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Fig. 1. Multi-beam interference principle.
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Fig. 2. Schematic diagram of fiber F-P cavity pressure

sensor.
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Fig. 4. F-P fiber temperature sensor.
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Fig. 7. System for tuning pressure sensors [12].
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Fig. 8. Fabrication procedure for the high temperature pressure sensor [13].
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Fig. 10. Schematic diagram of F-P interferometer [14],
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Fig. 11. (a) Schematic diagram of OFPTS based on a SMF with internal FBG; (b) OFPTS spectrum:
illustrating the super position of the FBG peak and the broadband FPI spectrum (5],
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Fig. 12. Schematic diagram of the micro-cavity sensor (167
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Fig. 13. Schematic diagram of the fabrication process of using electrical arc discharge assisted with oil
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Fig. 14. (a), (b) SEM image of the air bubble; (c) reflection spectra and optical microscope images of the

fiber-tip FPI pressure sensor at different states of the diaphragm thinning process (17,
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Fig. 15. Schematic diagrams of fabrication process of in-fiber FPI based on an air bubble (18],
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Fig. 16. (a), (b) Microscope images of four in-fiber air bubble samples; (c), (d) the corresponding reflection

spectra of the air cavity-based FPI samples (18],
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P J A5 HURL I S R G B 17 BT, SR RO 6 B
A 2T S 18 22 Pt T 20 el i T 34T 7 BRI A F-P
JEEAE.

Fiber Core Cavity

N \
N ‘

—— Light in ——g—t
4+—— Reflected light #——

Diaphragm

BT ORI T Sy 150
Fig. 17. Laser processing miniature pressure sensor !
REP OGN TSR % B W 18 R, S
KK 5E 50 fs 9K 800 nm (FEAT) B K 266 nm
(ZA500) . EEAZE 1 kHz 1 W BOE RS,
WOt = U AL O I T8 R B A
FEGh L, JGETRE S PN VIR e B ] 5E 1R =k
FEM =4ei T & b (/P EE 10 nm, R EM
F&E +/ — 70 nm), #3)°F & 4% BT 5ot 16
MBS, WOk R B 5 2 B AR

33].

HEAT R, SOUMLT Lol T4 R
W, BTN L COD T I T 74
MG GITE.

Shutter
W P
mmm BB O
L :M,_-_.». i u7 I—I r!
X MO
v
SMF gt
= ¢ =
BBS » 3D stage ‘ H
0OSA

K18 RGN T Sehd Bow &K (6],
Fig. 18. Schematic diagram of femtosecond laser mi-

cromachining (61,

2007 4, Rao %5 1 | Fl K b0 43 B 4E SMF
1t F B AR 4F (photonic crystal fiber, PCF) il
2% H MFPIS, &5 0 F1 A B 95 ol o a0 & 19 fir
JN. X AP MEPIS il & T 2 84 5K SMF
¥ PCF [ EM 8 F &, REHEHME &8
SIE N 300 wm/s, KRB IO A VIR i T AR
80 pmx30 pm, FE JLRIXA G H 25 L %
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duced MFPI

19
JF I IR S ' i P (1]

Magnitude/dB

—40.5

—41.0

—41.5

—42.0

—42.5

—43.0

—43.5 I I I I

1520 1530 1540 1550 1560

Wavelength A/nm

1570

1540 1550 1560
Wavelength A/nm

1530 1570

(a) KA 80 pm (¥ SMF-MFPIS B S EIG K0T B2 (4 SR 6 1 185 (b) B4 75 um B PCF-MFPIS B 2B 4

Fig. 19. (a) Optical micrograph and reflective spectrum of a MFPI with a 80 pm cavity length based on the SMF;
(b) optical micrograph and reflective spectrum of a MFPI with a 75 pm cavity length based on the PCF (191,

2008 4F, Wei %5 POEH T 55— Fh A €A 3%
el F-P A 254, Wil 20 Fras. il 58 ik
I9ELF FPT K2 30 wm, ¥KE 21 72 um, F-P JEth
Ul A, XML FPIiFE/N T 16 dB, T
Pl LR 14 dB. BRI B S A ] 1100 °C.

