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Abstract: A D-type photonic crystal fiber magnetic fluid double core filled magnetic field and tem-
perature dual parameter measurement sensor structure was proposed. The resonance effect was en-
hanced and sensitivity was improved by narrowing the two holes in the center of the air hole in the first
layer, the magnetic fluid-filled dual-core magnetic sensing channel and the ethanol-filled temperature-
sensitive channel, which were introduced to achieve high-sensitivity sensing and dual-parameter sens-
ing. The results showed that the sensor temperature was —30 ‘C~50 “C, the transmission peak tem-

perature sensitivity was 1.239 nm/°C, and the linearity reached 0.995 7, while the loss peak tempera-
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ture spectral sensitivity was 2.514 nm/°C, and the linearity reached 0.997 17. The external magnetic

field was 10 mT~30 mT, the transmission peak magnetic field sensitivity was —3.799 nm/mT, the

linearity was up to 0.997 27, and the temperature measurement error was 1.135%, the magnetic field

measurement deviation was 6.67% , with high sensitivity, accurate measurement, compact structure

and other features. This study could further optimize the design of D-type PCF-SPR dual-parameter

demodulation sensor.

Key words: fiber optics; PCF-SPR sensor; dual-parameter sensing; Sagnac interference; sur-
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Fig.1 Temperature and magnetic field dual-parameter sensor

model of D-type PCF-SPR

Tt B 5y i B 08 A7 2808 S 258 22 1S K, DN 4 5 Sa-
gnac T AR o il G ek AR Ah FUEA BT ) B R 5] iR
A D A5 X 118 7 80T 5 288 22 2 O 2 A N Y el AR
g1 7 3 A R AR A 38 B 3 S 0 Y i AT B 2415 B
SRS AL

TE 55 2 2 1 K 28 AL v 3 FE KO8R T i A3 Bl
0.018 /1 Fe, O, B A& o T it M4 47 5 %8 52 Wk s 1
5 W, R AR AT S R 5 I B RN G A R Bk G R ]
A3 o B 22 5 ek A )

n(H,T)=(n— 710)[cosh(aHTHf )

T
H—H,
Ao, TACERIEE , H AR O M 1) 3 4, e, 1SR
e 5 1 70 560 B HL R L P B9 4T 5 o3 m ARG AR
Pr i RAR A, o RS S H BT ARIT R
Wi Tk 0 37 1) A A T A [ IR 2 ol £ 0 i A
A IR T3 150 B4 A 8T S AR 2 28 e A U B AT
P i 4 4 9 T T A o S 0 B 2 B AR o T I

Pl Bl 1 Ap AIE 35 S A AT AR 2, RA R

1 cos(znApL/A) )

Hor L R R AR A BUEAT B MR O 2T B A
AN Ap=n,—n S BEXANL 2,0, Bl n,
O3 3 F R A o Qi AR T 1) Ay Qi 41 7 18] B A% i
B 5. 2 ap i R (3):
2rApL
A
H2s HhBLE O U

}+ n, ,H>H, (1)

H

=2mr(m=0,+1,+2-+) (3)

S Sk R G A TE e g R 5
T S TE ) R i A B2 i R R
I3 TS R R A ] SE B S AR TR

SAE DA RO B E & RZ S, #5]
R BEORE R A ST A R G A PO R
B O, ST SR AR R

W) =1.3605— 8(T — 20) (4)
AP, p=3.94X10 *"J& Z BEHY iR B R %L, T A1 Bt il
LS Al eI AT PN N i eS R e i
L 2 A AR 7 A R e AN

