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SR T )26 R R AR THE R PEfE . 2020 4F , XU Guizhen 25"V 4R HY T — B % A5 98 B 9% S (Slow-Light
Bloch Slot Waveguides, BSW ), Jf: LA CH /E R RF IS . 47 HAF R R W], 7E 1.651 pum A1 3.31 pm P K Ab
A9 G 0 B B 3 1) 49 0.034 ppm A1 0.29 ppm. 2021 4F , CHANDRA V % e AL - & F ikt T =R 5 T4k
AR B 4 I T L 7 3.31 pm A KE CHAE ks I B A5, #4555 31 28 %0 . [ 4F ,ZEGADI R 454
T =R A A i BRSO B R RS R0 S 2L E IR S R R B AN S T
A LBk (Carbon dioxide, CO,) Fl CH, A% 8% , 45 5 3% W i 22 3 3 P 4 ke 3 B A d5c A 09 1% PR L 7 4.3 pm I
7.7 pm ALK I CO, AT CH, IS, K6 I 4% FR 43 5135 ) 0.1 ppm F1 1.66 ppm , 15 & 2% (10 6 #5397 5 oy 58% . 2023
AL LIM T3 R EAREL T & bl A Tl 8 D S e a5 DL ROHE i slab 19 B AR Dk T, SEIG S5 SR R B = Rk
SRS N E Ay 0 23 %6 (44.3% F149.6 % o AR % BT BR T SE T [R] —oF £ B ARG dE s I S L AE
4.23 pm AL ST XF CO, BY K, 46 1% BR A 0.625 ppm, H i 37 5 [kl 45.2% ., 2023 4F , PI Mingquan
SR T — R TE A TP LD ANV I T ARG B . LA R B IR N BTN 2 MR A A T = A
AR F S8R A I T, TR B/ 9 35 3.2-5.6 um . 5.4-8.2 pm A1 8.1-11.5 pm , 381 3% 5 Fb 43 591
KF 107 %-116 % 107 %6-116 % #1116 %6-128% o 43 HI7E 3.291 pm (4.319 pm 1 7.625 pm &b XxF CH, #1 CO, i#
A7 T W ORI 52 55, S5 5 SR AR B, =R T G5 AR A6 it 3 o5 b A ) o 11206 11096 A1 110%6 . 7E 3.291 pm
b ot FR R B ARSI R R GA 2 5.9 ppm. 2024 4F ,BUTT M A SR T —Fh 56 T 8% -1k - 20 S0 K F & 19 B IF e
ZEMEPET T A CO,, Hifg i3 & L ik ) 86 % . 2025 4F, LIN Pensheng %5 $2 1} T — R 5146 P 2041
TR T AL S TE 4.237 pm AR S T X COL ARG L 52 50 45 R R WY, 4% IR A A% #E A6 2.20 dB/
e, S 58 I A5 B 1638 37 i 298 15.3 %, 3T Allan J7 22 0 A 45 20 RS DA BR 4 73 ppm 2026 4F, LIN Pensh-
eng SV VHR T — B AR T Dk 2T A0 U B B TR B Dk AL RS TR L T AE 9.2 pm Ab X £ BRI
15 AR BN WS 5 ol 2206, 5256 AR A 5 3 7t 2958 20 %60 T Allan J5 22 43 1 45 21 1 2 B2 ARG 0 4%
B Ry 925 ppm. SR F LIS I DS M A% S 3 0 2o AR A 50 A R B i 3 o L, T
Bl s SR 0 BAE LR SR BE I 32 B — @ BRI . AHELZ R 6 AR I Sl R S A A
) € 5 T T 18 RN, B A5 O 5 R I S5 22 ] A A BV FH e R A ) 1 5 A 1 AR A R A I
U BRI S, L8 I SR HLE L 2019 4F , GERVAILS A 250 %of 1] Y4138 — M 45 0O WO 185 4 R 7778
1G-SR S N R RIAH B A R 32 B A n) 8, 42 MR R U R O M S ok B R R AE S AT RS A
1.651 pm % K 40 JH T CH R, K600 4% R AT 35 1.42 ppm , 18 614 38 ¥k 1.1, 2023 4F , PENG Zihang 25"
il % I Fe 3 T — 46 T SR 9 (one—dimensional photonic crystal waveguide, 1D PCW )l 4 ' - ff A
% (two-dimensional photonic crystal waveguide, 2D PCW ) B & J& P BB , 25 R K B 2D PCW HA 5 3k 1912 %
HaBRAE S H AR BT KM L2 T 1D PCW B BE ST S R AR H B FE T /N & & KB, 78
1.53 pm AL X Z W FEAT TRE I, 1D PCW A1 2D PCW B9 A I % B 43 %1 1 706 ppm A1 277 ppm , 12 )l 3 538 K+
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46.3% o A4, YOO K M 5l & 1 1 Fp ok 77 I S 45 4 < B I 0 U0 KO Mt D 3 AR 7 2D PCW il 5, I 7
6.15 pm P K Ab SEIR T XGRS I, 4G T AR BRAK 2 84 ppb. 2021 4F , VLK M % 4R T —Fp TAE T TM fhi
PRASE T YR VR IR B 5 BT TE 2.566 pm Kb K DN 2, AT N Ak B 107 Y6, KA BR R 7 ppm
2024 4F , KIM 145" E E AL 2 4 e Ll 46 7 B 4506 T iR 0 5 R 78 4.23 pm B KA S B T CO KM, 75
800 pm Y Pl T K BE R, A& S A% A AS AR BR A 7.56 ppm, 18 Y68 5 K 7 o4 4.98. L AT WL, S RT3 TR AR A
W T 1 M AL AR I T AR IR T — o i R, (0 O A% B A8 22 X B — MRS T R A7 2 0 LA 2 R
2SRRI T 2R o BRA  BRAT 22 MR A By 0 T R — SR T, 32 B o ¢ g R R T AR
T TR A T 22 Bl SR YRR R A 0 | DT S 22 SRR . SR, e TR — B A 18O TARVE A R L X
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F, Xk L[] B S 025 1 s R SO R A ) 1 i e R AR AR T M RE o BRI, BT RE A AE 2040 D B R TR
I % i X 43 1) 7 3 S ) W e K IX 38R A S 1 AR AR 0 S R, X T S B R b Z2 AARRR T ELA EE RE

