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Sensing characteristics of long-period fiber grating based on chiral micro-taper
structure of eccentric fiber

SONG Ruicheng', LIU Mengyun', BAI Yao’, HE Xuelan', WANG Tiebin', XING Jian',
LI Wenchao', CUI Shuanglong'
(1. School of Computer and Control Engineering, Northeast Forestry University, Harbin 150040, China; 2. School of
Physics and Optoelectronic Engineering, Harbin Engineering University, Harbin 150006, China)

Abstract: A long-period fiber grating (LPFG) based on chiral micro-taper structure was proposed. The chiral
micro-taper structure was fabricated on the eccentric optical fiber through arc discharge technology, and its
introduction significantly enhanced the performance of the sensor, which not only greatly improved its
torsional sensitivity, but also enabled the sensor to have the ability to identify the torsional direction. To deeply
explore the sensing characteristics of this chiral micro-taper structure long-period fiber grating, a method
combining simulation and experiments was adopted. The research results show that the proposed sensor has
the ability of direction discrimination, and its sensitivity is as high as 592.1 pm/(rad-m™). Compared with
long-period fiber gratings without chiral structures, it not only has the function of direction discrimination, but

also its sensitivity is increased by nearly three times. This sensor features small size, simple preparation and
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high sensitivity, and has broad application prospects in fields such as health monitoring and precise

measurement.

Key words: chiral micro-taper structure; long-period fiber gratings; eccentric fiber; arc discharge technology

515

Bifi 75 BB B9 AN W 20 ATl R e % i, HHEE
ORS00I R A S Sk e ) M R
Lo e A4 RE v RT LUVPAG 4 8 . SRS B RE Y 4L
PERE, DAEXT BB #EAT S S i A . FEDLAR T A2
o TR A | R S5 LA 1 1 1 5 32
R o 7E VR4 T 3 R S A R SR, A A I
T 4K O B 2 R A 1 L v B, B OR AN R AT
IR EMERE . A T I S B, AT
i R L B A U R A AL R e AT
G R, (HR X SR REF AR . R G
AR 32 WG T P R A e (R ] A2 BT RR
il JCLF AL B AR R BUN . AR, Far ke, 47
AR, AT 2 2 a0 i, A BRI P M he
JI RV R P E G T AR RE 1, LA R B S AR A%
BEA SF R, ARG h G T 2R
J 23 ()5, %5 N B T2 A W A TR EEST
AL 23 LR S I A o0 DG £ S 41 85 D 125 D £F
HU R 1 — R RIOGET, BA AR O X FRES
M T HRRR U 4544, A0 T RBORL AR, BF
I T Hb S PR, 0 ISR 5 1 A8 A B0 AR,
DAl o G £ U AR TR VBT S il £ | 25 i 4%
ST A B ARRA AT SR DG H 8 K
JEI I EF Y (long-period fiber grating, LPFG) 4514
fEIRER O N TUF 2 AR S, L anAe i i |
TR T3 DA R Az Wy A SR Al vy o P12 HG Dt B R
TEICEF BN Ta] DX IOE 0] 0 P 7 S S5 08 1 U,
By E LR L ZHE A, AT LS AR 2
SR, BASVF 2R IR P03, L e A= A A I
U U AR SO AT BB AK RO ET
JEHE, -4 K R G £F SR D S8 G 2T Y O R 4
Al R, AT A PR RE I G LR AR

AR SCHE T B G EF 43 ) i £ T AL A R R
FEEF Y ( chiral micro taper long-period fiber grating,
CMT-LPFG) Fil 4 #1 e 74 < Ji 91 5t £F J6 Al (micro
taper long-period fiber grating, MTLPFG), F| i {}j &
BRAT X W AT 5 EOF 0 B HoR A R 1, B S
XoF 33 9 A A i ) A SRR AR R AT T DU, R T
W R Ge iy 1 T SO ET B MTLPFG
F8) 2 1 SR P R, A% RO o R R X A

FE i 0 L A% JBBCHE VR AT X b, A SCH i 1
THUHE 25 48 i 4 T8 DG 27 il 5 B A 5 10 R
S50 R R DG LR e AR L, AR A
] BENRE T, i H R B T 3 A% . IR, XF
PR i 14 I B R M B iR AT T R 5, MTLPFG I
CMT-LPFG (7 i B R 8 43 9 24 0.058 57 nm/C
F10.072 14 nm/C.,

