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Abstract
Single-photon sources based on semiconductor quantum dots find several applications in
quantum information processing due to their high single-photon indistinguishability, on-demand
generation, and low multiphoton emission. In this context, the generation of entangled photons
represents a challenging task with a possible solution relying on the interference in probabilistic
gates of identical photons emitted at different pulses from the same source. In this work, we
implement this approach via a simple and compact design that generates entangled photon pairs in
the polarization degree of freedom. We operate the proposed platform with single photons
produced through two different pumping schemes, the resonant excited one and the
longitudinal-acoustic phonon-assisted configuration. We then characterize the produced entangled
two-photon states by developing a complete model taking into account relevant experimental
parameters, such as the second-order correlation function, Hong–Ou–Mandel visibility,
multiphoton emission and pump laser filtering. Our source shows long-term stability and high
quality of the generated entangled states, thus constituting a reliable building block for optical
quantum technologies.

1. Introduction

The generation of entangled states of light is fundamental to several quantum information applications
ranging from quantum communication [1–3], quantum sensing and metrology [4, 5], quantum networks
[6–9] and quantum computing [10–12]. Spontaneous parametric down-conversion-based sources can be
employed to obtain high-fidelity entangled photons. However, this technology presents a trade-off between
the brightness and quality of the output states. Indeed, due to the probabilistic nature of the process,
increasing source brightness is inherently accompanied by higher multiphoton terms, and thus the
generation rate must be kept below a certain threshold; such limitation can be overcome by exploiting
quantum dot (QD) sources [13, 14]. In the last 20 years, QD single-photon sources (SPSs) have been widely
exploited for secure quantum communication [15, 16] due to their simultaneous characteristics of high
purity, brightness and single-photon indistinguishability. Moreover, QD-based SPSs represent a favorable
approach for measured-based quantum computing [17], optical quantum networks [7], generation of
photonic cluster states [18] and high-performance boson sampling [19]. In particular, it has been recently
demonstrated that SPSs provide a significant improvement in quantum key distribution (QKD) schemes due
to their low multi-photon contribution, thus minimizing information leakage to malicious eavesdroppers
[20]. For this reason, QD sources have been mainly adopted in standard BB84 protocols [15, 21, 22],
representing a natural solution to multiphoton-based attack as well as QKD protocols based on entangled
photon sources (EPSs) [3, 23, 24]. Furthermore, QD-based SPSs (QDSPSs) are being also exploited for the
generation of Greenberger–Horne–Zeilinger (GHZ) states using integrated photonics [25] thus
demonstrating their successful application in multipartite protocols [26, 27].
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Entanglement generation by means of QDSPSs has been investigated by employing different degrees of
freedom and configurations, such as structured photons [28], polarization-encoded GHZ states based on
temporal-delay fiber loops [29–31], spin-photon entanglement [32, 33], and time-distributed
photon-number entangled states [34]. Designing QDs without fine structure splitting (FSS) that generates a
pair of entangled photons via biexciton–exciton radiative cascade [23, 35, 36] represents one of the most
common applications and efficient methods. However, the quality of the entangled states is degraded when
FSS is present. Therefore, the development of alternative schemes to generate entanglement for this case is
pivotal for further extending the study of QD-based protocols. Nowadays, the generation of entangled states
exploiting non-entangled emission by QDs has been demonstrated in a few works [29, 30, 37, 38] and
represents a practical possibility to scale QD-based GHZ states [30]. Nevertheless, a complete model
accounting for the QD source properties as well as other sources of experimental imperfections, such as
residual pump laser, multiphoton emission and overall efficiency of the experimental setup is still lacking.
Filling this gap is necessary to fully determine important properties such as entanglement and stability,
whose characterization is fundamental for protocols such as QKD. The single-photon emission by
exciton-based QD can be achieved in two different regimes, the first one with the pumping laser being
resonant with the exciton energy level and the non-resonant excitation [14]. On one hand, the main
advantage of non-resonant excitation resides in the fact that single photons emitted can be easily separated
from the excitation laser through spectral filtering. On the other hand, resonant fluorescence (RF) can be
adopted to improve single-photon indistinguishability, eliminating dephasing and time jitter [39], at the
price of more challenging suppression of the residual pump laser light. Also, due to the cross-polarization
filtering procedure of the residual pump, the Firs lens brightness is at least halved [13].

