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Introduction: 

The advent of the Internet Protocol (IP) network has had a huge impact on modern society and has caused 

the so-called IT revolution, which has brought about broadband multimedia communication services. The 

volume of digital data traffic has already exceeded that of telephone traffic in the form of the prevailing 

high-speed Asynchronous Digital Subscriber Line (ADSL) and Fiber To The Home (FTTH) services. The 

current traffic volume has mushroomed and requires a sub-terabit/sec bandwidth in the IP network backbone.  

This paper describes the “photonic IP router,” which was first developed by our research group, to meet such a 

requirement. The photonic IP router can economically achieve terabit/sec class high-capacity IP data switching, 

since this router simply cuts-through the transit optical signal to avoid complicated electrical IP data processing. 

This photonic IP router employs three key technologies: an optical switching device, optical fiber transmission, 

and IP control technology. 

Optical switching technology: 

 The concept of a wavelength path makes use of the simplicity in wavelength division multiplexing (WDM) 

transmission systems. Each wavelength channel signal multiplexed into or demultiplexed from the fiber is 

switched by optical switches, and wavelength channels connected in tandem form one end-to-end wavelength 

path from the signal source to the destination. The optical switches act as a high-speed interchange for the 

broadband data highway. The state-of-the-art technology of optical switching can be categorized into two main 

schemes. The first scheme is interferometric switching devices. One of the most well known devices is the 

thermo-optic switch fabricated on a planer lightwave circuit. The second technology is optical mirror switching 

devices. Large scale optical Micro Electro-Mechanical Systems (MEMS) with more than 128 x 128 ports have 



 

 

recently became commercially available. Our research group employed a former version of the thermo-optic 

switches for the photonic IP router. 

Optical fiber transmission technology: 

 The birth of this technology is strongly related to the invention of laser devices (used as transmitters), 

photo-diodes (used as receivers), and optical fibers (used as transmission lines). In particular, the demonstration 

of an ultra-low-loss silica fiber ( > -1.0 dB/km) was triggered by the intended commercial use of optical fiber 

transmission systems in the 1970s. In 1980, NTT first deployed a 32-Mbit/sec optical fiber transmission system 

in Japan. Subsequently, countless enthusiastic studies have driven research to develop more sophisticated optical 

transmission systems. The first important technology is the invention of a single mode fiber, which enabled 

transoceanic long-haul optical transmission. Another important technology is the development of the optical 

fiber amplifier. The optical fiber amplifier achieves low-noise optical signal amplification that drastically 

reduces the cost of optical transmission systems. The optical fiber amplifier also paved the way for the 

deployment of WDM transmission systems. In this system, each wavelength channel is multiplexed into an 

optical fiber using a passive optical device, and the optical fiber amplifier simultaneously amplifies multiple 

wavelength channels. This technology economically achieves high capacity transmission systems exceeding 1 

terabit/sec, which is more than 10,000 times that of the first optical transmission systems developed 25 years ago. 

IP control technology:  

The Generalized Multi-Protocol Label Switching (GMPLS) technology can provide intelligence to the 

optical switches so that they can automatically discover neighboring optical switches and network 

configurations. The GMPLS technology provides the capability for optical switches to autonomously select the 

shortest route of the wavelength path between a source-destination pair. This route calculation is performed by 

GMPLS routing protocols that utilize the Dijkstra algorithm to determine the shortest path. The creation and 

deletion of the wavelength path are ordered by the signaling protocol of the GMPLS. The source optical switch 

sends out the signaling protocol to the next-hop optical switches when creating and deleting the wavelength 

paths. The next-hop and other optical switches on the wavelength path route transmit a signaling message to the 

destination of the wavelength path and control the optical switch concurrently. Thus, the optical switches 

achieve autonomous distributed control of the wavelength paths.  

Summary:  

The "Photonic IP router" enables us to not only deploy high capacity backbone networks cost-effectively, 



 

 

but also to achieve intelligent network control to enhance the Quality of Service (QoS) of network services. We 

believe that our technology can be a strong driving force to enhance both photonic and Internet technologies. 

 


