axes as Figure 
3. We see there is no minimum. 
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Figure 9 – This graph displays the measurement of fluorescent lifetimes of nine quantum 
dots. 

By using Matlab’s Curve Fitting tool, each quantum dot was fitted to the exponential function 𝐴𝑒−
𝑡

 τ, 

where τ is the fluorescent lifetime of the quantum dot. τ was estimated to be 13000 ± 1000 ns; the 

error was calculated using the standard error of the mean. 

Liquid Crystal-Nanodiamond Spectroscopy and Fluorescence  
Nanodiamonds and liquid crystals are materials that act as single emitters. This section discusses the 

measurements taken with these materials. 

 

Figure 10 – This figure shows a 25 um x 25 um scan of nanodiamonds. The scan was 
done by using an atomic force microscope (AFM) that utilized a Tap190Al-G tip. The 
image on the left shows the results of the AFM, the image on the right is a high 
resolution camera mounted over the AFM. 

A sample of nanodiamonds was prepared for the AFM. One lab activity allowed for forming our own 

sample containing nanodiamonds and cholesteric liquid crystals.  Measurements were conducted with 

this sample, one being the spectroscopic data of the sample.  
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Figure 11 - This figure shows a picture of the spectrum resulting from an advertised 532 
nm laser. The picture overlays a qualitative graph of the same information. We see a spike 
at 524.3 nm wavelength and a low count for other wavelengths. 

 

Figure 12 – This figure shows a picture of the spectrum resulting from the CLC-
nanodiamonds sample made in lab. The picture overlays a quantitative graph 

representing the same information. 



The actual florescence was measured by using the same confocal microscope setup that 
was used to see the quantum dots’ fluorescence. 

 

Figure 13 – Fluorescence used by the same confocal microscope that measured the 
quantum dots in the previous section. The laser power was 89.5 microwatts and no filters 
were used. 

The fluorescence lifetime was measured due to the CLC-nanodiamond sample being a single photon 

emitting material. 

 
Figure 14 – Fluorescence lifetime of the CLC-nanodiamond sample, using a Hanbury Brown 
and Twiss setup. The fluorescence lifetime, τ, of the sample is 1860 ns; on the same order 
as a quantum dot. 

Conclusion 
There were successful measurements of all laboratory exercises. The fluorescence from the quantum dots 

and CLC-nanodiamonds fluorescence were imaged using confocal microscopy. The lifetime of this 

fluorescence was taken using the Hanburry-Brown and Twiss experiment, and the antibunching pattern 

was observed. We were only able to see antibunching once in the lab and appreciate being able to observe 

such a rare measurement. We were also able to physically image nanodiamonds and quantum dots using 

an atomic force microscope. 
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