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In this research, change of refractive index of polymer films and polymer mixtures against environmental

temperature and humidity were investigated in order to develop a novel plastic optical fiber humidity sensor. Both

the dynamic simulations of water sorption into humidity sensitive thin film and static simulations of light-intensity

were performed. Based on the above result, refractive index of the moisture sensitive film was measured using
ellipsometer. Materials tested include HEC, PVP, HPMC, PVP/PVDF. Temperature and humidity dependence of the
refractive index were measured by ellipsometer with cell which can control humidity and temperature. The

performance of the sensor was evaluated from the characteristic of material.
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Fig.1. Structure model of the refractive index change in
swelling polymer film.
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Fig.2. Relation of the thin film thickness and stable time of the

plastic optical sensor.
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Fig.3 Static simulation result of the sensor.
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Fig.4 Principle of ellipsometry. Sample
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Fig.5 Film thickness measured with ellipsometry, using spin
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coated film (PVDF/DMF solution).
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Fig.6 Surface profile of spin coated HEC film.
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Fig.7 Surface observation images at HEC film.
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Fig.9. FE-SEM images of the HEC/PVDF film.
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Table 1. Thermal coefficient of refractive index.

Refractive index [-] Thermal coefficient

Material . 4 .
at 25C [K*] at 20~50 C
PMMA 1.489 -1.0x10"
PVDF 1.42 -2.0x10"
HEC 1.51 -8.0x10°®
PVP 1.523 -1.0x10
HPMC 1.492 4.0x10°
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Fig.11 Relative humidity dependence of the HEC.
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Fig.12 Relative humidity dependence of the HPMC.
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Fig.13. Relative humidity dependence of PVP/PVDF.

4.4 EE
HEC D JE#7=% jtI. Lorentz-Lorentz O, (FHER)
Je OB EOSTHR D & i & 1T - 72,

2 n 2
water _!!_pol (5)
nzwater + 2n2 pol

n’—n’o _d-d, n

n% +2n%pl d
Z 2T g 13 U = — DRI, Nyier (TR DJEITRTH 5,
FARIZ, Muto 5037 > ~NEITEFZ AW T 2 AJIEEIT -
ThY, ZOMRE R LTz, FTHIEM L FHAEO g
R GEVEZ R LT D RETEEADIZ D MG Fl
S, Zom L LT, FHRRKITRIRE & Sz oE
WG % B2 128 2 ARBEOKFREERIC b IBITRME
T BHER L 2o TV BT BITRITD LIKUME & 7285
L EZBND, WIT Muto 1T K- THIE S L7z JETr
L DEIZOWTIREITT 5.8 D17 v NEIrEt & v T
L3, ZOEBIIMEREA T TT Y XAROY 7 /VH%E
K DOKY ERC B FREMEND B, 2T, SATHFZEILR
EEICHER STt E X DD,

W PER Sy T-CTdb D PVP IZ PVDF Z RN L7356 O
FHRBEET S Z E N TE 2, PVDF 2RI L TW<
(2o, BERIEDJEITROK T L O BT L&)
NS B EME R o, £, WINEEZHPLLTH, B
1BAER > T 2T 2 AR T B2 5 2 VR
R Iz, LTz o T, @i 2 ER3 20tk
BRHEC, RBHE V2 ELOERHLVWEE 2D, W

BERY ~—& LTPVPHECHPMC 25 &, £ Eh
FEXHTEE 40%, 20%., 75%LARE D& o L AMERIT & 2y
LEBZBND, RBIZ, BoNET —2 06, By
W LESmAomER oy I ab—ya v 2Fo72, 4
RIE Fig3 IZBITAEMFLRIUTH D, BRNLHD L,
BA SH2HFIC L 0 RS KIEICSGE S, Alal ik L7z
JRE O HTIX PVP:PVDF=3:1 2N i T - 72,

35 |

— 30

= ———PVP:PVDF=5:1
= 25 . 4
= e PVP:PVDF=4:1
o)

£ 20 PVP:PVDF=3:1
g 15

=

= 10

-

20

=

0 20 40 60 80
Relative Humidity [%]

100

Fig.14. Sensor simulation of PVP/PVDF.

5 fEah

1. V7Y A—=F—\2 L2 IEREMIE I RBEIE R
L, TV TV A= —%UETHZ LT, BITEOR
S AR AEPERTAMG 23 ¥ R & 72 o 72,

2. PVPI|Z PVDF Z N L7234 PVDF 2N L T <
24, BITROK TR L BIrTRE &N/ S L
72 DI A R L7z,

3. HEC, PVP, HPMC OiRIBERTFEZ I S LTz,
3ODRY v —%WE LIFER, RN ~—0BENE
CFE DR ERRKIK TS HEC @ 20%Th 5729,
FISHZEE 2000 F Ot o &2 ERIF 5121, EoT-
M Z R 2 0ERH 5,

4. WPERIE L7 B O T CIE PVPIPVDF=3:1 73 b 4
S FERPH AN A < | KD B5~100% Dt iz D T &
BERHE RS,

Xk

1) S.Muto, O. Suzuki, T. Amano, M. Morisawa, Meas.
Sci. Technol. 14 (2003) 746-750.

2) M. Morisaawa, Y. Amemiya, H. Kohzu, C. X. Liang,
S. Muto, Meas. Sci. Technol. 12 (2001) 877-881.

3) W.-L. Chen, K. Shull, T. Papatheodorou, D. Styrkas,
J. Keddie, Macromolecules 32 (1999) 136-144.

4) V. Rouessac, A. van dee Lee, F. Bosc, J. Durand, A.
Ayral, Microporous and Mesoporous Materials 111
(2008) 417-428.

A part of this work was conducted at the AIST
Nano-Processing Facility, supported by

"Nanotechnology Network Japan " of the Ministry

of Education, Culture, Sports,

Technology (MEXT), Japan. |

Science and



