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ABSTRACT

Research On Optical Fiber Sensor Using Fiber End
Coated With Functional Polymer

Hee Taek Cho
Advisor : Prof. Tae-Jung Ahn, Ph.D.
Department of Photonic Engineering

Graduate School of Chosun University

In this study, we propose a simple optical fiber sensor having a functional
polymer—coated fiber-end surface. The reflected light from the surface of an optical
fiber end was interfered with by light from the surface of the coated material. This
produces an interference pattern in the spectral domain. The main idea behind the
optical fiber sensor is based on the multi-reflection interference phenomenon that
occurs in the optical thin film layer. We propose two fiber sensors an ultraviolet
(UV) light sensor and a temperature sensor that employ a multi-reflection
interference scheme that works in conjunction with optical fibers. For the UV light
sensor, an azobenzene polymer is used as a UV light responsive material coated on
the end surface of a single mode fiber. The UV light changes the reflective index
and volume of the polymer material. It also changes the optical path length of light
propagating through the coated material. Because the phase of the interference
pattern is linearly proportional to the optical path length, the UV-induced phase

change of the pattern provides information about the UV light. For the temperature

- vii -
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sensor, an optical adhesive is used as a functional polymer to measure the phase
change of the interference pattern with the changing temperature. The proposed
fiber sensors can be applied to many industrial fields that detect UV rays and
measure temperature. In addition, the sensing scheme of the multi-reflection
interference can be used for various sensors such as those for pressure, radiative
power, and humidity in combination with polymers responsive to physical

quantities.

- viii -

Collection @ chosun



$53

A1 A

file)

5
Gl

iof
<!
o
&

e

X

el
=K

p—

o
4§
e

—_
o)

olE °l&

o,

o

ol g o
T2

A W ERwA el

SRS

A
=

Bl @A7A 3

T

YHEA ®lrh 1863 =] John
1=}

NHow

F

o
ﬁo
o
3
E._o

el

jruze]

N

s Awst @ ele] A4 3 % 2

=

=

A

=
T

oA 7]

vheheh vhebebel B4 A 2ok sbs stk FoAAR We o)

1

k)
yal

[€)

2

AA71742] 7 (Electro Magnetic Interference) S

el

A Aol &S o

2 Eselq AHeE gk

she A

o

A

opol Aol Mg WA F A

=]
-

4

s

N

A AN 7
SIASE I

A
L4

Ok ]

3

TR Aol A g

of WAl 7lHk AAE F2 AP A gtk A

puid

AA = 82 A9

|

A1 AAHEBG)

7ol EobAaL . e

Collection @ chosun



FBGel o}

p—

I

O] (E:[L

A A= 9ok

[e)

A
U

PRl A AF7) opk

zZ
™

A
L4

%

9]