In this work, we design and fully characterize an optical scheme to generate polarization-entangled pairs
of photons using a semiconductor QD device emitting highly indistinguishable single-photon streams. Two
QDs were considered for the study: one coherently controlled via RF excitation, and the other operated
under non-resonant excitation assisted by longitudinal-acoustic (LA) phonons [14]. In our design, the
entangled pairs are obtained by employing interference between two photons generated in two consecutive
pulses by the QD source, and, therefore, the overall quality of the generated states depends on the
indistinguishability of the exploited photons. This feature has been extensively discussed in terms of
Hong–Ou–Mandel (HOM) effect and multiphoton contributions [40]. The resulting performance of the
polarization-entangled source is quantified by directly measuring the brightness and through a CHSH test
[41] for both QD excitation schemes.

Finally, to determine the quality of the entanglement that can be generated, we present a model involving
several experimental parameters of our system. We tested the time-stability and the robustness of the
generated entangled states while these parameters varied. In this way, we identified the quantities which
mainly affect the quality of the generated entangled state, i.e. the degree of indistinguishability between
consecutive emissions and the multi-photon component of the QD source itself.

2. Experimental platform

The experimental platform is depicted in figure 1. Both QDSPSs are commercial Quandela e-Delight systems
(yellow dotted line panel). The semiconductor devices consist of a InGaAs matrix placed in a nanoscale
electrically controlled micropillar cavity [42] kept at cryogenic temperature (around 4K) by an
Attocube-Attodry800 He-closed cycle cryostat. The QDSPS are optically excited by a 79 MHz-pulsed laser in
two different excitation schemes: the first device works in a longitudinal phonon-assisted configuration (LA)
[43], while emission for the second device is achieved resonantly in the so-called RF one [44].

The LA optical excitation (QDLA) is obtained by blue-detuning the laser pump at 927.2 nm, and
produces single photons at 927.8 nm. The emitted photons are coupled into a single-mode fibers (SMF)
through a free-space confocal microscope mounted atop of the cryostat shroud and spectrally separated from
the residual pumping laser with spectral filters. The RF optical excitation (QDRF) employs a laser pump at a
wavelength centered at 928.05 nm, enabling resonant single photon generation by exciton emission. For this
second QDSPS, we achieve the single photon collection by means of an SMF located almost in direct contact
with the sample inside the cryostat. Photons are separated from the residual pumping laser in a
cross-polarization configuration. The train of single photons is sent to an unbalanced Mach–Zehnder-based
interferometer (MZI) for the generation of entangled photon pairs in the polarization degree of freedom
(purple dotted line panel in figure 1). A first in-bulk balanced beam splitter (BS) divides the photons into
two paths, with a relative temporal delay corresponding to the difference between two consecutive emissions
(~12 ns) achieved through a specifically tuned fiber delay line. A photon entering the shorter path is

2



Quantum Sci. Technol. 9 (2024) 025002 M Valeri et al

Figure 1. Schematic representation of the experimental setup. Streams of single photons are generated by the QD in LA or RF
configuration (yellow box); a polarizing beam-splitter (PBS) is used to transmit only horizontal polarized photons. The
MZ-based interferometer (purple box) is composed of two beam splitters (BSs) and a delay line to probabilistically allow the
interference between a wavepacket emitted at time t with the consecutive emitted one at (t+ τ). Furthermore, a set of half-wave
plates (HWPs) and quarter-wave plates (QWPs) are placed along the internal arms in order to prepare orthogonal polarization
states interfering at the second BS. At the output of the MZI, the combination of manual polarization paddles (Pol. controller)
and a liquid crystal (LC) are used to prepare one of the four possible Bell states. Pair of entangled photons are detected by
post-selecting the events in which two photons exit from different outputs of the MZI. To record coincidence events we employ
standard polarization measurements (green box) composed by HWP, QWP, SMFs), single photon detectors (APDs) and a
time-to-digital converter (TDC) used to analyze the detectors’ signals.

