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Abstract:

The PhD research focused on developing low-noise, high-speed, multichannel acquisition systems
for ultrafast spectroscopy, which uses ultra-short pulsed lasers to achieve high power and precise time
resolution for advanced imaging techniques.

The first part of the work led to a 76-channel acquisition system for coherent Raman imaging. This
system combined a lock-in based low-noise front-end with parallel data acquisition and real-time
processing. An 8-channel ASIC was designed and integrated into a modular architecture controlled
by an FPGA, enabling simultaneous acquisition of Raman spectra across multiple wavelengths. The
system was developed within the EU-funded CRIMSON project and validated as part of a Raman
microscope aimed at real-time, non-invasive imaging for applications such as tumor detection.

The second part focused on designing a faster spectrometer for pump-probe spectroscopy,
overcoming the speed limitations of existing CCD-based systems. The developed solution used two
ASICs operating in parallel to acquire up to 40 wavelengths simultaneously with high resolution. The
system included custom electronics, FPGA-based control, and a C# graphical interface for data
acquisition and visualization. It was successfully validated through experimental spectral
measurements.
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