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Single-photon sources 

Introduction 

Light is often described as having wave-particle duality, meaning that it exhibits both 

behaviors associated with particles and behaviors associated with waves.  For example, in 

Young’s Double Slit Experiment, single photons hit the detector individually (particle behavior), 

but over time enough photons have hit the detector to manifest a diffraction pattern (wave 

behavior).  As is such, single photons are often used in experiments to test these properties.  

However, since most common light sources (lamps, lasers, the sun) produce many, many 

photons, isolating individual ones can be an experiment in and of itself. 

Photon Antibunching and Quantum Entanglement 

A laser can be attenuated such that the beam is made of very distantly spaced photons. A 

laser, then, can be made to emit photons that are spaced on average by the same distance/amount 

of time as photons from a single emitter. However, the laser light will not exhibit ‘photon 

antibunching’—the separation of all photons in a beam—while a single emitter will.  This 

‘photon antibunching’ is what is unique to single emitters. Certain methods of producing 

antibunched photons produce photons that are entangled. Two particles are considered to exhibit 

quantum entanglement if their combined state cannot mathematically be separated into two 

individual states.  This correlates to the two particles essentially being the same particle.  

Entangled particles are entangled with respect to a specific property, such as polarization or 

momentum.  In practice, a change in the entangled property of one particle will immediately 

result in a change in the other, regardless of the separation of the two particles. 

 



Applications of Single and Entangled Photons 

 Single photon sources are very important in current research for many applications. 

Quantum information and quantum computing are growing research fields that research the 

utilization of photons to send information over long distances.  Quantum computers would be 

much faster and much more energy efficient than classical/modern computers. Quantum 

information requires antibunched photons, since information can only be stored on single 

photons by using and manipulating innate characteristics of the photons, such as spin.  Another 

benefit of quantum communication is that eavesdropping—or ‘stealing’ some of a transmitted 

signal—is always detectable, since the changes in the intercepted entangled photons will be 

detected by the intended person(s) sending and receiving the signal.  One difficult part of 

quantum information is the seemingly-elusive source of these single photons. A growing body of 

research has been done on single photon sources such as quantum dots and color centers 

diamonds. 

Types of Single Emitters 

 Quantum dots, or single heterostructured semiconductor quantum dots, emit photons that 

exhibit non-classical statistics. They were discovered in the 1980s and are small fluorescent 

molecules that have a size on the scale of 10nm in diameter and emit light with a frequency 

dependent on size (smaller quantum dots emit higher frequency light).  Quantum dot light 

emission functions through excitation by a focused laser. A focused laser pulse causes the 

quantum dot to excite to a higher energy level. When the quantum dot drops down to the lower 

pre-excitation energy level, a single photon is emitted. The time this takes is called the 

fluorescence lifetime, and it limits the photon emissions to one at a time. In order to be used 

effectively, quantum dots can be used colloidally in conjunction with a confocal fluorescent 



microscope. The confocal fluorescent microscope provides the focused laser pulse for excitation 

of the quantum dot and is then able to collect/image the fluorescence from the quantum dots. 

One drawback to quantum dots as single photon sources is quantum dot bleaching, caused by 

overexposure to the laser, particularly when the laser frequency is greater than that of the 

quantum dot’s emission. 

 Another, albeit less auspicious, single-emitter is color centers, or ‘light emitting defects’ 

in nanodiamonds.  They are less popular due to the random polarization of photons, and the 

wavelength is not restricted by a specific transition (like with quantum dot fluorescence 

excitation). However, they are still effective in producing antibunched photons using the same 

focused laser procedure as with quantum dots. 

Conclusion 

Many companies are now beginning to fund and research single emitters due to the 

promise of quantum computing. Quantum computers are going to be very important in the future 

for efficiently storing large amounts of data, and entangled photons will help to ensure secure 

communication of information.  Researching single emitters and methods of producing entangled 

photons is very important for the development of better computing and communication devices. 
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