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A two-dimensional sheet consisting of an ensemble of nitrogen-vacancy (NV) defects in diamond can be utilized

for wide-field magnetic imaging at optical spatial resolutions[1-3]. Here we report on the optimized fabrication of the
sensing layer. The particular sensing application targeted is the determination of the magnetic dipole of a magnetic
nanoparticle for the study of orientation dynamics in biomolecules (Fig. 1).

Fig. 1: Magnetic imaging of 200 nm commercial super-paramagnetic par-
ticles (iron oxide) in a 5 mT vertically applied magnetic field. Random
orientation of dipole field at the sensing surface reveals non-zero remnant
magnetization.

A high-density (nNV ∼ 1017 cm−3), 100 nm-thick
sensing surface is created via nitrogen-doped, isotope
purified CVD diamond growth followed by helium ion
implantation [4]. A comparison of continuous-wave
optically-detected magnetic resonance (CW-ODMR)
spectra between the 200 nm-thick layer of NV centers
formed from HPHT diamond (nNV ∼ 2 × 1016 cm−3,
used to obtain images in Fig. 1) and the nitrogen-doped
CVD sample is shown in Fig. 2a. The 40-fold decrease
in linewidth results from a combination of a higher sub-
stitutional nitrogen (P1) to NV conversion efficiency and
isotope purification to eliminate 13C nuclear spins in the
CVD sample.

Decoherence spectroscopy can provide a direct measurement of the P1 center density. The dependence of decoher-
ence time T2 on magnetic field reveals a multi-peak structure (Fig. 2b,c). The peaks in the the decoherence rate coincide
with simultaneous spin resonances of the NV and P1 centers and are a result of the instantaneous diffusion process. A
fit to the data determines both the NV density (from the baseline T2) and the P1 density (from the peak areas). We find
both a P1 and NV density of ∼1017 cm−3 indicating a surprisingly high, near-optimal N-NV conversion efficiency of
∼0.5 [5]. We expect this decoherence spectroscopy technique to also be a powerful method to resolve the spin spectra
in samples external to diamond.

Fig. 2: (a) Comparison of normalized CW-ODMR spectra for HPHT (1st generation) and CVD isotope purified samples. (b) Transition frequencies
of the NV and P1 centers aligned with and tilted with respect to the applied B-field. T−1

2 as a function of applied B-field.
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