154 @ A B s S Ak, & Jm P A2 A
B g R L R, B3R i A s TR LR . L E RN
5 I 7 2 A58 3 38 2 i A2 B A ek L T R AR
TR, X S L T Pk 3 2 DL SRR P sh B S
R, 22 Al S R Ol 2 T A B T BT (Surface
plasmon polariton, SPP) . 4 A A& £ 48 )2
I, ARG 2x e A A R A, 08 I e 5 7 A i x il 7 1)
AT T A e 2 A% BRI HE U Y % R ks TR
168 3 i i 25 51 32 S AR 9 Al L TR AR T R
B, O 77 A 4 J RS /BRI A B R T A B T AR Y
PO, B4 B AR % &y, >4 7 30Tl 2 A 6L DG TRE 4%
,fq:ﬁrj‘:

b, k, (5)
F AR TR R SR B S SPP & A R R .
G IRE A 6 R B 23 Bl RE it 25 % 8 2= SPP |, fiff
o4 N R A B2 5 6 0l 8 R IR/ | A 3 G 1 b R
M WA o Sy 92 B AL B N SR O R
PR 2 T Y A S 38 2 Bl A1 B 30 05 3 R k2 L T HL SPR
% e X AT S5 S A IR A A R, BRIV B e e A
FEPRIEIREE  OUAE OB S AR [ I A A 06 I R
Y BUAE R R Bl e 2 S IR AR R

2 FESH

Xrh T KA RITHEE, i H COMSOL
AR R 25 R AR R F MATLAB 5% 1158 i
THAR R (8 A RT3 238, 43 B 4% 0045 48 B0 40 22 18] A
MLEEE &, e &0 E IS 50

2.1 fERSFHES W

PEWCHE E T =20 CH 7% % B =10 mT 1
BG5S B AL AR R P A A IR, i 2 BT
o B 2Ca), o i e 552X 4 A 2 F 4 A Sk 4 1) K
S5 1y e R A R L 3 Sk AR ) I
Al A 5 =X 1 A 2 BT S5 23 0 Bl I8 < Y 39 KT



234 S RO S O T S RO T AL B Y S T 251
1.448 5 30 1445 60
8 TR
1.448 0 F 17 1444 4\ —-—sppBIR |5,
144751 g 1.443 N — ke
16 = 14421 (o) ® 40 E
s 144707 : W | aan . 140 =
£ 1. 3 15 = 3
14465 P s 14401 {30 g
& 14460 43 = S (® >
144551 13 g% 1438 / . N -20%
14450} i .
5 1, g 1.437 S 10
1.444 5} S 1436}
L4440 =00 7400 1600 1800 2000 14357000 2500 3000 3500
A/nm A/nm
(@) x~ yIRIRIER W B BT R EM L (b) yIRARFEA Y o B BRE B

olojo

(d) yPmRE

ile o

() EBIAM IR A RE B = 4 ]

(o) xRHRAE

(f) EAH IR — 4

(o) BMURA B SEIR AL — 4k

(h) ZEBEBERIK LR R 37 e B = 2 K]

2 fRIEEEE TR

Fig.2 Analysis diagram of sensing characteristics
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Fig 3 Peak position changes with magnetic field strength under different structural parameters

23 HIBHMEBEENSEEBEELSN

o HIF 9T A TR Y 1 3 IR R S i i R A%
AL SR SC Z ) LT Sagnac 19I5 B B
5 PR BE I 05 S i 0 AR T A T A L R B A
Gy R0 A A FE T, AN BT 4 T

B 4 (a) 2 AESh B BT 9 20 “CF , G 3 I

Or =—— —

S
-10} :

g 2O H=-10mT /

® -30f H=15mT

40— H=20mT

Bl —H=25mT

ES) H=30mT

)

B -0t

-‘Q —_ -

80 x:1465.001 9
-90 -y —92.349 6
-100

13501400 1450 1500 1550 1600 1650
A/ nm

(a) £ T SagnacT I BLXT B IR A% RO B 3

140
120+
2100+
5
J 8or
g eof
¥ 40t
_nﬂr%
20+
0_
2000 2500 3000 3500 4000
A/nm

() ET HH T ARIR R B A2 B

10 mT 5 30 mT i 54 1% 19 2 4k, BERE S 1) 2 K, 8
S B A e o G W T W8 O 2 0 A R O AR
BT S A3 R 0 B 22 3R R A0 3 S
A4S AR A /N, i DL S U 2 o 6 i G
Jr A% 3l o (b) B [ %E S S5 09 10 mT i, S 5t
I AR A i S e AR A S B o IR AR BiEE
il E 4 389 0, 35 63 T 0L 3 A0 A RS IR D B A

