Chinese Physical Society
IR Acta Physica Sinica

. Institute of Physics, CAS

E T AT R LB A Mach-Zehnder 3575 B {& 5428
AL

Mach-Zehnder interferometer based on fiber taper and fiber core mismatch for humidity sensing
Cheng Jun-Ni
5| {5 & Citation: Acta Physica Sinica, 67, 024212 (2018) DOI: 10.7498/aps.20171677

1E 25 7% 32 View online:  http://dx.doi.org/10.7498/aps.20171677
23 N 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2018/V67/12

EATRERCH B B S &
Articles you may be interested in

BT LR RHERDGET ) S22 85 R Gt i RN AR AT 0

High-efficiency intrusion recognition by using synthesized features in optical fiber perimeter security sys-
tem

YE = 4.2017, 66(12): 124206  http://dx.doi.org/10.7498/aps.66.124206

T bR RO I B RO 2k A B PR ISR B A% R s

Sensitivity-enhanced temperature sensor with fiber optic Fabry-Perot interferometer based on vernier ef-
fect

YE = 4.2017, 66(9): 094205  http://dx.doi.org/10.7498/aps.66.094205

DT AT R A S B F T 9 3 e
Fiber-optic ultrasonic sensors and applications
PP 22 H%. 2017, 66(7): 074205  http://dx.doi.org/10.7498/aps.66.074205

T ) 34 58 T2 A2 LI FAJ G 1 70 P R G T N AR IR R G
Ultrahigh resolution fiber optic strain sensing system for crustal deformation observation
Yy 24,2017, 66(7): 074208  http://dx.doi.org/10.7498/aps.66.074208

PTG B ) 2l B2 A% TR s AR B g 2 03 it 5 S IR 5

Fluid dynamic analysis and experimental study of a temperature sensor array used in meteorological
observation

Y= 4.2016, 65(9): 094209  http://dx.doi.org/10.7498/aps.65.094209


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.20171677
http://dx.doi.org/10.7498/aps.20171677
http://wulixb.iphy.ac.cn/CN/Y2018/V67/I2
http://wulixb.iphy.ac.cn/CN/abstract/abstract70433.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract69999.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract70012.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract70015.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract67177.shtml

32 % R  Acta Phys. Sin. Vol. 67, No. 2 (2018) 024212

T AsEfA R LB AY Mach-Zehnder
T BB ERREE"
BER

(KA R A2 A, fidk  719000)

(201747 A 21 HU&HI; 2017 4F 8 A 17 HIZ R eh )

el 7 — ] R H R BURE BCR  Mach-Zehnder TR FEAR IS . Ky OB 21 A0 2 B 21 M A8 I 06
2P HE, BN LT BB AL IS 2 B ARG AT 2 [, TR T BB 2T Db 21 HE -2 Bl 2 2 -t kb 2l
2F - ZREEACLT OCLATHE - BT S AR ks, DB HER R TN R RE R /R, WA 2 AT
1 RAE R & ds, AT BROGET Mach-Zehnder T4, AMNRIAIEIRIE FIARAL, REAE 7545 [ 232 A6 1 RE
S AEARA, S I e e Ve R SIS P R ST 4 SR AR W T i I e e (L R R S AR

ZAIFEAE RAFIILRE R R, YIRBHE A 35%RH—85%RH 5 281k, — BL il 20 mm (0 kMG £ 4 Rl i
fERRAE, HRBUE N —0.0668 dB/%RH, I A 0.995. 4% BRAR 45 M S R/ g T2 M8, it

AR TR R

KRR WAL, CUBUMEDLLT, ZROTALLT, Mach-Zehnder T-H4X

PACS: 42.81.Pa, 07.07.Df, 42.25.Hz

1 5 7

WEASHEE (RH) 2 £n s AP AR E S
) B N AN L R R B L. TR R AR R
RN B2 @R By PSS 5
PR, IR ) TR AR K TR
Mt bRz —, PR & BRI TR
18 DA S fhi7 B P K S TR 1) EE SR AR
K, AR o RSER DR, 78 A8, AN 2R 5 AR
K. T DA A e oy R

