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Plasmonic enhancement of light emission

Modification of fluorescence intensity, decay rate
— E. M. Purcell et. al.: Phys Rev 69 (194) 37

Trade-off between Purcell factor and QE
— P. C. Das et. al.: Phys. Rev. B 65 (2002) 155416
— P. Anger et. al.: Phys. Rev. Lett. 96 (2006)

Intrinsic limits defined by losses
— F. Wang et al.: Phys. Rev. Lett. 97 (2006) 206806
— H. Mertens et al.: Phys. Rev. B 76 (2007) 115123
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Spontaneous emission rate G

Enhancement of diamond color centers
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Principles to maximize radiative rate via spectral engineering
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Implementation into numerical methods & GLOBAL

Conditional optimization
QE / Purcell factor optimization by stepping criterion regarding the Purcell factor / QE

GLOBAL implemented via LiveLink for MATLAB: Sampling (Monte Carlo), Clustering
Tuning dipole (Single-link), Local searching (UNIRANDI, Random walk, BFGS)

position and orientation . . o
T. Csendes et al.: The GLOBAL Optimization Method Revisited, Optimization Letters 2(2008) 445-454

QE maximization with Purcell criterion  Purcell maximization with QE criterion Integrated parameter cube
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Different metals
Centralized dipole
De-centralized dipole
Different criteria

Different objective function

Extraction of wavelength dependent optical response Inspection of near-field at extrema
-radiated and absorbed power => Enorm,

-Purcell factor, QE

powerflow,
-radiative rate: Purcell*QE

charge distribution



Parametric sweep before optimization
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NV and SiV color center excitation enhancement: Au/Ag core- -shell

Integrated parameter cube
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criterion: peak at A >/~ 532 nm
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Si1V color center emission enhancement: Au/Aq core- sheII

Integrated parameter cube
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NV center simultaneous enhancement via Au
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NV center S|multaneous enhancement via Ag
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SIV center simultaneous enhancement via Au

QE maximization with Purcell criterion
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SIV center simultaneous enhancement via Ag
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NV and SiV color center excitation/emission enhancement, Ag

Single wavelengths, Purcell factor maximization with QE criterion; de-centralized dipole
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NV and SiV color center excitation & emission enhancement, Ag

Dual wavelengths, Purcell maximization with QE criterion; de-centralized dipole
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NV and SiV color center excitation & emission enhancement, Ag

Dual wavelength, Purcell*2 maximization, de-centralized dipole, corrected QE criterion
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NV and SiV color center excitation & e

mission enhancement, Ag

Dual wavelength, QExPurcell*2 maximization, de-centralized dipole, corrected QE criterion
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Conclusions on core-shell type nano-resonators

» Single wavelength optimization
— Purcell*QE radiative rate enhancement increases with the wavelength
— Radiative rate enhancement is smaller than 103
— Optimization results in better QE and Purcell*QE enhancement in Ag-based core-shells

» Dual wavelength optimization
— Purcell*QE enhancement is larger at the emission wavelength except configuration_Au_SiV_Purcell
— In optimized configurations_532-650/738 the radiative rate enhancement smaller/larger than 103

— Material dependence of radiative rate at the excitation and emission
» slightly and more considerably larger in configuration_Ag_Purcell&QE for NV
« slightly smaller and significantly larger in configuration_Ag_Purcell&QE for SiV

— Dual with respect to single wavelength optimization
+ larger QE at the excitation in Au based core-shells in case of 532-650 and 532-738
» larger Purcell*QE at the emission, smaller detuning both in Au and Ag-based configuration_Au/Ag_QE

« De-centralized with respect to centralized
« Larger Purcell * QE at 738 nm single wavelength, and at the excitation in both cases of NV and SiV

* De-centralized with corrected QE criterion optimized for P*2 and Purcell*QE"2
— smaller/larger excitation rate than in case of de-centralized /centralized, optimized with QE
— larger/smaller emission rate than in case of de-centralized /centralized, optimized with QE.
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