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Fig.2.1 Optical fiber hydrogen sensor configurations - (a) an un-cladding fiber
optic sensor covered with a palladium layer, (b) FBG sensor, (c) a fiber optic

sensor with palladium micromirror.
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Table.3.1 Fundamental specifications of the sputtering equipment.

o HEN
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(2)000000000000 | 3x 1074Pa0D
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(3)ooooo 000 Si0,
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Fig.3.2 The chamber of the sputtering equipment

Fig.3.3 Fiber holder
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Table.3.2 Data of the film thickness of Pd by stylus method (measurement area: 2 mm).

Time [sec.] 0 | 1000 | 5000 | 10000

Pd film thickness [nm|] O | 0 | 100 | 700 | 1400
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Fig.3.4 Measurement sample of the Pd thickness.
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Fig.3.5 Relationship between the Pd film thickness and the sputtering time.
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Fig.3.6 Experimental set-up for the detection of hydrogen gas concentration

using a hetero-core fiber SPR hydrogen sensor.

Fig.3.7 Gas chamber.
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Fig.3.9 Experimental SPR spectra of hetero-core fiber sensors with multi-layer
film of (a) 25 nm Au / dray,0; nm TasOs / 5 nm Pd and (b) 25 nm Au / 60 nm
Taz0s5 / dpa nm Pd, normalized with air spectra obtained by a 25-nm Au layer,

in 100% nitrogen (solid line) and 4% hydrogen (dashed line) gas, respectively.



030 Au/TaxOs/PdO0D0ODO0OOODOOO

1
------- H, : 4%
£0.9
5
208 1% -
5307 =
‘_‘E \\ dAu = 40 nm 2
= . =
Z.0.6 S i
Au / Ta,05/ Pd
os dn=25mm (] /60 [nn] /5 [nm]
500 600 700 800 900 1000

Wavelength [nm]
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Fig.3.11 Power distributions in the hetero-core portion as a function of the

incident angle.
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Fig.3.13 Theoretical SPR spectra of hetero-core fiber sensor with multi-layer

film of (a) 25 nm Au / dra,0; nm TasOs / 5 nm Pd and (b) 25 nm Au 60 nm

Taz0s5 / dpa nm Pd, normalized with air spectra obtained by a 25-nm Au layer,

in 100% nitrogen (solid line) and 4% hydrogen (dashed line) gas, respectively.
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Fig.3.16 Comparison between experimental results for 25 nm Au / 60 nm Ta20s5
/ 5 nm Pd and calculated SPR spectra using various power distributions with
peak incident beam angles of 85, 83 and 81 degrees for 25 nm Au / 60 nm Ta20s5

/ 5 nm Pd, and using a fixed incident angle of 83 degree for 28 nm Au / 70 nm

Ta205 / 7 nm Pd.
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Fig.3.17 SEM image of the fiber surface for 25 nm Au / 60 nm TazOs5 / 3 nm

Pd multi-layer films.
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Fig.3.18 Real-time responses in the optical loss changes of the hetero-core hy-
drogen SPR sensor with multi-layer films of 25 nm Au / 60 nm Ta20Os5 / (a) 3

nm Pd, (b) 5 nm Pd and (c¢) 7 nm Pd.
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Fig.3.19 Hydrogen concentration response in the optical loss change of a hetero-

core optical SPR hydrogen sensor with 25 nm Au / 60 nm TaxOs / 3 nm Pd at

850 nm wavelength with ranging from 0 to 4% hydrogen.
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Fig.3.20 Optical loss as a function of hydrogen concentration for 25 nm Au /

60 nm TazOs / 7 nm (triangles), 5 nm (squares), 3 nm (circles) Pd.
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Fig.4.1 A hetero-core optical fiber SPR hydrogen sensor and experimental set-

up to measure the optical loss change of a hetero-core fiber SPR hydrogen sensor.
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Fig.4.2 Hs response properties in the light intensity change of annealed Au 25
/ TazOs5 60 / Pd 10 nm annealed at a temperature of 600°C when exposed to

pure N2 and 4% Hz / No mixture.
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Fig.4.3 SEM images of (a) only sputtering before annealing, (b) after 600°C

annealing and (¢) Hz-cured multi-layers film.
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Fig.4.4 Hs response properties in the light intensity change of annealed Au 25
/ Ta205 60 / Pd 10 nm annealed at a temperature of 600°C when exposed to

pure N2 and 4% Hz / N2 mixture.
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Fig.4.5 Optical loss as a function of hydrogen concentration for the Hy cured

sensor (squares) and 3-nm Pd sensor (circles).
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Fig.4.6 Optical loss as a function of hydrogen concentration for the Hy cured

sensor (squares) and 3-nm Pd sensor (circles).
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Fig.4.7 Real-time responses in the optical loss changes of the hetero-core hydro-
gen SPR sensor with multi-layers film after the Hy curing process of 25 nm Au

/ 60 nm TazO5 / 10 nm Pd annealed at 400°C.
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Table.5.1 Fundamental specifications of the interrogator

AR BUSUA LHSEE
HEER 2721-1bit (AIZEATE)
FuFL—hk 6.25MHz L1 E
FrE18E ADHUTYTL—k | 125MHz UL
EHAIA 18
BERE 5 AR RE 16.4m LI
BEREL D &K 500m
HiR SLD (super luminescent diode)
HaxroA SC/SPC- T ILFE—RI74 /R
i N < —F /\-10
A B—TT—2 L?H-;r —1}2:::-91::@ 774 FE50um
fuliE R A c=840nm (typ.)
KR EE 20nm L E
PC A2B—DJx—2X USB2.0
BIR AC100V
HEESD 30W(E—8%)
Z it En{EiRE 0~40°C
B8 9 2.8kg
<ti& 292(D) X 320(W) x 66 (H)

Table.5.2 Fundamental specifications of 1 : 8 branch box

AR 1%
Hh EENH
HAVI—T1=2  ozsa SC/SPC- T LFE—R 774\ Ib

KIFAN TILFE—F Gl 774/ aF7F50um
FEE 49m f&f@m
EERE 0~40°C

Tom 1! B odke
i 292(D) X 320(W) X 66 (H)




050 0O00000000000000SPROODCOODOOOODOOOOOOO

83

S1
S2

S3
S4

PN
gene

I
'__ Correlator

SLD(A=840 nm)

Coupler

(O ch4
| QO
AD Spliter ool
converter L

Reference 1 >< 4 9000
fiber Splitter

Interrogator 1 : 8 branch box
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Fig.5.6 Optical loss changes of the hetero-core hydrogen SPR tip sensor using

interrogating system.
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