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Fabrication and sensing properties

chemical sensors
portable sensing system (1/2)
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A novel flexible H, gas sensor was
fabricated by the layer-by-layer (LBL)
self-assembly of thin film
surface-oxidized multi-walled nanotubes
(MWCNTs) on a polyester (PET)
substrate. Then, a Pd-based complex
was self-assembled in situ on the
as-prepared MWCNTs thin film, which

was reduced to form an MWCNTs-Pd
thin film. The thin

characterized by

films were

scanning electron
microscopy (SEM) coupled with energy
dispersive spectrometry (EDS). The gas
sensing properties, such as strength of
the response, sensing linearity,
reproducibility, response time, recovery
time, cross-sensitivity effects and

long-term stability were also
investigated. The flexible H, gas sensor
exhibited a strong response that was
comparable to or even greater than that
of sensors that were fabricated on rigid
substrate at room temperature.
$d @ p

TERFHERTF &5 B a8
T CfFHERLP hERz - > B
OB R AR TARE > AoV
BT A3E TP k9 - RFID #8388 %
Bfo g R E - ® o K S
(Roll-to-Roll) & /i %l 42 % # iF & ;% #¢
BT AR p 7 e 2T
a-ﬂ}r'@; BT I AEEAR A DB
TEAERYHISP ARBRAE A
S/ e A RV g

A AZG ALY - E£84E

dor



R R ﬁﬁﬁ%i@%
FHENRRAEOREE e
MEEF 2> % - ZRFEE
o A el N o B %A
5 g AT EN R S %
F oA R A e R
MG L PR i R
PR VENMAFER > F G AT
AT T M AR S & PR R
g g ."]é’% B fe g AR R e
ﬁnk,*gézkm@ﬂ*Joﬂ
T 1T e ## 3 chemical vapor

)
=

~

Wzmm
A Ju

~

)

RS v

.
’

deposition (CVD):2 ~ sol-gel colloidal
% 1% % > sputtering;* & 0 (e izt Gl AR
MEEFE AL EEE  F LS
e s A TME 3L AR
R AL o F]ut %1997 # Decher[1]F £ #
M- BHE SRR REEED
LR~ F ARG FEE 3T RA
ek B o e PR P IR R
FIAII R F 2 2 e kst
(Layer-by-layer, LBL) p % % (assembly)
AT o B R p BN T
PRFLIF g FR T s
mopls AR bk RTRE A
“"’}]&m W E o Ft AT Y T
Bt p e kS gk ll i oS
FRHERE AT MEFRE S
breng F A & B RIH AR AT LT
I G CFEREPE
2. P

19 % 9?
AR * Z A E (MWCNTs) fr3
A+ T f2F PAH~PSSMA 12 K #:3% p
in %% (layer-by-layer self-assemble)4x
¥ RmCPED L B AKF L E 1R
(In-situ)i 4% Pd & - ® & ¥ #5434
F BRI o GARACR] - AT o T

flv 2R e F MR R
Bl - 6w )RR E F R Bl i g
FHR R R T o e s
Fd N T3 B ACE(SEM)# e EDX 4
R S EACE S RS A

Au layer

|
— Cr layer
E=——— PET substrate

111 MPS
AN TAN TR
 —)
(NOCHRAMD PAH/PSSMA
1T | 11171
I
PAH
WMWWAWWW
v
Surface-oxidized MWCNTs
v
0}0}}0}0‘00‘ RANBED
SIILHX o‘o’o’o’oo’
—
PdCl, Pd based complex

000 000 000000

NaBH,4 Reduction

. . ()
4““.
foren LK ’ 0 KKK 0'

———

Bl- ~ 755 MR~
) & AR R



®

Tt
o Gas out
Gas in
Sensors

Resistance Socket

Power supply i
PST-3202

Bl= ~ BRI A2 T LR

3. BE B4
TE

BEUPdE B A 4w .f%ﬁi A
17

JI# Fds 7+ BB (SEM)#E
FREDXA # 8 ¥ F Al 3 A% 8

BUPAER B Az §FME R~ 25D ~

o i AcRIE TT o 2K RUE 3
PR G o A ARFH AL A A
R AT - B BRSO o BT 5 H
AR AN
A5 X UEDX A H 2 pAcB A T
7T o:s_lpd;\,v\g,jzsz%wto

i

SEI

100KV X10,000 WD 16.7mm

Ble o~ F i3 A E E 40 Pd
& 13 4 1 SEM ]

