
3.1 Publishable summary 

3.1.1 The core aims and objectives 

The 2003 breakthrough discovery of a nanoscale optically active cation channel, 

channelrhodopsin-2, made it possible for the first time, to genetically re-engineer neuron cells 

to be photosensitive. It became possible to stimulate or inhibit individual action potentials at 

will, without further chemical modification. The capabilities have been demonstrated in a 

number of high profile journals detailing optical-neural control from cell culture to primate 

models. The only issue is that high illumination densities are required to activate individual 

action potentials.  

ChR2 encoded cells need high intensity pulses of light to achieve action potentials; typically 

10-100 mW/cm
2
 for 5-10ms over the area of the neuron at 470nm. Thus, when taking optical 

efficiencies of 1-10% into account, the emitter requires instantaneous radiant intensities of 

~10
5
 – 10

6
 cd/m

2
. Typical peak brightness’ for LCD displays are 500 cd/m

2
 while OLEDs 

have the potential to reach 10
3
 - 10

4
 cd/m

2
. Complex structured light modulators necessitate 

large high power light sources which prevent scalability to in-vivo prosthetics. This project 

consortium therefore aims to develop an array of ultra bright electronically controlled 

microLEDs which will provide a truly revolutionary tool for the neuroscience and 

neurotechnology community. Our initial work in the field can be seen in Figure 1 

 
Figure 1. Preliminary GaN micro-LED fabrication. (a) passive raster scanning 64x64 micro-LED matrices we have previously 
acquired emitting in the UV/blue and green regions of the visual spectrum. (b) The LED’s can achieve high spatial resolution 
on arrays of photosensitized neurons. The ChR2 is co-expressed with a fluorescent GFP tag (c) multiple illumination spots 
can be used to stimulate a single neuron. (d) Patch clamping current recordings can be used to analyse the relative 
influence of individual photonic synapses for studies on individual neuron biophysics. 

The consortium consists of experts in the field who converge the many disciplines (optics, 

sophisticated LED fabrication, CMOS flip chip design and bonding, biophysics, molecular 

biology, neurophysiology) to bear on the complex, and crucial to neuroscience, problem of 

studying dendritic physiology and neural network dynamics. Advances in the techniques of 

this field will absolutely be required to further our understanding of brain function. The 

system we propose to develop will be powerful, sophisticated and at the same time, lead to a 

commercial spin-out that will provide them at relatively low cost.  

3.1.2 Progress achieved to date 

Our objectives in the first year of the project are to fabricate an initial array of microLEDs to 

assess the optical performance we can achieve and deliver early biological experiments. In 

combination with our engineered optical stimulation platform we have been developing the 

biological photosensitization agents and their targetting to retinal neuron cells. These 

achievements have been in keeping with the originally proposed workplan. 



In this first year of the project we have published papers in key engineering journals such as 

the IEEE Transactions on Biomedical Engineering and key scientific journals such as Nature 

and Nature Neuroscience. We have also presented work at conferences to both the 

engineering and biological communities.  Furthermore, we also feel that it is important to 

bring this important new field of optogenetics to the general public. A contribution was 

therefore made to the human + exhibition in the Dublin science museum earlier this year.  

 

3.1.3 The project team 

The project team consists of 5 academic partners and an industrial partner. The consortium is 

led by Newcastle University who perform the engineering electronic design and system 

integration. The microLED photonics is being researched at the Tyndall Institute, Cork, and 

the micro-optics by Imperial College. The molecular biology of the channelrhodopsin is 

being researched at the Max Planck Institute, Frankfurt and the retinal neurobiology at the 

Friederich Miescher institute in Basel. Commercialisation is being led by Scientifca. 

The project consists of 6 workpackages broadly classified into 3 broad areas: Engineering, 

Bioscience and Commercialisation, as described in Figure 3. The engineering team consists 

of Imperial College, the University of Newcastle, and the Tyndall Institute, Cork. The 

biological team consists of the Max Planck Institute, Frankfurt, and the Friederich Miescher 

Institute. Commercial deliver is being carried out by Scientifica Ltd. 