YT AR SCHR T — Bl TR — RGP AR 1 R 2D AN R AR B B AR I B K
A B 28 BT — 46 F S AR B AL, b BT — 2 AR T R R T Ry S R A
2, 8 Je T U X R 45 e T R A 2 00 ' T A X436 M COL R CHL B AR I 1 . AT 7
] — A 15 B B 450 S 80T S B A H A b i 48 e s s L [ B A B a0k 48 &K (Direct Binary
Search, DBS)J Il K 455 2 A &2 FH 2% IR AT D040 0 A )i AL I 4 20 Tid 8 0F 7 4% JERGH 38 L JF 5230 3.31 pm
P Ab TE A E) TE A 200 e 4, B st 2 52 1 5 0 K d AR 45 & i B IRl i 1k DAk, X 1 38 4 Ak
B4 A5 FE 43531 o4 0.36 dB FIT0.695 B, # H43Jill  -26.8 dB F1-29.85 dB. B % i1 B 1% B B 3 43 53l £ 3.31
pm Al 4.23 g b XE CH, A1 CO, 52 BRI , {17 2025 52 32 W], 46 04 BR 43 510 24 19.65 ppb H1 4.356 ppb, 3 8% H
0.423 Wmol 'L #11.925 Wmol 'L,

1 EFEE5igit

B i W A i P A R A L R - B R R TR A I S W TR Z R E R
BRI LIRIR N
P,.= P, exp(—75e,C,Lo— al,) (1)
Horh P, FP, 43 53 by fin b R AOG T3 e A SRR R AL, C o SRR EE Lo AR A T, 9 1263 5 I
TREFETH-YFRAEAEHRRE . o T AL BFE , A5 W ISCH FE A0 5 FE
HR A P e B3, T A4S 3]

C/n air

7=ECF-

=ECF+n, (2)

g

H i ECF (External Confinement Factor) J& 4 BR il 7,18 £ THOL 5 f5 M AR & & XA DR 5 i, K&

SV ¥
cep Jﬂms‘ E |2dxdydz .

