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Au BHEALEE (ZnO ) YER CHa IRUSMIRL, £
JRARTE 250 CHIXHATS4L 100107 CHa A1
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TREF 3h; ERIFEUEW S 0o, HIZEEKHM
LA PR RO G T, fE2 ST 350 CiR
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Bl 4 (a) FARMEBIREE (CNTs FET) 5
fff& 205 (In,O3 FET ), Ag-In,Os ( Ag-In,O3 FET )
BB FET fRIReS SRR Xt e, 5
CNTs FET fEEE AL, TSR 5] AR
TR R T R, .05 FET 5 Ag-Iny0s
FET LIS BERS R M 48 B T K P % o 767
MHL H-60~60 V X [B] A, 435113 10 4~ CNTs FET
g 55 10 1> Ag-In,05 FET &8s iR Rk ith
2k (K 4 (b) FIE 4 (c)), LB ET
3ABCEG, FFRARER A, REHLIMER 6 25 Rk
17115, CNTs FET W BI{E2IR (SS) BN HRE

2= (Rss) M 6.99%, FFRK (Lon/lowr) HIAHXIHR
HERZE (Ri) N 6.99%; T Ag-InoOs FET A9 Rss A
2.39%, Ri N 4.96%. FRSEIE 1, 45585KH
LA — B0 RAT

M R FET A48 A RE Ay B 22
28, K4 (d) JBR T InoOs FET {4 REAEA[R T
ML (1, 0, -1, =2V) FXHAR L 100x107°
CHa MW AE S5 E % MIF i -1~1 V B, 1
NAETCHIR AR, PR SRR RN -1V B
T (83% ), 1V IHRAK (25% ). 45 E N2V
i, (B AT E MK (100% ), (HHm WA 2
R B (0.2% ).
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L LEVETAY GELNETAY LR GNANAY
1.2 1150 181 1150
(d) 0 W i (e) (0
(B CORE %
] | 100% . <L 100%] .
& 0800 680 0.72% 0.70% g4 W0 = 120010 1039 10020% 100
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(a) In203. Ag-In203 FET f4/8zR#l CNTs FET {48 AL REMEMZL s (b)) BENLIESEAY CNTs FET {8 e B Rp ki 45
(c) BEHLUERER Ag-In2Os FET LR FEASHFIEMIZE ; (d) InoOs FET (4R FE R RIS LR T A3 8, 100x 1076
CHa B BAAEFIPKIZ 25 (o) Ag-In203 FET A& /B8 FEAN W) A Hs i sl AR 7385 100 1070 CHa YA BEAE FIPK I 2
4 CNTSFET 5§ Ag-InOs FET SRR B e ERET/E S BIEXTLE
1 [HHEXSHNECEIBERENIRERE
P CNT FET CNT Ag-In203 Ag-In03 CNTFET CNT  Ag-InO3 FET  Ag-In203
SS/(V-dec!)  Rss/% FETSS/(V-dec™')  Rss/% I/l R/% Ton/Lofe R/%
w1 8.43 8.49 1132.12 1 063.52
2 10.07 8.75 980.23 994.44
3 9.03 8.33 970.14 980.32
6.99 2.39 6.99 4.96
w4 8.63 8.24 1 04545 1 100.81
w5 9.74 8.68 963.36 1 040.67
w6 9.52 8.37 1 100.46 970.41
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AR AR, T A R SRy TR AN R T I
FRIPKAE 2R, R R 07 H 7 A 1 i L S B i pR
CHa PSR, TR L AR IR RE ST, 1EHY
JEANHI T CHa AR, UL BRI K T 2,
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107%) Mk, A CHsJi, InoOs FET {4/ H
TP, B Inp05 FET f2JE8 % CHy AN
J8&; T Ag-InoOs FET &)@t CHa A WA S AT HL I
Ak, R Ag BT InoOs HAZ AR I PERE
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2-3.22x107 &@ior D324x107F A
:@ o g i 20%10° CH,
gl CHJF AT = ES 1
]’1%‘345”0 T wita  titin 5k ¥.20.00457x+0.18246 —3.28x10
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B 540 = TooE

