Applicazioni Fotonica 2:
Emissione
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Densita di stati fotonici nel vuoto
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Emissione spontanea
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Emissione spontanea
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Densita di stati fotonici PhC
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Densita di stati fotonici in mezzi isotropi
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Densita di stati fotonici PhC

Photonic Band Gap:

Ultimate control over the photonic density of states
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Densita di stati fotonici PhC con difetto
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Ultimate control over the photonic density of states
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Purcell Effect - Control Spontaneous Emission

B10. Spontanecus Emission Probabilities at Radio Fre- 2
quencies. E. M. Purcerr, Harsard [nsversity.—For STV

nuclear magnetic moment transitions at radio frequencies A(V) = AO —_— = AOIOph (V)

the probability of spontaneous emission, computed from C3
A, = [Brst 5 ru( Sabut (32 sec. 2,

is so small that this process is not effective in bringing a . L.
spin system into thermal equilibrium with its surroundings. Acceleration of the emission
At 300°K, for »=107 sec.”, p=1 noclear magneton, the
corresponding relaxation time would be 33102 seconds! 4

However, for a system coupled to a resonant electrical Ponot(©)

circuit, the factor 8x#3/c* no longer gives correctly the phot

number of radiation oscillators per unit volume, in unit
frequency range, there being now ene oscillator in the
frequency range »/f} associated with the circuit. The
spontanecus emission probability is thereby increased, and
the relaxation time reduced, by a factor f=230x% 437,
where ¥ is the volume of the resonator. If a is a dimension
characteristic of the circuit 20 that Veevg?, and if & is the
skin-depth at frequency », f~3%/a%. For a non-resonant | 7
circuit f~~23/ad, and for o < & it can be shown that f~h*/aé. JES

If small metallic particles, of diameter 107 cm are mixed A
with a nuclear-magnenc medium at room temperature, -

spontanesus emission should establish thermal equilibrium r
in a time of the order of minutes, for »=107 sec.™ A /
>
<PBG> o
FPurcell, Phys. Rev. 69, 681 (19486).

Proceedings of APS meeting April 1946 Suppression of the emission



Emissione spontanea in microcavita
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Emissione spontanea in cavita
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Effetto Purcell
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Buone approssimazioni di cavita 3D
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Emittitore a semiconduttore
Quantum Dots



Density of states
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Crescita epitassiale

3 tipi di epitassia
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Quantum dots Colloidali
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Electron states in InAs 36h/250b dot
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Excitonic Energy Shell Structure of Self-Assembled InGaAs/GaAs Quantum Dots

S. Raymond.' S. Studenikin,! A. Sachrajda.! Z. Wasilewski,! 8. J. Cheng,! W, Speng.l P Hawrylak.! A Babinski,>*
M. Potemski.' G. Ortner.” and M. Bayer’

Ap
=
L ¢
-

HH-.H;. Misura di PL su molti QDs

A “ # 310 o | [_

! *ﬁ m : {.}:‘? ﬁ_.' I'll III
| t% i ! ,gﬂ{}l'}{:_
g & i

s 21 & ) ;
FREN .8750¢]
=
—
& -

o
M
e
.ﬁ.
=

| g500C|

Atomic-like spectrum 1.10 1.30 1.50
Energy (eV)



SK-QD in MC (1l PhC ¢ costruito dopo)




Colloidal QD 1n MC (1l PhC ¢ costruito prima)

RAPID COMMUNICATIONS

PHYSICAL REVIEW E 78, 045603(R) (2008)

Local nanofluidic light sources in silicon photonic crystal microcavities \

L,

Silvia Vignolini, * Francesco Riboli,' Francesca Intonti,*' Michele Belotti,** Massimo Gurioli,' Yong Chen,*
Marcello Colocei,' Lucio Claudio Andreani,” and Diederik S. Wiersma'
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Purcell effect in micropillars with EREESSRCEIER PR ZE eI
oxidized Bragg mirrors

L. Cavigli'’, L. Lunghi?, M. Abbarchi', A. Vinattieri' B. Alloing®, C. Zinoni® A. Fiore®, A, Gerardino?
P. Frigeri* L. Seravalli*, S. Franchi?, and M. Gurioli’
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Figure 2 a) u-PL emission spectra from single pillar with diameter 4 = 2 pm at 15 K; b) TR p-PL emission spectra from single pillar
with diameter d = 2 pum at 15 K (taken at two wavelengths: 1097 nm on resonance, solid line, 1099 nm out of resonance, dashed line)
compared with TR p-PL emission spectra from single pillar with diameter 4 = 10 pum at 15 K, wavelength 1097 nm (dotted line).



Applicazioni QDs in MC:
Optoelettronica
Laser senza soglia



Laser
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Soglia dei laser
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Soglia dei laser
B= Numero di fotoni emessi nel modo laser
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In microcavita '’emissione spontanea avviene nel modo
di cavita (modo laser) che e 'unico presente

Spontaneous emission  Laser oscillation
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Fig. 8. Spontaneous and stimulated emission

spectra of the A2 microcavity and the 500\
cavity.

Intensity (arbitrary units in linear scale)



Soglia dei laser

B= Numero di fotoni emessi nel modo laser
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Cavita ideale

Modo di cavita
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Emissione spontanea puo avvenire solo nel modo di cavita (B=1)



Cavita reale

Modo di cavita

Y
P’phnt[m} /

i

| -
-

L
/

|
e =y
_.-fff-'{ N
e

= >
‘575(3} ©®
leaky modes

Emissione spontanea puo avvenire anche nei leaky modes, (B<1)



Thresholdless Laser

Output power

Fig. 4. Schematic of input-output characteris-
tics of a conventional laser and a microcavity
thresholdless laser.



Thresholdless Laser ma transizione da
emissione spontanea a emissione stimolata
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Calculated gain (A) and light output (B) versus input power for
microcavities on logarithmic scales. B is the fraction of spontaneous
emission coupled into the cavity mode.
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