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Abstract: Micro-electro-mechanical systems (MEMS) gas sensors have emerged as pivotal components for meeting the national strategy
of “carbon peak and carbon neutrality,” as well as for achieving distributed, real-time monitoring in fields such as environmental
monitoring, industrial safety, and medical diagnostics, due to their core advantages of miniaturization, low power consumption, and mass
production. Among the three main categories—chemical, physical, and optical—optical MEMS gas sensors have shown irreplaceable
value in specific applications such as detecting flammable, explosive, or highly corrosive gases, as well as trace analysis. Their inherent
advantages, such as non-contact, high selectivity, and anti-electromagnetic interference, make them an important development direction
for overcoming the limitations of chemical and physical sensors in terms of selectivity, response time, and lifetime. This review
systematically summarizes the sensing principles and technical approaches of mainstream MEMS gas sensors, focusing on the core
technical bottlenecks faced during the MEMS integration of optical gas sensors. These challenges are specifically reflected in the
miniaturization and synergistic integration of three key components; developing efficient and stable miniaturized light sources,
miniaturized gas chambers with long effective optical paths, and highly sensitive, low-noise integrated detectors. Based on an extensive
literature research, the development and application of new materials, advanced micro-nano manufacturing and structural design, and the
fusion of system integration with intelligent algorithms are important directions to break through the current integration challenges of

optical MEMS sensors. Furthermore, this study highlights future trends in optical MEMS gas sensors, particularly their progression
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toward multifunctional integration and intelligent networking, aiming to provide a systematic reference for related research and to help

realize a true “lab-on-a-chip” type intelligent sensing system.

Keywords : MEMS; gas sensor; mid-infrared spectroscopy; micro-nano optics
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Fig. 1 The evolution of MEMS technology in chemical and physical gas sensors
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Fig.2 Schematic diagram of optical sensor principle and optical path design
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(a) Blackbody radiation source, DFB infrared laser source, and LD end-pumped laser
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(b) Herriot long optical path gas cell, Free-space gas absorption cell
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(c) Common interference and diffraction filters, Commercial NDIR gas sensing system

K3 ORISR R G B

Fig.3 Conventional equipment for optical gas sensing system
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(a) ZE T SOIMEMS #  fif #% LA B AL A S4B IR R TEM
(a) SOI-based emitter with and MEMS thermal emitter and
TEMimage of graphene oxide coating
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(b) Images of 10-layer cross -stacked SACNT films at room
temperature and 1 003 K and SEM image of DFB-ICL grown on Si

_— = oy —
(c) B A MQCLYGYR . Jo¥iuk T LA R QCDIRI 4%
(¢) Monolithic integrated QCL light source, pasive waveguide
and QCD detector

4 ORI MR

Fig. 4 Miniaturized infrared light sources
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B IRAERERS IS b B3 AMEA: K DFB A7 [H] ZUB O &
WE 4(b) HEFTR 58 N T e R PAS A
XS ICL 5 CMOS B % 19 2841 5 7 48 Bl ~F 1738
[ VCSEL SR D AR BN IIFEAR Dl 17T ] 2 8
A AT S 2 KR E Y R
R A AR T LA S SRR P T 0 ELAERE 51 Ak 7
ISR AL TR R R L PR LS T Ok
MEMS &8s A% O BRI I OB AL AR B 2 5 %0
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AE R AR BT 19RO A T e SO B
T TEDR RO AR BE Y (] e 52 3 R - A A Ak, 3
A ST 32 58 TR A% O B HRAS T G M O
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waveguide, iIHWG ) . MEMS £ ¢ #2/Z %% ifi i ( MEMS
W /R 4y EK
(' microcavity/integrating cylinder) LA & MEMS Y75 &8 %=
(MEMS photoacoustic cells) , X $645 A 38 o G187 B9 3 40
P58 AR BURR A ORI [ 8 s RO s
EETS T SIRATE-—v S/ Sl I & 3 N wvaw v G 3 ]
4 F I 2250 (system-on-chip ) FJZZ 5

