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Top: single-nanowire directional emission from a GaAs nanowire surrounded by Au plasmonic scatterers 
(SEM top left), as measured by 'Fourier microscopy', i.e. angular emission mapping in a high-NA micro-
scope [credits: Mohammad Ramezani (Nano Lett. 15, 4889 (2015)]. Bottom: Fourier-space polarimetry of 

plasmon-enhanced emission of emitters in a single nano-hole antenna surrounded by a plasmonic bull's eye. 
Again the lateral coordinates should be read as angle, or more accurately, parallel momentum. The bull's eye 

redirects the fluorescence emission into a donut beam (red). Although the molecular ensemble is randomly 
oriented, the antenna imparts a strong degree of (linear) polarization to the emission that it redirects  

[credits: Clara Osorio (Phys. Rev. Appl. 4, 054014 (2015))]. 
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1. Scientific results 2015 
As most researchers in the FOM Industrial Partnership Programme 'Nanophotonics for solid state 
lighting' were filled in late 2014, the programme is now gaining momentum as described below: 
  
Coherent absorption in plasmonic LEDs [14NSL01] is a proposed method to enhance how much and 
where a pump beam is absorbed in a nanophotonic structure by shaping the pump beam. We 
demonstrated that illumination conditions, particularly angle of incidence, strongly influence the 
external quantum efficiency (EQY) of plasmonic LEDs due to parasitic optical absorption in the 
metal. We can now fully suppress this absorption by controlling the phase of two counter-propa-
gating optical beams to define an excitation profile that does not interact with the metal. This 
approach enables EQY values near unity while preserving the resonant interaction of the emission 
with the plasmonic array. To expand the accessible range of spontaneous emission and beam shape 
control that plasmonics offers, we studied so-called plasmonic metasurfaces [14NSL02]. In first stu-
dies, we demonstrated that improved luminous efficacy in the forward direction is possible, and 
improved sideward coupling of luminescence to a light guide that acts as luminescent concentra-
tor. The main target application is low etendue light sources for projection. We also investigated 
the coupling of emission of single semiconductor nanowires to plasmonic Yagi-Uda antennas, 
bringing electrically driven directional emitters in view. 
 
Designing a plasmonic LED to meet a target figure of merit is a complex optical problem for which 
full-wave solvers are slow. We [14NSL03] implemented a semi-analytical method to predict emis-
sion directivity, pump absorption, quantum yield and emission rate enhancements for realistic 
plasmon structures in arbitrary layered dielectric systems at speeds >10.000 that of full-wave 
simulations. While requiring controlled approximations, this self-consistent Green-function met-
hod brings into view rapid iterative optimizations. As an experimental tool to validate designs, we 
built a setup to map directivity and polarization performance of nanophotonic light sources. 
Through Fourier-plane Stokes polarimetry we can now map the complete polarization-state of 
light for each emission angle in fluorescence and cathodoluminescence, microscopy on nanopho-
tonic structures.  
 
This development has strong ties to the project Photonic band engeering of LED emission [14NSL04]. 
Here the goal has been to create photonic nanostructures for full polarization control of both emis-
sion and absorption using layers with minimal thickness. A photonic crystal-based dielectric slab 
structure was designed to achieve maximally asymmetric transmission for oppositely handed 
light, and strong polarization rotation. A generalized multi-mode, multi-port coupled-mode theory 
was developed to establish the conditions for which maximal asymmetric transmission is 
achieved. The generated understanding will greatly facilitate the design of structures to achieve 
full polarization control, incl. chiral emission and absorption.  
 
