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Design of metasurface dual-gas sensor based on VO,

LIU Hai, WAN Yinhui, CHEN Cong, GAO Peng, DAI Yaowei, ZHAO Jiaming, WANG Xinyan,
LU Xiangyu, ZHAO Siyi
(School of Information and Control Engineering, China University of Mining and Technology, Xuzhou 221116, China)

Abstract: The traditional mine gas sensor is vulnerable to the influence of temperature and ambient humidity
and other factors, resulting in low stability. In order to solve the above problem, based on the principle of local
surface plasmon resonance (LSPR) and the phase change characteristics of vanadium dioxide (VO,), a kind of
metasurface dual-gas sensor based on VO is designed. The sensor structure is composed of three layers, and the
surface is composed of multi-layer metal-dielectric-metal (MDM) structure. According to the phase change
characteristics of VO,, the metal plate is heated in the form of resistance heating by changing the applied bias
voltage. The temperature of VO, is carefully controlled, and the different states of VO, are simulated by changing
the conductivity of VO,. When VO, is in a high-temperature metal state, the upper three layers form MDM

structure. VO, shows metal properties and excites local surface plasmon resonance (LSPR) at 1721.3 nm to
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realize methane detection. The sensor's absorptance reaches 94.3%, and the methane sensitivity reaches
4.21 nm/%. When VO, is in a low-temperature insulation state, the lower three layers form MDM structure. LSPR
is excited at 2 694.6 nm to realize hydrogen detection. The sensor's absorptance reaches 95.9%, and the hydrogen
sensitivity reaches 2.10 nm/%. When the environmental refractive index changes, the absorption peaks of VO, in
both states are red-shifted and linear,which can be used to detect the change of the environmental refractive index.
In order to verify the feasibility of the sensor, six different concentrations of methane, hydrogen and four different
environmental refractive indexes are simulated and analyzed. The results show that the metasurface dual-gas
sensor based on VO, can effectively detect methane and hydrogen with lower concentration. The sensitivity is
greatly improved compared with the existing gas sensors. The error between the calculated and theoretical values
of the resonant peak shift and the environmental refractive index change and the methane volume fraction change
is very small. This indicates that the sensor has high accuracy. By analyzing the relationship between the
environmental refractive index and the resonant wavelength, it is concluded that the sensor also has high detection

sensitivity when the environmental refractive index changes.

Key words: mine gas sensor; metasurface dual-gas sensor; local surface plasmon resonance; methane;

hydrogen; gas sensitivity; environmental refractive index; VO,

0 35

RSO R R A i EE RN R I
Wi 32 2R 2 e (CHY) , 7ET 388 F, R AUfE
T A H PR e B SRR S A o B G I A, T
WPy BRGSO & B EEEMNY . By It
T e i PR B BOR A TR R B R AR T
AT 1] XU A Y B R B 0 B S B (L 1.0%; SR
AT R A A R B AR O3 B A 1.0%; 15
FUIT AR ) 55 BUIT 58 A - 40k 2 8 2 v 7 ) P e
PR3 B BB R 1.0%; F T 0 Tt T B 1)
BT B J7 09 AR B B B B(E N 1.5%; L HE
FUT A 19 Y e A R B B (BN 2.5%. WL
M, ERERT A7 6 AR L Y e A B 98k B g AR
ORI 28 G E 2 AR SEBR R AR R R, AR
8 R RO N E I R W S W NG S
AN B B I G0 H O 2K A AR, R X AR N B AN
B2 RS A 7 3 U R . PRI, A B
T R R B R B A B AR B

UTAFR, [ A AR 2 0 MR AL AR TT I T IR A
WEFE o FURTI T4 00 SO A i e MG ) s
PAEE Qo (X D i W S R N W R S A
Lo 4 A, Hp RO 2 R AR bR
SRR . AR AUR AR R O S
JE, BT T — ol 2 A A i — AR B By i A AR e 3R
RIS, T RASE IO H e SR A . E g
T AR R S A — S e A SR 14 e T
Lo HAEH I A3 ST AR T A o (EAEAL AR
e 2RI A2 30U TR i 2 T AV L BEL AT i A
TR RRE AT AN, 75 ) 52 3 FEE R B 35 380 B2 45

T

PR 2R 1) 52 i) T - B0 A% St 1 e PEAS v, A Jmy R
PEo R EE A T3l iy & 2454, X Rh 451
FIAT A A LB ORI G R AR S H AR SR T A
(e R R R A R SRR B R
WO = L o A L TR AR AL A, R
ARG IR BA R BUN . G2 Re o 4 e, ]
TE—EFE B L ow IR A% G0 M AR B 1y B A, 355
1 o R (A2 A 34470 S K Mishra %5
PR T —Fh R TR AE R FAILR (Surface Plasmon
Resonance, SPR) [ 58 T A% &A% , 1% 1% B4 il i o
LUb R N V=R o R IE R =R /N2 /SN o1 I
S S HeZE 254k . Su Dongsheng %5 % i 1T —Fp it
T JR 3k % T %5 B T & 3L 4R (Local Surface Plasmon
Resonance, LSPR) [ il ] 4> J& 4t 2% 4 4 J& ( Channel
Metal Insulator Metal, C-MIM ) # 3¢ [ S A 4% Jiks,
o S B TR IR N oy IR S B R A 7 AR vk i 3
P, DN AT DL kA T e, AR R .
M.Proenca %" FI] FH AR 0k il 45 T 4 40 A TR 7
flHR B LSPR FRME, IR 1 A5 B A fd 21 %) 25
B AR T R T R ) R T, o 4 A K R T
FEE I T A AR AL SRS 2 18T, DA 8 /8 AR AL R 11
PERE . HEAM A —2E22 35 % R W] LSPRES #4) (1) <44
FRRRES UEAT T ST, A dB gk BR Y gk U Al
SEM U IRERIE AR SO TR TR S

