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ABSTRACT

Light Sensor Based Fiber Bragg Grating Coated With
Polymer Including Carbon Nanotubes

Jeong Min Seo
Adviser : Prof. Tae-Jung Ahn, Ph.D.
Department of Photonic Engineering,
Graduate School of Chosun University

In this study, we propose a novel type of optical sensor that involves mixing
carbon nanotubes with acrylate polymer and coating it on a Fiber Bragg
Grating (FBG) to detect light. This method utilizes the property of carbon
nanotubes to bend in the direction of light propagation when illuminated. The
coated carbon nanotube polymer on the FBG affects the grating spacing of the
FBG, resulting in a measurable shift in the central reflection wavelength. To
verify the light detection capability of the fabricated FBG optical sensor coated
with carbon nanotube polymer, experiments were conducted using LEDs in the
visible light range. The sensor with a 900 um thick carbon nanotube polymer
coating on a 125 um diameter FBG showed a central wavelength shift of
approximately 0.32 nm, while the sensor with the same thickness of coating on
an 80 um diameter FBG showed a shift of about 0.58 nm. The light absorption
of carbon nanotubes at specific wavelengths was measured and confirmed, and
the light detection responsiveness at wavelengths of 365, 465, and 620 nm was
observed. To enhance the sensitivity of the carbon nanotube polymer-coated
FBG sensor, the content of carbon nanotubes in the polymer was varied to
determine the optimal concentration. In the sensor system, to reduce the

insertion loss when fusing optical fibers of different diameters, the discharge

- VI -



amount and time conditions of the fusion splicer were altered to find the
optimal conditions and applied to the optical sensor. Theoretical strain values
based on fiber diameter were calculated, and sensors with varying fiber
diameters and coating thicknesses were fabricated and tested to compare the
experimental results with theoretical values.

Through this research, the functionality of the carbon nanotube
polymer—coated FBG optical sensor in detecting light was confirmed, and
studies were conducted on improving sensitivity based on the carbon nanotube

content in the polymer and the diameter and thickness of the fiber coating.
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Light, the visible spectrum

violet indigo blue green yellow orange red
[ | I I I I I |
frequency 75, 675 630 590 525 510 460 380
(THz")
wavelength 400 445 475 510 570 590 650 780
(nm**) [ | | | | | | |
photon 3.1 2.8 2.6 24 22 21 1.9 1.6
energy [ | | | | | | J
eV

* In terahertz (THz); 1 THz = 1x10'2 cycles per second.
** In nanometres (nm);1nm = 1x10~ metre.
© Encyclopaedia Britannica, Inc. *** In electron volts (eV).
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Wavelength (nm) | 200 - 1100 | 320 - 1100 | 350 — 1100 | 340 — 1100

Rise Time (ns) 1 400 10 150
Responsivity (A/W) 0.44 0.60 0.65 0.62
Operating

Temporature () | 251075 | 1010100 | -40t0 100 | -40 to 75
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Surface Tension 23
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Glass Transition 58°C
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LED Amount of CNT

Intenstiy | 0-1wt.% | 02wt% | 03wt% | 0.4wt%
(mW/cmz) AA (pm) STD AA(pm) STD AN(pm) STD AN(pm) STD
0 0 o 0 ¢} 0 0 0 ¢
5 16 0.7 61 1.6 69 1.7 72 2
10 51 0.6 108 2.1 156 1.7 137 2
15 94 1.3 167 4.2 250 35 269 3
20 160 1.2 303 1.8 438 4.0 433 1.8
25 237 1.2 464 7.0 688 2.2 662 4.6
¥ 41 824y eR{HE 528 FBG AlA 9 & wbSA Hdd 1323 =4
0.7 F|Amount of CNT A
—~ —a— 0.1 wt.%
E 06F o 02wt%
= —a— (0 3wt %
05}
E —v— 0.4 Wt.% "
B o4l 2 /
@ 03} /
Q
o 02}
©
; 01}
00}
_0-1 1 1 i 1

0 15 20 2
LED Intensity (mW/cm?)

O 46 BaUmFE F4%d FBG AA e F e Bird BER

0 5
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Now

Wavelength Shift (nm)

Equation
Amount of CNT
BO (x1E-4)

B1 (x1E-4)

B2 (x1E-4)
Adj. R-Square

3# 42 gavye

o o
[¢; BN

©
N

Amount of CNT
B 0.1wt%
0.2 wt.%
0.3 wt.%
0.4 wt.%

[ ]
A
v

5
LED |

0.1 wt.%
-1.7
18.8
S5

0.99959

LR

1
10 15 20

ntensity (mW/cm?)

29 FBG BAA 9 3 9e4 o]} tha

y = BO + B1*x"1 + B2*x"2

0.2 wt.% 0.3 wt.%
128.8 135.0
23.0 30.8

6.2 o3

0.98774 0.99214

FBG #4Ae # weA

- 48 -

25

H

g

0.4 wt.%
91.1
48.3

84
0.99715

o3ttt g



CNT
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(b)
#
Ag + 581, T:TT
(0
'
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Fiber Bragg Grating
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(a) IL : 2.26 dB

<ZHH7] B -60 bit, BHEAIZE 2 5>

(b) IL: 1.86 dB

<E M7 BE +60 bit, BHHAIZE 4 5>

(c) IL: 1.44 dB

<ZM2l: BF +90 bit, HTAIZE 2 s>

d) IL : 1.34dB
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