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Modulation-Free Frequency Stabilization of a Laser Based on
a Confocal Fabry-Perot Cavity

YANG Hai-jing, WANG Yan-hua, ZHANG Tian-cai, WANG Jun-min

(State Key Laboratory of Quantum Optics and Quantum Optics Device,
Institute of Opto-Electronics, Shanxi University, Taiyuan, Shanxi 030006, China)

Abstract Locking laser to a proper reference frequency can obviously improve the laser’s frequency stability. The
optical path and frequencies are different for axial and paraxial beams traveling through a confocal Fabry-Perot
(CFP) cavity, thus the frequency difference between them which is a dispersion-like signal can be used to stabilize
the laser frequency. Thus the phase-sensitive detection via lock-in and frequency dither on the laser or cavity are no
longer required. With this modulation-free stabilization method, a homemade 852 nm grating-external-cavity diode
laser is stabilized to a CFP cavity frequency, whose frequency jitter is less than +340 kHz in 30 seconds estimated
from locked error signal. The long-term frequency stability was greatly improved compared with the frequency
fluctuation of about 10 MHz under free-running condition in the same time scale. Moreover, the frequency shift and
the zero-crossing slope of the dispersion-like frequency-discriminating signal can be conveniently changed by
adjusting the angle between the two incident beams. The laser frequency stability locking with different frequency
interval is investigated.
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Fig. 1 When two laser beams from the same frequency-
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scanning single-mode laser incident on a confocal
Fabry-Perot cavity with slightly different angles,
it will be expected that the transmission signals
are shifted as in (a). After subtraction of the two

signals a dispersion-like curve as in (b) is obtained
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Fig. 2 Experimental arrangement

(the solid lines with arrows indicate the optical path and the double lines with arrows for electrical connections)

ECDL: external-cavity diode laser; HP: half-wave plate; PBS: polarization-beam-splitter cube;

CFP: confocal Fabry-Perot cavity; PDs: photodiodes; P-I: proportion and integration amplifier

confocal F-P cavity: L=R =102 mm
FSR=735MHz finesse =30

frequency interval Ay = 14.4 MHz
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Fig.3 Typical transmission signal of the CFP cavity
The solid curve and the dot curve are for two laser beams

with slightly different incident angles
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Fig. 4 Slope of the zero-crossing point of dispersion-like

signal versus frequency interval Ay of the two
resonant peaks
The solid squares are experimental data, and the solid curve is

prediction by the Lorentz model
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Fig.5 Typical frequency jitter signal after
modulation-free frequency locking
Corresponding to different interval of the two peaks the typical

frequency jitters after locking are shown in the inset
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