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Design and implementation of digital lock-in amplifier
for quantum experimental control of NV ensemble
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Abstract ; A digital lock-in amplifier for quantum experiments of nitrogen-vacancy(NV) ensemble in di-
amond is designed in this paper. In order to realize the sampling and output of high-speed analog and
digital signals as well as the capability of hardware and software cooperation and synchronization pro-
cessing, the design uses ZYNQ-7010 chip as the core device, with a basic architecture based on field
programmable gate array(FPGA) and advanced RISC machines(ARM) core equipped with dual-chan-
nel high sampling rate analog to digital converter(ADC) and digital to analog converter(DAC). The
whole system can perform multi-channel lock-in amplification simultaneously, the input analog noise is
as low as 1 nV/Hz"%, sampling rate up to 125 MS/s, and data transmission bandwidth up to 800 Mib/s.
It has the characteristics of high degree of integration, easy control and high accuracy of phase loc-
king. The design in this paper has been successfully applied to the experimental platform of NV en-

semble. The optically detected magnetic resonance (ODMR) experiment and subsequent calculation
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show that the sensitivity of the magnetometer using the lock-in amplifier in this paper can reach

1. 23 nT/Hz"".

Key words: field programmable gate array(FPGA) ; advanced RISC machines(ARM) ; analog to digital

converter(ADC) ; lock-in amplifier; optically detected magnetic resonance(ODMR)
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