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Abstract; In this paper, a type of refractive index sensor based on a single end face long period fiber grating
(LPFG) with transmission spectra is designed. First, an optical fiber joint at the input end of a 2 X2 single-
mode fiber coupler is connected with the light source, and the two optical fiber joints at the output end are
connected with an optical spectrum analyzer and an optical fiber joint of LPFG respectively. Then, the reflec-
tive silver film is sputtered on the other end face of the optical fiber containing LPFG. Finally, a series of glyc-
erol aqueous solutions with different refractive indices are used as the liquid medium to be measured to investi-
gate the similarities and differences between the response spectra of LPFG in direct transmission mode and the
single-end silver film mode. The experimental results show that although the single end face is adopted, the
corresponding response spectra of LPFG is still in the form of transmission spectra. Moreover, for the same liq-
uid, LPFG with the single end face silver film and LPFG in the direct transmission mode have nearly the same
resonance wavelength value. However, there is a certain difference between their optical losses. In the 0 ~
80% glycerol solutions, the optical loss in direct transmission mode changes from —12.92 dB to —16. 28 dB
and then gradually to —13.22 dB. However, the optical loss gradually changes from -13.13 dB to —-13.74
dB and then to —11.45 dB in the case of the single end face silver film mode. Compared with the direct
transmission mode, there is a better linear relationship between the relative optical loss and the glycerol con-
centration of LPFG based on a single end face silver film. The LPFG measurement system designed in this
study uses a single end face probe to detect the environmental medium, making it more flexible and convenient
in measurement. It is well suited for refractive index measurement in long — distance, harsh environments or

deep liquid environments.
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Fig.2  Response spectra of LPFG to the surrounding

media under the condition of the direct trans-

mission mode

3.2 BummE s T K B A S Y e B St
3 gt T B S S e A A
W RE H A RO RE . ANIEL 3 T RUE Y, B

—— Water

—— 10%Glycerol
—8r —— 20%Glycerol
—— 30%Glycerol
—— 40%Glycerol
—12r —— 50%Glycerol

—— 60%Glycerol
. —— 70%Glycerol

Concentration increasing SO%Gl}’CCFOI

Transmission/dB

12I40 12l60 IZISO 13I00 13IZO 1340
Wavelength/nm
PR3 R T B R A 2 I UM X BR84S
PRI T
Fig.3 Response spectrum of LPFG to the surrounding
media under the condition of the silver film coa-

ted single end face

SR FE M R T g T P, (2 A
B e R S ST AR DL B T T 20 B
1 L, B T8 P e v B B4 i PR i K
B 1) JE T 01 RS S B R o L B i A X
(1 CARFE (725 £k 1) e 2 ) 8 bU B 2 388 B AR
N,
3.3 mAERX THIERE K SIREENT L
Ry T a2 T A O P AR T O
Ak 37 S 1 5 ), FRATTAE & 4 AR 5 a3l 44
TR IR AT A5 A Bt e v A Ak A
fhiasEl . B 4 v LA (1) B H ik
(R, RS XTSI A 3 B <
WA A A 8l BB SRR KR
WHE 3R B K M1 285. 0 nm 3% 37 48 Sk i 3R B K
1251. 8 nm; B ST, 1SR B IHE IR i K
M1 284.8 nm ZFHA NiEIRIH K 1 252.8 nm,
(2) PR R []— S v B i %o 7 1) 3 41
BRILTFEA. (3) Y H Mk E N 60% 2 Ny
80% I}, PHFPEEC T A IR I A0 A 2 T RIS
B, DRI, S 1A A A 4 B 'l o iz o'
TEANE IR (=M ) 5 H 3 F T 1
PRI (BRI L) AR b S 0 R A 1 — 30k o

1290
1280+
£
=
=]
l%“ 1270+
o
3 —=— Direct transmission mode
= 1260r —— Single end face
12501

