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Abstract: Since its inception in the
late 1970’s, magnetic resonance im‐
aging (MRI) has made an enormous
impact on human health. Yet for all its
diagnostic power, conventional MRI
technologies are limited to resolu‐
tions greater than micrometers and
samples consisting of roughly one
trillion atoms. The development of
single‐spin sensitive MRI techniques is expected to revolutionize the MRI field by allowing for non‐invasive
chemical analysis at the nanoscale. In contrast to electron and scanning force microscopy, the technique is
performed under ambient conditions, where molecular dynamics may also be investigated. For example,
single spin MRI would enable the direct imaging and structural determination of individual molecules such
as membrane proteins, which are notoriously difficult to crystallize for X‐ray crystallography. Additional
applications include rapid sequencing of individual DNA strands without amplification, and development of
a critical tool for rational drug design.
The experimental framework is based on controllable magnetic dipole interaction between shallow NV cen‐
ters and nuclear spins near the diamond surface. The developed hardware will allow experiments to be
performed at magnetic fields of up to 3 T, where chemical shifts can be observed, thereby realizing a key
step towards ambient structural determination of molecules at the nanoscale.
To achieve the application‐related goals, we will build upon our previously manufactured free‐running ESR
detectors for cw‐ and rapid‐scan experiments to develop miniaturized PLL‐stabilized, voltage controlled
oscillators (VCOs) for frequencies between 9 – 84 GHz in a standard CMOS silicon on insulator (SOI) tech‐
nology, which is adapted specifically for NV sensing.
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