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Coherent pulse propagation, inc luding self- induced trans
parency and pulse breakup, is we l l -known in atomic media. 
Pulse propagation and optical soli ton formation have been 
studied extensively i n optical fibers. However , investiga
tions of coherent pulse propagation effects i n semiconduc
tors are very rare. We have reported a combined experimental 
and theoretical study showing coherent pulse breakup in a 
semiconductor waveguide for photon energies below the 
lowest (ls) exciton resonance. 1 In this spectral region the 
optical Stark effect produces an ultrafast change in the non
linear refractive index w i th a response time l imited only by 
the polarizat ion dephasing time. This suggests that optical 
solitons may be formed in conjunction w i th the group-veloc
ity dispersion of the semiconductor waveguide system. H o w 
ever, for the femtosecond experiments reported here, the 
input pulses are shorter than the polar izat ion dephasing 
time, so that the coherent nature of the l ight-semiconductor 
interaction becomes of paramount importance. Coherent 
propagation is then shown to dr ive the system out of the 
init ial adiabatic fo l lowing regime, 2 leading to pulse breakup 
and preventing soliton formation. 

The experiments have been performed w i th transform-
l imited 100-fsec pulses w i th center wavelengths of 870 n m in 
a 0.37-mm long waveguide wi th 1.2-μm-thick 100-A G a A s -
A l G a A s M Q W guid ing region. Parts (a) and (b) of the figure 
show the experimentally measured cross-correlations of the 
transmitted pulses for both low and h igh intensity, respec
tively. In comparison to the input pulse, the transmitted 
low-intensity pulse in (a) has a 300-fsec F W H M , but does not 
otherwise show any significant distortion. This temporal 
spread, compared to a 100-fsec input pulse, can be attributed 
to linear dispersion mainly in the waveguide coupl ing op
tics that stretches the pulse to a 200-fsec F W H M , even wi th
out the w a v e g u i d e , and the sp read inherent i n the 
cross-correlation process using a reference pulse of finite 
duration. In contrast, pulse breakup is clearly seen i n (b) for 
the high-intensity pulse. The main peak of the transmitted 
pulse sti l l has approximately a 300-fsec F W H M , but now a 
secondary peak appears on the trai l ing edge of the pulse. We 
also repeated this series of experiments using t p = 5 psec 
F W H M ( v t p = 0.31) input pulses and no breakup was ob
served, even for h igh intensities. 

We have analyzed the experimental results by solv ing 
Maxwel l 's wave equation together w i th the semiconductor 
Bloch equations 3 to take into account the many-body effects 
in the semiconductor. The results of these calculations, shown 
in (c) and (d), correspond to the experimental results of (a) 
and (b). Good agreement between theory and experiment is 
obtained, w i th pulse breakup clearly evident for the h igh-
intensity pulse in (d). Careful analysis of the results shows 

that the pulse breakup cannot be ascribed s imply to off-
resonance Rabi oscillations in the excitation density, as found 
in self- induced transparency, nor is it the result of self-
steepening 4 or a temporal soliton. Rather, the coherent self-
phase modulat ion dur ing propagation drives the system out 
of the ini t ial adiabatic fo l lowing regime into excitation den
sity oscillations and eventually pulse-shape modulations. 

These results should be considered when designing high
speed semiconductor waveguide optical switching devices 
that operate under off-resonant conditions. To keep the in
tegrity of the pulse i n such devices and avoid coherent pulse 
breakup effects, the input pulses should be longer than the 
dephasing time o f the med ium. 
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(α),(b) The measured cross-correlations of transmitted high-
intensity and low-intensity femtosecond pulses, respectively. 
(c),(d) The corresponding calculated cross-correlation pulses 
with small and large areas, respectively. The time delay zero 
point is defined by the peak signal without waveguide. 
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