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The development of devices that can accomplish all-optical signal processing is important in 
order to meet the demand for bandwidth and flexibility in communication networks. In 
wavelength-division multiplexed (WDM) systems, the signal processing elements, for separating 
wavelength channels, e.g., are mainly passive. In systems based on optical-time-division 
multiplexing (OTDM) of trains of short optical pulses, active devices are required. For instance, 
optical switches that can gate out a single channel before electronic detection or that can perform 
add-drop operations at network nodes are required [ 11. Several different semiconductor device 
structures for accomplishing all-optical signal processing have been proposed, but they nearly all 
employ the semiconductor optical amplifier (SOA) as a central element. In this talk we will 
discuss the physical processes in SOA’s that are important in determining the speed of SOA 
based switches. We shall consider both devices based on incoherent processes, such as optically 
induced cross-gain and cross-phase modulation as well as devices employing coherent four-wave 
mixing. 

Travelling wave effects have been realized to be important in understanding the frequency 
response of wavelength conversion based on cross-gain or cross-phase modulation in SOAs [2]. 
Thus, due to the saturation characteristics of the SOA gain, the wavelength-converted signals are 
high-frequency filtered and this increases the bandwidth beyond what is expected fi-om the value 
of the stimulated carrier lifetime [2,3]. This effect has been studied also for the case of cascaded 
amplifiers and shown to be strongly influenced by the value of the loss in-between the amplifiers 
[4]. A very similar effect leads to an unexpected “resonance-like” peak in the current-modulation 
response of SOAs [SI. 

Nonlinear gain effects due to carrier heating and spectral holeburning lead to additional, ultra-fast, 
saturation of the SOA gain beyond the carrier density induced changes and therefore further 
increase the bandwidth of cross-gain based SOA switches [6]. Considering the saturation of 
SOAs due to single-pulse amplification, it was shown experimentally and theoretically, that for 
pulses shorter than approximately 10 ps, ultra-fast carrier dynamics give the main contribution to 
gain saturation [7]. This shows that for trains of very short pulses, the SOA dynamics may be very 
different and one may envisage other ways of extending the bandwidth. 

Smart ways of getting rid of the slow carrier density recovery by using delay-differential 
techniques have been demonstrated [ 8- lo]. These techniques use that in interferometrically based 
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devices, it is the phase difference between the arms of the interferometer that determine the 
interferometer output. By using two control pulses, which can be implemented in various ways 
[8-lo], one can null out the phase difference after a controllable time-delay. The bit-rate of the 
constituent OTDM channels, rather than the aggregate bit-rate, limits the speed of the device, 
since the carrier density needs time to recover in-between the turn-on events. In this delay- 
differential case, ultra-fast refractive index dynamics may degrade the performance, leading to 
non-flat switching windows. 

Four-wave mixing (FWM) relies on coherent beating between two beams, and - not being limited 
in speed directly by the time constants of the SOA - is often referred to as being a bit-rate 
transparent technique. For large wavelength detuning, as required for wavelength conversion and 
de-multiplexing of short pulses, the efficiency of the FWM process drops and this limits the 
signal to noise ratio. Also, pattern effects may pose a problem for very high bit-rates due to 
residual gain modulation [ 1 13. The saturation characteristics of the medium implies that the 
optimum operation point still depends on bit-rate and pulsewidth [ 12- 131. Still, however, this is a 
promising technique for all-optical processing of signals at very high bit-rates. 
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