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Single Photon Sources

When the concept of the photon was first introduced, most would not have been able to predict 

the range of single-photon sources that exist today. Before the advent of these new methods, 

single  photons  would  be  achieved  using  an  attenuated  laser  beam,  which  at  best  is  a  poor 

imitation of a single photon source. To ensure that two or more photons are almost never sent in 

a single laser pulse, the attenuated laser beam had to be so weak that most pulses contained no 

photon  at  all.  The  probability  of  not  having  two  or  more  photons  was  never  zero,  instead 

following Poisson’s law. In contrast, single photon sources that are currently being developed 

show promise of being reliable by producing one photon at a time. Some examples of single 

photon sources currently being investigated are single molecules, quantum wells, color centers, 

trapped ions and colloidal quantum dots. 

One of the first considerations in the generation of single photons is their detection: how does 

one prove that the photons are really separated?  The solution to this problem was found by using 

the  correlations  between  photons.  Photon  antibunching  is  primarily  shown  through  photon 

correlations,  since  most  detectors  still  cannot  resolve  the  number  of  photons.  Most  photon 

correlations are calculated by the measuring the combined probability of having one photon at 

one detector at time t and another photon at time t + τ.  The normalized correlation g(2) function 

can  be  measured  experimentally  using  the  Hanbury-Twiss-Brown interferometer.  This  setup 

consists of two detectors able to detect single photons, a beam splitter and correlation electronics 

that measure the time difference in arrival of the two photons. If the time interval between the 

two photons is zero, then we know that the two photons arrived simultaneously. On the other 

hand, if there are no time intervals  of zero, it  means each photon arrives separately,  i.e.  the 

photons being created are antibunched. 

The first antibunching experiment was carried out by Mandel and Kimble [1] as early as 1977 

using sodium atoms which were continuously excited by a laser beam. In their experiment, they 

prove that the atoms must be undergoing a quantum jump to create the antibunching effect. In 

1986, another experiment by Diedrich and Walther [2] store a single ion in a radio-frequency 



trap to investigate the resonance fluorescence. They show the existence of antibunching through 

photon correlation in fluorescent light emitted and through a sub-Poissonian distribution, which 

is typical of a non-classical effect. Other experiments have also been tried using molecules. In 

one such experiment  by Lounis and Moermer [3],  highly fluorescent  molecules  are optically 

excited using a pulsed laser. The short pulse of laser light brings the molecule to an excited state, 

before the molecule promptly falls back to its ground state. Since this process can be repeated 

more than once for the same molecule, there is a very good probability of reliably producing 

single  photons  with this  process.  However,  fluorescence  microscopy of  these  dye molecules 

reveals that the single emitters can undergo effects like photo-bleaching, which seriously limits 

the use of the single  emitters.  One way to  resolve this  issue is  to  use a host  to  protect  the 

fluorescent molecules from quenchers. 

Antibunching has also been proven to occur with solid state sources at room temperature such as 

colloidal quantum dots or color centers in nanodiamonds. In 2000, Michler et al [4] show 

quantum correlation  amongst  photons from a single  quantum dot at  room temperature. 

Single cadmium selenide quantum dots at room temperature undergo photoluminescence 

and once again, photon correlation measurements are carried out using a Hanbury-Brown-

Twiss setup and a confocal scanning microscope. Antibunching in this case provides direct 

evidence for a solid-state non-classical light source. One typical characteristic of quantum 

dots is observed in this experiment – the quantum dots blink, i.e. they turn on and off for 

an unpredictable period. This can be a drawback in terms of using quantum dots as a single 

photon source since the emission of photons will not necessarily be as regular as expected 

if  the  quantum dot  turns  off  unexpectedly.  In  2001,  yet  another  experiment  observed 

antibunching with nitrogen-vacancy color centers in nanodiamonds [5]. Some advantages 

of  using nanodiamonds  as a  single  photon source are  that  they are  stable  and easy to 

manipulate.  Also,  their  fabrication  is  relatively  inexpensive  and  less  costly.  However, 

collection efficiencies of these photons need to be improved, possibly using a microcavity. 

One main application of single  photon sources is  in the area of quantum cryptography. The 

ability of producing a single photon ensures the confidentiality of information, since the 

transmission  of  information  becomes  unconditionally  secure.  Quantum cryptography  is 

special  because interception of information  cannot  be hidden:  the act  of intercepting  a 



code’s key itself alters the key. This situation is often described with Alice as the sender, 

Bob as the receiver and Eve as the eavesdropper [6]. Suppose Alice sends out a secret key 

to Bob: she does so by sending out a string of photons whose polarizations contain the key. 

If  a third party,  Eve tries to detect  the singly transmitted photons,  the act  of detection 

causes an irreversible change in the wave function of the system. In such a system, it is 

especially  crucial  to  have  a  single  photon source.  If  two photons  containing  the  same 

polarization  key  are  sent  out  simultaneously,  the  eavesdropper  can  easily  use  a  beam-

splitter  to intercept one photon while the other photon travels to Bob. In this case, the 

interception will  not be detected.  Hence,  the use of a single-photon source is the very 

foundation of secure quantum cryptography.

Single  photon  sources  are  becoming  increasingly  important  in  order  to  implement  quantum 

mechanical applications in the lives of the average consumer. Reliable single photon sources 

would allow transmission of secure information over long distances and would also have direct 

applications in quantum computing. The wide variety of single photon sources currently being 

investigated  allow  us  to  remain  optimist  about  the  possibility  of  such  technology  being 

implemented in a near future.
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