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FIG. 1: Demonstration of DESM technique for simultaneous imaging
over a wide field of view using an emCCD camera.

A strong effort is underway to implement
quantum metrology techniques with a biocom-
patible sensor, the negatively charged nitro-
gen vacancy (NV) color center in diamond.
Recently, we developed a reconstruction mi-
croscopy technique [1] to image hundreds of
individual NV color centers simultaneously
across a wide field of view with deep sub-
wavelength spatial resolution. This technique
relies on deterministic switching of NV− emit-
ters by resonantly transferring NV population
into optically dark spin states. Different NVs
are distinguishable in the microwave spectrum
due to strain or different Zeeman splitting,
making it possible to address and isolate individual NV− centers within a diffraction limited spot. With this tech-
nique, termed Deterministic Emitter Switch Microscopy (DESM), we were able to achieve 20nm localization of more
than 5 NVs within a diffraction limited spot [1]. The acquisition time is on the order of seconds. Fig. 1 shows the
DESM technique applied over a 35×35µm2 area, using a CCD camera for optical spin measurements.
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FIG. 2: Fixed neurons stained with nanodiamond suspensions,
showing nanodiamond photoluminescence. Electron spin resonance
measurement verifies luminescence arises from NV center.

This wide-field imaging technique is compati-
ble with living cell experiments. Fig. 2 shows
mouse hippocampal neurons stained with diamond
nanocrystals. Electron spin resonance was suc-
cessfully performed in such living cell prepara-
tions for over 4 hours. An appealing next step is
to employ nanodiamonds as electric field sensors.
The required sensitivity has been demonstrated in
bulk diamond [2], but the spin coherence time in
commonly used high-pressure, high-temperature
nanocrystals is too short. We have therefore de-
veloped a technique to fabricate nanocrystals from
high-purity bulk diamond grown by chemical va-
por deposition (CVD). This now enables nanocrys-
tals with spin coherence times in excess of 100µ,
approaching that of the parent CVD diamond
crystal [3]. Ongoing work focuses on the surface
functionalization of these nanodiamonds to target
their delivery to the cell membrane, with the goal
of realizing real-time imaging of neuronal activity

across hundreds of cells.
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