0 r e e =
_10 L
_20 L
% -30} —T=-30C
M —40} T=-10°TC
B —T=107C
B 0 —T=30C
- —60F T=50C
g -70}
_80 L
-90
-100

14001450 1500 1550 1600 1650 1700
A/ nm

(b) 2T Sagnac T R HEXHE E 15 BB S 0k

140
120
2~ 100
8
J o sof
@ 60F
¥ g0}
55
20t
0_
2000 2500 3000 3500 4000
A /nm

(d) Z T B T IR I B 37 1% S vE

K4 (RS T

Fig.4 Sensing characterization



534

MR AE R RO S RO T RO ET A RS Y S By vk 253

B T R L PRI S A 2 B0 o S v A3 Y A% B T
T IE 45 1 39 5 W) SR A B, VP B I 8 ) A T B
RN Aol 3 S e i) R T 1) R B

Pl 4(e) (4(d)J 2 T 45 8 1 M L IR S B0 0 1% 3
IO B AR FEE . 4 (o) P AN R RE S R
10 mT R, B3 I B2 3, A8 0 ) A5 &%, 400G (E 1)
RNTER KA i 24 [ %E 1 5 36 58 20 “CR, 4
Gt ke AR AR LT A2 gl e 4(d)
JI 7, 3 DN D B AT S R A0 I B R T
Gy e W AT S AR AL TLP R 2 R RN . G 5
8 1 A A i T LU R A 3

1550( 16007

an, o,

v il oA B i I VAT

Ax | A, AB] \K, 0oJ\AB
aT

A, AL LA G R G RRE T RS s i
0A,/AT F1 92,/ T 43 i) J2 325 555 W 0 43/ 0 1) I 5 2R
R B, 0A,/0B Je: W 0 R A R K, e A 0
KK, M1 K, &, EATT 0 B0UE 8 o 2tk A 15 5
mEs R, mEA A, K=1.239 nm/C, K,=
—3.799 nm/mT, K,=2.514 nm/°C, il & 3k K & %%
LI %) 3 R SR AR A A R TR NG 3, e R M

15401 « - SagnacT¥ - SagnacT¥ 3250 o
1530 —?/%Tiﬁl‘% 1580._%‘&&% 3200} :
15601
£ 1540} ?3150' :
~ 1520} ~ 3100
-o-- S 4
1460 S 1 480 s I 3000 R
20 25 30 —-40 -20 20 40 60 -40 20 0 20 40 60
W3 | mT T/C T/C
(a) B BRI RIE 02 AL (b) FHEIE BEIRE 1924 (c) BB B (11251
P15 37 S 0l A5 00 I 38 A i R 1 725 A
Fig.5 Changes of transmission peak and loss peak with temperature and magnetic field strength
(w)_(Kl Kz)l(m,>_< 0 0.398)(m,) O w0
AB) \k, o) \Ax) \—0.263 0.130/\ A%, ;ﬁ \\ P
(7) 8 Ll \ / —r-107C,
i (5) B B (6) FF i, K A% R A IR B T | || e
—30 °C~50 °C, 3% §F % I BE 7 450% 4 1.239 nm/C, | | ‘r H=10mT
L% ME BE 3K 0.995 7; HURE We IR FE G % R N | ‘
2.514 nm/°C , & ¥k FF 3% 0.997 17. 5b 5 # % 18 Z ol
10mT~30mT, BFERE R E)E N —3.799 nm/mT, -80}
ERIEILIL 0.997 27 i B BUR MR IR LA ¢ 0 T T 1760 1800
W 4= 58 9 235 nm A, 2 0 42 B8 fE A B/ BUAE _ Afmm
W 22 B, e O (o7 RS 5 R W (@) BHEBHHL
1A% 1% 98 3 T Sagnac T J5U 30 1 26 1A 45 B T 1A 2t T
SRIFIHSTBL T R SR S R G T A P
G Al T 7 o 2 Sk R 1 AT L L E 1 W0 % 2% § 1T Ty lomr
1.135% , B 3 1 42 1222 9 6.67 % g %
= 60f
s - % 401
3 WiwEsREZ ol
0.
ﬁqzﬂéPCF /HJJEEEI’\J‘@%‘E %%Eﬂ%,ﬁﬁﬂ 20'0() 25I()() 3600 35'00 4600
72 N, Hoi PCF-SPR {6 g8 J& — 3 25 3 1 . A/ nm
TR, Hrp & A S — T E N H (b) B S