Jﬂ ¢e|E |2dxdydz

Forr e Jy A RHI A LT B, n A REDT SR SRR O
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= (4)

Hor, e Rm Has PG, w 9 ASHE R O3 KO AL 46 J7 18] b 59 A0 18R <, RAEUE S 3878 e th o't
Ty R W SRV BE C A8 A 38, JOT 7 i) Bl o 2UmT e e an R
dpP
dC

0 A% BR (Limit of Detection, LOD )X 2 A% 2% 45 g 68 A5 I 2] £ I <0 09 ARk B2 L 104k C, Ht B A
S R

S.= = e, LoP, exp(—7ye,C,L,— al,) (5)

g

Sr‘Np'/\/ B()
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co— Pyexp(—al,) (6)
min Eg”LO

Forp S, N B9l 26 7 45 W8 LU 25 2000 7 2 A0 A0 5
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o e 58 2 R RE AR ELAE 2 208 500 nmo T A2 AR AR AE il i 25 BRI > AR T R AR
REEES) BT, — T T T OG5 AR B M AR X o5 — T i, B NI Rl 3 AN 5 A E A
M REAR T 1 AL RE T R A R B FE o 18T 1(b) i A B B A x—y P T 45 K 78 R . A% R 1)
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4.23 pm A1 3.31 pm FEAE P AL 43 590 S B0 X COL AT CH ARG I, 15 A 455 X nT il 2002 3 3 b i TE, A TE, #5283
Ko MeAh WK 1 02 B R F 4 8 R (Direct Binary Search, DBS) 5 ik AT AL . M KA
4.23 um 1 3.31 pm B9 TE A X5 Az #8285 , P& 20 5 A [] 09 3 1 o, 73X S ad # rp, 3.31 pm B K /Y
TE M 40k TE BRI A&, A Ch TE A TE, #8223 51 2 7 K 552X 55 1 2y AL/t o
T P A SRR — B A AR S AR L RN S 2 SRR B VR — G T S IR I T B P A A S R AR S v A
1 TAELE 4.23 pm b FF 1 T COL MM 2R 2 R -1 =X 52 P 4 09 O 1 i 11 i 13 19 4.23 pm ) TE 22X
Wk AR B X 2 TAEFE 3.31 pm 40 JF A T CH A, iz #8520 B O2 3 H i i /9 3.31 pm (19 TE, #2305 &
25,

cececccccn- - Mode1 (423 pm)

TEo, 423um Nl
—) g o
TEo, 331pm :
r

©cc000000000 ¢ 3 Mode2 (3.31 pm)
_—

wavelength-mode sensor
demultiplexer
r ®)

Al ETEF-—4AFaRERSHPOIRGEREAN N ()= EMTEE; (D)x-yFHEBENTER

Fig. 1 (a) Three-dimensional schematic and (b) x—y plane schematic of the sensor array based on suspended 1D PCW

2 frEMEL

21 BE—#XFRERES

K 2(a) FE 2(b) JB/R T 277 — 46T IR I 5 09 = 485 MR B x-y F R 25 MR IR . o TR
UE 45 F4 e 0 ) Bt o /I Xof g i B 7 A A T B, — 4 6 MR I RO Y S O S B L PR R 120
nm, — 456 F MR SN a, = 5L ERE A re M a=900 nm,w,=1.75a,r=0.2a i, F K 1 ALK 2
B RE A 5 AN 2(0) T, TR IR G5 A S50 RS =00 0 55 T COL AT CHL7E 4.23 pm A1 3.31 pm 4b (1) %
TEME g . R 2(d) B8 T 4.23 pm PR AR T 11 3,31 pom I K AR AR X 2 (9 H 3 00 A 175 00, T AW 26 381 79
B 37 Rl B 2 AR P e 0 s AL OB, A R T R A SR 0 E S, DT 4 T A T M e

