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Abstract: We report on the investigation of the coupling between the highe@e of a tri-
dimensional hollow silicon-based micro-resonator and PbS quantum rdeke inear-infrared
range, using near-field scanning optical microscopy and far-field specpy.

OCIScodes: : (230.5750) Resonators; (230.5298) Photonic crystals; (230.3880)-optical
Devices; (180.4243Nearfield microscopy.

1. Introduction : design and fabrication of photon cages

The general approach to achieve strong confinement of photons canbigis index contrast structuring of space
at the wavelength scale. Numerous configurations have been usedsttatimnthe storage of light during a long
time (high Q factor) into microcavities (small mode volume), leading to lhighell effect. In particular, design and
fabrication of multidimensional architectures for functional optical devices are of gieasinfor bio and health
applications (such as sensing, fluorescence imaging) where it is aimed ahsmemngthe interactions with
biological molecules or nanopatrticles. For these sensing operations, hollow 3D resamesibesl since they not
only maximize the 3D light confinement but also enforce maximal ovedbpelen the localized field and the
environment (i.e. a potential volume of nanoparticles). Recently, we developgdfamily of 3D photonic hollow
resonators [1] which theoretically allows tight confinement of light in-ilodex mediaThe idea consists in using a
very thin and highly reflective membrane made of a 1D or 2Dgpiimcrystal in semiconductor material as a non-
absorbing broadband mirror. This effect, which has been deratetsfor 1D Fabry-Pérot cavities [2] is the
keystone of the resonator principle. Simulations showed that reflectivity fiegpefthese Photonic Crystal Mirrors
(PCM) are well preserved with curvature ra@isisp to a few pmWwWe propose to “bend” the photonic membrane in
air, in order to achieve cylindrical optical cavities. Numerical simulations showestittiag confinement of light is
obtained in the central hollow part of the cylinder for relatively high Qang¢d1400). In this work, we propose to
exploit these properties to enhance light matter interaction by coupling an activialnhatése optical modes of the
photon cage.

Fig. 1. Cylindrical photon cages : (a) electricaldimap, (b) SEM image.

The photon cages consist in an array of 18 silicon pillars (height ldipmeter 0,27 um) periodically arranged
on a 6 um diameter cylinder (Fig 1). The dimensions of the pitles,numbers and the period of the PCM have
been optimized to obtain a mode with a high quality factor and a stomfimement in the center of an empty cage
(filled with air). Other sets of parameters have been found for a cage fitreébw index media (n~1,5). Similar
results are obtained in both cases for Q (~1400 at 1560 nm) ahe fpatial characteristic of the mode (see Fig 1).
For this mode, light is polarized along the axis of the cage and is coifitieel horizontal plane by the mirror
effect of the pillars array. Vertically, light does not propagate outside the cageraostlig evanescent at the cage
boundaries. We noticed that an extremely high concentration of the fielacised at the center of the cage
although the cavity is composed of more than 95% of air (or low inde&rial) [1.



Several photon cages have been fabricated by top-down manufacturgdigsiraspect-ratio anisotropic
etching through silicomrinsulator (SOI) with 10 um device layer and 3 um buried oxide (BOMs involved the
use of Cr/SiO2 submicron dots mask patterns prepared by e-beagndjthy via spin coated negative electro-resist,
plasma-enhanced chemical vapor deposition (PECVD), e-beam evaporatiardadicated triple-cycling Deep RIE
etching procedure [3].

2. Activating the photon cages

To probe photon cage efficiency in confining and enhancing light esecto use internal emitters to excite the
resonant modes of the structures directly. PbS colloidal quantum dots (QBd)deavselected as they present a
broad and bright emission spectrum between 1.3um and 1.7, riange of the photon cage modes. To observe
the impact of the photon cage on the photoluminescence of the QDs, weeasdikld scanning optical microscopy
(NSOM) with an active tip to place the QDs in the evanescent part of the mode. Fostikar-force based NSOM
[4] in collection mode was used to detect the near-field optical signal at thehquuetary of the photon cage. Prior
to this measurement, the emitters were deposited at the apex of a metalizedilogtittplto obtain an active

probe. To avoid quantum dots emission blueshift (see Fighe.tip was passivated with a thin film of,8d. A 780
nm laser diode was focused on the tip to pump the QDs and their phioedeence collected by the probe. We
showed that the emitters were efficiently deposited on the near-field tipartel exhibited a broad spectrum
around 1,5um.
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Fig. 2. Active NSOM probe : (a) photoluminescence (§igctrum (b) mode collection setup.

To investigate the configuration of a photon cage filled with active mategad)s® embedded some with a
10pm thick layer of PDMS in which colloidal quantum dots of PbS ateedded. It showed that these structures
are robust and can be immersed in a fluid without being damaged. Meastsere in progress to show the QDs
photoluminescence modification by the photon cage modes.

3. Conclusions and outlook

We have designed new photonic microresonators showing very gofagecoent capability in low-index media

and have inserted a polymer matrix containing light emitters inside of THesmeffect of the coupling of these light
emitters with the photon cage modes will be presented during the communi€dtiengeometries of photon
cages, such as helical or spherical structures, are also under study irupUbprohe hollow core of photon cages
could also host a microfluidic channel, thus providing a sensor with geenroverlapping betwearstrong
electromagnetic fields and the analy@doton cages could also be used to efficiently trap particles, or as a lasing
device.
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