Regarding novel materials for LEDs [14NSL05], we realized that halide perovskites are attractive for 
light-emission, as they offer tunable and direct band gaps and solution-based processing. We deve-
loped a method to produce single microcrystals of hybrid and all-inorganic halide perovskites by 
crystallizing in contact with a flat, PDMS (polydimethylsiloxane) stamp. The smoothness of these 
microcrystals allowed us to measure the complex refractive index of green-emitting 
CH3NH3PbBr3. Using these optical constants, we can now design nanophotonic structures such as 
anti-reflection coatings , and distributed-feedback gratings for directional light emission. These are 
directly imprinted into the perovskite using nanotextured PDMS stamps fabricated using substrate 
conformal imprint lithography (SCIL, developed at Philips/AMOLF). Additionally, we are inves-
tigating the directionality of photoluminescence from CH3NH3PbBr3 inverse opals.  
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In our exploration of metal-dielectric metamaterials [14NSL06] we studied hyperbolic metamaterials. 
In 1968, Veselago predicted that a thin with hypothetical negative refractive index would act as a 
flat lens. Inspired by hyperbolic metamaterials, i.e., metal-dielectric multilayers that show negative 
refraction but are very anisotropic, we developed a novel metamaterial in which the dispersion has 
spherical rather than hyperbolic isofrequency wavevector contours, emulating an isotropic refrac-
tive index n=-1. We fabricated and demonstrated a flat lens operating in the UV using a silver/tita-
nium-dioxide single-periodic thin film multilayer structure. The insights in light propagation in 
layered structures were then applied to investigate how nanopatterning can help enhance outcou-
pling of light from GaN LEDs grown on patterned sapphire substrates. 
 
2. Added value of the programme 
The strategic decision of Philips to spin out and split up its lighting business meant that during 
2015 project collaborators at Philips Research either left lighting-related research, or shifted 
research topics as they moved to/with Philips Lighting. Excellent news emerging now is that also 
research on high-end applications targeted by the new Philips Lighting will benefit from this IPP 
programme, as evident from ongoing collaborations. These especially include projects 14NSL01, 2 
and 3, relating to low-etendue light sources for projection, and project 14NSL06 where we pro-
vided scientific input to a business plan for developing Soft Conformal Imprint Lithography. Now 
that Philips Lighting has taken form, we are taking action with Philips Lighting to explore new 
shared points of interests through joint programme meetings, and exploring inclusion of third-
parties within, and outside, the umbrella of Royal Philips (which owns the separate entities 
Lumileds and Philips Lighting). From the academic viewpoint, many joint projects are now 
emerging between partners (i.e., coherent effects in plasmon-enhanced emission (Rivas and 
Koenderink), directional halide perovskite emission (Garnett and Koenderink), chiral emission and 
polarimetry (Polman, Koenderink, Verhagen/Kuipers), showing the benefit of joint student trai-
ning and equipment. 
 
3. Personnel 
Positions on projects 14NSL01 and 04 were filled with PhD students (Ramezani, Parapurath) late 
2014/early 2015, while for 14NSL03 and 05 postdocs (Clara Osorio, Sarah Brittman) were found. In 
view of his move to DIFFER, Rivas postponed filling position 14NSL01 (PhD will start April 2016). 
To enable immediate collaboration, project 14NSL06 was started mid-2014 by a PhD student 
already in the group of Polman, who finished September 2015. The start of TKI project 14NSL08-2 
is delayed until Philips Lighting has defined their strategy. 
 
4. Publications 
14NSL01 
- D.K.G. de Boer, M.A. Verschuuren, K. Guo, A.F. Koenderink, J. Gómez Rivas, and 

S.R.K. Rodriguez, Directional sideward emission from luminescent plasmonic nanostructures, Optics 
Express 24 A388 (2016). 

- M. Ramezani, G. Grzela, F. Matteini, G. Tütüncüoglu, D. Rüffer, A. Fontcuberta i Morral and 
J. Gómez Rivas, Hybrid semiconductor nanowire-metallic Yagi-Uda antennas, Nano Lett. 15, 4889 
(2015). 

 
14NSL02 
- K. Guo, G. Lozano, M.A. Verschuuren, and J. Gómez Rivas, Control of the external photolu-

minescent quantum yield of emitters coupled to nanoantenna phased arrays, J. Appl. Phys. 118, 
073103 (2015). 
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- G. Pirruccio, M. Ramezani, S.R.K. Rodriguez, and J. Gómez Rivas, Coherent control of the optical 
absorption and emission in a plasmonic array coupled to a luminescent layer, accepted for publication 
in Phys. Rev. Lett. 
 