prepared in vertical polarization (V), while the photon in the longer path is prepared in horizontal
polarization (H). A second in-fiber 50/50 BS recombines the two signals. In this way, when two consecutive
photons—namely head and tail—take different internal paths of the MZI, if the tail photon takes the shorter
path it then recombines in the BS with the head one. Precise temporal overlap between the photon pairs, on
the output BS, is achieved by finely adjusting the delay line along the longer path. Finally, when
post-selecting on the cases when photons take different output paths, i.e. on two-fold coincidences, the
obtained theoretical output state is |ψ(ϕ)⟩= 1√

2
(|HV⟩+ eiϕ|VH⟩). A liquid crystal (LC) sets the phase ϕ,

while polarization controllers are used to prepare one of the four states of the Bell basis. The measured
coincidence rate exiting the MZI is Rmeasured

CC = 1 kHz (0.5 kHz) for QDLA (QDRF). This value is compatible
with the transmission efficiency of the apparatus (50%). Indeed, considering a near-unity generation rate
inside the QD cavity (RQD ∼ 79MHz), the probability of detecting a zero-delay coincidence at the output of
the MZI is first reduced by a factor 4 from the first BS—i.e. the success probability of obtaining the head
photon in the delayed path and the tail photon in the shorter path of the MZI—and then halved by the

post-selection process, thus providing a final expected coincidence rate: RCC =
η2tot
8 RQD, where ηtot is the total

transmission of the experimental platform (see the supplementary information for a detailed description of
the loss budget). The quality of the generated entangled state mainly depends on the indistinguishability of
consecutively emitted photons as well as the presence of multi-photon components. These characteristics can
be quantified and studied, respectively, through the visibility VHOM of the HOM effect, and the second-order
correlation function g(2)(0).

3. Results

3.1. Theoretical model
When realizing an experimental platform for the generation of entangled states we necessarily have to take
into account multiple factors that preclude the realization of an ideal maximally entangled pure state. In
what follows, we describe a model which identifies the main parameters of our experimental apparatus and
relate them to the quality of the output entangled state. A detailed investigation of such quantities is reported
in the supplementary information.

The first parameter to be considered is the degree of indistinguishability between the two interfering
photons generating the entangled state, which depends on the overlap of their wavepackets. This overlap is
commonly quantified by measuring the visibility of HOM effect. Indeed, when two partially distinguishable
photons impinge on the inputs of a balanced BS there is a non-zero probability Pcc of obtaining a
coincidence event at the two outputs of the BS, which is at most equal to Pcc = 1/2 for fully distinguishable
photons. The measured HOM visibility VHOM is then quantified as:

VHOM = 1− 2Pcc. (1)

3
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This quantity is equal to one for perfectly indistinguishable photons, that is, no coincidence counts are
detected at the output of the BS; this is the typical signature of the HOM effect. However, the experimentally
measured HOM visibility (VHOM) does not match with the true photon indistinguishability (V), namely the
single photon trace purity [40]. This is due to the possible presence of additional photons (defined as noise
photons) traveling together with the SPS signal. Despite the QDs employed in the experiment show a high
probability p1 of single-photon generation for each pump pulse (p1 ∼ 1 for resonant excitation, p1 ⩽ 1 for
phonon-assisted excitation [43]), a residual probability p2 of noise-photon component exists, such that
p0 + p1 + p2 = 1, where p0 is the probability of no-excitation. The generated state in the LA configuration is a
statistical mixture of vacuum state and one-photon state while in the RF regime, the general description of
emitted photon state is given by a vacuum-one photon coherent superposition state, i.e.√
1− qeiϕq |0⟩+√

q|1⟩ with q ∈ [0,1],ϕq ∈ R, where the parameter q can in principle be varied by tuning the
laser pump intensity and ideally is set to near unity [44]. To quantify the impact of noisy photons, a
measurement of the second-order correlation g(2)(0) can be performed through the Hanbury–Brown–Twiss
(HBT) setup. The probability of having more than one photon p2 is then computed through the relation
g(2)(0) = 2p2

