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Abstract: Photonic crystal fiber gas detection technology is of particular interest for developing a com-

pact, low power consumption, and intrinsically safe laser absorption spectrum gas detection system.
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First, by optimizing the structural parameters of photonic crystal fibers, over 90% of the optical field
modes can be bound near the fiber core, and the relative gas detection sensitivity can be increased to more
than 60%. Further, the limitation loss is reduced to 10 * dB/m. To obtain higher relative detection sensi-
tivity and lower optical loss, the optical mode can be optimized by adjusting the core microstructure param-
eters and the array arrangement of the cladding photonic crystal air holes. Then, the gas detection technol-
ogies of the end reflection type, fiber grating wavelength modulation type, and different fiber composite
types are analyzed. However, it is difficult to ensure the efficient exchange of gas molecules. Combined
with special fiber structures such as Bragg grating and long-period grating, an optical resonator can be con-
structed to effectively enhance the absorption path of optical signal and gas molecules. The design of a
composite optical fiber gas probe with different types of optical fiber and gas sensing materials significantly
optimizes the selectivity and sensitivity of gas sensing. The optical path can be increased effectively by ex-
panding the optical fiber to = 1 m or using the ring embedding method, resulting in a detection limit up to
the ppb level. Moreover, the introduction of erbium-doped fiber can effectively compensate for the optical
loss in the fiber ring. Finally, the gas detection performance and future research direction of the porous
ring and grapefruit photonic crystal fiber with a large hollow core diameter are analyzed. In the future, to
provide technical support for the development of real-time monitoring instruments for hazardous gases in
metallurgical and chemical industries, it is necessary to research the performance optimization, system in-
tegration, and environmental adaptability of photonic crystal fiber gas laser absorption detection technology.
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Tab.1 Comparison of optical properties of PCF with different structures
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Fig. 2 Different PCF structures for gas surface absorption

DI S Y SR 76 3 W A58 ) R T8
O AR B, RO ] DLE R I 4 B Y
SR IR 3k B B R BT, 1 5E DEB OG #8 0 f AE



10 M z=

W5 OB S ROE LR SR RO TS I B AR F 5 2321

TR A 2 R A A B S R R R
JFE 3 00 25 4k, vT R 95 A8 A R Wl 8
P 04 AR 7 A8 Ak AR B S 30X A TR B A
GRS R IR NSV E Y A ES A G UN
4 15 S M PR I AT BRI T U R A R R R — N B
PCF 1 2 21 HA5 G 2T vt 17 #4910 B S =0 AR 3k
SR T RO T R s AL 5O S E
FHY . SE SR B A T BE 823K nmol
HYUY SR 10 G & AT HL AR PR
ARG I ARG I Bsf ] << 20 ) 0 3 5 1 08 A il B
PCF SRRk i R — M5 4 23 e L (B
ST R PCF 8549 b i) Z 801 9 — M2y S A
A B ASE 7 AR B B A A R AR K, PR
S T s A e R K R AR
PCF 1 i Sk 2568 7T DA 3 3 5 422 0 Ath 520 e 271
B U B R IR AT B, B S AR R R
A DL TR 2 R A R B R 48 2 R DA S B R
AR BE R R
3.2 iU B B SR Sk

PCF A W YA 3t 5 AT LA Bl 35 40 n T A
JE T2 AT B A o A [ 6T R T i
PR BT R R B O AR SR A, nT DU A S
G ET S5 48 P8 20 il Ry 2 5 ) FBG, DA B4R
S WAV R S 1 5 S B AT A% i B
155 B I A R g ] B Bl v B A A% B e 1
T 2 BT 0N AT S B 2 S 8UE B TR
P IHT, DA = Sk M B0 . FBG AT L 38
MR G B  FH T AL R S R O R B L A
BOHRE AR I R AT . Yan NS A
FBG fil PCF-FBG %5 ¥4 14 € T 1§ ¥ Jis 78 30K 1
T T R R Sk L SEB TN 2 B AR R R T A
B R E R 0. 022 dB/ Y (HIAS AR o J3E A3
1% X5ty =2 (0 W e 3 #E 2335 0. 022 dB) . B
BGZF A PCF £F 005 1 75 22 % F e 4y 1 #0648
45 IS R 20 ok A [) JEL B0 B FBG 544

