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Abstract   
Single photon sources are introduced as emitters which deliver one photon at one time.  The necessity of developing 

single photon sources, related principles and the development of single photon sources are also discussed in this essay.  
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1. Necessities of Single Photon Sources 
A single photon source is a light source that emits one photon one time. Reliable and bright single photon sources 

would open up many applications in quantum optics. Currently, the main proposed applications and recent progresses in 

single photon sources are:  quantum cryptography, random number generation and weak absorption measurement.  These 

applications are of great motivation for developing efficient single photons sources.  

Quantum cryptography, also called quantum key distribution, is one of the earliest examples of quantum processing. 

It was initially proposed in 1984 [1] and it is now commercially available [2] with weak coherent pulse (an approxima-

tion of single photon pulses). And the first complete of realized quantum cryptography with a true single photon source 

was realized in 2002 [3]. The security of quantum cryptography is based on the fact that each bit of information is coded 

on a single quantum object, like a single photon. Due to the quantum theory, it is impossible to intercept and duplicate 

complete quantum state of a single particle without been noticed by the receiver.  So the classical photon source cannot 

guarantee the safety of quantum cryptography. 

Random numbers are very important to many information processing.  Like Monte Carlo simulation, it is often used 

in simulating physical and mathematical systems and dealing with problems of larger number of degrees of freedom. The 

basic of Monte Carlo simulation relies on the repeated random sampling.  Usually, there are two ways to generate ran-

dom numbers: pseudorandom generators upon numerical algorithms and physical random generators use the randomness 

or noise of physical phenomenon.  Both ways are suffer from systematic errors and perturbations.  While combining sin-

gle photon source and a 50/50 beam splitter has been proposed as a physical quantum mechanical random generator [4]. 

The behavior of each photon at the beam splitter regarding the “which way” information is truly random according to 

quantum theory.  

Single photon source can also be used for weak absorption measurement, because it delivers amplitude-squeezed 

light, so the fluctuations of a given quadrature will be reduced [5]. The noise of the absorption signal with a single pho-

ton source is much less than that of the noise of a coherent light source. 

 

2. Observation of Single Photon Sources 
As stated above, single photons have many possible applications. Photon, as the oldest and most widely known 

quantum object was first evidenced by photoelectric effect in 1905 by Albert Einstein. The method to determine whether 

a light source is single photon source was proposed by Hanbury Brown and Twiss in 1956 [6]. They studied the second 

time correlation g
(2)

 of photons. The Hanbury Brown and Twiss setup is showed in Figure 1 (Fig. 1). The correlation 

between the intensities of the transmitted beams IT and the reflected beams IR are given by the amplitude of second-order 

(temporal) correlation,  
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When the time delay between RI  and TI  is 0 (simultaneous), Equation (1) can be written as: 
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It was found out that )0()2(g
  
of classical source equals to or larger than one for all classical light, and )0()2(g equals to 1 

for perfect coherent light source [7]. In this case, the photons tend to come in bunches. First observation of “antibunch-

ing” effect was by Kimble and his co-workers at the University of Rochester in 1977 [8]. Because one photon can only 

be detected in the reflection arm or in the transmission arm, so when the source gives out one photon, then the detected 

correlation will be zero when delay time is zero, which proves that photons come one by one, with the same time interval. 

So the single photon source is unbunched, as opposed to bunched classical light source.  

  

Fig. 1 Hanbury Brown and Twiss setup.                                              Fig. 2 Electrically driven p-i-n quantum dots single photon source 

The development of single photons source also depends on the development of single photon detectors. Currently, 

the single photon avalanche photon detectors are available from visible to near-infrared regions and communication 

band in fiber 1550nm.  

                                   

3.  Single Photon Sources 
      Two basic criterions for single photon are getting single emitters and fluorescence lifetime. To get single emitters, 

the emitters must be distributed separately at a very low density. This can be realized by spin coating, or implantation 

and self-assembling. Fluorescence lifetime is the average time a system stays in its excited state before emitting a photon. 

Within the fluorescence lifetime, the system can excite one and only one photons, which guarantee that the system only 

emits one photon at one time.   

      Now, there are two types of single photon sources, optically and electrically driven single photon sources, which are 

classified by their pump methods. Or the single photon sources can be classified by the materials, currently, widely used 

single photon sources are color center in nanodiamonds, quantum dots, and single molecules.  

The single photon sources using nitrogen-vacancy color centers in the diamond or nanodiamonds are probably the 

simplest single photon sources. In 2000, Grangier et al. reported the first observation of antibunching in nitrogen-

vacancy color centers in a single crystal diamond at room temperature [9]. In their experiment, the color centers are 

formed by electrons irradiation and then annealing, and it is a four level energy system with fluorescence lifetime of 

11.6ns. According to them, the merit of color center is that there is no photobleaching: fluorescence level remains un-

changed with long time laser irradiation.  Later, they developed their idea by using color center in nanodiamonds (50nm 

is size) [10]. They found that colors centers in nanodiamonds preserved important features of that in the bulk diamonds, 

and each nanodiamonds can be treated as a single photon emitter. It can be easily put into cavities or on the fiber tip for 

better photon efficiency and energy collection.  

 In 2000, Moerner et al. realized a controllable source of single photons from a single molecule in a solid. The mole-

cular is a four level system.  They used p-terphenyl molecular crystals, which has extremely high photostability, and 

solved the photobleaching problem [11].   

      Colloidal quantum dots are another kind of optically driven single photon source.  They are bright and emit a broad 

range of wavelengths and operate at room temperatures, but they are blinking with time.  Now, the non-blinking colloid-

al quantum dots are available [12], which will be better single photon source.  

      Above mentioned are optically driven single photon source, however, from a view point of real application, electri-

cally driven single photon sources are more practical than optically driven single photon sources. Quantum dots have 

been widely used as electrically driven single photon emitters, such as InAs quantum dots. First electroluminescence 

from a single quantum dot at room temperature as an electrically driven single-photon source  has been proposed by Yu-

an et al in 2002 [13]. Their device is showed in Fig. 2, the p-i-n diode containing a layer of InAs self-organized quantum 

dots in the intrinsic region. This kind of quantum dots, unlike the colloidal quantum dots, is small regions of one material 



 

 
 

 

buried in another material with a larger band gap. Due to the very small size of quantum dots, there are only one or two 

pairs of electro-holes in the conductance and valance band of quantum dots. To avoid the nonradiative recombination, 

large mesas were prepared containing many quantum dots and the surface is aperture to allow collecting emission from 

one dot. And pulsed electrical injection leads to the pulsed emission from the dot.  Another improvement of quantum 

dots is changing to nitride semiconductor quantum dots. With gallium nitride quantum dots, Kako et al. reported single 

photon source operating at 200K [14], and this wide gap material opens a new wavelength region in the blue and near –

ultraviolet portions of the electro-magnetic spectrum. 

       Nowadays, for real applications of single photons, lots of work is still being done towards to making more applica-

ble single photon sources, like realizing room temperature working, averaging distribution of emitters and increasing 

photon emission and collecting efficiency. Usually, researches use micro cavities to get higher photon emission efficien-

cy, as shown in Fig. 3 (a) and (b). It has been approved that the cavity structures is able to enhance spontaneous emission 

if the emitters’ energy coincidences with the energy of cavity mode. Besides the cavity, photonic crystal and liquid crys-

tal can also be used as cavity to enhance photon emission, because the emission at the band edge of band gap will be 

enhanced. 

   
Fig. 3 (a) Scanning electron micrograph of a 1.2 um diameter pillar cavity [15];  (b) SEM image of photonic bandgap structures [16]. 
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