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TCSPC FLIM delivers a photon distribution over the image coordinates and the time after the 
excitation pulses. The technique not only reaches an extraordinary time resolution and photon 
efficiency, it also records the decay data in the individual pixels into a large number of time 
channels. 
Often the decay data in the pixels are simply parameterised by a single ‘decay time’. However, 
this misses the point of TCSPC FLIM. TCSPC FLIM data are inherently multi-dimensional in a 
multi-dimensional parameter space. The decay functions in the individual pixels usually contain 
several exponential components, and are characterised by several independent decay times and 
amplitude factors. These are directly related to biological information. Examples are FRET 
experiments, where the decay functions represent an interacting and a non-interacting donor 
fraction, and metabolic imaging, where the components represent bound and unbound NADH. 

An entirely new level of complexity is reached by extending the photon distribution of TCSPC 
FLIM itself by additional parameters. Examples of such parameters are the wavelength of the 
photons, the depth of the focus in the sample, the time after a stimulation of the sample, or the 
time within the period of an additional modulation of the laser. The corresponding photon 
distributions can be four- or five-dimensional, the data representing multi-spectral FLIM, FLIM 
Z stacks and lateral FLIM mosaics, time-series FLIM, and simultaneous FLIM-PLIM, or even 
combinations of these. Possible applications are the investigation of fast physiological effects in 
live systems, such as Ca++ transients or chlorophyll transients, dynamics of protein interaction, 
and metabolic imaging in combination with pO2 measurement. There may be more which have 
not even been considered yet. This paper is an attempt to spread knowledge about advanced 
TCSPC techniques to potential users and start a discussion about future applications. 
 

 
Example: Calcium transient in live neurons, recorded by multi-dimensional TCSPC. Time resolution 40 ms per 
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