],

A

3}

™) of S
= 0w 2 5 Wo 7o ° MR T
. = TP o e
o I ﬂ;%1AMmﬁ}
= I 4 E B OB = A - T W T Yo R
T B oF R oy o = o N A Ny %P = N TN
7o b oo o I o oF N E T o= s o) IH X
e R rll~ i =l T » PRIy Mo o < YT
ik i g z o A g g = iy il g T o
_ o ™ s MR oF g ™ T T o % B N
T Iy w2 ,_tiﬁ?}gﬂ = N R
— = Al T R w3 T o o =2 v P o
X s . K h_lwo = " 17rL QOU _L X O# o B 0 o ‘Dl . ﬂ_Aly ‘.._l i)
= do ® ° = Ar T X o ol M 2 o= 9 = % ol S
CoA—. s X = T Xl — T =z oR =
- = e 4T ﬁm;1ﬂ%uiqr%$% m%%ﬂ
~ -— 8 N il o — =
Ccs Egﬂ,r%%w Rﬁ%mﬂuﬂﬂyeg@w i s
1_,,A| G -~ T ™ =3 o s 9 Ul n el = H =3 gl B & e . o
T Biﬂs Lamwﬁb_ﬂﬁﬂ — & = B o
Jow 2L TE Y ® g 8 3 g T b o
ool ofﬂ_tz% %%mﬂ%@ﬂqﬂ%xﬂﬁw oL
B N B w 55T }oz%x@ L
el 70 ] g om < T JJo — oF = o
o T N T ﬂmﬁu%a1}1ﬂux 3o K
=] HL Jl ~ U —_— 0 o N = H_Al Tn X H_Al
m._ T o T " " B = g O T — < = < o= Mo K T =
NI es T o E % i Ho B = 2 H oL T % M o) o "
H%WJW@&M i,_tsmﬁwﬁ%wﬂwﬂ%%% N%Hmﬂ
' X N — 0 = o} . oS
M@@_éﬂaﬁa %i.m%ﬁﬂﬁ&ﬁnqxﬂﬁ T E
o N EJx@ wgmﬁfg1ﬂ w o T T g
o Eonp.wﬂw @@@L%d TR ﬁuLJH
2 X howpzwv N ow @Qﬂﬂaﬂﬂ% L
W o R 5 B = e o T o 8 ANy = LR o -
oo T T X T wo _}o DAY s E & ° I = = g o
= X & < sy N = ] e = = 2
ﬂyﬂ@%wg ﬂ,_t@%ﬂ%ﬂ_omﬁﬂkﬂa Eﬁﬁ%
2l E 0 —_ i ol o X =
&ﬂrovﬂmé}%l;}oﬂﬁﬂ W ﬁ]ﬂ% T
o aznl Y X N o O.._ Y —  TO o ~: _M - — -~ [ — —
© T A " X - = A TR IO et Bl O < o D oR
:M%Mo%wﬂ ﬂuxm;xdw @Hmo%x%l.@u% T T
— — = — e
7H%§}o%@;1ﬁw%%€ﬂw,Ahlanﬂy w i
Wz er& %Aﬂu,ﬂovﬂézxz_%& mw%wﬂ1mr
5 B Moo N % g WL ~— RN m T Ho X o — ,D| ,ODW & m_m v: i ﬁu N
= ﬂimxwiyluﬂg mgﬂiwhlmﬂ mowia_waog
] , OW J ol m ﬂE EE UT ™ X 0 iy ;Iw_./l - 74._ A# Ay Z_n ~n
N = O T T o T T W T T W 0 HA_.
= O o T X s o o X0 s.L ok = ooy ~
T N ,D| g - o) M ok
o o] o K 2P ol -
S N - 2 “F
T W Ow o

Collection @ chosun



&

HA 2 AREE = 7

A

)
[}
Ave golut A3 AW 74

Nr

A9 Aol A
A % AeH A L= AN A=A ol

=]
=

Al A
-

=
T

SERE

s

ol

il
A

Collection @ chosun



OOve°

R
o

jop-
it

R

No

A

AN T

TR

S

;01_
B
N

o}
B4
¥

a9 1.1

{“/Collection @ chosun



A 2% o

Z}+el Daniel Colladon¥} Jacques Babinetol] ]&] #7 L&7F S A et= it

$53

Hbd o 2 Ag] 7} (Silica, Si0) MBS 7HA 2 A ZE A3 A4S
1ot FAFE 2o AoAL 8 & ol &ste] U AFste T2 9

dr Aol Vi FEAld FE2 SE&HAAY%Y. T 22
a

18539 Wd FHATA John Tyndallel o] 7] dE7F FAIHLRE EA4=
Aol HYrpd o] YEl= W NS FRHA F AdutE AL HolFEy [19 21]e

John Tyndalle] A

dom TReld 22718 va ol Aast Aow Mkl ddel

& RoFrh o] dEve A de AR 71EAQ] dEvh =t © yolrb 1880
d William Wheeling2 John Tyndall®] 23S &djste] ulo]l olEntil = W