T A B ROBE SR ppb G031 A R ARG T RR 4%
PR ETE T WM N 23 TR) N S B B8 K D6 5 SR
HAEMBAE, R b/ B S i SR A A i A
JEHORI O S A ARG, e /MY
TR GEH A mm® ~ em? ) P52 B K TG 2400 K 1Y
AROCRE , W54 A1 3 R T8 e = 25 it ) gl = A0 R
RGeS U T 7 A8 8%, HOL—~UR LA i 32
FBR o T RWGX — AT, W5 H O 2 1) A 33 5 A1
YR, FEP S (slot waveguide ) 1555 7 5 (suspended
waveguide ) ZEHTZEAE A L BLT MR HUER T T AR
FR 1l X 7 ( external confinement factor, ECF) , Pi AL98] 4
TEL PR T 2 3 0 ) e A AR L I T Rk 128% Ay Ab
PRLYPR, E UG T H B A R EERCE, Yallew
SEUV I A R e 4 Uk R 92T X B BE 300 ppb
(0.3 ppm) BYIR AT, BT EFFEMIE 4 S X &
Be(C,H, ) SE3 7 ppm ARG INE ) Ak Ok S 45 #4 4n
5 (a) Z2 TR  Bn i A6 08 i RO 1 HOR 8 AR A I [
FIESEE M A A S DR RE, M B2
53 SRR 2 G D R T RS R, HOET, X R AR
CMOS T ZHep v A3 2 2 Sk, (H H R U i 8iE
I3 o 7 B (o] AR S H RO RN PR A B R M 55 R B )

[,

multipass/multi-mirror  cavities ) |
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Table 1 Optical MEMS sensors — miniaturized light source technology roadmap and core specifications
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Eit bR 2 b5 3
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P FRASBIT DS IBUR E%J%E = k% ! ) e ZRH  PREMR, JCIEIEE  BE A
s N . >200 He el BARGE . X ) .
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By R AR ligit B
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OGS WoL M B ESREHE oWRHERE Lt em™! N . BURESARRI (i N i o
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g hFER T QCL f2F S Ml N - IR 3 , T e
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LED(ICL ARG . BSmAERA mw g™ T L AR R Qe
ICLED) & BB EAMEAE K R, A BRFEARRA
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(a) BUSLIR BT 55 AR5 H ELAE P I 7 ) 5 e

Si-IHWG 7R & B B it

(a) Schematic diagram of the interaction between an independent
shallow rib waveguide and a C H, molecule and Schematic

diagram of the design of a helical Si-iHWG104

nggéf

[l

(b) Wi BESE FRACLL M AR AL IR FR G54 1| DA B SR AL TR TET S S5
CO ML B A BRI AL SR BOUR B L AR R o B m A
(b) Structure of a highly integrated infrared gas sensor and
Cross-section of an integrated spherical reflection CO, sensor

and schematic diagram of the infirared absorption

principle energy conversion processl

(c) 253 ZX IR 24 VAR JEE (DHR ) 57 i THURE P DA e Y

1

= % -
N

2R

BERLE EREE

(c) Top view of the differential Helmholtz resonator (DHR)

and Schematic diagram of a Y-type resonant
photoacoustic chamber

A 5

Fig.5 Miniaturized optical

U

gas chamber

FLRAE LS B T (HWG) S S B f b B Rl
TETERAE T — AOMABREAR . IXHAR B Mizaikoff SRAZLTT
BIFRREAE s O K A% G 1 KRR 25 G 4F (hollow-
core fiber) MEEH A - T AL AY | T AL & 19 MEMS
arll o A RHTE T e 25 0l i vh 5 A
FH b 1 6 1 3 A% Ry BR ] o 3 ok o 1 A 6 R 21
THORIEEG T2 O R 7 N BE P 4 LIS 9 U 3R iHWG 74
PASE BRI B A, AT SR A A A A R U il 2
FE<3 em” (305 F TR AT S8R 34 em A ROGTR SN
Bl 5(a) % ZSALBKR (CO, ) ARSI BR AT 3k 50 ppm ',
Hlavatsch %" G135 LB tHWG <% 5 21 40k i) 9% 5k
Kt % ( mid-infrared cascaded light-emitting diode,
MIR-ICLED ) 8218, F 1 A PRk i $A O 6 B /b NDIR %
ARG, XFhBOEAEE I Bg e I T X 2 R Hr
Wi 7T G e A 75 28 R T S AR IR A T i Tk Ay
16 0 i FH AR B 5