1 RO BEEBEA et & R B AR H IR

HL I 7S B AN 1(a) B, IO L R &8
FEW =N G BEGE A iR, DL
[ 7E = 4 8% &5 L nl UL b eF Je B |
il R F R R R A . B e RS R AT (T
AR BN E 1(b) Bt 7 ) G ity 43 ) [ R AE = 44
BH LRErJe B b, 8 JeBR iR B2 00 4 X o
Je Horbrt s A (B AR ), = 4R 8 & 1Y i R
4 50 mm, DG EF [ 8 5 B AR R EUIRAS, AN RE I
AR BTN Sy o G AR Y — i 3% 1 58 O TR
(BBS, 900 nm~ 1700 nm) , 7 — %fy 3% 2 53 HE 8y
0.02 nm [ )62% 361 0 B {1 (OSA, YOKOGAWAA-
Q6370, Japan) . HLIEHEEE BT, A0 & 1B AR 2 Xt
FCEFFEAT e, AT LA e A A Y RN R
T3 FR Ak R R R AR FR O LA = A
N £ 4 )25 ) i e BP0 RS o, B8 shad
O A R R I A BB AR Bk, i
N G RLRAE R, B 2 AR 2T % i
SEAE, 15 B IR HE S5 A B LPFG; 40 5 78 1 iy s g,
Ivi] B e 7 e EL (R SO % 0.1 Pl , w275 21 L 4% 1k
HESEH LPFG, L B (i 8 5 &4 IR TR 1Y
MR B — B BE B8, 5 1R T i G = 4R B8 & 23 4k
SR — BORS, 3X WB AS 2 AR — S A
JaAM . R —ANEWILE, B LR, HE
oK JE WG EF et . A8 vk S 56 4 A 23.9 mA
Y HL SR FL 3L, FRLOIRAFZL INF [A] 8 4.36 s HL S0 HL B
MR BRI K 350 pm, 1 FE HFOGLFRLH 7
54 100 pum, 15E FL TR T LR A 2 28 200 pm,
Bt LA B B R 650 pme, #4519 LPFG
s AN 1) A1 1(d) FroR, o] LA H 2R 8AL
BORAE T HEE (ANLLEMEARIC TR ). XN A 2544
NEEGE 1Ce) A1 1D FrR . I 1(f) h AT LA



NHYEE 2025, 46(5) KRB, 5 T MWOSCE TSR DS e e Bas . - 1137

H i OOCE PR LR S R BT AR . T HA
2 T e T S PR T 0 R Y 2 S0 A5 R, ] 1(d)

(a)

OSA Arc discharge

HP G 2T A 7R A0 1) i A1 AN FE B £F [R] — 25 48 1) L
&,
BBS ()

1.467
1.466
1.465
1.464
1.463
1.462
1.461
1.460

400 20 um

Diameter/Pixel
w
(=3
(=]

\\

Fiber

=)

0 100200 300 400 500 600
Diameter/Pixel

/

Weight

Fiber clamp

100 pm

Rotated fixture

1.466
— 1.464
4

1.462

1.460

0 100 200 300 400 500 600
Diameter/Pixel

(a) LI AL 7S BB (b) i O YCEF 4T 5 2 43 41 (815 (¢) MTLPFG #2544 185 (d) CMT-MTLPFG {45 #4815
(e)MTLPFG %5 #4975 5 &5 (f) CMT-MTLPFG &5 #4 7R & &

B 1

KRR E

Fig. 1 Experimental flow chart

Sy b £ 19 MTLPFG #l CMT-LPFEG 1435 5t
TN 2 s, 24 MTLPFG JRECA 10 I, 73K
1331.2 nm bk T SRR I, SR E K297 18 dB;
24 CMT-LPFG J& 150k 5 B, 78 9% K 1461 nm 4b
WOR T R LRI, SR RN 12dB. NEI 2 R
] LA H, CMT-LPFG % i tb MT-LPFG K — &,
IR KA AR A S BRSO T, g5 R b sl A
A ME TN B RERNEEG. TR
E 33 — 4 4, F A RSOFT % 4 v (19 FD-BPM #4
XfH AT @A L T 5 S5 A% 1Y 4% B
i 2B — B0, BB Y R O 650 pm, b by
BB B BEBE A 450 pm, AL A EB 4315 R 200 pm,
JEARC B R 7 A o WA R T B £ 1 £
A0 )Z EHAR A 95N 8 um Al 125 um, 15K 551
V&R 1.4682 1 1.4628. & A7 HL 5% () ol kA0 )2 B
RUBEE N 110 pm, A F 450 /9 B 2 A8 %
R 112 pm, R T AR BR O HE XA BT R AR
PR AE 2 A ) Y o T80 4 DX Y £ 85 A0 2 0 3 B R
431 1.466 1 Fil 1.463 5, 15 5| (4 05 BL 45 R 40 &1 3