0 20 40 60 80
Concentration/%
B4 PR IR I S HHlvR B G &
Fig. 4 Relationship between resonance wavelength and
glycerol concentration in the case of the two

modes

MIELS R LAt PR 3R S SOl
FARSEAAFEI B T /N R FE RSN
o AHEPIRMELC , AR G0 G A2 Ak 10 i 5 AT
A WA 2200 - L SRS A e O
WFEM — 12.92 dB 25y - 16. 28 dB, F-2 i 25 F|



6 ]

PRI, 25 « £ 1A 3 S X SR S M Py s A 3t 787

-13.22 dB, Fre RAAL IR O 3. 36 dB ; 535 1 B
BB R U RO AR N - 1313 dB A
-13.74 dB, FREHALF] - 11. 45 dB, i KAZ AL
JE T 0. 61 dB PR, B s i 45 BRI AS ST 1
JE SN 0 AR FE AL R B /N, S 2R WA

—12F  —=— Direct transmission mode
—o— Single end face

Transmission/dB

0 20 40 60 80
Concentration/%
FS  PRPER ERES H R B A5 R
Fig. 5  Relationship between optical loss and glycerol

concentration in the case of the two modes

Xt T EARE SR T 5 g A R KA
S Xk AN [ e H 3ol 78 T P i I DI % 119 22 5, R
T AR AT BE A T 20 A IS DB T 1)
WA A7 BREER ) T2 A O Y Ml T 4 55
ZHRGIE , J5 SEFRATTHE X i3k 28 2 B0 < JE 1 e Al
S OGTE B R JETT AR DI o

MBI AT R LA Bt s A R D
AT S A< 0 e B AR A LA LT i A A
(1) H AP A RS A SR DA 1 B4R AL T
PERDEHE A A Z 18], T el A DG S5k 1 7
USROG A RGN 5 (2) B B0 K R DDk
A R ) e B 2 A R AR R
G BLETE R SR LB ST E B i
B (3) A RS DL R 5 (R
B DEBFE) (55l LS HIE HHRAT R
JETSUI I A g 1 S T AR S R S 5 (4) H o g A
AT, o T B RR IR 3, FERS IR A i 1Y

S 3k

R A A o

SR, 55 P SR CAR L, S TR A A6
RS A 9 IR SR B A P AN I L 1302
B (EE 2 M 3) o X ATHE5 R B %)
9 TS H JCET S 1R F- 85 B OIG2T B T
BRI RIS Sk BUR TR A 5, KA 2
AT THE— Lot )R ST, JAT TR B
Y5 ST b Xk B S T SR SR G ey 2 i R R
PEE— IR, il 4 AR SRR RE TE A R 0 18 5
DT B B ISR ORI S R A et

4 %

ASCHIC LT M5 i, i A SR DAY
— LT S 1 B R 1 1y A SR T B 1 ] Y
JCHIHT S AR A, 3 o 00 A ] e J3E ) H 3l
RIS 5 1L IEas B AR B ST A WDE
R S Ao SCR SRR W], 72 0 ~ 80%
A H AR, PR T AR TR A H il
JIr 5 RS AR B 1 A2 A J LTS A R 1), 5 H 3
YL RIIE I, IR 1A A R AR B — 2,
AR ) JEL B TT M A Bl 25 H A 60% 72
N 80% I IR AR A A T RIZL RS B0 T
MR B AR A A B W] 1 22 501, B AR
S R 31 G A4 DG 45 G B R AL I T
3.36 dB, Fui i B AR AR S SR e ) St 10
FESCRASAL IR BN 0. 61 dB., B gy 1] 4 R 5 A5
ATOEHE S H R AP R . A
1 S T 375 R DM IR, el T
BRAT K 007 2O o DU ARG, X6 PR 5E47 J3 )
R PR BN SE T 68, AR IS S T EEOK
Sy IR o K8 ) o M B HE Ak 4 ) o (e R R e
(R R S B A (U AR BRAR 55 ) i
B 2 PR R A TR

[1] BHATIA V,VENGSARKAR A M. Optical fiber long-period grating sensors[ J|. Optics Letters ,1996,21(9) :692-694.
[2] EXH =, kE,F. COBULHKM R T AN JEIHCHT S R ER 5T [T ]. £ % 5 4.,2007,27(10) :

1730-1734.

