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Sensory Effect of Evanescent Wave in the Tapered Optical Fiber
RI Sensor
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(School of Information Science & Engineering, Northeastern University, Shenyang 110819, China. Corresponding
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Abstract; The internal mechanism about the effect of evanescent wave in tapered modal
interferometer was investigated theoretically. The relationships between the power of evanescent
wave and the effective RI of cladding modes were calculated, and the simulated interference
spectrum shifted with external RI was ohtained. It can be theoretically proofed that the generation
of evanescent wave provides a vital role in improving the sensing sensitivity of tapered optical fiber
RI sensor. In addition, effects of the taper shape, such as outline, waist radius and taper length,
on the power of evanescent wave attenuated in taper region were investigated based on the
evanescent wave absorption spectroscopy, which is helpful to optimize the taper shape and
improve the sensitivity of RI measurement. Finally, the experiment of RI measurement by tapered
modal interferometer has been carried out to verify the accuracy of the theory.
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Fig. 1 Structure schematic of tapered RI sensor
based on modal interference
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Fig. 2 V number distribution along z direction
for different taper radius
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Fig. 3 Relationship between effective RI of cladding
modes and fraction of evanescent wave
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modal interference sensor

(a)—fJZF18 R =65 um WHESHEIEBEIT IR AL A 8l
(o) —AIa] R AELXH R A 1 B Bl ik 22

da P TEREE SN AITAT R 133 A2 L
2141 WAL, B 4b 25 AR BAR M HEIE SB£F
FRIER U AT LARIIE , 18 i SO HE R EAR AR R 5
B, AT LAIAT S o 4T 3 A JRGR AR s id
DEACHE D A4S B | B FIHEAR S S48, MY i e i
REE, AT LA — 25 1K 3 5 v 37 S 5 00 1 R 08
MIRCR , IR TS 1 o 4.

2 LA IE S

F R ST ]+ 2 44l AU IF 5, 0 SRk
L1 =20, 9 7 S5m0l 0 5k B2, 2 vh #i0RE 4 T2
P A HAS I 2, A O A
2T 07 BT 5 S0 X M AEOE i 5 BEPE. S

TOLIIE , i — 8 A G B HEIE G2 1 —
AREAE L IR AT LU AGZ S A i I o 0
FDCAAEX T AP 5 AT A 1Y)
LIS o KA IR IXTESCER, T Ho i SCHR[3 -4 ]
H0,<0<0,,0, <@ <¢,. 2.H1:6, = arcsin[ R_sin
(6;)], 6, = arcsin [ Rsin (0.)], ¢, = arcsin
(R, sing,/sing ) , ¢, = arcsin ( R sind,/sing ). H
6, = arccos(n,/n,) ,0, =arccos(n,/n.).
EEgrebiwar: By il ok f i B <]
0,(z) =arcsin[ R,sin(6,)/r],
6,(z) =arcsin[ Rysin(6,)/r],
¢, (z) =arcsin( R,R,sing,/rsinf) ,
@, (z) =arcsin( R, R,sing, /rsing).
LR, = R/Ry , T’ 2 AR 45 468 34 I 19 5 1% W i 3
8, X FOCLR BB RE =
An tanfsing

n (3)

B 27, sin’ 6, /sinzac — sin’@sin’ .
XFEC(3) AT AR, AT LAAS 245 A DRy
[[SIRIE AT N
6(2) ¢2(2)
j nsinfcosPsin’ pdhdep

_ 6@ @

Ms = 60 e .4
j f sinfcos@sin’ pdhde
0 0

XFAN TR HEAR: AN [+ B DX 2 ARIAS ] 1 X 42
AIRLHECET AT 2 07 1] A0 I RE 8 70 A , 46
RAnE S fros. IE Sa el DUR 7R FEE
FER U ) AR RIS, s DX LA A 98 3 5
RE 2 10 g e gy , T ELAY B 5 T 244 0 X BLAR
[ 52 2 10 m, 5 XA BEAS [ I, A5 2 4 P 5b
() — ZR B Z, T ATTA e (L i BEARTR] , 75 o it A
DX BEHE i 22 8 5 =4 B DX B A Hp L AR AR AR
(IR, AN ] 0 5 DX 0 A AN ] f B8 I 23, DL
Bl 5S¢, nT UG H AN [ Ao e X 0 4 e K 2k
PR, IREREC L - JF FAE S R R B2 - JF
FHR ) SR8 04 FE 7 ) T

W, 7E0 ~ L XA X 2 AT B3, W] LAAS
FUHEIE DX 3™ A A o i RE 8 71 705

L
E =y, dz. (5)
0

X 5a A1 5b H R B BUMS 2 925 5
6 FIEL 7 . HEXAR BEAR RN, AhCo g4 i
2, A0 T I B i Ay, 0 T AR i HE A A A i T
i, DL 6. 5 L HEAR A [ A B DX BB f%
W RE R Bl 2 2P i, A IE] 7 PR,



308 ARRFFHR(OARFFR) % 37 %
70
> (a) —R=5pum
------- R=15 pm
4\ R=25 pm
i) -.—-R=35 pm
é 3t ----R=45 pm
s
5%
K
1 -
0 1 1 1 1 1
2 3 4 5 6 7 8
0 L/mm
30 7 REAR YR e A A R B L AL
Fig. 7 Evanescent wave power change with L variation
25+ for different taper radius
% 20+
ﬂ s N N
i 3 BRI AT AR I RS
= 0t
& . Y. A S 4 b
sl TR R AR LR R HE T 2T R A T
. ‘ [B] T A R S A I S5 X B G £ AR
4 -2 0 2 4 A JE T ) A% T A T e Lz ] LA
“ 100 pum 7= 47 f9HE I 45 HEEE A DTS5 it F
»sl 1.33 ~1.375 7 WAL AR b, TG e

[y*]
(=]
T

PR B M5 x 10°

W
T

B5 AREESHERTE zARLAETKEES T
Fig. 5 Power distribution of evanescent wave

along z direction

(a) — AR (b) —ARKEE; (o) — AR EE.

R385 % S RE /%

—
(=]
T

N w L W
(=] S S S
T T T T

—o—[=4 mm

10 20 30 40 50
R/pm

E6 AFRKE#X™EEEKMEERYE REL
Fig. 6 Evanescent wave power change with R

variation for different taper length
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