
Journal of Physics: Conference
Series

     

OPEN ACCESS

Biexciton cascade in telecommunication
wavelength quantum dots
To cite this article: M B Ward et al 2010 J. Phys.: Conf. Ser. 210 012036

 

View the article online for updates and enhancements.

You may also like
Biexciton generation processes for CuCl
quantum dot ensembles
Genta Sato, Tatsuro Akatsu and Kensuke
Miyajima

-

Semiconductor quantum dots as an ideal
source of polarization-entangled photon
pairs on-demand: a review
Daniel Huber, Marcus Reindl, Johannes
Aberl et al.

-

Optical signatures of moiré trapped
biexcitons
Samuel Brem and Ermin Malic

-

This content was downloaded from IP address 18.116.51.120 on 25/04/2024 at 19:20

https://doi.org/10.1088/1742-6596/210/1/012036
https://iopscience.iop.org/article/10.1088/2053-1591/3/2/025002
https://iopscience.iop.org/article/10.1088/2053-1591/3/2/025002
https://iopscience.iop.org/article/10.1088/2040-8986/aac4c4
https://iopscience.iop.org/article/10.1088/2040-8986/aac4c4
https://iopscience.iop.org/article/10.1088/2040-8986/aac4c4
https://iopscience.iop.org/article/10.1088/2053-1583/ad2fe6
https://iopscience.iop.org/article/10.1088/2053-1583/ad2fe6
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjssweTZ8-U2tXBPE5QWmeD5HEGlqeGXZeZk83uae1deKM8Cp1L6BLphjWhKNYM5to7S7Tu827cgvFF3WRl1Mp01YmSAknGeodcI8uoOL9KDQNBtWCcEZl_sCZJAvD4J8sev5fWVLGLYutlZaIlvqP-m42wbtZKEWxbsE70hSNd2iQzv_KLq7FZWUh31s0n_mD5ykCDey8wVm2meKFCA2jZIFJ1ZEY93RlRMpvR41Fbp3g4sAJweN477yDKftXZzTLgqkYNYPMa9mQaBX99vOhxl0Lp6tliwkqepyc1ph6PWSbwNZI8XxuNFjrkPSYE0cf3MlY22Z1YWG-90WgJd0DW0&sig=Cg0ArKJSzH5zbHrzm-L9&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA


Biexciton cascade in telecommunication wavelength

quantum dots

M B Ward1, P M Intallura1,2, C M Natarajan3, R H Hadfield3,
P Atkinson2, Z L Yuan1, S Miki4, M Fujiwara4, M Sasaki4, Z Wang4,
B Baek5, S W Nam5, D A Ritchie2 and A J Shields1
1 Toshiba Research Europe Limited, Cambridge Research Laboratory,

208 Cambridge Science Park, Milton Road, Cambridge CB4 0GZ, United Kingdom
2 Cavendish Laboratory, University of Cambridge, J J Thomson Avenue,

Cambridge CB4 0HE, United Kingdom
3 Heriot-Watt University, Edinburgh E14 4AS, United Kingdom
4 National Institute of Information and Communications Technology,

4-2-1 Nukui-Kitamachi, Koganei, Tokyo 184-8795, Japan
5 National Institute of Standards and Technology, 325 Broadway, Boulder, CO 80305, USA

E-mail: martin.ward@crl.toshiba.co.uk

Abstract.
We report on polarisation correlation from the cascaded recombination of biexcitons in

a quantum dot emitting at a telecommunication wavelength. The fine structure splitting of
the exciton state in this InAs/GaAs quantum dot is of the order of 100μeV and polarisation
correlation is expected. Strong polarisation correlation between the biexciton and exciton
emission lines is observed under both continuous wave (CW) and pulsed laser excitation so
telecom wavelength quantum dots with lower energy splittings could be suitable for entangled
photon pair generation. Measurements were performed using nanowire superconducting single
photon detectors (SSPDs). SSPDs offer low time-jitter and improve the resolution of features
in the correlation spectra, including the asymmetric dip and peak resulting from the cascaded
emission with the peak extending more than an order of magnitude above the Poissonian level.

1. Introduction
The biexciton cascade in quantum dots has been shown to be useful for the generation of pairs of
photons and in particular for the creation of pairs where the polarisations of the two photons are
related. The linear polarisations of the two photons can be correlated [1–4] or the polarisations
of the photons can be entangled [5–7]. For many network applications the emission must be at
a wavelength compatible with standard optical fibre [8–10]. We have previously demonstrated
the use of single photons to distribute keys securely over an optical fibre link [11] but for more
complex networks, or to extend communication lengths using quantum repeaters, sources of
entangled photon pairs are desired. Polarisation correlated photon pairs have also been proposed
for direct use in passive quantum key encoding [1].

2. Sample
Quantum dots were grown to have a bimodal dot size distribution as described previously [8].
The growth includes a strain relaxing layer of InGaAs above the quantum dots to extend the
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emission wavelength to ∼ 1.3μm. The nominal indium composition of this layer is ∼ 19%
and it is hoped that the number of structural defects introduced by this layer is not so
high as to substantially degrade the important properties of the quantum dots, such as the
radiative emission efficiency or the spin-scattering rate. The dots are also physically larger and
have significantly different confinement potentials than those at shorter wavelengths, so it is
interesting to verify whether strong polarisation correlation can be observed in this system.

