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Abstract 

The purpose of these labs was to study single photon sources and measure how efficiently they 

produce photons exhibiting antibunching characteristics. Through the use of a confocal microscope, 

images of 800 nm CdSe quantum dot, Gold nano particles, and nanodiamonds fluorescence was 

captured using an EM-CCD camera. A Hanbury Brown & Twiss setup was then used in conjunction with a 

Timeharp card to collect antibunching histograms measuring the coincidence counts. These histograms 

revealed antibunching properties of the emitted photons. Furthermore, we modified the setup of the 

TimeHarp card to calculate an approximate value of the fluorescent lifetime 𝜏 of the quantum dots. 

Theory and Background 

Photons are boson so they tend to be bunched together when travelling at the speed of light. A 

single photon source (SPS) emits photons clearly separated in time making the photons antibunched. 

Single photon sources are very desirable components of any quantum communication technology due 

to the most part to its following one of the fundamental laws of quantum mechanics, the Heisenberg 

uncertainty relation.  

𝛥𝑥𝛥𝜌 ≥
ħ

2
      (1) 

The Heisenberg uncertainty relation tells us that every quantum measurement significantly influences 

the observed system. This characteristic is useful for any means of secure communication since any 

eavesdropper (Eve) measuring the signals between the sender (Alice) and the receiver (Bob) will 

influence the system arousing Alice and Bob’s attention.  

In another implementation, a single photon source can be used as a critical hardware element for a 

quantum computer so that each photon can be used as a qubit. 

Although the applications of a SPS are very desirable, the production of a reliable SPS must still 

be overcome. Current quantum communication systems are Baud-rate bottlenecked and attenuate 

ordinary photon sources to the single-photon level. In addition to the low efficiency, photons from 

attenuated single photon sources are not antibunched polluting the signal. 

An efficient and reliable single photon source that delivers antibunched photons is the very low 

concentration of photon emitters dispersed in a host, such that a laser’s focal spot only excites one 

emitter. A single photon emitter can be a single atom, single dye molecule, single quantum dot, or a 

single color center nanodiamond. All single-emitters have a fluorescence lifetime 𝜏. This lifetime 

describes the time between emissions of photons insuring that the photons are clearly separated in 

time. To  

 



The study of single emitters can achieved using a confocal microscope and the Hanbury Brown & 

Twiss setup. Confocal microscopy offers several advantages over conventional widefield optical 

microscopy, including the ability to control the depth of field and elimination or reduction of 

background information away from the focal plane. The confocal microscope possesses these 

advantages through the use of spatial filtering techniques to eliminate out-of-focus light or glare. 

Confocal detection is based on the fact that light not originating from the focal area will not be able to 

pass through filters and hence cannot reach the detector. 

 

 

 

In conjunction with the confocal microscope, the Hanbury Brown & Twiss setup is used to measure the 

time intervals between two consecutive photons using time correlated single photon counting card 

TimeHarp 200. When the positions of the two detectors are given by 𝑟1 and 𝑟2, the joint photo-

detection probability at two different times 𝑡 and 𝑡 + 𝜏 is given by 

𝑔(2)(𝑟1, 𝑡; 𝑟2, 𝑡 + 𝜏) =
⟨:𝐼(𝑟1,𝑡)𝐼(𝑟2,𝑡+𝜏):⟩

⟨𝐼(𝑟1,𝑡)⟩⟨𝐼(𝑟2,𝑡+𝜏)⟩
     (2) 

Particularly for single photons where 𝜏 = 0, 𝑔(2)(𝑟1, 𝑡; 𝑟2, 𝑡) = 0 < 𝑔(2)(𝑟1, 𝑡; 𝑟2, 𝑡 + 𝜏) describing the 

phenomenon of antibunching. 

 

Experiment 

The experiment produces photons from single-emitters using a confocal microscope and 

confirming the antibunching properties utilizing a Hanbury Brown & Twiss setup. The pinhole of the 

confocal microscope in use was the APD detector size of 150 microns. Using a port changer, a EM-CCD 

camera was used to image the single-emitters’ fluorescence blinking. A 633nm He-Ne laser with 0.5mW 

Figure 1: Diagram of a confocal microscope’s filtering 
technique. The green light is the light effectively focused 
through a pinhole while the red lines indicate rays blocked 
by the aforementioned pinhole. 



power is used to excite the single emitters after passing through a couple of neutral density filters to 

attenuate the laser to avoid damaging the detectors and oversaturating the image. 