= “1 71

Ad Pygel 588 g5

19A17]= A7) Eoke] nlefA gl o] Aol sAlol FAf FiolA= 19417
Sk 204171 Zukell ofgl Fofel A BAFTE A SEHJL, A WAHOE
WAsHA ek B ode] Ad vE ok AlAdA FAFE FAll H 87t
= wFo] QlYlal, ol 19659 =9l E7] 829 Manfred Bornerol o]d] %<
B dleldy AE Alz®le] AlAEY. Kao®t Hockham 34 -F $419 d+E
2183k 5 L, Kaow 1968 4 dB/km®] #&HE zbe B4 FE5 st olggold

Collection @ chosun

Hxe] A BT AoleS wiAsHA HAew FAF HES

A Aol sdte] BAX oz Az Al7|= 1977 d o]t} 1977\ 2o A4 1979
7EA] o] Al7)ell BAF AME BE Aol AFE Fon wE AL o] F

=
o dlE Hol 100 dBZE HAE AF 53 A NPEES Foln Ade] W w

_1



op7h ek

A ol etar

Ao oA

-
Rid

SR

s
=

do T <@ T Mo o P X o T B R E U ok CENC N
TN 4 ® <R o L oy W OoF T
wm M o M T ER g 0 BowE L
iy 1 M 0 # OC ‘mwo = LW_ 6N o N QE N ,..,..o‘._ 2o ,U|
T HE g xR BT, MR SRR
T oy dr N = JIL B N o = OM B T g © o X .
@ Fwm X H ST z%mﬁuo%ﬂw AN
oy o T T g2y o © L wwm 7
JRs of BT gl ' P o ooy o ° o Y o o B o o
T M oo Gl ] J o K o
B < w o o O I = A o) ;
N R oW o om T o oF .oy ®E o o T
T R o BN Mg e e T = of T ooE X
Gm AT WY x 2T LT ewmow oxMw
o oF B ok Al Moo N X — N o E =
X o i No o ) 55 il = < o= R o | e
o EErEE T s TREIINT el
= = = ®° do ~ — 0
< ﬂU! El N ﬂ —_ & S mo — = w NN o JH ~ % X M
o No 2 o < 3 o wood K oF ol ! o
o o s T : = X < z L
I I T B T o = X% o= Ty o
= ¥ R L T T A | oo y
N r = > T A A & _
o Koy B % i CI g ®mEsE T EE W ool oy T
el 0 - . ~ ~ T = Xm
O o N T A T 3
WP SR m TR N g PR
R . o WP E N T oz - < W
ol Jmﬁ - T Mﬁ M all o M o % o5 k& mx MO b W _ M
7 I~
CHINNTF DBy REWD 40wy g X T
« oF mo w ox ¥ m X w ° M mw @ﬂ o T TR _%o % M
T midwie® T T RIE w0
oF Bl A = TS o i T o= o NENASE N 2 = of S
TR 03 N T BRI R S N OB OH N =
= e = A o — B A T )
W & X = N oy X o - = B % o mp " " =
Baw o= S E R g
e A CU B T o = 7 roolH
T Mw, % mw o 4 wu m% TN mm MM mﬁ % m% k7T A oo
SIS R G I TS o4 e TEREE A
= %0 W - = % | A‘% o = Mo i . EeAN WT =
y BH SR R S T oL N
AN S R R S
] o T o O Ny 0 G o
w T Em T T HEATLE BN T A

Collection @ chosun



«- Light Reflected
from Surface

C

"4 Light Gradually

¥

Leaks Out

Water Flowing Out of Basin
18 21 John Tyndalle] 251

{=/Collection @ chosun



|}

27| (@O|H L 2T 25) I
-HILES HOR HE I

|
|
I
L}

Y i }
mﬁ’gi S8R EdEE
: . . . . ]

a9 22 FEA g

{*ICollection @ chosun



AA 9 &G

oF

e

A

T
XO

Bofo A A2 Az 2A = o] g},

¥

Fe o

A

o]
=x Bopuk = [ 23] o] t}

i=]
=

fuy

A
k=

o
o

|

24

%

N
el

tlo

oH

Ho

~
V,O

AZF A 9B [z The] o

717 ol A <]

ek Ao 7

=2tk

4, 22]3 33 (Crack)