Fiizs o INIEL3 vhonl DL A () i 399 D 3 1 i i
MR 5 AAEAR R BE bR T BE fE AT 8 )
(R RSN e St I R DI 4 B S TN S i)
JZ, B _EAH A B SN T, A5 £ 0 R BE A
T, 33X A A AL R 1 RS R I, AR
3.25 mm,

-10

| |
[} —_
S w

|
[}
w

Transmission/dB

=30 — MT-LPFG
- -+ CMT-LPFG

5
1250 1300 1350 1400 1450 1500 1550

Wavelength/nm
2 MTLPFG #1 CMT-LPFG i& 4 i
Fig.2 Transmission spectrum of MTLPFG and CMT-
LPFG



.« 1138 - B Y

55 46 4 5 5

5000 q Pathway,
Monitor: 1.0
4000 1, Mode 0 I
e
2,Mode 0 ]
3000 |
g‘ I
" 2000 .
1000 ] I
0 L . ‘ i
40 0 40 80 1.0 05 0 0
X/pm Monitor value/(a.u.)
(a) MTLPFG
5000 Pathway,
Monitor: 1.0
4000 1,Mode 0 | I
e
2,Mode 0 ]|
3000 L |
E | I
=
2000 L ) .
1 000 L ]
( ]
0 - { |
40 0 40 80 10 05 0 0

x/pum Monitor value/(a.u.)
(b) CMT-LPFG

E 3 &&= 7 MTLPFG #1 CMT-LPFG 4 # th £ B 09 17
HE
Fig.3 Simulation diagram of energy propagation in

MTLPFG and CMT-LPFG structures

SHOCLT AT IR L LA Ik R R AR e, S RE
RS R R RS AR . R,
Az AR FEE o 23 A FE i J RO AR 3L
i A D 45 R TR S DG £ DM 32 R T A
Ir i AR 2% SR R A JE K, AR R e e A
Y WA 14 7 5 IO 96 2 A A7 DC P 6 F-

A = (g = ng)A (1)

F T Ao TR 8 T AL (4 384 A 5 R gt 3 51
FTR EF OB AT BT S 2R k A2 B AT AL
Prof s A KA BICL et R . 4R B
215 b I HLEE B ) T B, SEHE R K &k
R B, AT AR N
N —n) Ay —ni)HA
M = =50 "1,
K JE WL M 2 2L 1R e, 251k
A n— e ZEAH B BRI 2 5 R T IR O 1 AL
SRR BUR e ) AV QR €/ IRV S BEE: |
TR AR

(2)

2 SWEiITie

FH 258 A2 TR 1 D 52 36 A 2% 7 R R an 5] 4 B
TN o TR R DR e =i S
[f] 5 W e fe Y4 Je 2, Horp— AN, 5 —Aw]
A3 B B 58 25 0 B 5 5% 360°, 4 62T [ 5 76 PR
A B I, IR A O i ot K R 0 S £F S A 4
b F e HLAE tp e, 50 BB, PRIEH R 37 31 B 1) 55
YIRL 1 5200 o JEEF (B0 ) 46 K B 23 mm.
FEEOGIR, 105K N RS i K, R T
il £ 1) 6 27 S E F IR R Ao R PR B e 2
¥, RS HTHLARGER B 68 1 T B, A S 2 52 38 I
52 B2 IR LS Y B A 0~ 36000, 4 8 45 Hy 3R
B IR T 4 (1 B0 42, DRI SR T i O A2 JER 25 4 1 FH vh
AR M, R 3T B PR A FE 180°Z 1N . Je It e
BYEdE 36°, FLZ A £ e 2 180°, SRS L
£F e FLAf ff B3 05 2 P00 ISP T e, TR RE AR R LA
FARE N 36°, ELEHALH 1800, BT 11 AR k.