SCH Ry i U B R PCF-SPR 1% Ji 28 £ 4 5 5 4 i B
5% /A5 [a] 81, & T Sagnac T 7 TR B AR 1] 45 B TR
JePR EHLE T — A TS B 2 4 S A I Y DAY
T AL AR il B A A KILE LS R
FU W 3 £ T 48 3 TR IR B A TG T, T
o KT, AR 5 B COMSOL, £ 5 1 i

K16 PIRREREDIR ST 38 565 AR5 0 1 42 £k
Fig.6 Changes of transmission peak and loss peak under two

environmental conditions

PR 25 400 S 9E A7 0 086 IE , 38 5 VS i € S€ DL RS =
(PMI)AE R 1 525 SRR KA PCF-SPR A B 7E 15



254 ot H

£id 7N 543 %

SE WA AN TR X Y A ST SR AR 3 o A L 4y
Mref O S 5 R 45 8 FIRBL 2 [ s A i T2
B H K %15 3] PCF-SPR #1#63% , 58 il S 301
b, Foe 2SI BB AR BLGES SEL T 1 i 3 D IR S i
M AR SEPR T2 v X5 s o A7 B i T
UE R A4 25 50 b L 58 TAZ RS M v LR S 5 B AR
AR RS 5 RPUE . F LIRS M RF /N,
W) 5 252 i 7KK 52 ) £ JB% DX 35K, ) 55 HE R AR A AR
TR 45 R RUSE 3 K, ) T 2 A B L R H /NI AR 3
Ivi] B} i 378 A L S0S 2L 96 1) i 3 R 3 B L S i 0 A
AR B IE T2 4%, FL R BE w72 S 80 IR HE
H F 1 an s Ah R T8 R R 5 W) T ah il & ik R
OGO Tk SRR A ) S A Ak
D5 ¥ A5, B 24 1) LA 285 K4 RN T2 52 2% 46 ) 8RR il
T PCF-SPRAG AR 1) & J& | ff e PCF-SPR & & &%
Il £ X 14 15] BT 44 & PCF-SPR A% J8% g BF 5% 47 88 11
CiIgEas

T Sagnac T RN 1 45 B AR IR
JEHR T — b D BT AR £ R AR RO
B4 T 3 R R BE L2 2 M i A% R AR Ll ek 5T A = A K
FLARZS AL IR T S50 B X R B K e iR 5y
TR P (0 AHAV 22 , 35 5 T 0 50O RS B I R AR,
] B 5 A s 37 1% a4 308 38 R0 3R B 5 JR A T, ) XL
Z i W BE A o S B i AR . () B2
R AL AR AE IR E — 30~50 °C, A 143 49 10
m'T B, 375 5 0 38 5 R A5 o0 1.239 nm/°C, 45 #E I T
BE G % R OEE R 2.514 nm/°C . M ER KSR B R
20 “C,AM AW 78 10 mT~30 mT, % 5t W% 37 R ik
&R —3.799 nm/mT. W%~ D A PCF-SPR W £
A R AL SR TR I T R U SR AU e T L 5
AR 0 58 SURBURR In) 8L, HLBE T i fe kg B R
R A v A R R R SRR AL, BB B A AN R T
JE A E 5 AN A S A% B AT

& % X W

(1] BHt, KW, phsc i, 55 KRB AR URE G 7 R R L 27 iy
FEHWATT] HOLHE A, 2021, 45(2): 196-201.

[2] 784 . PCF-SPRAEZ A B+ ik M B AT 5E (D] K
PR ARt Al k2, 2019.

[3] XZEA . JE T F 458 T IR LR 196 7 S AOL 2 1% AR 05T
[D]. K& MR, 2019.

[4] Hassani A, Skorobogatiy M. Design of the microstructured opti-
cal fiber-based surface plasmon resonance sensors with en-
hanced microfluidics [J]. Optics Express, 2006, 14 (24) :
11616-11621.