2 a=900 nm, w,=1.75a I , B2 1 FIBEEC 2 09 A3 38 B 8 < KO HET 5 5% n, A 80T 569 238 g, A B B 11
T ECF U 1% 634 58 R 7 Bl 25 AL B AR r 28 AR 1 B W 81 3 i o 181 3(a) ~(d) JB7R T AL 0.18 pm 3 in
) 0.252 pm W B, IR ELK Y K o0, Bl B W7 BEAR, JF H ECF BE » (938 2 ¥ 7t & o B 3(e) Jéos T P #h
B 2O 5 K B - B9 28 A A B0, AT DL B3 i 28 S AL AR X 82K 1 A 18 061G 5 I 52 ma /N, Y r oy
0.216 pm B A 1A 18 3 o N 5 K, TR 2 A 385 0, B2 2 08 308 ot DX B Wi R A1 o PRI o i
J90.216 pmo BEEF AR 1A 2 2 (9 A5 38 65 % 2k K 43 00 R 0.4115 F10.4105, SR BEAIRAY r (A3 A X 2 9 12
FEHE SR P B R R [R] 2  EOHE  AE RRAE S . H AR (5) R 3 (6) WAL, BRI 15 S B RE S5 B v
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Fig. 2 (a) Three-dimensional schematic of the suspended 1D PCW (b) Top view of the suspended 1D PCW (c¢) Band struc-
tures of Mode 1 and Mode 2 with a=900 nm, w,=1.75a and r=0.2a; (d) Electric field distributions of Mode 1 at
4.23 pmand Mode 2at3.31 pm

2 =900 nm, r=0.216 pm B, J5 Fp 455 2 00 A5 1% 85 I 2k K RE AT 32 o, A8 20T 59 28 e AR BR i K
ECF V) K% 638 58 I F o B — 486 T S AR B 5 968 % w0, 1 B RIS SL N B 4 i o (A A2, Y w, /N T
1.35 pm I, 852X 2 9 A 88C3T 5 238 el /N A3 A% S B FE 19 005 229 o, T 1.55 o B, 582K 2 199 A1 3 o 8 O K 4%
0.5, 4% n R I, S FECR R MAEREIFE . WK 4(a)~(d) iR, B & w, A 1.305pm 3 K 5
1.935pm,wﬁrﬁﬁtﬁﬁf<\nﬁnncﬁufrﬁﬂ.m,EcFuiﬁ[NE&o Bl 4Ce) Jon T 5 F s =X 1) 02 o't 1 5 7 o B o,
1Y A A B0, B T A A8 I 1 5 A 1 B o, 118G 0 0 AR T o 20 o, 3 ORI B 2 18 O Y 5 A Bl 2
Pt TR RIS 2 1 R AFAS S A TR 2 118 3G 5 R0 T A T 92 1 AR Ak X [R], — 2
I T SR T BT o B E N 1.4 pm. K TRSE TR — 40 T IR S S5 S 5.

KIS s 1T ARAR G — 4E 1 b 1A I S A BB T 45 A, 65 RN 21 6 B il k43 o) D X 1 AR X 2 9 g it
S, W ORNZL 0 i O AL A R 4.23 pm AT 331 pm 7 A X R A U — AR AR AT . AF 4.23 pm P AL A 3 R
B K20 0.388, 186G N+ 98 2.02, 7F3.31 pm PR Ab , K5 0.389,9 4 4.06.

