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Abstract: 
Further development of modern electronic and optoelectronic (nano)devices requires more than 

spectroscopic characterization of materials in isolation. Instead, it demands approaches 
capable of probing materials photophysics in-device, under realistic operating conditions, 
and on the intrinsic temporal and spatial scales of device function. 
 
At Imperial College London, my team develops time-resolved operando spectroscopic 
techniques that address this challenge by combining optical excitation with electrical 
readout in working devices. A central element of this approach is the use of infrared optical 
perturbations to selectively modulate charge populations, enabling direct access to charge 
generation, localisation, transport, and trapping processes on ultrafast timescales, while 
preserving full device functionality. 
 
In this talk, I will present an overview of these methodologies, with a focus on processable 
semiconductor systems, mostly lead-halide perovskite electronic devices. I will show how 
the developed approaches allow us to disentangle the roles of transport layers, interfaces, 
and electrically active defects, and to map their impact on device performance. 
 
I will also share our recent efforts extending these concepts to the nanoscale, where short 
bursts of tunnelling current are used as an ultrafast probe to access charge dynamics in 
individual nanosystems, opening a route towards ultrafast spectroscopy of single, optically 
dark nanostructures. 
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