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My Research:

Inac – Cea; ‘Whispering Gallery Modes microcavities on a Si-chip’.
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Resonator’s applications:

* “Whispering-gallery-mode biosensing:labrl-free detection down to single molecules”

di Vollomer, Frank and Arnold, Stephen (2008).

**

** “Spectroscopic and lasing properties of Er3+ doped glass microspheres” Conti, G. Nunzi, et al. (2006).

*
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Layout scheme of  spherical micro-resonator:

Whispering 
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Rare –earth dopant
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Particle Swarm Optimization approach
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Ambivalent   bee  (particle)

Flower density=fitness function

xi=particle position vi=particle velocity

     1t t t  i i ix x v

Newton’s second 

law with m=t=1

     1 1t t t   i i iv v F

Important feature

• Each particle keeps track of its location in the solution space that has the best

fitness value. This value is called personal best p.

• Another value that is tracked by all the particle to adjust their trajectories is the

best location found by the entire swarm, called global best g.

(*) Nanbo Jin, and Yahya Rahmat-Samii, Advances in Particle Swarm Optimization for Antenna Designs: Real-Number, Binary, Single-

Objective and Multiobjective Implementations, IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 55, NO. 3, MARCH 2007

J. Robinson and Y. Rahmat-Samii, Particle Swarm Optimization in Electromagnetics, IEEE TRANSACTIONS ON ANTENNAS AND 

PROPAGATION, VOL. 52, NO. 2, 397-407, 2004

(*)

PSO Alghorithm
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• Microsphere radius “Ro”;

• Taper waist radius “a”;

• Taper angle “δ”;

• Taper – microsphere radius “gap”;

PSO amplifier design

Fitness: Optical Gain =T=
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Variable
ρ0

[μm]

WT

[μm]

G

[μm]

Target Value 24.8 1 0.5

Solution Domain 

Ranges
24.7 ÷ 24.9 0.9 ÷ 1.1 0.4 ÷ 0.6

WMGBP 24.8 0.9997 0.5002

SD 1.7·10-7 9.9·10-4 4.1·10-4

Percent Error E%
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Double step characterization: geometrical characterization
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Variable
Cup[·10-23

m3/s]

C3[·10-23

m3/s]
τ2[ms] τ3[ms]

Target Value 2 3 1.83 1.37

Solution Domain 

Ranges
1 - 3 2 - 4 0.1÷3 0.1÷3

WMGBP 2.01 3.16 1.89 1.38

SD 0.04 0.47 0.15 0.02

Percent Error E% 0.64% 5.49% 3.39% 0.52%

Double step characterization : spectroscopic
characterization
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G. Palma, M. C. Falconi, F. Starecki, V. Nazabal, T. Yano, T. Kishi, T. Kumagai,  and F. Prudenzano, “Novel double 

step approach for optical sensing via microsphere WGM resonance,” Photonics Express, 2016, in press.
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Erbium-doped chalcogenide microdisk:

λp= 800nm λs= 4500nm

Parameter Value

Disk radius R 40 µm 

Disk thickness T 600 nm 

Gap between pump 

waveguide and disk gP

100 nm

Waveguides height h 1.0 µm

Waveguides width w 2.5 µm

Refractive index ns at λS = 

4500nm
2.35 

Refractive index np at λP = 

800nm
2.42 

Uniform erbium 

concentration C

2.81020 

ions/cm3

- F. A. Tal, C. Dimas, J. Hu, A. Agarwal, L. C. Kimerling: Simulation of an erbium-doped chalcogenide micro-disk mid-infrared laser source, 

Optics Express, vol. 19, no. 13, pp. 11951-11962, 2011.

- G. Palma, C. Falconi, V. Nazabal, T. Yano, T. Kishi, T. Kumagai, M. Ferrari, F. Prudenzano: Modeling of Whispering Gallery Modes for Rare 

Earth Spectroscopic Characterization, IEEE Photonics Technology Letters, vol. 27, no. 17, pp. 1861 – 1863, 2015.

EAGLES meeting, October 18th – 19th,2016  TRENTO - ITALY



Intensity distribution – Signal (W/μm2)

Intensity distribution – Pump (W/μm2)

m = p = 723

n = 1

λr = 800.2nm
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n = 2

λr = 799.6nm
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m = p = 691
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n = 1
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Praseodymium-doped chalcogenide microdisk:
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Dimension
Value 

[µm]

Micro-disk radius Rμdisk 65.0

Micro-disk and waveguides 

thickness hμdisk=hw

1.2

Buffer thickness hBuffer 5.0

Signal waveguide width ws 3.5

Pump waveguide width wp 0.5
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