MEMS 22 6FE I 5t/ B3 Bk O A% 52 A el 25 1]
e A 2 B35 (40 Herriott 5 White JB ) #4792 FR &
A2 Jia SOOI T R TR,
M AT 12 S5k FH DRIE 1 81 8 5 B0 R |, 76 fE 2 1 2 il
1 TE ) MEMS F43 [ (integrating cylinder) 1
ZHRERE, HEER<S mm RFBUEA ST 2 K0
TR AR P, S BT R OK ) I A RO AR (3~
3.5 cm) X CO, ARG PR IA 2 T ppm 24, Jin %1% 38
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i CMOS T 20K A B R WS D ol 1 A AU i
PV ol 55/ O A= N W N MR V1 N U ZE SN
TEBH BT IS WU J1 . Yang 5510 18 6 2~
B F 720 10 mmx 10 mmx 1 mm FEA 38 b 7 1 L 55 50
JCREER I, BT R >90% , HAZ R ER I El 5 (b) 22 K B
Ko JEAY Feng S5l FBR T S 52 L T 24 AT g,
SERGANIEL 5 (b) B[Rl ad 7 v 25 AR 1k
HeE MR S R TR R R

MEMS Y675 ( photoacoustic spectroscopy, PAS) 14 /84
PRI A= AR 7R A T AR R R L
FEARIAERHA] CMOS e 10 i B2 T 25, S L8 7 5
B AW RIS Y IS SR BT R
T 245y Z 88 2% ( differential helmholtz, DHR) AU Z=
SEQURTAE LA, 3 D T ENAE RGBS 3G B S 5
B 2= TR R AL T R 1% M | Coutard 55 HO) 4 YR
TR em® MUREREES | B 70 82 0RE 1 TR G HE 58
W F MEMS 22 50 KU H2 88 iR T RO AR R R
1 s BRI RN SCEE ppm SRR, I 206 5
PR PAAAGE TR 0. 525 mm” (1442 i
JEAHRIIAS REGE (microPA) K MEMS 22 58 K I HA 8 18

FIAG 75 s (RS O AE PR R HE 25 119 200 mm A &7 (5] L 5231
ppm [ CO, 5 CH, %, HFIHHE g R G Z 5
W P S A9 N DG e 22 0 5 00 2 B4 ) B 45
PR LA BT R Gassner 25—~ 9 mmx
13 mmx7. 8 mm AR S — A GBI 2085 7Y MEMS
A 5 RN 8 B2 4 BB — A 2243 1 R 48, % CO, 1Y
KrMBRAC 2 24 81 ppm, H B8 5 AU g /s H B & 3% 2] W
ppm ZAG I B P F7 . Rouxel %51 4 v T JH K 4% i 8 4k
ZZ I ZVETRIE R Hl s S04k, i 5 () s B H
SEAe I FR £ F+ 2= 92 ppbv ( parts per billion by volume)
W 2520 SR8 T — Ak [ A A R0 2 s F— A [ b
TEVEHR 20 e — PR LA 3D FTED Y BUEHRGH =
WNE 5 () i, SETE 100 s “FRFE T PAS RGEARI
RAFUE F R ARAS I BR 4351 4 2. 29 pm/ppm 1 52.8 ppb,
JSUAE I 7 ] (BSOS R0 ) AR T DG )y g,
{RILE5F B[] DFEAR 0y Rk, A AR 43 s Ui
T FIEE SR 7Y 4 B0 7 A% SRS 107 FH v B oy FHARL e 45201
2SI LT 4 B TOL: MEMS 15888 9 i AL
SEHARTTE AP T ENS A= ok
RefEbn BB, G AP AR