3. Photoluminescence spectroscopy
Figure 1 shows photoluminescence spectra from the sample for each polarisation. Two doublets
are clear at wavelengths∼ 1289.8 nm and∼ 1299.9 nm corresponding to emission from the exciton
and biexciton states respectively. The fine structure splitting is determined to be ∼ 100μeV.
With such a large splitting we expect to be in the regime of polarisation correlation but not
polarisation entanglement.
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Figure 1. Photoluminescence spectra recorded
for two orthogonal polarisations. Doublets arising
from exciton (X) and biexciton (X2) emission
are both visible. A few weaker emission lines
are present between the X and X2 emission.
Their origins are not known but could include
other quantum dots or other (charged) excitonic
complexes from the same dot.

4. Superconducting single photon detectors
The superconducting nanowire detectors employ a meander-type geometry defined in a niobium
nitride film and were operated around 4K in a closed cycle cooling system [12, 13]. The
performance of the detectors is shown in the left of figure 2. During the measurements the
detectors were operated around the 1–2% efficiency region in order to maintain low dark count
levels.

To measure the response function of the correlation system we used light from a synchronously
pumped optical parametric oscillator, delivering picosecond pulses at a wavelength of 1300 nm.
This light was passed to both superconducting detectors and correlations between detection
events in the two detectors were recorded. The resulting correlation is shown in figure 2 along
with a Gaussian fit to the data (red) with a width of 127 ps. The data are well represented by
the Gaussian fit due to the simple temporal response of the superconducting detectors.

-400 -200 0 200 400
0

1

N
or

m
al

is
ed

 C
ou

nt
s

Time (ps)

Figure 2. (Left) Detector
efficiency vs dark count rate.
(Right) Response of the cor-
relation system comprising the
pair of superconducting single
photon detectors and associ-
ated electronics.
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5. Continuous wave cross-correlations
Correlation measurements were first performed under excitation by continuous wave laser
excitation from a semiconductor diode laser at 1064 nm. Independent tuneable spectral filters
were used on each channel to select emission from either the exciton or biexciton onto the two
superconducting detectors. The delays between coincidence counts were analyzed using a single
time-to-analogue converter and the results are shown in figure 3. The left hand plot represents
the case where the same polarisation state was passed to each detector and the right hand plot
represents orthogonal polarisations. A strong asymmetry is seen about zero delay reflecting the
cascaded nature of the emission. For same-polarisations the peak observed at small positive
delay extends more than an order of magnitude above the Poissonian level. The large height
measured for this peak is made possible by the excellent time resolution of the detection system.
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Figure 3. Exciton–biexciton cross-correlations between same (‖) and orthogonal (⊥)
polarisations under continuous wave excitation. The correlation measurements were performed
with the sample at 40K.

In the cross-polarisation data a peak is still seen for small positive time delay but its height
is greatly reduced with respect to that of the same-polarisation data. Imperfect polarisation
alignment is likely to have been a significant factor giving rise to the peak in the cross-polarisation
data. The fact that the dip at negative delay does not reach zero is due to a combination of
detector dark counts, background emission from other states in the system, any residual laser
light from the excitation pump laser and jitter of the detection system. The dip is expected to
fall to zero immediately adjacent to the very strong correlation peak. Although the jitter of the
detection system is rather low, a strong correlation peak can impact the depth of the measured
dip and the effect will be larger for the same- than for the cross-polarisation data.

A weak bunching effect is also observed in the data. This is seen most clearly where the
correlation curve rises above the Poissonian level for a range of negative time delays. Such a
bunching effect can increase the height of a correlation peak close to zero delay but we note that
it should scale both the same- and cross-polarisation data similarly.

6. Pulsed cross-correlations
The sample was excited at a wavelength of 1064 nm by a picosecond pulsed laser diode at
50MHz. The correlation data are shown in figure 4. Again a strong correlation peak is seen in
the same-polarisation data. Note that the zero-delay peak is asymmetric due to the nature of
the cascade. The area of peaks in the pulsed data can be integrated to obtain a measure of the
strength of the polarisation correlation. We define an approximate degree of correlation, C, as

C =
g
(2)
‖ (0)− g

(2)
⊥ (0)

g
(2)
‖ (0) + g

(2)
⊥ (0)

, (1)
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Figure 4. Exciton–biexciton cross-correlations between same (‖) and orthogonal (⊥)
polarisations under pulsed excitation.

and, with g
(2)
‖ (0) = 4.08 and g

(2)
⊥ (0) = 0.85 referenced to the area of the average of the large

finite delay peaks, we obtain C = 0.65. No corrections have been made to account for dark
counts in the detectors and it is likely that imperfect polarisation alignment was also limiting
the measurements. Some emission from other states will also have been passed by the spectral
filters. However, the degree of correlation here is of the same order as measured at shorter
wavelengths in [2].

7. Conclusion
Strong polarisation correlation between photon pairs from a quantum dot biexciton cascade has
been demonstrated at a wavelength ∼ 1.3μm. Superconducting nanowire detectors offering low
temporal jitter enable good resolution of features in measurements using both continuous wave
and pulsed laser excitation. The high degree of polarisation correlation measured suggests the
absence of scattering processes strong enough to prevent the observation of entangled photon
pair generation from similar quantum dots with smaller fine structure splittings.
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