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Fig. 1. Principle of PDH and DVB locking in NICE-OHMS technology.

Je5 NI R e BB T, e R ), BLIE R (4) ARG (—) S e A% B B0 6 ) €
D EZARD, FHE RN v, IS 545 5 AT R IR o B (005 20 B e DE AN 22 3 B 15 5 22
AT L3RS NICE-OHMS {5 5. AR 478 A& 1 48 47 1 Hrp IR AR BO R NG 1), SRR R
ANTE], AT BASY 53R L NICE-OHMS R SR € 8015 T 1); O SR MRV AR AL, VRO N T/2; Go 3R
T, 70 AR R H AR 1R PO PR i R AT IREAOE I
FARZREIR. H I RIS esg L, MOt
AT B TARBIL L i, 5 A 3 7 T AR [ )

"7 A E
FHOL S RN BN A T, (5% O O R

) &2 95 1) NICE-OHMS 155 b2z 3LV 2 35 ) 45 ST % B B2 BT R, 6 4F MOk 2% (Ko-
F. A AT ) NICE-OHMS G fs 5 AT LAk heras Adjustik, E15PztS PM) ;= £ H L i K A
el 1530.58 nm KOG, BOL 2k % 72120 us B 73 I

SEAISP( Ay, O, Go) 6] Py R 1 kHz, #1490 78 55 NHa (6 vy + vs 77 7E

6533.4615 cm ™! {7 B PRI LR PO BORIR IR E it
, JGEF A A 7O ) 245 (FAOM, MT110-1IR20 Fio-

+ Xoo P (Av, Go)] sin O, (D) PMO.5-J1-A) JeLF R £ It ) 3% (FEOM, phot-
nom (EALAR) RS T, 4 TR A line, MPX-LN-0.5) LL &t 47 Y 2 28 4 th 81 B %
LT3, Av (Hz) 230t AR v AR TSR ). HH AR 28 DO 48 3o 56 2 [ 25 88 (OT, Thorlab,
W ORI B B2 FMS R H 258 J,(8) SMOS7TRC). VL% 85 (ML), \/29% A« (& 5 R
Foni B WEEREREG LEREEK (cm); na &9 T BBt (PBS), \/A¥ i, #h& N mRS Al .
$0% B (molecules/cm3); S & 7 F B BRIT 28 9 & FR) 52 SR O T 0 S A /4 3 AT PBS S N 4 45 1
(cm-molecule™1); )Zoio’diSp O 9 TN 7E E AR W\ T (PD;, NEW FOCUS, model 1611), A T-5Z3 PDH

F A is
— nmeJo(ﬂ)Jl(ﬁ)POSnAL X 2[R P (Av, Go)

104207-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 % R Acta Phys. Sin. Vol. 67, No. 10 (2018) 104207

M DVB 8. BERERN AR 2 (leng) 225K,
FT BRI A5 2 (PDo, New port, model 1611) I,
FF3k18 NICE-OHMS {5 5. 4 T i % Etalon M
FE AR SR, O S A A TR ' A P TS B
R, AL E R T ZR =T Etalon % #E 5
(EID) 1,

FGH 1) R A P R i — X R R R
99.86% ) ~F- THi 5% A V] 1] %% (Layertec 2 ) 2H Ji%
FR) 1 10 s, G b T T B ) il AR AR N1 m, W
A5 THT 22 18] ) 18] B8 M 39.4 em, X 3 i ) FSR 4

HVA <]

OI ML A/2 PBS \/4 PZT1 PZT2

FL FAOM FEOM l-.-l_E_.l_-

FG1 @

Mixer1l Lp1 || 35 MHz

Mixer2

v O
< LP3

4380 MHz, X Ik Al LAAS 21 i B A 2 e 4 96 2
160 kHz. 73 G845 73 il I8 7€ 7 19 S P11 He oL e 2
(PZT, PiezomechanikHPSt, 150/20-15/25) t., H
TR, PR s v M B 2 — i ] 2 AR AR K
A P I ) i A b, IR R %05.4x 1077 /°C.
JEE A il P SUE 5 A 2R (Leybold 2 H,
PT50) LA R LR G (S JE R /R AR BRI KA TR
A, BML-9550) 4%, F T S50 A4 ik BERC L
PAR A A ).

