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MEMS based on nanoparticle gas sensor

for air quality system

Eui-Bok Lee’, Young-Wook Park’, In-Sung Hwang”, Sun-Jung Kim",
Jun-gho Cha™* Ho-jun Lee™, Jong-Heun Lee”, and Byeong-Kwon Ju™

)
* O F = ok ok
ol o b &7, F A AT, F
- = ke = stk = % sk
A FTel & ET e % E A
Abstract

In this study, nanopower ZnO and SnO: as sensing materials were prepared by hydrazine and hydrothermal
routes, respectively, and were doped with Pd, Ru catalyst. The CO and NO: sensors were fabricated by coating
of sensing materials on the MEMS-based structure with electrodes and heaters. The 0.1 wt% Pd doped SnO:
sensor and Ru doped ZnO sensor showed the high sensor response to CO 30 ppm and NO: 1 ppm, respectively.
The sensor signal was stable. This can be used for the detection of pollutant gases emitted from gasoline engine.
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SnO;nanoparticles
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Fig. 1. The flow chart for preparing ZnO and SnO.
nanopaticle
a3 1, He 22§

=

v ogaugel g
o st A

)]
A .

z
[d]
0%

rlo

©
0

wet chemical

]
o

O
T
o

d

=}

o=

KX
=

G

ne

o

o,

o M

fru ol ue H

lo 2 4

n

u
oo Jo Ae
i) j‘_, i

o=
T

o b
B
;

o
rlo
Mo
2
>

2
-0,

5
o o®

I
o g
o,

Hoxe

&

M

oo
~

Z3t7] Slstel 1
7Zn0O, SnO: nanopowderZ A 2} 3)t}.

7/nO  nanopowdert  Zinc acetate dehydrate
(Zn(CH3COO0), -2H20, 98+%, Sigma-Aldrich),
2-methoxyehthanol (CHsOCHzCH.OH,KantoChemica
-1)Zmonethannolamine(MEA , NH.CH>CH,OH,
SigmaAldrich)E A2 B4 2 3}o] Zinc acetate deh
ydrateE 2-methox yethanolol] o] 0.35ME &
} monethannol aminedll X143 H7}ste] 60 Cell
A 2A1%F agingS 3dle] ZnO solE A FTh SnOs
nanopowderi= SnCly (IM)¢} NH4HCOs;(1IM)E =89
of #d3iAl Este ¥de stannic aicd(SnOz'nHO)
gelS THE U}, deionized waterE ©]-&3lo] {3k
JE Cl o]l2S At AHE gel deionized
water 5 cc9t NH; solution 5 ccE 3+ oS
hydrothermal treatmentE 200 ColAl 3A]7F &b &}
o] SnO. golS AT AY. FAE SnO:2F ZnO sol
2 600 TollA 5A1%F B2k I ste] nano poweder

»—
NN_E
T2

(400)

A71AAF8E8] =14 (Journal of IKEEE) Vol. 13. No.4

s Az PdCl,,  Ruthemium(II)acetylacetonante
(GHO»)3 Ru, 97 %, Sigma-Aldrich)S 0~1 wt% #7}
sto] dEES Bvlm dto] EWS 1247 F¢ 7Y
st o™ AZ3F nanopowderE 600 TollA 2413+
B At HEAA Fuizb H7bE nano
poweders A ZTh FAE vyriHe A Hrle
FE-SEM(Field emission scanning electron
Hitachi S-4200, 20 kv), EDS(Energy
dispersive spectra)®} XRD(X-ray diffraction, Bruker
D8, Cu Ka radiation, A= 1.5406 A)S o]&3lo] H4
skt

AME Azx3st7] 938 Fig. 2 (@)l H MEMS 7]
2 AZE Pt AF el e F969 Siot ®
g 77l mdn et £3ete] dAHT AEE A=
sluryE 7 g =Xk o] 05 V/min ¢ &
T2 3 Adgs SAH2E 09 VA AE F
0E7 @A E ATk AHEAG A Bop g F
AXE ZAs7] Aste] vhFo] 37HA WH o R 7k~
ARE =4stdd. A= FrA &= F%F air 500
121 2160—%

microscopy,

ST <t | v
A 7k on/offE x4 s}
a7k Axd I &
shA S 3 EjtH] el w
2t A %= Wstelr ZA At ol
Veee 5V, Rue 1 MQ, 318 Ak DC supply® 0.4
~08 V2 97tatdth $1e] WMo Zn0, SnOyel
NEA A DS 28 &tn Bl 2o AlA

sccme
4-way “é‘-ie
w A3t
SRk

o

H

st

= [e]
EAds

S A3 At FeFgHFzolA 2 L A oA
FF BEG 2 L2 7|8 EZdARE Zujrt HrE
AMANE SASA e A 7hzo] Hg e &
=5 A7) g3t ¥19 28] 9 A" ¥
ol 72 AME AHAZ F 100 cc FAR FF
& aEs FYIT T LA A S A WEE
23t o