(p1+2p2)2
, as detailed in supplementary note 1. Furthermore, the measured HOM visibility VHOM is

reduced if the employed BS is not perfectly symmetric, that is, with reflectivity R= 1/2. In particular,
according to [40], the relation between multiphoton emission and photon indistinguishability is given by:

VHOM = 4RT

(
1+V− 1+V

1− vsn
g(2) (0)

)
− 1, (2)

where T (R) is the transmissivity (reflectivity) of the BS and vsn is the overlap between the single photon
signal and the noise photons. Therefore, considering the additional photon distinguishable from the QD
signal, i.e. vsn = 0 and a 50:50 BS, it is possible to compute a more precise estimation of the photon
indistinguishability as:

V=
VHOM + g(2) (0)

1− g(2) (0)
. (3)

The partial indistinguishability and the use of non-ideal BSs in the interferometer cause the state
produced by the two-photon interference (ρ̂11) to be different from the ideal pure state (ρ̂ψ = |ψ(ϕ)⟩⟨ψ(ϕ)|),
that is ρ̂11 ̸= ρ̂ψ . In particular, the distinguishability among the photons has different origins and its effect on
the final state of the source is to introduce non-ideal terms, that acts as dephasing and white noise. Indeed,
the presence of noise photons not only changes the estimation of HOM visibility, but also provides a
contribution to the final state, that we indicate as ρ̂12, ρ̂02 and ρ̂l (equation (2) of supplementary
information). Such multi-photon component gives rise to noise terms such as |HH⟩⟨HH| and |VV⟩⟨VV|, as
well as to terms |HV⟩⟨HV| and |VH⟩⟨VH| in the final state. The probability of each term depends on the
generation mechanism, described in detail in the supplementary information. Furthermore, to take into
account optical components imperfections or any other constant noise, like darkcounts, a contribution of
white noise ρ̂wn = I/4 is added to the experimental state since these terms provide a uniform contribution to
the coincidence counts in all the bases. The weight of the uniform contribution with respect to the
experimental state is determined by the coefficient cwn. Therefore, the expected experimental state has the
form:

ρ̂= cwnρ̂exp+(1− cwn)
I
4

(4)

where

ρ̂exp = c11ρ̂11 + c12ρ̂12 + c02ρ̂02 + clρ̂l. (5)

The coefficients c02, c11, c12, cl depend on several parameters such as the overall transmissivity η and the
percentage of a multi-photon signal expressed through the probability p0,p1,p2 to have zero, one and two
photons emission respectively (see supplementary information). The explicit expressions of the matrices ρ̂11,
ρ̂12, ρ̂02, and ρ̂l are reported in the supplementary information.

Using equation (4), it is possible to compute the maximum degree of entanglement achievable with our
experimental setup. Furthermore, the quality of the entanglement can be asserted in a device-independent
manner by using a Bell-CHSH test [41]. According to its formulation, the presence of entanglement between
two subsystems (A and B) is a necessary condition to violate the classical bound of the Bell-CHSH
inequality:

4
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Figure 2. Normalized correlation histograms between the two outputs of the QDLA and QDRF sources in the case of HBT and
HOM setups for measuring the second order correlation function g(2)(0) (panels (a) and (c)) and the HOM visibility VHOM

(panels (b) and (d)). The normalization is computed with respect to the average value of the peaks heights at delays τ ̸= 0; in the
HOM setups, the peaks at delays τ =±12 ns are excluded from the normalization computation.

