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Research on multiple microwave frequencies hopping modulation and
demodulation system for magnetic sensing based on NV centers in diamond
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Abstract: The magnetic sensing system based on nitrogen-vacancy (NV) centers in diamond usually requires
multiple microwave sources to work together to excite up to 24 different resonance frequencies due to the di-
rectionality of solid-state spin and ultra-fine splitting, resulting in complex systems and high costs. This paper
presents a new multi-frequency hopping modulation and demodulation system, which is based on a single inte-
grated microwave source using direct digital synthesis(DDS) technology. The ZYNQ-7010 chip is used as the
core control device, and based on the basic architecture of field programmable gate array(FPGA) and ARM
core, serial peripheral interface (SPI) communication protocol control is adopted to realize tracking of any
number of resonance frequencies within the range of 2. 5 GHz to 3. 0 GHz, with no dead time and a trigger
delay as low as about hundred nanoseconds during microwave frequency hopping. Finally, the system was ap-
plied to the NV ensemble experimental platform, combined with the spectrum obtained from optically detected
magnetic resonance(ODMR) experiments, to achieve modulation of microwave signals and demodulation of
fluorescence signals.
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