®2 AF MEMS ERHE — BEBASERARBESZOEREE

Table 2 Optical MEMS sensor-Miniaturized gas chamber technology roadmap and core indicators summary
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$E 1 $hR 2 $84R 3
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s e cnc i g ROy RIS IR, s R
FRS, e pee ™ " S oy mg g ) M08 TEIERME SRBUK . kR
ettn s s VBRI e 7, WA EOREON R AL B 2 5 B
RS AR RIS S TR ik 128% 19 - . )
. 1~20 em 19 oy ppm ECF. 8 i HIs ECF 25,0659 (CAsieBe) T agikdy)
SR it b TELERTb FaE
N e 5 37 1 B
BRI A ATHOLR e e I e 0
WIS (DRIE) LA TLMBEE <3 end sy LOD: COp B WSRO S 0t ) P8 S BBk FE
I, NEEE RS LMERE EALE TSI MR ppm S A ’;L);;lﬁm Eiﬁﬁ HRK TR I, X A
WS PR OCHBEREN SR 5~ 50 om B 2% Bl<3 e’ T R B R R
i e SR T TR
S AR
P TEB BN S LB X 5 2,
HEG 0 Homon I White U1 ERCT B SAOERAER A X0 51 600 X
MEMS % sl B R R, L B T T T T S B ot R R W REE R B SR
FeAREE MEMS RZ i R0 5 A B ifn _A 9 ;JSO = %Fﬁ; SRR TH  ssssssssssss #y o A o, B AT SR
RIERH AT jﬁ* o PPIVIETE g 0-108] R 0 B AR LR O AR L i 4 BE
- S {8
. 5 R 7, 5 4 1
R MEMS T 2AeREHE B g 1OD: COp A N . X
MENS 6 OB, WS B it T i 0 PUFEI . 2 ELTLE WD T 2O
it e BefhBUg L O S GE ST E T SO N eI e
FEE  ERIEIRE, 5 MEMS % 58 SULE o ppm; CH, Kl EHEEL AR A 1 min)
R SR AR T s 92 ppb mileiarmiia

FEEPIH 0 1z 37 55
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HRTSEI 12 0 B MEMS JG2p A5 IR s B kv
RICTAME S , E 8 AR i AL s e Dl &
T BRI AE L BARE H A 2 A R £ AR A S
A A f 5 B AR ok 7 A LA S IR AR S R 2
PR AIN DL Bz ScAIN, & UL % 4 B | A1 R} B 2 R
(LiNbO, ) ¥ B i) £ i T 75 288 L i B F 45 4, 5
MEMS JUR T ZORSEZS . W5 ScAIN BB Y Se ol
(12% ~20% ) fig % W 35 42 o 5 AS OB i R 4™,
Ng 257 B TF L T84T AU AR FARE i 42800 1 52 B s R A
B (25 ppm) RN (<2 s) SomIFREEE RN T, i id 2
i Wy AR FABE 5 ScAIN R BRI 28 0 4 B,
& 6(a) s, 1 s 0 i 7 B[] P 552 30 A5 A0 A 45 5 34
s S IbEIE 4 AR R R 4B 4 AL A (HIO,)
I E KW /7, Lehmkau %51 B RARIE T 58 4 9
2% CMOS FE )2 DU T2 HIO, #AREHL iR, i i
BHT ) =4S BT, MR IR i R B T 2
1300 pC/m*K, by PEREER IR 1 FF & TFRE T H7Im] ,

-

(a) T SCAINFRI HBE IR YU 2 34 B R

(a) Schematic diagram of a pyroeletric detector device
based on ScAIN

- \v’;&,‘,

k4 e | ——
| r——
(b) FCABR A Fy Tk 8 5 0 48 56 it

(b) FCA- driven silicon wavcguide bolormcter

(¢) Ge-OI'F- & L3 TMTR PICHI4% IR 88 7= 25 B
(¢) Schematic diagram of a sensor based on MIR PIC on a
Ge-OlI platform

(d) fFRERHIE IR SR R, WAPABU FTHRENREE
(d) Schematic diagram of a decoupled H resonator with a
schematic diagran of the detflection under PA excitation