WANG J,RAO Y,ZHU T,et al.. Refractive index characteristics for edge-written long-period fiber gratings induced by
CO, laser pulses[J]. Acta Optica Sinica,2007,27(10) :1730-1734. (in Chinese)



788 DG 10 4

(3] 246,822, X &, ¥ HREFH FHIIREESEMPOREELT]. + B 5 ,2013,6(2) :259-266.

WANG E W,YU W X, WANG CH,et al. . Nanogap measurement by using surface plasmon resonance sensor[ J]. Chinese
Optics ,2013,6(2) :259-266. (in Chinese)

(4] FAOI, AR, RIGHR, 5. RGP 10 2 25 T ARSI B IR HI [T ] #ri X 23R (L4 hR) ,2015,49(9)
1796-1804.

LI Q SH,CHENG R,ZHANG X L,et al.. Modulation of polymer thin films on surface plasmon resonance spectroscopy
[J]. J. Zhejiang University( Engineering Science) ,2015,49(9) :1796-1804. (in Chinese)

[5] EZ&ER, R, 8B K, & ETEIEMNRESE FIRGEEET]. A8 $k,2016,37(9) :1152-1158.
WANG ZH B,HAN H H,CHAI J F et al. . Prism surface plasmons resonance sensor based on the porous silicon[ J]. Chi-
nese J. Luminescence,2016,37(9) :1152-1158. (in Chinese)

[6] LIQ,HE H,WANG J,et al.. Label-free detection of biotin using nanoporous TiQ,/DNA thin-film coated wavelength inter-
rogated surface plasmon resonance sensors[ J]. Chemical Research in Chinese Universities, 2014 ,30(1) :157-162.

(7] S, R8T, REL,F. OIS B EDGET A fiks el S HAZ B T]. F B 565 ,2017,10(4) :449-
454.

JING S M,ZHANG X Y,LIANG ] F,et al.. Ultrashort fiber Bragg grating written by femtosecond laser and its sensing
characteristics[ J]. Chinese Optics,2017,10(4) :449-454.

[8] KOU J L,DING M,FENG J,et al.. Microfiber-based Bragg gratings for sensing applications:a review[ J]. Sensors,2012,
12 .8861-8876.

[9] WU D,ZHU T,WANG G Y,et al. . Intrinsic fiber-optic Fabry-Perot interferometer based on arc discharge and single-mode
fiber[ J]. Applied Optics,2013,52:2670-2675.

[10] LI X,SHAO Y,YU Y,et al.. A highly sensitive fiber-optic fabry-perot interferometer based on internal reflection mirrors

for refractive index measurement[ J]. Sensors,2016,16;s516060794.

[11] JIN L,LI M,HE J J. Optical waveguide double-ring sensor using intensity interrogation with a low-cost broadband source

[J]. Optics Letters,2011,36:1128-1130.
[12] i A6 240, 5. TiO, JKR R RS T3 LA [ T]. B %5 ,2014,7(3) :421-427.
YANG Y,HE H,LI Q SH, et al. . TiO, nanowire array based interferometric sensor[ J]. Chinese Optics,2014,7(3) :421-
427. (in Chinese)

[13] FALCIAI R,MIGNANI A, VANNINI A. Long period gratings as solution concentration sensors[ J ]. Sensors and Actuators
B Chemical ,2001,74(1-3) .74-77.

[14] WANG J N. A microfluidic long-period fiber grating sensor platform for chloride ion concentration measurement[ J]. Sen-
sors,2011,11 :8550-8568.

[15] LIQ,ZHANG X L,YU Y S, et al.. Enhanced sucrose sensing sensitivity of long period fiber grating by self-assembled

polyelectrolyte multilayers[ J]. Reactive and Functional Polymers,2011,71:335-339.

[16] Mg, E&, FWH, 5. a] [F] BF DU RO B2 AR M AL 5 R UG IR AR [T]. P B & 5 ,2014,7(3) :476-

482.
ZHAO M F,WANG N,LUO B B, et al.. Simultaneous measurement of temperature and concentration of sugar solution
based on hybrid fiber grating sensor[ J]. Chinese Optics,2014,7(3) :476-482. (in Chinese)
[17] ALLSOP T,ZHANG L,BENNION I. Detection of organic aromatic compounds in paraffin by a long-period fiber grating
optical sensor with optimized sensitivity[ ]]. Optics Communication,2001,191(3-6) :181-190.

