
Indistinguishable quantum-dot single-photon-sources  

on a reconfigurable photonic integrated circuit 
 

Anthony J. Bennett1,2, David J.P. Ellis1, Christian Dangel1,3, James P. Lee1,4, Jonathon P. Griffiths5, Tom 

A. Mitchell5, Taofiq K. Paraiso1, Peter Spencer5, David A. Ritchie5 and Andrew J. Shields1. 
 

1 Toshiba Research Europe Limited, 260 Science Park, Milton Road, Cambridge, CB4 0GZ, UK. 
2 School of Engineering, Cardiff University, Queen's Buildings, The Parade, Cardiff, CF24 3AA, UK. 

email: BennettA19@cardiff.ac.uk. 
3 Physik Department, Technische Universitat Munchen, 85748 Garching, Germany. 

4 Department of Engineering, Cambridge University, 9 J.J. Thomson Avenue, Cambridge, CB3 0FA, UK. 
5 Cavendish Laboratory, Cambridge University, J. J. Thomson Avenue, Cambridge, CB3 0HE, UK 

 

 

 
Abstract 

 

The combination of integrated photonic circuits and solid-

state single-photon-sources offers the promise of minia-

ture, stable and scalable quantum photonic devices. We 

will discuss some schemes that have been proposed to 

combine III-V semiconductor quantum dots with low-loss 

optical circuits, and present our scheme to integrate an 

array of tunable single photon sources on a low-loss sili-

con oxy-nitride photonic integrated circuit. 

 

1. Introduction 

   Semiconductor quantum dots are a promising resource for 

optical quantum algorithms [1]. They can be engineered to 

emit single, entangled or indistinguishable photons with near 

unity efficiency across a wide range of the optical and near-

infra-red spectrum. Using processing techniques from the 

semiconductor industry electrically operated devices based 

on this technology can be manufactured in volume. Combin-

ing these solid state light sources with Photonic Integrated 

Circuits (PICs) is a target for many research groups. The 

small size, robustness, interferometric stability, configurabil-

ity, manufacturability, scalability of this technology allows 

complex optical systems to be reduced to the size of a single 

chip. 

 

2. General Instructions 

PICs have been employed in many quantum applications 

including logic gates [2], higher order path entanglement [3], 

quantum walks [4], Boson Sampling [5,6] and on-chip quan-

tum teleportation [7]. These PICs can support optical qubits 

encoded in path, time bin, polarization or mode which can be 

interconverted. All of these experiments have relied upon 

photons generated externally and delivered to the PICs 

through fiber. We have used this experimental arrangement 

with pairs of indistinguishable photons from a single quantum 

dot guided to a PIC to demonstrate an optical controlled-NOT 

gate [8] and generation of path-entangled N00N states that 

display phase super-resolution [9].   

The major challenge in integrating quantum dots and 

PICs is in optimizing the optical coupling from the III-V sem-

iconductor to the waveguide circuit. There are many architec-

tures being investigated for this, but we have chosen to use a 

direct bonding method where the quantum dot device is phys-

ically attached to the end of the waveguide. This gives a cou-

pling efficiency that is determined by the numerical aperture 

of the waveguide. In our initial demonstration [10] we inte-

grated a single photon source, reconfigurable PIC and fiber-

optic v-groove array on a simple device.  

Semiconductor quantum dots display significant inhomo-

geneous broadening, which means any two dots are unlikely 

to emit photons at the same energy. We have recently tackled 

this problem with by integrating an array of quantum-dot-tun-

able diodes onto a reconfigurable PIC [11]. Using an opti-

mized heterostructure [12] in the diode we are able to achieve 

tens of meV tuning of individual quantum dot transitions in 

separated channels on the PIC. This tuning range is sufficient 

to make transitions in separated dots, located at separate chan-

nels of the PIC, indistinguishable. We will discuss our latest 

results showing two photon interference between dots on this 

quantum dot-PIC device [11].   

 

3. Conclusions 

   In conclusion, we have demonstrated a compact, pack-

aged device that integrates a reconfigurable loss-loss pho-

tonic circuit with an array of independently controlled single 

quantum dot light sources. Choosing a diode design that al-

lows substantial changes to the energy of transitions in the 

single quantum dots, we are able to show that photons from 

separate quantum dots can be made indistinguishable. This is 

a key requirement of linear optical quantum computing 

schemes. 
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