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Abstract—We present a study on a dolmen structure, where a
bright resonator couples to a dark resonator, to investigate near-
field signatures of electromagnetically induced transparency. We
demonstrate an enhancement of the near-fields in the spectral
vicinity of the transparency, and observe mode hybridization
resulting from the coupling between the two resonant structures.

I. INTRODUCTION AND BACKGROUND

ESONANT structures and metamaterials offer an at-

tractive canvas for the design of novel optoelectronic
devices in the far-infrared. By exploiting the strong scattering
properties of metallic resonators, effects such as beam steering
[1], spectral filtering [2], and enhanced group delays [3] have
been demonstrated over thin optical path lengths with high
figures of merit.

In many implementations, such effects arise due to in-
terferences occurring in local fields of the resonators via
evanescent coupling. We use scanning probe near-field THz
time-domain microscopy to present spectral maps of an array
of gold dolmens, consisting of one resonator oriented along the
incident field polarization and another oriented orthogonally.
This geometry was first introduced at optical frequencies,
demonstrating plasmon-induced transparency [4] and mode
hybridization [5] measured using NSOM. At those frequencies
only intensity enhancements in the near field were measured,
however at THz frequencies the near-field distributions can be
characterized in both amplitude and phase.

The system consists of a first resonator that supports a bright
mode, which couples efficiently to the radiation field, and a
second resonator that supports a dark mode which cannot be
driven by incident plane wave radiation. The interaction of
these two modes in the near-field gives rise to electromag-
netically induced transparency observed in far-field extinction
spectra, where the frequencies transmitted by the structure
experience a large group delay.

II. RESULTS

The geometry of the sample is shown in the inset to Fig. 1.
The gold dolmens consist of a top horizontal rod of 150 pm
length and 40 pm in width, and two vertical rods of 140
pm and 40 pym in width. The structures are arranged in a
periodic array on a quartz substrate using photolithography,
where the pitches of the array are p, = 250 ym and p, = 290

pum. We employ a THz-TDS spectrometer (Menlo Systems
GmbH) to measure far-field extinction spectra, and a series
of semiconductor THz microprobes consisting of miniaturized
photoconductive switches [6] (Protemics GmbH, Germany) to
measure near-fields for each Cartesian component, separately.

The latter results are then be used to generate spatial maps of
electric field amplitude and phase as a function of frequency.
In Fig. 1 we show the measured extinction spectrum of the
dolmen sample in solid black, with a rescaled extinction
spectrum for a random array of the top resonators overlaid in
grey, highlighting the transparency supported by the combined
system at ~ 0.55 THz.
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Fig. 1.  Extinction spectra of the dolmen sample (solid black) and the
uncoupled bright resonator (grey overlay). The near field spectrum at the
bottom of the leftmost vertical rod is shown in dashed red. Inset: near-field
map for the real part of the out of plane component of the electric field
corresponding to the frequency of the transparency observed in the far-field.

For comparison, in dashed red we also plot the intensity
spectrum of the out-of-plane field component recorded at the
bottom of one of the dimer rods, where we observe a maximal
enhancement at the frequency of the far-field transparency.
This near-field enhancement arises from a quadrupolar mode
in the vertical rod pair indirectly excited via the polarization
induced in the top rod by the incident THz pulse, as seen in
the inset to Fig. 1. Moreover, at frequencies outside the trans-
parency window, the interaction between the two constituent
resonators of the dolmen gives rise to the hybridization of
the dipolar- and quadrupolar-like resonances supported by the
horizontal and vertical rods, respectively.
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These two hybrid modes are consistent with the peaks ob-
served in the extinction spectrum of Fig. 1, where electrostatic
repulsion and attraction explain the shifts in their frequencies
from the bare modes. At 0.56 THz where the transparency
window is observed in the far-field, we observe that the electric
field is strongly enhanced in the vicinity of the dark resonator,
and that the dipolar response of the top rod is almost fully
suppressed. The absence of spectral shifts between near and
far field features is notable and likely due to the relatively low
losses in the system [7].

III. CONCLUSION

THz near-field microscopy was used to study coupling
between bright and dark modes supported by a dolmen in
a periodic array. The far-field extinction spectrum of the
sample exhibits electromagnetically induced transparency, and
the near-field measurements retrieve the mode hybridization
and field enhancement about the dark resonator which gives
rise to the far-field response.
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