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Bridging micro- to nano-worlds
Electrons ~ 10 nm

Nanostructures
•Molecules

•Polymers

•Fullerenes

•Nanotubes

•Supramolecular structures

•Metal islands

•Quantum wells

•Quantum wires

•Quantum dots

Photons ~ 1 mmmmm

Microsystem components
•Microcavities � VCSELs

•Metamaterials & PhC devices 

•Waveguides, switches, tuners

Phonons ~ 3 nm

Various system
•Acoustic cavities

•NEMS

•Phonon Waveguides

•Energy devices
Plasmons ~2 nm



MONA Road Map 1 st edition 2007

Selected key
nanomaterials:

Dr Laurent Fulbert

www.mona.org



Nanophotonics Road Map 2008

Available free from
www.phoremost.org

� Identifies scientific & 
technological challenges

� Points out roadblocks & 
proposes strategies to 
overcome them

� It includes:
- Concepts
- Technologies
- Devices
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Need for concept or basic science development

5 years 5-10 years 10-15 years

Non-linear
nano-optics

Optical
trapping
& sorting

Metamaterials
visible range

Random
lasers

Photonic crystals
Self-assembly

Nanoparticle-based
Energy conversion

Nanoimprint
lithography

Organic-inorganic 
Hybrids technologies

Plasmonics

Microcavities

III-V / Si integration

Infiltration
techniques

Colloidal
particle

engineering

Research needs in Nanophotonics

Molecular
photonics



“Generic” Value Chain
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Challenges in Nanophotonics

• Interaction hierarchy s among quasi-
particles & their environment
• Single-molecule/particle addressing 
• Energetically  sound � 10’s of 
kBT/function 
• Amplification and gain
• Integration, system-level architecture
• Costs, standards, etc



ZnO Nanorods as laser material 

Two mirrors: one Al (100%) 
and other nanorods of 
another diameter.
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Example on nanostructure: nanowires

Emelchenko et al 2008



ZnO nanorod resonator with two mirrors
Length -17 um, diameter – 1.2 um

CLI

SEM



Challenges facing Nanowires
in nanophotonics

• Proof of concept – OK  
• Uniformity of nanorods – material issue
• Electrical pumping – gain 
• Compatibility with established device and 
system platforms – integration
• Upscaling and cost

Leading to:
• Assessment of nanowires in nanophotonics.



Fabrication of 
systems and 

devices

Meso-scale 
organization for 
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Nanoscale: synthesis & functionalization

Courtesy L Curry & 
M Stricolli

Chemistry meets nanophotonics



Synthesis by non-seeding method (Jana 
et al., Small, 1, 875, (2005))
Surfactant : TOAB

Interface chemistry between nanoparticles and polymer

Au nanorods :

PMMA homopolymer PMMA based co-polymer
(PMMA- DMAEMA )

Functional group :
Tertiary amine

200 nm

• Stabilizing and protective polymer layer surrounding each NC => fairly homogenous dispersion

100 nm



Pt
Capping 

Layer

(CdSe)ZnS NCs in PMMA functionalized co-polymers

V. Reboud  et al., APL, 90, 011114, 2007, V. Reboud  et al., Microelectr. Engin., 84, 5-8, 
1574, 2007, V. Reboud, et al., Journal of Nanosc. and Nanotech., 2008

� (CdSe)ZnS NCs successfully incorporated in polymer matrix
� Excellent patterns transfer in the modified polymer
� PL intensity of the NCs minimally affected by the nanoimprint process
� Enhancement of light extraction by a factor of 2.4 with respect to that of 
the nanoimprinted unpatterned substrate



Challenges facing Nanoparticles
in nanophotonics
• Size and chemistry control – properties  
• Interface chemistry control – embedding 
• Toxicology  
• Compatibility with established device and 
system platforms – integration
• Upscaling and cost.

Leading to:
• Assessment of nanoparticles in 
nanophotonics.



Site-specific mesoscopic particle deposition in 
confined volumes – Integration with Silicon

Etched silicon substrate PMMA spheres self-assembled 
in basins in etched silicon 
substrate

www.tyndall.ie/phat



Large area homogeneity

Fluorescence images of 369 
nm beads with R6G



In/out coupling: Built-inIn/out coupling: Evanescent

Kragh et al., Proc. Eurosens., 2003
Sasaki et al., Jpn. J. Appl. Phys, 2000

Martin et al., Opt. Let., 2004

Chao et al., JVSB, 2002

S. Balslev, et al., J. Micromech., 2005 

V. Reboud et al., APL., 2007
H.Schift et al., Nanotechn., 2005 

N. Kehagias, et al., Nanotechn., 2007 

Nanostructures for light control

Specular reflection

Microtoroidal resonators

Microring resonators 

Q = 5.106

Q = 5800

1D PhCs

2D PhCs

3D PhCs



1/4n2» 9.8% of light extracted 
(n=1.6)
~ 90.2 % trapped in the material

Modification of emission 
pattern: micro-cavity

Diffraction of trapped light: 
Photonic Crystals

1. 2.

How to increase the light extraction of a 
polymer film?



Nanophotonics at work: surface plasmons-
enhanced light emission from photonic structures

V. Reboud et al., Optics Express, 15, 12, 7190, 2007. 

P. Sandeep, et al., J. Chem. Phys, 123, 204713,  2005

Increased 
radiative
recombination 
rate

Rhod

Grad = 1/t rad 

with t rad ns 

GSP = 1/(t At-Metal +t plasmon)

with t plasmon : fs and t At-Metal: ps

radnonrad

rad

G+G
G

=inth

Glass

SPradnonrad

SPextrad C
G+G+G

G+G
=int

*h

K. Okamoto, et al., Nature, 3, 601, 2004



39-fold enhancement 
in the PL intensity

Optically pump by a CW Ar+ laser (240 mW)

Nanoimprinted photonic crystals with 
surface plasmons-assisted emission

Potential application in organic photonics



NaPa Library of Processes

Processes for printed devices :
- DFB’s
- Optical encoder
- OLEDs
- Opto-microfluidic lab-on-a-chip
- NEMS
- Photonic crystals

FP 7 project NAPANIL

www.NAPANIL.org

Manufacturing of 3D diffractive optical
surfaces with sub 100 nm and 100’s 
micrometer features.



Conclusions

• Nanophotonics underpins basic science 
and develops methods to overcome 
scientific and engineering challenges to 
become a set of technologies

• Synergy with new materials, 
instrumentation, modelling methods and 
nanofabrication.

• Stronger interaction with components and 
architecture consortia needed to complete 
the value chain.


