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Review of Research on Optical Fiber Fluorescence Temperature Probes

Huang Jianwei, Liu Ting’

College of Mechanical Engineering and Automation, Huaqiao University, Xiamen 361021, Fujian, China

Abstract Temperature is a common physical quantity that significantly affects agricultural production, industrial
manufacturing, scientific research, and human life. Therefore, accurate temperature detection is crucial. Conventional
temperature sensors are widely used; however, they are easily affected by environmental factors, particularly conditions of
high voltage and strong electric and magnetic fields, which can cause problems such as reduced accuracy and high error. By
contrast, optical fiber sensing technology enables sensing in harsh environments and can address the limitations of
conventional temperature sensors. Optical fiber fluorescence temperature sensing technology combines optical fiber and
fluorescent sensing technologies. It uses optical fibers for light transmission and the temperature-sensitive characteristics of
{luorescent material to achieve temperature sensing capability. Moreover, it enables temperature detection in various
conditions, including harsh environments, and offers advantages such as strong anti-interference, rapid response, good
repeatability, and high sensitivity. This paper reviews optical-fiber probe preparation methods such as doping, coating and
deposition, encapsulation, and special optical-fiber splicing methods. In addition, temperature-measurement signal
processing methods such as fluorescence intensity, fluorescence intensity ratio, fluorescence lifetime, and fluorescence
emission peak wavelength shift methods are discussed. Finally, we list and analyze the advancements in optical fiber
temperature probes and present an outlook for future development.
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Table 1 Comparison of fluorescence temperature measurement methods

Method Sensitivity Stability Accuracy . Anti- Signa? Dfetefction
interference  processing difficulty
Fluorescence intensity method high low low low simple low
Fluorescence intensity ratio method high high normal high normal low
Fluorescence lifetime method low high normal high simple high
Fluorescence emission peak wavelength shift method low high low high normal normal
Fluorescence signal-noise ration method normal high normal normal complicated low
Efficiency signal conversion method high normal normal normal complicated low
Self-referenced phase shift method low normal normal high normal normal
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Fluorescence signal processing methods. (a) Fluorescence intensity method""; (b) fluorescence intensity ratio method"”;

(c¢) fluorescence power ratio method™’; (d) fluorescence lifetime method™; (e) fluorescence emission peak wavelength shift

method™; (f) fluorescence signal-to-noise ratio method “”; (g) efficiency signal conversion method™"; (h) self-referenced phase
shift method ™
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Step 1: Core fabrication
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Fig. 2 Sensing probes prepared by doping methods. (a) Welding method
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Table 2  Optical fiber temperature sensing probes based on fluorescence intensity ratio prepared by doping methods