 

 

 

 

 The sample is mounted on a glass microscope slider and held on a piezo-translation state with 

magnets to allow the system to focus the laser beam on a specific single emitter. A nano-drive moves 

the stage line by line so the focused laser scans across the sample. Using the EM-CCD camera, we can 

create an image of the sample containing the single emitters. Using a coordinate system from the stage, 

we can locate specific single emitter and eliminate out of focus light so that the detectors are receiving 

photons from only one emitter. 

 

Figure 2: Diagram of the experiment setup. The green line is used to describe the laser light 
passing through a spatial filter and neutral density filters before reflecting off a dichroic and 
focusing on the sample. The red lines are the photons emitted from the single emitter 
transmitted to either the EM-CCD or Hanbury Brown &Twiss setup using a port changer. 

Figure 3: Image of sample containing CdSe Quantum Dots using an EM-CCD. Area 
scanned is 25𝑥25 𝜇𝑚. The bright red and white spots are locations of quantum dots. 



Using a Timeharp card attached to the two APDs composing the Hanbury Brown & Twiss setup, 

we created antibunching histograms. The APD (Avalanche Photo Diode) are sensitive to single photons. 

When a photon is detected by the detector, a TTL pulse signals a capacitor in the TimeHarp card to start 

a timer. Once a second photon is detected, a separate TTL pulse is sent signaling the Timeharp card to 

stop the timer. The time elapsed between the first and second detection is recorded. Technically, a 

single detector could be used to detect both photons; however the APDs’ deadtime1 in use is too 

significant.  By using two detectors, we can statistically compensate the deadtime of the detectors. If 

photons are antibunched, the time interval should always be greater than zero so we must apply an 

intentional delay to adjust for a “zero time.” The “zero time” is determined by splitting a signal from one 

APD and sending them simultaneously to the TimeHarp which guarantees 𝜏 = 0. 

Considering the joint photo-detection probability, we can calculate 𝑔(2)(𝑟1, 𝑡; 𝑟2, 𝑡 + 𝜏) to show that the 

photons are antibunched if it equals zero. A histogram collects the counts for each interval recorded 

showing a visual cue of photon antibunching. The visual cue consists of a dip of counts at the zero point 

previously measured. In other words, the histogram measures the time between photon pairs being 

detected and if the photons are antibunched, then the count for photon pairs with a time separating 

close to zero should be less than photon pairs with large time separations. 

 

Procedure 

1. Prepare sample with a very low concentration of single emitters using a pipette. Acquire a drop 

of solution and place on a microscope cover slip then distribute evenly by hand using a glass rod. 

2. Prepare objective of the confocal microscope using a acetone wipe then place a drop of 

immersion fluid on the aforementioned objective. Follow by placing sample prepared previously 

over the objective and secure using magnets. 

3. Place excessive amount of neutral density filters to attenuate the laser beam and remove filters 

one at a time as necessary. 

4. Using the microscope eyepiece, focus the laser light on sample until an image of a four leaf 

clover appears. 

5. Switch port to the EM-CCD camera to image sample area and see single emitters. Select a single 

emitter on the acquired EM-CCD image. 

6. Adjust Timeharp histogram and record photon count. 

 

 

1. deadtime: time needed for the APD to recover after detecting a photon. 



Results and Analysis 

The following images were captured using the EM-CCD camera revealing the locations of the single 

emitters. 

 

 

 

 

 

Figure 4: 25𝑥25𝜇𝑚 raster scan of a sample containing 800nm CdSe Quantum Dots. The seemingly 
stripped emitters is due to the raster scan capturing the phenomenon called blinking. 

 

Figure 5: Time series plot of the intensity of a single emitter. The spikes of intensity indicate that the single emitter is 
exhibiting a desirable property; blinking. 



 

The fluorescent lifetime 𝜏 can be calculated by fitting a curve describe by the following expression 

𝑃 (1 −
1

𝑁
𝑒−

𝑡
𝜏) 

Where 𝑃 is a normalization factor, 𝑁 is the number of single photon source being measured and 𝑡 is the 

time between counts in the histogram. Solving for 𝜏, we get 𝜏 = 34.4 𝑛𝑠. 

Conclusion 

The experiment described above showed a successful observation of antibunched photons by a 

CdSe quantum dot single photon emitter. The histogram collected by the TimeHarp 200 showed as 

expected a dip in the coincidence counts for photons time separation nearing zero seconds. The 

fluorescence lifetime 𝜏 was calculated to be approximately 34.4𝑛𝑠. In addition, blinking was observed 

using two different methods. The EM-CCD camera which could record the light intensity as a function of 

time and the APDs capturing striped data due to the raster scan progressing as a function of time.  

 

 

 

Figure 6: Antibunching histogram. The black lines represent the data measured experimentally while the red 
line is the best fit curve. Notice the dip in indicating that photons traveled separately.  
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