22 ER-EXBERSR

Bl 6 R on T ik K B i 2 28 A x—y IR S5 AR 1B o Ry T R AT A% TR e 4 i oy A2 4% B, O EL W/ M
SRS B AR R DBS A X 5RO Ak o AR B AR R 7S AUy 3.31 pm A1 4.23 pm (19 TE B
A, 4.23 pm K AOELL TE BN O1 sy 8,107 3.31 pm % K MG 2 il B % 3 )5, DL TE AU
O2 % F i th o 8 %8 A B K BUR R AL, BAMR R X AR o8 80 nm Y BB RE AL, IF HAE MR R R
WO PR B8 Rkl R BRI ROR S 2 — o R KK B AR R T RS JF S a FDTD R0 3 35 80 i
J 19 b 5 X8R (Figure of Merit, FOM) , 25 X 1if #5445 /E BE 65 52+ FOM, IO B Z R 20 A, ik & 2 )R
AR . RE, Wl 2Rk R R G R R RN ESE WA i B Pk FOM ik 8
[ (PrgososorPreosoron) T (Prgrssior Prerssron) 1/ 20 FoH Pryg oy o0 B Prig g0, 239 5 A BN 4.23 pm 1
TE B, O1F1 O2 s H i I Ry 4.23 pm 19 TE B BOETIE, Prossron F1 Py o0 730 AR A A K
H3.31 pm B TE AL, O1 A1 O2 %55 F 4 9% K R 3.31 pm A9 TE BN A6 FR . FOM R R N 1, H
FOM {H #4238 1SRz ge et . 20 Rk AR A4k, i FOM A 4 0.96.
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B3 X 1RER26(a) K, (b)n, (¢)ng, (d) ECEA(e) nM RS 3L %45 r 85 % 4 H K (=900 nm,w,=1.75a)
Fig. 3 Variation of (a) K, (b) n,, (¢) n,, (d) ECF or (e) 5 with r for mode 1 and mode 2 (=900 nm,w;=1.75a used)
I A $51#E (Insertion Loss, IL) fI & #E (Crosstalk, CT) 0] I F AR iz B & B E R HEaE . X F 01
sty 5 P R 4.23 pm B TE A S, HIL ATCT Wit A X0k -
P'I'E() 4.23 ()1)

TEO—4.23 —IN

ILtro 425 o1 _101g( (7)

(8)

Preo 1030
CTrpo—aos—01 = 101g(1h04--3”-)
Prro sz 01

ot Prgyos n ORI AWK R 4.23 pm 9 TE BELUAF IN 3 H A D)3 38 a2 1H 5845 2], Ty 0s 00 4 0.36
dB,CT o201 N =26.8 dB o X F O2 3 FH5 H K8 3.31 pm A9 TE B2 IL ATCT B3R AR
PTEI*&SI*()Z )

P’I‘EO* 3.31 —IN

ILtg 531 02=— 101g( (9)

Porgi 551
CT e a3 02—101g(w) (10)

P'l‘l‘ll 3.31—02
HoA P o n AUSRE A O 3.31 pm B TE A, IN i 1 AYOE A Gl T35 2, Ty 0004 0.695
dB, CT g5 0. H=29.85dBo K 2 AP KB ZIHAR LG 4S8, 7R T 45 AJK R 3.31
pm il 4.23 pm i TE R, -8 A48 08 19 #3750 A 4 O

3 SFITie

31 KRR REE
CO, Ml CH,7E 4.23 pum A1 3.31 pem BRI A9 W 2R 50053 591 284 em ' F136.43 em ™0, (1313 81 4.23 pm
F13.31 pm P KAk (1L S 5 FE o 23 918 2.76 dB/cm A1 3.58 dB/cm. 25 18 2] 52 b il i v, ) BEHLAS BE 25 A
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H4 #R1IMEKX 280 () K, (b)n, (¢)ng, (d) ECF#1(e) ki w, 8 % % (a=0.9 pm A r=0.216 pm)
Fig.4 Variation of (a) K, (b) n,, (¢) ny, (d) ECF or (e) 5 with w, for mode 1 and mode 2 (¢=900 nm,r=0.216 used)