Blo RECERMEEAR

Fig. 6 Miniaturized optical detector technology

W4T (bolometer ) 3 15 21 AR 5 | Ak fry R BHL AR
AR SRERI |, 1 B EE HE (thermopile ) T A FH IR 22 77 A2 A9 H T
PEATAGIN 3 b PR 85 1 52 45 T MEMS AR R 1Y
LR B A R DT 52 I ARG i ) SR R AR R 1 i )
WFE], Kim''™ Jagerska'™ I Vik" '™ &5 i BIF 57 141 A 38 42
FHZAR 4 ( germanium on insulator, GeOl) £, i# i
Wit & %S 3 (free-standing ) I 5 45 ¥ SCEE T #5250 #A B
B RIS R KRR B b s/ T B [ et RS ) T R L
TR FRIN 25 14 MR 75 A2 ) R PR IR % < 4. 0% 107" W= Hz 2
(7K JE3RAT T A% & B WA I B, Shim 4517 FI A
IR T WAL ( free carrier absorption, FCA) T84
REAE AOEIEE )2, 2R T TiOx/Ti/ TiOx = )2 M4 N
RS AR RE 25 R Qi 6 (b) R 6 k4T 1704k, h
Ak B E R AR RS B L, AR IR TR R AR
R RZAEIET AR E 5 (Ge-O1) PIC 224 Y AE
IR AR BOG AR, WAL 6 (¢) s, B 245 K 4m
SRR 5 B RSO SS S TEEIR NS T
Wl J; % (28.35%/mW ) 5 Ik Mt 75 ( NEP = 4.03 x
107 W/ Hz"> ) 4 8 B0 A 3 4 1 BV T 28 1y ek B
KEEFET GeOI T TiOx/Ti MR I 48 S #1358 e 45
CMOS T2 k% i& & ik B 040 i Boil R ge., A
HLHE TR & 4 2 — B R R 7 1], Yazici 557 il
R ERE IR (flip-chip ) FEAR 5 MEMS $AHLHE S SO LS
LR, BT N, O SMARK

1E PAS HR Y SR ERIN SR ) RIFT 242 T PAS R 40
RGEFNE LR 5 — G, Hb e FEAR A AL 5S¢
4 s P, X ) s P R Y P 2 R 4 ot 2 I 2 Y
it . Ledermann U0 AE 2004 4E K PAS L& T3F
PZT JEHUHE ) MEMS &8 AR 2 A s . fErd
22 MEMS iR #0T5Y b Chamassi FIBA " Bk JER T
— LT ISR (PAS) R S MY MEMS H
FAREERSS  BEE A T R A ) AR E R L
AR LR | B 4 1 3 i R S LA
TEIRAT H BEIRAS , WNET 6 (d) PR, a8 1 2 (] 7 B fif ke
TG A A AL B 75 S Be B WUAR 5 W AR IR Wy 3 7
JE TR BA Y Seoudi % R LA A0 BTN BT
— K TCHT P A A BT B T AR Y SOL LG MEMS iR
i JFUER AR RE AR T-4% 40 09 A DB 5O 75 ik, 40
= MEMS 208 SRR #4530 10 b v 1 2 8 5 P S Rl 58 4
Iy ESIRAL TR R BUE . Gong &PV ARIE T A HERYGLT
AL IS AR 17 mm® (55 1.1 wL YA ) H R
AR AR HE AR [R] B A A7 FL -3 % (Fabry-Pérot, F-P) 7
SRR RSk TOAT AT H AR P, 6 ] 5 /NG T R Sy
5.2 ppm, Zhou % 5E & UM T A S A A A
e R AN, TR iR AR AL T MEMS B
TR S A B CER TR TR B3 2 S0 220 0 220 ik T2 o
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1 TRFUL 0.6 wL A9 PA FEIR, XF C,H, A4S I BR 4 51
15 ppb, Zhu %5 L FXGESR I R AR e S E W
A EF VSR AT R 15 5k R TR RN 4 114 BILARG RS R A0 3 A i DG
B, 7= A XU RGN B S TR s 1) 0 7 A S EA T R

TR, W% 3 B, B IFRT L T 5 A THOk2E MEMS
TR ISR O S AL BRI 28 B A, TRAN ik T B AP AR
HYSEE T 26 KU PEREFR bR A2 LA L A B HL T s 17 32 22
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Table 3 Optical MEMS sensors — summary of integrated micro-detector technology roadmaps and core indicators