Mixed Range /  Wavelength i i . . .
Method | . °c y Occasion Sensitivity  Accuracy Deviation Resolution Ref.
elemen ) nm
Er’” 26-60 545/532 thermocouple 0.01°C™" — — 0.06°C [36]
Er” 30-100  1530/1565 heating platform 0. 00056 °C " — — — [37]
Er’ 30-110  980/1540 lab — 1.2°C — — [38]
2+ 515-533/ o o o .
Er 18-150 oven — — 2.2°C 0.3°C [39]
543-561
. thermal o1 o
Er’ 22-500  1535/1552 0. 000335 C — 6C — [20]
chamber
\ 515-525/ ,
Er 20-540 —=c 6s thermocouple 0.025 K — — 0.1K  [40]
555-5
Er’™ 25-600  1133/1237 oven 0.008C™" — — — [41]
) heati
Vb 22-160  905/1064 come — 1 1sC  —  [42]
platform
Welding Yb 25-600  976/1030 oven 0.0095C*' 1°C  0.6°C — [43]
) 820-840
Nd** 25-900 880*930/ oven — 1.5°C — — [44]
. 820-840/ I . _
Nd 250-1500 oven 0.0102 C — 2.5%C — [45]
895-915
Er’, Yb'™ 30-150 520/550 lab — — — — [46]
3 3 0. 0087~ .
NaYF,:Er'', Yb 40-100 525/545 oven . — — — [26]
0.0144 K
810-830/
, , 866-894
PrJHr, NdJHr, o .
Y 200-600  900-910/ oven 0.017 °C — — 1°C [47]
1051. 5-
1076. 5
. 950-1200/ 0.0091—
Bi 25-500 oven . — — — [48]
Chemical 1200-1500 0.0097 K
vapor 920-930/
deposition . - 1020-1030 . 0.0156 C ! o
Nd*", Yb’ 10-140 heating platform — 2°C — — [49]
and 820-840/ 0.0112°C
solution 880-930
doping / ‘ 1040-1070
P Erf''/Yb" 20-150 480-970 / oven — 0.3°C — — [50]
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*2 (%)
Mixed Range /  Wavelength . o o .
Method . Occasion Sensitivity ~ Accuracy Deviation Resolution Ref.
element C /nm
. A 1012.5/ 1°C
Erf*, Yb* 25-300 7 oven — — — ~ [51]
1537.5 10 °C
3+ 3+ O' 016 o -
Er'', Yb 25-600 530/555 oven — 1.1°C — [52]
dB-C!
Sb*", Er'T, Ge*” 20-600  1535/1552 oven 0.000695°C™" 2.8°C — — [53]
Eu’ 25-100 615/450 thermocouple — — — — [54]
. ; 0.1+
Er'", Yb'" 22-51 — organism 0.00526 K . — — [55]
0.3°C
NaYF,:Yb, Er 25-70 525/545 organism 0.018°C ! — — — [27]
Solution B-NaLuF,: Yb""/
. R 30-90  521/542 lab 0.00311K ' — — —  [19]
doping Tm"'/Er
NaY, ;Yb, wEryoFs  25-100  525/550  heating platform  0.00256 °C™'  0.3°C ~ — —  [56]
gp
NaYF,: (18%) 514-523/ _
e R 222000 0" sandand airbath 0.0029K ' — — 2.7K  [57]
Yb™, (2%)EY 533-562
Ho™ /Yb™" 25-350 549/667 oven 0.0489 K™ — — — [58]
Las ‘ N 660-740/
aser Tm®* /Yb" 60-460 thermocouple 0. 021 K’ — — —  [59]
heating 740-850
pedestal Er'", Yb 25-450 524/546 thermocouple 0. 00486 K™ — — — [28]
method 25H _
. ) % 502-542/
Er’”/Yb" o electric furnace 0. 0087 K™ — — — [60]
—600 542-592
. Yb*/Tm*", 0.024 K
Codeposition . . 20-406 700/800 furnace . — — — [29]
Eu™", Tb’ 0.022 K
Melt quenching Er'/Yb"" 30-287 545/523 oven 0.012K ! 1K 0.2% — [32]
SrALO,:Er*", thermal
Wet o oo 512-596/ e (
o Dy*", Y,O0,S:Eu’", 25-45 gravimetric — — — — [31]
spinning ) " 616-626
Mg™, Ti analyzer
Na
(Y,, Er,Yb)F,/
Electrospinning Loy L T Dy 30-150 523/542 lab 0.0148 K ! — — — [30]
PAN(NYF-EY/
PAN)
Extrusion Eu’" 20-95 623/585 gas flow cell — — 1% — [33]
3.3 BETFRASGENRMBSFHERS 3.4 EFHMAENRNSRERE

PN FF i 1 LR AR 0k A 1 D0 4T T A TR BT
W — R S AL BT 1, F B A O I AR A
s SR DUAR I I B A 1 RO G IR Je vk | PR T
PERE A LL AL AN 2 3 B s, ST 9 0 3L Y L A0 A% R P i
ERHOR T IO B, X I RE R Z R AR — Y i
2% BV AT 52 BT RE B A N, L5 ELA Y ) A T i A
I3l B S B R S