Intensity (a.u

10.0KY  X100,000

Bl ~HEPF
Pd 4 %, i3 & ¢ SEM )

Full scale = 435 counts

C: 97.48 wt%

Cursor: 55675 ke¥

Pd: 2.52 wt¥%

Energy (keV)
OERS S S Rt

% i3 4% :7 EDX ]

3.2 ﬁﬁf&-;} Toaw Atz
¥ E B PdE B
2T R 2 FE

RE RN S E R ST b
FAAF A AR L RIPAE B L
@;Eljm]«—llzpﬁiam%&ﬁ g £ 11
’;} g"@ln’l:{s BRB kA it
:tif;w EREDF R RIPFL T el
B R4oR - o1 0§ A
60 H R B i § A18%p

AR B A
4 7 R B & 1

B R
m,ﬁz;_g- ’

R

WD 15.8mm

WA R A DR

LinkS1S

=11 Pd £



Response deviation (%)

20

15

10

0 10 20 30 40 50

Bending angle (0)
Bl =~ RV Bl

33 AERST AR ARE R AR
FERUPAE B A F HE R~ 2
2 BRI R 5

R R TS A MR R~
Bl AR REp Wy WER
BoRAHITFFMIER &AL
~* kR EF-cycles: 7~ - R
F 1822 ¥ 600sec > £ F *x ¥ 1200sec °

i3 (S)

R. —R
S _ air gas ( AR )
Rair Rair

RA~L2FRERABAHFPIE B2

R Response

FROE R~ o d BIAT 5 £ ARF
XS APdE 2 F W B~ 2T
ERZEIFFUMIARE - B4 5
KR E K AFPdE B2 F B R~
o ¥ EARE A BAPAE B2 1o A
RAEMFR > L7 R WER
e B R R T B e o F]pt o AR
FOLO RS A B E AR RIS o

®
e
T
&

Pd & T 25 = PdH, % 3 40 2 & ip| 4
Moo dd mtiieng F Y RF &

o N E R

02 + 4Hat0m-surface _— > 4H2O

40
’_g 30
~
E 20
<
%/ 10 10,000 ppm 15,000 20,000 30,000
0 : s e e etV
0 1000 2000 3000 4000 5000 6000 7000
Time (s)
BN~ 2 F R K &34 Pd & B2 F AR
P
40
—~ 30 | 30,000 40,000
g 20,000
~ 15,000
E 20 10,00
3 20005000
~ 10 500
0 ‘ ‘
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
Time (s)
B4~ 2 FBLE & 346 Pd & B2 § AR
NAEE e
M- 555 4RE k24Pl BLF
R R~ i HIETRPIFER - M
BRIA G AREE F 82 % p B4 4R
30
=
Q.-)ta 20 7/\‘\/‘—\'\.
&
NJERURE
92
0 L
0 20 40 60 80 100
Days

B+~ 25kptE k34 Pd & Bz § HAE
N E= g CE A A | B



\\-

4. %%

AP TR RS EXF A
AKX EERNMPdERB AT
W RECPED E % A4~ W W E 7 3
i F FME R~ B0
BRI 2R ARHNE O E 2 M
A2 A o

KRLE F KR E FOME R 2
Foee B AEURFEZFRER
oo KRN ek 3N BF2
% # 5% & (PAH/PSSMA), ¥ 1F § & g
PIA 2 g ek o 2 RE RN R
AT oo § A ;%m%ﬂrmﬁ‘ﬁi{?
& B> PAH7F 4relectronic glueshit * v
#-2 %}f};ﬁ.\% be rL Kt A oPAHT 2 2 5f
lzﬁi? At s % i RS RS BN &
AARE R S HE HLr‘Hz;l\ %ﬁ}g
RI~AEEG BT HMEEHLFF M
PR R R

5. N
1. G Decher, Science 277 (1997)
1232-1237.

\\\?{r
<l
“’“H

6. =% p=

APERAR LY PP ER O
- EW o SR § - EE 2k
Bt P ik (LBLS AR 27 $ T
BEAF RN n2 gy TaT
A CERPIE AR KD
Sens. Actuators B °

B HBEFE 2 5 7 A 4 (grant No. NSC
98-2113-M-034-001-MY2) -



