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INTRODUCTION

Optically Detected Magnetic Resonance (ODMR) imaging of fluorescent nanodiamond (FND) allows thermometry and magnetometry at a cellular level. It takes advantage of FND’s biocompatibility and small size (between 5 and 100nm). Nitrogen-
vacancy (NV) defects in the FND are optically excited at 532nm while applying a microwave field that is scanned around the resonant frequency of the triplet ground state of the NV (approximately 2.87GHz). There are two decay paths that offer
differing emission intensities and that are coupled to the (microwave-controlled) spin state of the NV centre: By monitoring the change in fluorescence as a function of applied microwave frequency (the ODMR curve), the spin state of the NV centre
can be inferred. Furthermore, this transition is both thermally and magnetically dependent; a magnetic shift sees a splitting of the detected response through the Zeeman effect and a thermal change sees a frequency shift that applies equally to all

components of the curve.

EThere have been many implementations of ODMR-compatible imaging systems, however they typically use high-cost components in complex setups. We present here methods for ODMR using a low-cost sSCMOS camera, in both wide-field epifluo-
Erescence and wide-field total internal reflection fluorescence (TIRF) microscopy. We will discuss the design of the microscope, the experimental scope of the system, a comparison to other experimental techniques already available and the benefits
1of a lower-cost system including its feasibility for further experimental applications.
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What is ODMR? ODMR in Wide-field Epifluorescence
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i The nitrogen-vacancy (NV) defect, when illuminated by green light, is optically active, emitting

0.99

inear—infrared (~637-800nm) fluorescence [1]. The quantum spin system of the negatively

icharged NV centre is a triplet in the ground and excited states, optical transitions between these

I states are spin conserving. The emission intensity from the NV centre is spin dependent and this

iallows optically detected magnetic resonance (ODMR) to be performed with NV defects. Using

Top left: ODMR sample on microscope with incident
laser, ND between two coverslips with copper wire
delivering microwaves along PCB.
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Ely assess the quality of nanodiamond (ND) samples for use in bio imaging experiments.
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ODMR in Wide-field Epiflourescence with Magnetometry
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Above left: ODMR scan with no magnet field applied, no splitting present. Contrast = 5.6%; r” = 98%.

Above left: ODMR scan with magnetic field applied (neodymium magnet), splitting present. Contrast = 5.2%; r> = 99%.
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Conclusions

Left centre: prism preparation for

' We demonstrate the construction of a system that aims to obtain ODMR measurements in two nanodiamond imaging with ad-

different excitation regimes. Importantly, we show that even a simple system is capable of cap- hering to prism. Consists of two

ituring the spin state splitting present in ND under an applied magnetic field. A comparison of coverslips (ND mount on the top)

\whole field of view vs small ROl imaging has been presented showing the merits of small ROI which are sealed and mounted

isampling where possible but also showing that widefield ODMR is possible with an adequate on oil to the prism.

ESNR to definitively determine the contrast.

Future Work Left bottom: ND are mounted for

ODMR measurements. A bridge

is 3D printed to allow both sides Above: widefield image of 90nm ND in TIRF
of a PCB board to sit either side,

a copper wire runs through a

Microscope: addition of a AOM for pulsed measurements, applying a higher powered laser in
TIRF to improve SNR to enable ODMR.

Measurements: pulsed ODMR measurements to observe Rabi Oscillations, ODMR measure-

sample and is connected at ei-

iments and characterisation in TIRF. ther side of the PCB board.

iSampIes: ND preparation by utilising a nebuliser to make more sparse ND samples, looking to-

iwards c. elegans imaging with ND.
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