kR T LR A6 b SR AL EE P
PR BHUEULS (SCAIN) BBZ<% R (LOD): % 4 CMOS Je%. HfO, nlilitJf 721 ?&gﬁfﬁ;ﬁ
MR I (H0,) S 45, BasWiiELIs  + ppm (COL) L WA sz sl, 5 cMOS T & 58 & 4., ;ﬁ%; S ;“N o
W SR, SR fLUE CMOS BT K (D). 107 SeAIN ARG B e enos 'i;gmﬁc
T HY YAy YA
AT 0 T A UURR Ao 1, ones 4 %"{T%’ A 2 >
AT N T DU AN T Jones 4 Ui T2, AT RS AR A 7= il T ——
TR, B T SR T G 5
B TIOVTH BB A Geo ZEHI: B e o b e e e e 0
— . B . We PR S ACD R  LEE, RB R ER T -
WSS RS MR, R ‘ ) . " B T A R
\ . (NEP): 13k pW/  S5(SoC) ., SiMMAGHAHGES, MEMS 25
Bt 5K L (GeOT) Bifk (SO T A L T I T LR R G,
SR, ’ S T ARER VT EIRE e gp be e
W T iR N
MRS T4
TR MR CMOS T2 HIXET: J6.30 i 4R v
Kb T, sH . B, % \ 9 i
Eﬂﬁi:ﬁ}ﬂﬁ“&% fﬁuf e (e, IR A DI SN 0
B A i) BRI S 108 o gy e WEATEHRE. SRR SR B
B : ) 1p-chi — ones 1 .
A 107 Jones HEH REETFH G AFPRER ST E, 538 T 6 A
R FIFEIR. HOR 1Y L5
= ﬂ 75 m‘ =} 3
L B NS BRI R st o SR
WAL R S SRR TR Sl R e TR
A MEMS T2 R s, o gponoes Y e TR ey apbatrg. w0 T
Bt B0 >10000 p o pgm gk LR B 2
S e H T T
BERE, BE G S OBET RN BORRET I CEMT) ; (SRR AT 08 5 6 2 LA A
SHAE H-FE (FP) TUWALMEMS B 2- KW (LOD); ppb L FH5MF, 500 r Bl FAk, BB s, I T 860k 2
A B S RS OLA B M G MOTIOEE I VB, R TR E SRR AR R
WU AT AR RS T2 ) B A A X S,
3.4 REIEERL BT AR AE B AR OT I A AT R 2040 & A

TELLAMAAL B AR Y s R v JE R0 27 R
(B F ) A B BT I #2448} ( Metamaterial ) 1
S BT (Plasmonics ) 20K 45 #4) 38 a5 WV % K R EE 4 JLAW]
BT, BRI S X3 1y 58 SE M S AR HE TR 4%, S gt i
P AL DB fL S At 1 L U A B AL SR kot
Fr VA SARTIGIR R sV R U T R B BRIV Ty %
ST VBuROE i R B R HO6 IR B R I ARl A
PAFE , X LR BRI 1O AL IR 1 i — 25 SR AL AN
B B, BB R TS Y A VLS 3 W K S A R e b, AT
AR A 7 1 AT DG 28 T T DA R R 4
BT LA G, 80 5 1% G 2 A T8 i i A%
AR

TR TR e R E F B —Y | Park
A T &N S AW 4V S - e B S R 1
B (TnAs) 55 B PR ST 1) F 38 sh A Ik S 0, il ot
VIR TR LI T P LA B (7.3 wm) 3. 6% F4E
X o 5t R A AR (AHXFARAR 6. 5% ), FEBES TR 1A 95 AT ik
172 MHz, by | e 72 SR8 1 rp 21 A SR AL RIS T
T MU 1 1 2l OGRS T 52 I 2 SR IR S 1Y 7
T, Cao %50 I HE B 4K IR 2 1T (Si,N,/Au £ )2 45
F A0 7 (a) BT ) B SEs LT AN E S48, 76 8 ~ 14 pm
KAE AN T T34 K 5% >80% 4k T 5¢ H™
(<60°) Fa iy PR RE ARG, R T o A% 45 2% 1 45
TR IR 5 22 5 (A B A5 B TSR A B RIS & 40 58 TR
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S TE. Pusch 148 R I M A 0 K AR 14 51 (AR
1500 nm, 53 500 nm, Z5H4 40K 7 (a) iz ) 5 Si0, fHE4h
G AL R 4 B AR IR RN, 34 4. 26 pum %
BLLL MRS RIE 4 f5 4T, BE BGE CO, 1R 1 5 1
Lt ( signal-to-noise ratio, SNR) , Lochbaum L1014y AR Q
R RL A ST 4% 5 MEMS #5748 i, 52 B I B2 £
FE A BETCOCTAR A S AR T AL G AR R G R
TR T S %, HBS 45 M & 7 (b) fr R, Song
2SR TIN/SIO,/TiNG = J2 45 ) 3 3 2% 1 141 5 4 5
AT LLANE S, T Z W BE((CH,),0) BRI, @it
EJE - W2 -4 8 ( metal-insulator-metal , MIM ) 4% 44 1%
THAT LA IR 1 227817 & S5, Rahimian Omam
S Ag/ZnTe/ Al+hBN & 43 4544 S 8L 5 A TR I
WA P G | (RN 22720 f i R T B 45 A8 A P 20 A AR
SRRSO R T 2 AR S T SR A R
B8R T BRI, Wang LU T — R R I — 4E
Y B ARG AR ARG A 78 ] — ik BE GRS T
3.2.4.0 F16.0 wm iX 3 A B IEPEVER i A I, h £
o SR AL T — i AL B i e 6
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sy,

