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A sensor for measuring refractive index and temperature simulta-
neously based on Mach-Zehnder interferometer
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Abstract: A sensor based on Mach-Zehnder interference structure is designed to measure refractive index
and temperature simultaneously. The sensor structure is single mode-multi-mode-thin core-multi-mode-
single mode. BeamPROP module of RSoft optical simulation software was used to simulate and analyze
the optical field inside the sensor structure. The optimal length of the multi-mode fiber (MMF) and the
thin core fiber (TCF) was determined. The sensor structure was made and the experimental system was
set up to observe the refractive index and temperature response. Dual-parameter measuring simultane-
ously was realized combined with sensitivity matrix. The experimental results show that the sensitivity of
the sensor is —44. 944 nm/RIU in the refractive index range of 1. 333—1. 380 and 0. 0829 nm/°C in the
temperature range of 30— 65 ‘C. The proposed sensor has the advantages of simple structure, small vol-
ume and high sensitivity, which can provide reference for the design of dual-parameter sensor of refrac-
tive index and temperature.
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Fig. 1 Schematic diagram of sensor structure

A N TE 3 06 I A Hh R 226 £F SMIFL 2
HEAL T OGET 27 28 LR S R HE XL 6 1 Y A% i 8 X
VRE R AR OV WS O B AN B RN
ki, B OLTE MMFL B0 8 a2 e . 240t
#35 MMF1 il TCF 43 5t i i, 5 03 06 #8 & 3k A
TCF WA JZE R 2 1 R B w6 5 de A
| TCF 25t v £ i 0 2 (9 56 0 ik Js 31 41 57 346 5
Hr. A e MME2 SRR 30 2 AL LT e
FIEE AL A A% i e e L A7 AR AR A
J2 AL o AT S AT S 3 AN T 1 ARG O e S 5 ] A
FEARGE 22 , AR ST RO A S0 P A MZT ZRIBCA 1L
SY BN HE-MMF LRI TCF-MMF2.,

111 4744 A R 2

AR AR R R ) T B R B
KA R B R (8 — R T 9 5
AT LSRR

I =TI+ 200+ 252 /I Lo, cosg . (1)

X TRTWRAESRE ., Lo 5 L, 730 LG



8 X S — Bl T - R T AR B S A IR R ] ) A S . 787

Hm MEEEERE, o L NBAAZEEZH
B AL 22 AL 25 o T LARIR R -
_ Z2nlAngL
A

K, LRI K B . Any RSS2
AT FZE, A R ABHEAK,

Moo= Cm+ D Cm HIEELBO B, TG
Fde/MA L T WA . AR 2O W] RIS B s
PR

2An L

Ao = 1

A BRI Gk RSB ORI SR AL AT BT
FRAST MR B ILF- A S i DL 38 B9 208 5 %
25 A W/ 3D TR, 85 i A 5 1) 0K
1) firs %

OGLF A B B Y I 5 3R kAR AR A L RRAE B
KA 3T 9 R RGE Sy 7T AR N

, (2

(€D)

— 2L Ing.n
(’)ADIP 277’[ + 1 (’)nexl
= = , 4
S Ing _ 2L (Ihng, W
2m-+1 dA

K, ne BRI ABEBIITH R ng RARE m
B4 J2 58 04 A 3T S
1.1.2 BEAMHRRE

A0 B B8 L BE AR AL B 32 B OB RO AR
T RGN B 5 ) L A SR BE L R R R 2 Ay
B, BN IR AR AT LR K B AR
KPR AR AT AR R R,

L(T) ~ L(T) +a.AT) . (5)
An (T ~ Andf<T0>+39AT”’AT, 6)

A, a, =5.5X10 7°C 26 a0 K & 5
LCT) FVLCT) sy 32 N SR E N T, f1 T %

K, Ang (Ty) Fl Ang (T) 43 5112 4h FLIE K
T, AT B £F AR 2 A ) A i i 22 . ARG
(5) A= C6) TN, 40 FE IR R B T B, LA Ay
A N W G DI = I A O G (1B i Ny ]
T FRAF B K TR RBUE Sy rTLRR N

a/l ip 214
Sr = ;)’11)"l T om+ 1(Ancffas += CeonetiMeovett —
Cotvetielomocit ) » 7

S Coover AT Coarr 20 7R £F 0 R 2 198 30O
B e TR EF A RT3

M ) Fn s (7)) T LLF R AE 9 KA S B 4
R A A RS A B 6 R A 2 e B4 i i R
SEOREANTE] . 9T LA AT LA S W I 9 O A B O K IR
B d ok 1A S SRR B ) AR R (E
1.2 HEEM

26 SMF 1£ 5 8] MMF B, 224> 5 B 45 20k
Wk, BT 2B RN W E R T 1R MMEF
WS & A R M 0 A k. A ST AL T AR
— G fE R — B RO 5 A SR IR
564 —HE XA R R F RN . 3 B AR i i S
Bl A R JE R R T R RO

| = p’% . (8)

b, L MR, p S A WS R n Al
W T IPTI R, o AW F I EE KA, 2 AR
OB, FTRVE W YOGS A R L AR RN
BRI OGEF R 2 R A AR AL F R S A R AR
Ak,

FH RSoft # 4 1) BeamPROP B, % B 42 N
50/125 pm,105/125 pm M FrERAE MMF DL R AR R
6/80 pm [ TCF PRI . BBl AR 2 550
1R,

x1 XFSH

Tab.1 Parameters of optical fibers

Types of optical fiber SMF MMF1 MMF2 TCF
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Fig.2 Diagram of optical field amplitude distribution and optical fiber center power distribution
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Fig. 3 Transmission spectrum of the sensor
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Fig. 4 Experimental device diagram of

refractive index measurement
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