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Abstract: Locking laser source to a proper frequency standard can obviously improve the laser’s
frequency stability. Using two acousto-optic modulators (AOMs) to shift the saturation absorption
spectra of cesium D, line by tuning the DC voltage of the radio frequency voltage controlled
oscillator's (RF VCO ) V; inputing port the AOM shifted sub-Doppler spectra were gotten, and
dispersion-like frequency discriminating signal was obtained by subtracting the two relatively
shifted sub-Doppler spectra. Modulation-free absolute frequency stabilization of an 852 nm grating-
external-cavity diode laser was demonstrated with a frequency shifting of 80 MHz. Thanks to this
modulation-free locking scheme, the typical frequency jitter of less than 4 270 kHz in 50 s,
relative to the cesium hyperfine transition of ¢S,;, F=4<°%P,, FF=05, was estimated in
preliminary stabilization. The long-term frequency stability was greatly improved comparing with
the frequency fluctuation of about 14 MHz under free-running condition in the same time scale.
This scheme can avoid the extra frequency noise as well as intensity noise duo to the direct
frequency dither on laser source in the conventional saturation absorption technique.

Key words: laser techniques; modulation free; absolute frequency locking; cesium sub-Doppler
spectroscopy; acousto-optical frequency shifting
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Fig.1 AOM shifted sub-Doppler spectra
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Fig. 2 Sketch of experimental setup. ECDL: external-cavity
diode laser; OI: optical isolator; A/2: half-wave
plate; A/4: quarter-wave plate; PBS: polarizing beam
splitter cube; BS: beam splitter; AOM: acousto-optic
modulator (frequency shifter) ; NDF: neutral density
filtery PD, and PD,: photodiodes; P-I:

proportion and integration amplifier
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Fig. 3 Typical saturation absorption spectra with Doppler
background corresponding to the cesium transition
from ¢S, F=4 to ®P;,, F'=3,4,5
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Fig. 4 Typical dispersion-like curve of cesium D, line

3 SLERER KiTie

Bl 3 fr s 4R F D, LA MG LR f , 28 8
B4 52 500 MHz, ¥ N FEE TR LY
R, ANAWIE: T43(F=4—>F =3), T44
(F=4—F'=4),T4-5 (F=4—>F =5 ) =/ 8K 4l Bk
LR, M C4-3,4(F=4—>F =3,4),C4-3,5(F=4—
F'=3,5),C4-4,5(F=4—F =4,5) =4 L&, 1
Mg F=4—F =5 RELWLTYL 15 MHz, K F
HBERLTE 5.3 MHz, #OLLFEA 1 MHz LT,
48 0 J7 R JE Al 1784 1+ kHz B|'H kHz, H
WEARREL BT FERE ., 10 AR iz
FEETR (L 10 f5 TR MBI , BUEL R R £ &
EHRERRE(HRBI K. HINLE Rt 4
TREIEAT WL 5 W, MR 37 LA B S 00 3R 8% P R R 3
WEH—EXMH .,

B4 MR egE s mt g, REaBEHN L
TR SR FR 5 3 R W R RN R A A ot BE RS
BE 2R TE. YRR AR GE LN 2 8T



1338 )t 2

¥

1 24 %

L AT A BT, P B 1 R IS xR R — BR A i
KWES KD LREEHE 25,

W/ E IR 48 G WA B AR A i PZT % O Y
=R U R W B L 2 DA B I R RO, 5
St FF=4—>F'=4,5%¢ XM F=4—F =5 |Kif
KMERFES . WIE P, BB A R4 4 2, W3R
BT45 rEPOAFRNAERY 54 mV/MHz,
RS R R EZE S B RNRER. B
HJRF D, SR F=4—F =5ERIELRAE I b vl ¥
A TIREPE . BitiE—B /N = AR,

10

(a)

"

0 |

N

Free-running
frequency Jitter/MHz

-10 20 30 40
Record time/s

0 10 50

WA PZT E ¥ W E R, RO RN H F=
4—>F" =5 ERFEX 7 i S50 4%, OF — H RS TE R W
PR PR A S BB B AR PO R
T BUMNI =M BRI EF, TR B
TRERET IR ZE (R 5, R BOLER B 3 5 i i 45 3Rk
th. B 5 KB 50 s HitRBIMIAEN H fiz
HRRERFS YHE RIRERES BRI EMHE AR
AR, Y RME Y 14 MHz, R ERH ERG MK
AR BN OGSk N B R BIL KU 5 R A PR A

FHEREFE.
10
N

s of 20
£ -200
= ? 20s 30s 40s
g2 0 .
=l . '
59
g3
£E 7Y

~10 ' : L :

0 10 20 30 40 50

Record time/s

Fig. 5 Typical error signals under free-running condition (a) and after locking (b). The free-running frequency fluctuation

is about 14 MHz in 50 s, compared with the frequency jitter of about =270 kHz in preliminary stabilization
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