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Semiconductor quantum dots (QDs) are a convenient platform for many quantum optics 

experiments including single and entangled photon pair generation, quantum gates and quantum 

memories. Common to all those is the fact that single isolated QDs operating at cryogenic 

temperatures are employed. 

 

A different approach to the demonstration of quantum coherent effects is to substitute cryogenic 

cooling by operation with ultra-short pulses and using QD ensembles in the form of semiconductor 

QD optical amplifiers which are long waveguides with gain that operate at room temperature and 

are driven by an electrical bias. The room temperature coherent time of such QDs is of the order 

of 300-350 fs so that using 100-150 fs ensures that a coherent interaction is possible. One needs 

then to use an ultra-fast characterization scheme which in our work is an X-FROG system. In 

addition, a comprehensive model that solves Maxwell and Schrödinger equations and also 

considers incoherent effects and the gain inhomogeneity was developed. 

 

Using InAs/InP QDs as the gain medium of a 1.5 mm long amplifier, we have demonstrated first 

the basic phenomena of Rabi oscillations when the Amplifier is biased to provide high gain and 

self-induced transparency when it is in the absorption regime. 

 

Coherent control using shaped optical pulses led to enhance or diminish the Rabi oscillations. This 

was predicted by the model and demonstrated experimentally. 

 

A more complex characterization using a pump probe X-FROG system was used to study Ramsey 

resonances in such room temperature QD amplifiers. The experimental system is shown 

schematically below as is a typical result which shows the cyclical behavior of the amplitude and 

the instantaneous frequency of the probe. 
 

 

 

 

 

 

 

The same system is also used to  

Demonstrate photon echoes. 
 

 
 


