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Fig. 1. Evolution of output intensity during coupling at dif-
ferent sweep rates, where the sweep period is defined as the
sweep time of a free spectrum range of the decay cavity:

(a) Tpsg = 100 ps; (b) Tpsg = 200 ps; (¢) Tpsg = 500 ps.
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Fig. 2. Evolution of the output intensity of the coupled
pulse at different sweep rates at a cavity length of 600 mm:
(a) Tpsg = 50 ps; (b) Tpgp = 100 ps; (c) Tpsp = 250 ps.
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Fig. 3. Measurement device for the fading cavity spectrum with two types of frequency sweep performance.

3.1 FEANNREFHATA RN

Bl 4 BoR THEALS BEARYIEA LR, 5
e A A = A Dk 1 IR IR 4300 R 20, 10,
5 Hz. = fIEMIRIRILE T 53 ARG I m
KGR, PSRRI T BT LA R AR A
ke 5. AT OGRS I S EORE, YR 6 R
30 mV B, XA IO H T HIRAE 6 mA, Ot
PR L) 5.93 GHz. MIE 4(a) BIG5E AT LIE
W, SR EATBE RS R AT B 2 37 A4
RIS, AHR AR 2R 6.05 GHz, 5% MiExT
Nf RS NS R AR W)

BEAR, FA Ik ip 2 6] 5/ kel B8 2 fr i A
5 RDC KSRy = B R i fl &5 DR AY. X2
PRl Ry A8 T A I R ASE Sy AR, (HL T AN
RDC (R BARME IR 2 52 i A, IS E AL
P RDC )& B B AR 291l F RDC Y (1%
[a]) SRS (R ) e BT AR [ AR AN ], R it
FREAERT A & A T I As. XTI 4(b) MKl 4(c) fr
NI R, BRSO A e e S0 2 1
BIMEA 2 5N 4 £%5. SR, T EAOES RDC 4L
BRI A I ) A 0, R A Tk P e (i A B AL
FECA I R BRI, AR Ll & ik vp 5 52
B EE R I JTok. R, BlE R R R3S K, i
) SE 7 (B A fih 52 AOM FRHEA Jok ip 37 24 85 1 i
gD, IS, /5 Bon T REIIEEE S 70 mV
R B A . R TR IR ot 2 A2 RDC MBS
HEASCHIRE A, FEPRHI LN 70 mV B, X7 HL
RE 14 mA, RDC FERTREG K o i S 5500 1% 5 i
86. (HIUL, 5 i ik B 51 4 AH HLAE X B .

SR, 35 R ) J3E 2> W S5 R 5 Bk P O WREE , PR
FAWU A LG YR 0 AR L, S5 s TR SR L

5 2

4 f(a) 1

3 L

2F j 10 />\

L | I |
2 0k kb Mt bkl ) AM“LJ.L“ il ) B
= ! 0 " n 4 \ ! ! t _9 L
§ 200 210 220 230 240 250 260 270 280 290 300 =
. ~
5w g
g b a0
=20 1t £
50 T2
- ! ! ! ! ! 1 ! ! ! —2 3
B 100 110 120 130 140 150 E
£ 2 2 2
o (c) 1, -

I {0

0 —1

A . . . . . . . . _9
110 115 120 125 130 135
Time/ms

K 4 FEURBTH N 81 mA AP K M 1527.013 nm B, 7F
A5 5 PR A B0 i o i RE, HG v 3R o) 8 4 S
3 (a) 200 ms, (b) 100 ms, (c) 50 ms; W il s & () 15 15 K
30 mV, MBI 2 5.93 GHz

Fig. 4. Output intensity of longitudinal mode coupling of the
injected light with the deaconation cavity with a driving cur-
rent of 81 mA and a wavelength of 1527.013 nm. The modu-
lation periods are (a) 200 ms, (b) 100 ms, and (c) 50 ms,
respectively. The modulation voltage has an amplitude of

30 mV and a corresponding frequency shift of 5.93 GHz.
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Fig. 5. Output intensity resulting from the longitudinal mode

coupling of injected light and the decay cavity. The modula-

tion periods are (a) 200 ms, (b) 100 ms, and (c) 50 ms, where

the drive current is the same as Fig. 4, the modulation

voltage is 70 mV, and the corresponding frequency shift is

13.84 GHz.
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Fig. 6. Typical output pulse trains, wavelength-modulated triangle and square wave trigger signals (a)—(d) and their attenuation time
values for different trigger levels (a’)—(d’). The trigger voltages for closing the injected light are (a) 1.0 V, (b) 1.5V, (c) 2.0 V,
(d) 2.5 V. Here, the modulated amplitude is 30 mV with a period of 200 ms, and the AOM is off when the square wave is high voltage.
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Fig. 7. Coupling process output caused by the periodic tri-
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Fig. 9. Schematic diagram and calculation formula of the
phase time zone intensity integration method for estimat-

ing the RDT from the ring-down curve.
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Influence of finite coherence of injected light on ring-down
cavity measurement method and intensity integral
method for ring-down time determination
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Abstract

Using numerical simulation and a constructed cavity ring-down spectroscopy device, the influence of the
finite coherence of the injected laser on the coupling process between the injected light and the cavity
longitudinal mode is studied. The finite coherence of the injected light leads to the randomness of the coupling
pulse during frequency scanning. The randomness is mainly reflected in two aspects. One is that as the
coherence length decreases, the random amplitude range of the coupling pulse increases, and the other is that as
the coherence of the injected light deteriorates, the coupling pulse changes from a single pulse with intensity
evolution into continuous multiple pulses, and the overall width gradually increases with the decrease of the
scanning rate. Moreover, with the deterioration of the coherence, when the light intensity of the cavity is used
to turn off the injected light, the decrease in the scanning rate can cause more than one injection shut-off and
ring-down event in a frequency coupling process, especially when scanning with the length of the cavity. In
addition, a theoretical method is proposed to estimate the ring-down time by using the strength integral of
different time intervals, and the relevant experimental verification is carried out. The experimental results show
that the relative error of the ring-down time obtained by the intensity integration method is smaller than that
obtained by the traditional fitting method.

Keywords: cavity ring-down spectroscopy, light coherence, ring-down time, intensity integration
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