(a) L

Iy a—oi| Core

Cladding

E20 (a) dHBLHE; (b) RTRLIEL; () # P [20)
Fig. 20. (a) Structural illustration; (b) top view;

(c) cross section [20],

2015 4, Tang %5 PRI KD O TE 2850k
T B 4T (hollow core photonic band gap fiber,
HC-PBF) fll i1 7+ 4L, &t F-P T SR & 1%

JEAE, N 21 froR. I8 A £ 2 1AL
#:— B HC-PBF, 285 FH © P0G #E HC-PBF
WHAL, FLE I HC-PBF MIZFts. 38 i 1 o i il
% K 4 58 1300, 415, 60 wm 1 = AN A [F [
FE . S I SRS B an 8] 22 P, B 22 (a) N
FE R0 SRS, B 22 (b) MiEK 5 FSR 1 BRAE
K.

pm

21 (a) HC-PBF [M#IH &l (b) CRHEOLIN TR
B, (c) MR FFFL F-P i 21

Fig. 21. (a) Cross section of HC-PBF; (b) schematic
diagram of F'S laser fabrication; (c) side view of the
side-opened drilled F-P cavity [21].
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2 (a) o R1 ARG EE SR B
2 H Table 1. Main parameters of common diaphragm ma-
R terials (341
-4 1 1 1 1
m = L 4
T o0 L =415 ym R TR PR e
g —6 W\/\/m TR RXHES  HREE/Pa EAK HE /kgm ™3
g —12f
% _1sf i . ; e Al 6.89x10'% 033  2.7x10%
g A ; ;
| il Cu 11x101°  0.343 8.9x103
4 L =60 pm R
Al R PEI 5.7x10° 0.36  1.27x103
Y TR ETR PEEK 6.9x10° 0.33 1.3x103
el me NG oy W o o TR PC 5.7x10°  0.33 1.2x10%
1600 1610 1620 1630 1640 1650 %Xﬂ‘ﬂ'ﬁ# Fﬁ@ﬁ?
7 - 9 3
Wavelength/nm 7.~ i PET 4x10 0.33 1.34x10
20
(60 pm, 17.57 nm) —— Simulation %\}g\“
@  Experiment g
15 |
2
E =]
E; 10 [ el
£ 2
= =)
5F (415 um, 3.04 nm) 2
L (1300 pm, 0.95 nm)
L (b)
U i _I i 1 i L i 6\
0 500 1000 1500 2000 QQ\}
L/pm ‘;@ \,‘bQQ\}&

Bl22  (a) WA, (b) ikl FSR M Ko R A 21

Fig. 22. (a) Measured reflection spectrum; (b) the functional

23 () S S HERROR R BB () f& B4R 0
i B (22
Fig. 23. (Left) The 3 D cross-section schematic of sen-

sor; (right) SEM image of sensor [22],

relationship between cavity length and FSR [21],

3.4 BREYVIHEENERE
FEWHBh &k e R H &5 T R EWH K

(a) Release layer Omni-Coat™

BB R LT F-P PR T 2 S OmarContr
PHEMBEIEST EFPLREEBGBAL G, F3kBt g
DR P 1L B A1 W, A8 2 s Fber

55 75 {5 5 IR, A AL A P RL R b IR A
/NG Gy N TR R Ry BT DR FH 5B A ke AR (c) 50 ym cavity SU-82 2035
R AT TR AT LAl A A BOL. R R R AR
(1 Z I RE AN 1 BT 4.

2007 4, Hill 2 P2V w1 SU-8 & A 41 RHE 71
& IRIRAE MEMS A B 1S8Rk 7Z. SU-8 & —
i 28 SRR 1 Bt SR G Z R, T SU-8 e ik
BT, R RIS R BB, L ERMCK B[ SU-8
HBEAT SR AN %, 7 4 A T Py B T gk 1) g O ) 2 1
R B0 R SU-8 = A AR % (L 4F F-P 1K 7y (¢) 200 A Cr + 1000 A Ti

Metal Glue

(d) 100 pm sleeve SU-8 100

(f) Release of the cap

IR % (R K 45 A1 R 23 7, e B3 111 SU-8 orIO0A Cr 00 A A
JRME AT R C LK. F-P A EAR 100 pm, K Bl24  SU-8 BHRHHUIE Jy e Bk bl iR (22
50 pm, @-‘;Hﬁ}?ﬁ 2 pm. Fig. 24. Fabrication and assembly process for the sensor(22].
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Hard ring

Glass tube

(b)

25 (a) T RAVEIRT A E LRSI, (b) A48 R e 23]

Fig. 25. (a) Structure of the miniature fiber optic pressure sensor element that makes use of a

(23]

polymer-metal composite diaphragm as a pressure transducer; (b) schematic of sensor fabrication .

