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We present a versatile confocal microscopy platform for polarization- and time-resolved 
nonlinear multi-photon spectroscopy, developed for symmetry-sensitive studies of 
semiconductor systems. The setup combines broadly tunable femtosecond and picosecond 
excitation, full linear polarization control in both excitation and detection, spectral detection with 
high energy resolution, and time-domain pump–probe capability. This integrated approach 
enables a wide range of nonlinear optical experiments within a single instrument, providing 
access to polarization-, spectral-, spatial-, and temporal characteristics of excitonic and other 
nonlinear optical responses. In the first part of the seminar, I will introduce the experimental 
platform and illustrate its capabilities with selected examples, including polarization-resolved 
SHG spectroscopy, SHG microscopy of layered and twisted structures, and time-resolved 
measurements of coherent dynamics.  

In the second part, I will focus on polarization- and time-resolved two-photon-excitation 
difference-frequency-generation (2P-DFG) spectroscopy of coherent exciton dynamics. As a 
model material, this approach was applied to Cu2O, where it resolves the coherent dynamics of 
dipole-forbidden excitons as well as polarization-controlled, magnetic-field-induced quantum 
beats. Owing to its well-defined symmetry and exceptionally narrow exciton resonances, Cu2O 
provides an ideal benchmark system for establishing 2P-DFG as a sensitive tool for coherence-
resolved exciton spectroscopy. Building on this concept, I will then discuss new results obtained 
for bulk ZnSe, where time-resolved 2P-DFG reveals coherent exciton dynamics together with 
magnetic-field-induced quantum-beat signatures. In combination with resonant SHG 
spectroscopy, these measurements provide direct insight into the interplay between coherence, 
symmetry, and nonlinear optical response channels in semiconductor exciton systems. 
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