
3rd URSI AT-AP-RASC, Gran Canaria, 29 May – 3 June 2022 

 
 

Reflectionless Programmable Signal Routers  
 

Jérôme Sol(1), Ali Alhulaymi(2), A. Douglas Stone(2) and Philipp del Hougne* (3) 

(1) INSA Rennes, CNRS, IETR - UMR 6164, F-35000, Rennes, France 

(2) Department of Applied Physics, Yale University, New Haven, Connecticut 06520, USA 

(3) Univ Rennes, CNRS, IETR - UMR 6164, F-35000, Rennes, France 

 

 

We introduce an approach to signal routing that enables reflectionless in-coupling of signals as well as 

programmability of the routing functionality. Our unconventional device concept leverages the high modal 

overlap of a wave chaotic system in combination with the hundreds of degrees of freedom of a programmable 

metasurface. We also report preliminary experiments that implement our concept “over-the-air” inside a 3D 

disordered metallic box in the microwave domain. 

 

Reflectionless signal routers can be understood as a special case of systems with reflectionless scattering modes 

(RSMs) [1]. RSMs occur when a zero of the R-matrix lies on the real frequency axis, where the R-matrix is the 

part of the system’s full scattering matrix that only involves the channels desired for reflectionless in-coupling. A 

reflectionless signal router, such as a wavelength demultiplexer, involves multiple simultaneous RSMs at distinct 

frequencies in combination with additional constraints on (un)desired transmission between ports. RSMs are a 

non-trivial generalization of the well-known critical-coupling condition from single-input-port single-resonance 

systems to multiple-input systems with potentially strongly overlapping resonances. Coherent perfect absorption 

(CPA) [2] is an instance of an RSM in which all channels serve as input channels. RSM and CPA are linear 

processes based on complex interference of input signals and hence obey the superposition principle, allowing 

simultaneous control of multiple frequencies without crosstalk. 

 

Imposing an RSM with high-fidelity (i.e., the zero is extremely close to the real frequency axis) and at a desired 

frequency is a challenging task because the system is extremely sensitive, being operated at a scattering anomaly 

associated with a diverging dwell time. Minute inaccuracies in fabrication or environmental perturbations can 

move the zero away from the real frequency axis. Endowing RSMs with programmability is yet more challenging 

because upon tuning the system, in principle there is no guarantee that the zero does not drift away from the real 

frequency axis (except for special PT-symmetric systems [1]). Recently, these challenges were mastered by 

purposefully perturbing an overmoded random scattering system with hundreds of degrees of freedom offered by 

a programmable metasurface, targeting applications in secure communication [3] and analog differentiation [4]. 

 

In this presentation, we tackle the yet more challenging problem of programmable reflectionless signal routing 

which involves additional constraints regarding transmission from the input channels to the remaining channels 

not included in the R-matrix. We will present preliminary experimental results on a 3-port device acting as 

programmable reflectionless wavelength demultiplexers: a desired pair of frequencies 𝑓1 and 𝑓2 is coupled without 

reflection into the system through Port 1, and 𝑓1 (𝑓2) is preferentially transmitted to Port 2 (Port 3). We inject in 

situ signals into Port 1 and measure the outputs on all three ports. We also consider variations of this problem in 

which each frequency is incident on a different port, and in which each frequency is incident on multiple ports. 

Moreover, we demonstrate our ability to toggle with ease between different choices of 𝑓1 and 𝑓2 and/or signal 

routing functionality simply by modifying the metasurface configuration. Our results introduce a new perspective 

on signal routing which is an essential functionality across wave engineering disciplines, including nanophotonic 

and RF transmission lines.  

 

[1] W. R. Sweeney, C. W. Hsu, and A. D. Stone, “Theory of reflectionless scattering modes,” Phys. Rev. A, vol. 

102, no. 6, p. 063511, Dec. 2020, doi: 10.1103/PhysRevA.102.063511. 

[2] Y. D. Chong, L. Ge, H. Cao, and A. D. Stone, “Coherent Perfect Absorbers: Time-Reversed Lasers,” Phys. 

Rev. Lett., vol. 105, no. 5, Art. no. 5, Jul. 2010, doi: 10.1103/PhysRevLett.105.053901. 

[3] M. F. Imani, D. R. Smith, and P. del Hougne, “Perfect Absorption in a Disordered Medium with 

Programmable Meta‐Atom Inclusions,” Adv. Funct. Mater., vol. 30, Art. no. 2005310, Sep. 2020, doi: 

10.1002/adfm.202005310. 

[4] J. Sol, D. R. Smith, and P. del Hougne, “Meta-Programmable Analog Differentiator,” arXiv:2108.06178, 

Aug. 2021. 


