Single molecule controlled emission in planar plasmonic cavity
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Light/matter interaction at the nanoscale
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Light into single mode (arb. units)
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Fig. 15.14. Light-power-versus-current curves
for single spatial-mode emission from a (7) con-
ventional laser, (i7) a high B-factor laser, and (#ii)
a thresholdless laser. The conventional laser has
a distinct current threshold. The high B-factor la-
ser has a less distinct threshold. It would be no-
ticeable in the spectrum and device modulation
speed, however, A hypothetical thresholdless la-
ser would have a [ close to 1, and would some-
how suppress all other lossy emission until the
carrier density required for gain (or at least
transparency) was achieved.
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Gain-assisted propagation
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Gain-Assisted Propagation in a Plasmonic Waveguide at Telecom Wavelength
Grandidier et al, Nano Letters 9, 2935 (2009)




In-plane plasmonic cavity
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Submicrometer In-Plane Integrated Plasmon Cavities Gong et al, APL 94, 013106 (2009)
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Plasmonic Purcell factor

Flat film Single mode cavity
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Coupling of a dipolar emitter into one-dimensional surface plasmon
Barthes et al, Sci. Rep. 3, 2734 (2013)




Plasmonic Bragg mirror




Surface plasmon coupled emission

near a Bragg mirror

Intensity (a.u)

K==
(A_x Y 600 650 700
j DSy Wavelength (nm)
i

Laser source
2= 635 nm

59
!
. %

X =
<t

CCD

Fourier
plane

Single-molecule controlled emission in planar plasmonic cavities

Derom et al, Phys. Rev . B 89, 035401 (2014)
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Grating period
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Surface plasmon coupled emission
near a Bragg mirror

Spatial coherence of the localized nanosource




Mirror bandgap
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In plane SPP cavity
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In plane SPP cavity
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In plane SPP cavity
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In plane SPP cavity
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Comparison between planar and bulk cavities
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Optical ucavity
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Plasmonic (planar) cavity
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Single-molecule controlled emission in planar plasmonic cavities

Derom et al, Phys. Rev . B 89, 035401 (2014)



In plane SPP cavity
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Decay rate depends on

- the cavity length

- the molecule position

- the molecule orientation




In plane SPP cavity
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Lifetime measurement
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Bi1 exponential fitting
- short components (~10 ps)

background signal (notably gold photoluminescence)
- single molecule fluorescence lifetime (~ ns)




Polar representation
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Generalization of the polar representation in time domain fluorescence lifetime imaging microscopy for
biological applications: practical implementation

Leray et al, J. uscopy 248, 66 (2012)



Effect of the cavity size
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level
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Molecule position
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Single cavity (L_ =2 A___=1,1um)
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Plasmonic Bragg mirror

- efficient reflexion
of locally excited SPP over ~ 40 °
- large bandwidth
=> control emission at room temperature

Planar plasmonic cavity
- surface wave confinement
- planar analogous of bulk optical pcavity

- Fp~7 (B ~ 85%)
- good extraction efficiency

Single-molecule controlled emission in planar plasmonic cavities

Derom et al, Phys. Rev . B 89, 035401 (2014)
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