14NSL03 
- C.I. Osorio, T. Coenen, B.C. Brenny, A. Polman, and A.F. Koenderink, Angle-resolved catholdolu-

minescence imaging polarimetry, ACS Photonics 3, 147-154 (2016). 
- A. Mohtashami, C.I. Osorio, and A.F. Koenderink, Angle-resolved polarimetry of antenna-mediated 

fluorescence, Phys. Rev. Appl. 4, 054014:1-7 (2015). 
 
14NSL04 
No papers submitted yet. 
 
14NSL05 
- S. Brittman and E.C. Garnett, Measuring n and k at the Microscale in Single Crystals of 

CH3NH3PbBr3 Perovskite, J. Phys. Chem. C ASAP article, (2015). 
- S. Brittman, G.W.P. Adhyaksa and E.C. Garnett, The expanding world of hybrid perovskites : materi-

als properties and emerging applications, MRS Commun. 5, 7-26 (2015). 
 
14NSL06 
Four papers submitted in 2015 are under review. 
 
5. Valorisation and outreach 
Following the decision of Koninklijke Philips NV to spin out Lumileds and Philips Lighting we are 
building a new framework of collaboration to replace the originally envisioned partnering of pro-
jects to particular Philips researchers. Projects 14NSL01,02 and 03 are now pursued in collaboration 
with D.K.G. de Boer (Philips Lighting, also in consultation with H. Jagt, low-etendue sources) 
Mainly in project 14NSL06 we consulted weekly with Dr. M.A. Verschuuren, Philips IP&S, on the 
business plan for a new startup commercializing SCIL. Several technical reports were provided to 
Philips on nanopatterend sapphire substrate light outcoupling designs. For new connections we 
are organizing programme meetings at Philips (target frequency: every six months). We are 
actively scouting to invite also external users. 
 
Further valorization output: 
- D.K.G. de Boer, M.A. Verschuuren, S.R.K. Rodriguez and J. Gómez Rivas, Phosphor-converted 

plasmonic LED injecting in a light guide, Patent application (2015). 
- A. Nikitin en J.G. Rivas, Public demonstrator Plasmon-enhanced directive blue-LED pumped 

remote phosphor, shown at Physics@FOM 2015, Veldhoven, the Netherlands, January 20-21, 
2015 and Summerlabb – Eurosonic/Noorderslag festival. 

- Kinderboekenweek 2015 optreden 'Lezen is Weten – Duurzaamheid en Licht', A.F. Koenderink 
en Bas van Lier (Schrijver van 'Hoeveel papier gaat er in een boom') in Bibliotheek Haagse Hout 
voor circa 60 Groep 7/8 kinderen. Onderdeel van de Lezen=weten² tour, De Praktijk i.s.m. 
Stichting CPNB, Tech Your Future en Platform Bèta Techniek. 

 
6. Vacancies 
Clara Osorio [postdoc 14NSL03] has decided to pursue a career at TNO starting June 2016. 
Replacements for her and 14NSL06 (PhD) are sought.  
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Fact sheet as of 1 January 2016 

 FOM – 13.0727/4 
 datum: 01-01-2016 
 
 
APPROVED INDUSTRIAL PARTNERSHIP PROGRAMME 
 
 
Number i33. 
  