R1 —UAFRERSHEREUSH
Table.1 Optimal structural parameters of the 1D PCW

Parameter Value
a 0.9 ym
r 0.216 pm
w; 1.4 pm

Normalized frequency(wA/2mc)

030 034 038 042 046 050
K,/(2n/A)

H5 —#®#AFREKEPRMBEEXIER 20 8% F 45N
Fig. 5 Band structures of mode 1 and mode 2 of the optimized 1D PCW
BN 0 T AR, K R R T2 MR g R e D A P 2D A D B A% B AR R IR T 2 dB/em
R, 2 77 — 46 F SR S 4.23 pm F103.31 pm I K Ab A9 58 KE 43 90 A 5k 4.76 AB/cm A1 5.58 dB/cm.,
T PR A R 2R O 10 mW R A T] 8 56 O 4 A 98 S A5 2k 1 R I R 4y 33 O 160 kHz Al 2.08 X107
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Fig. 6 Schematic of the wavelength—-mode demultiplexer in the x—y plane
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Table.2 Optimized structural parameters of the wavelength-mode demultiplexer

Parameter Value
w, 1.5 pm
w, 5.5 pm
W, 1.1 pm
W, 1.4 pm
/ 7.75 pm

E
|I1

X (b)

W7 K-HRXEEHEE () 4.23um(TE)F(b) 3.31 pm(TE,) ¥ £ T4 & 57 0 1
Fig. 7 Electric field distributions of the wavelength-mode demultiplexer with input TE, mode at the wavelengths of (a)
4.23 pmand (b) 3.31 pm
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Fig.8 (a) C,, and (b) S, as functions of L, for the sensor array with CO, and CH, as target gases
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Fig. 9 (a) Insertion loss (IL.) and (b) crosstalk (CT) of the TE, mode at 4.23  pm and the TE, mode at 3.31  pm as a func-
tion of Ab
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Fig. 10 (a) 5 formode 1 at 4.23 pm and mode 2 at 3.31 pm, and (b) C,,, for the CO, and CH,, as a function of Ab
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Fig. 11 (a) Insertion loss (IL.) and (b) crosstalk (CT) of the TE, mode at 4.23  pm and the TE, mode at 3.31  pm as a func-
tion of /,
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Fig. 13 C,;, of the one—dimensional photonic crystal waveguide for CO, and CH, as a function of @,
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Table.3 Performance comparison between the proposed sensor array and other MIR waveguide sensors

Refs. Platform Structure A(pm) Analyte 7 C.i Method
[9] SOS Ridge 4.23 CO, >0.25 2 ppm Theoretical
[15] Ge—OI Slot 4.23 CO, 0.452 627 ppb Experimental
[23] SOI Strip 4.24 CO, 0.44 1000 ppm Experimental
[26] Ge—OI Ge—PCW 4.23 CO, 4.98 7.56 ppm Experimental
[38] SOS Slot 3.315 CH, 0.486 0.25 ppb Theoretical
[39] SOI Strip 4.23 CO, 0.16 500 ppm Experimental
[40] SOl Ridge 3.291 CH, 0.23 78 ppm Experimental
[41] ChG—0I Slot 3.291 CH, 0.446 3.87 ppm Theoretical
[42] SiN on Si 2D PCW 4.345 CO, 1.06 1 ppm Experimental
[43] SOI Slot 3.27 CH, 0.69 300 ppb Experimental
[44] SOI SCSWG® 3.67 CH, 0.6 53.6 ppb Theoretical
This 3.31 CH, 4.06 19.65 ppb .
work SOI 1D—PCW 123 co, 502 4,356 ppb Theoretical

“Bloch Slot Waveguides’Symmetric Cross— Slot Waveguide
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Mid-infrared gas sensor array based on suspended one—-dimensional
photonic crystal waveguides

