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To generate entangled photon pairs via quantum dots (QDs), the exciton fine-structure splitting (FSS)

must be comparable to the exciton homogeneous linewidth. Yet in the ðIn;GaÞAs=GaAs QD, the intrinsic

FSS is about a few tens �eV. To achieve photon entanglement, it is necessary to cherry-pick a sample with

extremely small FSS from a large number of samples or to apply a strong in-plane magnetic field. Using

theoretical modeling of the fundamental causes of FSS in QDs, we predict that the intrinsic FSS of

InAs=InP QDs is an order of magnitude smaller than that of InAs=GaAs dots, and, better yet, their

excitonic gap matches the 1:55 �m fiber optic wavelength and, therefore, offers efficient on-demand

entangled photon emitters for long distance quantum communication.
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Entangled photon pairs distinguished themselves from
the classically correlated photons because of their non-
locality [1,2] and therefore play a crucial role in quantum
information applications, including quantum teleportation
[3], quantum cryptography [4], and distributed quantum
computation [5]. Benson et al. [6] proposed that a biexci-
ton cascade process in a self-assembled quantum dot (QD)
can be used to generate the ‘‘event-ready’’ entangled pho-
ton pairs, with orders of magnitude higher efficiency than
the traditional parametric down-conversion method [2–4].
This process is shown schematically in Fig. 1(a), in which
a biexciton decays into two photons via two paths of dif-
ferent polarizations jHi and jVi. If the two paths are
indistinguishable, the final result is a polarization en-

tangled photon pair state [6,7] ðjHxxHxi þ jVxxVxiÞ=
ffiffiffi

2
p

.
However, early attempts [6] to generate the entangled
photon pairs using the InAs=GaAs QDs were unsuccessful,
because the jHi- and jVi-polarized photons have a small
energy difference due to the asymmetric electron-hole
exchange interaction in the QDs [see Fig. 1(b)]. The small
energy splitting, known as the fine-structure splitting
(FSS), is typically about �40 to þ80 �eV in the
InAs=GaAs QDs [8–10], which is much larger than the
radiative linewidth (�
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The reason for the early optimism about the use of QD
for generating entangled photon pairs stems from the
thought that FSS of an exciton will vanish [see Fig. 1(a)]
in shape-symmetric (e.g., cylindrical) dots [14]. However,
the FSS of an exciton in a dot contains two terms: the
previously largely ignored ‘‘intrinsic FSS’’ [14], which is
nonzero even in a shaped-symmetric dot, and the ‘‘shape-
asymmetric FSS’’ due to deviation from geometric sym-
metry along the [110] and [1�10] directions [12]. In this
sense, the FSS is just like the spin-splitting effects, which
are composed of the intrinsic Dresselhaus term [15], due to
the bulk inversion asymmetry, and the Rashba term [16],
due to the geometrical asymmetry. Whereas the contribu-
tion to the FSS of QD shape asymmetry [12] can be
reduced by carefully controlling the growth conditions,
the ‘‘intrinsic’’ FSS is still present even for an idea cylin-
drical dot, because semiconductor materials from which
dots are commonly made have the zinc-blende structure
and are thus not spatially isotropic. The zinc-blende struc-
ture has Td symmetry, so even a cylindrically shaped, i.e.,
lens or cone, QD made of a zinc-blende semiconductor can
only have a subgroup C2v symmetry [17]. Since the inter-
face between the dot material and the surrounding matrix
material is not necessarily a reflection plane, the (atom-
istic) potentials are different along the [110] and [1�10]
directions [17], leading to a natural, built-in intrinsic FSS



electron and holes states (including spin), which converge
very well with the results. Since the exciton and biexciton
are nearly linearly polarized along the [110] direction and
the [1�10] direction [19], the FSS is defined as the energy
splitting between the [110] polarized exciton and [1�10]
polarized exciton, i.e., �FSS ¼ EðX½110�Þ � EðX½1�10�Þ.

Figure 3 shows the FSS in these two systems as a
function of the excitonic energy [23]. The exciton energies



of the cone-shaped dots are similar to that of the lens-
shaped dots.

Effect of shape asymmetry to FSS.—Figure 4(e) depicts
the FSS of the InAs=GaAs QDs as functions of the lateral
aspect ratio R½110�=R½


