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Abstract

Our Bragg-reflection waveguides have been shown to serve as bright 
sources for photon pairs at telecom wavelengths. The pairs, created via 
parametric down-conversion, can be polarization or time-bin entangled for 
use in quantum communication [1-3]. In this work, we present our efforts to 
integrate our source into versatile polymer photonic circuits [4]. To achieve 
this, we adapt and optimize our BRWs for direct electrically pumped 
generation of photon pairs [5,6].
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 Bragg-Reflection Waveguides as Photon Pair 
Sources for Polymer Photonic Circuits

Bragg-Reflection Waveguides: Optics Lab on a Chip 

Collinear propagation of light 
modes through the waveguides 
simplifies the alignment of the 
outgoing beams.
 

Their design allows use at room temperature 
and the production of broadband photon 
pairs from PDC in the telecom C-band.

BRWs are semiconductor structures made 
of AlxGa1-xAs, which possess a strong 
nonlinearity and high integrability.

 

  
Introducing an Internal Quantum Dot Laser
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Laser Characterization
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Electrical Contacting and Thermal Control

Outlook: On-Chip Time-Bin Entanglement
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We first perform a spectral analysis of the internal quantum dot laser by 
increasing the applied voltage at room temperature. Around 98 V the sharp 
laser emission line emerges from the fluorescent background at 800 nm.

We set the voltage to 60 V and decrease the temperature to -10 °C to 
explore the increase of the laser efficiency at lower temperatures.
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n-Doping: Si Atoms

GaAs Capping Layer

Bragg Mirrors:
63% Al, 443 nm
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p-Doping: C Atoms

Core Layer:
43% Al, 365 nm
Quantum Dots:
13% Al, 47% In
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Ridge Width

Our AlxGa1-xAs waveguides are adapted to include the pump laser diode. 
This is achieved by adding AlGaInAs quantum dots to the core layer and 
surrounding them with a quantum well for increased carrier accumulation. 
The layers above and below the core are p- and n-doped, respectively, to 
form the p-i-n- junction. The waveguide features gold pads on the surface 
and is placed on a copper stage enabling electrical contacting.  

[5] B. Bijlani et al. Semiconductor optical parametric generators in isotropic semiconductor diode lasers, APL 103, 091103 (2013).

The BRW is butt-coupled to the Polymer and pumped either by an external 
pulsed laser or via electrical pulses. The pump pulses are timed so as to 
match the time delay in the Mach-Zehnder interferometer. The filters, beam 
splitters, mirrors and phase shifters are realized in the form of thin film 
elements which are positioned into slots in the Polymer.
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We optimize the quantum dot laser characteristics to enable photon pair 
generation via PDC. To this end, the phase matching condition needs to be 
fulfilled; consequently the laser spectrum needs to overlap with the second 
harmonic generation wavelength.
To overcome the refractive index mismatch between AlGaAs and Polymer, 
we taper the waveguide. 

Furthermore, we observe a shift of the laser emission line to smaller 
wavelengths in waveguides with increased ridge width. However, those with 
ridge widths above 6.5 µm do not lase at all due to a decreased injected 
carrier concentration in the active layer. 

The waveguide can be contacted via a 
needle connected to a pulse generator. 
Voltages up to 100 V can be applied to 
the BRW enabling its characterization in 
different gain regimes.

The stage is equipped with a thermal 
control consisting of a water heatsink, a 
dual-stage Peltier element and a dry air 
housing. This allows the temperature to 
be controlled down to -25 °C.