T 539 6 J5T 14 S 06 I A 2 i A I R ) 78 A 7
A G B T SO R ST RS . Shen 55 R
ek ¥ B 2 B Ge™ /ErC (Sn”'/Ge’/Er
I Sb™/Ge™ /Er (1 £F 5 % £F Aii 1 4% 6 Bt (Fiber
Bragg grating, FBG ) 45 4 il £ BLOG £F i Ji N A8 % 845
B R TG K 0 0 4 R vE S L T & R 2 900 “C Y i
JE A5 8%, 8 % 3R A 800 “CH 11 2 A8 43 314 12 pm - °C !
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Table 3

F3 BRI i 6 47 R AL AR B

Optical fiber temperature sensing probes based on fluorescence lifetime prepared by doping methods

Method Mixed element  Range /°C Occasion Sensitivity Accuracy  Deviation Resolution Ref.
Er'’" 25-120 oven — — 1.2°C — [61]

Ert” 30-150 oven 0.07 ps-C" — 0.02% — [62]

Er' 25-150 oven 0.000247 K ' 1.8C — — [63]

Er’ 0-600 lab — — — — [64]

Er'” 500-600 oven — — 50-100 C — [65]

Yb*" — lab — — — — [66]

Yb** —196-170 oven 0.00013 ms K™ — — — [67]

Welding Yb*' 23-977 tube furnace — — — — [68]
pr 300-500 oven — — — — [69]

Nd* p0-90 |cmperature — — 0.98C — [70]

control room

Tm’ 25-800 oven 7usC! — 1°C 1°C [71]

Tm’ 25-1350 oven — — 6°C — [72]

Er’/Yb" 30-150 oven — — 0.8°C — [73]

Er*"/Yb™" 0-850 oven — 5°C — — [74]

Yb*', Th*" 25-977 furnace — — — — [75]

Chemical vapor P 20-80 hot water — 5% — — [76]

deposition and

solution doping Er’ /YD 25-300 oven 0.0145 ms-C™! — 0.35 ms — [77]
Nd** 0-150 microwave oven — — 0.3°C — [78]

Solution doping cr” 25-100 battery 10 ps=C! 0.3°C 0.06 °C — [21]
cr' 27-277 electric oven 0.625 ps+C! — — — [79]
Er’ 25-1274 tube furnace 0.003 K ! — — — [80]
Tm' 25-1200 oven 3psC! 5°C — 2.5°C [81]

Laser heatin , copper block

pedestal melhgod e 200 he:lri)ng device 1250 s+ o B o L82]
Ccr' 0-600 electric stove — — 0.2°C — [83]

Cr'” 0-923 oven — — 4.62% 2.4K [84

18 pm-C ' W22 4£ 0. 02 nm LA . Zhang %5 2%
Mt 5 T B A 5 v i A i ARO £ 9O TR AR SRR
B R PO R G i B uk 528 T 20~70 “CHYy il BE K
W, BB K] 109 pm-C L IRENT 1.4%

DL 3o A% v AT B A AR MR S A S e DRI AT A A
A5 e e 0915 5 AL H )75 . Castrellon-Uribe 2577 2%
RSB AR ES A TOLE 5 2B 4 GHl4& T
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and physical deposition methods. (a) Chemical modification
method™’; (b) Physical deposition method™”
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Fig. 4 Encapsulation methods for preparing sensing probes. (a) Encapsulated with epoxy resin”; (b) encapsulated with nanocrystalline

particles™’; (¢) encapsulated with phosphor™; (d) combined package with Fabry-Perot interference cavity"”

5.2 EFRAEELZNIEAEIFRS

B Z B0 1 B VR IR SO 0 0 R i R R
POt gk AT AL R, LiAESR R R Gk A R
T B-NaLuF,: Yb* /Ho® )4 >k & 1A kT, J 2 76 6 41
I I 45 i B RO 2R U O TR AR IR AL, An K] 4(b) B
N, R O B YR ST 300~500 KAy IR K
M, R EJE R34 0. 0153 K 'A10. 0009 K 7,