Fig. 2. SEM images of the micro heater (a, b) and the
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Sn0O; film (c,d) and ZnO film (e, f)
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Fig. 5. The sensitivity of the gas sensor (a) CO 30ppm
and (b) NO, 1 ppm as a function of humidity
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Fig. 6. The sensitivity of the gas sensor as a function of
gas concentration

7tx skof WE Jix MM dE

L

= G

EA
=S

v Z2
= ol g3te] wlola FEHE A%
k3l WO 2 SnO, ZnO Ui
e T CO, NOy 7= A9 e BEAS
NO; A 75 38 215k 04 VelA Zn

A%

=)
1-4_,

gt

7= MEMS
™

z-2

oX, mlm

l

o
&t
3

Ll

2 r-h::
D 4w
s Togj o6 mlo 1%

A},
%o]—O:] 1~20 ppmJ NO, 7}‘/\"‘ 74—4—0]—”\_1_
F 0.6VelA 0.1 wit% Pd7t H7H8 Sn0.9 7+A) Al

e HYL

ReFsle] CO 30 ppmel &) S=2
A Th.

{l

oy 2 o

HongEs

[1] H. Nakagawa, S. Okazaki, S. Asakura, K. Fukuda
JH. Akimoto, S. Takahashi and S. Shigemori "An
automated car ventilation system, thin film gas
sensor,” Sens. Actuators B, 65, pp. 133-137, 2000. .

[2] N, Barsan, U. Weimar,
metal oxide gas sensors”,

"Conduction model of
J. Electroceramics. 7, 143,

2001
[31 G. Sherveglieri, "Recent developments in
semiconducting thin film gas sensors”, Sens.



MEMS based on nanoparticle gas sensor for air quality system

Actuators B 23, 103, 1995

[4] A. Komakov, YZhang, ""Detecion CO and O
using tin oxide nanowires sensors”, Adv. Mater. p.
15, 997, 2003

[5] CN. Xu, J. Tamaki, N. Miura and N. Yamazoe,
"Grain size effects on gas sensitivity of porous
SnOs-based elements, Sens. Actuator B 3, pp. 147 -
155, 1991

[6] J. Watson, “"The tin oxide gas sensor and its
application””, Sens. Actuators 5, pp. 29-42.1984

[7] Hae-Ryong Kima, Kwon-1l Choi, Jong-Heun Lee,

and Sheikh A. Akbarb, "Highly sensitive and
ultra—fast responding gas Sensors using
self-assembled hierarchical SnO, spheres " Sens.

Actuator B 136, pp 138-143, 2009

[8] N. Yamazoe, N. Mimura,Chemical Sensor
Technology, Jpn., Vol.5, pp.19-42, 1992

[9] E. B. Lee, C. H. Yeo, “A Micro-Electromechanical
System Based Hydrogen Gas Sensor ", Sensor Lett. 6,
pp. 1014 - 1018, 2008

[10] N. Yamazoe, Y. Kurokawa, "Effects of additives
on semiconductor gas sensors”, Sens. Actuators B 4,
p. 283, 1983

[11] Q. Pan, J. Xu, "GAs sensitivie properties of
nanometer sized SnOy", Sens. Actuators B 66, p. 237,
2000

[12] R. Diaz, J. Arbiol, "Electroless addition of
catalytic Pd to SnO. nanopowders”, J. AM. Chem.
Soc. 13, p. 4362, 2001

SN
o] o B (34439

A7 g8 (HAHA)
<GF A E-oF>  Nonvolatile
memory, MEMS

=13

5 (H39)

20054 : mA Y E I A7) AR
FB R 2 (FHAD
2007\ : ;o sta A7) 2 st

= (FAh
20079 ~ @A) @ aeidstn
A2 7] & 8k}

<FHAEP f

F71 A=A}

(403)

F a4 H3I

A dF @3

2 A 5 (M)

ol & & (M3

41

skl QAo (A1)

<FAAEoF>  Nanowires, gas

sensor, Y=AA}

2006
29 (@D
2008

caredetal sk

AzA T £ (FEHAD

2008\ 39~AA :

R EE SRR

et

ekl 42 B8} (a9

GFua

5

2002 @ o

ARl (F) AFAA ]
ALY 2y

sensor

19914d: = 28k7] =<

MEA TS B (F A

9

<FHAEoE> MEMS, gas

o

A1 ge 24 (FHAAD

5

19964 : d=437]E

e

E

o)

st

[13
of

o> e-nose, Y= A2AF

<2

<FHAA R MEMS, gas sensor



42 A 71 A8k 3] =] (Journal of IKEEE) Vol. 13. No.4

19934 : Aeheti vjare )
AR £ (e
1993~1994d @ A E}7=4
EEEEE

1999~20004 : National Institute
for Research in Inorganic
Materials, Japan, STA fellow
2003\ ~ @A e oistal A4 e AJulg

<F A FEoF> Nanowires, gas sensor, Yi=A2Af

F 18 (39

11995 @ g digtd Hzp

ot 29 (T

19959 ~ 20054 : =3ty
FAKIST) who] Az A28 <

T A AY A7

20059 ~ A mydew

A7) AR A 9} F e A ug

<FHAROE> MEMS, AAZITE vlo]o Al

e &zt

2

)

(404)



