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Single Photon Sources and Their Applications 
 
 

 The primary application for single photon production is in quantum computing.  

The ability to reliably produce single photons could eventually lead to efficient and 

highly secure quantum communication networks.  Using single photons it is possible to 

build absolutely secure communication systems using quantum cryptography because it is 

fundamentally impossible to intercept single photons without disturbing a message 

stream.  Particular requirements must be met, however, for a single photon source to be 

usable within a quantum computing system. 

 An ideal single photon source would produce antibunched photons reliably (one 

photon output for every input), rapidly, and efficiently over a long period of time.  Other 

constraints that will play a role in deciding what type of single photon sources are 

ultimately used in quantum computing systems include polarization control, cost, and the 

overall complexity of the setup.  There are no single photon sources today which satisfy 

all of the above requirements simultaneously (reliable, rapid, efficient, controllable 

polarization, low cost, low complexity). 

There are currently several different types of single photon sources, each with 

certain advantages and disadvantages.  It is possible to obtain small numbers of photons 

by using filters to diminish light from a laser until only an exceedingly small number of 

photons pass through.  The problem with this approach, however, is that photons have a 



relatively high chance of arriving in pairs or multiples instead of one at a time.  In other 

words, they are not antibunched.   

Antibunched photons may be obtained by using several different methods based 

on single emitters such as individual atoms, trapped ions, or quantum dots.  In the 

quantum dot method, a laser is used to excite the quantum dots, which in turn emit single 

photons within a narrow wavelength range.  The fluorescence lifetime of the quantum dot 

results in the production of antibunched photons.  Production of single photons through 

excitation of quantum dots also has the advantage that polarization can be controlled by 

embedding the quantum dots in a planar aligned liquid crystal medium.  Although the 

quantum dot method holds some promise, considerable progress is needed to increase the 

reliability and ease with which single photons can be produced.  Bleaching is a 

significant problem with the quantum dot method.  Quantum dots sometimes cease to 

emit photons after being exposed to light for a significant period of time.  Control is also 

a limitation in the quantum dot method, since it is very difficult to match a single input 

with a single output.   

The theoretical framework supporting quantum computing has largely been put in 

place.  The task that remains is to develop the applicable technologies to the point where 

quantum computing becomes practical and cost effective.  What is “cost effective” will 

be decided in large part by the market place.  Absolutely secure quantum communication 

networks will likely be in high demand by governments and large corporations early in 

the technology’s lifetime.  Because those clients are willing to pay much more for the 

advantages of secure communications, it is possible that quantum communication 

systems will arrive on the market place sooner than would otherwise be expected (i.e. 



before the technology has become cheap enough for the average consumer).  The arrival 

of practical quantum computing will also be governed in large part by the development of 

more reliable “on demand” single photon sources.  When quantum computing does arrive 

in the market place, it will likely be a highly disruptive technology.   