5.3 BETFRAFMENTRIRS

SR FH 256 7 58 U 45 I, RBE S W T G 5 O
i T I URR TR AT AR 28Ol 75 kR AT Ul AR
B IS 2 2 B BB MR R . Zhao 5K B 4%
Min'*" (1) 50 480 B8 TR k¢ TEAARAE hy 26 S b4 R 24 76 I i (1)
SHRHE T, 5 SRR £F — it Bt 2 ) O 47 e Ot IR B AL
BERE I E A i R R Rk L T 0~
90 “CHY IR AL AR IR 22 4 0. 45 °C., Jiang 2 IR
A R S ik A B - T LS A w & T O iR E
FE I G BAEER & A(D) s R 2 e B ar ik st 1
25~80 “CHYy L BRI, RAFEEIEE] 0. 0048 ms+°C '

K FH 358286 5 il 48 6 4 98 6 T B AR B B i A i
TR AL FE IS L, S O A o RN TR AR IR A, A
TR, R0 PR 5 5 38 H SR 90k A AL 6 i e
TS AE AL AR A% B AT DL L 2R A A
Tl & 5 AT LA A (5] ) 2 25 A Rk S A () 450 48K A1 L
JEE RGN, I AT T o AL vk X 2 ) 7 o v R ki
TR BR B S RE MR S Sz B A R R R,
TR AR BB L R Ty 1) by i P RE T A B

A b 8 5 1R BE B A B0 B R I B R 2 AT B 9 A
B PORE M IR A5 DA T S S A Y T ) 0 3 A
Z G s 1

6 FFFPOLLT BITIE il 5 AL AR

B 5 LT HAR 1 & R RO LR I B e AT
Tk P8 A T 1) il % B AL TR LB O T OB R R
25 W R ERROL LR R R A A ALEE
VA TR O R AT S AT, S AR OO A I S AR
TEARE ) 45 o
6.1 ETFIWHEELZNBASTMAE TR

PG ET P b2 9 1 0 SR AR G LSO ) e
WO — A R O R 28O B ik R AT IR A I
T B E 3 . Bravo 2" CdTe i F A (QDs) & H
TE 25 BB AR (HCF) NI B4 ok i i, oo i1 5 £
PR 2T 5 2 B ) B 4 Y £ 45 40 118 D' £ 9 Ol T P 1 R AR
Bl &l 5Ca) i, 2R FH 9650 BE L S8 T — 20~70 °C
) YL 82 00 e, N [R) T AR BECER R 43 i Sk 0. 0013 C Y
MO0.0014 °C' Mai &&" % PHH 6G(R6G) TR T4L
IR LT (ARF ) PN HB T 1w B i 28 O £F 2 ' il A%
BEEEER B 5(b) 7w, 76 AR 5 TP B — Ak Ak BR 3 i 2¢
AR RCR R 98O0 B 2 SE BT 30~80 “CIY iR
BB IR, A AT 3K 501, 106 °C 1R 50. 6827 °C L, A Bt
K35 0. 03946 ‘CHI0. 003991 °C.,
6.2 E TR E L AR RS Fh L S BIR &

FEIAT 24 K 5 W 1 9 6 M4 R 3 5 s ik A R FD

1516023-9



$£59% F 15H1/2022 £ 8 A/ ESBFFHE

MMF

STCHF

532nm Laser /

Sensor

2asp External temperature

\

Microsphere MMF

SMF

MM Fluorescein filled PCF MM

5 HRROB LR ST Ik A A B () BLFE B 705 (D) LTS R6G A 5 (o) A B B8 ol k™
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(¢) embedded with glass microspheres™”
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Table 4 Comparison of preparation methods

Method Preparation method ~Measurement range  Stability Repeatability Cost

Doping normal large high normal high

Chemical modification and physical deposition complicated normal low low low
Encapsulation simple normal high high low

Special fiber filling complicated small normal low high
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