Title (code) Nanophotonics for solid-state lighting (NSL) 
  
Executive organisational unit AMOLF / DIFFER 
  
Programme management Prof.dr. A.F. Koenderink 
  
Duration 2014 – 2018 
  
Cost estimate M€ 4,45 
  
Partner(s) Philips  
  
Concise programme description 
a. Objectives 
This Industrial Partnership Programme between FOM Institute AMOLF and Philips Research aims 
at achieving fundamental knowledge required to develop efficient solid-state light sources. A key 
element is the control of light-matter interactions using resonant photonic and plasmonic 
nanostructures at optical frequencies. By enhancing these light-matter interactions it will be 
possible to reach the ultimate limits of efficiency, and achieve control over beam shape and 
emission spectrum in white-light LEDs. Three main technological challenges will be addressed in 
this programme: 1) Control of beam shape and direction, 2) Spectral tuning of the emission by 
means of inexpensive and sustainable nanostructured materials, and 3) Optimized optical 
absorption of phosphors used for solid-state lighting. 
 
b. Background, relevance and implementation 
Solid-state lighting is a rapidly emerging technology that is causing a revolution in the lighting 
industry. Solid-state light sources provide unique flexibility in the color, tunability and directivity 
of light, at high power and conversion efficiency. Moreover, they enable new lighting architectures 
that cannot be achieved with conventional means. The programme started as a continuation of the 
FOM group located at Philips in Eindhoven, while part of the research projects were performed in 
the laboratories of FOM Institute AMOLF in Amsterdam. As a result of changes within Philips 
Lighting, the FOM group at Philips was relocated to FOM-institute DIFFER in September 2015. 
The programme is further continued at the two FOM-institutes AMOLF and DIFFER. 
 
Source documents and progress control 
a) Original programme proposal: FOM-13.0115 
b) Ex ante evaluation: FOM-13.0468, FOM-13.0592/D 
c) Decision Executive Board: FOM-13.0726 
d) Contract: FOM-13.1567/D 
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Funding 
Salarispeil cao tot 01-01-2016 

via AMOLF: 
bedragen in k€ ≤ 2015 2016 2017 2018 2019 2020 ≥ 2021 Totaal 

FOM-basisexploitatie 400 150 53 - - - - 603 

FOM-basisinvesteringen - - - - - - - - 

Doelsubsidies NWO 707 - - - - - - 707 

Doelsubsidies derden  - - - - - - - - 

- Philips 1) 1.000 - - - - - - 1.000 

- TKI-toeslag 2) 98 50 50 52 14 - - 264 

Totaal 2.205 200 103 52 14 - - 2.574 
 
salarispeil cao tot 01-01-2016 
via DIFFER: 
bedragen in k€ ≤ 2015 2016 2017 2018 2019 2020 ≥ 2021 Totaal 

FOM-basisexploitatie - 100 100 197 - - - 397 

FOM-basisinvesteringen - - - - - - - - 

Doelsubsidies NWO 293 - - - - - - 293 

Doelsubsidies derden  - - - - - - - - 

- Philips 1) 945 - - - - - - 945 

- TKI-toeslag 2) - 41 41 38 104 - - 224 

Totaal 1.238 141 141 235 104 - - 1.859 
1)  Bovenop de in-cash bijdrage, heeft Philips tot september 2015 circa k€ 700 in-kind bijgedragen aan het programma 

voor huisvesting en gebruik van apparatuur, faciliteiten en diensten door de FOM-groep. 
2)  Voor dit programma is k€ 503 aan TKI-toeslag toegekend, waarvan k€ 15 bestemd is voor bureaukosten TKI-HTSM. 

Doordat Philips uiteindelijk k€ 55 minder bijdraagt, wordt bovendien k€ 14 van de beschikbare TKI-toeslag 
gereserveerd voor mogelijke correctie van de definitieve toekenning. 

 
Remarks 
The programme will have well-chosen evaluation moments where international experts evaluate 
both results and future plans. The first evaluation will be organised in 2017/2018, when the first 
PhD students reached the final phase of their project. The FOM advisory committee on 
Nanophysics/-technology (NANO) will advise the Executive Board of FOM based on the 
international review report. 
 
For the programme a scientific advisory board is established that meets yearly, and monitors 
progress of the programme. A supervisory board oversees overall progress of the programme. 
Drastic changes require approval of the supervisory board. 
 