5=
=

Folu}

2

Ho

o3 sk
=

7191 A $1A Fo} Al =¥l (Global Positioning System)2] Z}o] 2 4l 4]

ujp

—

~

oF
TR
o

o
ujp
o

)

X

)
zK

ujp

& oFoll A

7]

e

T

e

%

A7}

A} (Fiber Bragg

Hef

[e]
ek

~
o

~t
o

o}
m=
1o

o)
~o

]
Al

Grating) A1 A4 7} 7}

R

A

o mUgg AM"M (28 24]e) A molx =

=

o

J- ;(ﬂ

3
=4

TEE A

-
L

ool A&

N

’

o g2
— H

A A]

=

~

_ZTI

~

ox

=

—_
o

ol
o
3r

o)

—

7A

ANz A
504 7

)
~o

o)
AA

s
==

A7 A

e

SC}:

o

=
T

A 2e] ol

Collection @ chosun



Lo

H
R

7]

=

=

Tz AA A=
o} d A AFE<QE Yl (Internet

B A% A

2

3

"é/\-]

g

J

A

5]

o

Hel A A4
Frel A7 2891 Qe (29 25004 ArdddT

EAARE wE T oz A}
(1% 261 2ol

-

.

o

fu

4

- O
| .
7=

=<)
<

ol s Al
3}

l?_
=3

of Things) ool A]
1

k)
yal

o]

3.
5] A}o}

-

K<

-

L

)

o] 7}

ol e}

o)

|

—~
fie)

Nr

Nr

7
!

O

|

!

22
el
X

o

=13

1w

WAl AR E oI A oL glom, A A &=

3z
_10_

=

Fell A

LN

1=e}

ol 2

-

L

F AA

.
&

==
AN

=)

=
o

]

e}

o= Yehie & 5+ Aot

Collection @ chosun



_‘I‘I_

{Z/Collection @ chosun



a8 24 (F) AFE9 FBG AA wjd 245 ($) FBG AA AA7F 7hA] mesl)

_12_

Collection @ chosun



1400 LA R A R A BN BN L BN RN AN B B

1200
B33 World
1000 I South Korea
800
600
400 I I
200 m B . .

20

\

15

10

Market Scale (billions of won)

ad a0 o 1 4 1 .\

0
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Year

18 25 AFEAEHW Al R

_13_

Collection @ chosun



_14_

{“/Collection @ chosun



St
5}

A WA FEabR A zhel] ARgE o=, of 1) Abe) o]

=

&

=} ;(ﬂ

U4 A

Ze) S HA dolrH ok 10 nmolA] 400 nme WS zt= HAx}r|dtolt). 3}
1=

RE—

ol

A28 AL A AA

s

o W odu ou o W ORN MO QW T X
Box oo ko @ T T z of e Doy e
7o 7o T . -
EN T g T e TP oy gx T
CE R G T g &S TR
TRHE o g BT T Wy B B
F T o KRR w55y T
A A T i I
N o Fo ~ X L o ~
Aoy o= Ao R oo Eﬁ 283 xw
T ow o W w W S g
NS EA S TR
" o m o — . ) 0
ﬂ%l%@%z@%ﬂ%%W%m
oF W ~* =N o X ) ~
BT g oo o %L = g XN
T m oo dom BD ) A ,_mr O
W oo i B I T o oF
Py e iRy LT
Ao E® s e N o g o W
Moo WIS S JJo ) NORTowRE B
T I A T R T
T No of o L o L
A N SIS B
Foo T KT oo Ao oy W
K g X 7 n_Eu oF ) 2 mﬁ ] =g—
S R o °
%ﬂ_/luﬂrm_ﬂmmegﬂwo7ﬂommﬂmu%,
T B S = B 4 -— B
! N X m B X %o 2
P cumae” 8 22=Y
w B W EAE =8 22 83 Do 7
X o on - - E# MM = ﬂow._ o T o m_wo o
ey <) of a8 X B
T KK = F A ® &5 8T
o o= X o CLE o X g 0 i
%%W%%%iswﬁﬁn%wm%
= — = o M X 2T o — =
w_ﬁ " oF © o} T T X . _M g nAU1 WAl N JoH
NggwE Lwe TS 8 Ry
o B o WEF @ X S ¥ g W o
—_ ~ = s.L ) ﬁn_ N = [
n A ="
0 = X ,Ul OC O# _|_ T o T
X ‘JUI P X - B —_ S X 4N
K O—l _71_ ~ _ZTC »&l ﬁo 0 1:1_ .m ;o.._
TR ®E T o AN e BT o