SU-8 & & M Kk J1 A% B & 1 2% i 72 0
B 24 (a)—(f) Pros. B 5, B d T B AR 2
JEMER 2 um 1) SU-8 EE BRI 85 7E 2
fili b, HEFLAE 100 pm, JE 50 pm AR SU-8 #4
B UL K& FLAR 125 pm, £ 100 pm (¥ SU-8 £ H
Pl i f S 2, 7E LIRSS PRI R E AT & Jm B
i, FRROGET N, 62T i 5 SU-8 4 & 4% 2 ]
LT F-P AR, SR 6er, FSSENIERR ELE
ERERAE S NRE, TV R A i) R IR G 45 1.
o R B 1 o) A SR S T o o L P 4% ok G 2K

2008 4F, NessonZs IR TR T Z 2 & 4o
T-&RBEAEFEIMERSE, 2R TEER
G A5 150 nm JF R RBEVIZZ 1 pm JF 14
JERSTE; 74, 150 nm B 1) REBL & EE N IR
ERREE. X2 RS0 T - kK
AR S 2% IR A ] 25 BT

il T2 KRB WZHE—MERN
100 mm [P35 75 ML (35 7R ML G K), SEIE P iz
AR K B SO O =, SRR RZ () R FA 42
HI7E 1 mm?®, @ik WER AV 136 R ) 6
I 6], A] DAY ) SR 0 i 2 e K T 3 S i e . 4R
JEAE AN (UV) EHE AR S E, EHA 2%
MR BE, SR JE W H A o T ol Ao B
SR, {55 2 ] R B B i . A R
F BRI, 2R G AR ke )8
W= REEE LR ERE, £ )8 SO Z 1 EER
HE—ZRAMZEEARYZ. &5, B

P P Y AR AR, DR LT i I PR B R A ) -
JE 15 um, PRSI [ R 45 1 b AR P
(142 1) 52 L 2R A SR D ) 6 M

(e) |
Cladding 1 ".l

(]
_E‘J
>) -
&
Cladding A
vl
. |
-

E26 (a), (b), (c), (d) Z&T AR FPIHIH] % i
TLH; (o) YL FPIfL s R & s (24]

Fig. 26. (a), (b), (c), (d) Schematic diagram of the
fabrication process of the FPI sensor based on pen-
dant polymer droplet; (e) schematic diagram of the
fiber-tip FPI sensor [24],
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2015 4E, Sun %5 P4 i £ H 3T R A W00 1)
F-P F¥#4%, Hifil& TZWE 26 (a)—(d) fis. %
1) B 34 A ¥ U 2 5 A [ AR B SO £F SMIFL
228 M B, B W ST SMF2 [ 3 i, ff SMF2 3%
fiik ) 2% A0 & 40 W, AR5 K SMEF2 B . FH 9 B2
270 mW /em? [ 58 ARG 7E % iR T B4 30 min, 15
BT F 1524 AR B, & U T RS
VIR 1 F-P T A 26 (e) BTn, L 3R/8 FPI
s K.

B 27 FT 7 AN [ Ji K oxt 7 6 B i 3 bz FSR
KRR,

4
0
-4
-8 . . .
4
0
i 4M o Iskp.m
L !
5 4
s 0
3 AME ”
% -8 1 N 1 . 1 . 1 N 1
=4 ——
0
-4 — [=31.5um
-8 1 i 1 A 1 i 1 N ]
4 ——1=35.1um
°Efwvwwwwvvvvww
-4
-8 1 1 1 1 J
1300 1400 1500 1600 1700
Wavelength/nm
70F O
] ®  Measured FSR at 1560 nm
£ 60 |- Calculated FSR at 1560 nm
£ | e Measured FSR at 1310 nm
S Calculated FSR at 1310 nm
c 50
©
s 40
[1}] E
&
& 30
e p
20
1017777

10 15 20 25 30 35 40
Cavity length /um

127 (a) S0 R AR KA IR R S i A 5 Pl
(b) FSR 5K i) 5 $ ok 2 & [24]

Fig. 27. (a) Reflection spectra and optical microscope
images of FPIs with different cavity lengths in air at
room temperature; (b) the functional relationship be-

tween FSR and cavity length 241,

4 KAF-PTHAERAA

4.1 BEERIE

2008 4, Wei 25 201482 11 7 i) H R O ) %%
T F-P AR A%, I K Bl IR R 125 4 R B P 28

Fiw, B K Bl 5 1R R I L R R 38 . %64 F-P
T BB AR R R IA 1100 ©C, H 2 21435 B 5 A0 2]
1100 °CHf, T 5400 WEE /N 2 dB. 1X PRk
(1) F-P T30 il B 1 85U A% 0.074 pm/°C.

