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Photon echo echoes are amazing optical phenomena, in which resonant excitation of a 

medium by short optical pulses results in a delayed response in the form of a coherent optical 

flash. Two-pulse and three-pulse photon echoes are well established for studying the energy 

structure and coherent evolution of optical excitations in atom vapors, rare earth crystals and 

semiconductors. Particular interest is attracted by systems with more than two states 

interacting with light. The most representative examples are V- (Λ-) type energy level orders 

where the single ground (excited) state is optically coupled to an excited (ground) state 

doublet. These level schemes make it possible to observe several fascinating phenomena such 

as quantum beats, coherent population trapping and electromagnetically induced transparency 

(EIT) which may be used for applications in quantum information technology. The main 

feature of a Λ-scheme is a possible long coherence time of the ground states. In 

semiconductors, the Λ-scheme can be obtained for optical excitation of localized excess 

carriers, e.g., electrons in the conduction band or holes in the valence band, using their spin 

degree of freedom. In the case of resident electrons, the charged exciton (trion X
−
) and the 

donor-bound exciton (D
0
X) are possible optically excited states. 

  

In this talk an overview on photon echo spectroscopy for resonant excitation of charged 

exciton complexes in CdTe semiconductor quantum wells (QW) is presented. We demonstrate 

that the Zeeman splitting of a resident electron spin sublevels in transverse magnetic field 

leads to quantum beats in the photon echoes at the Larmor precession frequency [1]. This 

allowed us to perform a coherent transfer of optical excitation into a spin ensemble and to 

observe long-lived photon echoes [2]. Our approach can be used as tool for remarkably high 

resolution spectroscopy of the ground state levels: We are able to resolve splittings between 

the spin sub-levels with sub-µeV precision and to distinguish between different types of 

electrons in the ensemble, namely electrons either bound to donors or localized on QW 

potential fluctuations [3]. To that end we show that stimulated step-like Raman processes in 

the two-pulse excitation scheme allow us to probe the electron spin ensemble with high 

selectivity and precision even for systems with broad optical transitions, given by large 

inhomogeneous broadening due to system variations or short optical coherence times leading 

to strong homogeneous broadening.  
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