 MH par. HOZB 
 
 
Subgebied: 100% NANO  
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Historical overview of input and output 

 

Input personnel (in fte)  finances* (in k€ ) 
WP/V WP/T PhD NWP 

2014 0.2 1.4 0.7 1.1 334 

2015 1.5 3.3 1.8 2.0 752 

 

Output PhD theses refereed publications other publications & 
presentations 

patents 

2015 - 14 20 - 

* After closing the financial year. 
 
 
PhD defences 
2015 
None. 

 

 
 
Patents (new/changes) 
2015 
None. 
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Overview of projects and personnel 

 
Group Femius Koenderink 

Leader Prof.dr. A.F. Koenderink 
Organisation FOM Institute AMOLF 
Project leader(s) Prof.dr. J. Gómez Rivas 
Project (title + number) (14NSL01) 
 
FOM employees on this project 
Name  Position Start date End date 
J. Gomez Rivas WP/V 1 September 2014 30 June 2015 
H.A. Halpin WP/T 1 October 2014 30 June 2015 
 
 
Leader Prof.dr. A.F. Koenderink 
Organisation FOM Institute AMOLF 
Project leader(s) Prof.dr. J. Gómez Rivas 
Project (title + number) (14NSL02) 
 
FOM employees on this project 
Name  Position Start date End date 
M. Ramezani oio 16 October 2014 30 June 2015 
 
 
Leader Prof.dr. A.F. Koenderink 
Organisation FOM Institute AMOLF 
Project leader(s)  
Project (title + number) (14NSL03) 
 
FOM employees on this project 
Name  Position Start date End date 
C.I. Osorio Tamayo WP/T 1 December 2014 30 April 2017 
 
 
Leader Prof.dr. A.F. Koenderink 
Organisation FOM Institute AMOLF 
Project leader(s) Dr. E. Verhagen and Prof.dr. L. Kuipers 
Project (title + number) (14NSL04) 
 
FOM employees on this project 
Name  Position Start date End date 
N. Parappurath oio 1 March 2015 28 February 2019 
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Leader Prof.dr. A.F. Koenderink 
Organisation FOM Institute AMOLF 
Project leader(s) Dr. E.C. Garnett 
Project (title + number) (14NSL05) 
 
FOM employees on this project 
Name  Position Start date End date 
S.F. Brittman WP/T 1 June 2014 15 March 2017 
 
 
Leader Prof.dr. A.F. Koenderink 
Organisation FOM Institute AMOLF 
Project leader(s)  
Project (title + number) Algemeen budget (14NSLB) 
 
FOM employees on this project 
Name  Position Start date End date 
B. Drent TP/T 16 November 2015 15 November 2018 
P.C. Govers TP/T 1 July 2014 31 August 2015 
D.P. Ursem TP/T 1 June 2014 31 May 2017 
 
 
Group Rivas 

Leader Prof.dr. J. Gomez Rivas 
Organisation FOM Institute DIFFER 
Project leader(s)  
Project (title + number) Nanophotonics for solid-state lighting (14NSL01-1) 
 
FOM employees on this project 
Name  Position Start date End date 
J. Gomez Rivas WP/V 1 July 2015 31 December 2018 
W.A. van der Meer stage 16 November 2015 30 April 2016 
 
 
Leader Prof.dr. J. Gomez Rivas 
Organisation FOM Institute AMOLF 
Project leader(s)  
Project (title + number) (14NSL02-1) 
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FOM employees on this project 
Name  Position Start date End date 
M. Ramezani oio 1 July 2015 15 October 2018 
 
 
Leader Prof.dr. J. Gomez Rivas 
Organisation FOM Institute AMOLF 
Project leader(s)  
Project (title + number) (14NSL08-1) 
 
FOM employees on this project 
Name  Position Start date End date 
H.A. Halpin WP/T 1 July 2015 30 September 2017 
 
 
Leader Prof.dr. J. Gomez Rivas 
Organisation FOM Institute AMOLF 
Project leader(s)  
Project (title + number) (14NSL0B-1) 
 
FOM employees on this project 
Name  Position Start date End date 
P. Stroobach TP/T 1 November 2015 30 April 2016 
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