30.88
30.87 1
30.86
30.85 1
30.84
30.83
30.82
30.81 1
30.80
30.79

Slope = 0.074 pm/°C

Cavity length/pm

400 600 800 1000 1200
Temperature/°C

0 200

P28 Ik o R AR AL i 7 [20)
Fig. 28. Fiber inline F-P device in response to tem-

perature change (201,

2015 4E, Yang %5 O] G il {1 56 F— N 783 R 10
FYE L F-P TR FEAR B, R IRAS 1 F-P s
J2 FH K ER A R B A G £F g T 2 ) () 2 S TR R, B
K LB AR A L ] 20 BT, IR AR SRR R
B —41.9 nm /°C [ —Fhia & i 5 R .

230} v Air-cavity length
Linear fit

()

%)

o
T

Air-cavity length/pm
N
=
T

—3.776 pm/°C
200
190
180 1 i L i 1 L 1 i 1 L L i 1
28 30 32 34 36 38 40

Temperature/C

BI29 23 i e 5 TR 1 7 3 136
Fig. 29. A function between air-cavity length and the

temperature (361

BeAh, HFREA R F-P FHE LR TR
Z o, B, e e LA G T E BT AR 45 A
HE— AT A 2RI B AL B8 BT 2010 4E, Kou
24 18] 1 ) 42 B F-P B8 T4 (Fabry-Perot
modal interferometer, FPMI) i & R % K 2
£ 20 pm/°C. 2010 4, Zhu £ B39 ) #8556 2 )
VER R IR F-P AR A8 10 R BUE L8 18.3 pm/°C,
PRI ik 850 °C. 2010 4, ] 34 & [0 gf 1] — Fof
A F-P i AR R, MR PR 1200 °C,
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F ¥ BN 3.46 mm, REHEH 103 nm/°C. 2012
4, Rong %5 MR H T —F R L4 F-P TS UL
=180 °C N AA ML 173.5 pm/°C R
T I HLmT AR b 4E e IR AL, 2013 4F, Jia
H Wang 121 $ Hy 7 — Bl i e P 5 B 45t 42 il fis
K4 AR G 4T F-P A% JBA% AT [ i F T n sk
FERE LK. i — 3T F-P TR
AR (F ) [49.44],

4.2 FEHERSE

2005 4F, Donlagic 1 Cibula "2 4% tH ) % T
SiO M6 1 1 4 Y6 4F F-P [k J) A5 IR A8 450, 1% % 7
g B B8 X6 = b AN [ 7 9 BB A i )8 4 P 30 B R,
A SEIL0—1 MPa ) 7736 Bl &, £ 1550 nm

b 35 B B K RAEUE N 1.1 rad/40 kPa. 73 HER AN
300 Pa.
) Pt
5 ./.::/‘/A
3 el
E 4 ./.;‘ A R
e —
% 34 ./.ﬁ:/'/-/
3 ..
~ z-l/_/././-/. éz/‘ ena 0t0 kP
1_. / 2 4—4&—4Ab 0—200 kPa
1 4 ®eoC 0—1 MPa
4
0 T
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250 500 750 1000
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30 kIR xE = R 79 L g w12

Fig. 30. Responses of pressure sensors for three differ-

ent pressure ranges (121,

2014 4F, Liao % U742 H 1) S AR 2 5 i e
BT 2L F-P T b4, =N S IR 0 1 B R AT LU
W 31 Frzs. 5 S1, S2, S3 M IR S FE 43 7 N 2
6.7, 1.8 0.5 pm, i id vF 5 77 RBUE 5 3l 49R
137 pm/MPa, 599 pm/MPa 11036 pm/MPa.

