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Multi-color cathodoluminescence (CL) from functionalized nanodiamonds is a promising 

technique for correlative light-electron microscopy (CLEM), and could be used to image 

nanoscale biological structures and chemically active surfaces. Nanodiamonds containing CL-

emitting color centers, such as the nitrogen vacancy (NV) center, may be well suited for such 

applications. It is expected that the CL brightness of a given nanodiamond will be determined by 

a combination of factors including: (i) the efficiency of energy deposition from electrons passing 

through the crystal at a given accelerating voltage; (ii) the number of color centers present; and 

(iii) competition between radiative carrier recombination at color centers and surface-induced 

quenching. We describe experiments and numerical simulations designed to elucidate the relative 

importance of each of these factors in nanodiamonds containing CL-emitting color centers, as a 

function of particle size. 

In this article, background and motivation for this research will be addressed: 1, why do we need 

multi-color CL imaging? This could be a powerful tool for correlative light-electron microscopy 

and functional super-resolution imaging in electron microscopy; 2, basic introduction of CL 

physics[1]; 3, NV[2] in nanodiamond[3] could be one promising color center for CL imaging 

application.  

CL brightness related factor 1 -- energy deposition efficiency: Introduce the concept of elastic 

and inelastic scattering (in SEM)[4]. Only part of the incident energy is absorbed by the 

nanoparticle and has the chance to become the source of CL. Simulation[5] and experiments 

show that energy deposition efficiency is optimized in one particular e-beam energy for specific 

size nanodiamond. Nanodiamonds with different size will give different optimized e-beam 

energy, as shown in Figure 1. 

CL brightness related factor 2 – numbers of radiative channels: how many NV color centers 

inside nanodiamond. Perform antibunching experiment to know the photoluminesence signal 

level from single color center.  With this single color center signal level in hand, we are able to 

quantify the number of defects in a particular nanodiamond. 

CL brightness related factor 3 – conversion efficiency: after normalizing CL signal with NV 

numbers, the conversion efficiency decreases with nanodiamond size, which might be due to 

surface effect[6]. As shown in figure 2, size of nanodiamonds is given by scanning electron 



microscopy image and atomic force microscopy image. Number of NV’s inside nanodimond is 

determined by PL brightness.     
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Fig. 1. Optimized energy deposition efficiency changes with nanodiamond size 

 

 

Fig. 2. a, PL image of nanodiamonds sprayed onto silicon substrate. b, scanning electron 

microscopy image (SEI). c, CL image. d, AFM image   


