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Studies on a hetero-core structured optical fiber hydrogen sensor
based on surface plasmon resonance

11D5202 A HE FeEEZ . L —5k #Hfz
SYNOPSIS

This thesis presents a novel fiber optic surface plasmon resonance (SPR) hydrogen sensor based on hetero-core structured fiber optics
with multi-layer films made of a gold (Au), a tantalum pentaoxide (Ta2Os) and a palladium (Pd) layers on a cladding surface. This is first
report to realize the detection of Pd hydrogenation at the near infrared wavelength of 850nm. We experimentally observed that the SPR
resonant wavelength is shifted by 28 nm at 4% hydrogen concentration in nitrogen. In a light intensity-based experiment with an LED
operation at 850 nm, it was presented that a transmitted loss change was induced to have approximately 0.23 dB with a response time of
15 s for 4% hydrogen for the case of Au 25 nm, Ta20s 60 nm and Pd 3 nm multi-layers. The proposed sensor has successfully detected
hydrogen concentration with a high sensitivity in despite of the usage of a very thin Pd film such as Pd 3 nm. In a hydrogen curing effect
on the response time and sensitivity of the annealed SPR hydrogen sensor, it is found that the rise time and sensitivity are 8 s and 0.27 dB,
respectively, for 4% hydrogen in the case of the Hz-cured film after 600°C annealing process. The response time of this film shows to be
two times faster without any degradation sensor sensitivity, than previous reported one using 25-nm Au, 60-nm Ta20s and 3-nm Pd
multi-layers film. In addition, the multi-point detection for hydrogen has been successfully realized using the combination of the SPR
hydrogen tip sensor and interrogating system. The sensor gives the optical loss changes with and without hydrogen absorption, with
showing the Pd hydrogenation process in real time with a high sensitivity such as about 0.3dB.
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Fig. 1. Schematic of a hetero-core optical fiber SPR hydrogen
Sensor.
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Fig. 2. Experimental SPR spectra for different thickness
(dpa) of Pd normalized with air spectra obtained by Au
25-nm layer. The lines and dashed lines is 100% nitrogen
and 4% hydrogen, respectively. The sensor consists of Au
25 nm / Taz0s5 60 nm / Pd dpd NM.
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Fig. 3. Theoretical SPR spectra for different thickness (dpd)
of Pd. The lines and dashed lines is 0% of Hz and 4% Ho,
respectively. The sensor consists of Au 25 nm / Ta20s60 nm /
Pd dpa nm.
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Fig. 4. Response time in optical loss for 4% hydrogen. Given
thickness Au, Ta20s, Pd are 25nm, 60nm and 3nm.
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Fig. 5. Hz2 response properties in the light intensity change of
annealed Au 25 / Ta20s 60 / Pd 10 nm annealed at a temperature
of 600°C when exposed to pure N2 and 4% Hz / N2 mixture.

Fig. 6. SEM images of (a) only sputtering before annealing, (b) after
600°C annealing and (c) Hz-cured multi-layers film.
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Fig. 7. Optical loss changes of the hetero-core hydrogen SPR
sensor with Hz-cured multi-layers film after 600°C annealing
process.
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. Hetero-core optical fiber SPR hydrogen tip sensor
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Fig. 8. Interrogating system for detecting the hydrogen
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Fig. 9. Real-time responses in the optical loss changes of the
SPR hydrogen Tip sensor, for hydrogen 0- and 4-% H2 contained
No2.
6. BbYIc

AWFZETIL, SENELS, BEMEOGE, TRk
850nm UTFE TKFBEWIE AN FTRE R ~T 1 a 7T 7 o R
SPRKFEL V2 EHTH7-DI1Z, Au/ Taz05 / Pd D%)E
g EZFIR Lic~T e a7 27 » 4 8 SPR kFk 4
EREL, TOMRICOWTH LM LIz, Au/Taz05/Pd ®
Z gt c L 5 SPR BT, & 850nm i T SPR
A7 PV OFHINCESI L, Bk 2 MW roeE e E o
FHUEER) S, WENREEEDOmV SPR KFE DI
BNARECTH DL Z N LNE o, S HIZEMICmT
TOIGERER OYEE D T2 D12, INFALBE L 72 Z gkt LTk
FIT L D curing WL AT Z & T, /KFE 4%k 5 KE S
B D 2L, IWERROUERARETHD Z L am L.
F72, SPRAF RV EZHNTY T¥ A AMEHIIFTRER 2%
R A BT 572012, TipM~7Tra 77 7 A3 SPR
KFER VBB L, BT ¥ L5 SRR R
ALlzA v Earf—2 27 hNefprBbEsrZ LT, VT
N A DL RFEIRFHUNRBATRETH D Z L BHL ML
ol AerFIEEERFIETE O PBRELf 5 TEL 2
s, FERHRFES AT AERVELLEEZD.

BEH

1. J. Villatoro, et al., Sens. Actuators B 110, 23-27 (2005).

2. J. Villatoro, et al., Opt. Express 13(13), 5087-5092 (2005).
3. M. Tabib-Azar, et al., Sens. Actuators B 56, 158-163 (1999).
4. C.L.Tien, etal., Thin Solid Films 516, 5360-5363 (2008).
5. J. Homola, Sens. Actuators B 29, 401-405 (1995).

6. B. Chadwick, et al., Sens. Actuators B 17, 215-220 (1994).
7. C. Perrotton, et al., Opt. Express 19, A1175-A1183 (2011).
8. M. Iga, etal., Sens. Actuators B 101, 368-372 (2004).

9. M. Iga, etal., Sens. Actuators B 106, 363-368 (2005).

10. J. Dostalek, et al., Sens. Actuators B 76, 8-12 (2001).

11. A. Hosoki, et al., Sens. Actuators B 185, 53-58 (2013).

12. Bevenot, et al., Sens. Actuators B 69, 57-67 (2000).

13. Z. Zhao, et al., J. Appl. Phys. 97, 124301 (2005)

14. iR, 2013 i SCRINIE R 7 R 7B Temi4e g}, (2013)

15. 7 Hifh, 2006 {5 2F#a K, C-5-12, (2006).