SST0ITI 1314
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(a) FETFRILAN (InAs) 55 BS T 4 2 T F) el 42 B A5 34
R AR LR A K R B 21 41 % G 25 F SR
(a) An electrically controlled dynamic thermal emission device
based on an indium arsenide (InAs) plasma metasurface
and Photographof a tungsten nanocylinder array infrared emitter

(b) SMERLE AT Rl 58 R R 58 (MPE) SH¥R ) ER
LB MPE i il i) 7 7% P&l
(b) lustration of a metamaterial perfect emitter (MPE) light source
in exploded view and a schematic diagram of an MPE unit cell

() AFBARL S A I 38 I T4 S B DA R 4B iR A R 3
SRR iR K
(¢) Working principle of a fully metamaterial gas sensor and an
exploded view of a fully metamaterial sensor prototype

K7 RO A AR

Fig.7 Miniaturized optical detector technology

[, AL 45 S 5 (R OT 90 K 45 R BT RE A8 5
BT 37 1) 52 & W MSC 55 K5 DA 4 BE 7, O 1 TRt ) o 2

AT aefb st 7R . MR A AME AT DL 51
RUSEVRA IR AR AT LLAMETIRN M B ] LU R R A B T8 IR
HAT G e B (1 A5 AR Lochbaum 45 1238 1Y
SR BHA Y P 2D A AL B K e R T B S
OGR4 AL A b GO AR e S8 R i ik
( metamaterial perfect absorber, MPA) JZ7£ & 51 2% F A
ar b B AL G uk e, SE BB B AR IR R A5 A
(5.7 mmx5.7 mmx4.5 mm) , KRB AL G A% 1A% B/
30 i, AN 7 () R, Li B LT A R T 25 00 T
R TS T 2L A SR B i) i 2 T4 AT LA R 2R
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EREVER AW G TR , 72 20 pmx20 pum Y1
FUESZEL T CO, SR 40 ppm ROAGIINBR , 2 11 25 25 1
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PB4 1o Mk A AR v 20 A G S 4R A T I s
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Wi J37 P2 AH L TG MIM HG 5 B g2 T T 2.5 4%

4 B B

BT AL AN (MIR) WO 1S i 622 SR L RS, £
B HAE SR e P e A SRR | Ak 22 XA 1 B
SR PR N SR R B ORI, I ELREE W Ek
W 548 2 A N0 A A IR 24 75 SR 1 H 238 4, X%
JERERR I T RAAS RIhFEFIRAL A B i Rk, NI,
I S e L Sk 1 SRR 2 MEMS 48 B iR i
B 51 1R T 10, REERRGMME T MEMS k%
JERAR Y FEA | T R AR TR AL AR A TR b
I B AR BT T I A A0 P i, BV s 2 e 1 PR Ak
TR A WOCRR B A % RN i 5 R IR 4R 1k
HEDU 5 0 Bl ] S B

TR U R I, B2k MEMS 1% A% A 48
BLIRIBE | 1IE M SEIC A BRI ) 4 R G5 R L 48 i) 5
R B

SEUR R ) & R AR I, — i, 5 CMOS
T ZARAE R MEMS TR EAR H i, 38 ) 5 g ok
MRHR R (CABRANK A 8805 ) FOEis TR 454 (4o
F T A RSB HIR (> 1 kHz) FIME
IHFE(<10 mW ) [ [ BF, JC 5 A0 3B 0E 6 A B A] = A 41
R SRRSO ) A5 5 B 5, SR B AR | AT A
THE MY NDIR 14 825 5 F- 18 #% . 55 — 7 i, L QCL
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