AR ST AR (VO ) WA S e e 2 JE A
J5i —4: J& (Metal-Dielectric-Metal, MDM) 45 4 |4 )t 2%
Wbk, Wil 7 —Fh 3T VO, 1Y 8 22 i B AR AL %
o AL R B BV . 2 D ae ] P4 | 1k
RN R R SRS, IR B R AR AT R
S A AR A5COR



2023 % 14 X 7

53 KT VO, 0942 £ @ A AR & Bkt +21-

1 ERB[ERFREREMZIT

1.1 HREAKRRE

NGRS 7E 4 8 g ok 250 B, & )8 S
TR S A AR T2 & AR SRR IR Y, A
A3 5 4 @ AR 254 v i) ) Fl F TR 3% AT R A DT
Be B BT 7= AR TS IR B B Ol LSPR, 3 AL 4R {4
P B 7= A T IR — e s T M R A W g AR FRLAY T
Fm A 4B AR B K. &R AR R Y
LSPR 2 iy 55 46 8 25 44 1) RUSF L T AR ] B A B A
5o XYk U ik Mie RS f# B T LSPR (AR R,
HIB AR

18nVe,? &
- A (&, +2¢&,)" + &2

s SRS R 1T SE R T R VIR AR S R Y
TR e N BT U B AR &1, e00 R 42
52 A PR BRI SIS A R R

A CDATE ), He = 26,0, LIRTUA 0, 55
B RILIR S S5 77 A, FE LRI ARAL , G4 OK 2544 A3
TR IR B F i

A G AT BT T A 2 1 R M A SR
i, & )8 E A 2R Z B2 & A LSPR M4, ki
7 A BRI SC e, R R T LA H AR AR A TR

VO, & —FhFEAN R T & A A F A AR 1 4 )8
Ak, o ST DG i A | AN S 2 R ik
P B, LA i R R L R e R AR R AT A AR
P I, 2SR AR 68 °C ML, VO, 275 A4 Ak
AR R BN WA, MRS,
Hote | M S R 2= SR AR 23 R A i UAE . X
TR IR 1 M B (15 VO, 7RO L JF 6 . R B i IR Bk
B MR AR R A 2 ) B R R E
T HAHAS R B, R AN TR AR
1.2 B LMKt

BT R TR L S VO, BYRRIRPE T, A
SO T —F BT VO, 1Y MU ARMG R . R
it VO, I AHAR R i, 38 3 2l A8 e A i PR, DAV
REL I #8424 S A, S A4 ) VO, BTREE, A
M EAE VO, (14 HL 3R B VO, YA [FRRAS, 21
SRS AR T (1) E IR, 24 VO, NE TR
B, b = 245 RE X BE EA TR DN, 24 VO, MK
YA E, T =25 REAE X S TR . 12K
IRAL REF AR W B 1 FT7R, DN 2 4350 ok A il
1) VO, JrkE . He R . VO, . Bl I8 1) 4 I [
FELCEAARBUR. B, AR VO, it fk
T Y 4 I8 B AR AE x Ay 7 1) 2 A M HES, Ho

(D

VO, [T R AE R FIARZS FIFAMIFL. 24 VO, &b F
L JEASRE, R R2x10° S/m; Y VO, &b F 444
B, Hol FoR LR 0. BT Y 4 ) [ A 0 4 i i
HIR RIS R4, SR K456 x 107 S/m. HEE A S
SRR AT 568 SRR R B A G, Sk R A B —
I S L IR RS | AR AR TURE | Wk
P g5 1 LT H AR AR B U
HORHLR Y H BRSSO AR I A, 2 X R
R A2 Sl B B AE L A fil AR A
10 5 PR 8 S Y R e AR U
LCR R SE RN N AT o e [ [P ]
Ne—cn, = 1.447 8 =0.003 8Cey, (2
N, = 1.995—0.000 67Cy, (3)

f('? neﬁ'—CH,ﬂi’ [F] ﬁ%ﬁiﬂ% E"Jﬁ%{*ﬁgﬂ‘ﬁ, CCHAy‘j [FI d:;f
PR3 B85 e, R SBT3 585 Gl
RN AT

A6 W HHELE W VO,
R e S AOhsE

| VO, Jiit
BRI 42 I B

SRR

4 g

K1 T VO, AR UL R 451
Fig. 1 Structure of metasurface dual-gas sensor based on VO,
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VO, under different gas volume fraction
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Table 1 Parameter optimization results
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e =
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7 100 3.71 0.67
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10 100 3.6 1.00
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sensor with existing gas sensors
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