DENG Lipeng', Tang Yi', MENG Fanlong', WANG Pengjun’, CHEN Weiwei"
(1 Faculty of Information Science and Engineering, Ningbo University, Ningbo 315211, China)
(2 College of Electrical and Electronic Engineering, Wenzhou University, Wenzhou 325035, China)

Abstract: Most gas molecules have characteristic absorption peaks in the mid-infrared spectral range,
which can be used to analyze the type and concentration of gases. By reducing the group velocity of light,
photonic crystal waveguide sensors enhance the interaction strength between light and gas molecules,
thereby lowering the limit of detection and improving the sensitivity of the sensor. However, most currently
reported photonic crystal waveguides are designed for single—gas detection. Limited by their operating
bandwidth, their working spectral range cannot cover the characteristic absorption peaks of multiple gases,
which limits their ability to detect multiple gases. Therefore, this work proposed a mid-infrared gas sensor
array based on suspended one-dimensional photonic crystal waveguides. The proposed one-dimensional
photonic crystal waveguides support two transmission modes, and their slow—light operating ranges match
the characteristic absorption wavelengths of methane and carbon dioxide, respectively, thus allowing both
gases to be detected. In this work, the Lumerical FDTD software is used to simulate and analyze the
performance of the proposed sensor array. According to the Beer-LLambert law, the limit of detection and
sensitivity of the sensor are mainly determined by the slow-light enhancement factor and the propagation
loss. Therefore, by adjusting the structural parameters of the one—dimensional photonic crystal waveguide,
high slow-light enhancement factors can be achieved for the two transmission modes at 3.31 pm and 4.23
pum, while keeping the two target wavelengths sufficiently away from the photonic band edge, thereby
reducing the propagation loss. Furthermore, the wavelength-mode demultiplexer is designed and optimized
by using the direct binary search (DBS) algorithm. When TE, modes at wavelengths of 4.23 pm and
3.31 pm are input into the device, they are directed to different output ports. Meanwhile, the TE, mode
at 3.31 pm 1s converted into the TE, mode.On one hand, by adjusting the width and air hole radius of the
one—-dimensional photonic crystal waveguide, the slow-light operating regions of mode 1 and mode 2 are
matched to the absorption peaks of carbon dioxide and methane, respectively. On the other hand, by
removing the lower cladding on the underside of the proposed sensor array, the contact area between the
evanescent field and the target gas is further increased. Finally, high slow—light enhancement factors are
achieved by the proposed sensor array at 4.23 pm and 3.31 pm. Furthermore, the wavelength-mode
demultiplexer was optimized using the DBS algorithm, enabling the device to separate the TE, mode at
4.23 pm from the TE, mode at 3.31 pm while being compact. Compared with other mid—infrared gas
sensors designed for methane and carbon dioxide, the proposed sensor array can detect methane at
3.31 pm and carbon dioxide at 4.23 pm, and achieves both high slow—light enhancement factors and the
low limit of detection.In summary, this work proposed, designed, and analyzed a mid-infrared gas sensor
array based on suspended one—dimensional photonic crystal waveguides. By optimizing the structure of the
one—dimensional photonic crystal waveguide, the array achieves slow—light enhancement factors of 2.02 at
4.23 pm and 4.06 at 3.31  pm, respectively. After optimization with the DBS algorithm, the
wavelength—-mode demultiplexer achieves insertion losses of 0.36 dB and 0.695 dB, with corresponding
crosstalk values of -26.8 dB and -29.85 dB. Simulation results show that, with methane and carbon
dioxide as the target gases, the limits of detection are 19.65 ppb and 4.356 ppb, and the sensitivities are
0.423 Wmol 'L and 1.925 Wmol 'L, respectively. Based on the above performance, the proposed sensor
array can serve as a reference for the design of sensors for multi-gas detection.

Key words: Integrated Optics; Optical Waveguide Sensor Array; Mid-Infrared; Slow Light Enhancement
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