


total of four: �1, �2, � and ) for controlling the operation of the single qubit unitary. The optical path length, �, is easily tuned
to maintain 50:50 beam splitting, allowing for more robust control during operation compared to the traditional directional
couplers used in the MZIs systems which doesn’t have that functionality. MRRs also allow for the coupling coefficient between
the rings and waveguides, i.e., �; � to be actively tuned, as discussed by Hach et al. [8], by using the design proposed by Chen,
Sherwood-Droz, and Lipson [9].

In addition, the use of this proposed devices is not limited to use in gate based photonic QIP; devices that use a specific
underlying network of interferometers, as the proposed architectures do, are able to perform quantum simulations, boson
sampling and implement machine learning algorithms [1], [2], [10]. Therefore, this proposed device could be useful in
applications of photonics outside of QIP, whenever arbitrary N � N unitary transforms are used to manipulate information
encoded using optics.

Fig. 1. a) Schematic of the stacked ring configuration, displaying the relevant modes and transition coefficients. b) Coincidence probability as a function of
ring detuning from the output of the stacked MRR. c) Outputted probability amplitudes of the MRR-based unitary transform. d) Photonic circuit schematic
of the proposed MRR-based single qubit gate/unitary. e) Application of the proposed MRR device to create a larger, universal linear photonic circuit that can
implement multi-qubit operations such as the CNOT or quantum transport simulations [10]. Design based on and inspired by Clements et al. [11], Carolan
et al. [6] and Harris et al. [7].
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