_15_

24 FEFoA ) e},

1

Collection @ chosun



CHOSUN UNIVERSITY

_16_

{/Collection @ chosun



GaN SiC Silicon

. . UV tron
Schottky Photodiode Photodiode
Spectral range 2007365 nm 2007365 nm 40071200 nm 1857265 nm
eak
P o 0.18 AW 0.04 AW 0.55A/W -
responsivity
response time 118 ns = 0.1 us 0.1 us
maximum
operation ~ 300 C ~ 275 T ~ 125 T ~ 125 T
temp.
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L)
fi

Sensor

BBS : Broad Band Source

OSA : Optical Spectrum Analyzer

SMF : Single Mode Fiber

OC : Optical Circulator

UV : Ultraviolet

UV LED : Ultravialet Light-Emitting Diode

a9 31 AR A AR A
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6 FLS-23008 AsSE souAce

g% 3.2 Fd FAFLS-2300B EXPO Inc.)

Specifications Value
> -8 from 1530 nm to 1600 nm
Spectral density (dBm/nm) > -14 from 1525 nm to 1610 nm
> -25 from 1520 nm to 1615 nm
Total output power (dBm) > 14
Spectral density stability (dB/nm) + 0.03 (1520 nm to 1560 nm)
Total power stability (dB) + 0.01 (A = 0.02)

5|

3.1 Fe B¢

R

i

ZHa] AFQF
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3.3 % £37]1(6015-3-FC Thorlabs Inc.)

Specifications Value

Wavelength Range 1525 - 1610 nm

Insertion Loss 0.8 dB Typ, 1.0 dB Max

Isolation

>40 dB
Directivity (1—3) >50 dB
Return Loss >50 dB
Max Optical Power 500 mw

E 32 w8 ) A
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Specifications Value

Measurement wavelength range 600 to 1750 nm
£0.02 nm (1520 to 1580 nm)
Wavelength accuracy +0.04 nm (1580 to 1620 nm)

+0.05 nm (600 to 1750 nm)
£0.01 nm (1520 to 1580 nm)

Wavelength linearity +0.02 nm (1580 1o 1620 nm)

Wavelength reproducibility £0.005 nm (for one minute)
Wavelength resolution Maximum resolution : 0.015 nm
Resolution accuracy *5% : (1300 to 1650 nm)
-90 to +20 dBm (1200 to 1650 nm)
Measurement level range -80 to +20 dBm (1000 to 1200 nm)
—-60 to +20 dBm (600 to 1000 nm)
Level accuracy +0.3 dB (1310/1550 nm, input: =30 dBm)
Level linearity +0.05 dB (input: +10 to -50 dBm)
% 33 %3 =FEY BA7] AFu] ALY
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10 ——UVLED -

08| B

0.6 - B

04 -

Relative Spectral Power

02 -

0-0 1 1 1 1 1 1 1
300 315 330 345 360 375 390 405 420 435 450

Wavelength (nm)

9 35 A4 FL(LZ1-000V00 LED ENGIN Inc.)¥ ~#HEH

Specifications Value
Wavelength Range 350 - 400 nm
Center Wavelength 365 nm
DC Forward Current 1000 mA

Peak Pulsed Forward Current 1000 mA
Storage Temperature -40 ~ 150 T

E 34 A9A B o] Ay
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18 3.11 UV-Vis-Spectrophotometer(8453 UV -visible Spectroscopy Agilent Inc.)™

Specifications Value
Measurement Range 200 nm to 1100 nm
""""""""" Wavelength Accuracy | <+05mm
""""""" Wavelength Reproducbilty  <+002mm
""""""""" Photometric Accuracy | +0005AU

¥ 3.5 UV-Vis-Spectrophotometer2] A}%
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mW/ecm?