[5] Gao D, Guan C, Wen Y, et al. Multi-hole fiber based surface

plasmon resonance sensor operated at near-infrared wavelengths
[J]. Optics Communications, 2014, 313:94-98.

(6] Ml JURAS, 5 W 6T 3 M0 A5 By 1 M L R R A 1) 8
9 DB G T i MO £ i S 23 00 A R [T ] A
2015,64(22) : 282-287.

[7] Dash J N, Jha R. Highly sensitive side-polished birefringent
PCF-based SPR sensor in near IR [J]. Plasmonics, 2016, 11
(6):1505-1509.

[8] LiuC, Yang L , Lu X , et al. Mid-infrared surface plasmon
resonance sensor based on photonic crystal fibers[J]. Optics Ex-
press, 2017, 25(13):14227-14237.

[9] Santos D F, Guerreiro A, Baptista ] M. SPR optimization us-
ing metamaterials in a D-type PCF refractive index sensor[J].
Optical Fiber Technology,2017,33(1) :83-88.

[10] Dash J N, Das R. SPR based magnetic-field sensing in micro-
channelled PCF: A numerical approach[J]. Journal of Optics,
2018,20(11):1342-1346.

[11] £ W, T B8 R, % RIEEGOLE T MiEoLL KR L
RO Pl A B i) BT E SR AR [T ] 4 Tl %244z, 2018,
24(1):84-92.

[12] 2w, 3 i, A, 45 . 5L TOL 7 S RO 2F 3 1m 45 8 114
S i 3L A RE S W S A R [T ] IO L 2019, 46
(2): 251-258.

[13] Wei Liu, Hu Chunjie, Lei Zhou, et al. Ultra-sensitive hexago-
nal PCF-SPR sensor with a broad detection range[J]. Journal
of Modern Optics, 2020,67(20) : 1545-1554.

[14] Kaur Veerpal, Singh Surinder. Design of D-shaped PCF-SPR
sensor with dual coating of ITO and ZnO conducting metal ox-
ide[J]. Optik, 2020,220:1-9.

[15] Bl . 56 F b A 6 £F AR 22 2 Ol 2% 5 1k B I 1% Ik o 1 A5F ¢
(D] M - s E Ik k2, 2020.

[16] Shi Min, Li Shuguang, Chen Hailiang. A high-sensitivity tem-

[3%

perature sensor based on Sagnac interferometer employing pho-
tonic crystal fiber fully filled with ethanol [J]. Applied Physics
B,2018,124(6):1-7.

[17] Yang X C, Lu 'Y, Wang M T, et al. A photonic crystal fiber-
glucose sensor filled with silver nanowires[J]. Communications
Optics,2016,359:279 - 284.

[18] Gao D, Guan C, Wen Y, et al. Multi-hole fiber based surface
plasmon resonance sensor operated at infrared wavelengths[J].
Optics Communications, 2014, 313:94-98.

[19] Wang Famei, Liu Chao, Sun Zhijie , et al. A highly sensitive
SPR sensors based on two parallel PCFs for low v refractive in-
dex detection[J]. IEEE Photonics Journal, 2018, 10(4) :1-10.

[20] Liu C , Su W , Wang F , et al. Theoretical assessment of a

highly sensitive photonic crystal fibre based on surface plasmon

resonance sensor operating in the near-infrared wavelength[J].

Journal of Modern Optics, 2019, 66(1):1-6.

AR D RDG T RROGET R E AF B TR L AL ST (D]

TR 2 P BB R, 2019,

[22] BRJ5 ik, SR AR 40, 5 < 5 . HE T3 00 45 B 1 M L R 09 O 1 1A
JCEF A G AL A BT 5 3 AT (] S RO, 2020, 41
(1):35-38+43.

[23] Wang Shun, Li Sh G. Surface plasmon resonance sensor based

[21

[

on symmetrical side-polished dual-core photonic crystal fiber
[J]. Optical Fiber Technology, 2019, 51: 96-100.

[24] ZHge , ZMEW] M B DL T MHUOLLT & T2k RS 3
ARLTT. BHE IR 50 T, 2021,11(26) : 105-110+114.