ﬂ EES

OSA

Fiber clamp Rotated fixture

B4 HBHEIWEEREE
Fig.4 Schematic diagram of torsion experimental setup

IO A AR P BB T AT A, AN TRl S B
7o MR 5Ca) F (o) TN, B 4 414 B2 1 22 4k,
MT-LPFG 18 i W 2% % = S0/ B D 7 , B0 L% 1
PR W 0 % K R 1.2 nm, 76380 B LS i R
R BB A1 e A E 0038 K2 B R, I 0°~—180°,
0 AR L5 AU 8 —0.1523 nm/(rad-m "), i
PR AR rp, DN OO A% 3] 180°, 25T R Y HH 5%
REUEN 0.1523 nm/(rad-m ™), ATLIFEH, XFF MTL-
PFEG BAT I J7 1 BB BE S o % T CMT-LPFG,
H 1] 5(c) A1 (d) RT A, Fifi 25+ A 2 ) A2 4k, D' il
TE IR I Y P A 2 R AR B RS, DA—180°~ 180°41 #% it
R, JE RAHE H 0.5921 nm/(rad'm ™), H M6
TSP REAE A, WU 1L 25 (v ik e g, 3%
PP 2 RIS 4 o Sl SR A R W LUR
th, XF 7 CMT-LPFG, 4 U #1411 5% I, 563 & A=
T LR, Y s, ek R R T RS, A



RLRDEE: 2025, 46(5)  RAER, & & T OCT FIHEREESM IR ABDLAOUMHE B tE -« 1139 -

AR 4F 19 5 1) B B 7, i ELAH 4% R MO R TR
I3 A5 PR DL IS A R R S R R T A T
giky b, 51 T IRBEH % 454 . El S(a)
F1(c) AT LA H 75 D0 S 2 Rt B2 0 o A v, 3
TG WA K AR, Ul AR R R A . 7R
Tk 85 RN 5 8 Ak 1) b R vh 5 | B ATL A 45 A8 R0 Bz g 1)
AR, SEME T A SR A R S SR A, T
AT OGEF BB E R RS AR, S TR
MSHR M . R T 3 — 25 B UFAS SCHE H ) CMT-
LPFG 1% [ B R 1k, A0 AT 1 6 Y
S EE A S I, 45 2 R 22 LA i an & 6 B
TN, ISR R, AR RSB R U 0.5987
nm/(rad-m™"), 58 H B4 Y EE A P AR E T

m
o
=
.2
E
g
= '/ —-=--6.28 rad/m
— = —1257radm -\ — 12.57 rad/m
-30F  —.._ 628 rad/m \'_\//- - 18.85 rad/m
25.13 rad/m
—-—34.41 rad/m

735 1 1 I I
1280 1300 1320 1340 1360 1380
Wavelength/nm

(a) MTLPFGIEHDEIE

1336
y=0.152 3x+1 330
1335 7 R=0.9641
g
<1334 y=0.152 3x+1 330
0 R*=0.987 2
5
£ 1333
<
=
1332
e Experiment
— Linear fit
1331 L L L L L L
-40 -30 -20 -10 0 10 20 30 40
Twist/(rad/m)
(b) CMT-LPFG ¥ K B4 A5 o o] 431
-15
-20
m
c|
=-25
.2 .
§ - —~ O rad/m
§*30 I ———34.41 rad/m ) , — - 6.28 rad/m
= —25.13 rad/m "\ / —— 12.57 rad/m
—18.85 rad/m v 18.85 rad/m
—35F -~ 1257 rad/m N 25.13 rad/m
.~ 628 rad/m —-— 34.41 rad/m
740 n n n n n "
1400 1420 1440 1460 1480 1500 1520 1540
Wavelength/nm

(c) CMT-LPFGIH L i 1E &l

1475

® Experiment
1470

— Linear fit
1465+

1460

Wavelength/nm

1455+ y=0.592 1x+1 463
R=0.987 1

1450

1 445 . . . . . . .
40 -30 20 -10 O 100 20 30 40
Twist/(rad/m)
(d) CMT-LPFGI < L 725 v )7 4

