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Abstract and executive summary:
	This document describes the potential applications and uses of the technology developed within the ICT-HISTORIC project.

In addition, it gives an overview of the dissemination activities that have been planned and/or executed in the first project year.
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1 Potential for exploitation of the technology developed within HISTORIC
The HISTORIC project generates know-how on three different levels: 
· technology for the fabrication of photonic components such as microdisk and photonic crystal lasers and for the heterogeneous integration of these components onto SOI, 
· design of the different photonic components and their use as gates or optical flip-flops,  and
· design of systems and architectures for optical packet and burst switching.
Below we explain the exploitation and potential use of the generated know-how in a little more detail. The purpose is however to identify the exploitation and use potential, rather than to outline plans for such use and exploitation. More detailed planning of use and exploitation will be taken into consideration in the last project year.

Exploitation of fabrication technology
The fabrication technology obviously has more general application potential and can be exploited in the fabrication of a variety of active InP-based components and in their heterogeneous integration into silicon photonics. This could include heterogeneously integrated tunable laser diodes, optical amplifiers and photodiodes. 
As the aim of HISTORIC is primarily to fabricate ultra-compact, membrane based components, the fabrication know-how will be in this domain. 
It is also the aim of HISTORIC to demonstrate the potential of the heterogeneous integration in the fabrication of more complex photonic integrated circuits.
The technology development performed in HISTORIC supports a general trend towards the integration of electrical and optical technology. The future requirements of servers, switch racks and other high-end systems demand substantially new technology concepts to continue performance scaling. Optical technology starts to establish itself for high density inter- and intra-system interconnects. The bandwidth and cost requirements in such systems demand highly integrated technology. Silicon photonics is well suited as a platform to integrate electrical and optical functions. The developments for HISTORIC extend the silicon photonics platform with active optical functions.

The acquired know-how in this direction will also be exploitable in the fabrication of photonic integrated circuits other than those specifically considered in HISTORIC and also for other application fields than communications such as biophotonics.

Exploitation of the photonic components

Applications in optical packet and burst switched systems

The different components that are developed within HISTORIC, microdisk lasers and photonic crystal lasers, are developed for application as all-optical flip-flops and all-optical gates. The very small footprint, power consumption and the switching times of the devices should make them competitive with the electronic approaches and may help in stimulating a break-through in optical packet and burst switching. 
Indeed, electronic packet switches consume very high power, have a large footprint and are difficult to scale to higher bit-rates. E.g. a high-end system with 1000 inputs and outputs, with linecards operating at a speed of 40 Gb/s, typically contains up to 80 racks filled with electronics. Each of these racks typically has a footprint of 0.5 m2 making the total floor space of the switch over 40 m2. More importantly, each rack consumes approximately 15000 Watts of power, which means that the total power consumption of the switch is over 1 Megawatt. It is not hard to imagine that this generates an enormous amount of heat, requiring even greater energy expenditure in heat removal.

Other applications in telecom and datacom 

· As chaotic emitter for data encryption

From simulations, it has been found that the coupled microdisk lasers can operate in a chaotic regime under certain operation conditions. The same may be true for some of the coupled photonic crystal lasers, considering their operation is somewhat similar to that of coupled microdisk lasers. Such a chaotic behaviour could obviously be exploited for data encryption, as has been demonstrated in the EU projects OCCULT (FP5-FET) and PICASSO (FP6).  It is currently investigated whether this chaotic behaviour can also be demonstrated experimentally.
Such a chaotic laser (or more generally a laser with strong non-linear behaviour) can also be of use in reservoir computing (or liquid computing): a new paradigm in computing somewhat resembling neural networks.
· As low-cost optical transmitter with low external feedback sensitivity

