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Optical Fiber Fabry-Perot Humidity Sensor by Graphene Quantum Dots

WANG Ning, TIAN Wen-hao, ZHANG Hao-sheng, YU Xiao-dan, YIN Xiao-lei, DU Yong-gang
(College of Science s China University of Petroleum (Huadong), Qingdao, Shandong 266580, China)

Abstract: A kind of Fabry-Perot optical fiber humidity sensor is fabricated by normal single-mode optical
fiber and Graphene Quantum Dots. By the established experimental system, the humidity response
experiments were carried out in the relative humidity range of 11% RH ~85% RH. The sensitivity was
0.560 6 nm/% RH with 0.999 47 linearity at humidity rising, and 0.565 5 nm/% RH sensitivity with
0.999 36 linearity at humidity falling. The experimental results showed that the humidity sensor has high
humidity response sensitivity, good linear response characteristics and measurement repeatability.
Furthermore, the temperature responding characteristic is also experimentally investigated. The good
linear temperature responding results are got with 0.035 nm/°C sensitivity, 0.012 41 residual sum of
squares, 2.305 X 10 ' sensitivity stand error. The humidity response sensitivity is about 17 times of
temperature response. Typical tests are given for dynamic response characteristics. The dynamic response
data of interference spectrum wavelength drift under 43% RH showed fast dynamic response
characteristic. The response time and recovery time were 6.5 s and 9.0 s respectively. The research
results provide a beneficial exploration for developing low cost, easily fabricated and high sensitive optical
fiber humidity sensor.
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Fig.1 Optical fiber Fabry-Perot cavity sensor structure
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Fig.2 Relative humidity measurement experiment system

VAP B OO I I 4% 80U 1) R T T e T amm |l
TR e S HE ST SR N S S S S A R B
WAL HUS BRI T — g | N RV
O K 5 T AL A R S R TR B - AV g4
£ F-P WK A 97.6 pm . TUOLIEM A AOEINE  F I S|
Fil (Free Spectrum Range, FSR) 5 5.5 nm. i Fi% = ,.;"~ "\}

At e R O I 58 S L D VR 4 L -48f .

FSR S i 1 [l . S T A 5 06 000 0k 45 B O % 0 8 i '

S, ST e N . 1516 1517 1518 1519 1520 1521 1522
T v S R U U T R 1 L O S i SR Wavelength/nm

HEHC 3 6 9 4 0 0 I 9 T K B K T
i b 2 25 LS8 b T VRO i RN A n 3 Fig.3 The response spectrum with different relative humidity
FiR.

Wi 5 A X B P 18, 0 {30 K ) A BB Bl DA ZE B A AR IR B A A 0 R 1196 .2296 .33 96,43 % .54 %
65%0 74 % F1 85 Y0 WEME I K BB Sh IR T FP IS N A 854 i 1 S MRS K VR A BV S 808 9 B4 RE R 37
SRR ER A T 24, N sZm 1 FP S B SCHOG R B RE 22 =X (2) firs . T8 58 & A AH B el 22
e ZAE T WO 7 A T R SO TE BCE 1 A A E B T A A A IR R S EL AT B A e R R S 5 v
BTG MRE T 5 AT W IR R IERBEUIE . 2 WCREIF XA T W 0 0 R R EFE TS S/
TR 22, [F)— P B A B T 0 e U R R RS a1 B AT R Ak

I BRSO G5 B , AT R4S 08 B AR AL 5 U I KRR e 1 G RN T i — 20 B0 IE 3% 6 £F 1 B A% 8% 4% W B
M) 157 (%) B 52 P AE AR VR B 11 %6 ~85 Yo J [l P X 0 BE b T e B R R AT T AR R 0 a0 R AR A 0
R RS O R i 2k K I8 i A A AR A B 25 SR A0 TR 4 s, I ) UR R R R B O 22 %0 R IR E N