. = 6f =

4 +
2.4%10 s
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B /s il /d ENGESHIN
151
(g) 100x10° CH, E 1y (h)
B En: CH, 55 %”32
101% 10.4% 10.6% 10.8% 10.9%

10 _
+§:1 0.0 CH, o Ponall ) ead:
= v 5 Agv e
.!:E_l‘ 5 2 ) ) dg ° J [ 1¥}

In203 In203 e
° o.f e o o =
ONTs —25 CNTs C——
0
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Ag H O C ¢

AH X/ %
(a) 203 FET Ml Ag-In203 FET {5888 SHABLIEL 70x1076~500x1076 CHa ShZ AR thk ;s (b) mRifEla gkt b
(c¢) Ag-In203 FET fE/ER MR N R ; (d) Ag-In2O3 FET AR E IR ; (e) Ag-In20s FET 128G MK IARS e 1
(f) Ag-Tn20s FET fRRERR ;s (g) Ag-TnoOs FET R ITIRTE s (h) Ag-InoOs FET fJEaS Y HUSRHLIE

5 Ag-In0s FET RS SBERE SHURALIE
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Kl 5 (b) J& In0; FET f&/&&R il Ag-In,Os FET
IR RN (AL AR, AT Ag-In,Os FET 1%
JEARXT CHa WREERREE (R4 100x107°~500x
107°) HA RAFMLIERIGE 1. 45638 2 Bdan]
KB, HFMAFM 40 CHs, Ag-InyOs FET 14451
Mw W AE A2 TnpOs FET A& 7 f5 LA L

*2 AgImOs FET {855 InoO; FET R RE=RHY
CHa M Sz {E X bk

CH4/KF!  Ag-In203 FET In203 FET Wi S
SR RIERERNE% ARG (E/ % HE
100x107 10.00 0.70 14.29
200x107 11.00 1.20 9.17
300x107 12.00 1.50 8.00
400x107 13.40 1.70 7.88
500x107 14.00 2.00 7.00

e W WA H A A Ag-InoO3 FET/& I [ {5 51203 FET AR 4%
Wi AR 2 L o

BlS (c) J& Ag-InOs FET f&/8ds XA R4
20x107° CH4 HMNAZE R, Hm AR 3%, KX
PR IRER I PR AR AG o

BlS (d) J& Ag-InoOs FET f& /8 XA R4
100x107° CHy FUPEFAMIREZE S, o] LUAZBILE 7 YR
O]~ A A A Ao A i o PR B2 23 8 A G A v ff
ZHIRNHE 5%, RGN EZ R

R UEAE R i KA R e R RE , T T
30 d LSRR, 5K 5(e) iR Ag-Iny0s
FET LA 00 BAEAE 30d NICH B30, LUK
A AR AR R UE IR 224 5.65% , UL IEARH
HRAFRKIAR e tae, FAREE W3k 3,

#3 Ag-In0s FET RS K EATS E 1 SR
REBMRERETEER
> (x,-%)/%  Rel%

) X /%  X/%

1K 1070

H5K 1060

H10K 1020

wis oo 10.17 1.65 5.65
%20 K 9.20

25K 10.50

Vs WU T OSMIRRTEE ROV RAER 2

P 2 A SRS A SE B Fp 20075 T8 1Y o 2

W&, F S5 (f) H=EHEIFEF Ag-Ino0; FET 4%
AR RN WA CHa . 20X (NH3 ), CO.,
PR ( CsHeO ) FIE ((CeHg ) SEAR) A A )
ERS RO I S [ F N R N RN AR X
100x107°, Ag-InxO3 FET &I X A I
B SRR TR S CH. (B A, T
HA[45 NH;, CO. C3HeO Fil CoHg HITERE A3 51
13%. 23% . 17%H1 8%, FIALEARFIVRE T T
TRX CHa BB AR I AL/, ARE BT R AT
BEPEIECY,

T SE B iy FH H 7 B R XA B A
AefsEm, K5 (g) H Ag-InyOs FET fRI&ER1EAH
XPWEEE R 10%~50% 3045 T XA T /048 100x107°
CHa M WAE , FEAHXARIE R 25 AT 109%, ER
1L AR B R4

2i R, Ag-InyO; FET 14888 EIR IS T
AR R (AR 4 201070 ), RALE S
AIEEPE RAFIORRME, A SRR )2 N .