FH EU A% G0 1) F 2R P8 A% R B O A A% KB
LA mi S P R A AR S MURR AR B T L AT
DLszdl s fiilE HWc&iRb 7 2/A

2h B V6 41 I FE AL K9S, G 3 Tk A B -
H1 B 5 H (V) O £ 9 B AL R POl e A A i
JeHlt (FBG) I &3 97 & T Mach-Zehnder Ji 3

DOI: 10.7498 /aps.67.20171677

(1) 6 £F (MZI) 48 FE A 8 2 B9 K A Ok 2F e i
(LFPG) I &3k 101 4 Shao 2 D141 — Ff 3k T
B 2T (SMF)-H 4 -SMFP-FH £ -SMF 45 1) 19 1
AL R3S, VR E 50%RH-—90%RH i [l Y, 1% /8
e RUE N —0.047 nm/%RH, {H 1% B 2% i 1 52
56 S A e DAFRE ][R B A AR o 5 U P A8 YR I
. Mather %5 12§ 3L F I 3 2000 7 S AR 6 &5
(PCF) F#AX LA S8 . 7F 40%RH—70%RH %
FEJGIE P, AR I8t RN 5.6 pm/%RH. 411, %
AR IR A M B2 A 1 min OIS [E] 0 S, Zhang
1 Tao [ $2 H Bk F T4 W0 100 A B0 4% e W 35 4%
JKEE. JEEAE T0%RH—95%RH i [l N, f£/8%%8 R
BE N 24 pm/%RH. REAFBCRMGEERE
Y, oHE B S H AR i BB, (R e R AR
18, Liu %5 M5 HOf A5 828 25 B S 1 LA & i
1F 26.5%RH—95.2%RH ¥t [l P, 1% B85 R BN
1.1718 nm/%RH. R AR FoAL B9 25 A S

* PRV MR AR R P 0 G (MHES: 20150xy-22) FIBRPG A MR BER N IE (S JG-1527) ZEEhIRE.

T #{E/E#. E-mail: jnchengylu@163.com
© 2018 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

024212-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.67.20171677
http://wulixb.iphy.ac.cn

Y118 Z R  Acta Phys. Sin.

Vol. 67, No. 2 (2018) 024212

TR, ST 0 SRR . Mathew 25 [15] 32 Y —Fil
BT FE S UPCF T AR, 78 L3R 1H ¥ 78 B e v v
LA B . A2 14%RH-—86%RH I /& il
R 3% RE N 0.06 dB/%RH. R %A% B33 1E
JE RBUE s, (ERHIE T2 B4 sk gess Dol
PR T — L BTG A G A A RS, AR R
£ 30%RH-—100%RH 76 [l N 4% 2% #4548 Ab 4230
9 dB, {H 2 A 70 5 B I P9 4 R H IR AN SR S 2
375 A [7) LU AD VR A5 B A J 8 o YA ) R R A, 2%
Ll 071 b — b 32 6 £ 2 0 45 4 () JEE A% K
#%. TEIR % 35%RH—95%RH Vi [ N, 1A% Bt R
% N —0.065 dB/%RH. SR 1M A 78 2 AN [H] K
JiE BAABE ' £F 10 A JER 3 6 B 1 I 22 5. Yeeo 252 118
P2t 1 FBG 3R TH 4k 78 FA58 V JR It 0 e i ek DA =
VR R, 12A% Ay FAT Fb = g 2R [ 4R,
FBG R ERE — B ENGRE A il R
AN 2] AT B A 7 3 P R URE . Wu 2% 191 4
HH b BRI £ SIS Y T - BB ' 2T 45 ) ) MZT
L3S, W FETE SO%RH—95%RH YU A, 148 8%
37 S TR K, () Y R 52 B PR ).
ARSCHEH T — Bl BB £F Ol £ HE -2 B AR
T AT - G £ - 22 5T A Ol £ ol £ 4 - e
F LTG5 K 1) MZT W A% S 2% . 38 3ok ) PR i 30 1
TRIGHL AR AL SRR AN IR BT IR B, 5] Sl R A% i