Lensl
PD1

Scan
signal

!{ E! PID4
.
NICE-OHMS
signal

LP4

Mixer4
a

K2 s ER FL, J62FB0GHE; FAOM, JGEr G HEI 2 FEOM, SR ot &s; OI, & [aDGk & #%; ML, VL
BEG N2, W PBS, RIS A4, W2 — ) PZT, AP, Lens, B, PD, J6 RN 3%,
PID, IR o il ds; HVA, mIEBORES; FG, REUR A48, Mixer, IRASS; LP, (REIEHE; ¢, AL

Fig. 2. Experimental setup: FL, fiber laser; FAOM, fiber coupled acousto-optic modulator; FEOM, fiber coupled

electro-optic modulator; OI, spatial optical isolator; ML, matching lens; A\/2, half wave plate; PBS, polarizing beam
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Fig. 3. The PDH locking result: (a) PDH error signal before locking; (b) PDH error signal after locking;

(c) statistical analysis of frequency distribution of error signal after locking.
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Fig. 4. The PDH locking result: (a) DVB error signal before locking; (b) DVB error signal after locking;

(c) statistical analysis of frequency distribution of error signal after locking.
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(b) statistical analysis of frequency distribution of error signal after locked.
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Abstract

Noise-immune cavity-enhanced optical heterodyne molecular spectroscopy (NICE-OHMS) is a powerful tool for
trace gas detection, which is based on the combination of frequency modulation spectroscopy (FMS) for reduction of
1/f noise, especially residual intensity noise, and cavity enhanced absorption spectroscopy (CEAS) for prolonging the
interaction length between the laser and the targeted gas. Because of the locking of modulation frequency in FMS to the
free spectral range (FSR) of the cavity, NICE-OHMS is immune to the frequency-to-amplitude noise, which is a main
limitation to CEAS. Moreover, due to the building of high power inside the cavity, NICE-OHMS can easily saturate
the molecular absorption thus obtain sub-Doppler spectroscopy, which possess a high resolution and odd symmetry, and
thus can act as a frequency discriminator for the locking of the laser frequency to the transition center. In this paper, a
fiber laser based NICE-OHMS system is established and the laser frequency is locked to the sub-Doppler absorption line
of NH3 by sub-Doppler NICE-OHMS. To avoid the complex design of high-Q-factor bandpass filter at radio frequency,
the frequency vpan, used for Pound-Drever-Hall (PDH) locking, is generated by the beat frequencies vgs; and vayp, which
are used for NICE-OHMS signal and DeVoe-Brewer (DVB) locking, respectively. The performances of PDH and DVB
locking are analysed by the frequency distribution deduced from the error signals, which result in frequency deviations
of 4.3 kHz and 0.38 kHz, respectively. Then, the CEAS signal and NICE-OHMS signal in the dispersive phase for the
measurement of NHz at 1.53 pm under 70 mTorr are obtained, which show signal-to-noise ratios of 3.3 dB and 45.5 dB,
respectively. Due to the high power built in the cavity, the sub-Doppler structure in the NICE-OHMS signal is obtained
in the center of the absorption tansition with a satruation degree of 0.22, which is evaluated by the amplitude ratio

between sub-Doppler and Doppler-broadened signals. The linewidth (full width at half maximum) of the sub-Doppler
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Shanxi Natural Science Foundation, China (Grant No. 2015021105), the Shanxi Scholarship Council of China (Grant No.
2017-016), and the Key Discipline Construction Projects of Shanxi.
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signal of 2.05 MHz is obtained, which is calibrated by the time interval between carrier and sideband. The free-running
drift of the laser frequency is estimated by the NICE-OHMS signal and results in 50 MHz over 3 h. While, with locking,
the relative deviation of the laser frequency is reduced to 16.3 kHz. In order to evaluate the long term stability of the
system, the frequency deviation over 3 h is measured. The Allen deviation analysis shows that the white noise is the
main noise of the system in the integration time shorter than 10 s. And the frequency stability can reach to 1.6x10~*2

in an integration time of 136 s.

Keywords: noise-immune cavity-enhanced optical heterodyne molecular spectroscopy, fiber laser,

sub-Doppler structure, frequency stability
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