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Abstract : The length of interaction between light and material is limited in the fiber optics salinity sensors
based on optical passive scheme,and a separate design of fluid channel is usually required, which increa-
ses the detection complexity. Therefore, an optical fiber laser salinity sensor based on thin-walled micro-
tube and ring cavity is proposed. The thin-walled microtube cavity is used as the salinity sensitive unit
and optical filter, and is connected with the erbium-doped fiber to form a fiber ring cavity. The whisper-
ing gallery mode is excited in the thin-walled microtube cavity through the coupling of tapered optical fi-
bers. The central wavelength is linearly corresponding to the salinity, which realizes the measurement of
salinity of solution in the thin-walled microtube cavity. Compared with the transmission spectrum of thin-
walled microtube without gain,laser can provide sensing signal with higher signal-to-noise ratio and nar-
rower linewidth, Experimental results show that the sensitivity and the minimum detection limit of the
proposed fiber laser salinity sensor are 36. 5 pm/ %o and 0. 485 5%, respectively, during the salinity range
of 0%,—45%:,the linearity is 0. 999 24, and the salinity measurement error is less than £0. 751 3%, ,and

does not require additional fluid channel, which is expected to become a useful tool for ocean salinity de-

*  E-mail :;jiangjfjxu@tju. edu. cn
Y75 B 8:2021-04-27 {&iT HH1:2021-05-28
HETH B K HAFIEFI 4 (61735011, 61675152) | FREF T REAUER & L1 (2013YQ030915 ), 2k A PUIH A 101 H ¢ B
FHET 5 2 WA B A1 A A & B Sl AR 131 A A A5 — 2 ks 35 1R ¢ By i H



WHI - B W 20224 33k

BE O M S A O OGO T S B

.« 2
tection,
Key words: optical fiber sensor; optical resonator; whispering gallery mode; seawater salinity
=]

AR R R OK 1Y B SR —  FOKS B I A X
T IR0 WO R I R S AL R e o B
PR, WK 4T AR B A : g/ kg 50 BT
TR KU AR R S BT 0y BT i (B R T 4 BN
5 T4 0 A O AN 3 R R TS
B g K R BN R T ik RN S B A o, i Y g
JK Eh 36 Bl S 2 PSU—42 PSU (practical salinity u-
nit, PSU, 52 F 48 B 547 ) . X R 48 XF 48 B 19 3 [l
ANt 0% —45%" . H TSR KEEE R
W, W TR AR B A A AL TR R K R
R N R 7N = W i o 3 T NI B
W T O 2 b B AL IR 22 b AL L n v
WE R A W % £F 56 Mt (fiber Bragg grating.
FBG™ BT £ %8 TR Raom ™, 5 T i
T AL T L B T AN A R A R L TN
JCLF B AL AR B R LR AL
R iR N ORI NS TR = a2 RS S SRS IN
o £F A8 A A TRT  BE 3 4R B (whispering gallery
mode, WGM) & & 2% v] 52 B = R B8R 97 99
O RS R AR B KR ARG I L R S
G T KD AN BOE I WGM S S
Y1 5 53 B 90 09 A0 BAE R 52 BRAL R, 4K T TR UK I
WA FE 25 FE AR WGM 38 IR s 19 5 5T 5, AT 52
M J 8 00 AR B

AR SC T BE UG I RN A S S5 A HRE T O &R

D EF HH 4K B B T O i AR L S8 B
K5 HEMENEOCHE T . 5HHKM WM & 4
T A FE O 21 WOt £ 2 A I A T R R A R L
AL AR 5 o BRI X T T URL HE O 21 8 5 v BE i
SR BE AR IRAL W L SR BE Y T AR R
R 78 P B A R A L R B B AR R
BB

2 EAR[FE

AW ELERRE S BERWME 1 PF
N WA RET LR WGM, Hag iR Pk K A, AT AR
RN

A = 27ngR/m, @)
R RN BN AR  nee 378 TS 18 BE A R AT
G m Fom WGM I ) 208 Ch IERHD . 4
I I8 MR i R O £ R4 O £ (Er80-4/125,
LIEKKD # 5 — 4~ 0% 2F WOG 3 L O I hi 6 25 1
M L HEA L — B G FE R A X DA T 3 1 E X
R AE R0 L TR TR B R I A S R A A B
HEOJGEF 2 i B 3 5. BEOGEE I 4 A T,
980 nm ZE I EOG 28 1T 980/1 550 nm I 4 & FH #%
i) BRI TN SO O BR B g 0 LR R OE 1 4R E O
PR ) AL B L O AR 2 01 2 AT DL YT IR OE 98 iR 1 N O
PRA .5 = 95 LAl A AR ML 520 ok, HAa 95%
T 9] PR B R

HERE G I TP IS W P T 98 neo MIEREE Sa Z 1]
)96 R AT AR A,

WOL B AL B . 8 A — X R E AR S Nee = AQL TSy +BQLT), (2)
o % «._ Tapered fiber 1
-ﬁhg pozgprarnane e Syringe Port 1™
¢’ () :\ﬁ N, - B
! (95%0C % ~ N <7 NaCl
0SA : Sensin? E Port3 ™ Q - solution
E PC unit : Q » N . Port 2
] 1so ; . \
. : » po N —~ ~
H : Microtube  Tapered fiber 2 ™
g ! Liquid \
i WDM EDF i pool Tapered fiber 1
.

: . : Port | Port 2
P\ ¥ i : Microtube
2. et NaCl =4} wgm
\‘. 980 nn pump o solution A

OSA:optical spectrum analyzer EDF:erbium-doped fiber 1SO:optical isolator Port 3 Tapered fiber 2

WDM:wavelength division multiplexer PC:polarization controller OC:5:95 optical coupler

B1
Fig. 1

EAHAKRERRREENTEE

Schematic diagram of fiber laser salinity sensing system
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Fig. 2 Photo and microscopic image of the coupling structure with two tapered fibers and thin-walled microtube cavity:

(a) Photo of the coupling structure; (b) Microscopic image of the coupling structure;

(¢) Microscopic image of the thin-walled microtube cavity section
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(a) Without deionized water injection;
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Fig. 4 Output laser spectrum of the sensing system

and transmission spectrum of port 3 of the tapered fibers
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Fig. 5 Results of stability experiment of fiber laser salinity sensing system: (a) Laser spectrum changes
within 30 minutes at absolute salinity 5%o; (b) Laser spectrum changes within 30 minutes at absolute salinity 45%o;
(¢) Variation of laser spectrum peak wavelengths with time
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Fig. 6 Results of salinity sensing experiment of fiber laser salinity sensing system: (a) Laser spectra corresponding
to different salinities; (b) Variation of mean value of laser peak wavelengths with salinity increasing
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Comparison of parameters between the proposed fiber laser

salinity sensor and typical wavelength-interrogated fiber salinity sensors
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