B 5 IRt TURRKEENET ST

Fig. 5 Spectral changes during torsion and wavelength

response characteristics with torsion variables

1475

— Linear fit
1470+ § Experiment

Wavelength/nm
P P
(=) N
(=] W

S
n
[

3=0.598 Tx-+1 465
R=0.988 1

1450

1445 : : : : . . :
40 -30 20 -10 O 10 20 30 40
Twist/(rad/m)

o HEEERERNE 6 RMXnmAL

Fig. 6 Torsion response obtained from six independent

repeated torsion sensing experiments

AR SO A B O T B SRR SR AT T RS, g2
iy [ 2 2R DB EF Je B I, AR AR AR KA, Ot
I — i AOGTR, 55— A OGN . HE iR
5 8 R VR I B N 20°C T B 80°C, IR BE [A] F oA
5C, B 5Cidx— YOt EdE, ERREA SR
80°C. HHIEl 7 I, B W EE 1Y LT, IS PR 0% & A
21 %% H I B R A N 0.05857 nm/°C, Lk L4
709084, XTI LPFG, iRt 2 & A 41
% H IR R HUE KM 0.07214 nn/°C. L AT 0L, Xt
T RN AR A% ) LPFG e U Yl 5 1 1 A W&k
200 o R T B UE AR SCHRE H A A RS R R e X
HiAT T 6 U &M IR B SE g0 Ik, 75 21 1 5L 96 25
R 8 frow, 34 E R R 0.0716 nm/C,
Tk B A IR 2 IR A I e R R

PR L A B AL IR XS HL a3 1 o . 1%
A LPFG R R BT, © 0.592 1 nm/(rad'm ™),
MR % 7 LPFG Y15 72 S8 AR XT84, JF HLAE



.« 1140 - AN S I A 55 46 & 55 5 1)

13363 p 55 FAB AL A5 40 1) T 5% 22 T RS A R SR AU

. [ ]

133601 ¢ Experiment JFETHEAT T AL, S5 2 BT . AR SCH 1
13355 / . ,m%ﬁ PO H A 2 AL 95 ) 9 1 IR L e R v — 1>
%1 3350 W . B A, IF BAE R EAIRRIEHE, (A 3.25
5 1=} N RS A)
| mm, HEA A B A RS N — B X R
<
® asol J romssien T DN Ry TR Aol ol ) 0 7 1 e A B EL A I 1 A

- ' B i) BRI AE, 3R T REUE . ASCRHATI &

D0 °
Bl B GET, th TR 8A TR, 7E 5 T P
1333.0 ’ . . . .
20 30 40 50 60 70 80 SEFIS, B 5 TG B AT, AR/ TR
Temperature/°C
(a) JEAHL LPF G A< B 2 A8 Ab i i R P %1 FEXE LPFG WHE BERHE
1 268 Table 1 Torsional and temperature sensitivity of different
e Experiment P types of LPFGs
1467 1 Linear fit
Sensing characteristics
£ 1466 Types of Torsional Temperature Direction
= LPFGs sensitivity/ sensitivity/  discrimination
g 1465 | (rad/m) (nm/°C) ability
§ a4 1=0.072 14x+1 461 MTLPFG —0.1523/0.1523 0.05857 No
R=0.997 CMT-LPFG 0.5921 0.072 14 Yes
1463
R S E SN PSS O
20 30 40 50 60 70 80 Table 2 Sensitivity characteristics of different types of
Temperature/°C
(b) AL LPFGE I BEIELRE 72 Al 14 e B 5 torsion sensors
7 EETTIEEET KRN Y Structure Sensitivity/(nm'rad '-m™'") Length/cm Reference
) . Tilted LPFG 0.049 135 [21]
Fig. 7 Response characteristics of temperature changes
. o Helix LPFG 0.057 2.5 [22]
during temperature variation process
Twisted LPFG 0.117 30 [23]
1468 Cascaded HLPGs —0.1414 277 [24]
—— Linear fit . .
1467 } Experiment Helical LPFGs pair 0.115 5.4 [25]
Rotary LPFGs pair 0.084 23.5 [26]
ERRa CMT-LPFG 0.5921 0325 ours
=
2 1465
5
= 1464 | y=0.071 6x+1 462 SEA
R=0.998 7 3 &mie
1463 | ARSCHR T T TR S50 K R DT 6,
o I8 T LA RIS, XS LG K T T B iE

