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Overview 

All photonic components have metallic or partly 

conductive contacts, which inevitably give rise to 

plasmonic effects. Although such effects are 

associated with loss, recent research efforts in this 

field have shown that with clever engineering and 

by understanding their physical origin, plasmonic 

effects have the potential to enhance photonic 

components. There is wealth of new plasmonic 

phenomena, such as enhanced transmission, 

optical field enhancement, and sub-wavelength 

focusing that have been discovered by the 

European research community. This, in principle, 

paves the way for a new generation of photonic 

components, such as light emitting diodes (LEDs) 

and photodetectors, where their performance, 

(e.g. external quantum efficiency, speed, and 

signal) is enhanced through plasmon effects. The 

goal of the  PLEAS project was to put the leading 

researchers in plasmonics together with key 

industrial players to evaluate the commercial 

potential of plasmonics.  



 

 

To be useful to the photonics industry plasmonic concepts must be evaluated within the correct industrial context 

together with the nanostructuring technologies necessary to fabricate them.  

Enhancing LEDs with Plasmonics  

The highest efficiency commercial LEDs are thin-film LEDs. An important source of loss in these LEDs are the current 

carrying wires used to distribute current across the LED. Light emitted beneath these stripes is lost due to 

shadowing. This is called `contact shadowing´. Plasmonics can play a role here by (a) enabling light to transmit 

through the contact via enhanced transmission using hole arrays or (b) by guiding light around the contact via light 

transport through propagating surface plasmons. 

In either case the plasmon enhancement needs to be demonstrated both at the concept level as well as in packaged 

LEDs. 

Enhancing Photodetectors with Plasmonics  

The intrinsic noise in a detector is related to its size; the smaller detector 

the lower its noise. However, simply reducing the size of the detector 

leads to reduced detection efficiency. The aim of plasmonic enhanced 

photodetector is to reduce the active surface/volume without losing 

efficiency. The approach is to use plasmonic light harvesting and field 

enhancing structures to collect light from a surface and concentrate it 

efficiently.  

To demonstrate an industrial proof of concept the project needed to  

(a) create plasmon enhancing structures through CMOS compatible 

processes and (b) demonstrate plasmon enhancement on photodiode 

arrays. 

Project Goals 

Commercial LEDs containing 

plasmonic structures. (OSRAM OS) 



 

 

Early results showed that the target of 40% 

transmission on glass can be achieved. However 

the transfer of this success to high refractive 

index substrates turned out to be a key issue. 

Plasmons have very high loss at the gold LED 

interface due to the high refractive index of the 

LED. This excludes the use of propagating 

plasmon modes on the semiconductor side of 

the contact. 

One solution around the high index problem 

was to use an intermediate conducting layer of 

ZnO. In this case, high transmission was 

achieved. 

A second route is to use perforations that are 

not below cut-off such as large holes, annular 

holes or slit arrays. Of these, slit arrays are the 

easiest to implement and can be tailored to 

have low loss. Despite slit arrays being an 

elegant solution fabrication is not easy. 

. 

Investigation of Plasmon Enhancing Structures for LEDs 

Enhanced Optical 
Transmission (EOT) 

At the start of the project, the role of surface 

plasmons in EOT was unclear, particularly as 

the minimum in transmission is often 

observed at the exact surface plasmon 

wavelength. These issues have been resolved 

and are well documented in a series of 

theoretical papers by the UNIZAR and UAM 

groups. 

In addition, it became clear that surface waves 

other than surface plasmon waves can be 

used for enhance transmission. This has been 

demonstrated with a TE waveguide deposited 

on top of the metal for light harvesting 

structures theoretically by UNIZAR and UAM 

and experimentally by CSEM. 

Contact Shadowing in LEDs 

Overcoming contact shadowing requires high 

transmission through metal films on LEDs. 
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Contact Shadowing: Light from the emitting layer (light blue) is absorbed by the contact (orange). This is 

known as contact shadowing. Two strategies for overcoming contact shadowing: (1) Light transmits 

through the contact using a hole array. (2) Light moves around the contact using surface plasmons. 