PCF H CO, O &8 #0515 1 45 LPG , AU E
1L 45 B2 7E PCF R ADG LR (A 25 i B4 1AL
¥k A PCF, 52 Bl %F 0~10 MPa 5 & J& J1 19 ¥
I A 25 5% Y COL IO #$ 76 PCF 27 85 |
Z10 LPG K B 47 0B B8 2O Re & 4 B8
B4 JZ2 25 AL B OG-SR Sy 7 R A T
R R i AE PCE sty 195 R B, 5 K 8] 309 S i —

LT AR MM, itE— 20 4 T ARG S R
PIVE I BE RS . ¥ B R Z5 5] A BB EDB 4 0t
WO SOt &8 b, & AR I R R E 17,3
nW /10 °o % TAE AR W it i 3 17 20T Sy
TN BB — R AL 6 AT SRR Sk A I 4 AL 1
%o RWEGSANERAELREAREEETLH
e 1 5 4 X PCF-LPG RLT R & I & 4, PCF -
LPG ] LAA 88 58 PCF % £F 45 3k (9 I 54
P B R DA IR SRR 22K F 10 %61
3.3 EAREH

T 3 0 A il A B SR B R AT DL 2 A
BRI Z G A T AE R KRR T AT LA 4k
LT 45 B T 75 B X PCF [ 5 4544 2 Btk
TR 30 2002 SR 4 YR 2F I 2 80 254 TRk
2 1) A Ak B b 2y QAL e Rl B AR TT ]
F 1l 1 BUHETE TR PCF A S — il T Bl 8 6 £F 25
S, BT DA Bl o't 27 00 I 4 S B0 6F A SR IR B ) JRk
AU, ELAT O A SR AR A RO T M AT 4
B gk EiR s Rl R AL BLS L PCF Y2 S AL
SHIBA JGEF MR R OGRS 2 DU 3T 3 19T ik
HEDGLE R . WD BT PCF 5 ik 4f
HEH B LA SBEIR)E  Feng & AW T H.S
AR BE N 0~45 X 10 A5 Ak 385 56 5633 (i M Az
BRI REE N 0.031 43 nm /10, SR, 45
) o B4 G b AR G5 A8 58 4 35 I, AN RE S B b R
LY FB AL 45 ¥ 1 T SR o3 F R 40637

PCF 5 B £ 45 2 49 2 B R 6 o - 184 i /R
THAL AR EE PCF 19 Ui 25 42 A 11 o 285 4 S 96 A
S04 B A R T e £ A )2 B A A
KT WEE T W6, PCF MR #4890
KL T LA B 0 T BB 2 5 AR AE U BT 4
R AR AR R T A2 R A X e T v A
7, DA S B X A5 AR v B ) ARG S 6 5 TR 3 B X
H,S ¥ B 9 R 0 B AT LGk 21 3. 85 1070, il ad
W5 P A AS TR K B O £F 1 95 A A B s 422, T A3
RIS T B e — R 5 s k4 Bh
TEAR RN A3 AT 38 25 5, R b 4 o Y 47 A% 2
1 R o X R % AR E 1Y PCF M #2641 45
¥4 B UE B 5L AT B i 04 AT S R AL R R A (>
30 000 nm/RIU )™, A 2y A R ARG I B ' £F < 44
2 IR AS I P AL T A5 4 . SR PCF SR A%
TR X L WL 2.



2322 pj e

K TR

29 %

VT AR SR W AH SC B 58 R W ¥ PCF 4 #2278 3 58
PAROG 2 vy Sk, 5 SR AL 45 4 55 3 PCF A
DG AT IR FE RS G, B B — R R 5 5 1Y)
ARG Bk o B R 5= T X6 £F 3E 47
BEFEAL, KRR T T X BE SR i H0 47 16 45 44
AEEE AR FHELL B H i A e . G2
IR 51, AT LLAE PCF PN 36 04 56 27 8 IR i, %
Rl 1 A R AT R R R T SR AR AF R S g
B 4 VB b TR A CO, A KR 306 45 8 kG 2% i T

HoR . A RDEL 4 2R B A ] 28 8D
£F S5 R FACUR BB RE B R 2 FOL T 25
%I LA F o ORI A i O R
PRI e U B v ARG D ) 8 R e
N PCF BV R Sk 19 R 6 st S T 8 2 0 4%
ARSLEBIRAR . LA ARS8 AL BT 32 2R
TG LT RSk BT A AR b X 25 R R RDOL AT 25
20, VL RO W bR R A R 45 R )R
il

F2 FREWRWEPCFSEMERIFERILE

Tab.2 Performance comparison of surface absorption PCF gas sensors
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