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Singular-Phase Optical Sensing with Topologically-
Protected Tamm Interfacial States in Planar Nanostructures

Svetlana V. Boriskina*, Yoichiro Tsurimaki, and Gang Chen
Department of Mechanical Engineering, Massachusetts Institute of Technology, Cambridge, M4, 02139, USA
*sborisk@mit.edu

Abstract: We demonstrate an ultra-thin planar perfect absorber based on the excitation of a
topologically-protected interfacial optical state and test its performance as a sensitive optical

sensor in both the amplitude and phase detection schemes.
OCIS codes: (350.4238) Nanophotonics and photonic crystals; (350.1370) Berry's phase; (130.6010) Sensors; (240.6690)
Surface waves; (260.6042) Singular optics; (240.6680) Surface plasmons.

The phase shift of the electromagnetic wave reflected from an interface exhibits singular behavior at frequencies
where the reflectance vanishes. This phase discontinuity stems from the general principle of causality, represented in
the Kramers-Kronig relations. Perfect photon absorbers exhibit sharp phase variations at frequencies of their
absorption resonances, and this effect can be used to improve the sensitivity of bio(chemical) sensors with optical
transduction. However, achieving perfect absorption condition often requires complex electromagnetic design and
low-throughput fabrication techniques such as electron beam lithography.

To approach the extreme limit of shaping the
frequency spectra of the ultra-thin planar absorbers,
we  developed  theoretically  and realized
experimentally the conjugate-impedance matching
approach to achieve perfect absorption with tunable
narrow-band spectral lines. Typically, large mismatch
between optical and electron length scales in thin
films weakens light-matter interactions and reduces
the absorptance. To alleviate this limitation, we
designed and demonstrated spectrally-selective perfect
absorbers based on topologically-protected interfacial
optical states in planar multi-layered thin-film
materials. These structures have tunable absorption
lines, are easy to fabricate, and can incorporate ultra-
thin and even 2D materials as absorbers.
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Fig. 1. Ultrathin narrowband perfect absorbers with topologically-
protected interfacial Tamm states. (a) SEM image of the fabricated plnar
absorber. (b) Narrow-band absorption line resulting from the conjugate
impedance matching between a finite 1D PhC and a thin metal absorber.

One example of a planar structure that exhibits an interfacial (Tamm) state is a thin-film metal absorber integrated
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Fig. 2. Amplitude (left) vs singular-phase (right)
temperature sensing scheme using Tamm state

perfect absorber).
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with a finite-length 1D photonic crystal (PhC) (Fig. 1a). The existence of
Tamm optical states on the interface between the metal layer and the
dielectric PhC is topologically protected provided the surface impedance
of the bottom surface of the PhC facing the metal is tuned to match that on
the metal surface. Perfect absorption can be achieved if the impedance of
the absorber layer is conjugate-matched to the optical filter, which does
not necessarily have to be a periodic PhC. The topological protection is
achieved because the optical surface impedance is directly related to the
bulk topological properties of the bulk material through the geometrical
(Zak) phases of its photonic bands.

We demonstrate an optical sensing scheme based on the singular-phase
detection with Tamm plasmon structures, which offers superior sensitivity
to refractive index and temperature changes (Fig. 2).
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