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The Fabrication of FET-Type NOx Gas Sensing System
Using the MWCNT
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Abstract: Carbon nanotubes(CNT) have excellent electrical, chemical stability and mechanical properties.
These can be used in a variety of fields. MWCNT are extremely sensitive for minute changes in the
ambient gas, namely, their sensing properties varies greatly with the absorption of gas such as NOx and H..
We investigate the electrical properties of CNTs and make a NOx gas sensor based on Multi-walled carbon
nanotubes (MWCNT) materials. We obtained the NOx gas sensor of MWCNT based on P-type Si wafer
that has the resistivity of 1.667x10" [Q-cm]. We knew that the sensitivity of sensor decreased with
increasing of NOx gas concentration. And the sensitivity of sensor shows the largest value at 20°C. The
sensitivity of sensor decrease with increasing the temperature. Also absorption energy of NOx gas molecule
on the MWCNT surface decreases with increasing concentration of NOx gas.
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=l CNTE CVDyl o= A 23 MWCNT
(multi-walled carbon nano tube)Z ©¢]-&3}s] P-type
Si ¢lols 9ol FETA NOx 7l2=4AE A &8k
Azg 7h2AAE SEM % 853 FAH7)E F8hd
T2 92 A73 54 EA4siged [4], NOx 7}
29 Fxe} 2k mE Jt2AdAe F3, VAE
2 F&RYA 54 FA4s A

2. &8 9

2 AggoMes 93 CVD FITHeE Axd
MWCNTE AH&38on, ¥ 1& MWCNTY 24<
A Attt MWCNT #9g wH57] 18, MWCNT
Bk 4 gt g 20 o £AE EFEA o]F 2
&5 AH7]E 30CoA 602 ¢ MWCNT #4H4)
g AFsA [45]. AFE A= 724 LS
3] 150C e FZdolE 9o 2 kef/er FHY =
ol o2 P-type Si flo At [4,5).

Table 1. The physical properties of MWCNT.

Mean M Rl
Rocsor . = Purity Density surface
dia. I?ngt]h (%] [g/em’] area

Materi
aterial [nm] m [m? /g]
MWCNT 30 13 >03 0.04 200

Fig. 1. The shape of the MWCNT deposited on the
P-type Si-wafer. (a) Surface view, (b) cross sectional
view.

29 19 (a), (b= FE-SEM (Hitachi S-4700,
Japan)& AM&3te] P-type Si #leol A=® MWCNT
vtgl gHe] 24 AR Holxn gtk & &3 £
7] (HEM-3000; Ecopia Co., Korea)& ©]|&3&}of utut
o A7 EAHL ZAsYed, & 28 1 ARE
Boli 9t}

Table 2. The Hall effect measurements for the MWCNT
thin film.

Factor Carrier con. Mobility Resistivity
Material [Ea/em®]  [em®/V - s] [Q- cml]
MWCNT
£l 9516x10'® 3.935 1.667x107"
um

Fig. 2. The shape for the surface view of electrode.

Fig. 3. (a) Structure of gas sensor, (b) stationary gas
sensing system.

Si 7] $ol AvtE MWCNT 2@H9hg 7HAMAA 2
AHE3E7] $18te] DC 2HEE o] &3t Au ASE
zasigon, F A3 79 1AL 30 mE A
a9 2= AFd 72ANe #F AL dEz
gt ARE S2ANE AAY 7tx HEA 2
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AAY 7t2 AE7] U 2% ZHY FqFYo|E
g AXF F 2 9o AZE MWCNT 7F24M &
FHsle] 2% W3l NOx 712 FYo] & 71~
Axe] EHL BN 72 S &5 PR
£ 20T 40T, 60C 2 80ColA zZ+z 7k~ FF A
271481 b5 13 F 120[ppm]¥ FsHEA 7}
2 AlA e A walE A% &, NOx 7128
FUsFaL 120 sece] Alzte] ZAzpdk F W o AA
o] NOx 7}27F 389 e b Agde FA5 0

a9 4o A B uie} Zo] 20CY o 7HAFY Al
Z7] AL o 147518 BJen, 7tAF Y
mel HEF A o 1.225[kQI7HA RelA . ol
NOx 7}2=& Ao FYsH P-type Si MWCNT
7b2= Ao NOx7F2 $£xhe] F&bo] dojubar, 14
geba AA el Agusrt dojdgEs AL v
o EZH NOx 7t~ =71 718 mel A g ghol
AAastg o, ol MWCNTe 7127 &3 g o
g AE7E & g9 AL 9udg [67]. 0T &
A& NOx 7t27F g8 d& A7]|dX7F MWCNT
dhete] FHAF EAAAMY o] FoX At JlAFE
7t Z7}ekAl W MWCNTS}F 913 8 MWCNT Aol
o] NOx 7}29] F3 o] F7lste] AEAR7 Bol
A=Y WEog dugd 3 NOx 72 F9 %o
Fojud, k2o NOx 7}~ EA1e] F3ao] &
ZbetAl =3, 2 2% Ax BF27F Frkste A9
Aol Zadte Ao VUL EY, 57 BL
T5 AAMe Ft2=g2 Alole] FHES} wEA 4
e S & 5 Sl ol L£x7t F71§e o}
2t NOx 7h2=gzke}t 7h2MA 9] F3to] whe] 35
= AL Yy, F 2x7F EL&FE A9
MWCNT ¥ d5 8o 23] 23=H7] &
of F&x3} @4o] Yehts Zdow wdgr) =3
SE7F ¥&F5 NOx 7F29 MWCNT ute} Ajo)of
FHo] & o]FolHA Ax Azt gol FAH 4
A el Aol dolA= Aog wod,

