RS BEFFHRE

48,081401(2011) Laser & Optoelectronics Progress ©2011 (H E Y4 EF

D N A BB AR B 52
RRA BB GIEE 5 B

AUA AT LR KRR EORB ST . Jbat 100191)

WE TR RITROLR 0B SR RO R E R — R EE NS R R EN R, ET
BB AT 32 BRI B A 09 52 X 5 —— A ToAe € IR 2%, B X LSRR G858 T ORISR 19 [
PN SIMIE E 8 B0 4G - AR A 32 P 00 <A o 19 A (] 4T 0 2 5 ﬁ*f?aﬁﬁﬂ’]@ifﬁ%&ﬁﬁﬂtﬂﬁ%‘ﬁ& B (] AR ABORS S
A DR 5 AR A [ 9 A 56 T 2 SRR I AR A BT A T8 L oK RGO R T R AT LU A B . R0 A X LE L A 9 A Ol b 22
(PDID R £ AR B AT WY A A0 3+ T RS B4R oy A 930 3 A 2

KB WOLE BOLRI s TR R B A

hE KRS TN248.1 XEKFRIRES A doi: 10.3788/LOP48.081401

Research of Laser Frequency Stabilization

Yuan Dandan Hu Shuling Liu Honghai Ma Jing
(Institute of Opto-Electronics Technology, Beihang University, Beijing 100191, China)

Abstract In many application fields of narrow linewidth lasers, laser frequency stability is an extremely important
parameter, and characterizes the degree of frequency stability. Based on the virtual difference between passive
frequency stabilization and active frequency stabilization——having stable frequency reference standards or not, laser
frequency stabilization techniques are studied, especially for active frequency stabilization: classification is done based
on the selection of frequency standards; the theory and reason of reaching different precisions of frequency
stabilization technologies commonly used are analyzed; advantages and disadvantages are compared based on reports
of the active frequency stabilization at home and abroad. By comparison repeatedly, the PDH technology has obvious
advantages, can obtain high frequency stability.
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Table 1 Progress of passive frequency stabilization

Time Researchers Wavelength /nm Frequency stabilization method Conclusion
1991 Ball et al. 1548 Method of writing Bragg gratings Linewidth of 47 kHz
Self-heterodyne method Linewidth of 18 kHz,
1998 W. H. Loh etal. 1550
with 5km fiber delay line power of 4 mW

) Using the fiber ring laser with Er-doped Linewidth less than 0.5 kHz,
2001 Yu Benli et al. 1539

fiber saturable absorber power of 1 dBm
Linewidth of 1.7 MHz,
2007 Andreas Jechow et al. Using littrow structure
power of 1 W
Linewidth of 11 GHz,
2007 B. V. Zhdanov et al. 832 Using littrow structure

power of 10 W
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Fig.5 (a) Schematic diagram of PDH; (b) reflected light intensity from a Fabry-Perot as a function of laser frequency
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Fig. 6 Schematic diagram of fringe-locking technology
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Table 2 Comparison of frequency stabilization technology

Frequency

stabilization Advantages Disadvantages Stability
method

Low precision, external cavity frequency

Passive frequency ) o stabilization easily influenced by external ;
o Simple principle . 1077
stabilization inference, poor long-term frequency

stability and reproducibility

Lamb-dip frequency Longtime preheating, poor

Simple device 1079 ~10""

stabilization reproducibility. expensive

Poor system anti-interference ability,
Offset frequency

) optical frequency hopping will lead to loss 1078
locking technology
of lock
Output power and frequency do
Zeeman effect ) ) )
not require low-frequency Big volume, expensive, few types of
frequency : o i 107" ~10""
o modulation, and anti-interference suitable laser system, low output power
stabilization o
ability is strong
Absorption ) - Output wavelength is subject to absorption
High frequency stability and ) )
frequency o medium; The coverage of the frequency 107" ~10""
o reproducibility o .
stabilization spectrum is limited; Output power is low
System is stable and easy to
implement; F-P cavity has a high
Pound-Drever-Hall Q; it meets the requirements of F-P cavity is easily influenced by b "
107 ~10"
(PDH) narrow linewidth frequency external interference

stabilization and can achieve the

ultimate of shot noise
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