
  

 

at relatively low concentrations in natural diamond 

typically nitrogen-doped and synthesized using either 

chemical vapor deposition (CVD) diamond growth. 

overall strain, nitrogen concentration control is limited. 

layer typically exhibit higher strain, however lower 
nitrogen doping concentrations can be achieved [4]. 

Four samples from two diamonds grown via CVD on an 

and ~0.2 ppm for samples no. 1 and no. 2, respectively) 
and isotopically enriched with 12C in order to limit 
undesirable nuclear spin interactions. The diamonds 
were then cut into three 0.5 mm wide samples. One 
sample from each diamond was subsequently irradiated 
with a high energy (2 MeV) electron beam and annealed 
at 1350°C for 2 hours. The samples having undergone 

irradiated and high temperature annealed), and they were 
compared to another sample from each diamond left in 

from the right-hand cross-section, as indicated by the 
arrow in Figure 1. 

Cathodoluminescence (CL) spectroscopy and imaging 
was performed on the samples in order to characterize 
key material properties, such as the presence of other 
defects and strain. CL is particularly interesting 
because it is not as well-studied as other spectroscopic 

samples, as indicated in Figure 2, which is rarely 
reported in literature [3]. This detection furthers our 
understanding of what conditions, both in measurement 
and in diamond material properties, are necessary to 

with unique properties well-suited for robust quantum 
sensing. Imperfections in the host diamond, however, 

characterizes the relationship between the material 
properties of nitrogen-doped CVD grown diamonds 

centers within the samples.

involving a substitutional nitrogen atom adjacent to a 

interest as a platform for quantum sensing, as they have 
numerous desirable properties including long coherence 
times, the possibility of room temperature operation, 
and robustness in extreme conditions, including high 

as the presence of other defects, inhomogeneous strain 
distribution, and lattice dislocations pose challenges to 

C
N

F 
In

te
rn

a
ti
o
n
a
l 
P
ro

g
ra

m
s



Birefringence imaging shed further light on the strain 
distribution within the samples. A birefringence image of 

from the substrate, which were also observed in CL imaging. 
Unexpectedly, this image also revealed a region of high strain 

low strain in the CVD diamond layer nearest the interface. A 
potential explanation of this phenomenon may be due to the 
mismatch in lattice parameter between the substrate and CVD-
grown diamond, caused by the much higher concentration of 
nitrogen in the substrate than in the CVD layer. 

Finally, pulsed optically detected magnetic resonance 

revealed a correlation between regions of relatively lower 
strain and higher spin-dephasing times. As shown in Figure 

4, the regions with the highest T2* tended to be 
the regions with the lowest strain. Interestingly, 
such regions seemed to be constrained to within 

decline in crystal quality as the thickness of CVD-
grown diamond is increased, which may explain 
this phenomenon.

under electronic excitation, and lower strain and 
higher T2* was observed in CVD diamond near 
the CVD-substrate interface. Future work includes 
measuring T2* in the lower nitrogen concentration 
sample, as well as attempting CVD diamond 
growth on a substrate with a lower nitrogen 

magnetometry.
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