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Whispering gallery modes
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Whispering gallery modes (WGM) micro‐cavities
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UV laser
Excitation of WGM by 
Quantum dot fluorescence

Fluorescence + resonances

Evanescent wave



Micro‐disk by optical lithography (SU8) 
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Glass

A

SU8 
Microdisk

• Controllable size (typical diameter 2‐20µm)

• quality factor 𝑄 ൒ 6000
(measure limited by spectrometer resolution 0.1nm) 

10m
Au

Negative photoresist (SU8)

But losses through interfaces

405nm  Laser



Micro‐bowl by optical cavities
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R1
R2

R3

SU8+ Non  fluorescent UV 
Absorber (Tinuvine)

Increasing
concentration of Tinuvine

Less losses

Several cavity’s radiuses ( R )

θ

10 
mg/ml

20 
mg/ml

40 
mg/ml



T shaped micro cavities
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2‐photons optical lithography
Nanoscribe

Disk diameter
From 4 to 20 m



Colloidal quantum dots
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T = 300K

CdS

CdSe

10nm

5nm

+ Room temperature
+ Stability
+ Brigthness

Stokes shift:
𝜆௘௠௜௦௦௜௢௡ െ 𝜆௔௕௦௢௥௣௧௜௢௡

5‐10nm
Absorption cross section (@532nm)

 𝜎௔௕௦~5 10ିଵ଺𝑐𝑚ଶ

TEM



Colloidal Quantum shells
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T = 300K

CdS

CdSe

CdS

17nm

7nm
4nm

FWHM = 30nm

T = 300K
622nm

Stokes shift : 15‐20nm 
 𝝈𝒂𝒃𝒔~2 10ିଵହ𝑐𝑚ଶ

@532nm

LARGER than for quantum dots



Microdisk infusion with quantum shells
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Single 
microdisk

Quantum 
dots

 Low concentration: fluorescence and whispering gallery modes

 High concentration: lasing



Fluorescence: full field
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Mirror

UV Lamp

CCD camera

Top view

CCD
Side view



Fluorescence spectra
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Mirror

405nm Laser

Spectrometer

Δ𝜆 ൌ
𝜆ଶ

2𝜋𝑅𝑛

Δ𝜆 ≡ free spectral range of the microcavity



Whispering gallery modes
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Cavity radius from 4 m to 7 m

Δλ

Fluorescence: experiments Simulations

Δλ
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P= perimeter of the cavity
R= radius of the cavity Δ𝜆 ൌ

𝜆ଶ

2𝜋𝑅𝑛

In accordance

« free spectral range »
when R

Kersuzan, ACS Photonics 11, 4, 1715 (2024)



Whispering gallery modes
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Δ𝜆 ൌ
𝜆ଶ

2𝜋𝑅𝑛

Straight, R=4m



Transverse and polarisation modes
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𝑇𝐸 𝐻௫, 𝐻௬, 𝐸௭

𝑇𝑀 𝐸௫, 𝐸௬, 𝐻௭

ℓ ൌ 1

ℓ ൌ 2
𝑇𝐸 𝐻௫, 𝐻௬, 𝐸௭

Bessel modes



Setup for observing lasers (T shaped)
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16μ𝑚
Camera CCD

LP filter 
630nm 

x40 x100

x50

Spectrometer

Dichroic 580nm 

Mirror

Pulsed 532nm laser



High concentration of quantum shells: Laser
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Laser spectrum

Wavelength (nm) Pump pulse Intensity (J.cm‐2)

Threshold R1
R2

R3

Multimode
Different cavity lengthes

Less absorption on 
the red part

Lasing in the red part of the fluorescence

Due to stokes shift

BOWL (R=6‐9m)

Kersuzan, submitted 



Single mode emission for small size disk
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4μm

𝑅 ൌ 2𝜇𝑚

4𝜇𝑚

At threshold

Above threshold

650J /cm2 per pulse



multimode emission for large size disk
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Smaller free spectral range

𝑅 ൌ 10𝜇𝑚

400J/cm2 per pulse

At threshold

Above threshold



Open questions at high excitation
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R=4m
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Excitation power (W)
0

2 peaks
0.1nm split

3 peaks
0.2nm total split

Spectrometer resolution
0.1nm



Conclusion
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 Microdisks by photolithography

Whispering gallery modes

 Single mode whispering gallery mode laser
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