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Nitrogen vacancy (NV) centers in diamond are used for numerous quantum sensing 
applications, including thermometry, magnetometry, electric field sensing, inertial 
sensing, and timekeeping. These types of sensors utilize both continuous-wave (CW) 
approaches as well as pulsed protocols. Historically, nitrogen vacancy research has 
focused on the use of single NVs; here we take advantage of bulk measurements.  It has 
been shown that using a large number (N) of NV centers can enhance the sensitivity by as 
much √N [1,2]. In this work, we present a method for enhancing the signal strength from 
bulk diamond plates, specifically for precision magnetometry and timekeeping [2,3]. We 
are also exploring the homogeneity of the zero field splitting and the effects of strain 
across bulk diamond samples. We observe high signal-to-noise ratio electron spin 
resonance signal from ~107 or more NV defect centers. Furthermore, we demonstrate CW 
magnetometry by splitting this 
resonance, using a static magnetic 
field, into four separate resonances 
corresponding to the four possible 
orientations of the NV defect 
centers. Each of these resonance 
dips exhibits splitting due to 
hyperfine coupling to nearby 
nuclear spins (see figure). This 
signal enhancement allows us to 
perform quantum spin-sensing 
measurements without the use of 
lock-in amplification with signal to 
noise ratios on the order of 100.   
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