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Fig. 1. Schematic diagram of light path of direct reflected light and cavity leakage light in linear cavity based optical feedback

system.

T EHOGER ST R I N Io, BOLER RIS H1E R
I 1 P T A P A s, A e S B ) 125 TR R 1 e
JEREAEH N L, o= (no +1/4) X, BRI
JERER U5, AMERIEIR S K R I (1 = naA/2) (LA
FREYSAESKE, ni, na, ns AR,

FH TR 1 Y S P AT RO TR B RO
Ty e — M0 A R FRTED (o 85 BOAHAER 0. READGTE
POCHE N LA R AN G2 s eI 286 e 9 i 45 1F,
B 0 A I ARSI K A . LA, O T AR
Z o MUY (AR A 1 BZFTR)
HHOCN R, XK.
I+ lo+13+ 2l +1s+1g

c

A(;SLQw( )+2n & 2mm,

(1)

Horbon 2 i TOUTE d A a TS 51 121
i, m AREEL.

TG, X Js 18 B4 B 56, aR 191 2 o THI L

SRR (RS ANIE 1 2T FR) RN 55T

Adp = 20 <51+12+l§+l4+55) +om
la+1s
= A¢p — 2w c < 2k+1D)m,  (2)

Horprk SR (2) SUA L 2m TR il T I A B
SOETE o AN b s AR S R . R
XFEE (1) 3O (2) 3, a] LA B T R 6 P
Y i B SR, AT (dne + DA ARRS, A
17T 25 S OGS R CAR L AR S PRIk >4 it s
e R B, EAR RFDEA 2 HOE ™ A
S

1 LB T R n] A, S0 IR T R A 00
ARICRINT , 3081 47 ] B Bt R et A J it T D6 12
BRI, R B AR A2 AR

B DN IOERE B e 2R |, SC8liE
ABUE.

2.2 SLIGEEE

2 PR R st R M I 5 i e
WK — A& R4 A R Bt (DFB) BOG A%
(Eblana, EP1653-7-DM-T056-A04), 3% TO &t
B, W ELLEOE, YA 10 mW. BOEH
LKA 1654 nm, AJPEAAL T 6046.9 cm * 4bAY
CH,, W2k, WOt i o — A Bl e il B e B oL
BEHEG (PTS) I, Hh SHEK K 45 s LT i
BHE (lens) o). —5r2Z—Wh (M/2). R s> otz
Bt (PBS) M4z —I A (N/4), BJakia it Aok
SESHRIE, BB S EAIE BRI R 5 2 A JE R
7% (Thorlabs, PDA10CS2). #MZHHF5EN 13 MHz,
M KSRy 46 pW-Hz /2, Y2 RO AALE S PTS
HEATHLI, RIS FORG7E — A~ R 8 I o 1) s H B
% (PZT) #A74094, JFi i LabVIEW 723 17
S R AT . RS I A 1R 2545 38 s A
BHHE T U R MRS S RSl A /4
PR, I HER: N /4 0 Ff B U O M R R A
PH L s S 6% PBS Y L], M 228 2 5k [l

22

= Optical

PD path

= Flectric
path

K2 L ik v e 1 R A A
Fig. 2. Diagram of experimental setup for optical feedback

linear cavity ring-down spectroscopy.
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Fig. 3. (a) Cavity transmission signal (black line) and trig-

ger signal (red line); (b) an enlarged view of the blue box in

Figure (a).
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Abstract

Cavity ring-down spectroscopy (CRDS) is a highly sensitive molecular absorption spectroscopic technology,
which has been widely used in mirror reflectance measurement, atmospheric trace gas detection, molecular
precision spectroscopy and other fields. It deduces the intracavity absorption by measuring the rapid variation
of the ringdown signal. As a result, detector with high linearity, broad bandwidth and low electrical noise is
indispensable. Additionally, owing to the large noise in laser frequency, low laser-to-cavity coupling efficiency is
obtained. Consequently, the cavity transmission is faint, which deteriorates the detection sensitivity. Optical
feedback can address this problem by locking the laser to the cavity longitudinal mode. Then, the laser
frequency noise is suppressed and hence better detection sensitivity is expected. Optical feedback CRDS with V-
shape cavity has been widely studied. Compared with Fabry-Perot cavity, this cavity geometry is very sensitive
to mechanical vibration and possesses low degree of fineness due to an additional mirror. In this paper, optical
feedback linear cavity ring-down spectroscopy based on a Fabry-Perot cavity with a degree of fineness of 7800 is
presented. The principle of the combination of optical feedback and linear cavity is explained from the
perspective of the light phase, which shows that the reflection will not generate efficient optical feedback if the
feedback phase is appropriately controlled and laser to cavity locking can be therefore realized. And then, the
factors influencing the stability of ring-down signal are analyzed, including the feedback ratio, the trigger
voltage for the ringdown event, and the distance between the light spot and the detector center. The
experimental results show that a superior fractional uncertainty of the empty ringdown time of 0.026% can be
obtained with a low feedback rate (3% FSR), a high ringdown signal trigger threshold (90% cavity mode
amplitude) and superposition of the light spot with the detector center. With Allan variance analysis, the white
noise response of 1.6 x 10 ecm -Hz /2 and the detection sensitivity of 1.3 x 107 em! for trace gas detection
can be achieved in an integration time of 180 s, corresponding to the lowest CH, concentration detection of 0.35
x 10 at 6046.9 cm !. This robust spectroscopic technique paves the way for constructing high-sensitive and
stable-cavity based instrument for trace gas detection.
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