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Fig. 1 Experimental setup
K1 SR E R

DFB-EDFL: distributed feedback erbium-doped fiber laser; DFB-YDFL: distributed feedback
ytterbium-doped fiber laser; EDFA: erbium-doped fiber amplifier; YDFA: ytterbium-doped fiber amplifier; EOPM:
electro-optical modulator; HR: high reflectivity mirror; A/2 : half wave plate; A/4 : quarter wave plate; PBS:
polarized beam splitter cube; PD: photodiode; DM, dichroic mirror; ND:neutral density filters; ULE
cavity:ultralow ultra-stable expansion high-finesse cavity; M1, M2, M3, M4 : SHG cavity mirrors; APP,
anamorphic prism pair; PZT, piezoelectric transducer; MW-FG: microwave function generator; RF-FG: radio

frequency function generator.
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Fig.2 Model STEMlab125-14 Red Pitaya FPGA board photo
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Fig . 3 module interface settings of Red Pitaya. (a) ASG module interface settings; (b) IQ module interface

settings; (c) PID module interface settings.
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Fig. 4 Simplifies the experimental setup of Locking 1560 nm laser
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Fig . 5 1560 nm laser locking results. (a) Cavity transmission and error signal in the scan state when the laser

frequency is scanned; (b) Typical frequency fluctuation within 10 minutes after locking.
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Fig . 6 Simplified experimental setup of a four-mirror

frequency doubling ring cavity locking via the PDH scheme
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Fig.7 PDH scheme locking results. (a) Cavity transmission and error signals corresponding to the PDH

scheme; (b) Typical residual frequency fluctuation within 10 minutes after locking via the PDH scheme.
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Fig. 8 Simplified experimental setup of a four-mirror

frequency doubling ring cavity locking via the HC scheme
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Fig. 9 HC scheme locking results. (a) Cavity transmission and error signals corresponding to the HC scheme;

(b)Typicsal residual frequency fluctuation within 10 minutes after locking via the HC scheme.
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Fig. 10 Simplified the experimental setup of locking 638 nm laser
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Fig. 11 638 nm laser locking results. (a)Schematic diagram of the principle; (b) Cavity transmission and
error signals when the laser frequency is scanned; (c) Typical residual frequency fluctuation within 10 minutes

after locking.
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Application of FPGAs in frequency locking of the 319-nm
single-frequency ultra-violet laser system
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Abstract: Objective: The narrow-linewidth, continuously tunable single-frequency 319 nm ultraviolet laser
system is of great significance for the single-step Rydberg excitation of cesium metal atoms. The use of
high-precision ultra-stable optical cavity, combined with PDH frequency stabilization technology, electronic
sideband frequency stabilization technology, and HC frequency stabilization technology, which realize the
frequency locking of the single-frequency ultraviolet laser system. However, the structure of the traditional
feedback locking system is more complex, the cost is higher, the volume is larger, and the whole process
requires more components, the operation is more complex. Therefore, FPGA is used to simplify and upgrade

traditional feedback locking systems

Methods: FPFA has the advantages of short development cycle, low energy consumption, high efficiency,
high flexibility, high integration, high stability, programmability, anti-interference ability, and it has
application prospects in the whole scientific research, especially in the field of quantum optics and atomic
physics. Discrete original components such as oscilloscopes realize the locking of laser frequency, including
frequency sweeping, moderation and demodulation, feedback control and monitoring through the Red Pitaya
board, making the whole laser system simple. FPGA can not only greatly reduce the cost in the experiment,
but also fully save the use of space, bring great convenience, and have high integration, high flexibility,

stability and simple operation.

Results and Discussions: Based on the Red Pitaya board, the laser frequency is locked by using PDH
frequency stabilization technology, electronic sideband frequency stabilization technology and HC frequency
stabilization; The frequency locking effect of PDH frequency stabilization technology and HC frequency
stabilization technology of the four-mirror annular frequency doubling cavity is compared, the frequency
fluctuation after PDH technology locking is =+ 0.425 MHz within 10 minutes, and the frequency fluctuation
after HC technology locking is +0.61 MHz within 10 minutes, the locking effect of PDH scheme is better,

and it has a wider range of frequency continuous scanning.

Conclusion: In this paper, the laser frequency locking of the entire ultraviolet light system at 319 nm is
realized based on the FPGA. the frequency sweeping, moderation and demodulation, feedback control, and

monitoring can be realized through Red Pitaya, and the IQ module, ASG module, PID module, Switch



module, and Scope module in the board are used to replace the traditional equipment. Based on the Red
Pitaya board, PDH locking technology and electronic sideband locking technology are used to achieve 1560
nm and 1077 nm laser frequency locking at the same time; and the frequency locking effect of PDH locking
technology and HC locking technology on the four-mirror annular frequency doubling cavity was compared.
FPGA realizes the simplification of the entire laser system, which can not only save space and cost, but also
has excellent performance, improves the integration of the system, reduces the complexity of instrument

operation, and is easier to operate.

Keywords: Field programmable gate array(FPGA); 319-nm single-frequency ultra-violet laser ; PDH frequency
locking ; Electronic sideband locking; HC frequency locking



