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Electricity for lighting accounts for approximately 15% of global power consumption

Lighting



The LED/solid state lighting revolution



Impact of solid state lighting

LEDs are 20 times more efficient than incandescent lamps.

LEDs enable electrical artificial lighting off the grid (devolping countries)

LEDs have a usable life time 100 times longer than incadescent lamps and 10
times longer than fluorescent lights. 

*Press release of The Royal Swedish Academy of Science (7 October 2014) 



The Nobel Prize of Physics 2014
Isamu Akasaki Shuji Nakamura Hiroshi Amano

1929-Meijo Univ.(Nagoya Univ.) 1954-UCSB (Nichia) 1960-Nagoya Univ. ( Nagoya Univ.)



White light solid state lighting
Phosphor-converted white LEDs

Two conditions:
Semiconductor with the right 

energy band gap
Efficient radiative recombination. 

p-n junction, crystal quality, 
heterostructures and quantum 
wells



History
1973 – Akasaki “I decided to make the realization of blue light emitting devices by GaN p-n

junctions, an idea abandoned by many, my life’s work”

- Quality of the material
- p-doping

Two challenges:

Hiroshi Amano PhD student of Akasaki from 1985 to 1989



History
Nakamura clarified the annealing process (hydrogen passivation of acceptors). 
Thermal treatment of the GaN in a N2 atmosphere for the activation of p-
dopands (Jap. J. Appl. Phys 1992)

S. Nakamura, T. Mukai, M. Senoh and N. Iwasa, Jpn. J. Appl. Phys. 31, L139 (1992). 



Full control on the emission characteristics of optical sources for solid state 
lighting applications (LEDs): Improve efficiency, reduce material and increase
funtionality, e.g., beaming.

Nanostructures

Our work

Dipole : 
Highly localized 
source of 
electromagnetic 
radiation → Highly 
non-directional 
source 

2/
≥prδδ



An antenna is a device which converts the energy of free propagating 
radiation to localized energy, and vice versa

RF antennas

100 nm

Plasmonic antennas

Antenna: definition





Plenty of Room at the Bottom (Feynman, 1959)



Rayleigh anomalies

Collective plasmonic resonances

LSPR
Plasmonic mode
High local fields
Metal losses

Localized surface plasmon polaritons

Surface Lattice Resonances
Hybrid (plasmonic-photonic) modes
High local fields and weakly confined
Low losses

RA

Photonic mode
Weakly confined



LSPP

Extinction and PL enhancement

PLDE

θin = 0 deg

θem = 0 deg

PL
DE

Aluminum nanoparticle array + dye-doped polymer (~85% IQE) 



PL directional enhancement

),,(
),,(

),,(
),,(

)(
)(PLDE

exexexref

exexex

emememref

ememem

emref

em

D
D

ωϕθσ
ωϕθσ

ωϕθ
ωϕθ

ωη
ωη

=

Quantum
efficiency Directivity Absorption

< 1 (∼0.85) X 5X 10

Lozano et al., Light: Science & Applications (2013) 2, e66



Two final thoughts

2007

The research of Akasaki, Nakamura and Amano will be almost impossible now:
- Quick results and high short term impact: Glossy journals.
- Impact factor of the journal where results are published has become more important

than the long term impact of the research: Promotions, university evaluations, 
funding agencies, researchers. 



Two final thoughts

…

1997
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