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In order to establish the relationship between luminous efficiency and material characteristics, it is 

essential to precisely measure the relative contribution of radiative and non-radiative recombinations. 

This is usually obtained through the measurements of the luminescence decay time as a function of 

temperature. To do so, the commonly used technique is time-resolved photoluminescence spectroscopy 

[1]. However, this technique does not allow nanoscale resolution, which is the relevant scale for defect 

characterisations. 

 

To go beyond these limitations, fast electrons can be used as a highly localized excitation source for 

luminescence measurements. This technique is called cathodoluminescence (CL) spectroscopy. 

Recently, picosecond time-resolved CL technique has been developed to reach at the same time high 

spatial and high temporal resolutions [2,3]. However, it is difficult to obtain a high brightness pulsed 

electron gun, which leads to reduced spatial resolution, low CL intensity or photocathode aging issues. 

 

In this work, to circumvent these limitations, inspired by the pioneering work of Meuret et al. [4], we 

took advantage of the specific statistics of electron-hole pair generation by fast electrons. Indeed, in a 

secondary electron microscope, the interaction of the incident electron with the semiconductor generates 

almost instantaneously (< 1 ps) a bunch of electron/hole pairs (typically > 300). These electron-hole 

pairs can then radiatively recombine with a probability that decreases with time, according to their 

carrier lifetime. Hence, by studying the autocorrelation function of the CL intensity (g2(τ)), a strong 

bunching is expected at τ = 0 (g2(τ = 0)>> 1). More importantly, by fitting g2(τ), we access to the local 

carrier lifetime without the need for an expensive pulsed electron gun [5].  
 

Thus, to measure the g2(τ) of the CL signal, we built a Hanbury Brown and Twiss (HBT) interferometer 

to analyze the CL photon statistics [6]. We apply the method to investigate the influence of surface 

recombinations on the optical properties of InGaN/GaN quantum wells near a mesa edge with a spatial 

resolution of 100 nm and a time resolution better than 50 ps thanks to spatially-resolved time-correlated 

cathodoluminescence spectroscopy (SRTC-CL) [7]. 

 

First, depth-dependent CL spectroscopy is presented to emphasize the importance of possible artefacts 

of standard CL spectroscopy. Then, the carrier lifetime variation near a sidewall obtained by SRTC-CL 

enabled us to quantify the impact of surface recombinations on a single micro-LED with a nanoscale 

resolution. Finally, the robustness of this technique is demonstrated by comparing samples with different 

surface treatments. By coupling this technique with a simple diffusion model, we demonstrate that the 

combination of KOH treatment and Al2O3 passivation layer drastically reduces surface recombinations. 

These findings emphasize the need for nanoscale time-resolved experiments to quantify the local 

changes in internal quantum efficiency of micro-devices [8]. 
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Figure 1. Schematic diagram of the experimental setup. 

 

References: 

 

 [1] T. Langer et al., Appl. Phys. Lett. 103 (2013), p. 202106. doi:10.1063/1.4830366 

[2] S. Chichibu et al., Jpn. J. Appl. Phys. 59 (2019), p. 020501. doi: 10.7567/1347-4065/ab5ef4 

[3] W. Liu et al., Appl. Phys. Lett. 109 (2016), p. 042101. doi 10.1063/1.4959832 

[4] S. Meuret et al., Phys. Rev. Lett. 114 (2015), p. 197401. doi:10.1103/PhysRevLett.114.197401 

[5] S. Meuret et al., ACS Photonics 3 (2016), p. 1157. doi:10.1021/acsphotonics.6b00212 

[6] S. Finot et al., Appl. Phys. Lett. 117 (2020), p. 221105. doi:10.1063/5.0023545 

[7] S. Finot et al., ACS Photonics 9 (2021), p 173. doi:10.1063/5.0023545 

[8] This work was supported by the French National Research Agency through the grants No. ANR-15-

IDEX-02 and ANR-21-CE42-0020-01 

  

https://doi.org/10.1017/S1431927622007814 Published online by Cambridge University Press

https://doi.org/10.1017/S1431927622007814