S= |E(A0,B0)+ E(A0,B1)+ E(A1,B0)− E(A1,B1) |⩽ 2 (6)

where E(Ai,Bj) (with i, j = 0,1) is the expectation value of the correlator between two possible dichotomic
measurements made locally on the subsystems A and B. It is well known that maximally entangled states, like
the Bell states, can reach S= 2

√
2 which is the maximal violation of the Bell-CHSH inequality allowed

within quantum mechanics. For simplicity, we consider the so-called singlet Bell state (ϕ = π, so that
|ψ(ϕ)⟩= |ψ(−)⟩). To achieve S= 2

√
2 with a singlet state, one can choose as measurements Â0 = σ̂z, Â1 = σ̂x

and B̂0 = (σ̂z + σ̂x)/
√
2, B̂1 = (σ̂z − σ̂x)/

√
2, where σ̂z and σ̂x are the standard Pauli operators.

The state in equation (4) corresponds to a lower violation of the Bell inequality with respect to its
maximum value of 2

√
2 achievable via a singlet state. Here the expectation values of the correlators over the

modeled state have been computed as E(Ai,Bj) = Tr[ρ̂expÂi ⊗ B̂j] with i, j = 0,1. As a result this relation
shows the strongest dependence on the parameters g(2)(0) and cwn, i.e. the fraction of white noise. Conversely,
the highest achievable value of S does not depend significantly from non-ideal splitting ratios of the BSs.

Similar results hold when considering the fidelity F with respect to the ideal singlet state ρ̂ψ(−) , defined
as:

F = Tr

[√√
ρ̂ψ(−) ρ̂

√
ρ̂ψ(−)

]2

. (7)

In the supplementary information we describe a complete model of the main parameters affecting the
maximum achievable Bell-CHSH violation S and fidelity F over the experimentally generated state ρ̂. Since
the RF configuration operates in the regime q∼ 1, the differences between the RF and LA models reside in
the computation of the probabilities p1 and p2, quantified by the g(2)(0). Moreover, we note that there is no
difference in the entanglement quality obtained via the two different excitation schemes when the RF source
is operated in the near π-pulse regime.

3.2. Performances
The measured two-photon coincidence rate at the output of the source is RLA

m = 1 kHz (RRF
m = 0.5 kHz). The

single photon detectors used have a detection efficiency of around ηd ∼ 35%, from which it is possible to
infer the generated rate by the source of RLA

g ∼ 8 kHz (RRF
g ∼ 4 kHz). Such rate can be improved by a factor 4

replacing the passive demultiplexer, i.e. the first BS of the MZI, with deterministic choice of the path for the
consecutive photons, sending deterministically the head (tail) photon in the longer (shorter) path. This
active demultiplexing can be realized, for example, by adopting an electro-optic modulator and a polarizing
BS (PBS) [45]. As explained previously, the quality of the produced state is evaluated in terms of g(2)(0) and
the indistinguishability of consecutive photons. The former is computed with an HBT setup—obtained by
blocking one arm of the interferometer—while the latter by using the half-wave plates to rotate the photon
polarization in the shorter path from vertical to horizontal (the same as the photon in the longer path).
Figure 2 shows the time correlation histograms for both measures: QDLA provides VLA

HOM = (90.3± 0.3)%

5
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Figure 3. Quantum state tomography of the source. Real and imaginary parts of the measured density matrix in LA and RF
configurations are compared with the ideal singlet state and the one extracted by the model. Note that the latter is computed
considering the experimental parameters of the setup (see supplementary table I).

