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We present a programmable silicon photonic integrated circuit (PIC) that can be configured to show nonlinear nonre-
ciprocal transmission at high optical input power. Nonreciprocal transmission in PICs is of fundamental importance
in various fields. Despite diverse approaches to generate nonreciprocal transmission, the research on efficient control
of this effect is still scarce. The silicon PIC presented here has programmable linear and nonlinear behavior using inte-
grated phase shifters. In the nonlinear regime (high optical power), the device can be configured to be either reciprocal or
nonreciprocal between opposite propagation directions with over 30 dB extinction ratio and only 1.5 dB insertion loss.
More importantly, the high/low transmission direction can be dynamically reconfigured. Furthermore, nonreciprocal
transmission based on nonlinearities usually requires the optical field in both propagation directions to be high, in
order to induce a large extinction ratio. For our circuit, only the forward-propagating light needs to have high power to
enjoy low-loss transmission while the backward propagating light will always suffer a high rejection. Besides this non-
reciprocal behavior, the circuit also offers the ability for all-optical functions, such as switching, optical compute gates,
or optical flip-flops, thanks to its unique controllable nonlinear behavior. This work can trigger new research efforts
in nonreciprocal photonics circuits. © 2020 Optical Society of America under the terms of the OSA Open Access Publishing
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1. INTRODUCTION

Nonreciprocal behavior in photonic integrated circuits (PIC) is of
fundamental interest and importance for signal processing, optical
computing, and all-optical logic [1,2]. Nonreciprocal behavior
is also the key phenomenon behind optical isolators. However,
the constraints of the Lorentz reciprocity theorem make it impos-
sible to generate such a behavior in a linear, nonmagnetic, and
time-independent medium, which is the case for most PIC plat-
forms. Accordingly, efforts to generate nonreciprocal transmission
in PICs rely upon breaking the time-invariance of the medium,
using magneto-optic materials that show direction-dependent
permittivity tensors and introducing nonlinearity into the system.
The first approach proves to be a promising engineering solu-
tion towards complete on-chip isolation, but it typically requires
electro-optical modulation using complicated accompanying elec-
tronics and introduces significant power consumption. Moreover,
it can induce unwanted frequency mixing due to the sidebands
caused by the modulation [3–6]. Magneto-optic materials (e.g., as
a waveguide cladding) in integrated optical structures (typically
ring resonators) have also been demonstrated for nonreciprocal
transmission and optical isolators [7–12]. However, the path

towards usable nonreciprocal devices is nontrivial due to the engi-
neering difficulties of integrating those magneto-optic materials
into established PIC platforms. The third approach is to introduce
asymmetric nonlinear effects like Brillouin-induced transparency,
optomechanically induced transparency, nonreciprocal Kerr effect
in a silica, thermal nonlinearities in asymmetric ring resonators,
or PT symmetric devices [5,13–21]. Because these devices rely on
nonlinear optical effects, their nonreciprocal behavior depends on
the optical intensity. Therefore, they cannot really function as an
optical isolator [2], but the nonlinear nonreciprocal transmission
can be used for switching and all-optical signal processing. Despite
several successful experimental demonstrations of such nonlin-
ear nonreciprocal behavior, efficient control of the transmission
characteristics remains challenging.

In this paper, we report a novel generation of controllable
nonlinear nonreciprocal transmission in a mixed cavity system
triggered by thermally induced nonlinearities at high optical input
intensity, and the structure could also be implemented in other
PIC platforms with other intensity-induced nonlinearities such as
the Kerr effect [22]. Similar to the methods based on optomechan-
ically induced transparency and Bruillouin-induced transparency
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