0906003~ 4



ETLE A RS E T AR E I P OLL R L A

26.8 ‘C.NE 4 Hal LLE AL B T W OG5 09 B RS 2 5 A0 600 B A8 b 2 B R M G R R MR HUL G 46
R WR B TR o R R E 8 0.560 6 nm/ % RH, &P 40,999 47, B F F SR P REE N
0.565 5 nm/ % RH.ZPERETR 0.999 36, 5250 25 5L 7] i 3% W 32 % Jak 2% 5 A 3¢ oo 1 0 52 o) 7 8 A3 53 b o #R I
A TR RF R I B 0 R TR X N /N Ao R A U R RS B it 2 T DU T R Y e ST 4R
k35, e AL SRR 200 B U B N A A 0 T R — O i R DX R R R 1 i £k A AT D
25 35 R A M A R 25 A OGS T O 1O SRR SRR TR R R RS M AE AR XTI 54 00 SR T L HREL
LI 95 't 1 D (B U K RS I L. 7E 7 22 30 min (Y 3% 22l 5 o F2 v, W (E U K BN RRE L B KIS I 22
+0.4 nm, SR AT 68 508 B RN 0 AN E A .

g e Sandard srer ./
1.656 89 0.443 p
= 0.560 45 0.0082 /
& e
% 20+ = Increasing RH e
= e Decreasing RH
&
S 10}
L
o .
= 3
0
B 0 0.999 27
- Adj. Resquare  0.9983
Intercept \1“1|u|e 2322 Sm"d“ad.:féoz;s
& Increasing  gjope 05655 0.008 49

10 20 30 40 50 60 70 80 90
Relative humidity/%RH
M4 FREBETEHEERKAYE
Fig.4 Peak wavelength shift with different relative humidity

I e R PRI B N 26.8 “C AR A, PRI B AR AR R E e R 0.7 °C Loy Bk — 2D IF 5 I EE 5 R R Y 58 S
IO o B A R B AR AR X DG IR AL 1 B ) X A% S S R A R e 1 S 56 F
2.2 LR AR RSk BYIE R N A A 1

IABE A I B 7 A B FT DA B A B A A AR A AT DL | A SR ) AV i TR A A5 O 4T FP
I X i R 18 J3E IS A W 16 Oy T — 2D BIF Y 2 A TR I R I 58 S IO R R A RSk R AT T IR W R
1207 T 9 W R K i B 5 3R B2 22 ] B 6 10 G R SR P 7E R BE 220 RH 454 T L TR EE 26.8~45 C
T N RIRG 0.2 CHEAT 1T P 61 i 45 3] 17 IR A2 Ak X T 5 0 0 < 532 o 1149 92 6 40 00 45 1) 3R B o 7
HAEan & 5 pros.

yathy

0.01241

0.998 06
0.996 09

Value Standard error
Intercept  ~0.559 92 0.008 36
Slope 0.03509 23046610

25 3l0 3I5 4‘0 4IS
Temperature/C
B 5 iR E v R SE e B AR
Fig.5 Temperature response experiments results

MNIEL S HRl DL 3200 £ 12 IR 25 XoF Y B A o) 1o 5 A A 5 g 1 M O 3R i o R B0 R kL T A
4 0.035 nm/°C , &M R ECH 0.998 06,5825 F12R 0.012 41, REEEFRHEZE N 2.305X 10", i TR
P il 1 25 T BOHR 43 BE AT — 8 L 5. 53 A o 2 S 0 B S A SR I R SR AR N I R A
JE R 52 B 24 R B OB Y 17 A5 A e I R ORE A R R i 2% L R R T I T B S ) A Y i TR
X TR 4 B ) Ny S S ek R, B B R R 0 A8 Ak R R e R R 0.7°C X R JRE e 10 O % T AR 1Y e R S e Ry
0.023 1 nm. PRI, 12308 2 ek 88 X6 Y408 2 ) 7 ' i 0 g 250 0 552 o) A 3 559
0906003~ 5



2.3 BhESWE R

T TG AR B S AL L K Micron Optics SMI125 JGEF & I A B A 3l R SR R R
2 Hz R 3h A 3R E R GER i B % AL L ORI R 4 T 90 63l B 141 L 1 DROG 3 181 1888 5 I o 1% S
5 ity S ARG AR A R 9 U R v WL B A A i B R TR R O O AR E I L EORE £
AR AR R R Y TR LA A RORD L R AR R RS AT DL B A DY v B o A R AR S A T S ML
RAERGE A 0 7 A O T S 56 B L I S S 5GP Bl i SR AR RS AR OB Bl L 2R AT T O R
o3 B FIAR BRI TE H I B0 Ak B LA T B i 0 (I B RS 5 I TA) B AR AR OG R A N F SN R L I AR IR AL IR
o D JBE 5 285 ) 7 S5 9 gt £ 1R 6 SRy AR O I B 4.3 D0 2 AT I 2 sl 2 e 1o K 4k

