
Directly-written integrated photonic circuits for quantum dot-based quantum 
simulations 

Long-term objective: We will develop a quantum dot (QD) source of small (3-6 photon) 
photonic mini-cluster states in a modular, scalable platform. These mini-clusters will be 
entangled via polarization encoding.  The mini-cluster states will be fed into a directly-written 
waveguide circuit, of the type designed previously for quantum random walks (QRWs) and 
required polarization preservation. The processing of the 3-6 photon mini-clusters in the QWR 
circuit will result in the production of complex multi-body states which may be engineered to 
map onto many-body problems in other areas of physics, thus enabling quantum simulations.  

  

Figure 1 (from left to right) schematic of high efficiency fibre-coupled QD structure and schematic for 
incoupling to quantum simulation chip via passive switching. The output might be a complex entangled 
many-body state, such as the star cluster shown. This could be engineered by choice of circuit and 
cluster state generation mechanism. 

Example Outline of Cotutelle PhD project 

• Design and fabrication of waveguide circuit to perform quantum random walks (MQ 
Mth1-12) 

o This will require two steps – firstly a circuit must be designed to 
perform simple QRWs with simple single photons from QDs (low 
risk – something similar has been done before) 

o Fabrication of waveguide circuit using direct-write technique 
(low risk). 

o Design and fabrication of fusion circuit (medium risk) 
• Co-design of efficient fibre-chip coupling to allow coupling via fibre from QD to chip 

with extremely high efficiency (Mth13-18 MQ) 
o The first step is to utilise fibre tapering techniques being developed in Bristol, using 

designs to match to NA of waveguide, fibre techniques to be well-established by 
this time in Bristol, designs to be provided to student (low risk) 

o The second step is to co-engineer end fire waveguide coupling, exploring tuning of 
numerical aperture of emerging beam (medium risk) 

• Testing with QD sources (Mth19-42 – BRIS) 
o Testing with simple single photon sources coupled to optical fibre, not at first with 

tapered fibre (low risk) 
o Build and test of tapered fibre QD-chip network, involving etching of fibre, coupling 

to chip, then coupling to QD source and testing (high risk). 
Note that starting location is flexible, and the exact objectives will be determined after 
discussion with successful candidate. 
Academics involved: 

Prof. Ruth Oulton (BRIS) – Fibre-coupled QD sources 
Prof. Michael Steel (MQ) – Directly-written waveguide design 
Prof. Michael Withford (MQ) – Directly-written waveguides 

Further Reading:  
Mini-cluster states: Gimeno-Segovia et al, Phys Rev Lett, 2015. 
Laser-written waveguide circuits: Marshall et al 2009, Optics Express 17 
More further reading on request 