and g(2)LA (0) = (1.2± 0.1)%, while for QDRF the measured values are VRF
HOM = (91.8± 0.2)% and

g(2)RF (0) = (1.6± 0.2)%. According to equation (3), the HOM visibility corrected by g(2)(0) are found to be
VLA = (92.7± 0.3)% and VRF = (94.9± 0.3)%. Polarization measurement stages are placed at the two
outputs of the MZI in order to characterize in detail the final state of the source. After fine-tuning of the LC
for setting the singlet Bell state, a quantum state tomography and the CHSH test have been made. The
resulting density matrix is shown in figure 3, which correspond to a fidelity FLA

raw = (90± 1)% and
FRF
raw = (92± 1)% with respect to the ideal singlet state ρ̂ψ(−) . Considering the accidental counts measured in

the middle of two pulses of the time-correlation histogram (e.g. at delay 6 ns), it is possible to extract only
the noise contribution due to detector dark counts which affect such fidelities. By subtracting this
contribution, we obtain a fidelity of FLA = (92± 1)% and FRF = (95± 1)%. As previously discussed,
non-ideal contributions that limit the fidelity derive from multi-photon components, white noise and actual
distinguishability of single photons emitted by the QD sources, according to equation (4). Finally, we
measured the CHSH parameter obtaining SLAraw = (2.50± 0.02) from raw data, and SLA = (2.58± 0.02)
subtracting dark counts in the case of QDLA. Similarly, the use of QDRF provides SRFraw = (2.54± 0.02) and
SRF = (2.63± 0.02). Table 1 shows the performances of the two different configurations. The effect of
g(2)(0) and V on the S maximum values achievable can be quantified from the theoretical model via the

6
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Table 1. Comparison of the maximum experimental values measured between the (LA) and (RF) configurations.

LA RF

η 0.83% 0.51%
g(2)(0) (1.2± 0.1)% (1.6± 0.2)%
V (92.7± 0.3)% (94.9± 0.3)%
F (92± 1)% (95± 1)%
S 2.58± 0.02 2.63± 0.02

Figure 4.Maximum achievable value of the Bell-CHSH quantity as a function of the g(2)(0) and the fraction of white noise due to
state polarization imperfection and darkcounts (cwn). The experimental points are (0.025± 0.002,2.50± 0.02) for LA (red) and
(0.015± 0.002,2.54± 0.02) for RF (orange) without subtracting accidental coincidences which are compatible with cwn ∼ 0.95.
For simplicity, RF and LA data have been plotted together due to the very low difference in the theoretical model predicting the
expectation values of Sraw.

Figure 5. Performances of the LA-based source as a function of the time. Long-term stability of the source is monitored in terms
of fidelity (left vertical axis) and CHSH violation (right vertical axis) during 12 h of operation. The dotted lines correspond to the
theoretical prediction with cwn = 0.95. Note that classical/quantum regions are referred to the Bell’s parameter while the solid red
lines stands for the minimum/maximum value of the CHSH parameter.

ratio of the partial derivative around the point g(2)(0)−→ 0, V = 1. The ratio corresponds to ~8.5 in favor of
g(2)(0), showing that S is more sensitive with respect to variation of the photon overlap. Repeating the
reasoning for the fidelity, the same ratio is∼2.5 in both configurations. In figure 4 we compare the measured
values of SLAraw and SRFraw with the expected values of the CHSH parameter according to the proposed model
(see supplementary information). The plot shows how the second-order correlation function reduces the
maximum achievable S by our experimental scheme; it also predicts the maximum value of S obtainable
given the value of g(2)(0) and cwn. As expected, the observed experimental values do not exceed the
maximum values predicted by the model.

Figure 5 shows the stability of the produced quantum state in time, demonstrating no drop in
performance over 12 h without user intervention in the case of longitudinal phonon-assisted excitation. Such
a feature is relevant when the source is used for long duration measurement protocols. Conversely, the RF
approach showed less stability, having a drop in performance after few hours (figures 6(d) and (e)). As
shown by the figures 6(a)–(c) this reduced stability is related to an increasing g(2)(0) while the variation of

