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I. Description of the product

The development of a Single Photon Source (SPS) prototype is discussed here which has the ability to

efficiently produce polarized single photons on demand. The SPS prototype is to be of a relatively moderate

size in order to be mass produced industrially and marketed as a ”Single Photon Gun” (SPG). The size

and reliability of the SPG is of critical importance in meeting the needs of the current market for quantum

cryptographic systems, whose current drawback is the lack of an efficient source of single photons. Even the

recent deployment of a 67 km quantum communication channel under Lake Geneva by the swiss company

id Quantique used heavily attenuated laser pulses as their source of single photons. Such sources are very

unreliable when it comes to producing single photons on demand. While their low reliability is sufficient to

meet the basic needs of cryptographic schemes, the speed and scalability of future systems will depend on

the production of a much more reliable and efficient source of single photons.

To that end, I have laid out the basic design of the SPG as envisioned at a very fundamental level. It is

based on the use of semi-conductor nanocrystals, or quantum dots, as a fluorescent emitter of single-photons

on demand. The quantum dots used here are made of PbSe and are immersed in a cholesteric liquid crystal

host which increases their fluorescence intensity and decreases their fluorescence lifetime. The creation of

the liquid crystal solution is carried out in a device that operates on the principle of a spin-coater for slides.

In this case, the device will use a fast rotating tapered cylinder (see figure 1) that evenly distributes the

quantum dots in the CLC solution using centrifugal forces. The liquid crystal solution is then run through a

microfluidic channel that is of a size such that only one quantum dot is likely to flow through a certain area

at a time. The optics of the system consist of a pulsed solid state diode laser operating at 532 nm which

can be triggered on demand and is focused onto the microfluidic channel, whose flow can be correlated to

the pulse rate of the laser in order to obtain optimum excitation of the quantum dots. The fluorescence

photons from the quantum dots are detected using a confocal imaging lens set that is controlled by a piezo-
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electric scanning base. The fluorescence thus collected is filtered and directed using precision waveguides and

polarization optics into the required direction. Any excitation photons are filtered using a dichroic mirror.

Figure 1: Schematic of SPG Prototype

The two main problems of blinking and bleaching of the single emitters is addressed here. As the

quantum dots are being run through a controlled microfluidic channel, the effects of blinking and bleaching

on the efficiency will be greatly reduced. Furthermore, the lifetime of PbSe quantum dots is very large, and

blinking is greatly diminished to begin with. The optimum intensity of laser pulses to be used must be tuned

using an onboard program that measures the intensity of photons produced and attenuates the laser pulses

with tunable neutral density filters accordingly. The possible of using single terrylene-dye molecules instead

of PbSe quantum dots is yet to be explored in the development of the SPG. These molecules are much more

resistant to bleaching and can stand several hours of pulsed MHz repetition rate excitation. The microfluidic

channel will also prevent oxygenation of the solution thus further prevent bleaching.

II. Comparison with other technologies

As mentioned previously, the advantages of the SPG over other technologies are many. Firstly, the use of

a dynamic stream of quantum dots will remove the problem of bleaching as in seen in other static methods

where the quantum dots are placed on a glass slide. The many other technologies for producing single photons

operate at very low temperatures. In the case of hetero-structured quantum dot SPSs, their operation is

limited to liquid He temperatures. Another technology that utilizes diamond color centers suffers from the

fact that it is very hard to couple out the photons, due to the high index of refraction of the host material.

An SPS that does not bleach very quickly consists of single terrylene-dye molecules in a p-terphenyl host,

which protects the molecules from oxygen. As mentioned above, the use of this emitter and medium will be

investigated in the SPG.
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III. Market for the products and its parts

The SPG is primarily being developed for quantum cryptographic systems. Since the distance over which the

single photons can propagate and be detected efficiently is limited, the SPG will find a market in areas where

secure communication is required over short distances, such as within a city. Thus, one can imagine the

target market will primarily consist of banks, intelligence agencies and companies wishing to communicate

securely over short distances. One can expect the target market to grow as the SPG is developed further

and its use is diversified to other areas such as imaging, metrology and computing.
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