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Cathodoluminescence spectroscopy is a powerful technique to study optical properties at the nanoscale.
The light emitted by the sample after a local excitation by the electron beam is collected and can be
analysed either with a spectrometer [1,2] or an intensity interferometer [3,4]. The first gives access to the
spectral properties with a nanometer spatial resolution while the second measures the autocorrelation

function of the cathodoluminescence signal (g(z)). In this presentation we will focus on the possibility
offered by time-resolved cathodoluminescence to probe and study the nitrogen-vacancy atomic defects of
diamond.

Indeed, the development of time resolved Cathodoluminescence (TR-CL) enabled the measurement of the
lifetime of excited states in semiconductors with a sub-wavelength spatial resolution. It was used for
example to measure the influence of stacking faults on the GaN exciton [5], to probe the role of a silver
layer on the dynamics of a YAG crystal [6] or to show the influence of stress on the optical properties of
ZnO nanowires [7]. Recently, the first pump-probe cathodoluminescence experiment using diamond
revealed the effect of electrons excitation on the nitrogen vacancy color center [8]. These results
demonstrate that time-resolved cathodoluminescence is essential to study the correlation between
semiconductor optical and structural properties (composition, defects, strain...). While all these
pioneering studies were done using a scanning electron microscope, the improvement of the spatial
resolution and the combination with other electron based spectroscopy offered by transmission electron
microscopes will be a step forward for TR-CL.

In this presentation, we will discuss the first time-resolved cathodoluminescence experiments within a
transmission electron microscope. They were performed in a unique microscope, based on a cold-FEG
electron gun [9]. This technology allows among other things to reach a spatial resolution of a few
nanometers, essential for the study of point defects. In this presentation we will discuss the first TR-CL
results (see figure 1), and advantages and drawbacks of such a technology to perform TR-CL and pump-
probe spectroscopy. We will especially discuss the application of such techniques to the study of atomic
defect.
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Figure 1. Nitrogen vacancy defect center in Diamond. The spectrum (a) and lifetime (b) were acquired
with the pulsed TEM. The high intensity peak at 515 nm on the spectrum is the laser used to control the
electron gun. We found a lifetime of 21,3 ns and an instrumental response function (IRF) of 450 ps due to
the resolution of the detection apparatus.
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