FLE 1997 4F, Kim & g 7 — Fh 3k
SigNy/SiOq/SisNy B KGLF F-P K )&k, R
A 0.11 rad/kPa [’ 7] RBUE. 2003 4, Zetterlind
U0 BT — RO LT PP N AR R, AN
B ) BR8N (1 8 ) RABUE R 1526 nm/RIU. 2007
4, Aref 25 U T —F EFPI S J1fE 1888, BuX
PN 2.75 x 1078 kPa~t. 2013 4, Wang &5 48] 32
T — Bl s F-P s A% B ) U I e
1000 nm/kPa. BtAb, £E3CHA [10, 45, 49—54] Hi

258 BF R AR R PP AR )
I, A 2T FPT R Sy f a4 ] 6559

B ‘:'“i,__:_l AA g

L Sy
LA -
=.5 '._. L 8
E S Y
H5-1.0F '...._.
5 " )
; =1.5F = §3:-1036 pm/MPa "-'_
e 52: -599 pm/MPa 5
2.0 A 50:~137 pm/MPa “a
0.0 0.5 1.0 1.5 20

Gas pressure/MPa

31 ZAKERITE 1550 nm LKA R [17]
Fig. 31. Wavelength shift of the interference dip at

1550 nm for the three sensor samples with the gas

pressure applied (171,

KEZHL F-P &S )45 R A0 b T 5250 =
WY B, ANREB AL E A=A TRRL . (2
TE I = TR FEAE b, AT — L8 [ AN AL
A AR FIT R T — £ B T 52 bR B (6 4F F-P
Jis R AR IR A, 2007 4F, KIEBE TR B R F0
E R DU B RS /NI K=o S PR 1 S e a i il
THET LA EFPLIE FIB A AR BOG A e )R IR R
Gt %R GK PO % 6L F-P ARk,
TE R 58 0—30 MPa o[l N, R4tE 71 E 5 ik
#0.003 MPa 9. 2010 4, 1l 7R & B B ot
W 78 2 AR HH 1) 6 4F il i TR IR B oR U
TR0 . 122 AR R v R T R R
LIRSS, PRI T T e i 6 41 A% BB AR A
7B N 1 K E =0T AT 220 °C R )
100 MPa R A (1 [8] 2 =X s kg BE G 4F 70 1%
JERES, B T I AR 2 Ah, X AR
PR AR L T I & 2 SR ES A T
{1 SR TS OO0, eAh, NSk FISO 2 ) 72 BT 3
RS NCAAR IR, A HOA R 118 %438 &
FIl, CVIE B FLAR G (1) 6 241 R 4% 3% OEM )3
p Mz (51, 12 ERF ) AR /N R G £ T A A IR B A
PP Bl JB5 bk / PR IE s 77 HE RT3 9 R Y
B R SRy AU 12 M.

4.3 mE—FERES

BEFEJCET F-P i e A% s 1l 46 AR 1R R,
THRE T4 A 1] B0 (il i — AR A Dl 41 A% I 2 1
ok ik 2 (R RHIE N B2 OGTE. 2016 4, Xu %% 6242
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Fig. 32. (a) Reflection spectra of the temperature and pressure sensor under different pressures; (b) dip
62]
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Fig. 33. (a) Reflection spectra of the temperature and pressure sensor under different temperatures; (b) dip

wavelength versus temperature (621,
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SPECIAL TOPIC — Optical Fiber Sensor

Research progress of in-fiber Fabry-Perot
interferometric temperature and pressure sensors”

Li Zi-Liang Liao Chang-Rui Liu Shen Wang Yi-Ping'

(Key Laboratory of Optoelectronic Devices and Systems of Ministry of Education and Guangdong Province, College of
Optoelectronic Engineering, Shenzhen University, Shenzhen 518060, China)

( Received 19 January 2017; revised manuscript received 24 February 2017 )

Abstract

Optical fiber sensors based on Fabry-Perot interferometer (FPI) have attracted intensive attention for sensing ap-
plications in temperature and pressure measurement, owing to their compact, small size, fast responses, high resolution,
high sensitivity, good stability, and resistance to electromagnetic interference. It’s known that the in-fiber optic inter-
ferometers based on single-mode fibers can exhibit compact structures, easy fabrication and low cost. In this paper,
firstly, the basic principle of in-fiber FPIs is introduced. Secondly, we review several kinds of typical in-fiber FPIs formed
in single-mode fibers fabricated with different post-processing techniques, such as chemical etching, arc discharge, fem-
tosecond laser micromachining, and polymer coating, etc. Finally, the optical sensors based on in-fiber FPIs, with a

capability of simultaneous multi-parameter sensing of temperature and pressure, are summarized and prospected.

Keywords: optical fiber sensor, Fabry-Perot interferometer, temperature sensor, pressure sensor
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