10 20 30 40 50 60 70 80 90
Temperature/°C
8 R R RARME 6 R e B
Fig. 8 Temperature response obtained from six independent

repeated temperature sensing experiments

30 IR L A ARE A At L 2% 1o 3 4% N A ), L s -
iF BB M 0.152 3 nm/(rad-m), 3 A4 53 B Ky
—0.152 3 nm/(rad'm ™), AEFHFE Y LPFG 1#) 3 3 1% 5%
RAPE N 0.05857 nm/°C, 5 R LPFG (138 i 1% Ji&
RALE N 0.07214 nm/°C. T HLALEE R LPFG BA
LA 7 1) B B BE 7 o FRATTHG A SCH HE A £ e

ﬁﬁf % T AEHLHE 5 LPFG L% 5 LPFG, %

PGSR A AL R | IR B R EAT T IR, O
SRR VAT T Mo FROG EL A BT Rl AL, 5 s 3
L5 K T G20 AR Lo, ot 41 5% K R
WG LR M LA L B 27 A B R e R i A
R, I EL R 20 A1 % R 01 27 Sl HL A AR
F14) Tk Wi 7 AR, T DA 4 M R A A B TR
AT A A% TR P D B A 37 T R R 1
M), 3 U, 2 i o L 7 280 K 8 G 40 S i i) — Kt
o R —WF T AR, o A ALK T O T A
A IR B IR KBS, BRI Y & R 5 .



DG 2025, 46(5)

RE R, % H T CE TR RS M 1 D e e e e e .

1141 -

S % k-
[1] ZHANG Y X, ZHANG W G, YAN T Y, et al. V-shaped

(2]

[3]

[4]

(5]

[6]

[7]

(8]

(9]

[10]

[11]

long-period fiber grating high-sensitive bending vector
sensor[J]. IEEE Photonics Technology Letters, 2018,
30(17): 1531-1534.

MAO G, YUAN T, GUAN C, et al. Fiber Bragg grating
sensors in hollow single- and two-core eccentric fibers[J].
Optics Express, 2017, 25(1): 144-150.

AR . LT D AL R IO 27 A Y 14 S8R A AT
¢ [D]. MR /RIE: IR EE TR R, 2021,

LIN Jingyu. Study on sensing characteristics based on D-
type long-period fiber grating[D]. Harbin: Harbin Engin-
eering University, 2021.

ZHANG Y T, JIANG Y I, YANG S Z D. All-sapphire
fiber-optic sensor for the simultaneous measurement of ul-
tra-high temperature and high pressure[J]. Optics Ex-
press, 2024, 32(8): 14826-14836.

HAN J, KIM J, LEE S L, et al. Strain-insensitive simul-
taneous measurement of bending and temperature based
on cascaded long-period fiber gratings inscribed on
double-clad fiber[J]. IEEE Sensors Journal, 2020, 21(6):
7638-7647.

OUYANG Y, LIU J, XU X, et al. Phase-shifted eccentric
core fiber Bragg grating fabricated by electric arc dis-
charge for directional bending measurement[J]. Sensors
(Basel), 2018, 18(4): 1168.

FU X H, ZHANG Y P, WANG Y F, et al. A temperature
sensor based on tapered few mode fiber long-period grat-
ing induced by CO, laser and fusion tapering[J]. Optics &
Laser Technology, 2020, 121: 105825.

DING L, L1 J, DENG Y, et al. An inline fiber curvature
sensor based on eccentric core fiber and off-axis air cav-
ity fabry-Pérot interferometer[J]. IEEE Sensors Journal,
2019, 19: 8700-8705.

CHEN X F, ZHANG C, WEBB D J, et al. Highly sensit-
ive bend sensor based on Bragg grating in eccentric core
polymer fiber[J]. IEEE Photonics Technology Letters,
2010, 22(11): 850-852.

ZHOU Y R, LIU X X, FAN L F, et al. Temperature and
vibration insensitive fiber optic vector magnetic field
sensor[J]. Optics Communications, 2023, 530: 129178.
JANIK M, KOBA M, KROL K, et al. Combined long-
period fiber grating and microcavity in-line Mach-
Zehnder interferometer for refractive index measurements

with limited cross-sensitivity [J]. Sensors (Basel), 2020,

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

20(8): 2431.

BANDYOPADHYAY S, DEL VILLAR I, BASUMA-
LLICK N, et al. Long period fiber grating for biosensing:
an improved design methodology to enhance add-layer
sensitivity [J]. Journal of Lightwave Technology, 2018,
36(4): 1178-1184.