In,03 FET {48 1Y S I A LR R F
W B 40 RS RIS & SR B 1) G B, B A
=REL: O, O MO, HAEERTRTALHY
R . 7R BTN W A E 2R AR
0, B, N AU SIS T IRFAE n B Sk
;O3 R 1AT, M\ I, O3 FRHUE B i O, P21, 534 In O3
HL IR . e -, CNTs JAIE
28 InoOs FEALHL T DAY W6 35 22 [0] 1) L T
2%, PEULESRES AT I8/ £ CH4 3R
B, T CHa 2> 15 O, ZIal & AR AR RO
FEAE TR R 205, N TP Inp0s
5 ONT ZIa i FikE2, 2RI
FeF| CNTs y5iEH, fff Lo BK, CHa F1O; ZIAH)
RBIELREA L, B E IR i s b R AR,
3 Iy O3 B IBEHE S IR N R BE X AE

Bl 5 (h) & Ag-InyOs FET L8R 1) < B3
NER Ag BT LIRS ST B AR T
ff B AR IR E InoOs 3R, 3K 05 11
HLF AL O, U8, Sony iR

O, (Wb 4&%) + e —2250; (W)

20 2S) +e” — O, (WEHE)

AR T AR SO B R R AR -
EeAL AR IngOs $RAEHT 2211 CH 1E P B2 5 18,
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LIRS R CHy A, Ag BEIEREAIT CHy
C—H S s s idAbae, (el CHa i, JERE
Z ) iEYE CHs A1 HB?, R Al
CH,, (W 25) —22— CH, (W IHZS) + HOW )
Biife , W FfEAE InoOs M & PE CHs M H B4 S
TR B OF A AE SO, o FRa oy B
CH, (W) + HOR BN ) + 20, (RS ) —
Co, (A& + ZHQO(%?S) +2e”
IR IR T CH, B4 i W, S
H InOs FRIMH PR, Ag-InoOs LIEEN Lo
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A carbon-based FET-type room-temperature methane sensor
based on Ag-In203

ZHANG Yong', XU Hao', LIU Bohao'
( 1.School of Physics and Optoelectronics, Xiangtan University, Xiangtan 411105, China;
2.Hunan Institute of Advanced Sensing and Information Technology, Xiangtan 411105, China )

Abstract: As a relatively clean fossil fuel, methane (CHy) is widely used in both residential life and industrial
production. However, the safety hazards caused by its leakage cannot be ignored. Therefore, the development of
room-temperature CHy4 sensors without heating is of great significance for safety monitoring. Room-temperature
CHj4 sensors suffer from limitations such as low sensitivity and insufficient detection limits, which are primarily
attributed to the insufficient activation energy provided at room temperature for the chemical reactions, resulting
in the weak gas-induced sensing signals. To address these shortcomings, this work designed a carbon-based
field-effect transistor (FET) sensor based on Ag-doped indium oxide (Ag-In,O3) sensing material. By combining
the catalytic effect of Ag to reduce the reacting activation energy of CHs4 on the In,O3 surface and the weak
sensing signal amplification capability of the FET, the Ag-In,O; FET sensor successfully achieved a room
temperature detection toward 70x107°-500x10® of CHs. The sensor also exhibited a low detection limit
(20x107%), good humidity resistance, excellent repeatability (relative standard deviation<5%), and long-term
stability. The research provides a new design concept for developing high-performance room-temperature
methane sensors.

Keywords: methane; room-temperature detection; field-effect transistor; carbon nanotube; Ag-In,O3
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