7
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Figure 6. Stability analysis of the RF-based source. (a)–(c) In this configuration, behavior of the fidelity (panel (a)), CHSH
violation (panel (b)), and HOM visibility (panel (c)) in function of the g(2)(0) is shown. Note that in panel c the error-bars are
lower than the markers. Its increasing over time is caused by the instability of the pump laser suppression mechanism.
Furthermore, as shown in panels (a) and (b), the trends of the best achievable values of CHSH and fidelity predicted by our
model (equations (27) and (29) of supplementary information) are in agreement with this behavior when g(2)(0) changes. (d),
(e) This effect can be mitigated by performing a real-time optimization of the cross-polarization condition to suppress any
residual laser pump light. As soon as g(2)(0) increases of more than ~2%, we manually act on the two waveplates’ angle at the
input of the source to recover the optimal cross-polarization condition and proper suppression of the laser pump. We indicate
with a vertical arrow the times at which we did so during a 15 h long timeframe.

other parameters have reduced or no effects. According to [40], a linear fit made with the parameters VHOM

and g(2)(0) returns the value of the photon superposition equal to V= 0.937± 0.001. The predictions of the
theoretical model are compatible with the experimental data considering a uniform noise quantified by
cwn ∼ 0.95. The increasing g(2)(0) is related to the non-perfect elimination of the pump laser by the
polarization-based suppression system. In fact, figures 6(d) and (e) show how the performance was
recovered by resetting that suppression whenever it showed a decrease.

4. Conclusions

We demonstrated a simple design to generate pairs of entangled photons in polarization by employing a QD
device emitting single photons streams. Our source is based on a MZI-like configuration, having long-term
stability and providing high quality of the entangled pair. Its characterization in both LA and RF
configurations demonstrated a high fidelity of the produced state with respect to the ideal single Bell state,
i.e. FLA

raw = (90± 1)% and FRF
raw = (92± 1)%, and certified the presence of non-locality by violating CHSH

inequality achieving SLAraw = (2.50± 0.02) and SRFraw = (2.54± 0.02), respectively. Entangled-based quantum
communication protocols using QD have so far been demonstrated only with EPSs [23]. The performances
of our source enable such implementations also adopting QDSPS as well. In fact, despite the presence of
post-selection on coincidence events, the security of QKD protocols is not further affected because the same
post-selection procedure is repeated on the algorithms based on entangled states [24]. With respect to
previous works, the most innovative aspect of this manuscript is two-fold. On one hand, we employ both a
resonant and an off-resonant excitation scheme for our QD sources, as well as two different configurations
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for laser injection and photon extraction, showing the entanglement generation and stability performances
of both schemes by measuring the same figures of merit over more than 10 h. On the other, we provide a
precise and accurate theoretical model to predict and directly test the quality of the entangled state that takes
into account noise sources that have not been taken into consideration in previous works. Our results found
particular relevance in protocols sensitive to these experimental parameters, such as QKD, where
multiphoton emission as well as pump filtering play a key role. Therefore, this work represents a significant
step forward in the generation of entanglement states via QDSPS exciton emission. Indeed, similar
source-designs have been considered for such purposes [29, 30]. The results demonstrate that the main
factors limiting our source are g(2)(0), HOM visibility and white noise. In presence of high
indistinguishability and low multiphoton emission, our design shows great stability in generating high
quality entangled photon pairs in polarization, despite possible non-idealities of the parameters which
constitute the source structure (e.g. splitting ratio of BSs) or long-time measurements. We stress that, by
improving the filtering system for the LA configuration or by adopting accurate feedback mechanisms to
control the cross-polarization condition in the RF configuration, a value closer to the intrinsic g(2)(0) of the
source can be achieved, thus increasing, in turn, the value of fidelity and the Bell’s inequality violation.
Moreover, our scheme constitutes a modular and versatile plug-in architecture that can be easily tailored to
several types of SPSs and unplugged whenever independent single photons are needed. Thus, the measured
CHSH values together with the tomography process, confirm the high purity of the employed QD device in
emitting highly indistinguishable single photons. Our setup can be exploited for the generation of entangled
photons to be used in several quantum information protocols, as those using integrated photonics for
fundamental tests [46–48], boson sampling [49–51] and hybrid entanglement between different degrees of
freedom such as orbital angular momentum-polarization [28, 52, 53], to cite some examples.
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