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Abstract: To improve the sensitivity of a plastic optical fiber (POF) evanescent wave sensor with the
normal core-cladding structure, the sensitive region of the sensor was aged in vacuum and distilled
water. In the ageing treatment, the partial coating of the POF was removed [irstly, the uncoated
region with the normal core-cladding structure was employed as the sensing region of the sensor, then
the sensing region of the sensor was aged in vacuum and distilled water, respectively. The light
transmission and sensitivity of the sensor after ageing different time in vacuum and distilled water

were compared, and the effects of ageing treatment on the light transmission and sensitivity of the
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sensor were analyzed. The research indicates that after ageing treatment, the core refractive index of
the POF and the material composition are changed, which allows the light transmission mode in the
optic fiber, the penetration depth and transmission length of the effective evanescent wave at the
surface of sensing region to be changed, so that the light transmission property is dropped. The
experimental results also show that the sensitivity of the aged sensor in the glucose solutions firstly is
increased, subsequently decreased with the increase of the ageing time, and the maximum sensitivity
in the vacuum has reached —0. 004 2/g » (100 mL) ' at temperature of 105 ‘C and ageing time for 20
min, higher than that of sensors with the ageing treatment in the distilled water. The research
provides technological supports for developments of POF evanescent wave sensors with higher
sensitivity and normal core-cladding structures.

Key words: optical fiber sensor; evanescent wave sensor; plastic optical fiber; normal cladding-core

structure; aging treatment; sensitivity; light transmission

1 . Tanio [ (14] R
\ N PMMA N s
Y Y hY b . ° )
[1-2]
~ ° s
b
[3] _
o 1) PMMA [15] s
[5-7]
b
b
’ —
[4]

[8-9] s
’ (7 ° ’
(PMMA) , 2
PMMA how
2.1
Lambert-Beer ,
o .C U ’
N Ioul:Iineid”)L ’ (1)
- . Im 9 I‘ (
’ ) 95(7’1)

. Sato [ ,PMMA . E(n)



5 ’ 973
fony= aincos @ cot §' o
) 27rn, cos 9C(Coszﬁc‘*coszﬁ/sin26¢)h2' e D L
N p ew
(2) ’ S’ Dp I‘cw
a A 2.1 :
N 90/
" e 22,1
0.
20, o (2) s O0,=xn/2
95 ;0(#:0 ’&' '
, 0,=0, ’
sin . =n/n, 2),
HQA / / ’ 6i>5(» ’
S(n)*mCOS@COtﬁ. 3) b | L - (9)
3) D " 2x[nd sin®@, —n® ]V
) 0|> 0(- 1)
IO.\lZImexp[—%cos ¢ cot 0/:|. (4) I
e D)= . (10)
27| nj sin*@ —n® Y
(). /nH<<1 . (4D . 22z
’_ _aAL T ’ 0
IOU‘—Iinexp[ thngcosﬁcot& (nJrng)} ’
) — K’ i L, ’ L ’
Imexp|: K (71+715):|. (5)
2L 2L ,
N==—""= , 0,=0 0. (1)
K/::Mfl; cos 0 cot ¢, (6) [ 2rtan 0, 1
TN,
: (1D 9 )
2D
3 LCW:N =P —
Imn:I;nexp[*&chos 0, cot (91(n+n7>}: tan 0
rn; ni
A LA '
Lnexp[—K<n+E>:|. D 2nrtan 6, [nf sin?@, —n?7'? tan[arcsin(ﬂ%sin 0, )J
(12)
K= 05 0, cot 6. (8 10y an .
rmn;
(5) 7 s ’
rvA IJ ) a IJE“ - N tinDpO/ -
’ .- LA
n, n, (n, , S
0, (0) ] L 2nrtan § [ni sin?@ —n? T"%an[arcsin(}%sin 0 )]
2.2 (13)

(9 12 ,



974 24
rA L . 0. 04 ~20 nm, <0.1%.,
D, L., 200 : 1, (UV 0. 2, Newport
s n (ny) Corporation, ) 200~1 100 nm,
0, (0" . 100 pW ~0.2 W, 1% ~4%.,
3
, 0~12.5 g/100 mL,
3.1
(301‘0. 5) oC; )
' ’ 50 mL/min
(PMMA) .
(PE), 1.49, ’
0.5, 2 000 pm,
3800 pm., —50~+70 C,
5 cm, s
, 2.5 mm,
s PMMA
105 C,
’ 1
(DZF-6020, ’ Fig. 1 Schematic diagram of experimental system
), +5~250 C, +0.5°C,
133 Pa,
33 a 4
(BILON-CXWD-505,
, ), _
—40~200 C, +0.1°%C,
5L, 1500 W,0 C 900 W,
3.2 . . . . .
(Relative Change of Transmitted Light Intensity,
1 s
RCTLD o ,RCTLI T
) ; ’ : ’ RCTLI T = (It — I)/1,. 1,
’ ) ) ’ 30 °C Iy
AvaLight-DHS - ( ‘
10 W. 15 W). 915 ~ T(min) . RCTLI j(j=1,2)=
2500 nm, (1]7 IjO)/IO’Ij (
s ON12. 5 g/lOO mL) 71_/()
, , 0 g/100 mL .
) 4.1
o (AvaSpec-2048, s 5 min,
) ) 200~1 100 nm, 2 .



2
Fig. 2 Effects of aging time in vacuum and water bath on

transmitted light intensity of Plastic Optical

Fibers(POFs)
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Fig. 3 Effects of aging time in vacuum and water bath on

refractive index of POFs
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Fig. 4 Light transmission modes in POFs (NR and AR
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(a) Transmitted spectra of POF sensors aged in vacuum
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(b)
(b) Transmitted spectra of POF sensors aged in water bath
5

Fig. 5 Transmitted spectra of aged POF sensors
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Fig. 6 Responses of aged POF sensors to glucose solution
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