:
5

““ﬂ . UV-MO2

ARECORD

RANGE

Specifications Value
Wavelength Range 320 nm to 390 nm
Peak Wavelength 350 nm

Intensity Measurement Range 0 mW/cm? to 50 mW/cm?

& 36 AL AE7 ALY
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Light Source ] ]:

— O X 0 T
SMF Sensor

BBS : Broad Band Source
OSA : Optical Spectrum Analyzer

@ SMF : Single Mode Fiber
OC : Optical Circulator

a9 318 TRl A MR WsE A4S A AdTA

N
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—— SLS201L/M
08| E

0.6 | -

04| E

Intensity (a.u.)

0.0
300 600 900 1200 1500 1800 2100 2400 2700

Wavelength (nm)

a9 319 (FHAEE B FA(SLS201L Thorlabs Inc.) ¥ ($)AFEF

Specifications Value
Wavelength Range 360 nm to 2600 nm
Peak Wavelength 1000 nm
Color Temperature 2796 K
Color Temperature Stability + 15K
Bulb Power 9w
Fiber Coupled Output Power 10 mW
Beam Divergence with Fiber Coupler Removed 82 °

¥ 37 NEE S B AF%
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8 321 Ado AbgE oA #o] A tho] 2 =(SFL1550S Thorlabs Inc.)¢F @ o] A

tlol o= ZA7)(ITC4005 Thorlabs Inc.)

Specifications

Value

Laser Diode Input Level
controller Output Level
Center
Wavelength
Laser Diode Operating Current

Optical Power

Linewidth

TTL or CMOS,
voltage—tolerant to max 24 V

TTL or 5 V CMOS, 2 mA max

Min : 15495 nm, Typical : 1550 nm,
Max : 1550.5 nm

300 mA
Min @ 25 mW, Typical : 40 mW

Typical @ 50 kHz, Max : 100 kHz

F 38 #olA tole = 2AIIof YolA Hole= ALY
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19 322 ME(SH1/M Thorlabs Inc.)t ¥ Z47](KSC101 Thorlabs Inc.)

Specifications Value
Maximum Exposure Rate 20 Hz
Minimum Exposure Time 15 ms
Typical Transfer Time 1.5 ms

Accuracy 0.3 ms (at 15 ms exposure)

On/Off Times 10 ms to 1000 s

Maximum steady state power 35 W
Voltage Output TTL

%39 MESh NE 2A7] AL
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UV LED

Shutter W uv
ocC ?
0 &0
SMF Sensor

LD : Laser Diode
QSC : Oscilloscope

@ SMF : Single Mode Fiber
QC : Optical Circulator
UV : Ultraviolet
UV LED : Ultraviolet Light-Emitting Diode

1% 323 MEE 2838 23 1A
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a9 325 M2 #AeA F A (Acticure EFOS Inc.)

Specifications

Value

Wavelength Range
Lamp Voltage
Output Power

Ripple Current to Lamp

250 nm to 450 nm
+ 220 V at 45 A typical
100 W

< 1%

-

& 310 M= A9 %

ra
o
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29 326 £E(ON-01E, Lab.Companion Inc.)

Specifications Value
Range ambient temperature + 15 to 220 C
Variation at 100 C 6.5 C
Heating time to 100 C 12 min
Recovery time at 100 C 4 min
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(-

9 3.27 &%=A(305 Thermometer, CENTER Inc.)

Specifications Value
Range - 200 to 1370 C
Accuracy +03% +1 T

Resolution 0.1 C

5|

312 &5 A A}k
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Sensor

BBS : Broad Band Source

OSA : Optical Spectrum Analyzer
SMF : Single Mode Fiber

OC : Optical Circulator
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FBG

9010 g

LT

BBS : Broad Band Source

OSA : Optical Spectrum Analyzer
SMF : Single Mode Fiber
FBG : Fiber Bragg Grating
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