(18] sk, FH0M, B 2B , 5. B DG LT e A= L 70 A b B 0 T B FSE e [T ] B e 52 ,2014,7 (1) :57-
67.
ZHANG F,LI Q SH,YAO W G et al.. Applications and progress of nanofilm-modified long period fiber grating in biolog-
ical and chemical analysis[J]. Chinese Optics,2014,7(1) :57-67. (in Chinese)

[19] LI Q SH,ZHANG X L,SHI J G,et al.. An ultrasensitive long-period fiber grating — based refractive index sensor with



55 6 4] PRI, 25 « £ 1A 3 S X SR S M Py s A 3t 789

long wavelengths[ J]. Sensors,2016,16(12) :2205.
[20] ABEBE M, VILLARRUEL C A,BURNS W K. Reproducible fabrication method for polarization preserving single-mode fi-
ber couplers[ J]. J. Lightwave Technology,1988 ,6(7) :1191-1198.

EE &I
FRR(1969—) , T3, INARHF N, i, HEICR(1975—) , 5, R KR AE N Tl
N HIIFSE 51,2009 47 F 3 MR #3015 1+ e WEFE G WA T, 1996 AT
LS B I e PR ENCY AR REEAARE 2407, 1999 4EF i BHBE I

e SrAT AR 5 T Y BF 5T . E-mail ; lishun1688

BN ARAT A 12707, 2004 4F T 18 [
W P A 2 o, EENF AN
KA REE F- 27 25 J5 T A WF5E . E-mail
wenfeidong@ 126. com

(K 2% i)
—EI % 08T (MIBFE; TEHBEBETE, BERAZE)

(AAFR)ZVTEADRFLEL ;AL FEHEF qu‘li%‘?’& My BAIR G Wy BLAT R AT £ é’J
TENRFEEIASANFRAT, BRI AALLT | BRRESWR TORRIRA L LT G L5Ee
FAFI M,

(R M) T 1980 407, & F 1992 F, 1996 4, 2000 5Fo 2004 1% 4k va R AR LA B F) &

BRI A DI FEAZSHA, 7T 2000 FREHIFARELEFF, BREEREHSHA,
2000 43k F BAF SRR ﬁf]‘?’]:-%;j%o AT B F AP GLER) ) . CF BTN R ) A= 77 7 R
RERF AR, EB(HF M) (SA) g 1999 F; £B(FEH) (CA) FR T I LE R E)
(AJ) B 2000 4; £ B(SIHA 5 LHHAEM3E) A 2002 5 B A(HH Iakik k) (CBST, JICST) A 2003 4
B B Gt & % ) 6 55 2008 4k 47 2 “Elsevier Bibliographic Databases” 2 & % & 21F) ; 2010 44k £ H
“EI” # 2 A R4 o 2001 F 42 B FAEIRALE T DR F 7 09382 8, CRRFIR)HOF A XA

F17, 2002 43K F B A 2001 ~2002 A B AR A A BT 8, 2004 AN (OF B 4R ;ﬁf/?
BB - PEAAEMESE), KASRFT . FEEX, T ZRAFHE LSRG KR,
BHRGE E A F R B &, ﬁ%#’*iffi’eﬁﬂ)&mu, A P& KB L F A FARKF RS

(K HFR) B 2011 F& A4 AR, AdTFA, 144 T, B AISATFRAT. B AEMN: 40 T, £5F 480

L, 2B &M ETITH, (CRARFW) R KAEH ., i85 AR, WKL,

M dib: RKEF AR 3888 5 E W% —F|S: CN 22-1116/04
R R E FRFR A TS : ISSN 1000-7032

B 4% 130033 ERHEZKS: 12-312

B i (0431)86176862, 84613407 E5hEFHRE . 4863BM

E-mail; {gxbt@ 126. com http . //www. fgxb. org