a9 49 7= &3 AR2RE 4 (DF (E o)
&3ted, AA9 7tx AE UREe APHS 1@
T AT (8l 7+ 2= ZAo wE AAe ugE
% A3de 19 5@), (b)ol YeEry
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Fig. 4. Resistance change with the temperature during
the adsorption of gas sensor.
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Fig. 5. Gas detection sensitivity and linearity of
MWCNT gas sensor with the NOx gas. (a) Sensitivity,
(b) linearity.
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Fig. 6. The MWCNT sensor resistance change was
caused by gas injection.
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Fig. 7. The
properties of MWCNT films.

Arrhenius  plot for the NOx sensing

29 504 HiE upel o] NOx 7b2 7] F9¢
Al 72X AAEE Eohilen, 7] F9
Zh2AM e NREE Fa oA e AL & F AN
th, ol 28 494 AwstHEel P-type Si
MWCNT 7F241-E NOx 71249 Fx71 S7+gel
uje} Ha EsHateo] olEnts Aog AzteE 5 3l
o} E3 29 504 Z2AHLE7E F7HEe wetM 7t
2AA YUPEE NOx 7t F{iZo] F7Hd+F
AA FolAE AL & F UG FAXE9 NOx
7b29] Fgko] F7hetel wetd FhxAA e W=
= HA e 548 14 ol FH2EY
7h2% 27t F7kekd, h2AMe ThAEAY] A3
2go] s HIPso TIFEHE Hole Zow
AZE 4 ok 27 494 80CTY o HMA9 A7}

< NOx 7F2=%%=7} 480[ppmlelAl < 1.0[kQ]e] 3z,
640[ppm]ol A oF 0925[kQ1Z Hoj M A5 AlAe] %
AEE ") B 0.0107[%/seclol A 0.015[%/sec]
2 238 F/Edh o FHLES AR
Z 7 Wt NOx 7F2®A7F MWCNT 7F2 414
o] F3F&o| £3}37] Qo2 A

a9 62 FAHALES 7taFEe] WSt weka 4l
Aol BFEste AF W3t 548 Rolx k. 19
A B vle} o] ZtAAME 20TAA AE 54
o] 7} A JedE e 4 F AAh

a9 72 NOx 7F&Fxe] wE Arrhenius A4S
Holi 9t} [9,10). F, J= Aexp(-/kT)% Joc1/R9
PARREH 2xd @2 7tadate] FF A ¢ 9
g gA4slduvAE F8 F Jdoh o2 FH F &
Aol qA = 2+ NOx 7F=F¢ ‘w50 w2}t 160[ppm]
o o &4zt A 1= 0.038[eV], 320[ppm]e] A3}
oAzl u= 0031[eV], 480[ppm]e] A3}l ¢
=0.03[eV] 2 640[ppm]e] &4 stoliA] 1,=0.0273[eV]
Atk 7txFEs 7 wet pARAe FE Y
AE FolA . o] NOx 7tA% %7} Z74go e}
MWCNT$} 7k B&9] F&oyx|7t Foprtie A
S 9ulgty, 7txFre F7tel wel NOx 7h=wat
7b 7b2= AMERoR RE F Eedds A& v
g,

sstzon QAEHIm, & #H7] A
MWCNT 244 & o] &3l ATy oY O 2 P-type
Si glol# $lo]l FETA NOx 7tAHAAE
o, #A =z drebe] disiAd vAlFE, A7)H 54 R
eE 9 7tawked wE Jt= AE K A3
Ax o3 2 288 AU

P-type Si $lo]|H & o] &5t A|2g FET2 NOx
7k~ AAd] dislA NOx 7hAEEe] Wslel] welr
A7) AggS & 5 ARoH, 7F24A 0 NOx 7h=+#
A F2 A AAN9 27AFYL F43] dsgites A
S & F AT, NOx FE7F F7heol whebA AA
o] A= BAideE RAE ¢ F AJ 53], 20T
o9 MA =7} 7HF 2 S HYow, AA
F9 257 F7Hsel webd 7hAAA e TR EE
AagoE AL #9389 3 NOx 7t2s =7}
Z713tel uhgt r2Exke] F& U= AAadA.
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