It is easy to see that ideal ring or disk lasers (without coupling between clockwise and anti clockwise mode), operating in a unidirectional way, could be very resistant to external reflections, since the externally reflected light wouldn’t interact with the lasing mode and since there is then always significantly stronger gain suppression for the reflected light. Even taking into account imperfections like sidewall roughness and small facet reflections which cause some coupling between clockwise and counter clockwise modes, one still obtains a good resistivity to external reflections as long as unidirectional operation is obtained. The weak reflection sensitivity is then due to the stronger gain suppression for the reflected light.
The weak reflection sensitivity could imply that microring or microdisk lasers could be very interesting as low-cost optical transmitters, not requiring isolators, or as optical transmitters in photonic integrated circuits where some weak reflections have to be tolerated.
Applications in sensing and biosensing

The microdisk lasers could very well be used for different sensing applications:
· The fact that the magnitude of the coupling between clockwise and counter 

clockwise modes can be measured via the rf-spectrum indicates that it must be possible to extend this finding to a technique for accurately determining relatively small reflections. Measuring relatively small reflections could find applications in e.g. semiconductor processing.
· It has been reported and patented already by other groups that microdisk lasers 
can be used as biosensors. The microdisk laser is then coated with a biological or chemical recognition element, which binds preferentially with a target analyte. Because the recognition element and the target analyte adhere to the sidewall surface of the microdisk laser, they increase the effective diameter of the laser, which shifts the output wavelength by a detectable amount. The presence of a wavelength shift indicates the presence of the target analyte, and the magnitude of the wavelength shift corresponds to the mass load of the target analyte on the sidewall surface of the microdisk laser.
It is easily seen that the considerations given above for the microdisk lasers are also valid for some of the photonic crystal lasers. And thus, the potential applications apply to both microdisk and photonic crystal lasers.
Exploitation of the new system and architectural concepts
The system and architectural concepts considered within HISTORIC are very specific for optical telecom and datacom. In the telecom area, the system concepts studied within HISTORIC are aimed at photonic packet switching. It is thought that in the future this photonic packet switching could be competitive with electronic packet switching from a power consumption point of view, while being more scaleable towards higher bit rates.

For applications in datacom, it is conceived that the 3D layer stacking in future processors will probably include a photonic network interconnect plane and will allow photonics to be integrated with high performance electronic logic and memory layers.  The photonics layer could include all-optical logic as well.
A longer term application are on-chip optical networks that are capable of connecting multiple cores on digital ICs, with high throughput, compact dimensions and low losses. Such networks could overcome the bottleneck in electronic interconnection which imposes fundamental limits on the interconnection capacity with further downscaling of transistor and interconnection line dimensions, and upscaling of integration densities. The HISTORIC approach enables integration of passive optical networks using micro-ring resonator based switches, with active microlaser sources that can support the data traffic requirements that are foreseen for future processors. 

2 Dissemination activities
The dissemination activities in the first project year have mainly concentrated on the website, the presentation at the concertation meeting and on technical presentation at conferences, workshops and doctoral schools,... An overview of the technical presentations and workshop contributions is given in the next section called publications.
Together with the FP6-IOLOS project we are also organising a workshop at the next Photonics in Switching conference, in Pisa on 15 September 2009. The workshop is entitled ‘Digital photonics with semiconductor ring and disk lasers’ and a scanned copy of the announcement is shown below. The workshop takes place just before the welcome reception of the conference, it will last 1.5 hour and will include about 2 invited talks and 4 to 5 contributed talks. The 2 invited talks will be given by Prof. Marek Osinski, Center for High Technology Materials, University of New Mexico, USA and by Prof. Toshihiko Baba, Dept of Electrical and Computer Engineering, Yokohama National University, Japan.
The website, with URL www.ict-historic.eu, has been running since July 2008 (since shortly after the start of the project). The public part includes a brief presentation of the project and its workpackages, an overview of the partners and links to their websites. The website will later be expanded when more publicity material (press releases e.g.) becomes available and scientific results are to be disseminated.
There is also a private part where partners can upload e.g. presentations from meetings, where confidential deliverables will be available, etc.

