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Photonic technology in optical fiber transmission and electronic technology in signal 

processing have played an important role in the progress of communication networks supporting 
the present information society. Optical fiber transmission technology has progressed to the 
extent that over 1 Tb/s transmitter and receiver systems are commercially available. Electronic 
signal processing technology has progressed to the extent that over 1 Tb/s IP routers are 
commercially available. Future society still needs the exchange of larger amount of data, 
requiring more cost-effective communication networks. 

Systems based on optical fiber transmission and electronic signal processing entail many 
devices for conversion between optical signal and electrical signal (EO/OE conversion or OEO 
conversion). At present, the most advanced real systems mentioned above use OEO conversion 
at bit rates of 10 Gb/s or 40 Gb/s. To construct cost-effective communication networks, 
minimization of costly OEO conversion at high bit rates is quite effective. Actually, one aspect 
of technology development up to now in optical fiber transmission is minimization of OEO 
conversion by using optical amplifiers and wavelength division multiplexing (WDM). In the 
future, penetration of photonic technology into signal processing is highly expected. In a wide 
sense, photonic signal processing seems to include various types of optical switching or 
modulating. In this talk, I will focus on photonic signal processing provided by all-optical 
switches. 

In all-optical switches, optical switching or modulating is directly induced by optical signal. 
There is no high bit rate OEO conversion and thus operating speed does not suffer from 
electronic circuit bottleneck. Much effort has been made to develop practical all-optical switches 
for applications such as signal regeneration, wavelength conversion, optical time division 
multiplexing/de-multiplexing, performance monitoring, and digital logic operation. In all-optical 
switches, optical properties of materials are controlled by optical signal. Optical properties 
depending on input optical signal is often called optical nonlinearity. Optical nonlinearity is 
roughly classified into two groups, non-resonantly excited optical nonlinearity and resonantly 
excited optical nonlinearity. Non-resonantly excited optical nonlinearity shows ultrafast response 
but needs high excitation power or long devices. In contrast, resonantly excited optical 
nonlinearity can be obtained in small devices with low excitation power but shows slow 
relaxation.  

One of the most intensively investigated types of resonantly excited optical nonlinearity is 
that accompanied by a carrier density change in semiconductor optical amplifiers (SOAs). Our 
approach is to use optical nonlinearity induced by a carrier density change in SOAs and then to 
devise switching mechanism. In our approach, ultrafast rising of a carrier density change is used 
for both switch-on and switch-off. Switch-off time is unrestricted by the slow relaxation of 
induced optical nonlinearity. We have fabricated compact all-optical switch modules based on 
this concept. By using these modules, we have demonstrated signal regeneration and wavelength 
conversion at 40 Gb/s and beyond. We have also demonstrated optical demultiplexing at 160 
Gb/s and beyond, which opens up a path toward higher bit rates than electronically achievable. 

An item of future work is, of course, the improvement in device performance. Another 
important item is the strategy for installing all-optical switches in real systems. The use of all-
optical switches provides advantages such as ultrafast capability on the one hand but causes 



difficulty in complicated transactions such as bit-level performance monitoring on the other hand. 
We need to clarify advantages from the viewpoint of total systems. 
 
 
Key words: 
 
All-optical switch: An optical switching or modulating device driven by optical signal. In a 
conventional optical switching or modulating device driven by electrical signal, operating speed 
is limited by electronic circuits. In an all-optical switch, the speed bottleneck due to electronic 
circuits can be eliminated. On top of ultrafast capability, bit rate transparency is often expected 
for an all-optical switch. 
 
Semiconductor optical amplifier (SOA): Originally, this was developed for an optical amplifier. 
Optical gain is provided by accumulated carriers (electrons and holes) in semiconductors. Carrier 
accumulation is formed by current injection into semiconductors. The change in carrier density 
induces the change in optical properties such as gain and refractive index. Carrier density is not 
only electrically but also optically controllable. Thus, an SOA is also useful for an all-optical 
switch. 
 
Wavelength conversion: After wavelength division multiplexing (WDM) has been adopted in 
real systems, the concept of using wavelength as the destination or the path of optical signal has 
been widely advocated. In such systems, wavelength conversion is often needed at transit nodes 
of communication networks, because the number of the wavelength channel is limited. 
 
Signal regeneration: In transmitting optical signal in fibers, many factors such as loss in fibers, 
various undesirable optical nonlinearity in fibers, and spontaneous emission noise from optical 
amplifiers cause noise on optical signal and thus degrade signal quality. To transmit optical 
signal on long distance, clean optical signal should be restored by signal regeneration at transit 
nodes of communication networks. Depending on functions, signal regenerators are called 3R 
(Re-amplifying, Re-shaping, and Re-timing) or 2R (Re-amplifying and Re-shaping). In contrast, 
an optical amplifier which linearly raises the intensity of transit optical signal is sometimes 
called 1R (Re-amplifying). 
 
 
 


