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Abstract: According to whether there is frequency difference between two laser beams locked by an optical
phase-locked loop (OPLL), it can be divided into homodyne optical phase-locked loop and heterodyne optical
phase-locked loop. The progress of heterodyne optical phase-locked loop was mainly introduced, which could
keep the frequency difference between lasers relatively stable through frequency discrimination and phase
discrimination. Compared with other laser offset locking methods, optical phase-locked loop has the advantages
of simple structure, large servo bandwidth, wide offset range and high locking accuracy. It plays a very important
role in atomic coherence, cold atom system, coherent beam combining, heterodyne interferometry and other
fields, and has received more and more extensive attention. The main method of laser offset locking and the
characteristics of optical phase-locked loop were introduced firstly, then the basic model of optical phase-locked
loop was introduced, and the basic error model of optical phase-locked loop was analyzed. According to the
different realization methods of OPLL, the key technologies and research progress of OPLL were introduced in

detail. Then the application progress of OPLL in different fields in recent years was introduced. Finally, the
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development of this method was summarized and prospected.
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Fig.l Structural comparison of OPLL and PLL. (a) Diagram of PLL

structure; (b) Diagram of OPLL structure
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Fig.3 OPLL structure diagram using analog phase discrimination

technology
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Tab.1 Structure and key parameters of different OPLL offset locking systems

Laser i i
Time Offset range T}/pe 'of'phase LooP Linewidth Phase noise Phas; error Optical
Master  Slave discriminator bandwidth level variance structure
1989%  Nd:YAG Nd:YAG  6-34 GHz DBM - <1 mHz - - Space light
0.04 rad’
1992142 DFB  DFB 3-18 GHz DBM 180 MHz - <102 dBc/Hz (1 GHz Space light
bandwidth)
19941431 ECDL ECDL <10 GHz DBM 3.7 MHz 50 kHz - <0.004 rad®>  Space light
0.05 rad’
1999/ DFB  DFB 7-14 GHz DBM 70 MHz - —95 dBe/Hz (1GHz  Space light
(50 MHz offset) b .
andwidth)
2008 ECDL ECDL 250 kHz-20 GHz DBM+PFD - <10 Hz - <0.04 rad®>  Space light
—153 dBc/Hz .
2008 - - <0.02 rad’
ECDL ECDL 0.01-1.3 GHz PFD 500 kHz (10 kHz offset) ra Space light
20128 - SGDBR  -9-7.5GHz PFD 400 MHz - - Integrated
optical circuit
100 kHz
20127 DFB DS-DBR <40 GHz (open-loop ] - ] Space light
unity-gain
bandwidth)
He-Ne 3.2x107° .
(261
2014 Laser ECDL 80 MHz-1.4 GHz - (stability) - - Space light
0.08 rad’
20177 OFC SG-DBR <26 GHz XOR phase - - “80dBeMz )y, ) Gy, Imtegrated
discriminator (200 Hz offset) . optical circuit
bandwidth)
20181 ) apalog phase ) —100 dBc/Hz 0.012 rad® lntegra}ed
ECDL  DBR 412 GHz discriminator 100 MHz >(10 kHz offset) a optical circuit
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Fig.9 OPLL offset locking system for EIT experiment'*’}
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Fig.10 OPLL offset locking system for atomic coherence experiments**
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