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Abstract. Ultra narrow-band absorbing surfaces answer a growing demand of precise control of absorption
spectra. Starting from a design of guided mode resonator (GMR), we present here a versatile architecture
presenting resonances of very high quality factors (up to 10 000) and spectrally adjustable. This design uses
multiple slices of dielectrics to focus resonating field in the middle of a metallic waveguide, diminishing its
extension in the metal and thus the loss rate of the propagating mode.

1 Introduction

Controlling the absorption spectrum of a surface - and its
thermal emission as a consequence of Kirchhoff’s law -
is crucial for a wide panel of applications ranging from
filtering elements to light sources and thermal manage-
ment. Metamaterials and more generally nanostructures
offer the possibility of controlling the electromagnetic re-
sponse of an effective medium by taking advantage of pho-
tonic and plasmonic responses of a sub-wavelength struc-
turing of matter [1–3]. Since it has been shown such ar-
chitectures were able to tune the impedance of a surface
and adapt it to free space [4], using metamaterials to tai-
lor spectral and angular absorption met a growing interest
and numerous designs were proposed depending on the de-
sired application [5]. Broadband absorbers are adapted to
passive radiative cooling [6, 7], thermophotovoltaics [8]
and domestic light sources [9]. On the contrary narrow-
band absorbers are promising for gas sensing applications
[10, 11] or as field enhancing structures since subwave-
length narrow-band absorption is often synchronous with
very high field concentration [12]. As we come to ultra-
narrow band absorbing structures, guided-mode resonators
(GMR) are good candidates for they are known to present
resonances with quality factors up to several thousands un-
der certain circumstances [13]. GMR are based on a su-
perficial diffraction grating that couples incident waves to
guided modes propagating along the interface. Consid-
ering architectures with metal-dielectric waveguides, the
narrowness, and thus the quality factor of the resonance,
depends a lot on the propagation range of the guided mode
and thus on its losses which are mainly subordinated to
mode’s penetration in the metallic components. Starting
from this observation, this paper presents a multi-dielectric
architecture of a GMR in which it is possible to control the
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bandwidth of the resonance by limiting the penetration in
metal of the propagating mode.

2 Description of the structure

An usual architecture of a guided-mode resonator consists
in the association of a metallic-dielectric waveguide and a
metallic grating. The response of an usual one-dielectric
structure is given by the red curve on fig.1(a) and its mag-
netic field map at resonance is depicted on fig.1(c). Under
right condition of incidence, the grating diffracts incom-
ing radiation along the surface which thus fuels a mode
of the waveguide. If impedance matching is achieved, all
the incoming energy is transferred into the guided-mode
and then absorbed as the mode propagates. Under TM
normal illumination, the structure resonates not far from
λr = p ∗ n where p is the period of the grating and n the
optical index of the dielectric. We propose to modify this
design by subdividing the core of the waveguide into three
slices of dielectrics where higher optical index is placed at
the center and lower indices on the sides. As presented on
fig.1, this architecture resonates under the same conditions
as the previous one. However, as depicted on the magnetic
field map of fig.1(b), the resonating field is much more fo-
cused at the center of the waveguide. The loss rate of the
guided mode is thus reduced, resulting in a 20-fold reduc-
tion of the bandwidth of the peak. Both architectures are
very close except for the width of gold’s ribbon which is
tuned to achieve perfect impedance matching.

This design presents a very good versatility. A modi-
fication of the geometrical parameters makes possible the
tuning of the peak’s wavelength throughout the whole 3-5
µm atmospheric transparency window and the adjustment
of its quality factor from 100 up to 10 000.

To provide for an experimental proof of principle, a
sample was designed and its angular and spectral reflec-
tivity was measured using an adapted Fourier transform
spectrometer. Even if, because of losses in the high index
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dielectric part, the quality factor of the resonance revealed
itself to be not as high as expected (Q ∼ 80), numeri-
cal simulations and experimental curves are in very good
agreement, proving the applicability of this concept.

Figure 1. (a) General design of the structure in shown on insert.
For both curves period p is set to 1.6 µm and dielectric height htot

to 1.1 µm. Blue and red curves respectively correspond to the
responses of three- and one-dielectric design under TM normal
illumination. For theses two architectures, the width of gold rib-
bon is respectively set to 220 and 290 nm. (b) and (c) present the
enhancement of magnetic field at the resonance (4 µm) for both
structures. The maximal values are respectively 140 and 27.

3 Conclusion

This architecture seems quite promising in terms of versa-
tility and potential applications. Quality factor of several
thousand had already been observed with guided mode
resonators but few nanophotonic concepts present as high
values as depicted here. Losses in the metal becomes so
low that, in practice, losses in the dielectric itself can limit
the bandwidth. This apparent limitation opens the perspec-
tive of simultaneously concentrating losses and high field

enhancement in the dielectric part of the waveguide which
would make this design adapted to active optics such as
exaltation of non-linear effects. Besides, the possibility of
precisely choosing the spectral position of the resonance
and its bandwidth makes this structure a promising candi-
date as thermal source for molecular sensing.
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