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Slow light propagating with a velocity much lower than the speed of light in vacuum (c/100) 

has been intensively studied in recent years, because the development of all-optical schemes of 

quantum communication and information processing, which include quantum logics, data 

synchronization, and network buffering, need a definite delay of optical pulses. Besides, photon 

retardation is of interest to improve the conversion efficiency in solar cells and detectors. The 

phenomenon of the slow light, based on a sharp increase of the group refractive index, is 

essentially a resonant, regardless of a system where it is realized – in a dielectric with a resonant 

absorption line or in an atomic system with electromagnetically induced transparency [1]. 

Wide-bandgap semiconductors, GaN and ZnO, possess strong excitonic resonances, that 

makes them suitable for various applications including the slow light formation. Light velocities 

as low as 2100 km/s in GaN [2] and 200 km/s in ZnO [3] have been recently measured at low 

temperatures by time-of-fight spectroscopy in the vicinity of donor bound excitonic lines and 

exciton-polariton resonances, respectively. The mechanisms of the light retardation differ in 

these two compounds. Resonant light scattering by exciton-donor complexes and photon 

diffusion play an important role in GaN, while they are negligible in ZnO. On the contrary, the 

distortion of a pulse shape near the excitonic resonances is a common feature. It appears because 

a light pulse generally contains a superposition of light waves of different frequencies, each of 

whose travels at its own velocity determined by the variation of the refractive index. The 

simulation of the pulse distortion allowed us to derive the parameters of the excitons-polaritons, 

inherent for bulk materials [3,4]. Certain discrepancy was discovered between the data obtained 

by the time-of-flight spectroscopy and surface-probing techniques [5], associated likely with 

underestimating the influence of spatial dispersion.  

To study the slow light at different temperatures the time-of flight experiments were 

conducted from 2 K up to room temperature by tuning the central energy of the laser pulses. 

With increasing temperature, the shift of excitonic resonances promotes the resonant interaction 

of the exciton-polaritons with different phonons, both acoustic and optical, whose population 

increases with a temperature rise. As a result, several well-separated light replicas follow the 

strongly attenuated basic pulse. At room temperature, the output signal can be exclusively the 

light resonantly scattered by the phonons. The delay of this scattered light is small due to the 

high group velocity at the photon energy. The manifestations of the slow light depend also on 

non-linear processes in a medium. For instance, the dependence of transmitted energy in ZnO on 

the incident laser pulse power exhibits two abrupt thresholds. At the power density of 4·10
8
 

W/cm
2
, an onset of polariton-polariton scattering takes place (parametric process). The unfolded 

in time Fabry-Perot reflections start to be modulated due to the interference of coherent 

polaritons moving in opposite directions. Such features, observed up to 200 K, are perfectly 

reproduced by modeling. Switching to another non-linear regime takes place at the power 

density of 2·10
9 

W/cm
2
, when the series of satellites emerges at the trailing edge of the basic 

pulse. The elucidation of these phenomena can enhance our knowledge on the non-linear optical 

processes near the excitonic resonances in semiconductors. In general, our findings are 

suggestive of that the slow light is always a compromise between delay and attenuation, 

distortion and bandwidth of an optical pulse. 
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