 

 

 

High-efficiency LED technology  

To achieve the goal of high efficiency it is important that the metal structure is transparent and efficient at 

extracting light from beyond the critical angle. The project initially focused on standard hole arrays, but it was 

quickly found that annular hole arrays are superior (UAM/UNIZAR). These were implemented by QUB on LEDs 

fabricated by OSRAM. 

Particles can enhance light extraction in two ways: the first is due to the enhanced electrical field near the 

particle, the second is the ability of the particle to scatter light into the escape cone. Particle arrays were 

fabricated using self-assembly based techniques and such LEDs show improved efficiency. 

The extraction of light from beyond the critical angle is crucial for enhanced extraction. Experiments within the  

PLEAS project (ULP and partners) showed that hole arrays can do just this. 

Outlook for Solid State Lighting  

There had been little work done on plasmons on high index semiconductors and the problems encountered due 

to high index substrates before the PLEAS project.  The investigation of this problem and how to circumvent it 

made up a large part of the original work in the PLEAS project.  Although this work showed positive results for 

improving commercial LEDs, the improvements were not substantial enough to warrant further investigation. In 

some cases this was due to the advancement of commercial LED technology during the project. 

The project came to the following conclusions on commercial state-of-the-art LEDs:  

 Plasmonics will not be used for enhanced LEDs that will compete with state-of-the-art thin-film LEDs.  

 Plasmonics will not be used to enhance directionality of commercial LEDs.  

 Plasmonics will not be used for transparent contacts in commercial LEDs.  

However, plasmonics may well be used for: 

 Controlling the polarization of LEDs. 

 Improving the efficiency of low efficiency LEDs. 

 



 

 

Plasmon Enhancing Structures for Photodetection  

Plasmons for Photodetection  

The following technologies were demonstrated 

Integration of plasmon structures inside CMOS 

detector arrays (above IC process). 

LH structures were fabricated on finished CMOS 

detector arrays by depositing metal and 

structuring it through focused ion beam. 

Integration of plasmon structures inside CMOS 

detector arrays (using CMOS process).  

It is possible to use the metal layers in a 

standard CMOS process to create plasmon 

structures. This was successfully demonstrated, 

allowing direct commercialization. 

Light Harvesting (LH) 

The project was inspired by the seminal work done 

by Ishi at NEC on plasmon antennas for high speed 

photodetectors. Designs for bull’s eye and slit -and-

groove structures were optimized, fabricated and 

tested. 

Pioneering work by ULP showed that by 

overlapping either type of LH structure photon 

sorting could be achieved. In essence, several LH 

structures with different resonant wavelengths are 

made to overlap. The result is that there is only a 

minor loss of efficiency even with large overlaps. 

The different wavelength photons are spatially 

sorted, by overlapping structures with different 

periods. The same team also demonstrated 

plasmonic waveplates allowing polarization 

manipulation on the wavelength scale. 

Overlapping Bull’s eye structures for photon sorting. 



 

 

Integration of plasmon structures on custom detectors (above IC).  

In order to bring the light harvesting structures in close proximity to the 

active region, custom detectors were designed, fabricated and tested for 

this purpose. 

Outlook for Plasmonics in Photodetectors 

By testing many technologies the potential of light harvesting structures 

was clearly evaluated.  Recent advances in CMOS technology have led to a 

drastic reduction in pixel noise and this is no longer a concern for camera 

manufacturers.  

However, it is expected that light harvesting structure will impact the following areas:  

 Low noise IR photodetection. 

 Polarization cameras. 

 Spectral imaging. 
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Conclusions 

There has been a lot of excitement about plas-

monics and clearly they have an important 

potential. The interest of this project is that 

this excitement has been placed face-to-face 

with industrially relevant goals and the top 

academic experts in the field have worked 

directly with those making state-of-the-art 

photonic components. We have assessed the 

potential of plasmonics to improve state-of-

the-art LEDs and CMOS photodetectors. While 

excellent results were obtained, they are not 

sufficient to be commercially relevant for the 

goals demanded by industry within the project. 

While a positive result for the industrialization 

of plasmonics would have been more satisfy-

ing, the exhaustive nature of the work carried 

out in the project is a tribute to the project 

participants. 
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