Partners have been requested to have links to the project website on their website. 
So far, according to information from http://www.my.statcounter.com, 2076 visits to the website have been registered.  The picture below gives an overview of the visit statistics per month for 2009. As can be seen the number of visitors is fairly evenly distributed over time. It is hoped to increase this number after some PR material has been edited.
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Below is a picture of the frontpage of this website.
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Front page of the project website

Finally, the good results obtained with the microdisk lasers will be communicated also through a press release that will hopefully find its way to a number of the popular magazines on photonics. Work on this will start in August 2009, so that the results are mentioned in the popular press around the time of conferences like ECOC and Photonics in Switching, which both take place in the 2nd half of September 2009.
3 Publications

Publications in journals and at conferences:
1. H.J.S. Dorren, N. Calabretta and O. Raz, ‘Scaling all-optical packet routers; how much buffering is required’, Journal of Optical Networks, Vol. 7, pp. 936-046, November 2008 (Invited Paper).
2. F. Raineri, A.M. Yacomotti, T.J. Karle, R. Hostein, R. Braive, A. Beveratos, I. Sanges, R. Raj, ‘Dynamics of band-edge photonic crystal lasers’, Optics Express, 15 Dec. 2008.

3. Smit, M.K., “Past and future of InP-based photonic integration”, 21st Annual Meeting of the IEEE Lasers and Electro-Optics Society, 2008, LEOS 2008, 9-13 November 2008. 
4.  Bordas, F., Laere, F. van, Roelkens, G., Geluk, E.J., Karouta, F., Tol, J.J.G.M. van der , Veldhoven, P.J. van, Nötzel, R., Thourhout, D. van, Baets, R. & Smit, M.K., ‘Low-loss waveguides and passive devices in BCB-bonded InP membranes on silicon’, Proceedings Symposium IEEE/LEOS Benelux Chapter, 27-28 November, 2008, Twente, The Netherlands (pp. 59-62). 
5. Bordas, F., Roelkens, G., Zhang, R., Geluk, E.J., Karouta, F., Veldhoven, P.J. van, Nötzel, R., Thourhout, D. van, Baets, R. & Smit, M.K., ‘Compact devices in InP-membranes on silicon’, accepted for ECOC 2009 (paper Tuesday, session 4.2).
6. O. Raz, L. Liu, D. Van Thourhout, P. Rojo-Romeo, J.M. Fedeli, H.J.S. Dorren, ‘High Speed Wavelength Conversion in a Heterogeneously Integrated Disc Laser Over Silicon On Insulator for Network on a Chip Applications’, accepted for ECOC 2009 (paper Tuesday, session 4.2).

7. Y. De Koninck, K. Huybrechts, G. Morthier, ‘Bistability and chaos in coupled microdisk lasers: a numerical study’, accepted Ann. Meeting IEEE Phot. Society.
8. G. Morthier et al., Invited paper at ECIO’10, Cambridge, April 2010.
Submitted publications:
1. L. Liu, R. Kumar, K. Huybrechts, T. Spuessens, G. Roelkens, E. Geluk, T. De Vries, P. Regreny, D. Van Thourhout, G. Morthier, R. Baets, ‘The smallest high speed, low power optical flip-flop on a silicon chip’, submitted to Nature Photonics
Presentations at workshops and doctoral schools:
1. Y. Halioua, ‘Active photonic crystals on SOI’, FP7 concertation meeting, 12-13 Feb. 2009, Pisa, Italy

2. R. Kumar: ‘Laser diode based all-optical flip-flops’ , presentation at doctoral school of Belgian IAP network ‘Photonics@be’, Oostduinkerke, Belgium, 18 March 2009.
3. R. Zhang, et al., ‘Active-Passieve Integration in III-V Membranes on Silicon’, International Nano-Optoelectronics Workshop 2009, Stockholm and Berlin, August 2-16, 2009.
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