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The ability to produce single photons and entangled photon pairs in de-
sired quantum states is essential in any system intended to handle quantum
information. Single photons serve as qubits in quantum computers, and the
most powerful operations in those computers are performed by entangling
them. Further, entangled pairs of photons are the carriers for signals in
quantum-encrypted communications.

Traditionally, single photons could only be produced by the aggressive
attenuation of stronger signals. Entangled photons were traditionally pro-
duced by spontaneous parametric down conversion. In the latter process, a
nonlinear optical crystal annihilates a high-frequency photon and creates two
lower-frequency photons. This is a random process with a very low proba-
bility of happening, so it requires a very high-intensity source at the input,
but this is relatively easy to supply, so SPDC remains a proven method of
generating entangled photons.

As random processes, these two methods share a pair of distinct but
related disadvantages: First, it seriously limits the system’s ability to produce
a photon at a specific time, which is an impediment to creating any kind of
clock-based quantum system. Second, it means that there may be multiple
photons created at a given time, which destroys the absolute security of
quantum cryptography.

The condition that photons should be separated in time may be called
antibunching or sub-Poisson behavior. Important early work in this area was
done by Kimble, Dagenais and Mandel [1]. These are the photon producers
that may properly be called sources of single and entangled photons, and the
desire to create effective implementations of them has driven much of the
recent research in quantum optics. In the last decade in particular, many
novel sources have been developed to address this need.
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A common feature of single- and entangled- photon sources is that they
rely on the excitation and relaxation of a single emitter of some kind. Use of
a single emitter promotes antibunching due to its characteristic fluorescence
lifetime, during which it stays in the excited state and cannot be triggered
further. The emitter can take any of several forms: atoms, molecules, cav-
ities, and quantum dots have all been used. The excitation can come from
either optical or electrical sources.

One important class of sources in consideration have used quantum dots
embedded in semiconductor devices [2][3][4]. This technology takes advan-
tage of the Purcell effect, an increase in the rate of spontaneous emission
by resonant cavities. It has the advantage of being electrically, rather than
optically, driven, which makes for easier integration with and control by ex-
isting technology. Further, they can be used to create either single photons
or entangled pairs. The latter is accomplished by setting up a biexciton, a
state with two excited electron-hole pairs. [5]

An similar method[6] uses nanoscale imputities in specially-fabricated
diamonds as the resonant source. A key advantage of this method is that it
functions at higher temperatures than quantum dots. Recent refinements[7]
have improved the power output this type of source can produce, making it
a more viable candidate.

In addition to nanotech solutions, individual atoms have been made into
single-photon sources [8][9]. These methods, which are generally optically
driven, make use of the energy levels inherent to the atom’s structure.

Although the technology for producing entangled photons is still in its
infancy, there have already been dramatic successes in its application. No-
table among these is an experiment undertaken in 2007, in which a quantum
key was distributed to two receivers in the Canary Islands separated by 144
km [10].

In a sense, quantum information technology is in a state now compara-
ble to the state of conventional computing in the middle of the twentieth
century: there is already an extensive theory that describes the potential of
this technology in detail, and there are sophisticated quantum algorithms
that are just waiting for a platform with the power to execute them. Future
developments of quantum optical devices such as those described above offer
a way to construct that platform.
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