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Fig.1 Experimental setup. DBR: DBR diode laser; C: collimating lens; OI: optical isolator; HP; half-wave plate; AP; anamorphic
prisms pair; PBS: polarization beam splitting cube; AOMs: acousto-optical modulators; QP: quarter-wave plate; HR: high

reflectivity mirror; N. D.: neutral density filter; Det; photo-detector; RF Amp: radio frequency power amplifier; RF

VCO: radio frequency voltage controlled oscillator; Vf; DC voltage for frequency control of RF VCO; sine: sine-wave

reference signal; lock-in: lock-in amplifier; PI: proportion and integration amplifier; ramp; ramp signal
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Fig.2 Typical saturation absorption spectrum of cesium D, line
with Doppler background (upper curve, 65, F =4—
6Py, F'=3,4,5). From left to right the six peaks on
Doppler background correspond to F=4—>F' =3,F=4
—F’ =3 and 4 crossover, F=4—>F =4, F=4—>F =
3 and 5 crossover, F=4—>F" =4 and 5 crossover, and
F=4—F =35, respectively. The lower one is the
corresponding first-derivative frequency discriminating

curve
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Fig.3 Typical saturation absorption spectrum of cesium D, line

0 260

(upper curve) and the corresponding third-detivative
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Fig.4 The upper curve is the saturation absorption spectrum of
cesium 62S,, F=4->62 P, F' =5 hyperfine transition
(right peak) and F=4—F =4 and 5 crossover (left
peak). The lower one is the corresponding third-derive
discriminating curve. Frequency spaces between the
peak and the valley of the third-derivative curve for both
structures are 17 MHz (right) and 19 MHz (left)
respectively, estimated from the frequency interval

between two dash lines (125.5 MHz)
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Fig.5 Typical error signal as the DBR laser diode is free
running. The estimated corresponding frequency jitter is
about 7 MHz during about 10 s
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Fig.6 Typical error signal in preliminary stabilization as the
DBR laser diode is locked by the third harmonic locking
technique without frequency dither. The estimated
frequency jitter is less than + 350 kHz during 10 s,
corresponding to a relative sfability of about 1x107°
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Third-Harmonic Locking of a Diode Laser to Cesium Saturation
Absorption D, Line without Frequency Dither

Liu Tao Lei Hongxiang Yan Shubin Li Liping Zhang Tiancai Wang Junmin
( The State Key Laboratory of Quantum Optics and Quantum Optics Devices ,
and Institute of Opto-Electronics, Shanxi University, Taiyuan 030006)
(Received 5 March 2002; revised 8 April 2002)

Abstract: Third-derivative saturation absorption spectrum of cesium D, line is demonstrated via
the third-harmonic technique, under the condition that the frequency modulation is applied to a
external acousto-optical modulator. By using this undithering scheme combined with the technique
of third-harmonic locking, frequency of a 852 nm DBR diode laser is locked to the hyperfine
component of cesium 6S;, F=4—>6P;, F' =5. A frequency jitter of less than *350 kHz in 10 s
and the frequency stability of about 1 X 10~ are estimated based on the error signal after locking in
the preliminary stabilization. This locking scheme without frequency dither can avoid the extra
frequency noise resulted from direct frequency dither on diode laser in normal saturation absorption
technique, and application of third-harmonic technique can strongly reduce the residual Doppler
background.

Key words: frequency locking without frequency dither; third-harmonic locking; cesium atom;

diode laser



