e
oe°
.
.....o.
. €
02! -
os:
04"
..'.°- INSTITUT DES
® NANOSCIENCES
® % DE PARIS
.. L) °
L ]

T

!

Hohinin,
POV et

O FAIT d'ACTU January 2025

Whispering gallery modes in microdiscs

Light can be confined within micro- or nanostructures, resulting in both resonance and energy
localization. In cylindrical dielectric microstructures, resonant modes propagate along the circles
bounding the cylinder: these are called whispering gallery modes. The energy is then localized
in a ring, with an intense evanescent extension near the micro-cylinder. These highly resonant
modes are used for microlasers, photonic devices and biosensing. However, manufacturing such
high-quality resonators on a chip requires a complex, time-consuming and costly cleanroom li-
thographic process, which is a limitation for industrial use. Members of the Acoustics and Optics
for Nanoscience and Quantum team have developed a versatile, fast and inexpensive photoli-
thography process for fabricating such resonant cavities, paving the way for laser applications.

We manufacture microdisks by photolithography on a layer of negative photoresist, deposited on
a thin layer of gold. Using a standard optical microscope and a UV laser, we crosslink the resin
to obtain dielectric disks whose size (between 2 and 10 um in diameter) depends on the shape
and intensity of the laser, the thickness of the resin layer and the exposure time. The manufac-
turing process is therefore scalable and controllable in terms of the position and size of the mi-
crodisks. Colloidal CdSe/CdS core/shell quantum dots, offering high photostability, are then de-
posited on the sample. Their ligands are chosen to bind selectively and homogeneously to the
microdisk. Under UV illumination, these quantum boxes efficiently excite whispering gallery modes
whose energy is concentrated on a ring at the boundary of the microdisk. The spectrum of light
scattered by the microdisk reveals resonant gallery modes with a quality factor of at least 6000.
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Our protocol has enabled us to fabricate a dielectric microdisk whose surface is selectively coated
with fluorescent quantum dots in order to excite resonant whispering gallery modes. This paves the
way for on-chip, low-threshold microlasers.
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