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For fundamental tests of quantum physics as 
well as for quantum communications non-
classical states of light are an important tool. In 
our research we focus on developing semicon-
ductor-based and integrated sources of single 
photons and entangled photon pairs. We will 
present two complementary lines of work to-
ward this goal. 

The first line is targeting a room-temperature 
quantum optics lab on a III-V semiconductor 
chip. As a first step we demonstrate efficient 
photon pair generation in an AlGaAs Bragg-
reflection waveguide. Spontaneous parametric 
down-conversion creates photon pairs at tele-
communication wavelengths [1]. The various 
phase-matching solutions present in our device 
can be used to create time-bin or polarization 
entanglement [2]. In combination with whisper-
ing-gallery-mode lasers this approach can to lead 
to a fully integrated photon pair source with the 
pump laser, active and passive optical devices all 
on a single semiconductor chip.  

In our second approach we use resonant two-
photon excitation of a single InAs/GaAs quantum 
dot to deterministically trigger a biexciton-
exciton cascade. We block the pump light from 
the detectors by using side excitation through 
the waveguide mode of a planar microcavity (see 
Figure 1). We demonstrate Rabi oscillations, 
Ramsey interference and all-optical coherent 
control of the quantum dot resulting in single 
and paired photons with a high degree of indis-
tinguishability. This indistinguishability results 
in time-bin entangled photon pairs through the 
biexciton-exciton cascade. 

Time-bin entanglement is a useful variant for 
long distance communication because it is robust 
against decoherence in optical fibers. Two suc-
cessive coherent pulses excite the dot either in 
the early or in the late pulse. The emitted pho-
tons pass imbalanced interferometers for analy-
sis in the energy basis. Through quantum state 
tomography we are able to demonstrate signifi-
cant entanglement of the emitted pairs. 

 
Figure 1: A single InAs quantum dot is coherently excit-
ed from the side. The emitted single photons and pho-
ton pairs are collected by a microscope objective 
through the top mirror of the planar microcavity that 
contains a layer of self-assembled quantum dots. 

The two sources we present are complementary 
in that the first gives us a possibility to produce 
entanglement on a chip at room temperature, 
whereas the second one has the potential to be-
come a source of single entangled photon pairs 
suitable for use in quantum repeaters. 

This work was supported by the ERC, NSERC, 
Ontario Ministry of Research and Innovation, 
CIFAR, Industry Canada, CFI, and CMC. 

[1] R. T. Horn, P. Abolghasem, B. J. Bijlani, D. Kang, A. S. Helmy & G. Weihs, Monolithic Source of Photon Pairs, 
Phys. Rev. Lett. 108, 153605 (2012). 

[2] R. T. Horn, P. Kolenderski, D. Kang, P. Abolghasem, C. Scarcella, et al., Inherent polarization entanglement gener-
ated from a monolithic semiconductor chip, Sci. Rep. 3, 2314 (2013) 

[3] H. Jayakumar, A. Predojević, T. Huber, T. Kauten, G. S. Solomon & G. Weihs, Deterministic Photon Pairs and Co-
herent Optical Control of a Single Quantum Dot, Phys. Rev. Lett. 110, 135505 (2013).  

Speaker: Gregor Weihs
Session: Semiconductor nanostructures for quantum communication
See program for placement.

PQE-2014 Abstract Processed 14 November 2013 0


