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Optical fiber hydrogen sensing technology (Invited)

Li Hui, Yang Yuanhong
(School of Instrumentation and Optoelectronic Engineering, Beihang University, Beijing 100191, China)

Abstract: Optical fiber hydrogen sensors uses optical fiber as the medium of light transmission or sensing, and
realizes hydrogen detection based on the physical and chemical properties of hydrogen sensitive materials. It has
excellent characteristics such as intrinsic safety, strong stability, small volume light weight and good reusability,
which makes it become one of the research hotspots in the field of hydrogen sensing and optical fiber sensing.
The action mechanism and characteristics of typical hydrogen sensitive materials were introduced. Several typical
optical fiber hydrogen sensor technologies and new progress according to the modulation mechanism of hydrogen
sensitive materials were reviewed, a new optical fiber hydrogen sensor technology based on stimulated Raman
gain or dispersion was introduced, and finally the problems to be solved in the practical application of optical
fiber hydrogen sensor from the aspects of the key technology and environmental adaptability were analyzed, as
well as the future research direction was prospected.
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Tab.1 Classification of optical fiber hydrogen sensors

Modulation scheme Hydrogen sensitive material Optical path scheme Modulation parameters Ref.
Optical fiber interferometer Intensity/Phase [o-41]
Strain Pd-based Fabry-Perot interferometer Intensity/Phase 138, 42-43]

Fiber Bragg grating Wavelength (44-46]
Micro mirror Intensity [47-48]
Evanescent wave Intensity [49-50]
Refractive index Pd-based and WO, Surface plasma resonance Intensity/Wavelength (3451
Optical fiber interferometer Intensity/Phase (33,521

Fabry-Perot interferometer Phase/Wavelength 53]
Temperature WO, Fiber Bragg grating Wavelength f54-55]
Optical fiber interferometer Phase 135.,56]

Fringe pattern
2.1 Pd ESEMRINFHE IR Pd coated fiber ,,%
775 38 1 e T PHF 5 1% S0 R R S 5 o 7= A i | |
ASHRHESI A UG ML (55 £ AR ﬁ A \
) b B Pd R S BORE R RS 7 A B U e 2T il ) :“\ \{
| L

R AR G et e RR L TR AR A VANR R I 2 S TR U
RIS A AR AL S B A SRR . LT
I AR R ] A A U G R AR A AL — M R B TR, \\l
Bl GEF MR AR (18 T, SR DM S5 0 S B0 Ak iz AN
AL AL 5, ™ Mirror ©~

1984 4= M.A Butler™ 3% H I i -#4 7% /K (Mach- B2 AT M-Z TS R 25
Zehnder, M-Z) ¥ F 0 A8 P8 il B SC B T AR Fig2 Schematic of strain modulation M-Z interference hydrogen
1R, a2 B, TEA5 58 B OB LR S 3R F 2% sensor*!

Quartz plate

20211114-3



ISk A2

it

147 www.irla.cn % 51 %

E— 2 Pd L, 38 A Y 2 R R 2 ) A A 25 114 A5 1k S B
AR A

N L7 vk A HL-3A % (Fabry-Perot, F-P) T 3% T
A 11 738 Ak 3 FURE, 1994 4F Zeakes 45 A UK F-
P VAL T ORAF AU UL A I 3 () BiR,
W ERAGET (SMF) 5 ZH862F (MMF) 4 AU T 9% 4
Pd 510 A0 DE B BE 45 PO R F-P IR, SEL R IR E AL
B B O TR AR MK, 7E AL b F-
P B, 7EMIf 3 4% PHF SEl S SAL B £y
%, AL B 5N E 3 (b) K () Bk, S
VL — B oA nm A5 2, 0 ) PR, A B R
é&[58759]O

’Pd
(a) /
Light in .
— SMF P — MMF
LigHt out
. —
-
-~
High temperature adhesive
Fiber core PHF
(b) a ¥
S
Light in . 4
+— T
Light out /
>
Fiber cladding
Capillary PHF
(© b
B
Light in
> Fiber T
Light out
r
Graphene

3 (a) BTG R AR PR H] F-P T80 Al UL R R BRI, (b) MY
K (c) Silfi 9 Pd PR F-P T45H R K, PHF: AR AR
Fig.3 (a) Schematic of strain modulation F-P interference hydrogen
sensor'*’; Schematic of F-P interference structure with Pd film
(b) on the side®™ and (c) on the end™. PHF: Palladium based

hydrogen sensitive film
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Fig.5 (a) Schematic of strain modulation FBG hydrogen sensor®’;
Schematic of FBG sensing area of (b) side polishing™”, (c) clad-

ding corrosion®”’, (d) taper'®"), and (e) grooving!*”
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Fig.6 (a) Schematic of modulation optical fiber interferometer hydrogen
sensor based on radial strain“"; (b) Enlarged view of PM-PCF

sensor head
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Fig.7 (a) Schematic of typical refractive index modulation micro mirror
hydrogen sensor'’; (b) Schematic of single optical path
differential structure!®’; (c) Schematic of dual optical path

differential structure!*®)
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Fig.8 (a) Schematic of typical refractive index modulation evanescent

field hydrogen sensor®’); (b) Schematic of D-type evanescent field

hydrogen sensor"®”

SPR 2 — i i 72 S50 1) 356 97 5 R A8 Ak 1) 4% IR
Fi AR . Bevenot 25 APV F 2001 1 ¥k SPR FH T6
ARG R, R AR LB T 0.8%~100%
ARWEME . 2013 4 Perrotto ZF A il i I &
SPR {555 (W W (B K 1 A8 Ak, e &R &, R BU%
K F] 1000 pm/%©7, HLAY ) SPR WG 4F & AL BRI %
R EERI TR 9 () /R B, ITAE, 3£ T SPR B A
SN EF R 88 £, X Wang 55 N 7E [a] — R G4
(0 TR A7 B3 AT T Z0 sk B S, T B T 0L A &
SALREES . 2016 4F H.Yan %5 A 1E 245056 21 1) v 17 1)
YE Au-WO,-Pd &5 IROGHE, 4nl&l 9 (b) Fraw, 3645 1 1)
P%—[\F N;etal film
sl Cladding

Light|in | Light|out

@

(b)
- Pd
Grating Z Grating

Pd |

WO, x

Au y |
|

Fiber | WO,
L

P9 (a) JLBLRHTI ZeT  SPR LT AU IR B K5 (b) SLLT s
T %10 Pd 45 s el

Fig.9 (a) Schematic of typical refractive index modulation SPR
hydrogen sensor; (b) Sketch for Pd metallic grating on the end-

face of fiber!®”!
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Fig.11 Schematic of temperature modulation FBG hydrogen sensor.

THF: Tungsten trioxide hydrogen sensitive material
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