Jei K AR, IR IE I SRR W T IR R A R
BEHE R, SR A R R WAL A RBUE =
i £ g R L 5 2, DRI LA D0 R P v A
igi=®

2 REREMEL A

B UL R AR B L AR R 2
KB E. A0 Z T2 B A 47 i 3 2 8
JGET (GI MMF) iR 78 =, HIREA S B R A6 S 5248
e, G D) TIOR8 . A HE 8 B 1 —
#45> GI MMF I SMF RN JEHL, 75 B 5ss T i
TR SR EL, W N S BT E R -2
(SM-MM) #5858 7, 133 SM-GI MM Jt4h4E. &
2 YRR IR 22, 15 BEEOL A HER IR S
. BOERISEANR: B SRR EE 4150, B KK
45 ROIRE +120, TRUG I 18] 24 300 ms, & 8GR
(]2 1600 ms, Z HE#EFE B 180 pm. %M [FIFEH
TIEAE S, B0 — AT HE. —BEERIR
2 M B LT (DCF) M5 876 754> GT MMF
8], KR T B A O A - 2 AR A O 2 -
BUAME LT - 22 B AR e 4 - e P4 - L £F 45 1y
(1) MZI A% & 35

Uncoated DCF (sensing element)

| L
I 1
|—>|’ - > > —> ‘ — |

SMF (input) GI MMF

M JL‘ — -l ,;
(] (g e

GI MMF SMF (output)

1 LA R R

Fig. 1. Schematic diagram of the proposed sensing.
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Fig. 2. The photograph of (a) the waist-enlarged fiber
taper and (b) DCF.
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Fig. 3. The transmission spectra from the MZI (a) without
and (b) with the graded-index multimode fiber.
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Fig. 4. Interference patterns of the fabricated MZI:
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Fig. 5. Spatial frequency spectrum of the sensor in the air.
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Fig. 6. The schematic diagram of the relative humidity

measuring system.
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Fig. 7. The spectral responses of the sensor with different RHs: (a) S-1; (b) S-2.
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Mach-Zehnder interferometer based on fiber taper and
fiber core mismatch for humidity sensing”

Cheng Jun-Ni'

(School of Energy Engineering, Yulin University, Yulin 719000, China)
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Abstract

A simple and high sensitivity optical fiber relative humidity (RH) sensor based on Mach-Zehnder interferometer
(MZI) is proposed and demonstrated in this paper. A single-mode fiber and a graded-index multimode fiber are con-
nected by a fiber taper to form a section. Then an uncoated dispersion compensation fiber is sandwiched between two
short sections of the graded-index multimode fiber.Therefore, a sensing structure is set up as a single-mode fiber-taper
fiber-graded-index multimode fiber-dispersion compensation fiber-graded-index multimode fiber-taper laser-single-mode
fiber. The taper fiber is used to augment the energy of the cladding mode. The two nodes of the graded-index multi-
mode fiber can be looked as a mode coupler. Thus an MZI is constructed. Since the external RH change can make the
transmission spectrum energy changed, we can obtain the RH by detecting the peak energy variation of the interference
pattern induced by the evanescent-field interaction. The experimental results show that the peak energy changes lin-
early with surrounding relative humidity. Under the condition of 35%Rh-85%RH, the sensitivity of the sensor with a
20 mm dispersion compensation fiber is —0.0668 dB/%RH and the linearity is 0.995. Moreover, temperature response
characteristics are investigated. Experimental results suggest that the transmission spectrum energy of the sensor is
insensitive to temperature. With temperature increasing, the transmission spectrum presents obviously a red-shift, yet
the peak energy of the monitoring point barely moves, which demonstrates its potential for measuring simultaneously
RH and temperature. The proposed sensor has a small size and simple manufacturing process, which can make it widely

used to measure RH.

Keywords: humidity sensors, dispersion compensation fiber, graded-index multimode fiber, Mach-

Zehnder interferometer
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