 

Figure 2. Public engagement to date. The concept of 
optogenetic retinal prosthesis was highlighted in the 
Human Plus exhibition (15

th
 April – 24

th
 June 2011 in 

Dublin. The story was picked up by the Guardian 
Newspaper in the UK, and a number of blogs. A video 
storyline is now hosted via Vimeo 
(http://vimeo.com/22616192).  

 

http://vimeo.com/22616192


 

Figure 3 The project team and interdependences of the workpackage components. (left ) The European team involved in 
teh OptoNeuro project. (Right) The straight lines represent the primary feedforward communication and dotted lines 
represent feedback. The neurobiology experiments are central to demonstrating the potential of the fabricated 
optoelectronic chips. These experiments are dependent on successful outcomes of all the other project components. The 
CMOS chip design, and in particular, the driving voltage will be dependent on both the biological and photonics 
components. 

Project coordination is carried out at Newcastle University by Dr Patrick Degenaar, who is 

liaising with each of the teams and ensuring positive outcomes to the project. The project 

partners are as follows: 

Dr Patrick Degenaar  Newcastle University, Newcastle, UK 

Dr Botond Roska  Friederich Miescher Institut, Basel, Switzerland 

Prof. Mark Neil  Imperial College London, UK 

Dr Brian Corbett,   Tyndall Institute, Cork, Ireland 

Prof. Ernst Bamberg  Max Planck Institute, Frankfurt, Germany 

Mr David Rogerson  Scientifica Ltd, UK 

3.1.4 Long Term Vision 

The system we propose will have immediate applicability to the neuroscience field and could 

provide immediate high impact applications to studies of neuronal networks. Additionally, 

the optoelectronic stimulator we are developing can stimulate subcellular structures, i.e. 

dendritic compartments, with micron resolution, potentially creating thousands of photonic 

synapses. This could have particular application to neuropharmaceutical drug discoveries. 

Combined with calcium imaging, it could be implemented into all-optical high-throughput 

screening processes.  



Our long term interest is to use this stimulation technology to develop a new class of 

optoelectronic retinal prosthesis, as described in Figure 4 below. Such a prosthesis would 

provide benefit to those suffering from retinal degenerative disease such as Retinitis 

Pigmentosa which affect 1 in 3500 across the world. Despite the successes of electrical 

stimulation for cochlear implants (about 30,000 implanted systems in 2008), the architecture 

of the retina makes it very difficult to achieve electronic retinal prostheses. Genetically 

targeted optical sensitization of specific retinal bipolar or ganglion cells, stimulated with 

external LED micro-arrays would allow us to bypass many of these problems and return 

functional sight to the blind.   

 

Figure 4 The optogenetic retinal prosthesis concept (left) An optogenetic retinal prosthesis would capture the visual 
world, process it and command the optoelectronic stimulator to drive visualise the microLED’s to pulse a retinally coded 
spatiotemporal pattern on the retina. Retinal ganglion cells or bipolar cells, sensitized by channelrhdodopsin (via viral 
transfection) would then bypass the non functioning cells. (Right) a conceptual ultimate system could be relatively compact 
so as not to highlight the user’s disability. 

The device that will be fabricated on this project will be directly translatable to this long term 

goal of retinal prosthesis. Both Newcastle and FMI have a particular interest in achieving a 

functioning retinal prosthesis, respectively from the Engineering and biological perspectives. 

We believe that this project will directly support the realisation of such a device in the 

medium term. Furthermore, as part of this project we will perform information transfer 

experiments onto the retinal ganglion cells will additionally allow us to develop a deep 

understanding of how to transfer visual information. We therefore envisage the possibility of 

rapid transfer to patient trials at the end of this project if parallel work on patient safety is 

already carried out.  

3.1.5 Web address 

The project website can be found at: 

http://www.optoneuro.eu  

 

 

http://www.optoneuro.eu/