M6 Ffa] LA H 20 IR 1 A T 38 R R AR S 2 P 5 R o 2 A I R A % g Rz A k. TR A DO
2y 285 ey 17 ) R A0 4 2R e ] e L K ) R AR B N R A G — MRS E L R T T AR I Sk A T Bl 2
IOV I 777 T 58 G ) T P MRS R P A B0 A o ) A el o AL e T R T O v e A SR R U
V7 Ji] R 9 B A8 A T B 22 7 A TR A L I B A T AR, 2 A SR A AR A RN R T 2 S o 7 T e AR R
WRE BRSO T PRI 5T S A5 W0 7 A D0 AR DL b R o A2 Sk % BL A o 7 8] 4T T g — 28 B9
b IBCH: vp — > gy 2 0 o AR S B9 3l 2 e 7 R ) S8 n 4 7.

14
12 -
g nl £
2" 5
5 6f g
= =
D 4F 2
& z
B 2t =
0 -
-2 0 100 200 300 400 500 600 140 160 180 200 220 240 260 280
Time/s Time/s
B 6 AR E N 4390 &1 T ki B A 7 AR E S 43560 BB A 5 % A R A
Fig.6 The spectrum dynamic response at 43 % RH Fig.7 Response time and recovery time at 43 % RH

UNTEL 7 JIe 7S o A AR B4 g 7 R A2 e ) 5000 L 95 4 SRS A2 AR5 FBLASY 10 00 21 90 D0 Sy Bk [8] 0 8 A9 4 x5, )
JH AL 5030 00 A i 5 A0 49 52 0 [R) 181 7 #p 2 A s B9 IR IS ) 1) 2 6.5 s IR IFIE] S 9.0 s AR IR HAT B R
14 50 285 0 N BE 3[R AT LU M A S s A ) JO7 P ] LA 52 I [ B, 322 B 5 55 O B 114 38 8 UM R R P A O
IR IR BB B Fabry-Perot IEGEF AL AR 7 UL 0BG 30 2 A4 RG0S B4 19 52 IF 1) BB e MAA% S i 76 Bk K 28 <0
R385 L L5 ] ] ) 2 R B A AT LA O AR L i T A s B T R R T IR o RS B K g3 B B[] PR
ANT] o DA BT L 3 S 285 e 7 £ 2 5.

G T % AL AR 5 R 2 O T8 A9 A O 27 90 BE AR R Y LU, S5 3R 1P 4 2 2 SO A 0 I

F1 HMLAEBEEERFHORE

Table 1 Comparison of other fiber optic humidity sensors

Humidity sensiti Response &
Reference Type ! Y s'ens Ve RH/% Sensitivity P s.e
material recovery time/s
[16] Biconically tapered optical fiber Agarose gel 20~78.3 0.053 7 nm/ % RH 5,55

Microstructured polymer fiber
[17] poy Polycarbonate 20~90 0.007 31 nm/%RH 10.5.25

bragg grating

(18] L od rati Titanium dioxid 0~10 1.027 nm/%RH 19,27 1
- t . .
ong-period grating itanium dioxide 10~20 1.453 nm/ % RH
. . . . . . 40~75 2.72 nm/ % RH
[19] Side-polished twin-core fiber Graphene-oxide 3.6,6.4
60~62.1 3.76 dB/ % RH
heel side-polishi 32~85 0.145 % RH
[20] whee siderpo 1? e graphene-oxide ’ 5 nm/% 2.73,7.27
and evaporation 85~97.6 0.915 nm/%RH
[3] F-P interferometer PVA-GQDs 11.3~83.4 0.117 25 nm/ % RH 4.3,11.5
Our work F-P interferometer GQDs 11~84 0.565 5 nm/%RH 6.5,9.0
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