BB, /NI, AL, A5 A T R S DL AT
S M A 26 e R [T, v O, 2019, 46(12):
1206001.

HUANG Xincheng, WU Xiaowen, GAO Shecheng, et al.
Response characteristic of twisting second-azimuthal-or-
der few-mode long-period fiber grating[J]. Chinese
Journal of Lasers, 2019, 46(12): 1206001.

WANG Y P, RAO Y J. A novel long period fiber grating
sensor measuring curvature and determining bend-direc-
tion simultaneously [J]. IEEE Sensors Journal, 2005, 5(5):
839-843.

SUN J, CHAN C C, TAN K M, et al. Application of an
artificial neural network for simultaneous measurement of
bending curvature and temperature with long period fiber
gratings[J]. Sensors and Actuators A: Physical, 2007,
137(2): 262-267.

/N At L R DM S R 5 (D] 3R
EUER T K24, 2020.

XU Xiaofeng. Study on long period grating of bias-core
fiber and its characteristics[D]. Wuhan: Wuhan Uni-
versity of Technology, 2020.

ZHU J L, YANG Y, ZUO M Q, et al. Few-mode gain-
flattening filter using LPFG in weakly-coupled double-
cladding FMF[J]. Journal of Lightwave Technology,
2021, 39(13): 4439-4446.

KHUN-IN R, USUDA Y, JIRARAKSOPAKUN Y, et al.
Coupled mode characteristics from the perturbation of 3D
printed long-period fiber grating devices[J]. Photonic
Sensors, 2020, 10(3): 195-203.

WEN Z, LIU X L, WEI H, et al. Measurement of temper-
ature and concentration sensing characteristics based on
dual-grating cascade structure[J]. Infrared and Laser En-
gineering, 2017, 46(9): 917006.

WEN H Y, CHEN J L, CHIANG C C. Square-wave long-
period fiber grating fabricated with double-sided laser-as-
sisted wet etching technology [J]. IEEE Sensors Journal,
2020, 20(13): 7082-7086.

TANG J, FU C L, BAI Z Y, et al. Sensing characteristics
of tilted long period fiber gratings inscribed by infrared


https://doi.org/10.1364/OE.25.000144
https://doi.org/10.3390/s18041168
https://doi.org/10.3390/s18041168
https://doi.org/10.3390/s20082431
https://doi.org/10.3788/CJL201946.1206001
https://doi.org/10.3788/CJL201946.1206001
https://doi.org/10.3788/CJL201946.1206001
https://doi.org/10.1016/j.sna.2007.03.019
https://doi.org/10.1007/s13320-020-0585-2
https://doi.org/10.1007/s13320-020-0585-2
https://doi.org/10.3788/IRLA201746.0917006
https://doi.org/10.3788/IRLA201746.0917006
https://doi.org/10.3788/IRLA201746.0917006

1142 - ||

EEESE R

[22]

[23]

[24]

femtosecond laser [J]. Sensors, 2018, 18(9): 3003.
ZHANG L, LIU Y Q, ZHAO Y H, et al. High sensitivity
twist sensor based on helical long-period grating written
in two-mode fiber[J]. IEEE Photonics Technology Let-
ters, 28(15): 1629-1632.

DUAN J, XIE Z, WANG C, et al. Torsion sensing charac-
teristics of long period fiber gratings fabricated by femto-
second laser in optical fiber[J]. Optics & Laser Techno-
logy, 2016, 83: 94-98.

XIAN L L, WANG P, LI H P. Power-interrogated and

simultaneous measurement of temperature and torsion us-

[25]

[26]

ing paired helical long-period fiber gratings with opposite
helicities[J]. Optics Express, 2014, 22(17): 20260-
20267.

ZHANG H L, ZHANG W G, CHEN L, et al. Bidirection-
al torsion sensor based on a pair of helical long-period
fiber gratings[J]. IEEE Photonics Technology Letters,
2016, 28(15): 1700-1702.

HUANG J W, LIU T, ZHANG Y Y, et al. Smartphone-
based optical fiber fluorescence temperature sensor[J].

Sensors, 2022, 22(24): 9605.


https://doi.org/10.3390/s18093003
https://doi.org/10.1364/OE.22.020260
https://doi.org/10.3390/s22249605

	引言
	1 偏心长周期光纤光栅的制备及基本原理
	2 分析与讨论
	3 结论
	参考文献

